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ENGINEERING. 


STEAM ACTION IN LOCOMOTIVE 
CYLINDERS.—No. I. 
By Lawrorp H. Fry. 
Tue object of the present study is to compare the 


results obtained with (a) saturated and (b) super- | 
heated steam in the same pair of locomotive} 


cylinders, and to show how the economy due to 
superheating is affected by changes in the speed, 
cut-off, and boiler pressure. The experimental 
data are those obtained by Professor Goss on the 
locomotive-testing plant of Purdue University, 
while the methods of analysis have been developed 
by the writer for the present purpose. Two com- 
plete series of tests were examined. To carry out 


the comparison it is necessary to see, for each series | 


of tests, how changes in speed, cut-off, and boiler 
pressure affect the engine efficiency, which is mea- 
sured by the relation of steam consumption to 
power developed. 

Stated somewhat more definitely, we have two 
dependent variables :— 

A. Steam consumed by cylinders. 

B. Power developed by cylinders. 

And it is proposed to determine the relation 
between these and the four independent variables. 

(a) Boiler pressure. 

(b) Steam temperature. 

(c) Engine speed. 

(d) Length of cut-off. 

Before discussing the results obtained, a brief 
account may be given of the tests, and a description 
of the methods developed for analysing the experi- 
mental data. Full descriptions of the tests hove 
been given by Professor W. F. M. Goss in the 
Carnegie Institution publications, ‘‘ High Steam 
Pressures in Locomotive Service” and ‘‘ Super- 
heated Steam in Locomotive Service.” The loco- 
motive employed had cylinders 16 in. in diameter 
with a stroke of 24 in., with a clearance space equal 
to 7.6 per cent. of the cylinder volume. Without 
making any changes in the cylinders, sixty-nine 
tests were made with saturated, and thirty-six tests 
with superheated steam. Boiler pressures of 120 lb., 
160 Ib., 180 lb., 200 Ib., 220 Ib., and 240 lb. per 
sq. in. were used, and speeds of 20, 30, 40, 50, and 
60 miles per hour, the cut-off being varied between 
20 and 60 per cent. of the stroke. The superheat 
averaged about 150 deg. Fahr. (say 83 deg. Cent.). 
The figures used in the calculations are averages 
obtained for tests which lasted from one to three 
hours, obvervations and indicator diagrams being 
taken every ten minutes. Considerations of space 
prevent all of the data used in the following in- 
vestigation being reprinted here, but Table I., 
page 3, gives the more important figures which bear 
on the — questions for the group of tests made 
with 160 lb. per sq. in. boiler pressure. 

It may be noted that experimental data, such 
as those “+ gg for the present investigation, 
which would be almost impossible to secure in 
actual service, can be obtained with comparative 
ease from a locomotive on a testing plant. On the 
toad it is impossible to run a locomotive for an 








hour or two at a cut-off, and a speed decided on in 
advance, and held constant throughout the test ; 
while on the testing plant it is extremely easy to 
maintain a constant speed, and there is no necessity 
for moving the reverse lever throughout the test. 
From Table I. it will be seen how the running 
conditions were varied for 160 lb. boiler pressure. 
Similar variations were made with each of the other 
pressures. Groups of tests were run for each 
speed, the tests in each group only differing from 
each other in the position of the reverse lever. 
Column 1 gives a test symbol which shows the con- 
ditions under which each test was run. This 
symbol is made up of three numbers, as 20-2-160, 
of which the first, 20, shows the engine speed in 
miles per hour ; the second, 2, the number of the 
notch, counting from the centre, in which the reverse 
lever was placed ; and the third, 160, the boiler 
pressure in pounds per square inch. It will be seen 
that tests were run with the reverse lever in 
notches 2, 4, 6, 8, 10, and 12, giving cut-offs of 


Fig1. TYPICAL INDICATOR DIAGRAM. 




















from 14.3 to 46.8 per cent. of the stroke. From 
an examination of the original data it appears that 
in all tests the boiler pressure and the speed showed 
no variation of practical importance from the values 
chosen in advance and shown by the figures in the 
testsymbol. From the columns 3 and 4, however, 
it will be seen that the cut-off was not accurately 
determined by the ition of the reverse lever, 
but was affected by Gs epost and still more by the 
quality of the steam. When superheated steam 
was used the cut-off was some 3 or 4 per cent. (of 
the length of cut-off) longer than for saturated steam 
working at the same speed and reverse lever position. 
It thus happens that in the tests as they stand the 
effect of changing a single independent variable is 
obscured, for the cut-off could not be held entirely 
constant, but changed slightly when the other 
variables were changed. To overcome this diffi- 
culty, and to eliminate the irregularities in indi- 
vidual tests, general expressions have been worked 
out which express the relation between the de- 
pendent and the independent variables. In the 
development of these general expressions the indi- 
cated steam consumption proved to be a valuable 
connecting link, and its relation to the independent 
variables will therefore be considered first. 
Indicated Steam Consumption.—The method of 
calculating the quantity of steam shown by the 
sndicator diagram is illustrated by Fig. 1. At the 





point E, where compression begins, the volume of 
steam remaining in the cylinder is represented by 
E Z, and its pressure by E Y. Assuming this 
steam to be dry and saturated, its weight can be 
found from the steam tables. Similarly, when cut- 
off takes place at B, the cylinder contains steam of 


|the volume B W and pressure B T, and, assuming 


that this is saturated steam, its weight can be found. 
The difference between the weight of the steam in 
the cylinder at compression and at cut-off is the 
weight of steam shown by the indicator to be sup- 
plied to the cylinder at each stroke, or, more shortly, 
the weight of indicated steam per stroke. Columns 
23 and 26 of Table I. give the weight of indicated 
steam per revolution—that is, the total steam 
shown by the indicator for both ends of both cylin- 
ders during each revolution.* Columns 22 and 25 
show the weight of steam actually through 
the cylinders in each revolution. This is obtained 
by weighing the water supplied to the boiler during 
the test, and, after deducting for all water and 
steam lost before reaching the cylinders, dividing 
by the number of revolutions made. The differ- 
ence between the actual and the indicated steam, 
the so-called ‘‘missing quantity,” shows the 
steam lost in the cylinders, by condensation or 
leakage. In three of the superheater tests at 
the longest cut-offs the difference is negative, 
showing that the steam at cut-off is still some- 
what superheated. In the majority of cases, 
however, a comparison of columns 25 and 26 shows 
that though the steam may have from 150 to 200 
deg. Fahr. (83 to 111 deg. Cent.) of superheat in 
the steam-pipe, yet by the time the admission is cut 
off the whole of the superheat has been lost, and 
the volume of the steam shown by the indicator is 
from 10 to 30 per cent. less than the volume at 
saturation temperature of the steam actually sup- 
lied, the difference being lost by condensation or 
eakage, and probably by the former. In this con- 
nection it is worth noting that Professor E. Josse, 
of Charlottenburg,t+ in testing a locomobile with 
steam of 170 lb. pressure, found that with a super- 
heat of 270 deg. Fahr. (160 deg. Cent.) and a 
cut-off of 25.6 per cent. all superheat had been 
lost by the time steam was cut off, while with a 
superheat of 305 deg. Fahr. (170 deg. Cent.) and a 
cut-off of 33.6 per cent. the superheat fell to 
80 deg. Fahr. (44 deg. Cent.) at cut-off. As these 
results were obtained with an engine having the 
cylinder entirely surrounded by the smoke-box 
gases, it appears highly probable that in a loco- 
motive, working with normal running cut-offs and 
steam temperatures such as generally usec, all 
superheat is lost during admission, so that at 
cut-off the steam in the cylinder is saturated. 

To obtain a general expression for the indicated 

* The points of cut-off and compression used in the 
calculations are those given by Professor Goss. These 
were determined by inspection of the diagrams, and the 
figures used are mean values from the diagrams taken at 


intervals of ten minutes throughout each test. 
+ Zeitschrift des Vereines Deutscher Ingenieure, 1906, 


page 1191. 
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steam per revolution in terms of the speed, cut-off 
and boiler pressure, the method illustrated by 
Figs. 2 and 3 was used. In Fig. 2 the weight of 
indicated steam in each test is plotted as an ordinate 
over the corresponding value of the cut-off as 
abscissa. Values from both saturated and super- 
heated steam are plotted in Fig. 2, and it appears 
that the same law holds for both, and that all 
values corresponding to the same speed can be 
represented by asinglecurve. To find the equation 


PER 
& CUT OFF. 
160 


(2354 a) 


to these curves it is convenient to note 
their points of intersection with a number 


of vertical lines corresponding to various 
17 





Figs RELATION BETWEEN INDICATED 
AND ACTUAL STEAM CONSUMPTION. 
PURDUE TESTS WITH SATURATED STEAM 
AT A BOILER PRESSURE OF 160 POUNDS 


were examined separately, as in Fig. 4, which | 
shows the results for the tests with saturated steam 
of 160 lb. per sq. in. boiler pressure. For each 
test the weight of steam actually consumed per 


revolution is plotted as an ordinate over the corre- | 


sponding weight of indicated steam as abscissa. 


All tests at the same speed give points which | 


are best represented by a straight line, and the 
lines for the various speeds are all parallel. The 





intercepts of these parallel lines of the vertical 
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cut-offs, and to rearrange these points as 
in Fig. 3, plotting the weight of indicated 
steam as ordinate over the corresponding 


(s) 


PER SQUARE INCH. 
0-73 
S- urge for 





speed as abscissa. In this figure the a al 
points group themselves on straight lines, pany | 
each line including all points of the same 


cut-off, and having an equation of the 
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form 
s=M-Nr (1) 
where s is the indicated steam per revo- 
lution, and r is the engine speed in revo- 
lutions per second. 
The coefficients M and N vary with the 


#-3}——1- 








cut-off, and it can be found from Fig. 3, 724— 
by plotting M and N in relation to k, 


that M =k (2.5k + B) and N= Ak, | | 





where k is the cut-off as a fraction of the 
stroke and A = 0.544 and B = 3.44. So 
that we may write :— 

s=k(2.5k + 3.44) - 0.544 kr 
or more generally 


(2) 


1-0}--——}- 














s=k(25k+B- A). (3) 
On making for the other boiler pressures 
plots similar to Fig. 3, an equation of 
the form of (3) was found applicable in 
all cases, the values of the coefficients A 
and B being as follow :— 
Boiler pressure 


— 





‘Slope of lines 140. 
General Equation for 
~ the Series of Lines —— 


| | OIF V 
S708 + vrs. 








120 160 180 200 220 240 
Coefficient A .. 0.396 0.544 0.615 0.689 0.761 0.834 
” B.. 230 3.44 4,00 4.57 5.14 5.70 


(Ib. per sq. in.) 


@. 





It will be seen from this that the coefti- 
cients A and B are determined by the 
boiler pressure, the relation being :— 
A = 0.00365 P — 0.041 . (4) 
B= 0,023 P-1.0 . (5) 

















Volume-Ik ar. rt! and = Sa 





where P is the boiler pressure in pounds %? 


per square inch. ; 
Equations (3), (4), and (5) enable the pof” 
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indicated steam per revolution to be 4 
found for any combination of speed, cut- 

off, and boiler pressure within the range covered 
by the tests, and, as has already been pointed out, 
the values under otherwise similar conditions are 
the same whether saturated or superheated steam 
be furnished to the engine. 

Relation between Actual and Indicated Steam 
Consumption.—Tae next step in the analysis was 
to obtain an expression connecting the total steam 
consumption and the indicated steam consumption. 








To do this the figures for each boiler pressure 


winuan 


h 


axis were found to be proportional to r -#, where r 
is the engine speed in revolutions per second. 
On comparing the figures for each boiler pressure 
it was found that the lines had the same slope, and 
that for lines corresponding to the same speed the 
intercepts on the axis were inversely proportional 
to v, the specific volume of the boiler steam. On 
examining tests made with other engines it appeared 
that the intercepts were proportional to the cylinder 
volume, 
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UTS 
1.108 V+ 0.18 V 


The general formula which most closely expressed 
the relation between the actual and the indicated 
steam consumption in the Purdue tests was found 


to be 


es 0.13 V 
S=110s 4 c ~ (6) 
vr’ 


where S and s are respectively the actual and the 
indicated steam consumption in pounds of steam 
per revolution, V is the total volume swept by 


UM 
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Fig.5. RELATION OF TOTAL STEAM TO INDICATED STEAM 
IN PURDUE TESTS. 
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Line corresponds to equations 
1.10 8 + = for saturated 
vuT 


. for superheated steam. 
~ HTH 


total weight of steam used per revolution. 

indicated weight of steam used per revolution. 

volume swept by pistons in both ends of cylinders = 11.14 cub. ft. 
engine speed in revolutions per second. 

specific volume of saturated steam. 

secific volume of superheated steam. 


the piston in both ends of both cylinders during 
revolution, v is the volume in cubic feet of 1 lb. of 
steam at boiler pressure, and r is the engine speed 
in revolutions per second. 

If both sides of equation (6) are multiplied by 
the specific volume v we have : 
0.13 V 


(7) 


Sr=1.10svr + 
y 





which says that the total volume of steam taken from 
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TABLE I.—FIGURES FROM ORIGINAL TESTS FOR 160LB. PER SQUARE INCH BOILER PRESSURE, FROM WHICH 
THE FORMUL ARE DERIVED. 
aw. 2. 1 we eee | | | 1 Sa Br te: tea oe . ware r al in a aie ic 
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Fig.6. RELATION OF TOTAL STEAM TO Fig.7 SATURATED STEAM Fig &. 
7. 4 Oo. SUPERHEATED STEAM. 
INDICATED STEAM IN ALTOONA TEST. RELATION BETWEEN M.E.P PER LB 9 RELATION BETWEEN M.E.P PER LB. 
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- R65 a . (2954.6) Percentage Cut-Off 
the boiler (S v) is equal to one and one-tenth times —— 


the volume the indicated steam would have at the 
boiler pressure (1.10 v), together with an addi- 


tional volume {— 7 ) which depends only on 
r 
the cylinder volume V, and on the two-thirds power 
of the speed r. That is to say, if a given volume 
of steam be taken from the boiler, the volume 
shown by the indicator will be dependent: only on 
the speed, and is independent of both boiler 
pressure and cut-off. Put in another way, the 
volume at boiler pressure of the ‘‘ missing quantity” 
—that is, the difference between the steam taken 
from the boiler and that shown by the indicator 
—is the same for a given volume of steam taken 
from the boiler whatever the boiler pressure 


may be. 

Having found this volumetric law to hold if the 
specific volume of the steam is changed by a change in 
the boiler pressure, it is natural to inquire whether it 
will also hold for changes in specific volume due to 
superheating. For the Purdue tests this question 
can be answered in the affirmative, and the experi- 
mental results show that if Ty represents the total 
volume of steam taken from the boiler, measured 
at the pressure and temperature at which it enters 
the steam-pipe, the equation 


Tr=1.10sv+ &1SV 


r 


(8) 


























Press.120 lhs.Sqdn. 
D-83-7 


C-92°4 





(2954.6) Percentage Cut Off. 


holds for saturated and superheated steam. The 
Purdue tests deal only with steam having about 
150 deg. Fahr.superheat; but an examination of other 
tests makes it appear probable that the volumetric 
law holds also for higher temperatures. To bring 
equation (8) into convenient form for use with super- 
heated steam when the steam quantities are meas 

by weight, let S, represent the weight of super- 
heated steam used per revolution, and V, its specific 
volume in the steam-pipe. Then T, = S, v, so that 


0.13 V 
Sa ; ) (9) 


(1.108 += 
vr 

The evidence on which the formule are based 
will now be examined. To this end Fig. 5 has 
been prepared to show at a glance the conformity 
of the 105 Purdue tests with formule (6) and (9). 
This figure has been obtained by calculating for 
0.13 V 0.13 V 


v 
Uh 





each test the value of the term - on « 7 


" 


as the case may be, and deducting this value from 

S or 8, respectively. The remainders are plotted 

as ordinates over s or 8 ~ as abscisse, with the 
uy 


results shown. 

If the test results were exactly represented by 
the formulz, all of the points would fall on a line 
passing through the origin and having the slo 
1.10. This line is drawn in in Fig. 5, and it will be 
seen that the experimentally-obtained points group 
themselves closely about it, the deviations tier 
of approximately the order of the probable errors 
of observation, while at the same time they do not 
show any regularity of grouping by tome A or by 
boiler pressures, which would suggest that a modifica- 
tion of the formula is required to enable the experi- 
mental data to be more closely represented. Fig. 6 
shows the result of applying formula (6) to a series 
of eighteen tests made with an “ Atlantic”-type loco- 
motive on the Pennsylvania Railroad testing plant 
at Altoona. The agreement between the measured 
and the calculated results is excellent. Other tests 
have been examined, and it appears that with some 
modification of the coefficient of s, formule (6) and 
(9) are widely applicable. A detailed study of this 
question is reserved for another occasion, it being 
sufficient for our present te gps that an expres- 
sion has been obtained, which enables the actual 
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steam consumption for any combination of running 
conditions to be determined. 

Power Developed.—It now remains to obtain a 
general expression from which the power developed 
under any given conditions of service can be found. 
Here again the indicated steam proves to be a 
useful auxiliary. The mean effective pressure 
varies with the cut-off, the speed, the boiler 
pressure, and the quality of the steam, but if this 
pressure, as found in each test, be divided by the 
weight of indicated steam per revolution, the simple 
relations shown by Figs. 7 and 8 are obtained. 
Here for each boiler pressure, the mean effective 
pressure per pound of indicated steam is plotted 
as ordinate over the corresponding cut-off as 
abscissa, and in each case the points group them- 


selves closely about a straight line. Each line has 
an equation of the form 
Pm C-Dk. (10) 


38 
where P,, is the mean effective pressure in pounds 
per square inch, s the indicated steam in pounds 
per revolution, and k the cut-off as a fraction of 
the stroke. The lines in Figs. 7 and 8 have been 
drawn to follow the plotted points as closely as 
possible, and at the same time to stand in har- 
monious relation to each other. The values of the 
coefticients C and D for these lines are as follows :— 





Saturated. Superheated. 
Boiler Pressure, : i eS 
> Wa D. O,. . 
480 924 | 831 79 49 
160 95.6 86.6 84 56 
180 97.3 88.3 _ o= 
200 | 98.9 90.1 89 63 
220 | 100.5 91.9 _ | _ 
240 102.1 93.6 0% | 7 


the relation between C and D and the boiler pres- 
sure P being :— 
For saturated steam :— 


C = 82.7 + 0.081 P. 11) 


D = 72.6 + 0.088 P. 12) 
For superheated steam :— 

CO, = 64.0 + 0.125 P (13) 

D, = 28.0 + 0.175 P (14) 


Comparisons.—Having thus shown how general 
expressions can be obtained to express the steam 
consumption and power output in terms of the 
speed, boiler pressure, and cut-off, a subsequent 
article will be devoted to showing the use of these 
expressions in carrying out the comparison between 
the results with saturated and with superheated 
steam. 
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A History of the Frozen-Meat Trade. By James Trov- 
BRIDGE OCRITOHELL and JosEPH RAYMOND. With illus- 
trations and di ms. London: Constable and Co., 
Limited. 1912. [Price 10s. 6d. nebt.] 
Tue history of the creation of a great industry 
requiring the nice adjustment of many contributing 
factors and illustrating the novel application of 
much previous experience cannot but be interesting, 
and since success has been won, in spite of many 
difficulties, must also contain much that is encourag- 
ing. When this industry has been designed with 
the view of rendering available that food supply 
so abundant in distant lands, and so much needed 
here to improve the conditions existent in our 
crowded centres of population, the story of its 
development should arouse something more than 
simple curiosity, and compel us to acknowledge 
with gratitude the beneficent services of science 
and the indomitable perseverance of those who 
have laboured strenuously in the face of difficulties, 
and have often suffered loss and disaster. The 
authors are fully impressed by the magnitude of 
the effort that has been made; by the supreme 
confidence by those who embarked on 
this field of adventure; by the magnificent scale 
on which the operations are now conducted ; 
and by the services rendered to North and 
South alike by the hearty co-operation of many 
trades and industries. But in the effort to do 


justice to all those who laboured, both wisely 
and well, they may fail in their good intentions. 
It is possible to overlay this tale of successful exer- 
tion and ingenuity with so much detail that we 
lose sight of the cardinal —_ upon which its 


ey 


development is hinged, have given in one 








chapter of nearly fifty pages a collection of short 
biographies of those who have been prominent in 
furthering the industry. This is well, it is an 
attempt to do justice to foresight and energy, and, 
it may be, to self-sacrifice, for it is not always those 
who sow who are privileged to reap ; but with the 
knowledge that this chapter was coming, it was 
scarcely necessary to give so many details of the 
various chairmen and directors of companies that 
have been formed in the course of the thirty years 
the trade has been active. 

The features that strike us of prime importance 
and of abiding interest concern the ingenuity shown 
in the adaptation of principles in use elsewhere, 
the introduction of some new thought, and the nice 
dovetailing of infinite detail to a common purpose ; 
in a word, the blending of all the complicated 
machinery of social andeconomic science that renders 
possible the success of such a gigantic scheme. Can 
we understand all that is implied and all that 
is involved in an organisation that makes it - 
sible for sheep reared on some farm in New Zealand 
or remote station in Australia to be sold in Smith- 
field Market for something under 4d. a pound? 
Till we have considered the many steps in the 
process connected with the transport, refrigeration, 
and delivery on board ship, the long voyage, with 
its dangers, calling for insurance and the machinery 
of underwriting, the expense attaching to distribu- 
tion at various centres, the return on capital in- 
vested, we can hardly do justice to the bold con- 
ception of those who imagined the possibility of 
such a revolution in food supply, and achieved 
success in so novel an experiment. Intuition, 
rather than calculation, must have guided the 
pioneers in their undertaking, for of experience 
there was little. The possession of a commercial 
imagination capable of prospecting so far in the 
future is a rare gift, and to men like Mort and Harri- 
son, who foresaw the possibilities of enhanced traffic, 
but failed to reap the reward of their enterprise 
and sacrifice, it is difficult to render adequate 
acknowledgment. We get a glimpse of the diffi- 
cu:ties of conception on a large scale, and of the 
obstacles to be overcome, when we remember that 
men of experience who witnessed the construction 
of the earliest establishments, capable of killing 
and freezing daily 250 to 300 carcases, predicted 
the depletion of the Canterbury flocks and an 
inevitable meat famine. Contrast these modest 
beginnings of thirty years ago with the fact that 
last year the freezing works of New Zealand had 
a total capacity of half a million sheep a week, 
and that, so far from depletion being accom- 
plished, the number of sheep in the Dominion had 
increased from 13 million in 1881 to 24 million 
in 1911. The authors are well justified in declar- 
ing that there is much that is interesting and not 
a little that is romantic in the history of such an 
industry. But there is more than that—there is 
the pride that stirs patriotism, there is the satis- 
faction derived from the spectacle of energetic 
colonisation, there is the delight in overcoming 
the obstacle of distance, and making the waste 
products of one country minister to the lamentable 
deficiencies in another. 

The genesis of the meat trade, dependent on arti- 
ficially-cooled storage, is to be found in the shipment 
of chilled beef from the United Statesin the seventies, 
when Messrs. Eastman imported meat that had 
been stored in chilled chambers, kept at a low 
temperature by an ice-and-salt mixture. Here 
the importers were assisted by the shortness of 
the journey and the generally low temperature 
encountered. The early schemes did not contem- 
plate, a voyage of some ninety days across the 
tropics, compelling the adoption of other and 
different precautions, if the over-abundant meat 
supply of the Australian Colonies was to redress 
the growing scarcity in the Mother Country. 
It is of this later trade that the authors 
write with the development that South Ameri- 
can competition has introduced. It is of the 
trade that began in the epoch-making voyages of 
the Paraguay from Buenos Aires to Marseilles ; 
and of the Strathleven, which, starting from 
Australia in November, 1879, arrived in London on 
February 2, 1880, with 40 tons of beef and mutton 
frozen on board. The meat had cost in Australia 
from 1d. to 2d. per pound, and sold ia Smithfield 
at prices ranging from 44d. to 6d. Commercial 
succe33 was assured, the problem was solved ; all 
that remained for the future was to improve and 
enlarge the apparatus, cheapen the cost of trans- 
port, and crate a demand for frozen meat. So 





successful have been the efforts that now every 
unit of the population is supplied, on the average, 
annually, with 28 lb. of frozen meat, mainly from 
the Southern Hemisphere. Figures fail to convey 
any adequate idea of the enormous traffic neces- 
sary to satisfy this voracious demand, or of the 
extent to which it provides employment, both 
for labour and capital. In 1910 Australia supplied 
to the United Kingdom alone 4,219,000 carcases, 
New Zealand 5,407,470, and South America 
3,353,746, the total weight being 5,260,757 cwt. 
If we would try to realise what these figures mean, 
we must picture a long procession of animals ex- 
tending in single file some 8000 miles, advancing 
towards this country at such a rate that some 
twenty-five land on our shores every minute, day 
and night, week in week out, the train being con- 
tinually replenished at the far end as the leaders 
fall victims to the appetite of a hungry nation. 
Caterers to the sensational, and inventors of in- 
genious devices to give significance to long rows of 
integers, have a large field here for their talent. 

But there is nothing sensational in the authors’ 
manner of telling an unvarnished tale of happy 
achievement. In a succession of chapters they 
trace the gradual development of methods by which 
frozen and chilled meat is transported, handled, 
and sold in Great Britain. It is possible to see, 
as the history unfolds itself, the various stages 
through which frozen meat passes from the time it 
is placed on board the steamer till it reaches its final 
goal in the meat-retailer’s shop. There is, too, oppor- 
tunity to notice the modification which experience 
has gradually introduced into the many processes. 
Atone time we may see the stock-breeder improving 
the character of the flocks and herds by the im- 
portation of pedigree cattle; and though the 
methods followed may not recommend themselves 
to the followers of Mendel, the results are eminently 
satisfactory. At another, we learn how the ship- 
owners and underwriters have met the demands on 
their energies, and borne their respective burdens. 
Justice, too, is done to the engineer, who has so 
perfected the refrigerating machinery that failure is 
practically unknown, ensuring a regularity of supply 
to the consumer, whose wants are met by a whole 
army of caterers. We may, perhaps, point out what 
combination and experience have effected in the way 
of cheapening the service. In 1883, when the trade 
was in its infancy, the owner of a lamb weighing, 
say, 651b. would have to pay 35d. per lb. to place 
his meat on the London market. This 3}d. was 
made up by Colonial charges 4d., transport 2}d., 
and London expenses 7d. It was necessary to sell 
the meat at 5d. per lb. if he would net 8s. on 
the transaction. By 1888 the total charges had 
dropped to 2.6ld. per lb., and now these have 
been reduced 1d. perlb. The freight on frozen 
meat from New Zealand varies slightly at different 
seasons of the year, but 8d. per lb. covers by far 
the greater part of the carriage. 

And here we may say that this reduction in 
expense has not been brought about by any relaxa- 
tion in the thoroughness of inspection. Colonial 
authorities insist on rigid examination, both ante 
and post mortem, and in this respect set an ad- 
mirable example to home authorities. The laxity 
of inspection in many parts of England is scandaious, 
and the Colonial farmer smiles rather grimly at the 
— exercised at his end of the line, when 

e remembers the ease with which inferior, and 
even diseased, meat is allowed to circulate in our 
towns and villages. But the gain after all is on his 
side. The expansion of the frozen-meat trade, 
which has rescued New Zealand and some parts 
of Australia from acute depression, has been 
much assisted by the knowledge that an efli- 
cient system of inspection secures the importa- 
tion of meat free from all suspicion of disease. 
Indirectly, too, the Colonies have profited. The 
stream of wealth poured into the country not only 
means the prosperity of the farmer, but the increase 
in production has led to improvements in the 
methods of farming, restoring fertility to a large 
quantity of land which had been exhausted by 
repeated cropping, and made fruitful large areas 
which were previously considered not worth culti- 
vating. In South America the metamorphosis has 
not been less apparent, as the authors show. The 
kindly hand of plenty has showered benefits and 
brought peace and contentment. Rhodesia is a 
coming factor, and lies outside the authors’ pro- 
vince, but we may anticipate for that vast district 
an agricultural success quite comparable with that 
obtained elsewhere. The authors are fortunate in 
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having to display the triumphs of peace in describing 
a chapter in the history of progress that has not one 
jarring discord. 
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Die Fortschritte des 9 s und der Gas- 
industrie in Jahre, 1911. By Prof. Dr. H. Srracue. 
Vienna, Munich, and Berlin: R. Oldenburg. [Price 
4.50 marks. } 

ConTINUING a similar work for the year 1910, Dr. 

Hugo Strache, in this volume of 117 pages, performs 

a useful service in bringing together an account 

of the subjects engaging the attention of gas engi- 

neers, British and Continental. 

Necessarily, the particulars of the year’s progress 
must be in condensed form, but the compilation 
must prove a useful adjunct to the technical 
journals dealing with gas matters. In the latter, 
technical information is often mixed with much that 
must be ephemeral, and if in the volume under 
review there may appear something akin to ol 
ness, it is relatively coherent, and, coupled with the 
aniple indices, serves to facilitate acquaintance 
with the main lines of development. 

Notwithstanding the limitations that beset the 
nature of the author's task, there is a distinct ad- 
vantage in ing a summary of the year’s 
events when it proceeds from the pen of one who is 
familiar, not only with present-day work, butis able 
to trace the connection of the same with that which 
has gone before. The last-named consideration is 
of importance in maintaining a true perspective, 
and preventing the formation of opinions, which 
shall be unduly optimistic or imistic, based 
upon incomplete experiments. The reader may be 
preserved from this danger, however, by the ample 
reference given to the original sources from which 
the author’s information is taken, and he may 
thereby readily pass into the wider sphere for any 
particular line of study. 

The author, who has recently been made an 
honorary member of the Austro-Hungarian Society 
of Gas Engineers, is evidently well posted in the 
doings of his confréres upon the Continent, and 
his knowledge extends to those of the English- 
speaking world in both hemispheres. 

The book deals not so much with purely engi- 
neering or constructional questions as with the 
physical and chemical aspects of gas-making, with 
the recovery and utilisation of subsidiary products, 
with the means of testing the composition and value 
of various gas mixtures with their accompanying 
liquids, and with the general means adopted for 
the effective distribution and consumption of gas 
under modern conditions. 

During the year reviewed a notable assemblage 
of working results obtained with various types of 
coal gasification took place at the Glasgow meeting 
of the Institution of Gas Engineers, and these, 
amongst others, are summarised in the section, 
covering about seven pages, devoted to horizontal, 
vertical, and chamber retorts or ovens. 

Stoking-machines, with systems of coke trans- 
port, receive fairly lengthy treatment, showing that 
telpher systems have now their place as well as 
the extensively-used scraper or tray-conveyor. In 
these respects, more especially in coke-handling, pro- 
gress on the Continent is along lines parallel to those 
that are being followed in this country, the aim 
being to achieve the economy in labour costs of the 
conveyor, without the excessive charges for main- 
tenance which that machine has in some cases 
involved. The application of electric driving to 
the telpherage is becoming now quite frequent. 

Upor condensers and exhausters very little is 
said, but a noteworthy achievement in the reduc- 
tion of tarry matter from gas is given, accomplished 
by means of a centrifugal machine. Proceeding 
to the removal of gaseous impurities by washing, 
reference is made to normal methods, as illustrated 
by the plant in use at the Glasgow Gas Works, and 
this is followed by an account, with diagrams, of 
the system now on trial, devised by Herr Burk- 
heiser. 

The somewhat analogous process—in aim if not 
in procedure—of Dr. Walther Feld is described, 
and reference is made to the more modest scheme 
of Wilton installed at the Wareham Gas Works. 
As the objects to be obtained by these pro- 
posals are the laudable ones of recovering the 
acid and alkaline constituents of crude gas with 
the minimum recourse to outside agents, so the 
narration of the steps so far taken to accom- 
plish them are of considerable interest. Progress 





parent—the gas industry ; and there is evidence of 
a commingling of technical experience likely to be 
mutually beneficial. The washing of for the 
abstraction of (a) cyanogen, and (b) naphthalene is 
chiefly in connection with town gas, and during the 
year attention has been directed to providing 

ents that are in themselves unobjectionable. 
Akin to this provision of washing oils that shall be 
themselves free from naphthalene, is the general 
question of the nature of the tars produced by the 
multiplicity of types of plant and modes of 
working now prevalent. The mass of coal distilled 
and its temperature produce a corresponding varia- 
tion in the composition of the tars, and these must 
be evaluated, both chemically and commercially. 
The methods employed and many results of such 
tests are duly set forth. 

On the construction of gas-holders not much 
is said, but reference is made to the failure during 
the year 1911 of the bell of the new gas-holder at 
Vienna during the time of its being tested with air, 
and to the earlier and more serious failure of the 
gas-holder tank at Hamburg, and Professor Krohn’s 
report thereupon. 

As to gas-holder tanks a résumé is given of the 
methods adopted in Holland during recent years, 
more especially as exemplified in the 100,000 
cub. m. gas-holder of the Amsterdam Western 
Gas Works, in which considerations as to the nature 
of the ground have an important place. 

The experiences mentioned respecting these 
several tanks and holders lend emphasis to the 
opinions recently expressed by competent autho- 
rities, at home and on the Continent, that the limits 
of economy have been reached, and that in future 
the premier place must be given to safety, and to 
the exclusion of immature designs. Upon this 
head the engineers of the Hamburg Gas Works 
would be able to relate some useful lessons, con- 
sequent upon the disablement of the holder at 
their Grasbrook station, which caused a curtail- 
ment of the public lighting for the year that 
followed. 

Details referring to subways in streets, to the 
distributory apparatus, and to house installations 
for gas follow that of the manufacturing and 
storing, to which we have referred, and subse- 
quently various modern developments that are 
assuming important magnitudes are described. 
These are coke-oven gas, oil-gas, air-gas, acetylene, 
compressed gas, natural gas, generator gas, Mond 
gas, water-gas, and balloon They are here 
enumerated to show that whilst the uses of town 
gas are oe and that rapidly in the large 
centres of population throughout Europe, there 
are arising alongside important sources which in 
some cases co-operate, and in others compete, with 
town-gas supplies. One instance of this must be 
more fully explained, and that under the head of 
natural gas. . Strache gives — of the 
rich character and the large volume of this gas 
manifested at Neuengamme by Bergedorf, near to 
Hamburg, where it is forced out of the ground at 
a high pressure—viz., 25 atmospheres—and it is 
now announced that the town of Hamburg is 
spending 27,0001. in laying a main to conduct a 
portion of this gas to be admixed with their 
manufactured town The balance, amounting 
to 80 per cent. of the 17 millions of cubic feet per 
day, is to be employed in operating an electric power 
station erected near the gas well. 

The gas is almost entirely methane (marsh gas), 
and is very much like that which Mr. Elworthy, in 
England, and M. Paul Sabatier, in France, proposed 
to make from water-gas, and to these proposals the 
author refers. 

In relating the progress made in street-lighting, 
and in high-duty lighting, whether at high or low 
pressure of gas or air, recognition is accorded to 
various makers, amongst which English firms and 
public authorities find an honoured place; and 
this survey includes the novel features applied to 
upright incandescent burners for house-lighting, 
and to the nature of the fibres used in the con- 
struction of gas-mantles. 

The discussions that have from time to time 
taken place before the Illuminating Engineering 
Societies of England and of America are brought 
under review, and the relative hygienic advantages 
of gas and electricity for lighting are described, 
whilst the costs of various light sources, including 
en air-gas, and petroleum, &c., are amply 
sta 





in these matters, having its inception in the coke- 
oven industry, is reacting for the benefit of the 


Heating by gas includes reference to the work, 


England, and M. Meunier, in France, on surface 
combustion, as well as to the facilities for industrial 
applications provided by the Birmingham Corpora- 
tion, of which an example was given in ENGINEER- 
ING, page 297, March 1, 1912. 

Gas-motors are briefly dealt with, including a 
reference to the gas-turbine of von Holzwarth, and 
a description and outline diagram of the gas-pump 
of Mr. H. A. Humphrey. 

The foregoing analysis of the book makes no pre- 
tence to completeness, but is directed towards 
showing what subjects readers may find treated 
there, and in what way such may be helpful in 
supplementing the knowledge they may already 
possess of British-gas practice by that of other 
countries where different conditions prevail and 
where the mental equipment of the engineers may 
be of a diverse character. These technical matters 
are in the book preceded, in its opening sections, 
by more academic but still useful articles relating 
to pyrometry, calorimetry, photometry, gas analysis, 
&ec., which include a digest of the Gaseous Explo- 
sions Committee’s Report to the British Association 
of Science at their Sheffield meeting. 

There are statistics showing the growth of the 
gas industry, which are quite appropriate to the year 
when Murdock’s invention completes its centenary, 
and the strenuousness of the workers in many depart- 
ments revealed testifies to the fact of the vitality 
of the parent and its numerous offspring. The 
author has conceived his duty on broad and catholic 
lines, and has brought to its performance the 
scientific knowledge which, conjoined with freedom . 
from the details of actual -works administra - 
tions, has enabled him to follow the ramifications 
of the group of gas, coke, and allied chemical 
undertakings. He has been known in this country 
for at least a decade as an inventor in water-gas 
plant, and now he adds evidence of the ability 
and perseverance needed to present the history of 
the technics of gas during an important year. 
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Titpury.—The Port of London Authority has acce: 

a tender of Messrs. Perry and Co., amounting to 105, 466/., 
for the construction of a deep-water river-side jetty for 
the use of cargo-steamers at Tilbury. Ti 

chosen as a convenient site for this special riverside 
accommodation, and the plans have been drawn up after 
consultation with various shipowners. The jetty will be 
1000 ft. long and 50 ft. wide, and will have railway con- 
nection with the shore. It will be equipped with cranes 





theoretical and practical, of Dr. A. W, Bone, in 





for the ready handling of cargoes, 
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THE FRENCH YUNNAN RAILWAY. 


IMMEDIATELY upon the conquest of Tonquin by 
the French, it was manifest that the principal 
object in establishing French colonies in that part 
of the world was to open a gateway to China via 
the Yunnan, and create an easy transport route for 
goods destined for that country or exported from 
the Yunnan province. This is evidenced by the 
Franco-Chinese Treaty of June 9, 1885, terminating 
the Tonquin war, which provided for the establish- 
ment of lines of communication between Tonquin 
and the neighbouring provinces of Yunnan and 
Kuang Si; the valley of the Red River by Hanoi 
and Haiphong being, in fact, the true maritime 
outlet for the province of Yunnan. The construc- 
tion of a railway from Haiphong to Hanoi was 
accordingly provided for, with a continuation line 
as far as Laokay on the Franco-Chinese frontier ; 
the building of a Chinese railway—a railway on 
Chinese territory between Laokay and Yunnan-Fou 
—was a natural sequence of the scheme. 

Granting the potential natural wealth of this part 
of China, it was a matter of course that, once com- 
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pleted, the line should be of great service, and 
should divert to the French colony a material 

of the Chinese trade. It was for that reason that 
the construction of the line in question was perse- 
vered with in the face of all possible difficulties. 
It is now, however, finished, and the line has been 
working for some while. In view of the difficulties 
met with in construction, and the influence which 
the railway must exert upon the development of 
China and its relations in these parts with France, 
it may be interesting to describe some details of the 
line, and to indicate the diftticulties encountered, as 
well as give a few particulars of some of the methods 
employed to overcome the latter; also to afford 
general information as to the financial and com- 
mercial results. 

The scheme for the Yunnan line to Yunnan-Fou, 
covering a distance just short of 850 km. (530 miles) 
from Haiphong, and rising up to the plateau of 
Yunnan, 1900 m. (6233 ft.) high, was, in 1897, 
investigated by a special commission. In April, 
1898, a concession was granted by the Chinese to 
the French Government, or any company which the 
latter should appoint, China merely providing the 
land. This form of concession was exceptional, 
revard being had to the other lines in China which 
had been sanctioned. In 1903 it was stipulated 
that China should, at the end of 80 years, be free 
to negotiate for the 1 ya wncne of the line, subject to 
reimbursement of all expenses, of whatever kind, 
incidental to the railway. On December 13, 1898, 
the French Parliament authorised the construction 
of railways in Indo-China, and guaranteed interest 








to the amount of 3,000,000 francs (120,0001.) per 
annum, for 75 years, to the company working the 
Yunnan line. A number of financial firms in Paris, 
and two large contracting companies, undertock to 
consider the matter on the actual spot, and to decide 
whether they would ask for a concession. Even- 
tually, in March, 1899, a commission was sent out 
to investigate, this commission reporting that the 
difficulties in the provision of materials and food 
would be much greater than had been anticipated, 
and that it would be difficult to obtain manual 
labour. Nevertheless, in June, 1901, the associa- 
tion of financiers and contracting companies 
arranged with the Indo-Chinese Government— 
which had itself received a concession for the whole 
Indo-Chinese district—for the construction of the 
section of the railway from Laokay to Yunnan-Fou 
and for the working of the line from Haiphong to 
Yunnan-Fou. It was estimated that the line from 
the frontier —Laokay—to the famous capital of the 
Chinese province would not exceed 95,000,000 
francs (3,800,000/. ). 

Later, a French company for the railways of 
Indo-China and Yunnan was formed, under the 
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having followed the Red River and its tributary 
the Sin-Thien-Ho, subsequently reaching Yunnan- 
Fou by a long detour to the west. In the first 
of the course, for a length of about 80 km. 
(50 miles), the line would have ascended from a 
height of 240 m. (785 ft.) to 1400 m. (4593 ft.), 
afterwards deseending about 300 m. (985 ft.), over 
a distance of about 20 km. (12.5 miles), and reaching 
Mong-Ts¢. The concessionnaires decided that the 
first plan (which it was permissible to alter) pre- 
sented exaggerated gradients of 35 mm. per metre 
(1 in 28.5), and a very small radius of curvature of 
50 m. (164 ft.) in a length of 86 km. (53 miles). 
At the instigation of the Chief Inspector of Works, 
they adopted the new plan, which has been actually 
followed. In this case they would meet with 94 km. 
(58 miles) less in the way of up and down gradients, 
the up gradients never exceeding 25 mm. (1 in 40) 
over a length of 85 km. (about 53 miles). Both 
routes are shown in the map, Fig. 1; they are 
shown in profile in Figs. 2 and 3. 
It would appear that the chief inspector of the 
company created by the association was singularly 
deceived as to the advantages of the new plan. 
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auspices of the association of financiers and con- 
tracting companies above referred to. A sum of 
101,000,000 francs (4,040,0001.) was required. 
Shares were issued to the value of 12,500,000 francs 
(500,0001.), and 3 per cent. bonds for 116,000,000 
francs (4,640,0001.) guaranteed by the French 
Government. The Indo-Chinese colony provided 
a further sum of 12,500,000 francs. The conces- 
sionnaires were to construct, at their own expense 
and risk, a a Laokay to Yunnan-Fou, 
over a length of about 468 km. (290 miles). The 
Government of Indo-China, on the other hand, 
were to hand over to them, in good condition, the 
Haiphong-Laokay line constructed by the colony ; 
this line was about 385 km. (240 miles) long. The 
whole railway was conceded to the company for 
about seventy-five years, they being required to 
work it at their own expense and risk, subject to 
the annuity of 3,000,000 | tamed (120,0001.), reserved 
to meet the guaranteed bonds, the profits being 
divided between the concessionnaires and the Indo- 
Chinese Government. 

As will be seen by the map reproduced in Fig. 1, 
the original plan was not followed in the actual 
execution of the line. According to the first plan, 
the railway should have gone to Mong-Tsé, after 


this the course was through the valley of the Nam- 
Ti, a tributary to the left of the Red River. The 
inspector had estimated that the new plan would 
shorten the length by 45 km. (28 miles), but, as a 
matter of fact, the length remained practically what 
it would have been with the first scheme. On the 
other hand, every kind of complication presented 
itself in the Nam-Ti valley—insurrections, and difti- 
culties in obtaining the requisite labour, &c. These 
difficulties, to which we shall shortly refer, led the 
constructing company (in 1906) to come to an 
understanding with the concessionnaires, whereby 
the latter superseded it, at the same time soliciting 
from the Government ‘a revision of the contracts, 
which had been found impracticable. Arbitrators 
between the sea d and the colony were nomi- 
nated, and finally the cost of the work was cal- 
culated to reach 158,500,000 francs (6,340,000/.), 
the company being responsible for 28,500,000 francs 
(1,140,0000.9 and the colony for 130,000,000 francs 
(5,200,0007.). 

Taking a comprehensive view of the line, its 
main characteristics may be noted. The gauge is 
1 m. (39.37 in.). The straight lengths are joined by 
curves having a minimum radius of 100 m. (328 ft.), 
and between two reverse curves a length in a straight 
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line of at least 30 m. (98 ft.) is invariably allowed. 
The straight and the curved lengths are connected 
together by parabolic easement curves. In all parts 


of the line on a gradient of 25 mm. (1 in 40) there | does 


is an intermediate level length of 100 m. (328 ft.), 
for every 4 km. (2.5 miles). On the embankments 
the formation has a width of 4 m. 40 (14 ft. 5 in.), 
and the sides are on an incline of lin 5. It has 
frequently been necessary to resort to retaining 
walls. he cuttings, generally of a width of 
4.40 m., have a trench 1 ft. wide. In the rock 
cuttings the formation is only 3.40 m. (11 ft. 2 in.) 
wide, and the ballast is supported by two small 
walls. In some instances the rock in the cuttings 
has been left partially overhanging, in order to 
economise excavation work. In the ower Nam-Ti 
district, from the point of commencement of the 
line, for a distance of 74 km. (46 miles), construc- 
tion materials, particularly good building stone, 
were rare, and the constructive works and walls 
have been built of concrete. At other parts re- 
course was had to masonry. 

Tonquin has good resources in the matter of 
hydrautic limes and cements, and some cement 
works of importance are installed at Haiphong. 
By reason, however, of distance and difficulty of 
transport, it was impracticable to utilise this 
material for the greater part of the line, and other 
materials had to be employed for the 680,000 
cub. m. (24,000,000 cub. ft.) of maso work 
required. For the first 76 km. (46 miles) no lime- 
stone was found in the district, and cement from 
Haiphong was used almost exclusively. This had 
to be carried in sheet-steel casks, owing to the 
dampness and heat of the district through which 
it had to be transported. On the remainder of the 
track the masonry is constructed with rich lime 
mortar, to which y oem qualities were imparted 
by additions of baked clay, pulverised and screened 
before being utilised. Limestone was, however, 
abundant beyond the first 76 km. (46 miles), but 
not all of this yielded good lime. It was 
therefore necessary to organise a special service 
to search for suitable stone and analyse samples 
from the beds which it was proposed to use for each 
section. The lime was manufactured on the spot 
in order to reduce cost of transport. The fuel for 
firing was mainly wood procu in the neighbour- 
hood. It was scarcely possible to use ordinary 
bricks, for the reason that the climate of the country 
is so damp that bricks could be made only in the 
three or four months of the winter period. 

As above stated, the gauge is 1 m. (39.37 in.). 
The rails are flange rails, 26 kg. perm. (50 lb. per 
yard), generally in lengths of 9.58 m. (31 ft. 6 in.), 
their width being 50 mm. (2 in.) at the head, and 
95 mm. (3.74 in.) at the flange. They are laid on 
sleepers placed 0.820 m. (32 in.) apart, from centre 
to centre, except at the joints, which is not sup- 
—— and where the pitch is 0.570 m. (22 in.). 

he sleepers are of steel, trough-shaped, and weigh 
35 kg. (77 lb.) each. Their length is 1.80 m. 
(70.85 in.), and they have a minimum thickness of 


7mm. (j in.). Attachment of the rails to the 
sleepers is by means of steel clips, bolts, and spring 
washers. e clips are provided with locking- 


studs engaging in a hole pierced in the sleepers. 
Stations are provided according to local require- 
ments. The Yunnan-Fou Station, the terminus 
of the Yunnan line, is the most important, as it is 
destined to serve not enly the capital, but also the 
entire surrounding district, which is very populous. 
Ten sidings are provided at this station, together 
with a line in connection with a river harbour and 
the Yunnan-Fou Lake. An important shed 
has been constructed, and the station buildings are 
of large dimensions. There has also been provided a 
shed for six engines, together with some small 
a and accommodation for the working 
staff. e station at Mong-Tsé is at a distance of 
5 km. (about 3 miles) from the town, and, in con- 
sequence of local conditions, it has had to be built 
at an elevation of 210m. (680 ft:) above the level 
of the Mong-Tsé valley. In addition to stations 
and 7 jyrg, een numerous gangers’ sheds are 
provided for supervision and maintenance pur- 
poses ; generally these sheds are placed where new 
stations can be established should the necessity arise. 
The pho placed: at our disposal by the 
company, and reproduced*in Figs. 4 to 10, on 
page 7, illustrate some of the di culties encoun- 
tered in the construction of the railway. As men- 
tioned above, the difficulties were specially severe 
in the Nam-Ti Valley, at the part dividing the 
basins of the Red River and Canton River, where 





the 25-mm. (1 in 40) gradients were situated. The 
Nam-Ti River, a tributary of the Red River, runs 
mostly in a gorge, the width of which at some parts 
not ex 8 m. to 10 m. (30 ft.) at water- 
level, the banks being perpendicular. In a defile, 
4 km. or 5 km. long, the two calcareous walls are 
almost vertical for a height of 300 m. to 400 m. 
(1200 ft.) ; at this place the line has had to be sup- 
—- the side of a slope formed of débris which 
gradually slid down (see Fig. 4). The line follows 
the Nam-Ti Valley for about 152 km. (94 miles), 
and it has been found necessary to construct a 
viaduct in order to cross a torrential tributary of 
the Nam-Ti, known as the False Nam-Ti. At this 
point the line issues from a tunnel which opens out 
at the face of a vertical calcareous wall, some 
100 m. (about 330 ft.) above the bottom of the 
valley and the bed of the False Nam-Ti, the 
course of which here lies between two perpen- 
dicular walls (see Fig. 5). The distance between 
these walls is 66 m. (215 ft.), at the track 
level, the latter being about 988 m. (3200 ft.) 
above sea-level. On the right bank the line 
almost immediately enters another tunnel. It 
was necessary to bridge this chasm, 66 m. wide 
and 100 m. (330 ft.) in height ; the construction of 
a masonry viaduct was not, however, practicable. 
Steel had, therefore, to be employed,.and M. Paul 
Bodin, chief engineer to the iété de Construc- 
tion des Batignolles, solved the difficulty in a 
manner which has yielded excellent results. The 
eneral character of the bridgework will be seen 
Soin Figs. 6 to 10, on page 7; it consists of 
steel trestle viaducts, the parts forming which had 
to be carried to the spot on the backs of coolies, 
frequently over a distance of 30 km. (18 miles). 
Several of these parts weighed as much as 650 kg. 
(1430 Jb.). In the matter of bridging the chasm 
in question, as soon as the masonry foundations 
were completed at the base of the vertical walls 
referred to, erection was commenced. It was not an 
easy matter to erect the trestles, but, nevertheless, 
the work was very effectively carried out. 

In all this part of the work there was an abund- 
ance of land slides, and the exaggerated slopes on 
the sides of the valley introduced very serious 
difficulties. The cuttings necessitated the easing-off 
of the slopes, the tops of which were at a consider- 
able height ; the earthworks were most extensive, 
and it was necessary to construct retaining-walls 
which had to be completed bya system of drainage 
and consolidation. e line on the hill sides also 
frequently required retaining-walls, and these it was 
necessary to build on the drifts of large blocks of 
rock that had fallen from the cliffs. Many of these 
walls as first built cracked and warped, and had to 
be demolished and reconstructed of double thick- 
ness. At one point there was a sudden yielding of 
the wall while one of the works trains was passing, 
and the locomotive fell into the river from a height 
of 15 m. (about 50 ft.). 

At times enormous mud pockets, full of argil- 
laceous marl, lying on a bed of impermeable schist, 
had to be dealt with, as well as the slime of 
large springs running in all directions. Between 
kilometres 92 to 96.5 a region of unstable slo 
was encountered, which could never be trusted to 
remain standing. At certain points covered cut- 
tings, troublesome to construct, were needed for 

rotecting the track against surface land slides. 

me walls which had stood for three years were also 
abruptly split and dislocated by infiltration during 
the rainy season. On one occasion an enormous 
mass broke away suddenly, leaving a funnel-shaped 
opening in the side of a mountain, and carrying with 
it the road-bed, the wall, and part of the trench; 
the amount of material suddenly detaching itself 
and rolling down a distance of 200 m. (650 ft.), 
representing something like 25,000 cub. m. 
(880,000 cub. ft.). 

To remedy this interruption of the track, a light 
metallic girder was thrown over the breach to 
carry the trains hauling the materials. This work 
was very difficult and dangerous, the 5 avail- 
able being very limited, and the stability of the 
remaining ground doubtful. It was necessary to 
construct massive supports in concrete on each side 
of the breach; but this was only a temporary 
expedient. The breach was blocked up with a huge 
wall of concrete, and the road-bed was recon- 
structed upon it. The provisional bridge was sub- 
sequently removed, not, however, without having 
been damaged by a fresh iand-slide. 

Without entering into all the difficulties that 
arose, it may be mentioned that the line has in- 





volved no fewer than 3422 viaducts, bridges, and 
aqueducts. The metallic bridges and viaducts are 
numerous ; their length varies from 30 to 67 metres. 
A certain number have a series of small spans ; 
in one notable instance there are seventeen 
separate spans of 8 metres (over 26 ft.) erected 
close together (see Fig. 9). The excavations have 
involved the removal of as much as 16,500,000 
cub. m., of which 84 million were in rock. The 
trenching amounted to nearly 550,000 cub. m.; 
the masonry, walls, and other construction work 
to 580,000 cub. m., this without counting 224,000 
cub. m. of dry masonry for protection at different 
points. To the foregoing must be added 100,000 
cub. m. of masonry and 508,000 cub. m. of excava- 
tion for the various tunnels. 

At one time as many as 48,000 men were 
engaged on the works, representing an ‘‘ encamp- 
ment” of about 65,000 persons, and in many parts 
of the scheme the company was compelled to find 
lodging for these workers. For this purpose they 
often employed light timbering and metal pillars, 
between which, when in place, wire-cloth was 
stretched and coated with clay, to form the parti- 
tion walls. The roofing was of corrugated iron or 
of tarred cardboard. For the construction of the 
railway a goods line was laid at different parts along 
the track to be built, and in the Nam-Ti district 
the laying of this line was particularly troublesome 
and occupied along time. This railway alone cost 
1,200,000 francs (48,000/.) for 130 km. (about 80 
miles). To complete it, light steel bridges were 
frequently required. The recruiting of the coolies 
also involved serious difficulties for several years. 
Moreover, the output of each workman was usually 
small, the work done per day per man not exceed- 
ing 0.96 cub. m (33 cub. ft.) in the case of earth- 
works, 0.38 cub. m. (14 cub. ft.) in the case of 
dry-walling, and 0.22 cub. m. (8 cub. ft.) in the 
case of tunnelling work ; the output was about 
one-third that of a good European manual labourer. 
The average daily earnings of the earthworkers and 
miners were about 0.87 to 1.25 francs (about 8d. 
to 1s.) ; that of masons and stone-cutters, 1.25 to 
1.75 francs (1s. to 1s. 5d.). Among these men, the 
Annamites and Chinese of Kouang-Si did the best 
work. Riots disorganised operations on several 
occasions. The beasts of burden necessary for 
transporting rice, indispensable in the feeding of 
the workers, and also the piastres necessary for 
their payment, were very difficult to procure, and 
the price of transport per kilometre-ton easily 
mounted up to 4 francs Ghent 5s. per ton-mile). 

It would seem, however, that this railway, 
which has been so troublesome and costly—but the 
expense of which will appear moderate when the 
difficulties surmounted are taken into account—is 
likely to be a real commercial success. In 1910 
the tonnage transported was about 73,000 tons. 
In 1911 the figures were practically the same, the 
line being of too recent a construction for any real 
progress to be made in the traffic. Henceforth, how- 
ever, the gross receipts over the 850 km. between 
Haiphong and Yunnan-Fou may be fully expected 
to reach 6000 to 7000 francs per kilometre (about 
4001. per mile), the expenditure not exceeding 
5000 francs (about 3201. per mile). Those familiar 
with the district assert that before twenty years 
have expired the line will earn 15,000 francs per 
kilometre (about 950/. per mile). Such a figure 
would allow the colony to recover, in a compara- 
tively short time, the whole sum paid for the loans 
devoted to the Yunnan line. Even with the 
prospects foreseen, however, there are many who 
consider that the constructional works and track are 
not strong enough, and they would like to be able 
to start at once running heavy goods trains and 
expresses. 








Messrs. Sir W. G. ARMSTRONG, WHITWORTH AND 
Co., Limrrep.—We are informed that Sir. William E. 
Smith, C.B., until lately Superintendent of Construction 
Accounts and Contract Work at the Admiralty, and 
formerly an Admiralty naval constructor, has joined the 
London staff of the Elswick firm in an important capacity. 
Sir William is a vice-president of the Institution of Naval 
Architects, and was for some time Instructor of Naval 
Architecture at the Royal Naval College, Greenwich. 





British Sxaivsur.pine ComBing.—We are informed 
that Messrs. Swan, Hunter and Wigham Richardson, 
Limited, shipbuilders and engineers, Wallsend and New- 
are aes interests with Messrs, Barclay, Curle 
and Co., Limited, the shipbuilding and ship-repairing 
firm, of Whiteinch, G w. The two firms have made 
an exchange of shares with a view to ensure community 
of interests. The names of the two companies and their 
management remains the same as formerly. 
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THE DAIMLER MOTOR-OMNIBUS 
AND 3-TON LORRY CHASSIS. 

In his highly suggestive presidential address 
to the Institution of Civil Engineers a couple of 
years ago Professor Unwin observed that an 
empirical factor entered into the design of all 
engineering structures; a fact, he hinted, which 
was frequently forgotten in places where they 
teach. e history of the development of the 
motor-bus affords a striking confirmation of the 
accuracy of the view thus expressed; and, in- 
deed, it may be safely stated that no engineer— 
even a motor-car engineer—could design a satis- 
factory vehicle of this type unless possessed of 
the results of long experience in their working. 
The London General Omnibus Company started 
operations with twenty-four different makes of 
motor-bus. Failures were frequent, but it was 
not always the same part which failed in each 
case, 80 that, by a process of elimination, a vehicle 
was finally produced which embodied the most 
satisfactory features of each. To this process of 
natural selection the police authorities gave very 
great assistance. At the outset they purposely 
avoided the institution of a standard of perfection, 
impossible of attainment in the initial stages of the 
development, but gradually increased their require- 
ments as experience was gained. This steady 
increase in the severity of the police regulations 
caused unquestionably many anxious hours to the 
engineers who had to keep pace with them ; but 
the influence was equally unquestionably a good 
one, and has led to the production of the excellent 
vehicles which now provide for so large a pro- 
nortion of the total passenger transport of the 
Metro lis. The difficulty of the problem with 
which Mr. Frank Searle, who was, during this period, 
engineer-in-chief to the London General Omnibus 
Company, may be illustrated by recounting the 
fact that when the company was perturbed by 
the constant failures of the early vehicles, a 
first-class firm of motor-car builders were invited 
to design and build new buses. Data as to the 
troubles met with were put at their service, and the 
firm in question expressed their full confidence that 
they could supply a bus which would be free from 
the continual breakages. Parts which experience 
had shown to be most liable to fail were accord- 
ingly strengthened, and the vehicle, embodying 
every excellence of material and workmanship, 
was put into service. It proved actually about the 
worst of any. The augmentation of weight which 
had resulted from the attempt to strengthen weak 
places, increased, by its inertia, the stresses in an 
equal or in greater degree, and the results were, 
as stated, wholly unsatisfactory. The London 
General Omnibus Company then took up, as is well 
known, the construction of its own vehicles, and 
developed the present motor-bus, which has no 
rival outside of the United Kingdom. 

Realising the very special character of the 
problem to be solved, the Daimler Company, of 
Coventry, when it was decided to organise a motor- 
bus branch of their business, invited Mr. Searle to 
join them, so that they might gain the benefit of 
his unique experience. Under his direction they 
have put on the market the motor-bus, the chassis 
for which is illustrated in detail on Plate I., and 
pages 10, 11, and 18. 

he frame of this omnibus is illustrated in Figs. 
land 2, Plate I. Its most characteristic feature is 
that it is built up of flitched beams, and is not a 
pressed-steel frame. In fact, London experience 
with motor-buses showed conclusively that the 
pressed-steel frame always failed sooner or later, 
the only patterns, which gave no trouble whatever 
in this regard, being those built up of flitched beams, 
‘The side-frames consist, accordingly, of ash planks, 
lg in. thick, forming a flitch to two ,%,-in. plates 
of 3 per cent. nickel steel, the whole being secured 
together by 12-mm. rivets and bolts. A similar 
construction is adopted for the majority of the 
cross-frames ; but in order to get a low centre-line 
for the engine crank-shaft the engine is slung 
by bolts from arched crossed frames, which are 
accordingly made of pressed steel. The bolts by 
which the engine is slung are four in number. 
Those on the rear of the engine are widely spaced, 
but the two which support the forward end are 
relatively close together, so that an approximation 
is made to a three-point suspension. 

As shown in Figs. 3 and 4, the engine is of the 
Daimler sleeve-valve type. It has four cylinders, 
the bore being 110 mm., and the stroke 150 mm. 





The cylinders are cast in pairs, and, as will be seen in 
Fig. 3, the crank-shaft is carried on three bearings, 
there being, in addition, a ball-thrust bearing at the 
forward end. As is well known, the poppet-valves 
usual on petrol-engines are in the case of the 
Daimler engine replaced by a couple of sleeves 
sliding one inside the other, whilst the piston 
itself works inside the inner sleeve. The two 
sleeves are driven by small cam-rods from cranks 
formed on an eccentric shaft, which is driven 
by a 2to1 chain gear from the crank-shaft, and 
can be seen in position in Fig. 4. Admission and 
exhaust take place through ports in these sleeves. 
The gear is thus absolutely silent, whilst the area 
of the ports is such that very high speeds of rotation 
can be maintained without any very material increase 
in the petrol consumption per brake horse-power. 
The engine illustrated is designed to develop 
40 brake horse-power when run at 1000 revolutions, 
but can be speeded up to 2000 revolutions without 
difficulty ; and, in fact, before it was decided to 
adopt this engine for omnibus work it was tested in 
four months’ heavy work on an agricultural tractor 
which was geared so that the running speed 
averaged 1500 revolutions per minute. The cylin- 
ders and sleeves are made of a special mixture of 
cast iron, which, as the result of an extensive 
series of experiments, has been found to be most 
suitable for this purpose. For the cylinders and 
— a fine-grained metal is used, containing 
ittle carbon, and a considerable proportion of cold- 
blast iron is used in the mixture. he sleeves, on 
the other hand, are cast of a very tough but open- 
grained iron, having much free carbon, but a very low 
content of sulphur and phosphorus. The mixture 
for these comprises a large proportion of selected 
Swedish pig. 

The question of lubricating omnibus engines 
caused a good deal of trouble in London during the 
earlier days of the motor-bus. The engine would 
not generally run more than 90 miles to the gallon of 
lubricating oil, and the dropping of oil in the streets 
gave rise to heated complaints. The fact was, that 
the engines were opened up after every 1000 miles’ 
run for examination, and the material, generally 
brown paper, used to make good the joint in the 
crank-chamber soon became damaged, with a conse- 
quent leakage of oil. To abolish the nuisance and 
economise oil, Mr. Searle finally adopted the plan 
of scraping the joint, which was then made metal to 
metal. As a consequence the mileage to the gallon 
rose from 90 to nearly 400 miles. The same system 
has been adopted in the case of the Daimler engine. 
In the early days of the sleeve engine there was 
at times a tendency to over lubrication, which gave 
rise to asmoky exhaust. Matters are now arranged 
in such fashion that as the throttle is opened the 
supply of oil to the piston and sleeves is auto- 
matically increased pari passu. To this end, an 
oil-trough, shown at a, Figs. 3 and 4, is arranged 
below each crank. Each trough is fed with oil by 
a@ pump, and at each revolution a dipper on the 
keep of the connecting-rod dips into this trough 
and splashes out the oil on to the surfaces to 
lubricated. The oil-troughs are suspended from 
swinging-links, which are coupled up by a suitable 
linkage with the throttle-regulator in such a way 
that on opening the throttle the troughs are simul- 
taneously raised, so that the dipper splashes out more 
oil than it does when the engine is throttled 
down. 

The whole of the oiling arrangements for the 
engine are shown in detail in Figs. 24, 25, and 26, 
page 10. The oil is —_ from a six-ram pump, 
shown at S, Fig. 24. All six rams are coupled to one 
crosshead, which is reciprocated by a special crank 
formed on the side shaft, which actuates the 
sleeve-valves. The suction-valves for the pump 
consist of a plug having holes drilled in it, corre- 
sponding to each ram, and this plug is oscillated 
backwards and forwards by a link, thus opening and 
closing the pumps to the oil suction in each of its 
vibrations. Three of the rams supply the lubricant 
to the main bearings. Another supplies oil toa 
trough which feeds the cosuateto chats bearings, 
and the other two feed the troughs under the 
cranks, as already explained. ne of these troughs 
and the link by which it is coupled to the throttle 
regulator is shown in position in Fig.26. An overflow 
from the eccentric-shaft supply is directed on to the 
chain, by which this shaft is driven from the crank- 
shaft. The ignition is effected by a Bosch magneto, 
arranged as indicated, and the rear end of the 
crank-shaft carries a fly-wheel, which at the same 
time serves as the shell for the conical friction-clutch. 





Dust-proof washers of felt are provided where the 
crank-shaft passes through the casing. These, it is 
found, are more inclined to serve as laps to the 
shaft than to wear away themselves. 

The piston-rings are of cast iron, melted in 
crucibles, and cast in metal moulds, maintained at 
a definite temperature during the operation. The 
chemical composition of the metal is regulated 
with great care. For the connecting-rods heat- 
treated Swedish iron is used, containing about 
0.30 per cent. of carbon, and practically no phos- 
mp This metal in its treated state is stated to 

ave a tensile strength of from 40 to 46 tons per 
sq. in., with an elastic limit of 28 to 32 tons 
per sq. in., combined with an elongation of 20 to 25 
per cent. on a length of 2in. The treatment to 
which it is subjected produces a remarkably 
finely-grained microstructure. The crank-shafts 
are stampings, either of chrome-vanadium steel 
or of 3 per cent. nickel steel. With the latter a ten- 
sile strength of 55 to 60 tons per sq. in. is obtained, 
with an elastic limit of 37 to 42 tons per sq. in., 
the elongation on 2 in. being 16 to 18 cent. 

Avery special feature of the engine is the oscillation 
damper d, which, as shown in Fig. 3, is fitted on the 
forward end of the crank-shaft. It has been found by 
experience that if an engine is suddenly accelerated, 
the front end of the crank-shaft, which is free from 
load, tends to overrun and then fly back again, and 
in certain circumstances the periodicity may be 
such as to synchronise with the engine speed, with 
a consequent development of dangerous torsional 


oscillations. The object of the damper d, which is 
represented to a larger scale in Fig. 31, e 11, is 
e device, 


to destroy these in their very inception. 
which is due to Mr. F. W. Lanchester, consists 
essentially of a multiple-disc clutch, the outer 
shell of which is relatively heavy, and in this 
instance serves, it will be seen, to take the Whittle 
belts, by which the radiator fan and the electric- 
lighting dynamo are actuated. The connection 
between this heavy rim and the crank-shaft being 
frictional only, it follows thatif the front end of the 
crank-shaft ‘‘ overruns,” the heavy rim lags behind, 
and energy is absorbed by the friction between the 
plates of the clutch. Further work is absorbed 
when the shaft, having ‘‘ overrun,” tends to whip 
back, with the result that an incipient torsional 
oscillation is destroyed practically instantaneouely. 
The series of plates, which constitute the clutch, 
engage alternately with the shaft and the shell, and 
are shown at U. They are pressed into frictional con- 
tact by a series of springs, of which one is shown 
in place at R. 

‘he main clutch of the engine is shown in detail 
in Figs. 5 and 6. The cone is, it will be seen, faced 
with leather, and in the Metropolitan omnibus 
service this leather facing has a life of about six 
months. The requisite contact between the fric- 
tion surfaces is secured by means of the neatly- 
arranged internal plate-spring, shown in position 
at f, Figs. 5and6, on PlateI. The clutch-lever gon 
being depressed forces the cone to the rear, against 
the pressure of the springs f, thus freeing the engine. 
The other foot-lever shown at h, Fig. 6, is for the 
brake, as will be described later. Ball: bearings to 
take the end thrust are provided as indicated, and 
felt washers are fitted to prevent the entrance of 
dust as shown. 

The stub end of the clutch-shaft is castellated 
into one member of a remarkably simple but 
efficient form of universal joint which rep the 
Cardan joint usually used. The construction of 
this is illustrated at i, Fig. 5, but this will 
be better understood on reference to Figs. 
35 and 36, page 18. As there shown, the joint 
consists of two three-armed spiders, which 
are coupled together by a flexible ring built 
up of stout sole-leather. Since all the adjustment 
needed is obtained by the flexure of the leather, 
there are no nicely-fitting joints to be protected 
from dust, and the device is, of course, perfectly 
silent in action. The ordinary Cardan joint, when 
used in omnibus service, is liable to become noisy 
with lapse of time, and is, moreover, expensive to 
make, and somewhat costly to maintain. The 
leather ‘‘ universal” has now had a test of some 
months’ duration in the Metropolitan service, and 
has stood excellently ; whilst should the leather 
need replacement later on, this can be effected both 
quickly andcheaply. Before deciding to adopt the 
system on their omnibuses, the Daimler Company 
subjected it to a thorough test on one of their road- 
trains, where it was required to transmit 105 brake 
horse-power. As shown in Fig. 34, page 18, there are 
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two Cardan shafts on the chassis, one connecting the 
engine with the gear-box, and the other transmit- 
ting the drive from the gear-box to the back axle. 
The same form of universal joint is used for both. 

The change-speed box, as shown in Fig. 34, 
page 18, is suspended from two of the cross- 
frames, an arrangement which allows of its being 
removed bodily, with a minimum of trouble, for 
examination and repair. Its construction is illus- 
trated in Figs. 20 and 21, page 10. The drive 
from the engine is taken on the stub-shaft j, which, 
it will be seen, is supported on two ball-bearings. 
At its outer end it is castellated to take the 
hub of its half of the universal joint, through 
which the drive is transmitted, oe part of this 
hub is shown as a broken section in the figure. A 
felt washer bearing on this hub prevents the en- 
trance of dust into the casing. At its inner end the 
stub-shaft is integral with the chain-pinion k, 
the interior of which is cupped as indicated, and is 
arranged to take the Re wali which supports 
the free end of the shaft 1. On this shaft is a 
sliding dog-clutch, which, when moved to the left, 
engages with appropriate teeth cut on the interior 
of a bush, pressed and keyed into the pinion k as 
shown. With the clutch in this position the engine 
is on the top gear, and there is a direct drive between 
j and 1, 
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A chain from k drives the countershaft m, on 
which are keyed the chain-pinions » and o. If, 
‘now, the dog-clutch p be moved to the right, it 
| keys to the shaft | the chain-wheel indicated, and 
the drive now passes through the chain-wheel k to 
| the countershaft m, and thence through the chain- 
wheel n back to the shaft 1. In this case the 
engine is running on its second speed. It will 
be observed that the dog-clutch p is operated 
by an arm on the hollow sleeve g, and that 
through this sleeve s a rod r which can operate 
a second dog-clutch s. If, then, with p in the 
neutral position, the clutch s is moved to the left, 
the drive is communicated to | through the counter- 
shaft m and the chain-wheel o, and the engine is 
then on its lowest gear. Finally, if r be moved to 
the right, with p in the neutral ition, the 
pinion ¢ on the countershaft is placed in gear with 
a large wheel mounted on s, thus driving / in the 
opposite direction. 

The forward drives, it will be seen, are either 
direct or through chains, spur-gearing being used 
solely for the reverse. is # was adopted 
owing to the pressure applied by the London 
police authorities, who insisted that the omnibuses 
should run as silently on low gear as on high. 
At first it was attempted to meet this require- 











ment by using single helical. wheels, but these 
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showed little improvement over straight-toothed 
gears. Double helical pinions were next tried, 
which were certainly more silent, but still failed to 
satisfy the demands of the authorities. At length, 
in desperation almost, the chain drive was installed, 
though the makers of the chains declared that they 
did not think they would last a week, since not 
only was the pressure transmitted high, but the 
chain speed exceeded 2000 ft. per minute. As 
the event has proved, however, these prognostica- 
tions were falsified, the chains giving a very satis- 
factory service. The chain pinions are of high- 
carbon steel, unhardened; whilst the spur-gears 
used for the reverse are nickel-chrome steel, case- 


hardened. 
The two clutch-rods q and r are operated by the 
same change-speed lever, a gate being used to 


‘*select” which of the two rods shall be actuated. 
Whichever rod is ‘‘selected,” the other is, by the 
same operation, locked with its clutch in the 
neutral position. The casing of the change gear is 
cast out of an alloy of aluminium with about 2 per 
cent. of copper and 10 per cent. of zinc. This 
a tensile strength of from 8 to 10 tons per sq. in. 
Details of this change-speed linkage are given in 
Figs. 22 and 23, e 10. The hand-lever is repre- 
sented at u, Fig. 23. Itis forked at its lower end and 
pivoted toa crank, which is loose on the pinv. Hence 
the hand-lever «can be moved not only to and fro in 
a fore and aft direction, but can be rocked trans- 
versely, thus enabling it to pass through the gate. 
This hand-lever u actuates a crank w, which is 
rigidly connected to thesliding-shaft x. This shaft 
is traversed endways, when the hand-lever passes 
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through the gate, and it is this end motion which 
‘*selects” the clutch-rods q and 7, as already 
explained. 

e rear wheels are provided with a live-axle drive, 
which is illustrated in Figs. 7 and 8, Plate I. As 
shown in these views, the torque from the rear 
Cardan shaft is transmitted to the differential by 
worm - gearing. The worm is of nickel - chrome 
steel, hardened, and the wheel of phosphor-bronze. 
Here, as in all other gears by the Daimler 
Company, a special form of tooth is used, with 
an angle of obliquity much greater than the usual 
224 deg. A very strong form of tooth is thus 
obtained, the points being very thin and the roots 
very thick. The worm used to drive the differen- 
tial has four threads, and is, it will be seen, carried 
on ball-bearings, its end thrust being also taken 
on balls. The worm and differential are mounted 
in a steel casting which is merely bolted to the fixed 
axle, and can therefore be removed for examination 
without disturbing the latter. The end-thrust on 
the two portions of the live axle is, it will be seen, 
taken on balls, and, as shown, their free ends are 
also supported on ball-bearings. Both the thrust 
and the running bearings are held in position by two 
keeps secured by the long bolts, the upper ends of 
which are shown at A A, Fig. 8. This gear is of the 
Lanchester special type, and has given remarkable 
results in service. ery complete tests of this 
gear have been made by the Daimler Company, 
using a machine devised for them by Mr. Lan- 
chester. A typical set of results is represented by 
the curve which we reproduce in Fig. 37, annexed. 


ftg.57. DAIMLER LANCHESTER WORM. 
; 43¢B.L.H. 


PLOTTED FROM READINGS TAKEN DURING 
NATIONAL PHYSICAL LABORATORY TESTS. 
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RPM. 

Iu ordinary service an efficiency of over 95 per 
cent. can be relied on, and it has to be noted 
that even when worn the gear runs silently. Its 
overload capacity is, moreover, very high, and it 
will take without injury an excessive torque, due, 
say, to the making of an emergency stop which 
would strip a bevel-gear. 

Each live shaft from the differential passes 
through the hollow fixed axle and through the 
wheel, its drive being communicated by a castel- 
lated cap fitting over its outer end, this cup being 
bolted to the hub of the wheel. These live axles 
are produced from a chrome-nickel air-hardened 
steel, having, as used, a tensile strength of about 
108 tons per sq. in., with an elastic limit of 102 tons 
per sq. in., the elongation on 2 in. being 12 to 
15 per cent. 

he wheel is itself supported on an outer exten- 
sion of the fixed axle, the weight being taken by 
Hoffman roller beariugs, which are protected from 
dust by a felt washer, as shown at B. The fixed 
axle is built up of steel tubing and steel castings. 
The tube is at its inner end keyed and brazed into 
the steel casting C, which is in its turn bolted to 
the steel casting which forms the central section 
of the fixed axle. These steel castings are extremely 
thin, light and complicated, and are accordingly 
all made from electrically refined steel, being 
procured from Switzerland, experience having 
shown that the the requisite qualities could not be 
obtained with castings of ordinary steel. The cast- 
ings in their untreated condition have a tensile 
strength of 30 tons per square inch and an elastic 
limit of 20.5 tons, combined with an elongation of 
22 to 25 percent. on 2in. They are all subjected 
to a heat treatment before use. 

The brake gear used in these omnibuses is worthy 
of special attention. In the earlier omnibuses the 
foot-brake was applied to the shaft in the neighbour- 
hood of the engine, as is the usual practice in 
motor-cars. This, indeed, gave a very powerful 
brake, since it was geared relatively to the wheels, 
but in London service the strains produced were so 


eat that the joints of the Cardan shaft quickly 
rede loose, and the differential noisy. Mr. Searle 
accordingly decided to apply both the foot-brake 
and the hand-brake direct to the back wheels. To 
this end two independent brake-drums D and E 
(see Fig. 8) are bolted to the wheel, and are fitted 
with internal brake-blocks, expanded by the cams F 
and G, with which they are kept in contact by 
simple helical springs, as shown in Fig. 9. _ It will 
be seen that the stem of one of these cams passes 
through the stem of the other. These cams are 
shown separately in Figs. 17 to 19. The two levers 
actuating them are indicated in dotted lines in 
Fig.8. Thedrums D and E are also steel castings, 
and the brake-blocks are also of steel, and are pro- 
vided with specially-treated steel wearing surfaces. 
They are shown separately in Fig. 10, and in posi- 
tion in Fig. 9. Here the rods by which the brakes 
are actuated are represented at H and I. These 
engage with curved levers, shown dotted in Fig. 8 
and separately in Figs. 10 and 11, which are 
mounted on the castellated ends of the cam spindles. 
In addition to other advantages, this method of 
mounting the levers permits of an easy adjustment 
for wear, since when the blocks have worn the 
levers can simply be shifted round on their spindles 
by one ‘‘tooth.” There are two blocks for each 
brake-drum (see Fig. 12), but the whole are 
hung from the same pin, J, Fig. 8. Since they 
are expanded at the lower end only, this arrange- 
ment does not give an even pressure over the 
surface of the blocks, but experience has shown 
that the method is far more satisfactory in practice 
than the complicated arrangements of toggles, 
screws, and the like, which have been used in some 
cases to expand the blocks equally at both ends. 
In London omnibus service devices of this kind 
gave endless trouble, which was entirely eliminated 
by adopting the much simpler and cheaper system 
just described. 

The arrangement of the front axle is illustrated 
in Fig. 32, page 11. This axle is of treated Swedish 
iron, similar to that used for the connecting- 
rods. It will be seen that the centre on which 
each wheel pivots in steering is directly in the 
line of the weight, thus reducing to a minimum 
the force needed at the steering-wheel. A cast- 
steel shell having a ball pivot transfers the weight 
of the wheel to the front axle, and the wheel 
rests on this shell through the intermediary 
of ball-and-roller bearings. The wheel is itself a 
steel casting with hollow arms, only 5 mm. thick. 
These remarkable castings are also of electric steel. 

The design of the carburettor is illustrated in 
Figs. 27 to 30, page 11. It will be noticed that the 
induction-pipe is jacketed. Through this jacket a 
supply of warm water from the cylinder-jackets is 
maintained, a practice which is stated to give an 
additional mile to the gallon of petrol. The Daimler 
omnibuses, it may be added, give, when tested at 
Coventry over heavy country roads, with the chassis 
loaded with 3 tons of pig iron, a consumption of 
9 miles to the gallon. 

The carburettor is specially designed to admit 
of the engine being run slowly and to be accel- 
erated rapidly. As shown, there are two jets, a 
main and an auxiliary jet. With the throttle full 
open a supply of petrol is provided only by the jet 
on the right. The auxiliary jet, which is shown to 
the left of Fig. 29, delivers a very rich mixture 
of air and ro above the main throttle-valve 
by means of the drilled passages shown. With 
the engine throttled down, this jet gets the full 
suction, so that a much richer mixture enters the 
induction-pipe than if the supply were wholly 
obtained by the jet below the throttle-valve. With 
the throttle full open, the auxiliary jet is cut out 
of action, the stem of the throttle-valve spindle 
serving, it will be seen, as a plug cock, and the 
whole of the petrol supply is then derived from 
the jet on the right. This jet, it will be seen, ter- 
minates in a little cup, which, when the engine is 
stopped or slowed down, is maintained full of 
petrol by the float-chamber. In starting up or 
accelerating, the suction of the engine draws 
from this accumulated supply. This device was 
developed as the result of experience with the 
omnibuses of the London General Omnibus Com- 
pany, where its use was found to greatly facili- 
tate the starting up of engines from the cold. 
The float - chamber and the plate on which the 
jets are mounted is simply secured to the rest of 
the carburettor by wing nuts, so that the whole 
of this somewhat delicate portion can be examined 





with the greatest facility. 








A general view of the chassis ready to receive 
the body is represented in Fig. 33, page 18. 
It may be added, in conclusion, that every com- 
ponent part of the chassis is machined to jigs and 
limit-gauges, inclusive of the frames themselves. 
Every unit can therefore be fitted into place 
immediately, and without special adjustment. 








INDUSTRIAL NOTES. 

Tue Operative Cotton-Spinners have withdrawn 
from the Brookland Agreement. This decision was 
come to in Manchester on Saturday last at a meeting 
of the delegates of the operatives’ a: The reso- 
lution in favour of this move took the following form : 
‘* That this meeting of representatives, knowing that 
there is a strong feeling among the members of the 
amalgamation generally inst the unsatisfactory 
manner in which the working of the Brookland Agree- 
ment acts against their trade grievances being settled 
within reasonable time, particularly in regard to ‘ bad 
spinning complaints,’ hereby resolves to instruct our 
general secretary to take the measures necessary for 
this amalgamation withdrawing from the Brookland 
Agreement.” The Bolton operatives brought for- 
ward an amendment to defer for three months the 
consideration of the matter, but the resolution quoted 
was carried by a large majority. What is known as 
‘‘bad spinning” has been the cause of the present 
trouble, but it is much to be regretted that an agree- 
ment, which for over eighteen years has contributed 
largely to the industrial peace in the cotton trade, 
should be discarded, for nothing appears to be gained 
by destroying it. It is thought, however, that a way 
out of the difficulty may be found. The slowness with 
which grievances are redressed is the great cause of 
complaint on the part of the men, but, as the employers 
have declared their willingness to assist in establish- 
ing quicker methods of dealing with complaints of 
bad material, something may be done to relieve the 
tension. The employers object, however, to any test 
being’ applied, for they maintain that any methods 
on these lines where middling American cotton is 
concerned would not be satisfactory. 

It is stated that the Card-Room Workers Amalga- 
mation contemplate similar action to that of the 
operative cotton-spinners regarding the Brookland 
Agreement. The reason for this is that the operatives 
consider that the interpretation of the clauses of the 
agreement has favoured the masters more than the 
workers. It is stated that one month will be allowed 
to elapse by the spinners before they break away from 
the agreement. 





The serious aspect of the trouble among the dyers 
in the North of England has not diminished since our 
last issue, and there appears now to be a prospect of 
a strike throughout the dyeing industry which may 
involve between thirty and Leer thousand men. 
Negotiations have been going on now for some weeks 
between the masters and the men on account of the 

eneral demand for a minimum wage of 7d. an hour, 

ut the conferences ended in Bradford on Friday last, 
and it was announced by the men’s leaders that nego- 
tiations had broken down. There were meetings of 
the men’s leaders during the week end, and at the 
beginning of this week about 700 employees of Messrs. 
F. Steiner and Co. went on strike, on account of the 
firm refusing to grant an advance of 10 per cent. in 
wages. 





A new trouble looms ahead of the miners. There is 
a campaign against the three-shift system of working 
which has been in force since the Eight Hours Act 
was passed, and in Northumberland the men have, by 
a ballot of 16,000 to 13,950, authorised their leaders to 
take action. From the beginning those who were really 
conversant with the mining industry knew that trouble 
might be expected from the passing of the Act, for it 
was not really needed, and had the miners particularly 
wanted an eight-hours’ day they were quite strong 
enough to have got it from the masters without any 
Act of Parliament. The Act has only brought trouble, 
and now the men declare that the three-shift system 
is detrimental to the family and communal life of the 
villages, and this we can well believe ; but how they are 
satisfactorily to avoid the three-shift system it is not 
easy to see. It is intended to ballot the men on 
February 28 in order to ascertain the advisability of 
tendering strike notices to end the system. It has 
also been decided unanimously that the Northumber- 
land Federation shall put forth its efforts in favour of 
&@ minimum wage and an eight-hour day for surface- 
workers. In the matter of bringing about the settle- 
ment of local questions like the one referred to, it 
must be remembered that the Miners’ Federation of 
pasa Britain is committed to the principle of national 
strikes. 





For the purpose of drawing up a national pro- 
gramme, and a drafting recommendation to be sub- 
mitted to the executive council, a meeting of the 
secretaries of branches, and other delegates of the 
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National Sailcrs’ and Firemen’s Union, took place at 
the Town Hall, a on Sunday last. The forma- 
tion of a National Wages’ Board was the chief object 
of the meeting. The advance voluntarily offered to 
the men of the Shipping Federation (amounting, in 
some instances, to 10s. a month, to come into operation 
on Jan 1) is the cause of the present agitation. Mr. 
Havelock Wilson wishes to establish a National Wages 
Board, and if he fails to secure this, he threatens to 
apply for an advance of we which shall be regarded 
as adequate by seamen. The policy of the malcon- 
tents appears to be to declare a national strike on a 
date known —_ to the leaders of the Union, if the 
shipowners will not discuss the proposals of a 
Wages Board and refuse the advance in wages that 
may be demanded by the Union. There was also a 
meeting on Sunday last at Southampton, at which the 
executive council of the British Seafarers’ Union 
unanimously adopted a resolution to the effect that it 
is desirable that the seamen should accept the 10s. 
offered to them by the shipping companies, and that 
long agreements with the employers are not desirable 
in the interests of the men. The best way towards 
advancement is to improve the organisation so that 
at any time the just demands of the men can be 
enforced. It is expected that something definite will 
be decided to-morrow, the 4th inst. 





It will not come as a surprise to people who have 
followed labour movements carefully during the last 
few years and have consequently noticed the weaken- 
ing among workmen of that sense of honour which at 
one time would have enabled them to fulfil obligations 
and keep ments, to learn that the Amalgamated 
Society of Railway Servants, the Associated Society 
of Locomotive Engineers, and the Firemen and General 
Railway Workers’ Union, have decided to call a joint 
conference consisting of the above-mentioned societies 
with the object of repudiating the recent settlement 
with the North-Eastern Railway Company regarding 
the fines to be paid by the men who broke their con- 
tracts during the recent strike on the North-Eastern 
Railway. They state that, in their opinion, the fines 
are unfair. It is a question whether anything is fair 
unless it coincides with the views of some of the 
labour leaders. 





No definite result was arrived at on Monday at the 
meeting of the members of the London Motor-Cab 
Proprietors’ Association and the Executive Council of 
the London Cab-Drivers’ Trade Union, which took 
place at the Board of Trade. All the firms connected 
with the Cab-Owners’ Association were represented, 
and the result was that all the masters refused to 
depart from the terms of the arbitration award given 
after the last strike, which set forth that any advance 
in the price of petrol over 12 per cent. had to be paid 
by the drivers. This means that from January 1 the 
men have to pay Is. 1d. a gallon, which is an advance 
of 5d. on the present rate. The men’s representatives 
offered to pay 9d., and, on this being refused, the offer 
was raised to 104d. a gallon, butthis also was declined by 
the owners. Mr. Smith, the president of the London 
Cabdrivers’ Association, then intimated that he would 
have a ballot of the men taken, and asked permission 
for the officials of the men’s union to be allowed to 
enter the garages with papers and ballot boxes. No ob- 
jection was raised against this by the masters, provided 
the wording of the question put to the men was such 
as the owners could to. The wording pro- 

by Mr. Smith was :—‘“‘ Are you willing to pay 
s. ld. a gallon for petrol, starting on January 1, and 
continuing throughout 1913,” but the owners insisted 
that the words ‘“‘ according to agreement” should be 
added tu the question. The suggestion that these words 
should be added was rejected by the men’s representa- 
tive, and the conference ended. As proposed, the 
ballot was taken on Tuesday, and was a heavy one. It 
resulted in a decision against paying ls. 1d. a gallon 
for petrol. Out of a total of 4518 who voted only 177 
were in favour of paying the advanced price. A strike 
was accordingly dec The garages have, how- 
ever, been kept open as usual for those men who do 
not wish to strike. It is stated that between three 
and four thousand men are affected, but there will no 
doubt be a considerable number of taxi-cabs on the 
streets, for there are many vehicles owned by drivers 
and by companies unconnected with the Cab-Owners’ 
Association, On Wednesday the men came out on 
strike to the number, it is stated, of between 4000 
and 5000. 





The recent serioys unrest in the South Wales coal- 
field was considered at a meeting of the South Wales 
Miners’ Federation Executive Council, held at Cardiff 
on Monday last. The question of the coal-owners’ 
refusal to give way on points under Lord St. Aldwyn’s 
minimum-wage award was discussed, and a future con- 
ference was decided on at which to settle what steps 


should be taken regarding it. It was also resolved 

to consider the matter of a test case, in order to ascer- 

= the validity of certain rules in the Minimum Wage 
ct. 





An advance in the base rates has been granted to 
able-bodied day workmen in the Cleveland ironstone 
district, and in the case of boys a scale of rates 
applicable to different has been agreed to. The 

vance took place on Monday last. 





An advance of 2d. a day for enginemen, and 4 
a tyne advance for firemen, has been asked for 

y the men of the Northumberland Colliery Engine- 
men and Firemen’s Association, and has been granted 
by the owners. 





A provisional committee has just been established 
with the view of promoting the amalgamation of all 
unions in the engineering industry, as well as those 
of metal and shipbuilding. It is part of a scheme 
for the amalgamation of all unions now being 
brought forward by a section of the trade unions. 
There are 205 unions involved, which have a combined 
membership of over half a million. In order to brin 
about this amalgamation meetings are being a ~ 
all over the country, and it is stated that the boiler- 
makers and shipwrights have already a scheme well 
advanced. When this is completed, the Amalga- 
mated Society of Engineers will be balloted on the 
question of joining these two societies, so as to make 
one union. If this amalgamation is effected, the com- 
bined membership will be nearly 250,000. 


According to the Morning Post, & proposal is about 
to be made to the shareholders of the Associated Col- 
lieries, known as the Cambrian Combine, for amalga- 
mation in one concern. The pro amalgamation 
will include the Cambrian, the Glamorgan, and the 
Britannic mines, and cspital amounting to over two 
millions sterling will be held in the new company, 
over which Mr. D. A. Thomas will preside. It is 
intended to issue a circular to the proprietors, and, in 
anticipation of the pro l, the shares in some of the 
collieries have ineoteaedl waar considerably in value. 








Through the British Immigration e of Australia 
advices Ewe been sent to the Central (Unemployed) 
Body in London giving particulars of the demand 
that at present exists for labour in New South 
Wales and Queensland, Unskilled labour is difficult 
to place in the former State, whereas thoroughly 
competent artisans and men skilled or partially 
skilled in farm work find ready employment. In the 
building trade skilled artisans earn a minimum w 

of from Is. 4d. to Is. 8d. an hour, depending on the 
nature of the trade, and the week consists of from 
forty-four to forty-eight hours. Skilled men are also 
sendy placed in Queensland, and in this State open- 
ings can be found for a certain number of unskilled 
men, but in this case the men must be thoroughly pre- 
pared to do country work. 








WIRELESS-TELEGRAPH DEVELOPMENT IN Brazit.—The 
Brazilian Government has concluded an _— con- 
tract with Marconi’s Wireless Telegraph Company for 
the provision of powerful stations at Rio de Janeiro, 
Santa Martha, Bauru, and Ladario, the two last-named 
being important towns in the Sao Paulo and Matto 
Grosso ions. These stations will form the southern 
part of the Brazilian internal wireless network first 
proposed by Dr. Bkering, the delegate of the Brazilian 
Government to the recent London iotelegraphic Con- 
ference. In all, not less than thirty such wireless stations 
will required for the main lines of Dr. Bhering’s 
scheme to. be realised, and the Marconi Company’s suc- 
cess in obtaining the contract for the four stations now 
to be erected in the south is the result of the very satis- 
factory working of the Manaos and Porto Velho stations, 
which form the northern part of the general scheme. 
These stations are situated in the tropics, on the Amazon 
River, where severe electrical storms are almost con- 
tinuous. 





THe Maroon Patent IN FRance.—We are informed 
that judgment has just been delivered in the High Courts 
of Justice of France in the action for infringement brought 
by Marconi’s Wireless Telegraph Company against la 

iété Francaise gee oy la Com e Géné- 
rale Radiotélégraphique, and la Société des Transports 
Maritimes 4 Vapeur. The case was heard by three jud 
—the President of the Court (Judge Bonjean) and the 
Judges Dréfus and Clément. e judgment was unani- 
mous, and its delivery occupied 2 hours 12 minutes. It 
covers 137 typewritten pages, and constitutes a record for 
l in the French Courts. In the result the Court 
declares the validity of all the claims of the Marconi 
patent. All the defendants are declared to be infringers, 
and an investigation of their accounts has been ordered, 
to arrive at the amount to be paid as damages to 
the Marconi Company. The Court further orders the 
confiscation of infrin apparatus supplied by 
the defendant companies and a Wa ae injunction, 
the defendants to pay the costs. is judgment is of the 
highest importance, and will have far-reaching effects, 
for the defendant companies have supplied all the wire- 
less installations to all the departments of the French 
Government, including the Post Office, the Colonies, the 
Marine and the Army, and embraces the station of the 





Eiffel Tower. 


THE UNIVERSITY OF HONG KONG. 
To rue Eprror or ENGINEERING. 

Srr,—The large and important section of your readers 
who are manufacturing engineers will, I think, be likely 
to regard favourably any method of making their pro- 
ducts known in the Far Eastern market. nder these 
circumstances I suggest that they will be interested in 
the work which we are doing here. 

This is the only British University in the Far East, 
and in addition to official support of Government, it 


has enthusiastic support of the most ive 
among the Chinese. It affords a great cppertenity to 
British engineers to make the Chinese familiar with their 


work, and I sincerely trust that I may obtain assistance 
from British engineering firme. spacious labora- 
tories, when suitably equipped, will practically become 
unique show-rooms for all sorts of engineering ap- 
paratus. 

No one who has not visited the Far East finds it pos- 
sible to adequately realise two facts of the greatest im- 
een to European engineering and scientific firms. 

hese are (1) the almost complete absence of science or 
applied science in China; (2) the t desire of the 
Chinese to introduce scientific and engineering work 
into their own country. Under these circumstances it 
is certain that the equipment of this British University, 
situated in the gateway of the Far East, will be taken as 
a model for the hundreds of technical schools and colle; 
which must inevitably spring up all over China in 
comparatively near future. 

I am glad to be able to say that the first session has 
commenced under most auspicious circumstances, the 
entries of Chinese undergraduates exceeding my most 

uine hopes. It appears certain that we shall be 
coaliier into China about fifty college-trained engineers 
per annum in four years’ time. 

The equipment of the laboratories will be delayed for 
a few months in order that I may carefully consider 
the plans, &c. I wish to obtain a complete collection 
of catalogues and shall be glad to receive those of any 
of your readers for our catalogue library here. In the 
meantime I should be very glad to receive any gifts of 
apparatus suitable for use in laboratories for heat- 
engines, hydraulics, electrical technology, and strength 
of materials. Any assistance thus afforded will obtain 
great local publicity and so indirectly benefit the firm who 
provides it. China undoubtedly promises to be the greatest 
market of the near future, and our competitors on the 
Continent are fully cognisant of the fact, and are acting 
accordingly. I sincerely trust that British engineers 
will act with at least the same energy and promptness. 
Thanking you for your help, and trusting that you will 
continue to be interested in the future of the University, 

I am, yours — 
C. A. M. Smiru, 


— = Dean of a Faculty of Daginesring. 
‘aculty of Engineering, University ong Kong, 
7 December 5, 1912. 





STEEL BALLS FOR BEARINGS. 
> To - EpIToR OF ern wes . 

S1r,—During the recent Engineering Exhibition, at the 
stand of one of the British ball-bearing manufacturers, 
one of the officials Fre an interesting exhibition, evi- 
dencing unquestionably the —s and hardness of 
their make of steel balls. Those standing around were 
asked to choose any ball from any lot, and of any size. 
This the exhibitor took and pl it in a hopper, which 
was about 5 ft. high from a hardened, ground, and polished 
slab. The ball was allowed to fall from the height of 5 ft. 
dead in the centre of the polished steel slab. But the 
way that ball behaved ‘“‘was a sight of. a life-time,” 
hm f for this reason: We are, and have always been, 
accustomed to choose obviously resilient articles, such as 
rubber balls, if we desire to witness a series of rebounds, 
and we have also been accustomed to see the ball, when 
rebounding and refalling, to deviate somewhat from the 
primary perpendicular, and to settle at some place other 
than the one on which it first fell. : 

But here we had a hardened-steel ball, of a diameter 
of 0.5236 in., falling from a height of 5 ft. on to a polished 
slab, such ball rebounding about 100 times in an abso- 
lutely vertical line, and settling at the finish at the very 
spot at which it first struck. I do not think a greater 
proof of the accuracy of balls, nor of their extraordi 
capacity of recovery after crushing could be found. 
bystander, possibly more shrewd than the others, sug- 
gested that the slab was with the object of 
attracting the ball to its centre. But he overshot the 
mark, as the ball would have done on the rebound, iftit 
had not been ‘‘round.” Moreover, the free and geometric- 
ally graduated reduction of rebound was an absolute 
roof of the falsity of the unbeliever’s hypothesis. 

onderful accuracy of the balls was the only secret of 


this interesting spectacle. 
ai sid Yours truly. 
J. T. Towson. 
9, Saville-road, Silvertown, E., December 28, 1912. 








Pocket DicTionaRY OF THE ENGLISH AND SPANISH 
LaneuaGeEs.—We have received a copy of the English 
Spanish and Spanish-English dictionary, of the ea 
series, edited by W. F. A. Kirkpatrick, M.A., 
published at the price of 2s. by Messrs. George Routledge 
and Sons, Limited. This is a very one and —— | 
pocket-dictionary, carefully got up and admirably prin 
It contains 450 pages, about half of which is taken up by 
the Spanish-English portion, the other half giving the 








lish words and their Spanish rendering. 
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STEAM-STAMP. 


CONSTRUCTED BY MESSRS. B. AND 8. MASSEY, LIMITED, ENGINEERS, MANCHBSTER. 








We illustrate above a 20-cwt. steam-stamp with the 
arch form of frame, constructed by Messrs. B. and 8S. 
Massey, Openshaw, Manchester. It is shown in per- 
spective in Fig. 1, which is a reproduction of a 
photograph, and side and front elevation in Figs. 2 
and 3 respectively ; while Fig. 4 is a section through 
the slides, and Fig. 5 a section through the —- 
X, which admits steam to the steam-chest B, Fig. 2. 
The position of the stop-valve is shown at A, Fig. 3. 
There is nothing specia: about it, it being the ordinary 
type in general use on the firm’s hammers. 

n the steam-chest a valve Y, which is carried by a 
spindle F, controls the admission of steam to the valve- 
p C. In this steam-chest there is a piston-valve Z, 
which moves vertically and regulates the admission of 
steam to the cylinder. Motion may be given to this 

iston-valve either by se te movements of the foot- 

ever E, or, when the latter is held automatically in a 

certain position, by means of the curved lever that 
bears against an inclined omy on the tup. There is 
ample provision provided fo. adjusting the length of 
stroke by means of a small wheel G, and the movement 
of the foot-lever K is governed by the adjustable stop 
M, shown in Fig. 1. steam-buffer at D is also pro- 
vided to prevent the piston striking the cylinder- 
cover. 

It is claimed for this form of stamp that it is 
quicker and cheaper to work than the ordinary steam 
and friction drop-stamps, on account of the arrange- 
ment by which the double-acting blows are controlled 
by the foot of the operator. One sharp depression 
of the lever produces one blow and the hammer rises 
again to the top of the stroke. The steam is automatic- 
ally checked before the piston reaches the buffer D. 
If the lever be held down, asuccession of blows is pro- 


duced, the force of which can be regulated by the exact | 
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position in which the lever is held. The promptness of 
action is one of its chief features. 

Another feature is the arrangement of the slides. 
As more wear takes place at the bottom than at the 
top, it is desirable that the bottom and the top should 
be adjusted independently. This is done by the 
arrangement shown, in Vig. 4. . According to the 
arrangement commonly-used, which allows of separate 
adjustment of the two ends, the slide is only supported 
at certain points, which puts a considerable strain on 
it. The method adop in the case of the Massey 
stamp, however, enables continuous support to be 
obtained the whole length of the slide, and yet allows 
& separate adjustment of the two ends. The action of 
the adjusting-wedyes is quite clear from Fig. 3 and the 
section, Fig. 4. 





EXHIBITION OF FOUNDRY MACHINERY. 

Many of our readers who are concerned with 
foundry work, and who are following the very com- 
plete series of articles on foundry plant now running 
through our columns, will be interested to know that 
a@ permanent exhibition of onan: appliances of all 
types has been opened by Messrs. J. W. Jackman and 
Co., Limited, of Caxton House, Westminster, at their 
works, the address of which is Vulcan Works, Black- 
friars-road, Manchester. The idea of the exhibition 
is to show examples of the large number of types of 
foundry machines and other pieces of apparatus which 
are dealt with by Messrs. Jackman, actually as they 
appear in the foundry when set up for work. The 
exhibition is actually a foundry, and almost all the 
machines iu it are arranged to be operated for demon- 
stration purposes or tests. The general lines of the 
lay-out of the exhibition foundry will be gathered from 








the three figures on the opposite page, which show 
views of various parts of it. We think it doubtful if 
any such complete display of foundry machinery, set 
up for operation, exists elsewhere. 

In view of the detailed way in which the whole 
subject of foundry appliances and machinery is being 
treated in the series of articles we are now pub- 
lishing, and to which we have already referred, 
it is not n that we should enter into any very 
minute description of the machines which Messrs. 
Jackman are showing. It is necessary, however, that 
we should specify some of the more important exhibits 
in order to convey @ proper idea of the extent and 
completeness of the display. The building in which 
the machines are shown is 150 ft. by 50 ft. It has a 
gallery all round, and an annexe, in which the sand- 

last plant is housed. The main building contains 
moulding-machines of all types <qubamatie hettealle, 
and hand-operated—core-making machines, sand-pre- 
paring plant, tumbling-barrels, &c., on its main floor, 
while small moulding-machines, ladles, &c., are shown 
in the gallery. The arrangement of the machines on 
the main floor is well shown in Figs. 1 and 2, while 

art of the gallery can also be seen in the latter figure. 
he arrangement of — of the sand-blast plant in the 
annexe is shown in Fig. 3. 

Dealing, first, with the moulding-machines, we may 
mention that various examples of the well-known 
Pridmore hand-operated stripping-plate machines are 
shown, as also examples of the Pridmore rock-over 
drop - machines. Examples of the Farwell machine 
are also exhibited. This machine is arranged to be 
used in various constructions, as, for instance, as a com- 
bined moulding-press and stripping-plate machine, or 
as a combined moulding- press and _ fiask - lifter. 
Hydraulic and pneumatic machines of various types 
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are shown, as, for instance, with power-ramming and 
hand-lift, or vice versd. The Mumford jolt-ram 
machine is an interesting example of a power-driven 
appliance. It is particularly intended for ramming 
deep patterns. Among the exhibits is an interesting 
gear-wheel moulding-machine, which can be seen in 
the foreground in Fig. 1. The operation of the 
machine will be easily understood from this figure. It 
has a circular revolving table which carries the flask, 
and which is driven by a change-gear in such a way 
that its rotational movement may be arranged in 
terms of the pitch of tooth of the wheel which is 





» 8. 


to be moulded. The tooth pattern is carried by the 
reciprocating vertical ram. Various examples of core- 
making machines are shown, including the well-known 
Wadsworth screw machine. Among special appli- 
ances, a pair of machines set up for the manufacture 
of cast-iron pots in quantity may be mentioned. These 
machines are seen at the right-hand side of Fig. 1. 
Turning to more miscellaneous apparatus, the various 
sand-preparing machines, power-sieves, &c., may be 
referred to, as also the hydraulic pig-breaker, the 
tumbling-barrels, emery and polishing-wheels, &Xc. 
| An interesting machine can be seen at the left-hand 
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This is the Climax cinder-mill, in- 
tended for the extraction of metal from cupola slag or 
cinder. It consists of a ball grinding-mill, into which 
the material is charged from a hopper. The grinding- 
mill is enclosed by a scouring drum which separates 
the cinder from the metal. The slag-flour passes 
through a rotating sieve, and so out of the bottom of 
the mill, where it passes through a magnetic separator 
for the extraction of any fine particles of iron still 
remaining in it. 

The sand-blast plant is very complete. It consists 
of machines of the drum type and rotary-table type, 
while a sand-blast cleaning-room for large castings is 
also shown. ‘Two of the rotary-table machines can be 
seen in Fig. 3. In machines of this class the castings 
to be treated are placed on horizontal rotating table 
which carries them into the machine, where they are 
acted on by the sand blast. They come into view 
again with the rotation of the table, and may be turned 
over or removed as required. The drum machines 
are intended for small articles, which are enclosed in 
@ rotating drum, and rumbled while they are played 
on by the sand blast. The sand-blast cleaning-room 
has a rotating-table, by means of which the man who 
is playing on the castings with the sand blast may move 
them or not, as he requires. The whole of the sand- 
blast machines are connected up to a dust-extraction 
plant, some of the connections of which can be seen 
in Fig. 3. This plant consists of an exhaust fan which 
draws the dust-laden air from the machines through 
a centrifugal dust-collector. The collector removes 
the greater part of the dust, so that but little reaches 
the fan. A further refinement is, however, fitted in 
order to prevent even any of the finer particles reach- 
ing the open air. This consists of a closed tank con- 
taining water, below the surface of which the duct from 
the dust-collector leads. The fan is situated above the 
surface of the water, so that all dust is trapped in the 
water and only pure air passed into the exhaust. In 
conclusion, we should mention that Messrs. Jackman 
also show a Brinell hardnees-testing machine among 
the other apparatus. They are agents for this 
machine in this country, 








Russian Srert-Maktnc.—The orders obtained by the 
Russian Steel Combination in the first rine months of 
he last four years were as follows :—1909, 764,700 tons; 
1910, 1,269,900 tons; 1911. 1,513,000 tons; and 1912, 
',686,600 tons. These totals show that Russian metal- 
urgical industry is considerably increasing in importance. 
Che orders obtained to September 30, 1912, were made 
up as follows :—Plates, 207.000 tons; beams and channels, 
254,000 tons; tyres and axles, 38,600 tons ; bars, 701,000 
tons ; and raiis, 486,000 tons. 





Tue Roya. InstirutTion.—On 778 of our last 
volume we published a list of lectures to be delivered at 
the Royal Institution before Easter, but in some cases com- 
plete particulars were not then available. We have since 
received fuller information regarding them. The following 
lectures will commence at 3 p m. on the days named :— 
“‘The Heredity of Sex and Some Cognate Problems,” 
January 14, 21, and 28, February 4, U1, and 18; “‘The 
Movements of the Stars,” February 25, March 4 and 11; 
**Birds of the Hill Country,” January 13 and 23; 
“Recent Research on the Gas-Engine,” January 30 and 
February 8; “The Dawn of Empire in ae 
Era,” February 13, 20, and 27; ‘‘Surface Energy,” March 
6 and 13; “ Aspects of Harmony,” January 18, 25, and 
February 1; ‘The Properties and Constitution of the 
Atom,” February 8, 15, 22, March 1, 8, and 15. The 
Friday evening lectures all begin at 9.p.m., and the doors 
are opened at 8 o'clock, 
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YEAR-BOOKS AND ANNUALS. 


Whitaker's Almanack, 1913. London: Messrs. 
oseph Whitaker and Sons, Limited, 12, Warwick- 
lane, E.C. [Price 2s. 6d. net.]—Sundry changes have 
been made with the object of making this publication, 
of such long standing, of greater service to its patrons. 
The year has also brought forth many matters of suffi- 
cient importance to warrant notice in its pages, and the 
editing of this, the forty-fifth edition, seems to have 
been no less carefully done than has been the case on 
former occasions, and to this care is undoubtedly due 
the high position held by this book among its class. 
The new subject-matter includes information relating 
to the National Insurance Act, the labour unrest, 
rates in London, and other subjects. It contains 858 
pages of information which covers affairs at home and 
abroad—scientific, political, commercial, &c.—so that 
it should prove valuable to all who need a reference- 
book of recent events. The résumé of scientific pro- 
ess covers five pages, and includes reference to 
medical, electrical, and general engineering research 


and progress. 


The International Whitaker. London: Messrs. 
Joseph Whitaker and Sons, Limited, 12, Warwick- 
lane, E.C. [Price 2s. net.]—Messrs. Whitaker have 
made an addition to their well-known annual publica- 
tions in the form of a compilation which should prove 
of considerable utility. e “International Whit- 
aker,” now issued by them for the first time, is in- 
tended to be a statistical, historical, a ony and 
commercial hand - book, designed for use by the 
English-reading people of the world, who, it is esti- 
mated, number $00 ‘millions. The countries covered 
embrace all the important, and most of the smaller, 
nations. In fact, the book is a comprehensive 

azetteer and up-to-date statistical international hand- 
k. In addition, it gives much information not so 
readily reducible to statistical interpretation, such as 
methods of government, educativn policies, forestry, 
races and religions, manufactures, irrigation, &c. The 
volume promises to be a valuable one, and may be 
accepted as reliable, if the firm’s other publications 
of this nature form any guide. 








Hazell’s Annual for 1913. Edited by Mr. HamMonD 
Haut. London: Messrs. Hazell, Watson and Viney, 
Limited, 52, Long Acre, W.C. [Price 2s. 64.]—This 
annual now — for the twenty-eighth year in 
succession, and is so well-known that it is scarcely 
necessary to commend it to our readers as a book of 
reference. The volume covers a wide range of topics 
of general interest of a year which included many 
events of unusual importance. What with events in 
the Far East, the Near East, and at home, the editor 
of such a volume has had plenty to chronicle. A 
section is devoted to engineering events, and a review 
is given of the Panama Canal, wireless telegraphic 

rogress, the Trans-Persian rete the Burrinjuck 
Bess in Australia, the Immingham docks, Indian irri- 
gation, and other matters. A section is also given to 
motoring, and another to aerial navigation. The index, 
though fairly complete as far as can be judged, suffers 
in one direction. Such important bodies as the Insti- 
tution of Civil Engineers and Institution of Mecha- 
nical Engineers are not indexed under the word 
‘‘ engineer,” with the result that the impression at 
first conveyed on turning up that word is that notice 
has only been given of certain other bodies which are 
mentioned under that heading. 


Post Office London Directory, 1913. London : 
Kelly’s Directories, Limited, 182-184, High Holborn, 
Ww rod [Price 40s.}—We have received the new year’s 
edition of the Post Office Directory for London, com- 

iled by Messrs. Kelly's Directories, Limited. This 
is the 114th yearly revision of this well-known book, 
and that fact alone is testimony to its reliability. The 
volume forms a complete directory to London and the 
county suburbs, and is divided up into sections giving 
information in various classes—as, for instance, Streets, 
Commercial, Trades, Court, Law, Parliamentary, &c. 
A large-scale map of London, mounted on canvas, is 
bound into the book, and at the back, in a ket, a 
large folded map of London and the suburbs is in- 
serted. The directory matter covers forty more 
than it did in the last issue ; this indicates that it is 
yearly becoming more and more complete for the area 
covered, 





** Daily Mail” Year- Book, 1913. Edited by Mr. Davin 
WILLIAMSON. on: The Associated Newspapers, 
Limited. [Price 6d. net}—The ‘‘ Daily Mail Year- 
Book ” for 1913 contains a summary of current even 
and is issued at a price which puts it within the reach 
of all. It is a much more valuable investment than 
are the ordinary monthly magazines, on which so much 
money is spent. as very much condensed, the 
matter suffers now and then some slight distortion. For 
instance, it is stated that the strike drew wide- 
spread attention to the practicability of the use of oil 
fuel for locomotives. e do not believe there was a 





single responsible locomotive engineer who, prior to 
the coal strike, did not know as much about the prac- 
ticability of using oil fuel for locomotives as he did 
afterwards. Again, in connection with the great Los 
Angeles aqueduct we are told the total length is 
240 miles, of which 47 miles are tunnel, and the 
account continues, ‘‘ there are 63,585 of siphons ;” 
but as to what the unit is there is no clue. 
Further, we are told that to withstand the great 
head of water of 850 ft., piles 14 in. thick are used. 
This is unintelligible. However, the book contains 
much useful information. A description of the Panama 
Canal is given, not, however, from the engineering 
point of view. The oil-engine comes in for the cus- 
tomary booming ; motor-cars, airships, and aeronautics 
have a fair share of s devoted to them. With 
regard to the latter subject, it is noteworthy that in 
the course of the few short years since Santos Dumont’s 
first public hop of about 100 yards was made, the 
practicable duration has gone up, according to the 
records shown, to 635 miles, without alighting, accom- 
plished in 13 hours 22 minutes. 





Whitaker’s Peerage, Baronetage, Knightage, and 
Companionage for 1913. London: Messrs. Joseph 
Whitaker and Sons, Limited, 12, Warwick-lane, E.C. 
[Price 5s. net.]—This volume contains over 850 pages 
of reference matter, and chronicles the changes made 
during the year, including new honours, promotions, 
&c. An obituary list is also given for the year. In 
addition to the directory matter, the rules issued by 
the Lord Chamberlain with reference to the wearing 
of orders, medals, &c., are given. 


The South Wales Coal Annual, 1913. Edited b 
Messrs. J. Davies and C. P. Hatey. Cardiff: The 
Business Statistics Company, Limited, 12, James- 
street. [Price 7s. 6d. net.]|—This annual, though it 
relates more particularly to the conditions pertaining 
in the South Wales coalfields, gives a good deal of 
information relating to the coal-industry of the United 
Kingdom as a whole. The volume is divided into sec- 
tions, of which the principal are concerned with wages 
in the Welsh coalfield, coal production of Wales and 
the United Kingdom, conveyance and shipment, prices 
and sea carriage, exports, the anthracite trade, coke, 
patent fuel, law, &c., relating to wagons, pitwood, 
docks, &e. A good index to the contents is provided, 
but might be placed in a more prominent position. 
The Annual now appears for the tenth year in succes- 
sion. Among the new matter in this edition are tables 
showing the countries to which anthracite is shfpped 
from South Wales, the largest consumers being France, 
Italy, Germany, Holland and Sweden. France takes 
nearly twice as much as any other country. 





Taschenbuch der Kriegsflotten, 1913. Edited by 
Captain-Lieutenant B. EYER, German Navy (Re- 
tired). Munich: Messrs. J. F. Lehmann’s Verlag. 
[Price 5 marks.]|—A copy of this pocket -book has 
come to hand. It is now issued for the fourteenth 
year in succession. It gives general data on the navies 
of the world, the information concerning the German 
ships being, as in the former editions, of a meagre 
nature. It contains also views, a deck plan, and a 
side elevation of the various classes of ships belonging 
to the different navies, and general information con- 
cerning the ordnance of the various firms. A special 
chapter gives short notices of the efforts being made 
a various nations to increase their naval strength. 

e publishers state that this chapter will show ‘‘ the 

t seriousness of the danger with which Germany 
is threatened on the part of England.” adding that 
‘** the duty incumbent upon Germany is to gather up all 
her strength in order to meet this peril successfully.” 





Almanacks, Calendars, dc. — We have received 
artistic calendars from the following firms, to whom 
our thanks are due:—The Uni States Metallic 
Packing Company, Limited, Soho Works, Bradford ; 
the idwin motive Works, 34, Victoria-street, 
S.W. ; Messrs. John reon and Co., Wolsingham, 
8.0., Co. Durham ; the Welin Davit and Engineering 
Company, Limited, 112, Fenchurch-street, E.C. ; 
Messrs. Clayton, Son and Co., Limited, Hunslet, 
Leeds, whose calendar extends to 1916; Messrs. 
Dickson and Mann, Limited, 7, East India- 
avenue, E.C.; Messrs. Stewart and Lloyd, Limited, 
Birmingham; the Harvey Engineering Company, 
Limited, 224, West-street, G iw; Messrs. 
George Cradock and Co., Limited, Wakefield ; 
Messrs. Shand Mason and Co., 75, Upper Ground- 
street, Blackfriars, S.EK.; Messrs. C. Isler and 
Co., Limited, Bear-lane, Southwark-street, 8.E.; 


€s | Messrs. Urquhart, Lindsay and Co., Limited, Blackness 


Foundry, Dundee ; the Society of Amalgamated Tool- 


Makers, 38, John Bright-street, Birmingham ; Messrs. 
Greenwood and Batley, Limited, Leeds; Messrs. 
Alfred Herbert, Limited, Coventry ; Messrs. Henry 
Simon, Limited, Manchester ; Messrs. Merryweather 
and Sons, Limited, London; Messrs. Pirelli and Co. ; 
Messrs. John Smith and Co., Grove Works, Carshal- 
ton, Surrey ; the St. Helens Cable and Rubber Com- 


y, Limited, Warrington ; Mr. Albert E. Mallan- 


ain, 51, Cheapside, E.C.; Messrs. Ashwell and 
Nesbit, Limited, Barkby-lane, Leicester. 


Diaries, &c.—We have to thank the following firms 
for diaries, pocket-books, &c., for 1913, containing use- 
ful information, memoranda, &c.:—Messrs Hayward, 
Tyler and Co., Limited, 99, Queen Victoria-street, 
E.C.; the Whitfield’s Safe and Door Company, Oxford- 
street, Birmingham; Messrs. Thermit, Limited, 27, 
Martin’s-lane, Cannon-street, E.C.; Messrs. Bruce 
Peebles and Co., Limited, of Edinburgh, who have 
sent a combined blotting-pad and calendar. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—On Wednesday and Thurs- 
day of last week the Fg ames market was closed for 
Christmas holidays, and re-opened on Friday morning 
with a firm tone. The dealings amounted to 9000 tons 
of Cleveland warrants at 67s. 114d. cash, 68s. 1d. fourteen 
days, from 683, 2d. to 68s. 5d. and 68s. 4d. one month, and 
at 68s. 10d. three months. Closing quotations were the 
turn easier, with sellers at 67s. 10d. cash, 683. 34d. 
one month, and 68s. 104d. three months. Buyers of 
hematite offered 82s. cash and 82s. 6d. one month. ‘The 
afternoon session was firm but quiet, and 1500 tons of 
Cleveland warrants were done at 67s. 114d. eleven days, 
and 683. 11d. three months, and at the close sellers 

uoted 68s. cash, 68s. 5d. one month, and 68s. 114d. 
three months. Hematite was unchanged at 82s. 6d. one 
month buyers. On Monday morning Cleveland warrants 
were dull, and prices were easier. The turnover amounted 
to 5500 tons at 67s. 8d. and 67s. 9d. cash, 67s. 9d. and 
67s. 104d. eight days, 68s. 3d. February 14, and 68s. 94d. 











Y | three months, and closing sellers quoted 67s. . cash, 


68s. 24d. one month, and 68s. 104d. three months. The 
afternoon session was very quiet, and the business con- 
sisted of one Cleveland warrant at 68s. 2d. one month, 
and sellers’ prices at the close were called 67s. 94d. cash, 
68s. 24d. one month, and 68s. 94d. three months. On 
Tuesday morning the market opened with a dull tone 
and Cleveland warrants were weak. Dealings consisted 
of 6500 tons at 67s. 6d. and 67s. 54d. cash, 67s. 74d. nine 
days, and from 68s. 1d. to 67s. 11d. one month, and closing 
sellers quoted 67s. 6d. cash, 67s. 114d. one month, and 
68s. 7d. three months. The market was then closed for 
the New Year holidays. 


Sulphate of Ammonia.—Throughout the past "peed a very 
good demand was experienced for sulphate of ammonia, 
and the price maintained a good level. From 14/. 5s. to 
14/. 12s. 6d. per ton, Glasgow or Leith, was the figure 
during January and February, and about the middle of 
March 15/. was touched. This quotation remained in 
force until early in May, when the tone became easier, 
and values eased off until 14/7. was reached in September. 
Early in December the demand improved, and 14/. 5s. 
was the selling price, at which figure the year closed 
firm. As mentioned last week, the forward price is 
14/. 10s. to 14/. 15s. per ton, and on that basis a fair 
amount of business has been put through for January- 
June shipment. The outlook is considered good, and 
uotations are likely to be as high, if not higher, than 
uring 1912. 


Scotch Steel Trade.—The year just closed has been an 
exceptional one in the Scotch steel trade, and withal 
quite a successful one throughout the industry. The 
activity has been most marked, and had it not been for 
the trouble caused by the coal-miners’ strike in the spring, 
the tonnage, heavy and all as it has been, might probably 
have been much greater. The prospects at the nning of 
1912 were considered to have been very good, and although 
the above-mentioned strike caused a stop of about 
seven weeks, the subsequent demand was such that makers 
start the new year with no stocks on hand. The ship- 
building industry has been going full steam ahead all the 
year, with the result that when the steel works were 
closed, owing to want of fuel, the yards continued work- 
ing, and practically consumed all their stock of plates, 
&c., by the time the steel-makers resumed operations. 
Since that date the demand has been excessive, and 
producers have simply been inundated with orders, one 
of the results of which was the re-opening of Clydebridge 
Steel Works, which had been closed down for about five 
years. Prices have been very firm, and mark an advance 
of 25s. over the year. At the beginning of last Januar 
the following were the quotations of the Scotch Steel- 
Makers’ Association :—Ship-plates, 7/. 2s. 6d. per ton; 
pene gon, 71. 17s. 6d. per ton ; and angles, 6/. 15s. per 
ton, all less 5 per cent. Clyde or equal. An advance of 
5s. per ton was made successively in February, April, 
May, August, and November, and now ship-plates are 
81. 7s. 6d. per ton, boiler-plates 9/. 2s. 6d. per ton, and 
angles at 8/. per ton. The rebate system has been in 
operation all the year, but many consumers in Scotland, 
estimated at about 50 per cent., have not come under the 
conditions. The outlook for 1913 is considered to be very 

d, and many believe that the present spell of activity 
1s likely to continue for not less than another twelve 
months. All branches of the steel trade have shared in 
the general activity already referred to, and in each the 
prospects for this year look very bright indeed. 


Malleable Iron Trade. — The Scotch malleable-iron 
trade during the past year has been very satisfactory, asan 
exceedingly strong demand prevailed nearly all the time. 
The industry was affected similarly to the steel trade 
through the coal strike, and suffered accordingly. A 
feature of note was the formation of the majority of the 





Scotch businesses into the one large concern, known as 
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the “Scottish Iron and Steel Company, Limited,” with 
the head office in Glasgow. Competition at impossible 
prices has thus been eliminated, as the producers outside 
the combine quote the same rates by arrangement. In 
common with other things, prices for malleable iron show 
a decided advance over the year, due to the increased 
cost of production and the very active demand which has 
existed. The quotation at this time last January was 
based on 6. 2s, 6d. per ton for ‘‘crown” owing to 
the severe competition which prevailed for business, but 
now the minimum selling price is 8/. 10s. per ton. The 
prospects for 1913 are looked upon as very good, and 
makers have well filled order books to start with. 


Scotch Pig-Iron Trade.—It is many years since the 
Scotch pig-iron makers had such a busy year as during 
the one which has just gone. Active conditions have 
prevailed for the greater part of the past twelve months, 
and the demand has been far ahead of the output. So 
great was the pressure that stocks were almost completely 
wiped out. Of course, the damping down of furnaces 
during the miners’ strike caused a shortage, and the delay 
in restarting them madea run on reserve supplies, with the 
result that since the month of April the desire for iron 
has been unprecedented. Prices have advanced steadily, 
and the year closed with the quotations about 17s. 
up on the period under review. This high level of 
prices is not likely to become lower in the near future, 
as the outlook is very bright. Makers have heavy 
order-books, and the demand for all qualities of iron 
seems to be growing greater rather than less, The 
following are the market quotations for makers’ 
(No. 1) iron:—Clyde, 82s.; Summerlee, 82s. 6d.; Gart- 
sherrie and Calder, 83s.; and a 83s. 6d. (all 
shipped at Glasgow); Glengarnock (at Ardrossan), 
83s. 6d.; Shotts (at Leith), 82s.; and Carron (at Grange- 
mouth), 83s. 


Scotch Hematite.—The conditions affecting the other 
branches of the iron and steel trade have been felt 
similarly in the manufacture of Scotch hematite. The 
demand has been good, and from the price of 66s. per 
ton in January the quotation has gone steadily up until 
now, the current figure being 87s. 6d. per ton. The large 
output has been readily absorbed, and contracts on hand 
ensure steady trade for some time tocome. . 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — Holiday-making has 
checked business, but the general state of the Northern 
ig-iron trade is most healthy, and a resumption of active 
Conlecss is looked for in thenear future. At the moment 
values of Cleveland pig iron are easy, but there is reason 
to believe that they will soon show an upward movement, 
for supply is anything but plentiful, though some addi- 
tions to stock have recently been recorded. No. 3g.m.b. 
Cleveland pig is 67s. 9d. to 68s. f.0.b., whilst No. 1 is 
70s. 3d.; No. 4 foundry and No. 4 forge are each 67s. 6d.; 
and mottled and white iron, each 67s., all for early 
delivery. East Coast hematite pig is very scarce, and, in 
fact, none can be bought for anything like early delivery. 
In this branch there are no stocks. For delivery over 
periods next year mixed numbers of hematite are fully 
83s. Foreign ore is inactive, and market rates are based 
on 22s, 9d. ex-ship Tees for Rubio of 50 per cent. quality. 


Stocks of Pig Iron.—As was not unexpected, stocks of 
Cleveland pig iron are now accumulating to some extent. 
Practically the only stock is that in the public warrant 
stores at Middlesbrough, and the quantity held there 
stands, at the time of writing, at 243, tons, an increase 
on the past week of 4277 tons, but a decrease since the 
beginning of December of 10,199 tons. 


Manufactured Iron and Steel.—There are no new 
features in manufactured iron and steel industries. 
Values all round are very strong, but not quotably 
advanced. The principal market quotations are as 
follows:— Common iron bars, 8/. 10s. ; best bars, 
8/. 17s. 6d.; best best bars, 97. 5s.; packing iron, 
6. 15s.; iron ship-plates, 8/.; iron ship-angles, 8/7. 10s. to 
8/, 12s. 6d.; iron ship-rivets, 92. 15s.; iron boiler-plates, 
8/. 17s. 6d.; steel bars (basic), 7/. 15s.; steel bars (Siemens), 
8/. 5s.; steel | lates, 8/. 5s.; steel ship - angles, 
7l. 17s. 6d. ; steel boiler-plates, 9/.; steel joists, 7/. 7s. 6d. 
to 7/. 10s.; steel hoops, 8/.; steel strip, 8/.; cast-iron rail- 
way chairs, 4/. 10s.; light iron rails, 7/. to 7. 5s ; heavy 
steel rails, 67. 15s.; steel railway sleepers, 7/. to 7/. 2s. 6d.; 
and galvanised corrugated sheets, 12/. 10s. to 13/.—sheets 
less 4 per cent. f.o.b., railway material net, and all other 
descriptions less 2} per cent. 

Employment of Non- Unionists in Cleveland Mines.—At 
a meeting of the Cleveland Ironstone Miners’ Associa- 
tion held at Middle: brough this week, after hearing a 
lengthy report by the general treasurer and organiser on 
the subject of employing non-unionists in the mines and 

uarries, a resolution was adopted to the effect that 
they use every means to induce the few non-unionists 
employed to me members of the association, and, 
failing success in that direction by peaceful means, the 
association was pledged to press the matter even to the 
bree of handing in notices at the mines and quarries 
affected. 


Shipments of Iron and Steel.—The shipments of iron 
and steel from the Tees to December were up to expecta- 
tions. Official figures just published show that those of 

ig iron amounted to 103,445 tons, 92,587 tons of which 


ave gone from Middlesbrough and 10,858 ‘tons from | P®. 


Skinningrove. For November the total pomueeet pig 
» it 


were returned at 90,196 tons, and for Decem 


Of the Skinningrove clearances last month, 10,318 
tons went to Scotland and 540 tons to Holland, and 
of the pig sent from Middlesbrough 63,974 tons 
went to foreign ports, and 28,613 tons to coastwise 
buyers. Once more Scotland was the largest buyer, 
taking 19,200 tons, whilst Sweden received 11,091 
tons; Italy, 9951 tons ; Belgium, 9318 tons ; Jom, 6650 
tons ; Germany, 5575 tons ; France, 4771 tons ; Holland, 
4435 tons ; a | Denmark, 4187 tons. Of the 16,011 tons of 
manufactured iron shipped at Middlesbrough last month, 
8213 tons went ab , and 7793 tons coastwise, whilst 
of the 42,180 tons of steel despatched, 36,468 tons went 
foreign, and 5712 tons coastwise. India was the largest 
receiver of both manufactured iron and steel, importing 
4337 tons of the former, and 10,999 tons of the latter. 
Other principal importers of steel were :— West Australia, 
4086 tons ; New South Wales, 3933 tons ; Portuguese East 
Africa, 3899 tons; British East Africa, 2136 tons; and 
the Argentine, 2004 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Presentation.—Mr. Daniel Jack, manager of the 
Projectile Department (Kast Hecla Works) at Messrs 
Hadfield’s Steel Foundry, Sheffield, has been presented 
by the staff and foremen of the various departments of 
the firm with a gold hunter watch and chain. The 
sentation was made by Major Clerke (head of the depart- 
ment), and Mr. Jack, who has held his ition for 
several years, thanking the givers, said he Foped Had- 
field’s would keep up its reputation for pays always 
remembering that t' ough they might all regret the neces- 
sity of war, ‘‘ Defence,” not ‘‘ Defiance,” must be their 
watchword. 


South Yorkshire Coal Trade.—The local coal trade has 
been quiet during the week. Both works and pits in 
South Yorkshire have been running irregularly on account 
of the ae The general tone, however, is strong, 
with prices firm and no signs of weakening, for the 
collieries are well sold in the steam-coal department, and 
the end of this week should see manufacturers taking full 
supplies again. pot aoe I points to a good yesr, and a 
spell of really cold weather would further improve 
matters by reason of its effect upon house-coal buying. 
The London merchants are not heavily stocked in house- 
hold sorts, and inquiries will soon be coming forward 
from them. Coke and slacks are both very active. 
queens Sat branch hand-picked, 16s. to 16s. 6d.; 

rnsley best Silkstone, 14s. to 15s.; Derbyshire best 
brights, 12s. 6d. to 13s. 6d.; Derbyshire house, 11s. to 
12s. 6d. ; la nuts, 11s. to 12s. 6d.; small nuts, 9s. to 
10s. ; Yorkshire hards, 11s. to 12s.; Derbyshire hards, 
10s. 6d to lls. 6d.; rough slacks, 7s. to 8s.; seconds, 
4s. 6d. to 5s. 6d. ; smalls, 3s. 6d. to 4s. 6d. 


Iron and Steel.—The new year opens with very bright 
Pp ts in iron and steel. The iron producers are com- 
man ing prices that are about 20s. per ton in excess of 
those of a year , and they express confidence that 
these quotations will be maintained. The stoppage due 
to the coal strike, the increased cost of fuel, and other 
matters have placed a burden upon the ironmasters which 
high prices have done something to relieve, but a con- 
tinuance of the present rates is uired before their full 
benefits will be felt. The Sheffield armament firms are 
continuing their activity of the year just closed, and 
although there is considerable pressure upon certain de- 
partments, resources are by no means exhausted. The 
prospect of a considerable weight of Colonial battleshi 
orders, in addition to the big contracts at present in hand, 
does not find the makers unprepared. Any abno 
calls upon resources that might be made would be met 
by the utilising for armament pu of some of the 
ordinary departments. Although the general steel firms 
have been closed down for the holidays, this of course 
does not stop the influx of orders, and the new work and 
the arrears, which were inevitable under the circum- 
stances, will keep manufacturers busy. There are sub- 
stantial orders to hand for railway steel for India and the 
home companies. In some cases order-books are filled 
for a year to come. The railway companies have cleared 
some of the arrears of traffic, and deliveries will now be 
expedited. The lighter trades, in common with other 
branches, have excellent prospects. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—Holiday influences have still affected the 
coal trade, and recent stormy weather has interfered with 
the movements of steamers due to load. Some of the 
collieries also have not regained their full ordina 
activity. As regards the future, colliery owners are still 
looking forward to a period of strong markets and — 
prices. The best Admiralty large steam coal has n 
quoted at 18s. 6d. to 19s. 6d. per ton ; secondary qualities 
at 17s. 6d. to 18s. 6d. per ton; ordinary ditto, at 17s. to 
17s. 6d. per ton; best bunker smalls at 15s. to 16s. per 
ton; and cargo smalls at 138. 6d. to 14s. 6d. per ton. 
The best household coal has brought 19s. to Bos. per 
ton ; households, 17s. to 18s. per ton; No. 3 
Rhondda la: ge, 17s. 6d. to 18s. 6d. ~~ ton; and smalls, 
14s. to 15s. per ton. No. 2 Rhondda large has realised 
13s. 6d. to 15s. 6d. per ton; and No. 2 smalls, 13s. to 
14s. per ton. Special foundry coke has made 31s. to 
33s. per ton ; foundry ditto, 27s. 6d. to 30s. per ton ; 
and furnace ditto, 24s. 6d. to 26s. 6d. per ton. As 
regards iron ore, Rubio bas been quoted at 21s. to 22s. 
ton upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Newport (Alexandra) Docks.—A new lock at these 


inner and outer gates, and 100 ft. wide. It is divided 
into two compartments of 600 ft. and 400 ft. respectively, 
the latter next to the estuary. A large pumping-station 
has been constructed at the south-east end of the lock, 
at which pumping machinery, capable of delivering 
50,000,000 gallons of water into the dock in five hours, is 
being installed. A cast-iron delivery culvert, 12 ft. in 
pag ay has been constructed behind the east wall of 
the lock. 


Welsh Coal for Austria.—The Austrian naval autho- 
rities have placed an order with the Arrow Patent Fuel 
Company, Swansea, for a supply of fnel, in addition to 
a contract previously concluded. The quantity now 
arranged for is 70,000 tons, and a good price has been 
obtained. The Austrian Admiralty has also invited 
tenders for further supplies of Cardiff or Swansea patent 
fuel to the extent of 15,000 tons, to be delivered in Feb- 
ruary or The Austrian Admiralty is also inviting 
tenders for the supply of 50,000 tons of best Welsh large 
steam coal, to be Eilvesed in the course of the new 
year. 


7elsh Coal for Belgium.—Some orders—about 100,000 
tons—have been given out for Welsh small steam coal 
for the Belgian State-Railways. Messrs. Morgan and 
Wakley, Limited, and Messrs. Pyman, Watson and Co., 
Limited, have secured the bulk of the business at prices 
which show an advance of 4s. to 5s. per ton upon those 


Pre- | current twelve months ago. 


Welsh Coal for France.—It is understood that French 
Admiralty orders for 50,000 tons of best double-screened 
Welsh steam coal, to be delivered at Toulon during the 
next four months, have been secured by Lysberg (Limited). 
The price is stated to be 19s. per ton free on board. 


More Welsh Coal.—Several colliery enterprises are 
being developed along the Brecon and Morthy: Railway. 
eg 500 tons of coal per day are being secured at 
the was Navigation Colliery, and this will soon be 
increased to 2000 tons per day, while at the Britannia 
Colliery, Pengam, the Powell Duffryn Steam Coal 
Company is preparing for an equally large output. Nine 
miles from Newport is the Pentwyn Colliery, Machen, 
which has hitherto been a small drift working the out- 
crop. Shaftsare being sunk to the Black Vein, and here 
there will be an output of 1100 or 1200 tons daily. The 
Rhymney Iron Company, which is about to develop its 
Mardy pit at Rhymney, is also raising a large quantity 
of coal at its Groesfaen pit Deri. 


Labour at Plymouth.—The workmen in the various 
departments of the Plymouth Town Council have applied 
for a minimum wage of 25s. per week for all able-bodied 
men in the service of the Council. They also demand 
that an ordinary working week should finish uniformly at 
noon on Saturday, whenever cticable ; that the whole 
of the permanent staff should be placed on day work, so 
that they can earn regular weekly wages; and that the 
— now granted should be continued without loss 
of pay. 








Russtan Rattway Extenston. — The plan of con- 
structing arailway from the Ural to Archangel for the 
purpose of exploiting Siberia’s and Northern Russia’s 
vast wealth of timber is at present attracting much 
attention, both within Russia and in other countries. 
It is expected to have an immense influence upon the 
timber trade, and English and American capital is 
understood to be available. 





A Proposep Frencu-Beioian Cement SynpicaTr.— 
Leading French cement manufacturers are at present 
much interested in the plan of bringing about a co- 
operation with their colleagues in Belgium. They hold 
that the only satisfactory and efficient solution of the 
negotiations about a renewal of the French cement syn- 
dicate is to be found by the association with it of all the 
Belgian cement manufacturers. 





Swepish Coau.— The various Swedish coal-minin 
concerns in the Province of Scania have again petition 
the Swedish State Railways for a uction in the 
existing tariff, and the railway department has now 
gran a reduction of 20 per cent. over distances not 
shorter than 100 km., irrespective of quantity. This, it 
is thought, will enable the ian aa to compete with 
English coal in Central Sweden. 





SwepisH Execrric Enercy ror DENMARK.—Pending 
the ad t of a for supplying the Muni. 
cipality of Copenhagen with part of its requirements of 
electric current from the Trollhiittan or some nearer 
Swedish power-station, the North Sealand Electric Com- 
pany and the South Swedish Power Company have 
entered upon an arrangement for the latter concern to 
supply the former with electric energy. The two com- 
panies have applied for the necessary concession, or 
permission, to the respective authorities, and no difficulties 
are anticipated in this connection. The Swedish com- 
pany intends to construct a high-voltage line from its 
transformer station, near Helsingborg, to the coast of 
the Sound, near Palsjébiék, whence the submarine cables 
will proceed under the Sound to the vicinity of Elsinore, 
off the Danish coast. The cost of the cables, &c., is 
estimated at about 35,000/. The North Sealand Electric 
Company does not mean to give up its present central 
station ; but the latter will, in any case, be retained as a 
reserve. An unprecedented activity prevails throughout 
Scandinavia in the matter of electric power-stations ; in 
Norway a vast number of new hydro-electric installations 
are under contemplation, and it has also been proposed 











year, the despatches reached no less than 150,419 tons. 





docks, commenced in 1906, is 1000 ft. long between the 





te transmit electric energy from Norway to Denmark. 
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SINGLE-PHASE AND DIRECT-CURRENT 
RAILWAY WORKING. 


Ir is somewhat curious that what one may call 
the single-phase and direct-current controversy, in 
reference to electric railway working, should still 
appear such a long way from settlement as far as 
this country is concerned. We say it is curious, 
because in some other countries, and notably in 
Germany, a definite decision has been come to in 
the controversy, and for the present the matter may 
be looked upon as settled and done with. It might 
be held, with more than a little reason, that such 
a basic question as the superiority, or otherwise, 
of a direct-current system, as compared with a 
single-phase one, should be settled by the rail- 
way world in general, and that the data and ex- 
perience which would enable the engineers of one 
country to determine that one or other system 
is the best, should alsc enable those of another 
country to come to the same decision. In saying 
this we are not losing sight of the fact that 
the experience of one country cannot, on quite 
direct terms, be applied to the problems of 
another. None the less, at the present day the 
interchange of technical information is so generous, 
and the international relations of the large elec- 
trical manufacturing companies are so complete, 
that there is no danger that the successful experi- 
ence of one country will not be brought adequately 
to the attention of engineers in others, so that on 
quite fair terms they will be able to compere the 
advantages of various forms of practice. This bein 
so, it is, as we said, somewhat curious to fin 
opinion in this country still radically divided on the 
single-phase and direct-current question, while in 
some others the question has been practically 
settled, rightly or wrongly, in favour of one side. 

It is hardly necessary to say that the majority 
of the electrically-operated railways in this country 
employ the direct-current system. The matter 
is common knowledge. On the strength of it, 
and probably also on the strength of the trend 
which discussions of the single-phase and direct- 
current question take at meetings of our tech- 
nical institutions, it is probable that the average 
engineer, with any knowledge of the subject, would 
say that opinion in this country was, on the whole, 
in favour of direct-current working. We do not 
suggest that he would be wrong in this, but we 
would like to point out a fact which we have never 
heard mentioned, and which we are inclined to 
think is generally overlooked. This fact is that 
two of the only three electrifications which have 
been undertaken in this country since the single- 
phase system reached a commercial basis, and on 
which a choice of system was reasonably possible, 





have been on the single-phase system. In sayin 
this we are leaving out of account the poapeaed 
schemes of both the London and North-Western 
and the London and South-Western Railway Com- 
nies, not because they, in a sense, have not yet 
en undertaken, but because they are cases in 
which the physieal connections with existing direct- 
current 600-volt railways rendered a continuation 
of that system the only reasonably possible policy. 

There would be little value in speculating on 
the relative strength of the direct-current and 
single-phase parties in this coun The point we 
wish to make is that such parties do exist, and that, 
taking the country as a whole, there is no consensus 
of opinion which would enable, say, a non-tech- 
nical railway director to determine which was the 
best system for his line. In this respect this 
country forms a contrast with almost the whole of 
the Continent, We do not suggest that there are 
no differences of opinion on this subject on the 
Continent, but we do suggest that on the whole 
there is a very decided movement of opinion in the 
direction of, single-phase working. In many coun- 
tries, notably Germany and Switzerland, there is 
an official opinion, while in others, such as France 
and Italy, the amount of work which is being 
carried out, or is projected, on the single-phase 
system is so great as to give ita senstienil official 
status. In the United States the condition of 
affairs approximates more nearly to that in this 
country, and we again find a case in which opinion 
is divided into two schools. The fact that the 
majority of lines in that a operate on direct- 
current is, of course, adequately explained by his- 
toric reasons. The divided state of present opinion 
is, however, illustrated by the fact. that while a 
number of single-phase lines have been re-equipped 
as direct-current ones, the classic experiment on 
the New York, New Haven, and Hartford Railway 
has at length proved such a success that very large 
extensions are being undertaken on the original 
installation, and it is proposed to electrify the 
whole of the Boston suburban lines of the same 
company on the single-phase system. 

In fairness it should also be said that to the best 
of our knowledge the whole of the single-phase 
equipments which have been abandoned formed 
parts of dual systems, in which cars worked over 
both direct-current and single-phase lines. These 
are conditions in which neither system could do 
itself full justice. We think, however, no one will 
be inclined to dispute that, taking the United 
States as a whole, we have a state of divided 
council in reference to the rival systems very 
similar to that in this country. To set against 
these divided councils, and particularly those of 
this country with which we are directly concerned, 
we have a quite definite movement of opinion in 
Germany, Switzerland, Austria, Sweden, and Italy. 
Germany probably forms the most extreme example, 
since Prussia, Baden, and Bavaria have agreed on 
a standard single-phase system, and the assent of 
Saxony to the same system may be expected at 
any time. 

It is not altogether easy to understand the 
divided councils of this country on the single-phase 
and direct-current question, when they are com- 
pared with the definite movement of opinion on 
the Continent. Some part of the divided opinion 
is, we think, due to opposition of manufacturing 
interests to the newer single-phase system. Such 
opposition is quite justifiable from a purely manu- 
facturing point of view, and it may possibly have 
had something to do with the present differences 
of opinion. Opposition of this class in itself, how- 
ever, is insufficient to wholly explain the present 
state of affairs, as it is not clear that it has had 
greater influence in this country than in others. 
The only adequate explanation of the matter would 
appear to be that our differences are due to that 
British individualism which even recent legislation 
has not quite killed. The systems adopted in the 
various electrifications carried out in this country 
have, in each case, been decided upon by an 
individual, or by a few individuals, and we have 
had nothing in the nature of control by a central 
technical board. This method of dealing with 
the matter still endures, so that given a line to 
be electrified, free from inter-running connection 
with any existing electrified line, it is impossible to 
forecast which system will be adopted, unless one 
is able to do so by reference to the known opinions 
of the engineer in charge of the work. The history 
of technical progress in this country suggests that 
our individualistic method is a good one, but it is 
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impossible not to realise that in railway electrifica- 
tion our piecemeal methods have disadvantages as 
compared with the movement towards a definite line 
of action which can be seen on the Continent. 

It is not our intention, for the moment, to discuss 
the relative advantages of direct-current and 
single-phase working, but, as we are dealing with 
this subject, something may well be said about the 
important work which it is proposed to carry out 
at Melbourne, as some figures which have been 
published in reference to that work raise the 
single-phase and direct-current question in a very 
definite way. As is well known, Messrs. Merz and 
McLellan, the consulting engineers for the work, 
invited tenders for both direct-current and single- 
phase equipments for the whole system, which is to 
cover some 300 miles of track. These tenders 
have now been received, and although, as far as we 
know, copies of Messrs. Merz and McLellan’s 
report to the Victorian Government have not yet 
reached this country, various figures and details from 
the report were published in the Railway Gazette 
of November 22 last. The figures are a matter 
of much surprise, as they show that on the methods 

roposed the initial cost of the single-phase system 
or the suburban lines would be 3,057,024l., as 
against 2,349,4371. for the direct-current system ; 
while the annual cost of single-phase would be 
324,7411., and of direct-current 254,174/. These 
figures are remarkable, as on their face it might 
be assumed that both in capital and running costs 
there can be no comparison between the two 
systems, and that single-phase working might be 
considered definitely out of the running. One 
may be pardoned, however, for refraining from 
immediately drawing this conclusion. To do so 
would be to reject the whole of the evidence afforded 
by the work now being carried out on the Continent 
and elsewhere in favour of the evidence of a single 
case of estimated and tender costs. 

The preliminary work which has —_ the 
official adoption of single-phase in Germany has 
been of a very thorough nature, and has covered 
close inspection of the single-phase work which is 
being carried out elsewhere. In view of this, and 
of the movement in other Continental countries, 
the claims of single-phase cannot be lightly rejected, 
and any figures, such as those of the Melbourne 
tenders, which relegate single-phase to a position 
of a bad second must prove their case against a 
very strong weight of evidence. We do not propose 
to criticise the Melbourne figures. It would, 
indeed, be im ible to do so intelligently without 

ter detail information in reference to the pro- 
ject in general than is at present available. It is 
reasonable, however, to point out that the periodi- 
city which has been chosen for the Melbourne lines, 
doubtless owing to local conditions, is considerably 
higher than that which is now generally held to be 
necessary if the single-phase system is to operate 
at its best efficiency. Apart from this, however, 
it is ible that the great discrepancy between 
the Melbourne figures and Continental practice may 
be explained by the fact that thepro Melbourne 
direct-current system is, in a sense, an experimental 
one, which, in Continental opinion, may not 
have been sutticiently develo to warrant its 
equal consideration in comparison with the single- 
hase system which has been favoured. It cannot 
oe said that high-tension direct-current working 
was overlooked when the German decision was 
come to, since some of the earliest work of this 
class was carried out in Germany, notably between 
Cologne and Bonn. It may be, however, that the 
system was looked upon as not sufticiently devel- 
oped for adoption in Germany, since a 1500-volt 
direct-current overhead system for heavy railway 
work has as yet to be installed. It is thus possible 
that the comparative figures obtained by Messrs. 
Merz and McLellan have never, on the same basis, 
been dealt with by Continental engineers, so that 
comparisons between the Melbourne figures and 
Continental practice may not be wholly justified. 





THE EFFECT OF ACIDS AND OILS 
ON CONCRETE. 

A CONSIDERABLE diversity of opinion exists, and 
has existed for some time, regarding the effect of 
oil and grease on cement, mortar, and concrete, 
whether the oil and the grease are intimately incor- 
porated with the materials before mixing or are 
applied superficially after the concrete or mortar has 
set. At onetime any suggestion as to the introduc- 
tion of oil or grease into cement would almost have 





horrified the engineer who was striving after high- 
class work ; now, however, it is probable that the 
engineer would hear any such proposal without 
shock, and might in some cases even accept it with 
approval. To this extent have the views taken of 
the matter changed. A comparatively few years 
ago any suspicion of oil or grease in concrete 
would have been sufficient to condemn it, whereas 
at the present time there are men who advocate its 
use, firmly believing they have good ground for the 
faith that isin them. Rightly or wrongly, however, 
the natural instinct of the engineer has been against 
it. Unless exacting tests show that the introduction 
of oil and into concrete is beneficial, we do 
not believe that the engineer will have any natural 
inclination to use them. The natural instinct of 
the engineer, true as it often is—nay, generally 
is—cannot, however, be said to be infallible, and, 
ina case of this kind particularly, tests are of abso- 
lute necessity, in order that the question may be 
satisfactorily settled ; for although the introduc- 
tion of some kinds of oil or grease, though not 
actually beneficial to concrete, may be so slightly 
injurious as to be negligible, other kinds may have 
so bad an effect as to render the concrete prac- 
tically worthless. The nature of the oil appears 
to have much to do with the results obtained. 

The subject is one of much interest, and some 
light has been thrown upon it by tests carried 
out by Mr. W. Laurence Gadd, F.I.C., M.C.L., 
which were recently the subject of a paper 
read before the Concrete Institute. Mr. Gadd 
not only went into the question of the action 
of oils and fats on concrete, but also the action of 
various acids. With regard tothe latter it may be 
said at once that so far as mineral acids—e.y., 
hydrochloric, nitric, and sulphuric acids—are 
concerned, neither cement nor concrete will with- 
stand their action, for even when exceedingly 
dilute they appear to dissolve the constituents of 
the cement. Organic acids, such as butyric 
acids formed by the fermentation of milk or 
butter, tannic acid, tartaric and citric acid, 
and acetic acid in vinegar or stale beer, have an 
effect, but not so great. The action of organic acids 
appears to consist of a combination with calcium 
hydrate, the hydrate liberated when cement or 
concrete is gauged with water. The organic lime 
salt has no cohesive strength, and deteriora- 
tion therefore takes place. The danger of com- 
bination with carbonate of lime seems to be less 
than with hydrate of lime, and acids dangerous 
to green concrete may have small effect on old 
indurated concrete. The acid of sour beer, for 
instance, has little action on indurated concrete, but 
is detrimental to new work. Fresh beer is said to 
have a weakening effect on green concrete, but this 
may be due to the sugar of the beer. Sulphurous 
gases in the air also have an action on concrete, but 
not to the same extent as on some building stones, 
which lesser effect is thought to be due to the 
closing up of the surface pores of the concrete by 
calcium sulphate, which is protective. It has been 
found that test-pieces gauged with a solution of 
tannic acid are weaker, as regards tensile and crush- 
ing strength, than when gauged with pure water, 
though great deterioration has not been noticed in 
this case. 

With regard to oils and fats, the tests carried out 
by Mr. Gadd are, perhaps, of more importance than 
those made with a view of ascertaining the effect 
of acids, because, as we have indicated above, 
proposals have been made to add small amounts 
of oil or fat to concrete, with the object of 
rendering it water-proof, and to some extent dust- 
less. * ‘We have always felt that these proposals 
may be dangerous, and the experiments conducted 
by Mr. Gadd do not lessen this feeling, for there 
can now be little doubt that many oils and fats 
have a chemical action on cement constituents not 
beneficial, and among these oils may be included 
the whole of the oils and fats of animal and vegetable 
origin. The glycerides of these oils are readily 
saponified by certain metallic salts and by all 
alkalies, lediuding calcium hydrate, present in 
cement and concrete after gauging with water. 
Decomposition follows this saponification, glycerine 
being liberated. Mineral oils do not appear to 
have the same effect as animal and vegetable oils, 
and have not, so far as we are aware, any chemically 
injurious effect on concrete, although mechanically 
and F genmen dl they are, no doubt, injurious. Some 
of Mr. Gadd’s experiments showed that such oils 
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as cotton-seed and colza are very destructive to con- 
crete, and that mineral oils, though they do not 
saponify, weaken mortar to some extent when 
mixed even in small quantities with it. So objec- 
tionable indeed is colza oil that Mr. Gadd considers 
it should not be used for the purpose of greasin 
the moulds in which the briquettes are made, an 
that mineral oil or a mixture of heavy mineral oil 
and paraffin should be used instead. 

The water-proofing qualities of oil-mixed concrete 
were also tested, flat slabs of different mixtures 
being made and tested after twenty-eight days in 
water by submitting them to a water pressure of 
50 lb. per sq. in. The slabs were 10 in. by 10 in. 
by 3 in., and the area subjected to water pressure 
was 16 sq. in. It was not intended that the slabs 
should be absolutely water-tight, but only form 
com tive tests, and it was found that under 
similar conditions sand-mortar without the addition 
of oil proved more water-tight than concrete made 
with an addition of the oils or fats tried, Leighton 
Buzzard sand being used. The following table 
shows the effect under different conditions :— 


Water 'Percolated through the Slabs. 


Oil Added. Litres per Hour. 
None (cement only) 1 4.7 
(2) 17.7 
Vaseline (1) 1340.0 
(2) 340.0 
Cylinder oil i ed a 695.0 
(2) 260.0 
Lard = ‘6 Set ... (1) Slab broke 
(2) ” 
Cotton-seed oil . a 
(2) 41.2 
Colza oil (1) Slab broke 
(2) 


” 


It was found that an addition of 2.5 per cent. on 
the weight of concrete, of lard, colza, and cotton- 
seed oils prevented the test-slabs setting properly, 
even after twenty-eight days. Concrete gauged 
with water in the usual way was also tested after 
being twenty-four hours in moist air, and then 
immersed in different kinds of oil for periods of 
one, three, six, and twelve months, with unsatis- 
factory results; so much so, in fact, that in the 
case of cotton-seed oil the specimens were reduced 
to. mud in less than three months. Mineral oils 
and turpentine do not appear to have such a bad 
effect on concrete gauged with water in the usual 
way, —— strength was with them materially 
reduced. e chemical change that takes place in 
concrete when it is allowed to remain in contact 
with certain oils for a considerable time is that the 
liberated calcium hydrate combines with the fatty 
acids of the oils, as much as 32 per cent. of oil 
being combined in a period of twelve months when 
cotton-seed oil was used. 

From experimental and theoretical data the 
author of the paper considers that the effect of oil 
on concrete is not such as to encourage its use. 
Summed up briefly, his conclusions are: (1) That 
the addition of oil or fat of any kind to concrete 
has a weakening effect. (2) That animal and 
vegetable oils havea direct action on green con- 
crete, and in time will bring about its destruction. 
(3) That indurated concrete is less liable to be 
attacked by oils and fat ; and (4) that oil-mixed 
concrete is not rendered water-proof by the addition 
of oil. The least permeable concrete is, so far 
as his experiments have shown, a dense mortar in 
we the aggregate is properly graded to fill the 
voids, ; 

This subject of the addition of oil to cement and 
concrete will no doubt be the cause of considerable 
diversity of opinion until the matter has been much 
more carefully investigated than it has been up to 
the present time, and such tests as have been 
carried out by Mr. Gadd will help to further this 
end. In the article which appeared on page 738 of 
our last volume, on ‘‘Concrete and Cement,” to 
which we have already made reference above, we 
referred briefly to this subject of oil in concrete, 
and then pointed out the lack of reliable informa- 
tion there was regarding it. The information we 
have, too, is somewhat conflicting. If the addi- 
tion of small quantities of certain kinds of oil 
to cement can shown without doubt to make 
concrete impervious to water without materially 
damaging the strength of the concrete, engineers 
may well rejoice, for there are very many uses to 
which it could be applied with great advantage. If, 
however, the strength of concrete is so materially 
lessened by their use, as Mr. Gadd’s experiments 
appear to indicate, there cannot be much prospect 
that oil-mixed concrete will find favour among 
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engineers. We are aware that claims have been 
put forward by some oil manufacturers that they 
have oils the addition of which to concrete has no 
deleterious effect ; but we are not aware that any 
extensive tests have been carried out with these 
special oils. It is certainly very desirable that this 
should be done. 








UNFORESEEN DIFFICULTIES IN THE 
EXECUTION OF A CONTRACT. 

Amone the questions which the lawyer retained 
by a builder or a contractor has to consider from 
time to time there is none which gives more trouble 
than this, Who is liable to defray the cost of over- 
coming unforeseen difficulties? Take the case of a 
sewerage contract which involves the laying of pi 
at a considerable depth belowthe surface. No reliable 
estimate can be made of the probable costof the works 
unless much is known as to the nature of the soil 
down to the required depth along the line of route. 
The cost of making excavations will vary with the 
density of the material which has to be removed ; 
while a stratum of wet sand, or an underground 
watercourse, the existence of which was wholly 
unknown to all parties, may so increase the cost 
as to rob the contractor of his entire profit, unless 
he can claim for the necessary pumping as an extra. 
Who, then, is liable in circumstances such as these? 
Can the ‘‘employer” (to use a short and convenient 
expression), by dint of using apt words in the 
contract, shift the burden on to the contractor ? 
In what circumstances can the contractor evade 
liability ? 

To the simple cases (which seldom occur in prac- 
tice) it is easy to find an answer. Suppose a con- 
tractor undertakes to lay a sewer at a given depth 
for a certain distance at a fixed price. If nothing 
has been said as to the nature of the soil, all the 
risks are on the contractor. Suppose, on the other 
hand, in the case just mentioned, the local authority 
supply him with what purports to be an accurate 
section of the whole route, showing the nature of 
the soil, and indicating the places where water 
was to be encountered. In that case the cost 
occasioned by additional water, or other unfore- 
seen difficulties, would fall upon the employer, 
as the contractor could say, with truth, that it was 
a liability outside his contract. 

Between these two classes of cases there is every 
variation. The employer naturally desires to throw 
all the burden on to the contractor, but in practice 
he cannot do it. Ever since the well-known case 
of Bottoms v. Corporation of York, the contractor 
has been chary of signing an agreement whereunder, 
without previous investigation, he may have to bear 
the whole cost of excavating in waterlogged soil. 
On the other hand, there are few contractors who 
will or can afford to go to the trouble and expense 
of making a number of trial borings prior to their 
tender. Such expenditure might be wholly lost if 
the tender were not accepted ; and if the cost of 
trial borings were added to the tender, the con- 
tractor would probably find himself out of the 
running for the business. 

The employer, too, is in a serious dilemma with 
regard to hidden difficulties. If he states in his 
advertisement for tenders, or by a clause in the 
specifications, that he takes no responsibility for 
the condition of the subsoil, he will frighten off 
would-be contractors, or else raise prices to an 
inordinate extent. On the other hand, if he has 
borings, &c., and puts them forward as the basis of 
the contract, the contractor may be in a position 
to claim for a large amount of extra work should 
information given by the borings prove to be 
fallacious. 

Certain cases which have come before the courts 
in recent years show how difficult it is to draw a 
contract which is wholly satisfactory to both parties 
in relation to these unforeseen difficulties. In 
Thorn v. Mayor of London (1876), L.R.I.A.C, 120, 
the specification provided that the contractors were 
to take out their own quantities, and that the 
accuracy of the plans was not guaranteed by the 
Corporation. The contractors were warned par- 
ticularly that they must satisfy themselves as to 
the nature of the ground through which the foun- 
dations had to be carried. Iron caissons were 


specified to be used in the construction of the 
works, but when the contractors whose tender was 
accepted proceeded to use the caissons as designed, 
it was found that they would not resist the pres- 
sure of the water, and the plan of the work had to 
be altered and the use of the caissons abandoned. 








The contractors claimed for the loss occasioned 
them in attempting to use caissons, and contended 
that the Corporation had warranted, although not 
expressly, that the work could be done inexpen- 
sively by the use of caissons according to the speci- 
fications. The House of Lords held that no warranty 
could be implied. Lord Chelmsford pointed out 
that the contractor, in the exercise of common 
prudence, should have made investigation for him- 
self. The Corporation, in fact, were held excused 
by the fact that they disclaimed responsibility for 
the accuracy of the plans. 

The principle of ‘Thorn v. Mayor of London was 
long = to excuse employers in cases of a 
similar kind; but a more recent case has shown 
that the disclaiming clause will not necessarily 
relieve the employer. If he puts forward plans, 
&c., as showing the nature and extent of the work, 
he may be held liable if those plans were false 
to his knowledge, or were put forward recklessly 
without proper inquiry as to whether they were 
true or false. 

In Pearson v. Dublin Corporation, 1907, A.C. 357, 
the plaintiffs had undertaken to carry out certain 
harbour works. The specification provided (inter 
alia) that the plaintiffs must verify all repre- 
sentations, and not rely upon their accuracy. The 
works in question involved the transformation of 
an old harbour in the Liffey into a sewerage tank. 
On completion, the plaintiffs claimed 36,5741. in 
extras from the defendants on the ground, first, 
that the plans showed a certain existing wall 
extending some 9 ft. below the Ordnance datum 
line, which could be utilised for the purposes of 
the works; that this wall did not exist, and that, 
consequently, the plans for the works had been 
altered, and the plaintiffs, at the direction of the 
engineer, had completed the works at this extra 
cost ; secondly, that the defendants had fraudu- 
lently misrepresented the structure and existence 
of this wall, and had thereby induced the plaintiffs 
to enter into the contract to their detriment. 
The defendants relied on the absence of a certifi- 
cate from their engineer, and on the conditions of 
the specification, and they denied the making of any 
representation or fraud, It was held that the 
specification only protected the defendants in 
respect of honest mistakes by themselves or their 
agents, and that it was for a jury to say whether 
there was fraud or not. 

The House of Lords held that there was evidence 
adduced at the trial from which a jury might pos- 
sibly infer the representations were dishonestly 
made, or made with a reckless indifference as to 
whether they were true or false, by the servants of 
the corporation. The case was ultimately sent 
back to a jury for decision. 

With this may be contrasted a Scots case, 
where a railway company employed contractors to 
make a cutting. he contractors were referred 
to a journal of bores, for the accuracy of which, 
however, the company disclaimed responsibility. 
Founding upon this, and having no time to make 
bores for themselves, the contractors entered upon 
the work. They discovered, to their cost, that 
the bores were inaccurate, with the result that 
they were compelled to incur enormous additional 
expense in removing a large quantity of rock, for 
cost of which they brought an action. The Court 
of Session held that they were entitled to practically 
ignore the contract and recover all their expendi- 
ture as on a quantum meruit, but the House of 
Lords came to the conclusion that as there was no 
misrepresentation on the part of the engineers, the 
plaintiffs must be held to their contract. Itis worth 
while to inquire how employers may set about to 
divest themselves of all responsibility. 

In the first place, if bores, or the results of any 
survey of the ground, are put forward at all for 
the guidance of contractors, the greatest possible 
care should be taken to ensure their accuracy. 
They are best prepared by an independent person 
—not being in the employment of the person who 
is advertising for tenders. In the second place, 
ample time should be given to the persons who are 
likely to make tenders to make tests for themselves 
if they are so minded. This can be conveniently 
arranged for by providing that, on notice given by 
any such person, the date for acceptance of tenders 
will be postponed. Finally, the disclaiming clause 
should ys wide as possible. To use the words 
of the Lord Chancellor in Pearson’s case, such a 
clause ‘‘contemplates honesty on both sides, and 
protects only against honest mistakes.” A con- 
tractor who is unable to bring home a charge of 








fraud, or recklessness which amounts to fraud, 
must bear the burden which results from honest 
mistakes. It follows from what has been said that 
the contractor who is content to rely upon informa- 
tion must examine it with the greatest care. 








AVIATION IN THE UNITED STATES 
NAVY. 
In a paper published recently in the Proceed- 


ings of the United States Naval Institute, Captain 
W. Irving Chambers gives a few data as to the 
progress made in America in the application of the 
aeroplane and its derivatives to naval ends. In 
this matter he claims that the United States have 
played a pioneering part, as in fact was the case 
with regard to aviation generally, since the secret 
experiments of the Wright Brothers appear to have 
slightly ante-dated the successes attained in France, 
though, were publication taken as the sole criterion 
of priority, as is usual in regard to purely scientific 
matters, the claims of the latter country could not 
be denied. Amongst the uses to which the aero- 
plane may be put at sea, Captain Chambers rates 
the detection and destruction of submarine mines 
and of submarines, the damaging of docks, magazines 
and ships, and scouting sramealie. 

France, he states, leads the world, both in the 
number of qualified aeronauts she possesses, and 
in the amount annually expended in advancing 
the art. This, he states, is in the aggregate 
about 1,580,000/. per annum. The expenditure 
of Germany is about 450,000/. per annum, of 
Russia, 1,000,0001. per annum, whilst Great 
Britain and Italy both spend about 420,000/. per 
anoum, Japan 120,0001., and the United States 
only 28,000/. Italy is the only one of the seven 
nations which has had actual experience of the 
value of dirigibles and aeroplanes in war. The 
aeroplanes, it appears, have been fairly effective as 
scouts, but proved of little value for bomb-throw- 
ing. If flying at a height of 3000 ft. they are safe 
from rifle fire, but have been repeatedly hit when 
at lower levels. The damage done was, however, 
immaterial. The dirigibles, not having to meet 
acroplanes on the part of the enemy, gave even 
better results in scouting, since they could stop 
and take whatever time was necessary for the 
observations made, and they also proved capable 
of effectively dropping bombs. In one case, how- 
ever, a dirigible was struck by rifle-bullets and 
had to return down at the stern, through loss 
of gas. 

In France the mine-laying vessel Foudre has 
now been assigned as an aviation ship, and is so 
fitted that an aeroplane can be hoisted in and out 
in three minutes. The utility of these aeroplanes 
was proved in the naval manceuvres near Frejus, 
when the aeroplanes obtained full information as to 
the disposition of the opposing squadrons without 
being themselves detected. 

Coming to describe what has been accomplished 
in America, Captain Chambers says that at the 
outset a hangar was erected on shore, and an area 
of flat land provided for an aerodrome. This served 
the purpose until the Navy demonstrated that 
with aeroplanes fitted with hydroplanes, instruction 
and practice could be best carried out entirely over 
water. This has the advantage that a large area 
is always available over which to manceuvre, and 
the aerial currents there are much less dangerous 
than over land. Theship in this case becomes itself 
the hangar. The best results yet obtained have, 
he says, been a flight of 6 hours 10} minutes by 
Lieutenant Towers, using a Curtiss hydro-aeroplane. 
The most important improvement introduced in 
the American Navy has m the introduction of 
a catapult for launching the machines from the 
ship’s deck. An ordinary aeroplane can, it is 
true, be launched from the deck, under favourable 
circumstances, without this provision ; but a large 
amount of deck space must be available. With 
the catapult there is no such restriction. The 
appliance is so small that it can be mounted on top 
of a turret, and readily shifted when desired. The 

ropelling power is provided by a piston operated 
. compressed air, of which a supply is always 
available on warships. A wire rope, passing over 
multiplying pulleys, connects this ram with the 
carriage on which the aeroplane rests. When the 
catapult is released, this carriage, with the plane 
resting on it, is shot along a special trackway. 
As this is cleared the carriage ps away and 
the aeroplane continues under the thrust of its 
own propeller. The first successful test of the 
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device was made on November 12 last. The 
method is, in principle, a reversion to the system 
used in France when the first Wright machine was 
brought over from the States. This method 
was afterwards abandoned in favour of the 
wheeled chassis adopted by French aviators. This 
change was undoubtedly well advised in the case 
of aeroplanes to be used for flights over land. At 
sea, however, the conditions are different, and a 
reversion to the Wright principle of launching has 
some very material ane. With the American 
Navy catapult a ng ap is made by which the 
engine throttle-valve is automatically opened as the 
aeroplane is shot forward. The American hydro- 
aeroplanes are of two types, the one being a single 
boat with balancing pontoons, whilst the other is 
of the catamaran type with two pontoons. The 
former is stated to have proved the better in service. 

Captain Chambers looks forward to the devising 
of methods which will relieve the aviator of much 
of the nerve strain to which he is at present sub- 
jected, holding that something more than acrobatic 
skill is necessary if naval aviation is to be placed on 
a practical footing. He quotes the Italian doctors 
engaged in the Tripoli campaign as stating that 
aeroplane pilots after six months’ work should have 
a rest of two years, whilst dirigible pilots may 
continue at work indefinitely. He also considers 
it important that an aeroplane shall be able to 
navigate at night and in times of fog. 


The principal trouble met with in America| pe 


ap to be connected with the motors. Engine 
failures, Captain Chambers says, are largely due 
to quite trifling defects, but as mechanical diffi- 
culties of a similar character were endemic with 
the earlier motor-car engines, and have since been 
nearly abolished, he anticipates that the aero- 
engine will ultimately be made equally reliable. 
For hydro-aeroplanes, he says, the engine ought 
to have a considerable range of speed, and this is 
the more desirable in view of the fact that a motor 
of this type facilitates the operation of alighting. 
He suggests that, in future speed contests, aero- 
planes should be required to do one round at 
full speed and another at a speed of 20 per cent. 
less. 

In concluding his article, Captain Chambers 
strongly advocates the establishment of a national 
aerodynamic laboratory. This he considers should 
be devoted to mainly two classes of work: in 
the first place, to the testing of machines and 
appliances, and, secondly, to research work. The 
former class of work should, in his opinion, be 
undertaken for outside parties at approximately its 
actual cost. The establishment cheel, he holds, be 
under a council or board of governors, analogous, 
apparently, to our own ‘‘ Advisory Committee.” 

is board, he suggests, should be a relatively 
large body, comprising, in addition to specialists, 
other men of wider outlook, whose business it 
would be to see that the ideas of outside investi- 
gators should receive fair consideration. One part 
of the laboratory would be devoted to small-scale 
experiments, and the other to operations on a large 
scale in the open air. A wind tunnel would, of 
course, be required for the smaller class of experi- 
ments. For testi full-sized machines, these 
should, he suggests, be mounted on cars, and run, 
in the open, along prepared tracks, which should 
preferably be straight, Work of this kind has 
already been carried out at St. Cyr, but the length 
of run there possible is somewhat restricted. It is of 
interest to note that a Curtiss 4g nem model was 
tested at the Navy Model Basin, Washington, D.C. 
Experiments made thus would seem, however, 
open to some objection. With ship models the 
cross-section of the model is but a small fraction 
of the cross-section of the tank, but with a building 
of any ordinary size a model aeroplane, unless 
made to a very small scale, would occupy a material 
fraction of the whole cross-section of the building, 
and it is not likely that the air currents will in that 
case correspond very closely with those which it 
would experience if tested in the open. 





LABOUR IN 1912. 

Tue year that has just ended will, so faras labour 
unrest is concerned, be long remembered as a re- 
markable one, and it may truly be said that it was 
full of valuable lessons to those willing to learn. 
The year’s strikes began with the stoppage of the 
miners, which had far-reaching effects, and ended 
with the ridiculous action of the men on the North- 
Eastern Railway, who came out on strike because 








a comrade had been convicted of being drunk. 
During the course of the year there were many 
other disquieting movements. The most notable 
feature during the twelve months was, however, 
the great coal strike, for it was the first 
occasion on which all the men engaged in the 
coal-mining industry had stopped work at one 
time. The course that this great strike ran is 
fresh in ovr minds. It did not come suddenly, 
which in many ways was a blessing, for the warn- 
ings given of its approach enabled the country to 
prepare for it, if not completely, at any rate to 
such an extent as greatly to mitigate its evils. 
Nominally it was a strike for a minimum wage. 
Previously there had, of course, been many big 
strikes in the industry, but they were confined to 
districts, and the bargaining was not done for the 
entire industry as it was in the last great strike. 
The men did not by any means go into this last 
strike with entire unanimity, but those who doubted 
the wisdom of it were forced on by the younger 
men, who, being more sanguine and less expe- 
rienced, saw visions of great things ahead—expec- 
tations that have not been realised to the extent 
that was hoped for. The opportunity to strike had 
been waited for throughout many weeks, and came 
at last when there arose the dispute over the pay- 
ment for work done in abnormal places. It came 
then because there was a grievance that affected in 
some degree all the districts, although felt more, 
rhaps, in some places than in others. It was 
more acute in South Wales than anywhere else, for 
there the system of monthly contracts did not give 
the means of redress found more easily under the 
Scottish system. When the stoppage was complete, 
close upon 1,100,000 miners were idle, and they 
remained so during the whole of March. The 
loss of time to mine workers caused by this strike 
amounted to something like 31,567,000 working 
days. Had it been possible to confine the strike 
to the coal industry, the loss and suffering con- 
sequent would have been vastly less ; but, as in 
all such cases, this could not be, and many thousands 
of workers employed in dependent industries were 
rendered idle ; the industry that suffered most in 
this way being, probably, the pottery trade. The 
loss of time in other trades than mining has been 
estimated to have amounted to fully as much as 
that lost by the miners, so that the total number 
of days wasted may be taken as about 63,000,000 
days. Assuming 4s. a day as the average earning 
of workers, we have a loss of 12,600,0001. The 
Ss of the minimum wage which had been 
ought for was secured, but it remains to be seen 
whether the concession will satisfy the workers. 

A distinct feature of the labour troubles of 1912 
was the readiness with which stoppages were com- 
menced out of sympathy owing to the treatment of 
some comrade, which treatment the majority of the 
men considered (rightly or wrongly) tobe unjust. The 
absurd case of Driver Knox, on the North-Eastern 
Railway, was a case in point. A serious feature 
of these sympathetic strikes is that the executive 
of the unions appear to have little power to 
prevent them, or, if they have the power, do not 
exert it sufficiently. It is not enough to withhold 
strike-pay, because a cessation of work even for 
a few days seriously dislocates business and has 
far-reaching effects. _The North-East Coast bears 
an unenviable reputation in this direction. 

The year’s heavy loss in working days was largely 
increased by the great strike at the London Docks, 
which was unsuccessful from the workmen’s point 
of view. In 1911 the strikes in the transport 
trades affected 408,074 workmen, and the loss in 
time accruing therefrom was 2,601,800 working 
days, while up to November 30, last year, 129,735 
workmen were affected in the same industries, and 
a loss of 2,558,500 working days was incurred. 
This, however, does not include the time lost due 
to the strike on the North-Eastern Railway, which 
amounted to a further 60,000 days. There is no 
doubt that the experience of 1912 confirms the 
belief that the strongest measures should be taken 
to put a stop to sudden strikes and violation of 
contracts, for the practice undermines all good faith 
and confidence between masters and men. 

For many years past trade unemployment has 
not been so low as during the past year, for the 
year has been one of t commercial and indus- 
trial activity. According to the Board of Trade 
returns from trade unions whose membership 
amounts to nearly 900,000, the unemployment 
throughout the year was less than 3 per cent., 
except, of course, in March and part of April, when 








the normal condition of things was upset by the coal 


strike. There was from July a steady decrease 
in unemployment, the lowest point being reached 
in November, when it was 1.8 per cent. As far as 
wages are concerned, the alterations that have been 
made have generally been entirely favourable to 
the workmen. The rises obtained, however, are 
not all net gains, because, unfortunately, there has 
been a contemporaneous increase in the cost of 
living, which, to some extent, modified the advan- 
tage. In the early part of the year the South 
Wales coal-miners, the ironstone miners and blast- 
furnacemen in the North of England, and the 
Scottish iron and steel workers benefited by 
advances, while in June advances went to the 
coal-miners, the iron-workers, and the jute-workers 
in Scotland. In July the cotton-workers got an 
advantage, and later on in the year the London 
carpenters and the engineering trades of Sheffield 
came in for an advance. In October a 5 per cent. 
increase to the miners in the English federated 
area made a considerable difference to the national 
wages bill. Later on in the year advances were 

ined by the coal-miners of Northumberland, 
Caden, and Scotland, as well as by blastfurnace- 
men and mechanics. As to the prospects of the 
current year, there are at present signs, both in 
connection with railways and coal-mining, that 
may mean trouble ; but it is too early for any clear 
pronouncement to be made regarding them. There 
are also many matters relating to lesser industries 
that will need careful consideration if friction and 
loss are to be avoided. 





RESULTS OF FIRST VOYAGE OF THE 
OIL-ENGINED SHIP “CHRISTIAN xX.” 

Very little reliable information about the per- 
formance of Diesel-engined vessels having so far 
become available, the report which the chief 
engineer of the Christian X. presented to the 
Hamburg-Amerika Line after the ship had been 
overhauled in Havana, on the completion of her 
maiden trip to Havana in the autumn, and after 
previous trials in July, will be examined with 

ticular interest. The details are all the more 
instructive because the Christian X. is a sister- 
ship to, and has the same type of engines with the 
same cylinder dimensions, as the Selandia, built at 
the same works, and as the Jutlandia, built by 
Messrs. Barclay, Curle and Co., Limited, on the 
Clyde. These dimensions, too, have not been 
surpassed in any ship in service. 

The Christian X. is a passenger and cargo boat of 
7400 tons burden, built by Messrs. Burmeister and 
Wain, of Copenhagen, and intended by its owners, 
the Hamburg-Amerika Line, for the West Indian 
trade. The main dimensions are : length, 386 ft. ; 
beam, 53 ft.; depth, 30ft.; draught, 234 ft. at 7400 
tons displacement ; gross tonnage, 4900 tons. The 
2500-horse-power Diesel main engines and two 
propellers give a s of 11} knots. The main 
engines, likewise built by Messrs. Burmeister and 
Wain, are 4-cycle motors, having eight cylinders, 
each 20 in. in diameter and 28-in. stroke ; they 
run normally at 140 revolutions ; the main engines 
also drive the compressed-air service high-pressure 
pumps. The auxiliary engine equipment comprises 
a pair of 200-horse-power Diesel engines driving 
dynamos and compressors, sanitary, cooling, and 
lubricating pumps, all in duplicate, a fresh-water 
pump, a carbon-dioxide refrigerating - engine, 
winches, and steering-engines. These are electric- 
ally driven ; the steering-gear is of the Hele Shaw- 
Martineau hydraulic-electric type. The reversing 
and whistling are effected by means of compressed 
air. Steam is used only for heating and for the 
emergency compressor. 

During the first days of the journey, which com- 
menced on July 28, 1912, the full speed could not 
be maintained, because the vessel worked heavily 
in a very rough sea. It is noteworthy, however, 
that the Aspinal governers acted well, though the 
propeller was often out of water. Later on quieter 
weather was met with, and the average speed 
throughout the voyage was 11 knots, the total 
distance of 4627 nautical miles being covered in 174 
days. The daily mean fuel consumption amounted to 
9.732 metric tons, the indicated horse-power aver- 
aged 2390, and the mean fuel consumption was 
therefore 0.168 kg. per indicated horse-power per 
hour, which is equivalent to about 0.370 Ib., if we 
d the small difference between the British 
and the Continental horse-power. It will be seen 
that this is only slightly larger than that obtained 
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during the trial runs given later. A praiseworthy 
feature was the clean exhaust ; there was never any 
smoke, and it is said that both the main engines 
and auxiliary engines generally worked well 
throughout the voyage. There were, however, some 
less satisfactory features, as might be expected in 
the case of a new type of propelling engines, and 
we now turn to these features. 

From the chief engineer’s report we see that the 
pistons and cylinders of the main engines were 
overhauled after the maiden trip. The surfaces of 
cylinders and ge as well as the piston-rings, 
appeared bright, though they had not yet assumed 
mirror condition, and it was estimated that another 
fortnight’s duty would be required to wear. the 
surfaces quite bright and further to reduce the 
consumption of lubricants to about 30 lb. per day 
of twenty-four hours. It would be essential, it 
resulted, to adhere to the superior lubricants then 
in use on board, as inferior oils might cause serious 
trouble ; animal oils were not to be applied under 
any conditions. The analyses of the lubricants 
used for the various purposes yielded the following 
results :— 

(A) Cylinder oils: viscosity at 20 deg. Cent. 
(68 deg. Fahr.), 79.6; at 50 deg. Cent. (122 deg. 
Fahr.), 10.6; density at 15 deg. Cent. (59 deg. 
Fahr.), 0.901 ; flash-point 268 deg. Cent. (514 deg. 
Fahr.); ignition was observed at the same tem- 
perature. 

(B) Crane oil for the compressors : viscosity at 68 
deg. Fahr., 72.5; at 122 deg. Fahr., 9.3; at 194 deg. 
Cent., 2; density under conditions as before, 0.927; 
— 415 deg. Fahr.; ignition-point, 482 deg. 
Fahr. 

(C) Other lubricants and oil for cooling : viscosity 
at 68 deg. and 122 deg. Fahr., 16.8 and 3.61; 
density as before, 0.910; flash-point, 437 deg. 
Fahr.; ignition-point, 511 deg. Fahr. 

Rather thick and dry deposits were noticed on 
the portions of the cylinders and pistons not subject 
to rubbing effect ; these were ascribed to the high 
percentage of sulphur and of mineral constituents in 
the fuel. Forthe same reason probably all theexhaust 
valves of the main engines had to be replaced, the 
valves showing on their conical faces indentations 
up to 6 mm. (} in.) in depth. Nearly all the valves 
and valve-seats had to be turned true again. As 
regards the attendance, the air-injectors had to 
be cleared of water almost every two hours 
owing to the high humidity of the oceanic atmo- 
sphere. With the bigh pressure of 60 atmospheres 
(about 855 lb. per sq. in.), the discharge valves 
could only be opened slightly. The valves were 
therefore in a throttled condition, and as a conse- 
quence they did not keep tight; it is hence sug- 
gested to introduce a secondary valve which will 
do the throttling, whilst the primary valve will be 
left fully open. The valves have thus necessitated a 
good deal of repair. On the other hand, the 
crossheads, the cranks, the guides, and the bed- 
plates of the two engines have withstood the strains 
of the voyage quite well. 

The trials already mentioned took place on 
July 26 and 27, and lasted twenty-four hours. 
Indicator diagrams of the main engines and of the 
compressors were taken every four hours, and the 
fuel consumption was separately determined for 
the engines and the compressors. The following 
results are given :— 


Power of the main engines 2383 I.H.P. 
Fuel consumption of these 

engines, 24 hours 3 8.545 tons 
Fuel consumption per I.H.P. 

per hour bs ol ... 0.149 kg. (0.338 Ib.) 
Power of the auxiliary com- 

pressors ... sd vt 216 I.H.P. 
Fuel consumption of compressors 

in 24 hours : a ie 840 kg. 
Fuel consumption of com rs 

perI.H.P. per hour ... ... 0.162 kg. (0.365 Ib.) 


The total fuel consumption of the main engines 
and compressors in the twenty-four hours amounted 
to 9.385 metric tons, which means 0.164 kg. (or 
0.367 Ib.) per hour per indicated horse-power, of 
the main engines, if we again disregard the slight 
difference between the British and the Continental 
horse-power. The normal speed of 11.5 knots was 
reached during the trials, since 275 sea-miles were 
traversed in twenty-four hours. The screw-pitch 
of the port and of the starboard propellers is 
2667 mm. (6 ft. 9 in.) ; the slip on the port pro- 
peller was 3.5 per cent.; on the starboard propeller, 
2 per cent.; the former propeller made 137.4, the 
latter 135.4, revolutions per minute during the trials. 





NOTES. 
ACCIDENTS DURING THE PERFORMANCE OF 
A CONTRACT. 


WHOLLy apart from accidents involving injuries 
to workmen—which would well merit the dignity 
of a special article—there are certain other casual- 
ties which occur during the construction of works 
of any magnitude. it is not unimportant to 
consider the question of responsibility for such 
accidents. Generally speaking, the builder or 
contractor is to this extent a kind of insurer. 
If the house is destroyed by fire when half built, 
the builder who has contracted to build and 
deliver up a complete house must set to work to 
rebuild. The contract to build and maintain any 
structure—e.g., a bridge, embankment, &c.—in- 
volves a similar liability throughout the period of 
maintenance—that is, maintenance not only against 
fire, but against damage by flood, tempest, &c. In 
an old case, a firm of contractors covenanted to 
build in a substantial manner a certain bridge, 
and to keep it in repair for seven years. Within 
seven years, by reason of extraordinary floods, the 
bridge was broken down. In an action on the 
covenant by the bridge trustees, Lord Kenyon, 
C.J., held that the contractors were bound to 
rebuild the bridge (Brecknock Navigation Com- 

ny v. Pritchard (1796, 6 T.R. 3 R.R. 235). 
The mere fact that the building owner, or company 
or corporation employing the contractor may them- 
selves be under certain statutory obligations, which, 
if they had been discharged, might have prevented 
the damage, does not relieve the contractor. So in 
Jackson v. Eastbourne Local Board ((1886, H.B.C. 
23), by a clause in a contract with a Local Board to 
build a sea-wall, the contractor undertook to be 
answerable for all accidents and damages ‘‘ from or 
by seas, wind, drift or craft, fire, or any other cause 
whatsoever,” which should happen to the works 
during their construction, and was bound to make 
good any such damages, should they occur. In an 
action by the Letal baeed for breach of contract to 
build and complete the sea-wall, the contractor 
urged that it was the statutory duty of the Board to 
maintain certain groynes to preserve the shingle at 
the level shown on the plans, and so render it 

ible for him to execute the contract. It was 
eld by the House of Lords that the contractor was 
liable on his contract for all damages. Where an 
accident takes place through the interference of 
the building owner the builder cannot be held 
responsible. In Richardson v. Dumfriesshire Trus- 
tees ((1890), 17 Ct. of Sess., Cases 4th Ser. R. 805), 
the plaintiff agreed to build part of a bridge, and 
when the work was nearly completed, a servant of 
the defendants prematurely ordered the wooden 
centres and supports of the arch to be removed, with 
the consent of one of the contractor’s workmen, but 
without the knowledge of the contractor. In an 
action by the contractors for the value of the work 
actually done, the Sheriff-Substitute found for the 
defendants. On appeal it was held that the defen- 
dants were liable, as the work had been executed 
according to the contract, and the accident had not 
been caused by any fault on the contractor's part. 


Sourn Carma Ratway. 

From the report of the United States Consul- 
General at Hong Kong, we learn that the railway 
situation in South China, upset by the revolution 
and in general disarranged by the political and 


financial developments of the past year in China, is | 7 


assuming a more favourable form. New railway 
enterprises are again being talked of, and some of 
the undertakings are again being taken up. There 
is still considerable financial and other unrest in 
the country, however, and active work in any such 
lines, at present, is confined largely to survey work 
and the organisation of tentative concerns. Perha 

the most notable scheme at present is for the early 
construction of the proposed line of railway from 
Yunnan-fu, the capital of Yunnan Province, to 
Nan-Ning, the chief city and new capital of 
Kwangsi Province, at the head of the river naviga- 
tion on the West River. This line was proposed 
about. two years ago, and was approved by the 
Board of Communication at Peking. A survey 
was undertaken by Mr. K. S. Low, a foreign- 
trained Chinese engineer, who is said to be 
a man of ability. The capital was furnished 
by several wealthy Chinese citizens of the 
West River country, and a survey party was 
in the field for about a year. The coming of 
the revolution prevented any definite advance 





of the work beyond the survey stage. The authori- 
ties of Yamen Province have now taken the matter 
uP in earnest, and have placed the construction of 
the line from Yunnan in the hands of the American 
engineer who has been chief of the party surveyin 
the line from Yunnan-fu to the Yan River cont 
other lines in Yunnan Province. It is understood 
that the entire scheme is being taken up by the re- 
spective Kwangsi and Yunnan interests, witha view 
to immediate p The construction of this 
line from Yunnan-fu to the West River, approxi- 
mately 400 miles in length, is in some respects an 
alternative to the construction of the line from 
Yunnan to Yangtsze River ; but is designed largely 
to precede the construction of other lines in Yunnan, 
to open up Yunnan with the seaboard through 
Chinese territory, and thus avoid present unfavour- 
able conditions found in the transit tax charged 
for the transfer of foreign goods, not of French 
or Indo - French origin, crossing Indo - China, 
and also to avoid the high freight rates over 
the French railway into Yunnan now obtaining. 
The projectors of railways, mining, and other 
industrial enterprises in Yunnan expect to be 
able to secure more favourable service and many 
advantages by entefing their goods directly in 
Chinese territory, and transferring them at the ter- 
mination of the railway at Nan-Ning, for the time 
being, to the river boats, including motor-boats 
upon the upper reaches of the river. Eventually the 
line will be extended to connect with ocean trans- 
portation at Wuchow, Whampoa, or Hong Kong. 
Among other developments proposed is the exten- 
sion of the Sunning Railway from Sunving south to 
the sea at Yeung Kong, west of Hong Kong. 
Work upon the Canton end of the proposed Canton- 
Hankow line is proceeding slowly, but there can 
be little doubt that this and other important lines 
will soon be taken up with vigour. 





Tue P. anv O. Steamsure Company.—The P. and O. 
Steamship Company have sent us a list of their sailin 
for outward and homeward mails for 1913. This is 
arranged as a wall-sheet, is artistically printed in colours, 
and bears an excellent reproduction of a ew! by Mr. 
Charles Dixon, showing one of the large P. and O. boats 
at Gibraltar. The vessel in question is the s.s. Maloja, 
of 12,500 tons and 16,000 horse-power, the | t steamer 
of the company’s fleet. An engraving of this picture forms 
the frontispiece to the very useful P. and O. Almanack 
and Diary for 1913, also to hand. 





Grorc von KeicHensacH.—The German Museum, 
Munich, have recently issued a book which gives the 
bi phy and an account of the numerous inventions 
and work carried out by Georg von Reichenbach, the 
German scientist. Reichenbach was born in 1771, at 
Durlach, Baden; he died in 1826, and during the fifty- 
four years of his life his activity covered many fields. 
In his youth he came to England, and stayed several 
montbs in the ‘nineties of the eighteenth century at the 
Soho Foundry, where he studied the Watt steam-engine. 
Later, on his return to Germany, he was occupied for 
several years, together with his father, in the manufac- 
ture of artillery material. He invented in 1800-1 a 
dividing-machine, and thereafter rapidly acquired renown 
in the designing and manufacture of land-surveying and 
astronomical instruments. At the same time he dealt suc- 
cessfully with steam-engine and pump work and with 
civil engineering enterprises. The book in question con- 
tains most interesting descriptive matter and a 
number of reproductions of original sketches made by 
Reichenbach, diagrams and outline drawings of his 
instruments and machines. The book is edited by W. 
Walther von Dyck. 





Tue tate Mr. Henry De Mosentuar.—We regret to 
have to record the death, on December 17 last, of Mr. 
enry De Mosenthal. Mr. De Mosenthal was born 
in 1850 at Port Elizabeth, South Africa, and had been 
associated with Mr. Alfred Nobel, the inventor of 
d ite, for some years before the formation, in 1886, 
of the Nobel Dynamite Trust Company, Limited, of 
which he was appointed technical secretary from the 
first. This position he held until his death. Mr. De 
Mosenthal was for twenty years a Fellow of the Institute 
of Chemistry, and he served for two periods of three 
years asa Member of the Council. He also bel 1 to 
the principal chemical and scientific societies, and will 
be remem , not only on account of his connection 
with the manufacturing aspect of the explosives industry, 
but also for his valuable scientific work. Most of his 
researches were contributed to the Journal of the Society 
of Chemical Industry. He also contributed articles on 
‘* Nitro-Glycerine and Nitro-Glycerine Explosives” and 


on ‘“* Permitted Explosives” to the work published by 
the Explosives Section of the Seventh International 
Co of Applied Chemistry, and entitled ‘‘ The Rise 


and Progress of the British Explosives Industry.” Mr. 
De Mosenthal was an ie My in microscopy and micro- 
photographic work, and the earliest of his papers—that 
on the treatment of gold ore, published in 1894—was 
illustrated by microphotographs. Histechnique, patience, 
and manipulative skill enabled him to obtain most 
remarkable results. 
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THE LATE MR. EDWARD TYER. 


Tue death is announced, at the age of eighty-two, 
of Mr. Edward Tyer, whose name is intimately con- 
nected with the history of railway signalling. Mr. 
Tyer was born in London on February 6, 1830. He 
was educated at the City of London School and at a 

rivate school at Chiswick. As a schoolboy, Mr. Tyer 
Sechine interested in electrical science and apparatus, 
and attended lectures at the Polytechnic. BP strong 
did this interest become that although Mr. Tyer began 
his professional career in a City office, he — earl 
in that career retired from purely commercial wor 
to devote himself to electrical practice, particu- 
larly in connection with the various applications of 
electric ey 

One of the first appointments of the subject of 
our memoir was as engineer to the London Dis- 
trict Telegraph Company. This company, to which 
Sir Charles Bright was consulting engineer, was 
formed in 1859 to construct and work a telegraphic 
system in London. Before that time, although 
trunk telegraph companies were in existence, there 
was no means of telegraphic communication between 
different parts of London. The system of the 
London District Telegraph Company, as first laid 
down, embraced some hundred stations, within four 
miles of any of which telegrams were delivered at a 
charge of fourpence. 

It is a: owever, in connection with the appli- 
cation of telegraphy to railway signalling, and the 
development of power signalling, that Mr. Tyer’s name 
is known, One of his first introductions for railway- 
signal work was his ‘‘ one-wire” instrument, which 
combined bell and block indications. A single wire 
served for all indications, and the instrument read : 
“line clear,” ‘train on line,” and ‘‘ train out of 
section.” 

Mr. Tyer later introduced his ‘* three - wire 
system, which was of a more complete nature. In 
it, block-signals for up and down lines and bell- 
signals were conveyed by three distinct wires. The 
instruments indicated ‘‘line clear,” ‘‘train on 
line,” and ‘‘line closed.” Subsequently the ‘‘ one- 
wire” instrument was improved, and as equipment 
on this system was less expensive than on the 
‘* three-wire” system, it came into extensive use 
at home and abroad. Repeaters to advise the operator 
in the cabin of the correct working of the signals also 
received Mr. Tyer’s attention, and he introduced 
several patterns of these instruments. He also devised 
a special lock-and-block system used in conjunction with 
the instruments mentioned above, and an improved 
signal replacer which overcame many of the objections 
to which controlled signals were usually open. The 
chief objection to such replacers, when operated auto- 
matically by the train, lay in the fact that the treadle- 
opera mechanism was subjected to severe wear 
owing to the jar of passing train-wheels. In Mr. Tyer’s 
system, the treadle, when once depressed, remained 
in that position until the signalmen had replaced 
their levers, and thus did not come in contact with 
any but the first tyre of the train. 

Mr. Tyer’s most important introduction was un- 
doubtedly his electric tablet system, which has come 
into very extensive use in this and other countries. 
It was introduced after the Thorpe railway accident on 
the Great Eastern Railway in 1874, in which twenty- 
five persons were killed. The accident was due to 
the failure of the operators on a single line. ‘ Mr. 
Tyer’s system was an improvement on the old 
‘* staff” system. The objection to this latter in its 
crude form is that a train can only proceed through a 
section if the staff is available at the starting point. 
Two trains cannot p through a section, one after 
the other, in the same direction unless the staff is sent 
from the far end to the starting point again for the 
second train. In Mr. Tyer’s system, as also in the 
modern electric staff system, a number of tablets, or 
staffs, are provided, but only one can be issued at a 
time, and with the assent of the signalman at the far 
end of the section. The withdrawal of one tablet locks 
the instruments at both ends of the section, and 
another tablet cannot be abstracted until the one 
issued is replaced. Originally the system was 
arranged so that the tablet had to be inserted 
into the instrument at the far end of the section before 
the gear was released. Impsovements made it ible 
to return the tablet to the machine from which it was 
issued, so that trains did not need to run the full 
1 of a section if their work did not require them 
todo so. The machines and tablets have undergone 
many modifications since their introduction. 

Mr. Tyer in earlier years introduced much of his 
apparatus in connection with the Railway Electric 
Signals —— . with which he was associated. 
Later he wor ed. in connection with his own well- 
known company—Messrs. Tyer and Co., Limited, of 
London and Carlisle. Mr. Tyer took much interest in 
astronomy, and was a Fellow of the Royal Astro- 
nomical Society. He was an Associate of the Institu- 


”» 


tion of Civil Engineers and a Member of the Institution 
of Electrical Engineers. 





THE LATE MR. LOUIS ZODEL. 


Ir is with sincere regret that we record the death of 
Mr. Louis Zodel, one of the directors of Messrs. 
Escher Wyss and Co., of Ziirich. He died in Ziirich on 
December 9 after a short illness, when only 50 years of 

e. Many members of the Institution of Mechanical 

gineers were glad to make his acquaintance in the 
summer of 1911, when the Institution met at Ziirich, 
on which occasion he read an excellent paper on 
‘* Water-Turbines.” 

Louis Zodel was born at Engetweiler, in the King- 
dom of Wiirttemberg, on February 28, 1862. Illness 
interfered with his early education ; but his teachers 
were ready to assist the boy who was ever eager to 
learn. From the elementary school he passed to a 
Realschule—the modern side public school of those 
days—and that ended his school education. He had 
originally thought of becoming a teacher. His 
mechanical bent induced him, however, to enter in 
1878, as an apprentice, the Haas Engineering Works, at 
Ravensburg, where mill-building was the speciality. 
Two years later Walther Zuppinger, formerly turbine 
engineer of Messrs. Escher Wyss, then a consulting 
ye at Ravensburg, took Zodel into his office 
and helped him to continue his studies in mathe- 
matics and mechanics, as well as in modern lan- 
guages and literature; that had to be done in 
the early Oy and late evenings. Having spent 
two years with his fatherly friend, Zuppinger, el 
looked out for practical work again, and his former 
chief, Mr. Haas, gladly eng him ; the two remained 


friends till the end, a Zodel did not stay long | Y 


with him. He turned to Italy, and was for some time 
in the turbine works of Messrs. Cerutti, near Florence, 
and built part of the workshops of the Fazzari saw- 
mills in Calabria, Southern Italy. He had the idea of 
starting on his own account in Calabria ; but matters 
were not promising, and he entered the Galimberti 
Works of ur ilan in 1888. In the following year Messrs. 
Riva, Monneret and Co. became the proprietors of 
this firm, and turbine construction was adopted as the 
speciality instead of water-mill building. 

This change was made on the suggestion of Zodel, 
who was appointed chief of the new department, in 
which he soon gained distinction. When the large 
hydro-electric power-station at Paderno was planned 


for the supply of electricity to Milan and the neighbour- | E.C 


ing district, Zodel’s project was preferred to the Escher- 

yss project, and el thus me responsible for 
the largest European hydro-electric scheme of its 
time. he Vizzola plant, on the River Ticino, was 
likewise partly his work. When the Institution of 
Electeioel Ragiacers paid a visit to Lombardy in 1903,* 
these stations were inspected, and they were briefly 
described by us at the time. In 1899, H. Keller, the 
turbine engineer of Messrs. Escher Wyss, and the 
successor of Redtenbacher and Zuppinger in this 
capacity, retired, and the firm offered the appoint- 
ment to Zodel. 

The new chief engineer found propitious conditions 
for his proposal to make turbine construction the 
leading speciality of the firm. Hydro-electric power- 
stations were wanted all over the Alpine territories 
and in other districts, in mountains as well as in dis- 
tricts in which artificial reservoirs had to be constructed 
to secure the ene | volume of water and height of 
fall. The demand for high-pressure turbines and 
Pelton wheels soon predominated, and problems of 
this kind chiefly occupied Zodel in his last years ; 
a deflecting nozzle for high-pressure turbines and a 
low-pressure siphon-turbine are known by his name. 
He travelled a good deal in connection with his pro- 
jects. Always a very hard worker—he was assisted 
in his duties by an extraordinary memory—Zodel did 
not find much time for leisure or for writing. Those 


who came into close contact with him had a high P 


regard for his conscientious, noble-minded characteris- 
tics. What he wrote was mostly on his own speciality, 
on turbine-plants of his own and of others; a good 
many of his publications appeared in the Schweizerische 
Bauzeitung, the organ of the Swiss Engineers and 
Architects’ Association, which has ~_ him a warm 
tribute. In his early days people, per , remembered 
Zodel rather as the originator of the Zodel coupling ; 
there is also a slide-valve gear associated with his name. 





Tron-Ork Imports.—The value of the iron ore and scrap 
iron imported into the United Kingdom in the ten years 
ending with 1911, inclasive, was as annexed :— 


Year. Value. Year. Value. 
£ £ 
1902 .. “ 4,979,154 1907 .. 7,276,301 
1908 .. Je 4,837,146 1908 .. em 4,910,677 
1904 .. ” 4,538,449 1908 .. - 4,986,360 
1905 .. oe 5,453,474 1910 .. - 6,056,883 
1906 . 6,658,097 1911 .. 5,645,588 


We have thus become rather more di ent upon 
imports of foreign iron ore. There has been some 
increase during the decade in our imports of old irou and 
steel. 


* See ENGINEERING, vol. lxxv., page 455. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 18, 1912. 

THE iron and steel trade was quieter during the past 
week, as is customary during the close of the year, and 
on account of the taking of stock, which nothing is 
allowed to interfere with. This custom is not uni- 
versal, however, as many concerns are still booking a 
good many orders. There are quite a number of large 
orders before the market for at for foreign countries, 
including 100,000 tons for a Russian railway. Rail- 
mills abroad are crowded with orders, and this 
throws urgent buyers upon the American market. 
Fully 50,000 railway-cars are now being estimated 
upon, and the total car orders during the past year are 
figured in excess of 200,000, as compared with 130,000 
in 1911. Railway buying continues to be a very im- 
portant factor, Fairly large orders for all kinds 
of pig iron are being placed; several thousand 
tons of Southern No. 2 are reported as sold at 
Birmingham for export at 14 dols. Prospective 
— are unable to secure contracts for desirable 
deliveries of finished products of iron and steel. Many 
large consumers of finished iron and steel have their 
ene ar sold up to next June, and have very little 

owledge where they will find supplies to see 
them through up to that time. Car - builders are 
suffering the worst in this respect. They are obliged 
to shop around and pick up emergency supplies where 
they can. There is a wide scarcity of all kinds of 
semi-finished steel, and billet-makers are booking 
orders for delivery during the second quarter of the 
ear. An eastern consumer of billets is in the 
market for 18,000 tons. Another concern is trying to 
buy 20,000 steel billets for an English concern. All 
eastern mills are far sold up on plate and structural 
material. Pricesare firm, and premiums are promptly 
paid along all lines for early delivery. 








PERSONAL. —Messrs. Barry, Head and Co., 110, Cannon- 
street, E.C., inform us that the London agency of Messrs. 
William Whitwell and Co., Limited, Thornaby Iron 
Works, Stockton-on-Tees, is now transferred to Messrs. 
George Warren and Co., Chesterfield House, 98, Great 
Tower-street, E.C., and that of the Middlesbrough Steel- 
Strip and Hoop Caer, Limited, Middlesbrough, is 
transferred to Mr. H. B. Sparrow, 65, Fenchurch-street, 

.C. Messrs. Barry, Head and Co. hope to establish 
their business at Vancouver, B.C., in May next.—Mcsars. 
William Jacks and Co., 5, East India-avenue, E.C., have 
admitted into partnership Mr. Stewart Barry and Mr. 
R. Russell Walker who have been for many years asso- 
ciated with their business.—Messrs. G. H. Harvey and 
Co., who until recently have carried on their business of 
metal - workers at Loampit Vale Works, Lewisham, 
announce that they have now moved to the new works 
which they have recently erected in Woolwich-road, 
Greenwich, to which address all communications should 
in future be sent.—Mr. Philip 8. Doherty, 25, Victoria- 
street, Westminster, S.W., has been appointed sole 
British agent for the sale of locomotives manufactured 
je lg Société Anonyme de Saint Léonard, of Liége, and 

for railway brid points, and crossings manu- 
factured hy the Sociéte Anonyme du Nord de Liége.— 
We are informed that Mr. 8. F. Edge has been appointed 
chairman of United Motor Industries, Limited, rs and 46, 
Poland-street, W., Mr. E. de Rodakowski taking up the 


post of managing director. 





New Yxar Honovurs.—The list of New Year honours 
is again characteri by inadequate recognition of the 
part that science and engineering play in national 
activity. On the list are several in whom engineers are 
directly or indirectly interested. One of the new peers 
is Sir George Sydenham’ Clarke, G.C.M.G., G.C.S.L, 
G.C.L.E., who been identified with military engi- 
neering and strategy, and has n On Many commissions 
associated with naval affairs. Amongst the baronets are 
Mr. Herbert Henry Bartlett, of the firm of Messrs. 
erry and Co., contractors, and Vice-Admiral Sir Percy 
Scott, K.C.B., K.C.V.O., who has been largely respon- 
sible for the improvement of Powers in the Nev * 
Among the new knights are Dr. Francis Darwin, F RS. ‘ 
President of the British Association in 1908; Mr. Frank 
Ree, general mi of the London and North-Western 
Railway ; Mr. Corbet Woodall, governor of the Gas Light 
and Coke Company, President of the Institute of Gas 
Engineers, and a prominent authority on all gas engi- 
neering Fer ay and Lieutenant - Colonel Horatio 
Arthur Yorke, C.B., the chief inspectii officer of 
railways under the Board of Trade since 1900, and the 
investigator of the cause of many of the most serious 
railway accidents in recent times. The promotions in 
and appointments to the Most Honourable Order of the 
Bath include a Companionship to Engineer Rear-Ad- 
miral A. W. Turner. The Imperial Service Order has 
been conferred — Dr. Paul Johannes Briihl, M.I.E.E.. 
thiol Rabie apa = > Civil a my are - 
lege, Si - oo = r. Norman Orton Peters, the 
m: of the Jorhat State Railway, Assam. There 
have appointed as Commanders of the Order of St. 
Michael and Sb. Lieutenant-Colonel William 
Patrick Anderson, chief engineer of the Department of 
Marine and Fisheries in Canada; Engineer-Captain 
William Clarkson, third naval member of the Board of 
Naval Administration of the Commonwealth of Aus- 
tralia; and Dr. W. Rowland Dunstan, F.R.5., 
director of the Imperial Institute. 
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HELLIER AND GASSON SIGNAL CONTROL. 

In congested signalling areas provision is usually 
made yo dalathanen to S located in close 
proximity to one another, a distant signal being pro- 
vided in either direction, controlled from both signal- 
boxes. Referring to Fig. 1, below, in which the two 
signal-boxes are respectively marked A and B, the 
existing method adopted for interlocking and work- 
ing the distant signal, taking the traffic in one direc- 
tion, is as follows :— 

The signalman at A, after pulling his home and 
starting levers, is unable to work the distant lever 
until signalman at B has pulled his home, starting, 
and distant levers. The action of pulling the distant 
lever at B releases a lock on the distant lever at A, 
which then permits the signalman at A to lower the 
distant arm. It will be readily seen, with this arrange- 
ment, should the signalman at B, in cases of emer- 
gency, replace his levers first, the distant arm would 
remain off, with the home and starting arms at 
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defective. The principal reason for the adoption of 
this method is that if ordinary slotting is proyided on 
the distant signal-post, it is found that a considerable 
pull is required on the lever at B, this being increased 
if A makes the first pull, as it then leaves B to 
work the arm in addition to the slot. Another 
disadvantage is that the signal wire from B would 
require frequent adjustment owing to its length. 
The alternative to the above arrangement would 
be to provide a separate distant arm, fixed under 
the home signal fur A. This means additional cost 
of fittings, lighting, and maiatenance, also com- 
plexity of signais, and would not, in many cases, be at 
sufficient distance from B home signal to comply with 
the Board of Trade regulations. 

With a view to overcoming the difficulties and 
defects referred to, a new form of control has been 
designed by Messrs. Hellier and Gasson, of 82, Mas- 
boro-road, W., the arrangement of which is shown 
in Figs. 2 and 3. These illustrations, which refer to 
the apparatus installed in cabin A, show the si - 
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cannot be moved until it is released by the signalman 
in cabin B operating his control-lever. This action 
raises the balance-weight E, to the horizontal 
arm of which a rod is connected which operates the 
indicator H, and also releases the locking gear by 
means of the crank F. As will be seen more clearly 
from Fig. 3, the motion of the crank F brings the 
slot J in the blade G opposite to the lock K, thus 
allows the lever D to Ce geval At the same time 
the hook blade L is brought into engagement with 
the stud M, and thus the motion of the lever D is 
transmitted to the signal-operating wire through the 
usual “‘ gain-stroke” gear. Should the signalman at B 
require to replace the signal at ‘‘ danger,” he would 
replace his control-lever, and thus operate the gear in 
the opposite direction. This, by disengaging the hook- 
blade L from the stud M, would cause the signal to 
return to the ‘“‘danger” position. When the signal- 





lever D locked in the off position, from which it 





man at A replaces his lever, which he must do before 








the signal can be again lowered, the locking arrange- 
ments again come into action and prevent him 
from — lowering the arm until it is released from 
cabin B. 





Tue Western Union Teieorarh Company.—The 
Western Union Telegraph Company have recently sent 
us a booklet explaining their system, recently inaugu- 
rated, of cheap-rate cablegrams. There are two services 
for which the = = vary from 50 to 80 per cent. below 
the usual rates. ese include what are termed ‘“‘ day 
cable letters,” of which delivery will be made in New 
York or Montreal on the morning of the second day after 
filing ; and ‘‘ week-end cable letters,” which, handed in 
on Saturday, will be delivered on the other side of the 
Atlantic on the following Tuesday morning. A good 
deal of business, too urgent for the ordinary mails, but 
not, per! of sufficient urgency to warrant recourse 
to full-rated messages, will provably be done in the future 
by these means. 
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THE ADAMS POWER-PRESS. 


In our issue for November 1, page 594, we made 
reference to five sheet-metal-working machines exhi- 
bited at Olympia by the F. E. Adams Pressure-Tool 
Company, Limited, and we illustrated four of these. 
The fifth—a power-press with new form of clutch- 
motion—is shown by the accompanying npyrnw. 
It is of the inclinable type, so that it ma set to 
allow stampings to slide from the dies, and is suitable 
for blanking, for various cutting and forming opera- 
tions, and for use with combination dies. An eccentric 
on the end of the shaft (see Fig. 1) provides the means 
for automatic feeding by a rod operating feed-rolls, 
or a rotating table, as may be required. 

Fig. 2 shows the machine in side elevation, with 
the gears for turning the body into any desired angle 
of inclination, and the connections from the t le 
to the clutch mechanism. A stop A regulates the 
extent of movement of the treadle, and the spring 
adjacent returns it to the uppermost position. The 
action is best studied from the enlarged details, 
Figs. 3 to 5. Normally the tool-steel clutch-key B 
lies in its seating in the shaft in the position seen in 
Fig. 3, and the fly-wheel C runs idly over it; but 
when the key is given a partial turn, corresponding to 
the distance a, it assumes the position shown in 
Fig. 5, and catching against one of the steel blocks D, 
causes the fly-wheel to rotate the shaft. The semi- 
circular recesses cut in the wheel permit of the rota- 
tory movement of the key. The means by which the 
ram is allowed to descend only once, and by which 
the shock is absorbed, are as follow :— 

On depressing the treadle the rod E is pulled down, 
and with it the pawl F, which draws down the tumbler 
G ; this allows the arm of the clutch-key H to fly 
forward under the action of the spring J, the amount 
of movement being the desired contact, a, between the 
clutch-key and the blocks D in the fly-wheel. The 
shaft being thus driven, the ram commences to descend 
and continues to do so until the roller K has completed 
a part of the revolution. Then K strikes the lever L, 
which pulls F laterally, and so releases G (see Fig. 5), 
which then returns to its original position under the 
compulsion of the spring M (Fig. 3). The arm H is 
thereby stopped by contact with G, and the spring J 
retires sufficiently to permit the clutch-key to sink back 
into the shaft. The stops N, N in the catch-plate O 
serve to arrest H at the two extremes of its position. 
Springs P and Q are fitted to plungers, the ends of 
which are struck by the tumbler G, and these springs 
absorb the shock which is produced when the arm H 
strikes its blow on the face of G. The spring R 
returns the lever L into normal or stopping position, 
and the angle-piece 8 on the fork, which is attached 
to E and F, prevents the tumbler G from falling if the 
spring M should fail. 

Although the ram cannot descend a second time 
until the treadle is again operated, the press can be 
made to work continuously, when automatic feeding is 
employed, by removing the spring M. 





CATALOGUES. 

Overhead Runways and Lifting Tackle.—We have 
received from Messrs. Arnold Goodwin and Son, Limited, 
of Sumner-street, Southwark, S.E., a circular illustrating 
examples of overhead ete erected by them in ware- 
houses, stores, newspaper offices, &c. Prices and parti- 
culars of ‘‘ Beatall” lifting-blocks and travelling carri 
for loads up,to 74 tons are also given. The circular a 
states prices for single, double, and endless chain-slings. 


Motor-Cars.—From the Wolseley Tool and Motor-Car 
Company, Limited, of Adderley Park, Birmingham, we 
have received a copy of a booklet they have recently 
issued giving a brief account of a visit to their works, 
The descriptive matter is written in a bright, attractive 
style, calculated to ceueel to the ave motorist, while 
the illustrations, which are distinctly above the average 
in quality, will not fail vo interest the engineer. All the 
processes of manufacture are dealt with, including the 
testing of the raw material, the casting, forging and ma- 
chining of component parts, -cutting, engine-testing, 
coach-building, and many other operations. The whole 
booklet is exceedingly well got up, and quite up to the 
high standard of excellence reached by previous publica- 
tions from this firm. 

Diesel Engines. — From Hick - Diesel Oil - Engines, 
Limited, 11, Queen Victoria.street, E.C., we have 
received a new pamphlet dealing with Diesel engines 
manufactured by Messrs. Hick, Hargreaves and Co., 
Limited, of Bolton. The pamphlet, after explaining the 
Diesel cycle, points out the advantages of Diesel engines 
over other prime movers, and then illustrates and fully 
describes a typical installation. General particulars and 
dimensions are given of ten standard sizes ranging from 80 
to 680 horse-power. Of these, four sizes—from 80 to 320 
horse-power—are of the medium-speed type, running at 
250 revolutions per minute. The pratt A nd are of the 
slow-speed type, of which four engines—from 100 to 400 
horse-power—run at 175 revolutions per minute, and the 
two largest engines, developing 510 and 680 horse-power, 
run at 150 revo owed ad minute. The pamphlet is well 
printed and illustrated. 


Metallographic Microscopes.—We have received from 
Mr. C. Reichert, of Bennogasse 24-26, Vienna VIII/2, 
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an interesting catalogue giving prices and particulars of 
microscopes and accessories for metallographic work and 
for microphotography. It first deals with the Rejté 
microscopes, in which the object is illuminated by a beam 
of light which enters through a lens in the side of the 
draw-tube and is reflected down through the objective 
by a plate of clear glass inside the tube. Different models 
for laboratory and workshop use are dealt with. The 
catalogue also illustrates a new design of metallographic 
microscope in which the objective is placed in a vertical 
position underneath a horizontal stage. The specimen 
omy on top of the stage is viewed through a hole in the 
atter. There are two draw-tubes placed in « horizontal 
position at right angles to each other, and used for visual 
and photographic work respectively. A prism, which can 
be turned from one tube to the other, is employed to 
direct the light from the objeetive along either one of 
these tubes to the eye-piece or camera. Light for 
illuminating the specimen is admitted through a short 
horizontal tube and reflected up through the objective 
A ramenge of another prism; an adjustable mirror for 
oblique illumination is also provided. Among other 
advan claimed for this arrangement, it is men- 
tioned that large specknens can be used, and that only 
one surface of the imen need be ground and 
polished. Microscopes for measuring the diameters of 
~ indentations in Brinell hardness tests are also 


Condensing Plant.—The Mirrlees Watson Company, 
Limited, of Scotland-street, Glasgow, have sent us three 
pamphlets, two of which relate to jet-condensers with 
rotary air-pumps for hand use, while the third deals 
with rotary air-pumps for marine installations. One of 








Fig. 2 



































the former describes the Mirrlees-Leblanc simple jet- 
condenser, which is made in seven sizes for dealing with 
quantities of steam varying from 5001b. to 10,000 Ib. per 
hour. In these condensers the injection water 
through a rotating vane-wheel, which it leaves in the form 
of separate sheets. The steam and air trapped between 
the sheets of water pass into a converging cone, where 
the steam is condensed and the air is carried forward, 
being finally discharged through a diverging conical pipe. 
Another pamphlet deals with multi-jet condensers, in 
which the condensed steam and injection water are ex- 
tracted by a centrifugal pump, and the Leblanc pump is 
used to extract the air and other incondensable gases. 
The Mirrlees Watson Company, who are now making 
the pumps for marine installations, have thought it desir- 
able to set out what has been accomplished previously in 
this direction. The third pamphlet therefore illustrates 
sets of Leblanc rotary air-pumps and centrifugal water- 
extracting — with surface-condensers on French 
and Argentine destroyers, and gives the results obtained 
with them. These sets are driven by high-speed vertical 
i or by steam-turbines. The principal advan- 
claimed for the system are that it combines high 
efficiency with reliability and simplicity, and also that 
the machinery is of low weight and occupies only # 
small space. 





Evecrric Licutinc Provistonat Orpers.—The official 
list of i for Provisional Orders deposited with 
the Board of Trade under the provisions of the Electric 
Lighting Acts, 1882-1909, show that forty-seven applica- 
tions have been made this year, the majority of these 
dealing with urban districts. 
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SHIPBUILDING AND MARINE 
ENGINEERING I, 1912. 


Tue facts (1) that the tonnage of new shipping floated 
in the United Kingdom during the past year exceeds 
by 20,000 tons the highest total yet recorded—that of 
the previous year—and (2) that the tonnage still in 
course of construction is something like 275,000 tons 
greater than at the beginning of the year or at any 

revious time in the history of the industry, estab- 
ish unprecedented activity ; moreover, the volume of 
over-sea trade and the condition of the freight market 
support the belief that this activity will continue for 
some time. But there is a reverse side to the shield. 
In Britain the most has not been made out of the 
situation. The demand for tonnage prevailing in all 
countries encouraged the sale of much old British ship- 
ping to foreign owners at most favourable prices—the 
rates were 40 per cent. higher than in the previous year ; 
the idea of our shipowners was to replace obsolescent 
ships by new steamers nawapay > all features con- 
ducive to economy. It was a first necessity that the 
new vessels should be built as soon as possible in order 
to win the good fortune of prevailing high freights. 
These on an average have been from 50 to 60 per cent. 
better than from 1902 to 1910, and 10 per cent. higher 
than at any time since the great boom of twenty- 
two years . What this means when it is 
remembered that the annual payment for over-sea 
trade is reckoned normally at 100 millions sterling will 
be readily appreciated. But, unfortunately, ship- 
owners’ hopes have not been fully realised — the 
facilities for production have not nm utilised to 
their fullest extent. There were in succession serious 
delays due to the miners’ and dockers’ strike, and 
time and again local trade disputes restricted the 
supply of material, while — the year the 
failure of the men in the shipbuilding yards to work 
full time directly affected the output. In some trades 
the hours averaged nearer 36 than 52 hours per week. 
There is, too, a scarcity of workers in several trades, 
due to restrictions on the proportion of apprentices to 
journeymen. The consequence has been delay in the 
working off of contracts, hesitancy in booking new 
orders Tes early delivery—few firms will accept work 
for delivery earlier than midsummer, 1914, even for 
small vessels—and danger that the harvest from high 
freights will not be fully reaped by British firms. 

There is another phase of the subject which lessens 
the feeling of satisfaction. Good prices were obtainable 
for new cargo-ship work during the rag part of the 
year, the advance being equal to 20 per cent. on the 
figures ruling a year ago, and from 40 to 50 per cent. on 
those of two, three, and four years ago. It is exasperat- 
ing to all associated with shipbuilding that the most 
cannot be made of this condition. The workers lose 
more than the employers. The former have had dull 
times, and will have them again ; they should garner 
their harvest now by all methods. e same can be 
said of shipbuilders as of shipowners. As to the latter, 
the high freights prevailing, and yn Ad continue for 
some time, are subjects of envy—notably by workers ; 
but it should not be forgotten that we have just 
emerged from a period of lean years. It is a mistake 
to think only of the profits of 40 per cent. on capital 
earned in the past twelve or eighteen months. The 
annual summaries of results of the working of 24 
British passenger lines, owning 884 vessels, worth 
46} millions sterling, as prepared by ‘‘ Fairplay,” show 
that for the last financial year the average dividend 
has been 7.79 per cent., against 6.06, 4.85, and 4.10 
per cent. in the three previous years—- which is 
scarcely an adequate return. Again, taking 100 car 
ship-owning companies, owning about 500 vessels, the 
average dividend for nine years was only 3.75 per 
cent., even although adequate provision was not 
always made for depreciation. Part of the high 
earniogs now must go to make up this fund, and for 
other contingencies certain to arise in times of stress. 
Fortunately, old ‘‘bills” in the hands of builders 
have been met in nearly all cases. The future will be 
affected greatly by higher prices for ship’s coal and 
other supplies, and for labour. The shipbuilder has 
also to face greater expenditure. Material has gone 
up—our metal-price diagram, published on 890 
of last week’s issue, showed that steel plates 
advanced during the year from 7/. to 8/. 5s. per 
ton; other supplies have yone up correspondingly. 
Labour is much dearer. The expenditure on sick, 
unemployed, and accident insurance, as well as on 
local and Imperial taxation, is more, and must be 
debited to the cost of ships. Even in recent times of 
activity, fifteen of the best-managed of public com- 
panies engaged in —— have only succeeded in 

ying an average of 6 per cent., and much of it is 
erived from gollateral industries. There is also the 
striking fact that several companies have become bank- 
rupt, so that while the anos has been, as we show by 
the full details of work from shipbuilding firms, one of 
unprecedented activity, it has not been so satisfactory 
as it ought to have been from the standpoint of 
national prosperity. The harvest of plentiful demand 


TABLE I.—AGGREGATES OF PRODUCTION IN THE UniTED Kinepom. 








1910. | 1909. | 1908 | 1907. | 1906. 









































sia | i, | 19m. 
tons tons tons | tons tons. tons tons 
Steam tonnage* .. 1,924,320 1,985,184 1,244,930 | 1,131,549 980,600 1,739,200 | 1,944,000 
Sailing tonnage .. 129,680 47,874 43,660 | 25,627 54,200 56,200 39,800 
Totals eo os ae ..| 2,054,000 2,033,058 1,288,590 1,157,176 1,034,800 1,795,400 | 1,983,800 
His Majesty’s Dockyards .. =... Sie 54,230 55,600 52,852 46,320 42,426 | 61,800 47,100 
Grand totals 2,108,230 2,088,658 1,841,442 | 1,203,406 | 1,077,226 | 1,847,200 | 2,080,900 
| } 
Foreign-owned tonnage 471,600 400,000 245,636 317,000 376,600 | 547,000 406,000 
Pr cntdta.. 22.4 20.0 18.3 53 | 3 | 304 20 
Total merchant tonnaget 1,911,585 1,858,624 | 1,209,255 | 1,078,436 | 992,250 | 1,714,500 | 1,922,860 
Per cent. of steam merchant tonnage to) ” 
total merchant tonnage... it a 93.2 97.5 96.5 98 95 96.7 98 
Horse-power of engines 2,271,775 2,241,500 1,671,600 | 1,484,810 1,157,140 1,712,180 | 1,816,000 
P t. of all Naval tonn to merchant} | 
nS ee ee | 10.9 nue | 7.5 7.75 5.6 








* Includes warships built in private yards. 


and the shipbuilder and shipowner capitalist have not 
sufficiently profited. 
We have received returns from about 130 shipbuild- 
ing firms, to whom we have pleasure in expressing our 
teful acknowledgments. 
or 1333 vessels of every conceivable type. There is 
again some confusion of opinion as to the standard by 
which tonnage is reckoned, and, moreover, many ships 
2468 2468 


2468 24e 


2468 











2468 2z2¢4é6 a2é¢4eée 24686 anne 
70 1380 1890 1900 1910 
Fig. 1. Diacram sHowrne Toran Propuction, 
EXCLUDING WarsuHips Burtt 1x H.M. Docxyarps. 


have not yet becn officially measured, so that we can 
only claim approximate accuracy in our tonnage result. 
For the 1333 vessels this aggregates 2,054,000 tons ; 
when to this is added the work done in the Royal Dock- 
yards, the total for the United Kingdom is 2,108,230 
tons. This compares with 2,088,658 tons produced in 
the previous year. The increase of less than 20,000 
tons is thus equal only to about 1 percent. In the 
years 1908-10 the average production was only about 
1,200,000 tons per annum, so that during the past 
two years the production has been 75 per cent. greater. 
Undoubtedly it would have been more, particularly 
during the past twelve months, but for labour troubles, 
difficulty in getting material, short time worked by 
ironworkers and others, and deficiency in numbers of 
workmen. The former year of great activity (1906) 
had a total which was only 77,330 tons less t that 
of the past year. Thus, while a record has been 
established, it is not by any means so far in excess 
of some previous records as had been anticipated. 

Before entering upon a detailed analysis of the 
fi one or two of the outstanding features 
of the year’s work may be briefly indicated. There 
were rather fewer small craft completed and fewer 
moderate - sized ships, but a greater number of 
vessels between 6000 and 10,000 tons register—60, 
as compared with 34 in the previous year. Seventeen 
merchant ships exceeded 10,000 tons—one less than in 
the previous year; the largest is only of 18,500 





has not been completely gathered in, and the worker 


tons, the honour of launching the leviathan of the year 


These returns account | 


+ Excludes British and foreign warships. 


the Imperator. Next year, however, we shall have 
more than one such behemoth in the British 


list. Especially notable is the increasing popularit 
of floating docks for the repair of ships, cal ; 


this year 
six have n completed : two of 33,000 tons lifting 
wer, respectively for the Chatham and Portsmouth 
ockyards; one, almost = in power, for the 
Vickers Canadian Works at Montreal; one of 5100 tons, 
for Lai ; one of 3750 tons, for Sourabaya, and a 
British Government dock of 1500 tons for lifting sub- 
marines. So far as sailing vessels are concerned, only 
two schooners, each of 584 tons, were built, and again 
we have to note the fact that owners do not care to put 
into force the much recommended practice of fitting oil- 
engines as auxiliaries for sailing craft ; no such vessel 
has been built in this country. The Isherwood system 
of longitudinal framing continues in favour, the num- 
ber of vessels now completed in this country, or under 
construction, with this system being 145, of 710,671 
tons gross, while the vessels built by, or ordered 
from, foreign shipbuilders make the aggregates 240 
vessels, of 1,078,151 tons. The system of -froming 
introduced by Messrs. Doxford and the ‘‘ Monitor” 
system are also represented in the year’s work. 
Of steam fishing craft there has been a large number 
this year, although there is evidence that the drifter 
is continuing to gain in favour as compared with 
the trawler. Of pleasure craft there are no large 
vessels, the most notable being the Duke of Bedford’s 
acht Sapphire; quite a number of small craft have 
n built, fitted in many cases with oil-engines. The 
high prices ruling have no doubt militated against 
the ordering of pleasure craft. 

The marine engineering soto of the year repre- 
sents collectively 2,271,775 horse-power, which is 
30,275 horse-power greater than in the previous year, 
so that the a has increased proportionately 
to the tonnage. hen comparison is made with the 
“lean” years, the horse-power is only about half 
that of the past year, while, as compared with 1906— 
the year of exceptionally large output—the increase is 
455,775 horse-power. This increase, which is dispro- 
portionate to the addition to tonnage, is due to the 
greater number and larger power in warships now built. 
The proportion of naval to merchant tonnage ranged 
from 5 to8 per cent. in 1905-8 ; for the last three years 
it has been from 10 to 13.6 per cent., and as the tendency 
is towards a much higher ratio of horse-power to dis- 
placement tonnage, to ensure higher speeds than for- 
merly, warship turbine-power bulks more largely in 
the total. The number of merchant ships with turbine 
installations is rather fewer than in former years. 
On the Clyde seven ships, of 54,815 tons, were 
built, whilst on the Mersey a Channel steamer of 
1488 tons was fitted with turbines of 7000 horse-power, 
and an Indian ferry steamer and a cargo steamer with 
turbines and geering. The combination system, where 
turbines are fit for utilising the exhaust from 
reciprocating engines, is still largely favoured, and 
four of the largest ships built this year are so 
fitted.. Great interest, too, has been taken in the 
application of geared turbines, and, as experience 
with vessels so far fitted shows, with very satisfactory 
results, as turbine and propeller may be designed for 
their respective highest efficiencies, since there need 
be no compromise in respect to the speed of rotation, 
the gearing enabling the turbine to be run at the high 
speed conducive to thermal efficiency and the propeller 
at the relatively low — essential to propulsive 
efficiency. In naval work especially there is prospect 
of distinct departures in this direction, while in 
merchant ships the performances of existing vessels 
are being watched with interest. The system is par- 
ticularly suited to aa shipe, and the year’s 
at ea a shel -deck steamer of 5310 tons 
—typical of the great majority of cargo-carryin 
vessels in the world’s fleet— which is fitted "With 
Parsons turbines of 1900 horse-power, driving a large- 
diameter on gees through gearing. The oil-engine 

ng 





passing to the Vulcan Works of Hamburg, who floated 





for prope ships has been fitted to two ocean- 
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TABLE V.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1906 TO 1912. 
sanseiipiaipaianitaaesnatiapiiiaial SS NTN — , — — — 
. - Per Cent. OF POoWER-PROPELLED TO | Per Cent. OF COLONIAL AND FoREIGN-OWNED TO 
Tora, Propucriox. | AL Tons. ToraL Tons. 
District. | - ———__—__-_—- 
| 1912. 1911. 1910. | 1909. 1908. | 1907. | 1906. | 1912. 1911. 1910. 1909. | 1908. || 1912. | 1911. | 1910. | 1909./ 1908. | 1907. | 1906. 
SEE ~ | } } “reac 
Scotland. No.| tons tons tons tons tons tons | tons | 
Clyde (including outports) 380} 642,000 | 632,000 | 393,000 | 404,000 | 352,800 | 624,000 | 600,800 || 93.3 98 97.6 98.54 | 92.25 || 25.2 21.5 24.6 24.2 34 25.10 | 13.3 
Other Scotch ports os | 93) 41,000} 41,000} 27,800 22,000; 45,000| 52,000/ 56,000 } 96.4 83.6 96.87 100 99.6 | 33 39.0 15.4 | 22.4 42 32.72 | 41 
England. 1] | 
Tyne oe és ..| 98} 380,000 | 418,000 | 230,000 | 203,000 | 213,000 | 345,000 | 409,000 | 89.6 97.6 95.92 100 | 96.7 || 20 28.7 14.9 | 29.7 44.5 32.48 | 32.6 
Wear oe oe _ ..| 82) 314,000 | 287,000 | 173,600 | 132,600 | 85,000 295,000 | 343,000 || 100 99.99 | 100 100 |100 || 82.8 26.5 19.5 | 33.2 | 39.4 38 14.5 
Tees ee ee _ <e .-| 71} 149,000 | 148,000 | 111,000 | 64,000 | 59,000 | 141,000 | 151,000 || 99.35 99 99.9 98.5 | 9 || &7 14.5 | 7.2 | 27 18.7 39.08 | 24.6 
Hartlepool nis ® ae ei ..| 80} 130,000 | 136,000 | 77,000 | 68,000 | 37,000 102,000 | 160,000 || 100 100 100 100 {100 \| 19.2 19.9 25.9 | 17.8 38 39.60 | 19.6 
Barrow-in-Furness (including Work-| | 
ington and Maryport) .-| 12} 55,700} 52,000 20,500 | 61,000 | 15,000 6,500 | 29,000 55 98.85 | 100 100 100 | 4.7 76.5 | 54 33.3 0 77.5 
Mersey os ae ne 106; 83,200 . | 21,600 | 24,500) 23,000 7,300 8,600 58.5 91.45 $4.8 87.5 | 90.45 17.4 24.8 24.5 (51.26 5.8 0 10.7 
Blyth and Whitby = hu --| 4} 12,200 9,258 4,890 | 6,276 6,725 7,800 8,400 || 100 100 86.3 100 =—/100 0 0 4.9 0 56.5 | 0 15 
Humber (Hull and Grimsby) . . ..| 181) 52,700 | 45,000 28,800 | 24,900| 20,500 35,800; 37,000 || 92.4 90 82.7 3.7 | 83.2 14.8 5.6 7.6 9 13.7 } 5.04 | 20 
Thames and other English and Welsh | | | i] | | 
ports .. oo oe os ee me 29,500 | 51,000 33,300 | 25,900 | 18,200) 39,500 32,000 || 57.7 80 56.5 58.8 | 22 20.02; 18.0 26.2 | 43.7 80.7 | 39.80 | 218 
| i | | | 
Treland. | } 
Belfast, Londonderry, Dublin, &c. i. 22 164,700 186,800 | 167,100 | 121,000 | 158,600 139,500 149,000 || 99.43 99.99 99.98 99.97 99.99 0 1.61 9.9 | 17.9 38.4 | 22.04) 8&4 
| | ' | | 





going ships, a fleet of coasters, and an increased 
number of small boats. The Eavestone, with engines | 
of 1150 horse - power, and the Fordonian, with | 
engines of 1100 horse-power, na | the number of 
the British-built oil-engine-propelled sea-going ships 
to six, while on the Continent there have been launched | 
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471,600 tons—equal to 22.4 per cent. of the total out- 
put of the United Kingdom. This is a higher propor- 
tion than in the two oe. years, but is less 
than in the years 1907-09. ractically all coun- 
tries are represented in the clientéle, and a notable 
feature is the large a t of t which has 
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seven more. But, as will presently be indicated, a 
much larger number of ships are now in course of con- 
struction. The year’s list also includes a ship with 
gas-engines—the Y Ddraig Goch—which is of 952 tons, 
with producer-gas engines of 250 horse-power. This 
vessel, however, is to be full-rigged, and the engines 
will only be used as auxiliaries. 

The only other general points in elucidation of our 
table showing the aggregate figures of production has 
reference to the foreign-owned tonnage, which totalled 





been built for the British Dominions over the seas. 
The sail tonnage, which is 6.8 per cent. of the total 
merchant tonnage, is higher than for many years. 
This, however, is due to the fact that there are included 
the six graving docks already enumerated. Deducting 
these, the sail tonnage left is only 28,330, and is 
largely accounted for by river and coasting 

“Tis remarkable that some of the districts have not 
increased their output of the previous year. This is 
especially notable in the case of the Tyne and 





Hartlepool. In the former, the total comes out at 
9.1 per cent. less than in the previous year, while in 
the Seaeer it is 4.4 per cent. less. Ireland is in the 
same position, the output there being 11.9 per cent. 
lower than the record total achieved in 1911, but 
here too much importance should not be attached 
to comparisons, because the inclusion of an excep- 
tionally large ship in any given period in small 
districts somewhat affects the result. As we have indi- 
cated, no leviathan was floated in 1912 from the 
Belfast works, and one such vessel alone accounts 
for considerable apparent fluctuations itt work. Of 
the other districts, the Clyde has increased its total 
by 1.6 per cent. The other Scotch ports have a total 
exactly the same as the previous year; the Wear 
has an addition equal to 9.4 per cent.; the Tees, 
of 4.2 per cent. ; the Humber, of 17 per cent. ; while 
the Barrow and Mersey figures, like those of Belfast, 
are affected by the inclusion or non-inclusion of a 
large ship. Jith the exception of the Clyde, 
again, no district has reached its former maximum. 

e tabulate the percentages of increase (+) or de- 
crease (—) for all the important districts, as compared 
with the preceding year, 1911, and as compared with 
the year of maximum output in the past. 


Clyde 2 .. +L6 p.c. (1911) + 1.6 p.c. maximum (1911) 
Other Scotch ports — p.c. (1911) -26.8 p.c. o” (1906) 
Tyne .. ze .- ~9.1 p.c. (1911) - O81 pc. 9 (1911) 
Wear .. .. $9.4 p.c. (1911) - 85 pe. *” (1906) 
Tees .. .. .. +42 p.c. (1911) - 1.33 pe. » (1906) 
Hartlepool .. .. —44 pc. (1911) -18.7 p.c. ” (1906) 
Irelan . -1L.9p.c. (1911) -1L.9 pac. » (oil 


Tue Size or tHe Sures Burr. 


In Table IT. there is set outa classification, according 
to their size, of the 1333 vessels launched during 1912 
and the four preceding years. It will be seen that 
the vessels of less than 500 tons number 858, which is 
82 less than in the previous year, but 44 more than in 
1910. In the case of vessels between 500 and 1000 
tons, again, there is a decrease, the number being 78 
as compared with 116. This is due in large measure to 
the demand for coasting and river steamers in the South 
American Republics having been met or discontinued 
owing to high prices. The feature of the table is the 
increasing number of larger ships being built, notably 
those between 5000 and 10,000 tons. Last year there 
were in such clase 134, as compared with 94 in 1911, 
46 in 1910, 36 in 1909, 40 in 1908, and 60 in 1907. A 
great number of these vessels are being built for mail 
and other lines, who are utilising them for the carriage 
of second and third-class passengers, as well as cargo, 
so that they take the place of the tramp-steamer. 


TaBLE II.—Showing Sizcs of Vessels from Private Yards. 
fa Mi | 














= 1912. | 1911. 1910. | 1909. | 1908, 

—_ -— — 
Under 500 tons .. - --| 858) 940 814 | 722 | 1079 
Between 500 and 1,000 tons .. 78 116 71 70 61 
o Ee ana (+ 77 72 79 59 
jo ee © Hae 37 34 52 40 
» 8000 ,, 4,000 ,, 42 61; 49 41 25 
», 4000 ,, 5,000 ,, 78 9 | 61 72 39 
» 000 ,, 6,000 ,, 74) 60 17 18 22 
» 6000 ,, 8,000 ,, 4s) 2 4); WW 12 
» 8000 ,, 10,000 ,, 12/ 12 3 eae 6 
Over 10,000 tons .. Si 24 25t 10 | 8 ll 
Total .. | 1888 1445 «1157 | 1080 | 1354 

] i 





This table does not include warships built in the Royal Dock- 
yards (see 883 of our previous issue). * Includes four war- 
ships and three docks. { Includes six warships and one dock. 

In Table III., on the next page, there is given a 
list of the notable large merchant steamers. 


MARINE ENGINEERING, 

The high speed and consequent power of the 
modern warship has tended to augment the statistios 
of modern engine production. Last year, for instance, 
the warships required turbines of 645,000 collective 
horse-power, while the average for the past three 
years has been 666,000 horse-power per annum. For 
the preceding eight years the average was under 
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TaBLeE III.—Notably Large Merchant Steamers. 
Name. | Tons. L.H.P. Builders. 
White Star liner 18,600 8,370" Harland and Wolff, Ltd., 
Ceramic | Belfast 
Canadian Pacific 16,850 —t Fairfield Co., Ltd, 
liners Empress of | lasgow 
Asia and Empress, | 
of Russia | 
Neston --| 16,6 8,000 Workman, Clark and 
Co., Ltd., Belfast 
Union Steamship 13,500 —* John Brown and Co., 
Co. of New Zealand Limited, Clydebank. 
liner Niagara } 
Desna, Darna, and 11,500 5,960 ‘Harland ae Wolff, Ltd., 
Drina Belfas' 
P. and O. liners’ 11,120 9,000 \Caird at Os. Limited, 
Beltana and Ben- Greenock. 
alla | 
Spanish Transatlan- 10,840 | 11,000* Swan, Hunter and Wig- 
tic liner Reina ham Richardson, Li 
Victoria Eugenia Newcastle 
Hawkes Bay ‘ 10,650 | 5,200 Workman, Clark and 
| | Co., Li Belfast 
Makarini 10,624 | 5,200 Ditto Ditto 
Vestris 10,494 7,000 Ditto Ditto 
Vauban -.| 10,421 | 7,000 Ditto Ditto 
Holt liner Ixion --| 10,220 5,500 Scotts’ Co., Limited, 
} Greenock 
Spanish Transatlan-- 10,020 | 11,000* Denny, Dumbarton. 
tic liner Infanta | 
Isabel de Bourbon 
* Combined reciprocating and turbine engines. t Turbine 


machinery. Others reciprocating machinery. 


310,000 horse-power. It is true that the output of 
warships has increased, but not in the same propor- 
tion. When it is remembered that the power in 
battleships has increased threefold for about 
double the displacement, and that in torpedo- 
boat destroyers the increace is equally marked, 
the steady advance in the horse-power of ma- 
chinery produced will be understood. We have 
already referred to the former record output of 
tonnage in 1906. As compared with that year there 
is only a difference of 77,330 tons in the ship produc- 
tion, whereas in the machinery output the difference is 
455,775 horse-power. When compared with 1911, 
when the warship horse-power was greater, last 
year’s figures show an increase of only 30,275 horse- 
power. From the lowest total of this century—that 
of 1908—there is a recovery of 1,114,635 horse-power, 
and of this 425,150 horse-power is due to warship 
machinery. 

The output of the several districts, recorded in 
Table IV., shows gains on the Clyde and the North- 
East Coast and Barrow, where a large part of the 


TABLE IV. —Horee- Power of Engines Constructed. 




















i | 1912. 1911. 1910. | 1909. 1908. 
Clyde .| 878,000 | 787,000 | 621,000 | 648,500 478,000 
Other Scotch| 

ports | 85,000 | 47,700] 30,700} 24,500, 55,000 
Nerth - East| 

District . | 840,000 | 779,000 | 518,000} 428,800 884,000 
Humber 64,450 | 55,700| 44,000} 36,700 27,600 
Barrow | 136,750 | 121,000] 90,000] 122,110 58,850 
Mersey 106,425 | 127,000| 72,500] 43,900 8,200 
Thames and) 

other Eng: | 

lish ports../ 117,700 | 174,000] 157,700 | 56,500) + 90,000 
Ireland of 93,450 | 150,100 | 137,700 | 123,800/ 105,490 

Total wks awe 775 | 2,241,600 | 1,671,600 | 1,484,810; 1,157,140 


warship machinery has been built. The incressed 
t on the Clyde as compared with that of 1911— 
91,000 horse-power—is Bo to 114 per cent. The 
total, however, is 400, horse-power, equal to 834 
r cent., more than in 1908. On the North-East 
t, where more destroyers than usual were launched 
in 1912, the output is 840,000 horse-power, 61,000, 
or 7.8 per cent., more than in the previous year, and 
much more than double that of 1908. The Ww 
total constitutes a record, while the Mersey total, 
although including machinery of two battleships and a 
cruiser, is not so large as in the previous year. As 
with the tonnage, the total aggregate power of 
machinery constructed in Ireland is considerably less 
than the — year, for the reason already stated. 
We have a referred to the application of the 
steam-turbine — 5 the internal-combustion engine in 
ships built durin — past year. The work in hand 
in connection with the oil-engine indicates a growing 
confidence on the part of marine engineering firms in 
this country, although it must be admitted that there 
is very considerable hesitancy in guaranteeing the 
results, particularly for anything above very moderate 
powers. Of the ships already completed, the Selandia 
and Jutlandia alone have been tested on long voya; 
It is not necessary to enter into details as to the results, 
in the light of the fact that the owners, the East 
Asiatic Company, are not only fitting Burmeister and 
Wain engines into all their new ships, but contemplate 
superseding by oil-engi the comparatively new 
steam-engines in existing ships. The Kavestone and 
Fordonian, which last year were fitted with Carels 
engines, have not yet completed extensive ruus. 
Details of the first voyage of the Hamburg-America 
liner Christian X., also with internal - combustion 





TABLE VI.—Propvcrion 1n 1912 or Eacu Surpsurnpinc Firm IN THE UNITED KINGDOM, WITH 
CoMPARATIVE FiGURES FOR PrREvioUS YEARS. 
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YEarty | Geile, 
| 1912. 1911. Lanonst TOTAL | avmraor,| TOTAL, | Geel | Sei 
Since 1900. | 1901-10, | 1911-12. >) & 
| NAME OF Firm. 3 &- m1 
. —_ i _ ee e¢ 
j 2s & af 
=. No.| Tons. | No. | Tons. | Year.| Tons, Tons. | Tons. | S™5& | g5 
Swan, Hunter and Wigham Richard- | 
| son, Ltd., Wallsend-on-Tyne .. 21 121,281 24 125,050* | 1906 | 126,291 | 83,566 |246,331 | 37,728 |39600t 
'Workman, ‘Clark and Co., Ltd., Belfast 10 85,391 8 49,993 | 1909 88,952 | 59,373 |135,884 950} 
3 |Wni. Doxtord and Sons, Ltd., Pallion, 
| Sunderland 18 92,988* 17 83,166 | 1907 | 106,058 54,594 |176,154*| 59,397*| — 
\Wm. Gray & Co., Ltd., West Hartlepool} 20 | 90,272*| 18 | 84,882* | 1912 | 90,272*| 54,076* |175,154*| 28,219 | — 
5 \Harland and Wolff, Limited, Belfast .. 7 77,591 10 118,209 | 1911 | 118,209 80,875 (195,800 “aren. Wir 
6 |Cammell Laird & 0o., Ltd., Sane 44 77,032 56 27,224 | 1912] 77,032 10,265 |104,256 | 12,631 (338284 
|Russell and Co., Port G 13 71,224 14 72,230 | 1904 73,689 62,065 |143,454 | 13,135 | — 
Palmer’s Shipbuilding = Iron Co., | 
, Jarrow-on-Tyne 7 58,902 8 39,342 | 1912 58,902 23,734 | 98,244 —- |j- 
Scotts’ rl Ge and _ Engineering 

Company jock .. 9 58,313 5 31,478 | 1912 48,313 19,674 | 89,791 _ 1413 
‘Northumberland Shipbuilding Com- 
er pany, Ltd., Howdon-on-Tyne .. ‘ 12 62,130* | 13 66,400* | 1911 66,400* 39,537 |128,530*) — _ 
Vi ickers, Limited, Barrow-in-Furness ..| — 52,860 _ 49,960 | 1909 60,200 26,588 /|102,820 — (|25000+ 
Irvine’s ny Limited and Dry Docks | 

Company, ited, Hartlepool --| 10 52,410” 16 73,430* | 1906 78,574* 48,344* |125,840* _- _ 
— & Sons, Ltd., Stockton-on-Tees) 10 49,126* ll 28,571 1912 49,126* | 27,740 | 77,697 — — 
(Charles Connell and Co., Ltd., Glasgow! 8 | 45,313 s | 87,850 |1912| 45,313 | 34,758 | 83163 | — _ 

—- Curle & Co., td., G 8 43,412 8 40,134 | 1907 47,332 31,261 | 83,546 6,703 | — 
|Sir G. Armstrong, Whitworth and 
| Co., Limited, Newcastle-on-Tyne__. a 41,535 13 74,124 | 1907 74,228 43,886 (115,659 | 16,676; — 
Hamilton and Co., » Port Glasgow!| 7 40,029 6 26,101 1907 44,305 22,443 | 66,130 | 15,950 | 3750t 
Joseph L. Thompson and Sons, Ltd., 
| Sunderland. . ee a 8 37,749 9 44,877* | 1907 48,218 24,581 82,626 4,126 _ 
R. and Hawthorn, “Leslie and 
Co., Limited, Newcastle-on-' — 7 37,460 12 39,594 | 1911 39,594 21,817 | 77,054 8,074; — 
20 Fairfield Co., Limited ited, Glasgow 4 36,626 6 40,107 | 1907 48,020 34,338 | 76,733 X - 
Caird and Co., Ltd., Greenock ox 4 35,936 2 23,477 | 1912 35,936 14,527 | 69,413 a _ 
William Denny & Brothers, Dumbarton| — 33,925 _ 40,446 | 1906 40,632 32,943 | 74,371 | 10,020; — 
we Duck and Co., Stockton- 
n-Tees 8 33,062 8 36,244* | 1911 36,244* 21,571 | 69,306* — _ 
Short Brothers, Limited, * Pallion, Sun- 

derland 6 31,363 6 31,425 1911 31,425 23,666 | 62,788 _ — 
Craig, Maal and Co., Ltd., Stockton- 

on- 6 30,817 6 31,793* | 1901 40,244 | 20,448 | 62,610 6,780 | — 
John ‘Readhead and Sons, Limited, | 

South Shields se 6 30,487 8 32,911 1911 32,911 23,193 | 63,398 — - 
Alex. Stephen and Sons, Ltd., Anns 5 29,611 8 38,159 | 1907 44,003 25,306 | 67,770 7,644) — 
D. ae - Henderson and Co., Ltd., 

5 27,766 6 29,247 | 1902 | 389,849 25,435 | 57,013 — — 
Earlee Shipballaing and Engineering 

Co., Ltd., Hull 12 26,189 9 20,100 | 1912 26,189 10,053 | 46,289 3,600 | — 
A. McMillan and Son, Ltd., Dumbarton 6 26,141 4 19,901 1912 26,141 17,416 | 46,042 - _ 
Sunderland Shipbuilding Co., Litd., 

South Dock oe | 7 24,078" 7 19,469 | 1912 24,078* 12,348* | 48,547*| 12,676) — 
Greenock and Grangemouth Dockyard | 

Co., Ltd., Greenock and Grangemouth; 10 23,586 i) 11,543 | 1906 31,326 | 18,029 | 35,129 8,654) — 
Sir James Laing and Sons, Limited, 

Sunderland 5 23,538 4 17,786 | 1901 39,200 26,6139 41,324 3,913 
Sir Raylton Dixon and Co., Lta., Mid- | 

dlesbrough-on-Tees oe 8 23,467 13 36,782 | 1911 36,782 23,666 | 60,219 4,573 
Bartram and Sons, Sunderland | 5 22,855 5 24,610 | 1911 24,610 12,763 | 47,465 — 
John Brown and Co., Ltd, Clydebank .. 6 22,782 8 65,613 | 1911 | 65,613 40,640 | 88,395 _ — 
J. Priestman and Co., Southwick, Sun- 

derland aR 5 22,230* 5 14,631* | 1912 22,230* 12,283* | 36,861*| 3,414 
W. Beardmore and Co., Ltd., Dalmuir.. 3 20,926 3 31,400 | 1911 31,400 14,973 | 52,326 | 16,000; — 
Robert Thompson and Sons, Ltd., South- | 

wick, Sunderland. . 6 19,221 6 14,733 | 1912 19,221 11,662 | 33,954 | 12,276) — 
J. Blumer and Co., Sunderland | 5 15,973 5 14,701 | 1906 18,387 12,859 | 30,674 _ _ 
Napier and Miller, Ltd., Old Kilpatrick, 

near Glasgow 7 15,161 9 14,004 | 1907 19,785 14,671 | 29,165 5,546 | — 
Robert anaes and Co., Ltd., Port 

G oe ‘ 4 15,059 1 4,965 1906 15,613 6,402 | 20,024 _ _ 
Ailsa Co., "utd. Troon and ‘Ayr os _ 14,085 18 6,562 | 1912 14,035 6,118 | 20,597 | 18,339 | 1896 
William Pickersgill and Sons, Ltd., | 

Southwick, Sunderland 4 13,783 4 11,262 | 1905 23,950 12,377 25,045 _ — 
— Dobson and Co., Newcastle-on- 

+ 12,231 10 21,227 | 1906 24,811 12,751 | 33,468 6,289 | — 
Blyth ‘Shipbuilding Co., Lia., Blyth i 4 12,215 6 9,258 | 1912 12,215 7,452 | 21,473 - — 
ndon and Glasgow shipbuilding and 

sapneenng Compeny, } td., Glasgow, 3 12,210 2 10,800 | 1901 17,552 8,193 | 23,010 _ _ 
Caledon Shi; — and Engineering 

Co., 8 12,133 9 11,763 | 1906 12,570 9,234 | 23,896 4,370; — 
Tyne Iron Shipbuilding Co., be Ltd., 

Willington Quay-on-Tyne 3 11,537 5 19,459 | 1911 19,459 13,904 | 30,996 - _ 
\Osbourne, Graham and Co., “North 
| Hylton, Sunderland ‘ 6 11,408 7 10,001 | 1907 11,437 7,120 | 21,409 8,924; — 
‘Mac ie and Thomson, Ltd., 15 11,320 31 5,549 | 1912 11,320 4,294 | 16,869 | 11,320; — 
|Wood, Skinner and Co., tas Bill Quay, 

Newcastle-on-Tyne 5 10,945 8 15,118 | 1911 15,118 9,049 | 26,063 6,383 | — 
— Dock Co., Ltd., Southbank-on- 

--| 30 10,029 55 11,983 | 1911 11,983 ‘ 22,012 _ _- 
gon ton Ferguson, Ltd., Paisley en: ae 9,300 10 6,700 | 1906 7,360 5,216 | 16,000 - _ 
\ClydeS oo and Engineering Co., 

Port G w 5 8,831 6 12,376 | 1909 13,305 8,686 | 21,207 749); — 
\s. Pi Austin and Son, Ltd., Sunderland | 4 8,420 6 10,047 1901 11,189 7,087 18,467 _ _ 
\Cochrane and Sons, Selby.. 36 8,242 39 8,834 | 1911 8,834 3,829 | 17,076 933 
Goole as and Repairing Co., 

Ltd., Goole 27 8,110 32 8,905 | 1911 8,905 6,232 17,015 3,158 | 1306 
|William Simons and. Co., Ltd., Renfrew | 10 7,643 8 6,100 | 1901 8,650 7,627 | 13,743 6,571 | — 
‘Campbeltown Co., Campbeltown ee 4 7,574 4 7,400 | 1912 7,574 3,361 14,974 7,554) — 
Lobnitz and Co., Limited, Renfrew 14 7,100 26 6,565 | 1912 7,100 4,577 | 18,665 2,478 | — 
Book Welton & Game Co., Port Glasgow) 4 7,025 1 1,156 | 1902 8,672 3,124 | 8,171 _ — 

elton & Gemmell, ‘Lid., vw 27 7,012 28 7,522 | 1903 8,366 5,626 | 14,534 — — 
W. Harkess and Son, Limited, Middles- 
brough-on-Tees 9 6,630 7 7,117 | 1911 7,117 2,959 | 13,747 1,741 | 968 
— Forrestt Shipbuilding. , Engineer- 
ian ao , Ltd., Wyvenhoe 34 6,104 | 34 1,391 | 1912 6,104 5956 | 7,495 — 3190 
Alloa 3 5,331 | 3 705 | 1912 5,331 1,5975 | 6,036 | 1,420) — 
and Fe " Limited, Leith. 5 5,202 5 5,164 1907 5,545 4,019 10,366 934 _ 
Hall, Russell a , Ltd, Aberdeen oT a 5,196 20 5,225 1902 8,865 4,966 10,421 1,066 _ 
J. 1 White a Co., Ltd., Cowes..| — 4,476 -- 2,627 | 1910 5,130 2,2976 7,103 2,000; — 
J \Crowtr ahd Sons, Limited, North | 
ds, Sunderland ‘i 3 4,267 5 6,264 | 1909 6,583 | 3,931 10,531 _ _ 
A. W. Robertson and Co., London 23 4,223 18 2,774 | 1906 4,227 | 2,6455 997 73 | 4175 
Yarrow and Co., Limited, Scotstoun 10 3,347 18 5,931 1911 5,931 | 2,0306 | 9,278 677 | — 
John L Thornycroft and Co., Ltd, Wools | | 

ton, Southampton 10 3,100 35 4,247 | 1906 4,335 3,3336 7,347 680 | 100 
|Bow, McLachlan and Co., lta, Paisley ll 3,039 10 3,309 | 1906 5,659 2,839 6,348 1,2%2 | 584 
— m Brothers, Limited, Port 

4 2,980 9 6,132 | 1911 6,132 22,548 9,112 _ _ 
‘Richa Williamson & fon, on, Workington 4 2,823 3 1,637 | 1912 2,823 1,2386 | 4,460 815; — 
77 |Alley and MacLellan | 

gow 32 2,750 25 2,630 | 1910 3,500 2,5629 5,380 2,750 | 2350 
The John Duthie Terry Shipbuilding 

Company, Aberdeen 17 2,609 18 2,751 1907 3,783 1,567 5,360 253; — 

* Includes erections. + Includes floating docks. t A caisson. 5 For five years 6 For six years, ® For nine years. 
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there were 34, two less than in the previous year and 
TABLE VI.—Propvction 1N 1912 or Eacu Suipsuitpine Firm In THE Unitep KINGDOM, WITH 19 more than in 1910; between and tons 
CoMPARATIVE FicguRES FOR Previous YEARS—Continued. there were 49, as compared with 34 in 1911, 32 in 1910, 
65 in 1909, and 32 in 1908. Of the total, 217 vessels 
| | _ : ' 
YEARLY gS ig were under 500 tons. 
1912. | 1911. kanenae oth | seman] oe, — es The other Scotch firms produced 93 vessels, the 
No.| NaME OF Firm. —_ | 3&7 = | total ton being 41,000, the same as in the previous 
| —— o* ww - , , 
| —— [nr Gant tee — ——|———_| § Ee 5 & ear, but less than in 1908, 11,000 lews than in 
| a) ee? ie | See Qed Sen, Tons. | Tons | S™= | $= | 1907, and 15,000 less than in 1906. One-third of the 
"79 |Scott and Sons, Bowling .. ~g | 2600 | 7 | 1,280 |1908| 2,909 | 1,952 | 3,880 | 1,535 alt eliag Poverty Roger ye ~: 
and Sons, Bowling .. ..__—«.. 5 , . 1,952 5 , — | which is about an average. A large number of the 
80 |Murdoch & Murray, Ltd., Port Glasgow, 7 2,521 | 4 | 998 | 1911 6,839 3,261 | 3,519 | 2,110 00 : 
81 Lytham Shipbuilding and Engineering , } | vessels were fishing craft. 
| Company, Limited, Lytham .. — ..| 15 2,257 | 20 2,212 | 1912 | 2,257 1,3449 | 4,469 493 | 180 — 
g; \Boninost'Shipperd.Gedtreok,Obeperow| 20 | fim | 8 | xors (ins | gem | gane| soe | 2000/1070 © eyes 
rook Shipy’ u . ’ . . ‘ 704 | 1,906 | 1,4 -E 
84 John Fullerton and Co., Paisley... --| 4 | 2121 | @ | 40 | 1907! sion | 900 | a3ei | om | Waithe: these aus tended ak cone al 2 
nc! * P| | | , : ’ 
«oat Sapeers ees FE 1,990 | 16 2,200 | 1911] 2200 | — 4,190 | — | 1,990| tons, as compared with 346 vessels, of 993,000 tons, 
86 I". 5. Casaend and Sons, Limited,| a nae on tone ate? ome pee in the previous year. In 1906, however, the total 
‘oe an a io Pe J 7 F . — _ : , : 

87 |Hawthorn and Co.,Ltd,,Leith :.  -.| 6 | 1,815 | 2 45 | 1907 | 1,425 627 | 1,860 | 1,963 | 1,455 an end —_ oo a this year’s return is 86,200 
«plone beg = n 1,908 10 1,008 4 Nord 1,406 | 3,453 sis _ The Tyne firms juced 93 vessels, of 380,000 
rdrossan Co., bs rossan .. ° 7 1 2,1 1,165 3,318 | 1,371 | — i han i A 
90 John Ohambers, Lowestott -.| 20 | ew | 2 | eer |im0| sor | ies | ser | 18s | 161| “OD% pow yy weal so _ yo a 
91 |Dublin Dockyard Company, Dublin | | 4 1,641 2 1,976 | 1911 1,976 1,2486 | 3617, — — |year, , an ’ 0 in 
92 |Isaac J. abdelia and Mitchell, nage ‘ bes an Unie | the —_ the output has —— as low as 000 

Queensferry ARES Gi ep . 1,340 _ 1,840 640; — | tons. is year’s return in -cerui 
93 |A. and J. Inglis, Ltd., G gow... ..| 2 1,333 7 7,871 | 1901 | 12,204 4,543 | 8,704 | — | = | Queen Sloss launched b — > a Neate “4 4 
94 [Edwards and Co., Ltd., Millwall.. ..| 23 | 1311 | 14 | 072 | 1906] 1,875 | 1,0808 | 2388) 127 | 874] 5 4 y - me $ - 
9% |W. H. Warren, New Holland, Lincs. -:) 14 | 1.205 | m1 | 1,785 | to | 1,785 634 | 2.930 |  80/ 1,010 agg Tae og meg ay the § = —_ ee 
\J. an n, Beversley an er, bui essrs. Swan, Hunter an ig 
@ “Seer ere 1145 | 9 1,860 | 1905 | 3,300 | 2,194 00 | — | 1,145] Richardso ; ; : ; 
97 |Crabtree and Co., Limited, Great| . | Biel soy ws Pen aon ge ogy ." = 
Rs << «<1 @ 1,062 | 7 581 | 1912 | 1,062 1,777 | 1,648 s76| — | machinery, ere was 8 e 33,000-ton 
0 \Joseph . Eltringham and Co, South} © | | | oe lag | dock for the Medway, built by the same firm. 
i oa a om ua rs , 972 | 1911 1,97 1,096 | 3,001 _ | _ ‘wo merchantmen between 8000 and 10,000 tons were 
99 |George Brown and Co., Greenock 6 1,010 7 2,524 | 1907 186 1,452 | 3,534 623 | — : : 
100 |H. Searr and Son, Hessle, near Hull ..| 7 820 | 10 1,470 | 1910 1970 1,154 | 2,290 40 | 660 | #180 produced. As in 1911, there were thus five vessels 
101 |Beeching Brothers, Limited, Yarmouth) 8 300 | 9 752 |1912| "300 a1s6 | 1552 | — | — |over 8000 tons. Over 6000 tons there were in all 
102 |Hepple and Co., Limited, South Shields| 7 758 6 450 | 1910] 1,004 543 | 1,208 318 | 120/17 vessels, which was rather more than in previous 
103 |Isaac Pimblott and Sons, Northwich ..| 26 676 22 725 =| 1911 725 3985 | 1,401 676 | 595} years, while of general traders between 3000 and 6000 
ee. —— ON 550 6 500 | 1907 7 3008 | tons there were 40—also a satisfactory total. Of the 
armouth .. a an ae ‘eed 570 1,059 | — -- aris 2 ° 
106 Philip « and Gon, Dartmouth, Devon se u 4 10 74 1910 810 6176 834 | 95 | total tonnage, one-fifth was for foreign owners—a 
1 1 regor an ns, Kirkintilloch ..) 1912 435 248 685 | 85 | 2 j i i 
107 |John Cran and Co., Limited, Leith ..| 5 369 12 602 | 1907 622 3588 971 42) — — pag dg —oe ae pte ee vealed 
108 |MacLaren Brothers, Dumbarton.. .. 26 357 | 28 155 | 1912 7 _ 512 | 205| 60 is is 89.6 | owes geeye 
io |Preck Beaky Sid Oo” Lismited, Dept:| ” wd Be << _ x ee eee th ad amet : ie lan hed 
y a , -| e Wear there were 82 vessels launc aggre- 
ford .. oo are ee ae os 2 320 5 135 | 1907 | 4065 455 — _ ing 314,000 tons, which is 27,000 ton ‘th A 
111 |Ritchie, Graham and Milne, G he 315 | 9 | 1,340 | 1904] 3,556 | 2,113 | eso} — | gating 314, . , S Gaeee Waee os 
112 Cox om Co., Falmouth .. eee a sa | — on 1908 466 = = | 230 ~ | 1911; but in 1906, the year of records, the output was 
118 A T. Cram toa, Portemouth Simmeai'| 57 298 | — _ -- - | = 298 | — | 278|29,000 tons greater. Practically all the vessels were 
4 Simpson, ickland and Co., ited, | steamers, and 32.8 per cent. were for foreign owners ; 
_ 2. out Quclieti| a a7 | M = | we 206 454 | 306 88| — |61 of the ships ranged between 3000 8000 tons, 
x pany, Limited, Invern oc 3 22 | — aa Eo 1,912 | 252 252 -~|= 10 4 them —s over 6000 tons. Only two of the 
116 |Camper and Nicholsons, : rt, | vessels were under 1000 tons. 
Hants ie as eel al we 213 | 6 976 | 1910 | 1,292 _ 1,189 | — 31 ; : : ae 
117 |Wm. Fife and Son, Fairlie...  |.| 11 198 | 9 261 | 1908 299 | 42 | “459 wl i Tees have still further improved their position 
118 |George and Thomas Smith, Ltd., Rye ..| 2 195 | 3 163 |1907| 297 | 195 | 333| — | 185/0f last year, the 71 vessels launched having a total of 
119 |Larne itigheliiing Company, Limited, | : as a tae oe ox ied nd tons. sagem — when there was a great 
Te eae a 2 | — | ~~ | collapse in trade on this river, the total being only 
120 |Hanna, Donald and Wilson, Paisley. 1 100 | 1 700 | — — — | 800 100} 100 : . 
121 | ne Shipbuilding Goupenp, Men. | 59,000 tons, there has been a steady improvement, but 
le trose. Sema S *laee 1 we] xe en = 100; — — | the total even now is still 2000 tons less than the record 
122 R. Macallister an in, - oe 88 3 176 — 190 1406 | 2) — 88 y i i i 
Seca eeetrties 2] Bi?) |=) ) Me) Bl) = | oes Sees Seer 
4 |A. Munro, Ardrishai me Aa a 5 30 _ — —_ yi — _ . - a 
125 |A: M. Dickie, Tarbert, Scotland:. ||) 8 es | 6 eSi-i = _ 150 | — | — |pany’s work at Southbank-on-Tees. Fifteen vessels 
126 ~~ Games and Co., Limited, | , se . ion Me were over 5000 tons, two of them exceeding 6000 tons. 
uuthergien.. ee we we wel come ie... 5t| — || This compares with only four in the previous year 
127 |J. Adam and Son,Gourock .. :.| 5 51 | 4 vo | awe ae ee ee 28 ! P yeas. 
128 [Menzies and Co., Limited, Leith. ||| 1 bo | — - — | “s0| — | — | Between 3000 and 5000 tons there were 11, as against 
129 Hamble River, Luke and Co., Limited,| . 19 in the previous year. Practically all the vessels 
RE apie ia iage og gees 42 5 27 | 1912 42 - | @ team ; 
iso w. white and Sone, Cowes aeaal : 40 | : | te “3 = ta = = — A ni and 8,7 per cent. were for colonial or 
ie, Pe , 4 _ _ _ —_ — | F 
aaa ae ‘ ” The two firms at Hartlepool have produced 6000 











5 For five years. For six years. 


engines, are given in another part of this issue. The 
maximum power in any ship so far in service or ready 
for use is, however, the 2500 horse-power of the 
Selandia, Jutlandia, and Christian X. In all these 
instances there are eight cylinders working on the 
four-stroke-cycle principle, the diameter being 203 in., 
the stroke 28 in., and the revolutions 140 per minute, so 
that the results of the Christian X. are indicative of the 
performance of this type of engine. The power per 
cylinder, it will be seen, is comparatively small—under 
160: horse-power. Experimental cylinders of much 
greater —— to 2000 horse-power per cylinder— 
are in progress. It is said that the double-acting two- 
stroke-cyclé cylinders, made by German firms,] give 
results which ace at least promising, but in the mean- 
time, as we have said, there is considerable hesitancy on 
the part of builders even to recommend higher results. 
Messrs. M. Samuel and Co. are having three ships built 
for two-cycle engines, two of which are being constructed 
by Messrs. Swan, Hunter and Wigham Richardson, 
who will also supply the machinery, this firm havin 
already produ the Calgary, with engines by the 
Aktiebolaget Diesels Motorer, as well as the pioneer 
ship the Toiler. Sir W. G. Armstrong, Whitworth 
and Co., Limited, are building the other vessel, and 
she will be engined by the Wallsend Slipway and 
Engineering Company, who are adopting a modified 
Niirnberg engine of the two-cycle type. 


Work 1n ScorLanD. 


In Table V., on page 29, we give the output of 
tonnage in the respective districts for the t seven 
years, the percentage of geye my to total 
— and the percentage of colonial and foreign- 
owned tonnage to the total tonnage for the respec- 


8 For eight years. % For four years, 


tive districts. The Clyde output, as already indi- 
cated, marks a record, although the total is not 
much higher than in previous record years, 1906 and 
1907. It will be seen that 98.3 per cent. of the 
total tonn is propelled by power, which is about 
the normal. This was not all steam tonnage, as 
there is included the Fordonian, built by the Clyde 
Shipbuilding and Engineering Company, Limited, of 
Port Glasgow, with Carels engines, and the gas-engined 
vessel, already mentioned, built by Messrs. Napier 
and Miller, Limited, for Welsh owners. Sixteen war 
turbine-driven vessels are included in theClyde returns; 
the displacement tonnage, of 51,300 tons, comparing 
with 75,000 tons in the previous year, the collec- 
tive displacement tonnage of a similar number of 
vessels, There were also seven turbine merchant 
ships, as compared with four in the previous year ; 
one vessel of over 10,000 tons, with combination 
machinery, as compared with one of slightly larger 
tonnage in the previous year. In addition there were 
fourteen shallow-draught steamers, a small floating 
dock, six paddle-steamers, three steam-yachts, fifty- 
one small motor-boats, including several coasters, 
thirteen tugs, nine stern-wheel steamers, two sailing- 
schooners, twenty-nine sailing-yachts, and two steam 
fishing-vessels; the remaining vessels were eighty- 
eight single-screw merchant-ships and thirty-eight 
twin-screw steamers. The large ships launched are 
entered in Table III., and the largest warship was the 
battleship Ajax, launched by tts’ Company, of 
Greenock. Hight of the vessels, including a battle- 
ship, were over 10,000 tons, and six others were between 
8000 and 10,000 tons. Fourteen in all were over 
8000 tons, as compared with 17 in 1911, four in 





1910, and 13 in 1909. Between 5000 and 8000 tons 


tons less than in the previous year, the total of the 
30 vessels being 130,000 tons, excluding erections. 
The improvement since 1908 has been most marked, 
as the output then was only 37,000 tons ; yet the past 
year’s total is 30,000 tons less than in 1906. All the 
vessels were steamers, and about one-fourth of the 
tonnage was for foreign owners. The average size of 
the ships was considerable, and one was about 
10,000 tons. Five were between 6000 and 8000 tons, 
9 between 5000 and 6000 tons, 7 between 4000 and 
5000 tons, leaving only 8 of less tonnage. 

As for the other districts, work at Barrow and on 
the Mersey has been considerably augmented during 
the year by orders from the British and foreign navies, 
so that there has been more activity than in most 
— years, and this promises to continue. On the 

umber rather more merchant ships have been built, 
in addition to the large number of steam fishing craft, 
while in the smaller districts there has been a fair 
amount of work done, although the total in Table V. 
is considerably less than in the previous year, when a 
battleship was included, owing to the launch of the 
Thunderer from the Thames Iron Works. 


IRELAND, 


We have already explained that the absence of 
an exceptionally large ship brings the Belfast total down 
considerably, and it is therefore not surprising that 
the tonnage for last year is 22,100 tons less than in the 
previous year, and 2400 tons less than in 1910. The ton- 
nage is satisfactory, since the greatest ship built was 
only of 18,500 tons. Of the 17 merchant ships exceed- 
ing 10,000 tons, 9 were built at Belfast—4 by Messrs. 
Harland and Wolff, and 5 by Messrs. Workman, Clark 
and Co., Limited. Three other of the vessels were 
between 8000 and 10,000 tons, and four between 6000 
tons and 8000 tons, so that 16 of the 22 vessels 
, exoecded 6000 tons. The remainder were under 1000 
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TABLE VII.—PRODUCTION OF MARINE MACHINERY BY EACH FIRM IN THE UNITED KINGDOM. 
Sx, Redes a VT OG eee es ee ee l anny 
Hienest Tora, | Average, Toran || | Hienest Tota | Averace,| Toran 
| 1912. 1911. | . "12. {I 1912. 1911. : 71° e 
No Name or Fire. | since 1900, 1901-10. 1911-12. | No. Seen Wie. SINCE 1900. 1901-11. | 1911-12. 
| ——————_| —_|__- —_—— —|— 
| H.P. |Year.| H.P. | H.P. | H.P | H.P. Year.| HP. H.P. | HP. 
a _ aE a | —-| ______ — — — aes | 
1 John Brown and Co., Limited, | | | | 43 Bow, McLachlan and Co., Ltd., 
Clydebank rere ~ ni) 178,500 | 104,550 | 1912 178,500 47,825 253,050 | ” bee ery ys 11,440 9,350 1912 11,440 8,441 20,790 
2 Vickers, Limi Barrow-in-Fur-| | |Maccoll and ‘ollock, ., Sun- | 
| ness ’.. “i vi « ngineeriig! 07 | 121,000 | 1912 | 186,750 | 67,800 | 237,750 || cttand  tidime ad og ..| 11,440 | 5,230 | 1906 11,457 8,408 | 16,670 
8 North-Eastern Marine Engineering | | | lyde Shipbuilding an gineer- 
Company, Limited, Wallsend-on-) | ing Company, Limited, Port) 
| Tyne and Sunderland os --| 129,125 98,105 | 1912 | 129,125 95,222 | 227,230 G Ww nat - Pe -»| 11,100 12,950 1905 18,000 11,135 24,050 
4 Wallsend eer and Engineering! nse 46 Amos and Smith, Limited, Hull . ‘| 11,020 | 13,450 | 1907 14,620 9,238 24,470 
| ©o., Ltd, Wallsend-on-Tyne ..| 123,000 72,800 | 1912 123,000 58,556 47 Shields Engineering and Dry Docks 
& lcammell, Laird and Co., Ltd., Bir-| al Gompenn, Ltd., North Shields | 10,290 | 12,5% | 191 12,535 6,045 | 22,895 
| kenhe; ee ee - --| 101,350 | 122,249 | 1911 | 122,219 | 33,342 | 223,599 48 ‘Muir and Houston, Ltd. Glasgow. . 9,930 3,840 1904 14,900 10,739 13,770 
6 | Parsons’ Marine Steam Turbine Co., | | } 49 Caledon Shipbuilding and Engi-| | 
Ltd., Wallsend-on-Tyne .. ..| 96,800 68,500 | 1912 96,800 33,320 | 165,300 | neering Company, fta, Dundee; 9,400 13,970 1911 13,970 | 8,4865 | 23,370 
7 \R. and W. Hawthorn, Leslie, and | | 50 McKie and Baxter, Govan --| 9,015 10,395 | 1911 10,395 6,808 19,510 
| Oo., Limited, vomnenspee 82,850 | 132,200 | 1911 | 132,200 48,779 | 215,050 61 m= Seat and Co., Limited, ay pe } ion a | ante ice 
8 |Blair and Co., Li tockton-on- | een... a oe i | 132 
Tees .. .. -- «» _«.| 76,860 | 71,160 | 1912 | 76,850 | 42,410 148,000 || 52 G. T. Grey, South Shields :: -:| 7,730 | — 4,055 1908 | 10,035 | 5,455 | 11,785 
9 Richardsons, Westgarth and Co.,| | | 53 W.V. V. Lidgerwood, Coatbridge! 6,860 14,605 1907 | 16,540 | 9,358 21,465 
Limited, Middlesbrough and| | | 54 Plenty and Son, Limited, Newbury! 6,550 7,064 1911 | 7,064 | - 18 614 
Sunderland... -. .. _—_..|_ 67,000 | 63,630 | 1901 | 120,150 | 67,854 130,630 || 55 Ramage and Ferguson, Ltd., Leith) 6,250 6,500 | 1911 | 6,500 5,0256 | 12,750 
10 Yarrow and Co., a egy are -| 66,125 98,590 | 1911 | 93,590 | 25,589 | 164,715 . — =e en ree ae w) 5,320 10,000 | 1911 | 10,000 5,9068 | 15,320 
11 W. Beardmore an 0. mited, | | 7 Crabtree and Co., Limi reat| | | | 
[MME Sscitp ast chs « o:| OOO 49,000 | 1912 | 60,000 | 12,0606 | 109,000 | Yarmouth ... .... _ | 5,105 4,535 | 1907 8,120 | 4,810 | 9,640 
12 Denny and Co., a? wait | 58,400 72,6.0 | 1911 | 72,650 | 52,560 | 131,050 ° i gfe —_ ae, gl = 4,100 18,259 1911 18,259 6,717 | 22,359 
13 J. Samuel White an \ mited, | . P. Rennoldson an ns, South) | | 
ae es ..| 56,476 37,195 | 1910 66,230 | 25,011 | 93,671 ‘i Yager tear er 2,390 | 1902 | 5,525 | 4,166 | 6,386 
14 Fairfield Shipbuilding and Engi- 60 A. Hall and Co., Ltd., Aberdeen. . 3,900 3,550 | 1912 3,900 |  2,7646 7,450 
neering Co,, Limited, Govan ..| 55,200 67,250 | 1907 | 112,000 | 60,457 | 122,450 61 Rennie Forrestt Shipbuilding, rd | 
15 Workman, Clark and Co., Limited, R : neering and Dry Docks Co., Ltd.,| 
Queen’s-road, Belfast ae eel 53,400 51,800 | 1909 76,550 44,190 | Soneee Wyvenhoe_ . i ii -+| 3,900 _ 191% 3,900 _ 3,900 
16 David Rowan - ae --| 52,700 58,050 | 1911 58,050 38,047 | 110,750 62 —* Blair and Co., Clyde-| o oes 1 oor sie ‘ 
17 Scotts’ Shipbuilding and Engineer- e nk .. “s - oe .-| 3,850 \ ¢ . 2,433 410 
ing Co., Ltd., Greenock .. | 51,550 22,100 | 1912 51,550 | 26,725 73,650 | | = Vp camer agg 3,550 | 8,110 | 1903 4,065 3,850 6,660 
18 Central Marine Engine Works | | 4ytham ipbuilding an engi-| 
West Mastiopost = ‘e ..| 46,510 41,360 | 1901 | 47,700 28,626 | 87,870 neering Co., Ltd., Lytham .-| 8,480 2,895 | 1912 | 8,480 1,735 6,375 
19 Dunsmuir and Jackson, Limited, * 65 Dunlop, Bremner, and Co., Port! } : poe 
Glasgow... . ve as| 41,650 | 40,500 | 1912 | 41,650 | 24,768 | 82,150 | Glasgow .. .... .. ~—.| 8,250 | ~=—:1,800 | 1906 | 7,870 3,200 | 5,050 
20 Harland and Wolff, aa. Beltest.. 39,300 96,916 | 1903 | 100,130 | 67,583 | 136,216 || 66 Elliott Ry Garrood, Beccles, | ome | oni ‘eas _— ‘iiaa ‘ 
21 John Dickinson and Sons, Ltd., ie wes! ‘al aa we ne 76 50 91 3,8 § 610 
Sunderland .. = it ..| 88,940 38,820 1906 55,000 | 29,119 77,760 67 |Gouldie, Gillespie and Co., Glas-| “ ‘ a . 
22 George Clark, Limited, Southwick) 35,800 | 47,316 | 1906 51,500 37,135 83,116 ag = a - Re - 2,660 | 2,050 | 1907 2,700 1,4968 4.710 
23 William Doxford and Sons, Ltd., | Pu 68 John Lewis & Sons, Ltd., Aberdeen 2,200 2,859 | 1912 2,859 _ 5,059 
Pallion, Sunderland aa ..| 25,500 43,450 | 1911 43,450 22,918 78,950 69 ~~ - Hosking, Dockhead, : | win ae ns 
24 Earle’s Shipbuilding and Engineer- rmondsey .. os se os 2,170 2,345 2,345 on 4515 
ing Company, Limited, Hull 3+,260 26,920 | 1912 34,260 | 15,081 61,180 70 Miller and Macfie, Ltd, Glasgow .. 2,100 2;790 1910 3,070 1,3309 4,890 
25 Barclay, Curle and ©o., Limited, | | | 71 |J. Abernethy and Co., Aberdeen 2,040 5,445 1911 | 5,445 1,803 7,485 
| Glasgow ..  .. .. —..| 33,850 | 32,750 | 1907] 40,532 | 24,142 | 68,600 || 72 (Simpson, Strickland and Co., Ltd,| | 
26 John I. Thornycroft and Co., Ltd., } | Dartmouth .. a ' a 1,958 | 2,497 | 1908 3,042 1,8009 4,455 
Southampton Se le as 33,350 49,530 | 1910 | 57,750 3,3975 | 82,880 || = somes mai, .— ee 1,950 | 1,210 | 1905 | 3,080 1,4868 | 3,160 
27 |London and Glasgow mpany, | | | 74 |Vauxhal yest Hydraulic Engi- | } 
‘ Limited, Glasgow .. ma o ..| 83,100 26,000 | 1912 | 33,100 12,760 | 59,100 | neering Co., Ltd.; Luton.. .-| 1,675 2,935 | 1908 | 4,228 2,752 4,610 
28 Alex. Stephen and Sons, Limited, | 75 |Hepple and Co., South Shields .. 1,550 1,398 | 1907 | 2,745 1,203 2,948 
Glasgow - ye - ..| 31,920 40,000 | 1911 40,000 22,988 71,920 || 76 |Philip and Son, Dartmouth sai 1,500 | 1,310 | 1912 1,500 —_ 2,810 
29 John G, Kincaid and Co., Limited,| | 77 ‘Hawthorn and Co., Limited, Leith 1,200 300 | 1906 | 2,550 1,2335 1,500 
Greenock .. Ae ye ..| 30,250 15,840 | 1912 | 30,250 15,025 46,094 78 Baird Brothers, North Shields 1,150 | 1,600 | 1909 1,860 6508 2,750 
30 Caird and Co., Ltd., be ae -| 27,000 23,000 1905 | 30,000 16,000 50,000 } ee eee ; 1,136 ‘ = | nan oo 15ee | 1,436 
31 — Hunter, | and ig am| shers, vimi d, Paisley - 1,030 J | ae lf 1,463 2,660 
ichardson, Limited, Walisend- | : 8L Cooper and Greig, Dundee.. ‘a 1,000 | — — 1,800 
on-Tyne a oN Pe .| 26,000 27,050 1906 32,550 | 22,085 53,050 82 |W. J. Yarwood and Sons, Ltd., | | 
$2 Rankin and Blackmore, Greenock! 25,000 18,600 1910 30,850 18,530 43,609 Northwich .. Pe ws ont 945 | 547 | 1912 955 == | 1,492 
33 Palmer’s Shipbuilding and Iron) mn 83 Rose Street Foundry Company,| | | 
Company, Ltd., Jarrow-on-Tyne| 19,130 27,000 1903 | 43,800 28,403 46,130 Inverness... na mS ot 765 1,270 | 1912 1,270 = 2,035 
34 Charles D. Holmes and Co., Ltd., Bd } 84 McColl and Co., Limited, Bel-| | | 
Hull .. ‘aie os es --| 17,170 12,910 1912 17,170 10,087 30,080 fast .. “ os os <a 750 | 1,400 1911 1,400 7308 | 2,150 
85 Koss and Duncan, ry age ™ 15,420 15,180 1912 15,420 11,410 30,600 85 Hamble River, Luke and Oo., Ltd.,| | 
86 John Readhead and Sons, Limited, | amble ve es es . 731 | 35 | 1912 731 32 | 766 
South Shields pits os ..| 14,300 17,050 | 1911 17,050 12,015 31,350 86 Maclaren Brothers, Dumbarton "| 668 | 435 | 1912 668 _ 1,103 
37 D. and W. Henderson and Co., || 87 Isaac J. Abdella and Mitchell, 
Limited, Glasgow .. - | 14,255 | 29,835 | 1902 | 35,300 20,483 44,190 || Limited, Queensferry .. aa 650 1,590 | 1911 1,590 _ 2,210 
oo aes Ompey | ans | wel was ee lead © -- ieee eee sia Baicich :. theiit won Bee 
89 vientor ced Penusien, Limited, : , | 89 PB me a and Co., Leith .. “a 250 2,000 | 1907 3,949 953 2,250 
| Paisley ‘i aA ae --| 12,200 8,500 | 1912 12,200 7,940 20,700 || 90 Menzies and Co., Limited, Leith .. 180 | 555 1905 1,250 470 735 
40 Lobnitz and Co., Limited, Renfrew) 12,100 8,850 1912 12,100 5,937 | 20,950 || 91 W. Sisson and Co., Limited, | 
41 |Smith’s Dock Co., Southbank-on-) | Gloucester .. - os wa 170 | 455 | 1908 950 420 | 625 
‘Tees .. én + es ..| 12,000 — 1912 | 12,000 -- 12,000 | 92 A. and W. Robertson and Co., | : 
42 William Simons and Co., Limited, | | | London isi - a 3 150 | 900 1912 900 _ 1,050 
Renfrew oa a --| 12,080 | 8,315 1908 | 18,910 | 11,523 20,395 || 98 |W. White and Sons, Cowes .. 130 | 316 | — — | — | 446 
| | I} 
4 For four years. 5 For five years. 6 For six years. 8 For eight years. % For nine years, 
tons. The whole production was for British owners, | engines, and five triple-expansion engines, the col-| 1903. Messrs. Cammell, Laird and Co., who take the 


and practically all was steam tonnage. 


Tue Propuction oF SHIPBUILDING Firms. 


In Table VI. we give the totals sent oe 131 
shipbuilding firms. The first place is taken by Messrs. 
Swan, Hunter and Wigham Richardson, with 21 
vessels, having a total Board of Trade tonnage, 
excluding erections, of 121,281 tons; were erec- 
tions included the total would be 126,152 tons. 
The work s of a varied character, including three float- 
ing docks, of which the firm have made a speviality, 
three torpedo-boat destroyers for the Navy, one 
of the Spanish ger steamers fitted with com- 
bined machinery, there being in this case the unique 
arrangement for this country of two low-pressure 
turbines and two triple-expansion engines, driving in 
all four propellers. e remaining vessels were of the 
merchant type, and it is notable that one of them is 
the twenty-fourth, another the fourteenth, and a 
third the twelfth vessel built by the firm for 
their respective owners. The tonnage output is 
practically equal to the record, and is 38,000 tons 
above the average during the first decade of the 
century. Engines totalling 26,000 horse-power have 


been built for several of these ships; in other cases 
the machinery was sub-contracted for. Messrs. Work- 
man, Clark and Co., Limited, Belfast, are second, 
their tonnage being 85,391 tons, the measurement of 
nine ships and a dock caisson ; all of the ships were of 
considerable size. 


Four had quadruple-expansion 


lective power being 53,400 horse-power. As shown 
on the table, the output is within 3600 tons of 
the highest reached, and is 26,000 tons above 
the average. Messrs. William Doxford and Sons, 
Limited, include erections in their total, which 
is 92,988 tons for 18 vessels, two-thirds being for 
foreign owners. They include a vessel with Parsons 
geared turbines and a coal-elevator.. Their total is 
practically 10,000 tons above that of the previous 
ear, but is about 13,070 tons less than the record. 
Messrs. William Gray and Co. also include erections, 
their 20 vessels measuring 90,272 tons, three of the 
foreign vessels being for Holland. The machinery, 
constructed at the Central Engine Works, makes up 
46,510 horse-power. This is the largest tonnage yet 
reached by the company, and is 5390 tons more than 
in the previous year, while the machinery output is 
5150 horse-power greater, but 1190 horse-power less 
than the record output of the firm. 

Messrs. Harland and Wolff, Limited, of Belfast, 
take the fifth place on the list, with a total of 
77,591 tons, a up of seven vessels, three of about 
8600 tons, and the remainder over 11,000 tons, as 
indicated in Table III. Six of the vessels have quad- 
ruple-expansion engines, and one has a combination 
of reciprocating and turbine machinery, the total 
power being 39,300 horse- power. The ton ¥ 
it will be seen, is 40,618 tons less than in the 
record year of 1911; while the machinery power is 





little more than a third of the record attained in 





sixth place, include a battleship, a cruiser, a cross- 
Channel turbine-steamer, the Portsmouth floating 
dock of 33,000 tons, a tug-boat, a passenger and cargo 
ship, a chilled-meat barge, a stern-wheeler, a launch, 
and other barges, which is indicative of considerable 
variety. Their total is the largest yet attained, being 
nearly 50,000 tons in excess of the previous year. In 
addition to the machinery for these various vessels, 
they supplied the turbines for the battleship launched 
at Portsmouth, so that their machinery output is 
still more satisfactory, totalling 101,350 horse-power ; 
this, however, is 21,000 horse-power less than the 
highest—reached in 1911. Messrs. Russell and Co., 
Port Glasgow, again top the Clyde list with 71,224 
tons, the measurement of 13 steamers ranging between 
4247 and 8169 tons ; this firm is rion on the list 
for the United Kingdom. Their output is 1006 tons 
less than in the previous year, and is only 2465 tons 
less than the record attained in 1904. It is 9159 
tons above the average of the first ten years of the 
century. All the ships were for British owners except 
one for Japan and another for Spain. The inclu- 
sion of the battleship Queen Mary adds special 
interest to Messrs. Palmer’s return; including also 
six merchant ships, the aggregate is 58,902 tons, 
which is the largest total recorded in recent years, 
and is 19,560 tons more than in the previous 
ear. The turbines for the Queen Mary are being 
made at Clydebank, so that Palmer’s output in horse- 
power is 19,130, 8870 horse-power less than in the 
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previous year, and less than half the record, which 
was for 1903. A battleship figures also in the return 
from Scotts’ Shipbuilding and ae Company, 
Limited, who also built the submarine dépét ship 
Maidstone, while one of their merchant ships is 
over 10,000 tons. Their output of 58,313 tons is the 
largest yet achieved, and is nearly 27,000 tons 
more than in the previous year. The horse-power— 
51,550—marks also a record, and is 29,450 horse-power 
more than in the previous year. The 12 vessels by the 
Northumberland Company, all for British owners, 
ranged between 4750 tons and 6420 tons, but the total, 
62,130 (including erections), is 4270 tons less than 
their record outputof 1911. It is, nevertheless, about 
60 per cent. above the average. 

Messrs. Vickers launched the battle-cruiser Kongo 
for Japan, a dock for Canada, and several other 
smaller craft, their total tonnage being 52,860. In 
addition to the Japanese cruiser launched, they 
supplied machinery for a corresponding ship built in 
Japan, and their horse-power is therefore very large, 
placing them second in the engineering list. ‘The 
total power, 136,750 horse-power, marks a record, and 
is 15,750 horse-power over the total of 1911. Their 
tonnage — 52,860—is 2900 tons above the total of 
the previous year. The Irvine Company include 
erections, and their 10 vessels are thus reputed to 
make 52,410 tons. The most important ship is 
La Correntina, of 10,250 tons, the largest frozen and 
chilled-meat steamer yet built. The total is 21,000 
tons less than in the previous year. Messrs. Ropner, 
of Stockton-on-Tees, who come next on the list, also 
include erections, and their 10 vessels are returned 
as totalling 49,126 tons, which is the largest yet 
recorded, and 20,555 tons more than in the pre- 


vious year. Messrs. Churies Connell and Co., 
Limited, have also a record total, excelling that 
of the previous ive of 


ear by nearly 7500 tons. 

the eight vessels built by Messrs. Barclay, Curle and 
Co. were for the British India Line. The total tonnage 
is 3278 tons more than in the previous year, but 
is about 4000 tons less than the record total of 
1907. 

The notable fact in connection with Sir W. G. 
Armstrong, Whitworth and Co.’s return is the absence 
of any warship. The firm are at the present time 
advancing rapidly towards completion several impor- 
tant fighting ships. The eight merchantmen included 
make a total which is 32,589 tons less than in the 
previous year, when the total practically reached the 
maximum. Messrs. William Hamilton and Co., Port 
Glasgow, built a dock for Sourabaya and six steamers. 
Their tonnage is 14,000 better than in the previous 
year, but is 4000 tons under the record output of the 
firm in 1907. The eight vessels built by James L. 
Thompson and Sons make up 37,749 tons without erec- 
tions and 43,735 tons with erections. The output 
therefore is only 10 per cent. less than that of the 
record year—1907. Messrs. Hawthorn, Leslie and 
Co., Limited of Newcastle-on-Tyne, built two de- 
stroyers and five merchant ships, but only one of the 
latter was engined by them, while the machinery for 
the battleship launched at Devonport, as well as for the 
destroyers, was constructed by thefirm. Their tonnage 
is 2134 tons less than the maximum reached in the 
previous year, and about 16,000 tons above the 
average. The horse-power totals 82,850, placing them 
seventh on the engineering list. This total, however, 
is 50,000 less than in the previous year, when a record 
was established. The Fairfield Company built the 
two Canadian Pacific liners already referred to, a 
channel steamer, and a surveying ship for the 
Admiralty ; their total tonnage, 36,626, is not quite 
so good as in the preceding year, and is 11,400 tons 
under the average. The total horse-power is 12,000 
less than in the preceding year, and is about half 
the maximum reached in 1907. Messrs. Caird’s total 
is made up of four P. and O. liners, and is a 
maximum output so far as tonnage is concerned. 
Messrs. Denny, of Dumbarton, have again a varied 
return. They built one of the combination ships 
for the Spanish Company, three turbine steamers, a 
crane lighter for the Navy, a twin-screw Australian 
liner, and several light shallow-draught craft. The 
total is 6521 tons less than in the previous year, which 
was practically equal to the record of the firm. The 
figures for the other firms are given in the table, which 
shows the total for the past two years, the record total 
since 1900, the yearly average in the first decade of 
the century, and the foreign and sail tonnage built 
bv the respective firms. We much regret that limit 
cf space prevents us from dealing further with the 
wcrk done by all the firms. 


THE PropuctTION oF ENGINEERING FIRMs, 

In Table VII. there is given the total horse-power 
produced by the 93 firms who have sent us returns, 
and comparison is made with the total for 1911, the 
highest total since 1910, and the ave during the 
first decade of the century. Messrs. John Brown and 
Co., Limited, Clydebank, top the list with a total 
power which has not been exceeded. There is in- 
cluded the machinery of the battle-cruiser Queen 








Mary, three destroyers, a second-class cruiser, a 
large liner for the Union Steamship pow = | of 
New Zealand, and of a yacht built for the Duke of 
Bedford. 

Messrs. Vickers, as already indicated in connection 
with shipbuilding, have a record output. The third 
firm on the list is the North-Eastern Company, with 
a total of 129,125 horse-power, which is also a record, 
exceeding the output of the previous year by 31,000 
horse-power. The total is made up of twelve sets of 
quadruple-expansion engines and forty-eight sets of 
triple-expansion engines, superheaters being fitted to 
twenty boilers in all. In addition, there were new 
boilers for 5C4horse-power. Of the enginee, 78,249 horse- 
power were construct«d at the Wallsend works of the 
company, and 51,380 horse-power at the Sunderland 
works of the company. The Wallsend Company have 
done remarkably well, attaining alsoa record, their total 
of 123,000 horse-power exceeding even their Maure- 
tania year. It is important also to note that they 
constructed 25 additional new boilers, equal to 16,770 
horse-power, for other ships, and that 77 complete 
oil-burning installations were equipped for marine and 
land work, representing a total of over a quarter of a 
million horse-power. Probably no firm in the king- 
dom have done so much in connection with the use of 
oil-fuel. To Mesers. Cammell, Laird and Co.’s work we 
have already referred. The Parsons Marine Steam- 
Turbine Company, it will be seen, have been 
concerned with machinery totalling 96,800 horse- 
power. Regarding the other firms, reference need 
only be made to those who do not build ships. Messrs. 
Blair, Stockton-on-Tees, supplied machinery for thirty- 
five vessels, several of the sets being for foreign-built 
ships ; in addition, they provided seven new boilers 
for other vessels; their total is also a maximum. 
Messrs. Richardson, Westgarth and Co. had an output 
of 67,000 horse-power. They, however, manufac- 
tured at the same works — urbines, rolling-mill 
engines, and gas-engines equal to 40,050 horse-power, 
in addition to boilers totalling 4500 indicated horse- 
power. Lack of space prevents us from enterin 
into a fuller review of the work of the individua 
firms, which is set out in the table. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data concerning several colonial 
and foreign engineering poceo, announced in the Board 
of Trade Journal. Further information concerning these 

rojects can be obtained from the Commercial Intelligence 
a Board of Trade, 73, Basinghall-street, London, 
Australia : The Commercial Intelligence Branch of the 
Board of Trade is in receipt of a copy of a report by the 
Railways Commissioner of South Australia on a pro 
railway, 134 miles in length, from Eudunda to Roberts- 
town, to constructed at an estimated cost of 
63, -» including an expenditure of 17,1002. on rolling- 


stock 

Egypt : The December issue of the Journal of the British 
Chamber of Commerce of Egypt states that consent has 
recently been obtained for the increase of the existing 
Alexandria Municipality Loan of £500,000 to 
£E1,000,000, and that ££200,000 of the additional sum 
is to be expended on the construction of the pro 
breakwater at that port. The breakwater is to be built 
in two parts, one starting from Kait Bey, 547 yards long, 
with an average depth of 26 ft., and the other running 
from Silsileh, with a length of 765 yards and a depth of 
16 ft. The opening between the two arms forming the 
entrance to the bay will be 383 yards wide and 30 ft. deep. 
The contract for the construction of the Kait Bey arm 
has been awarded to a French firm for the sum of 
£E98,000; actual construction work will begin about 
February next, and it is expected that the arm will take 
some two years to complete. It has not yet been decided 
when the Silsileh branch is to be commenced, and no 
contract has yet been awarded in respect thereof. The 
Journal also states that the tian Budget for 1913 
provides for an expenditure of 91,000 more than last 
ho age and of £K89,000 more on public works. 

Morocco : With reference to the call for tenders by the 
Moroccan Adjudications Commission for presentation at 
Tangier up to March 25, for the ype: be of various 
works at the Pa of Casablanca, it is notified that copies 
of the plans for the works have been received from the 
Acting British Consul-General at Tangier, and may be 
seen, together with the cahier des charges, by British con- 
tractors, at the Commercial —— ranch of the 
Board of Trade, where also copies of the form of tender 
can be obtained. 

Russia: The Torgoro-Promyshlennaya Gazeta, St. 
Petersburg, notifies that the Committee for New Rail- 
ways are considering plans which have been submitted 
for the construction of (1) a railway from Vorozhba to 
Orsha (or Moghilev), and (2) a line from Moghilev (or 
Orsha) to Lgov. 

Rowmania’: According to the Zentral Anzeiger fiir das 
iffentliche Lieferungswesen, Vienna, the Roumanian State 
authorities have now drawn up their mme for rail- 
way work, in accordance with which it is proposed to 
expend s. sum of 128,000,000 lei (5,120,000/.) on railway 
construction, and 25,000,000 lei (1,000,0002.) on the central 
station in Bucharest. 

Mexico: H, M, Legation at Mexico City report that 





tenders, drawn up in Spanish, will be received up to 
2 p.m. on February 27 at the Departmeat of Public 

orks, Ministry of Communications and Public Works, 
Mexico City, for the construction of an artificial harbour 
at Mazatlan, State of Sinaloa. Copies of the plans and 
specifications may be obtained by British contractors on 
application to the Department of Public Works, Mexico 
City, provided the application is accompanied by a cer- 
tificate to the effect that they have placed the sum of 
10,000 Mexican dols. (about 10202.) at the order of the 
Ministry, either at the Federal Treasury, at an Office of 
the Stamp Tax, or at a Port Office. xemption from 
customs duty is granted in respeet of any material 
— may have to be imported for carrying out the 
work. 

Ecuador : The Registro Oficial, Quito, publishes the text 
of a contract entered into between the Government of 
Ecuador and Sefior Manuel S. Reina for the construction 
of a a line from Quevedo to Palenque. The 
Registro also publishes a decree empowering the Execu- 
tive authorities to proceed, either dor mentally or by 
contract, with the construction of a railway from Ambato, 
a station on the Guayaquil and Quito Railway, to the 
River Curaray, a distance of about 74 miles. Operations 
must be commenced within six months. 

Argentina: The Boletin Oficial publishes a decree 
rie the plans submitted by the General Direc- 
torate of Irrigation relative to the carrying out of irriga- 
tion works in the colony of Lucinda, the cost of which 
is estimated at 100,000 pesos (about 8750/.). The work is 
to be carried out on account of the Buenos Aires Great 
Southern Railway. 

Russian Turkestan: A ay Belgian Consular Report 
(Recueil Consulaire, vol. clx., No. 3) dealing with Russian 
Turkestan has recently been issued. It draws most 
favourable conclusions with . to the economic 
future of Turkestan generally. The country is admir- 
ably adapted for the production of cereals, fibres, and 
fruits ; a lee nomadic population is devoted to the suc- 
cessful rearing of live stock ; while there is an abundant 
supply of fuel in the form of mineral oil (naphtha), which 
can be utilised to provide the requirements of transport 
and of the growing manufactures. The Russian Govern- 
ment have of late been devoting much attention to the 
question of irrigation, and steps are being taken not 
only to extend the area of irrigated land (now covering 
only 2 per cent. of the total surface), but also to regulate 
the methods of irrigation employed. There are at present 
four zones of irrigated bet, corresponding to the four 
principal rivers of Turkestan—viz., the Upper Syr Daria 
and its tributaries (province of Ferghana), the Zerafchan 
(province of Samarkand), the Murghab (Merv oasis), and, 
toa very limited degree, the Amu Daria. In 1911 the 
Imperial Government voted a large sum towards irri- 
gating the north-east of the desert known as the 
** Hunger Steppe,” on the right bank of the Middle Syr 
Daria, between Tashkent and Samarkand. The widest 
field for development, however, is offered by the vast, 
untouched area which the Amu Daria traverses in its 
middle and lower course. It is believed that the immense 
Kara Kum desert, on the left bank of the river, could be 
entirely irrigated, and in fact the possibilities of such a 
scheme were prospected by the American Hammond ex- 
pedition (1911). he chief product on which the future 
of Turkestan depends is cotton. Two facts underlie this 
assumption :—(1) As regards supply, the local climatic 
conditions are exceptionally favourable to cotton-growing, 
partecularly in regard to the extreme dryness of the atmo- 
sphere (cotton can be grown as far north as latitude 
42 deg., whereas in the United States it only reaches 
latitude 36 deg.), and the fertility of the soil under irriga- 
tion, considered by experts to be second to that of Lower 
Egypt alone. (2) As a demand, the consumption 
of cotton within the Russian Empire is enormous, 
and is bound to increase every year with the rapid 
growth of the population. ussia consumes some 
400,000 tons of raw cotton annually. Every effort 
is made by the Imperial Government to protect and 
encourage the home production (entirely derived from 
Turkestan and Transcaucasia). The problem before 
Russia now is how to obtain some 200,000 tons of cotton 
without importing from abroad. The answer, neglecting 
Transcaucasia, is to double the actual surface under 
cotton cultivation in Turkestan. It is therefore proposed 
to replace wheat by cotton wherever possible, and to make 
of the Province of Semiretchensk, which lies beyond the 
climatic limit of cotton, the granary of Turkestan: 
Semiretchensk a fertility even surpassing that 
of the famous black-earth region of Russia, All that is 
required is the construction of a railway from Verniy, 
near Lake Issyk Koul, to Aryss, just north of Tashkent, 
to connect the north-east of Turkestan with the centre 
and south. The stimulus given to cotton-growing in 
Turkestan since the Russian occupation has given birth 
to simple mechanical industries—e.g, for ginning the 
raw product and packing the cotton into bales, and for 
the extraction of oil from the cotton-seed, &c. Many 
factories have been set up with machinery of the best 
modern type. In Ferghana there are some 150 factories 
employing nearly 6000 hands. Khokand, in the heart of 
the cotton district, is the chief distributing centre of 
Turkestan, while Moscow is the head-quarters of all the 
chief Turkestan firms, and may be called the true com- 
mercial capital. There is accordingly a rising demand for 
imported machinery, such as cotton-ginning machines and 
machines for extracting cotton-seed oil. These are at 
are chiefly obtained from the United States, the 

nited Kingdom, and Austria. Finally, it may be 
asserted — such natural resources - the ——- 
possesses, while increasing immigration from Russia 
under favourable conditions affords a plentiful supply of 
labour, only capital is needed to ensure for Turkestan a 
brilliant economic future. 
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HIGH-SPEED RADIAL 


DRILLING AND TAPPING-MACHINE. 


CONSTRUCTED BY MESSRS. D. AND J. TULLIS, LIMITED, ENGINEERS, CLYDEBANK. 


Mitres 30T. 6 D.P. 


Position of Spindle Spindle 
Levers. Speeds. Speeds. 


la 378 472 
1b 296 370 
le 234 292 
2b 178 222 
2e 139 174 
8a 102 128 
8b 80 100 
8e 63 79 





Speed of pulley 400r.p.m., 500 r.p.m. 


43208) 


WE reproduce above, ope 2 1 and 2, the drawings 
of a 3-ft. 6-in. na, ial drilling and tapping- 
machine built by Messrs. D. and J. Tullis, Limited, of 
Clydebank, N.B. It is of the all-geared design, with 
constant-speed ag Aina 0 to the gear-box bolted 
on the side of the box-bed, and all the handles are 
so located that the operator has full control without 
moving from his position. The two levers in front of 
the box give the eight speeds specified in the table 
in Fig. 1, when moved into the various positions 
indicated in the first column, according to whether the 

ulley is run at 400 or at 500 revolutions per minute. 

law-clutches are used on the sleeves, and on the faces 
of the gears, as seen in Fig. 1, and all the gears are 
of case-hardened steel, running in oil. Bevel and 
mitre-gears at the bottom an = of the column 
transmit the power t> the horizontal splined shaft on 
the radial arm. Upon this shaft is mounted a mitre- 
gear A, which, by means of a claw-clutch operated by 
the spring-locked lever B, drives a vertical shaft in 
either direction ; this vertical shaft is fitted, at its 
upper end, with a pinion gearing with the spur-wheel 
C, mounted on the drilling spindle. 

The power-feed is operated from the spindle by the 
spur-gear D, which drives the vertical shaft passing 
into the feed gear-box ; on this latter is mounted the 
lever E, by means of which can be obtained three 
changes of 60, 90, and 120 revolutions per inch of 
travel. A worm- at F turns the shaft of the 
spindle-sleeve rack-pinion, the worm being so arran 
as to drop on moving the handle G, and thus dis- 
engage the feed. This movement can, if desired, be 
effected automatically by an adjustable dog on the 
face of the worm-wheel, the latter being suitably 

uated for setting purposes. Fine f by hand 
is imparted through the hand-wheel H, whilst rapid 
adjustment is given by the pilot-handle J. Rackin 
along the arm is performed by the pilot handle K 
and the saddle is locked by a screw pressing on the 
long taper strip which gibs it to thearm. Only the 
bottom rail of the arm is utilised for guidance, across 
the width =. The upper rail serves to steady the 
head, but there is no contact with its upper edge, 
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and the ggg at the back is fitted to prevent the 
head tipping. The arm turns on a ball-bearing on 
the fixed column that is bolted to the table, and is 
locked by the handle L and split base of the socket. 
The shallow grooves seen on the table in Fig. 2 catch 
the lubricant when a pump system is being used, 
and return it to a tank placed in any convenient 
position. 

This machine was shown, together with a sensitive 
radial machine and a vertical drill of the pillar type, 
at the recent Engineering Exhibition at Olympia. 








Hone Kona University.—We have received a letter 
from Mr. Stafford Ransome, secretary of the British 
Engineers’ Association, in which he states that he has 
received a cable from Professor C. A. M. Smith, of the 
Hong Kong University, expressing thanks for the efforts 
being made in this country towards the equipment by 
British firms of the engineering workshops and labora- 
tories of the University. 





Tue Humper.—Ata recent meeting of the Humber Con- 
servancy Board, Mr. W. S. Wright presiding, the works’ 
committee reported that they had received a letter 
from the Humber Commercial Railway and Dock Com- 
pany asking permission to construct two rubble embank- 
ments on the foreshore of the Humber (one on either side 
of the entrance channel to the Immingham Dock), and 
stating that the works would be included in a Bill in the 
ensuing session of Parliament, but that, as the early 
=p of the work was desired, vag bese sy! would 
be g to receive the consent of the to its pro- 
posals. The Conservancy’s solicitor reported that in his 
opinion the board had no power to give the consent asked 
for ; that the effect of the company’s proposals would be 
to make solid moles, while the company was only em- 
powered to construct jetties of ‘‘open work from the 
existing ground level upwards;” and that the Act 
attaches great importance to the prevention of any en- 
croachment u the foreshore and river bed by earth or 
other materi These terms were communicated to the 
Humber Commercial Railway and Dock Company, who 
replied that the Conservancy’s objection would necessitate 
von he applying to Parliament to sanction the proposed 
wor 






tres 36T. 60.P. 








Fig.2: 

















Hicu-Sprep ‘‘LicHtninc” Firz.—Some remarkable 
results have been obtained in some tests on one of the 
high-speed ‘‘lightning” files that have recently been 
placed upon the market by Messrs. Lockwood Brothers, 
Limited, Spital Hill, Sheffield. The tests were carried 
out in October last, and are given in the table below. 


Mechanical Tests of One 14-In. High-Speed ‘‘ Lightning” 
File. 


j | 
2 | | | 











| Pres- Amount of Ma- | 8 
= | Strokes. . *’ terial Removed. | @ 
ca 
a 7 = | . 
J _ | 4 -, a “eo 
Pale |e | 3 ag | & (3 
. & 2 | g 
siingisgi £ | ee | & | od | See & 
Ses¢35| & | 38 S |Se | Sy 
Beiesigs 3 | 38) & | #8 3 
Se SSiss so | Se 5 | Sf & 
ze S92" a | & A |e 3 
\hr. min. Total 
13 6 | 51 60,000) 30 19 36 | 12.51 44.20) very 
| on.00 slightly 
13. 6 51 60,000 30 | 19 36/ 10.70 387.80 Do. 
| | 
Material Operated upon. 
l-in. by 1-in. annealed steel. 
Analysis, 
Per Cent. 
Carbon o6 a - oe os on 1.00 
Silicon a oe a wi a ai oe 0.11 
Sulphur .. - ‘e $e en ee 0.023 
Phosphorus on a we ue - os 0.03 
Manganese - os 0.23 


(Brinell’s hardness number—180.) 

The tests were carried out by the Sheffield Testing 
Works, Limited, and it will be seen that the results are 
well worthy of attention. According to this report, a 
14-in. file, tested on both sides, made 120,000 strokes, and 
in 39 hours removed 78.8 in. of metal, weighing 22 Ib., 
from a 1 in. square bar, and at the conclusion of the tests 
was reported as “‘slightly worn.” From this it would 
appear that the ‘‘ Lightning” file is capable of doing 
about three times as much work as can be got out of an 
ordinary file, and the increased price of the file is 
inconsiderable, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
Oe re none is mentioned the Specification is not 
illustr . 

Where dnsonsions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 

— of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform a of 8d. 
e advertisement of the 


The date of mee of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a Complete Speci; ‘ion. 





Comp ipecification, 
ive notice at the Patent O of to the grant of a 
atent on any of the grow: mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


28,072/11. E. E. Bentall and G. C. ham, 
Maldon. Chaff-Cutters. [8 Figs.) December 13, 1911.— 
With chaff-cutters and like machines it is generally found that the 
cucting knives thereof require frequent sharpening, and that this 
involves considerable trouble and delay, even when duplicate 
knives and fly-wheels are provided. According to this invention, 
a chaff-cutter or like machine is provided with a knife-sharpener 
adapted to sharpen the cutting knife or knives of said machine 
in situ while the machine is in motion or operation, the sharpening 
tool or tools rotating bodily and coaxially with the machine fly- 
wheel. As shown, the sharpener comprises a similar number of 
levers a to that of the knives / of the chaff-cutter, each of which 
levers is of such length, and is so pivoted to the fly-wheel ¢ at d 
that its free end may move along the edge of the knife with which 
it contacts when the lever is suitably operated. The free end of 
each of these levers has journalled in it a short spindle e formed 
with a universal joint in about its middle, and carrying on one 
end an emery or like abrasive wheel or block eé! set at the desired 
angle to suit the bevel of the knife-edge. At its opposite end 








(22072.) 


each of the spindles carries a wheel f adapted to run between two 
lateral flanges on an eccentric guide or wheel g, and to be pressed 
by centrifugal force against, and so caused to revolve on the outer 
of these two flanges when the machine fly-wheel is rotated. This 
guide g is so shaped and arranged as to cause the free ends of the 
levers a to move backwards and forwards along the edges of the 
knives as the machine fly-wheel revolves, and it is held in position 
by being hinged at that side nearest the mouth of the machine to 
aspindle h carried by the machine-frame, while at its opposite 
side it is adjustably secured to the frame by a slotted flange and 
a bolt and fly-nut. At that side, where hinged to the spindle h, 
the guide is held at such a distance from the machine fly-wheel 
that the abrasive wheel or blocks will be held away from the 
knives while these are passing through the cutting arc, while at 
its opposite side it may be adjusted either to hold the wheels 
or blocks against the edges of the knives while these are passing 
through the non-cutting arc, or to hold them away from same 
when it is desired to put the sharpener out of action. (Accepted 
October 30, 1912.) 


ELECTRICAL APPARATUS. 


7572/12. H. Leitner, Westminster. Cut-In and 
Cut-Out Switch. (3 Figs.) March 28, 1912.—In an auto- 
matic cut-in and cut-out switch, according to this invention, for 
charging accumulators, an electro-magnet in the form of a hollow 
iron cylinder, closed at one end and having a central core extend- 
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ing a portion of the distance from the closed end, is employed, in 
combination witha aise armature of the diameter of the cylinder 
or approximately so, and having a central spindle extending into 
the cylinder and two magnetising coils. A is the dynamo, and B 
the battery of accumulators to be charged thereby. a is the 








inverted iron cup or cylinder, closed at the upper end, and b is 
the solid cylindrical core projecting centrally from its inner 
face. c is a fine-wire coil located in a portion of the hollow 
cylinder a, and preferably adjacent to the closed or upper end 
thereof, the coil being connected across the terminals of the 
dynamo A, and d is a coarse wire coil which is placed preferably in 
the lower end of the cylinder a, and is in series with the main 
conductor between the dynamo A and the battery B when the 
device is in the ‘‘on” position. ¢ is the circular armature, and f 
the shank or spindle extending upwards into the ape 
within the coil d. A is the contact-bar which is affixed to 
the armature ¢, and insulated therefrom, and which serves to 
join the two main terminals or vontact-plates i, Y. A suitable 
stop, not shown in the drawing, is also provided to permit 
the armature to fall a certain distance only ‘from the 
magnet. The action of the switch is as follows :—When the dynamo 
commences to energise, a current will pass through the coil c and 
will give a certain polarity to the outside rim of the iron cylinder, 
and an apeme polarity to the central core b. The magnetic 
circuit will then tend to complete itself through the shank / and 
the disc armature e, and the latter will be powerfully attracted. 
As soon as the armature has been attracted upwards 80 as to close 
the contacts i and j, the series coil d will come into action, and 
will polarise the armature ¢ and the spindle / in such a manner as 
to increase greatly the force with which the armature is held in 
the attracted ition. If now the electromotive force of the 
dynamo falls below that of the batteries, the shunt coil ¢ will con- 
tinue to be energised at the full potential of the batteries, and 
will thus continue to magnetise the cylinder a and the core b as 
before, but there will be a reverse current in the series coil d 
which will reverse the polarity of the armature ¢ and spindle /, 
and will, therefore, cause the same to be repelled, whereby the 
contacts i and j being disconnected, the circuit will be broken 
between the battery and the dynamo and between the battery 
and the shunt coil c, but will remain intact between the dynamo 
and the shunt coil ¢ The breaking of the contacts i and j will, 
of course, take place partly under the action of gravity, as well 
as by magnetic repulsion, or a spring may also be employed to 
assist the break. (Accepted October 30, 1912.) 


HYDRAULIC MACHINERY. 


1705/12. J. Muskett, Manchester. Hose-Coupling. 
{3 Figs.| January 22, 1912.—This invention relates to a coupling 
for hose used for transmitting water, air, or other fluids under 
pressure. In the present invention the essential novel feature 
consists in using, instead of a segmental ferrule, a ferrule a in 
one o— formed at one end with a pertion with external taper, 
which portion has a number of slits therein to render it to some 
degree elastic, and at the other end the ferrule a is formed with 
a collar. Internally this ferrule is screw-threaded at the taper 
end to receive the wire armouring of the hose c, continuing in a 
plain bore which is or may be tapered out or not, as desired, to a 
slightly enlarged diameter at the collar end of the ferrule. A 
bush c! is provided for the ferrule a with external screw-threads 
and bored internally to fit upon the tapered part of the ferrule. 





A taper nipple d is provided for insertion into the hose ¢, which 
is forced therein by a nut e engaging with a collar on the nipple d 
and the screw-threads on the bush cl. In making the connection, 
a portion of the wire armouring at the end of the hose is removed 
and the wire on the hose is screwed into the slit end of the ferrule 
until a part of the unarmoured end of the hose projects beyond 
the end formed with a taper bore in the ferrule. This portion of 
the hose c is a loose fit in the ferrule, and when the bush c! has 
been placed on the ferrule @ and by slightly compressing the 
elastic coned end of the ferrule, causes the ferrule to grip the 
wire armouring securely, the taper nipple d can be thrust well 
within the unarmoured end of the hose, and the nut 6 is screwed 
on the bush to effect a perfect coupling. (Accepted October 23, 


1912.) 
MOTOR ROAD VEHICLES. 
23,128/11. E. Schneider, Le Creusot, France. 
Metal Tyres. [4 Figs.) October 19, 1911. — This inven- 


tion relates to metal tyres for vehicle wheels, wig d 
a band of hard metal with fittings of soft metal, and, accord- 
ing thereto, the band of hard metal is constituted by a grating 
formed of single bars, or bars arranged in pairs or groups 
of variable number, having their laterally - spread extremities 
connected, while the intervals between the bodies or webs of 
these bars, or between the webs of the pairs or groups of bars, 
constitute housings for filling blocks, while the ends or spread 
extremities of the bars exactly fit into the beadings on the wheel 


Fig.1. 
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rim, the whole constituting a bi-metallic tyre without any 
separate for assembling the elements of different metals. 
The tyre is sup to be fitted to a rim A provided with bead- 
ings a and fixed to a wheel body B. The tyre is constituted by 


and a bar C! formed by two assembled I's, The lateral faces of 
the bases of these successive I's adjoin in the completely fitted 
tyre. The bases of the I's present such a form that, after being 
arranged in position, they exactly fit into the beadings a of the 
rim. For the purpose of arranging them in place the bars are 
bent, thereby enabling them to be engaged between the internally 
projecting edges of the beadingsa. The filling bars or blocks D 
are formed in such a manner that they can be engaged in the 
housings between the bent bars C arranged in juxtaposition. 
The elements being thus arranged, the curvature of the Cis 
removed by hammering until the bars exactly fit in the rim bead- 
ings (Fig. 1), simultaneously imprisoning the blocks D, as indi- 
cated by the left-hand portion of Fig. 1. The blocks D are then 
flattened by hammering (Accepted October 28, 1912.) 


23,292/11. H. S. Yoxall and C. W. Thorne Bir- 
min; Variable-Speed tear. [5 Figs.) October 23, 
1911.—According to this invention, in a variable speed transmission 
gearing for motor-cycles and other papas having in combina- 
tion a laterally movable pulley-flange, a laterally movable but non- 
rotatable cam member co-operating with a rotatable but non- 
laterally movable cam member, the cam members each having one or 
more inclines or cam faces, whereby the laterally movable pulley- 
flange may be adjusted to a pievalite of positions, the applicant 
form the incline or inclines with a series of steps in a lane sub- 
stantially at right angles to the axis, or at other suitable angles 
for taking the lateral thrust or preventing movement from its 
adjusted position, thereby giving several driving diameters, 
whilst the two co-acting parts of the cam are balanced inst 
involuntary movement. e fixed flange 1 of the pulley is keyed 
to the engine-shaft, and has a laterally extending sleeve 3, on 
which the movable flange 4 is keyed in such manner that the two 
flanges are caused to rotate together, though the movable flange 
is allowed to move laterally, the sleeve being also provided with 
the usual ball-bearing or other free engine-ring located at the 
bottom of the pulley-groove. A supporting-plate carries or is 
































formed integral with the non-rotatable part 8 of the cam. This 
supporting-plate may have radial arms 9, whereby it is secured to 
bolts or brackets 10 on the crank-case, the connection between 
these arms and bolts on the crank-case being by the slotted ends 
11, 80 that the supporting-plate is allowed to move laterally with 
the movable flange of the pulley. The two parts 8 and 12 of the 
cam each have three or other numbers of inclines on their ends, 
cut in aseries of steps 19, and each extending part way around the 
ends. When the two parts of the cam are P together as at 
very low gear, all the parts of the cam are in complete engage- 
ment, whilst when the controlling or rotating part 12 of the cam 
is revolved, the inclines on the controlling part travel up the 
fixed inclines on the non-rotatable part, and foree same endwise 
together with the movable flange of the pulley. The rotatable 
part of the cam is provided with a thrust-bearing at the outer end, 
which engages an anjustable collar on a sleeve-nut which passes 
through the pulley and engages the screwed extremity of the 
crank-shaft. This adjustable collar is screwed upon the outside 
of the sleeve-nut, the latter being internally screwed to receive a 
locking-pin abutting against the outer face of the adjustable 
collar. By adjusting the lateral position of the collar the amount 
of thrust imparted by the cam may be regulated. (Accepted 
October 2%, 1912.) 


/i1. 8S. Smith and mon, Limited, London, 
and P. O. Dorer. . Speed-Indicators. (2 Figs.) 
September 12, 1911.—This invention relates to centrifugal gover- 
nors, speed-indicators and the like, and comprises the combination 
with the governor-arm or other centrifugal mass of a single hook- 
like cam which is rigidly supported on the member to be moved 
thereby, and is kept in direct engagement with the arm or mass 
(for example, by means of a spring) with or without an anti- 
friction bowl for the cam. Upon the spindle A is carried a ring B, 
which constitutes the centrifugally-operated element. A support 
for the ring is provided by two pivots di across the 
diameter of the ring, and carried by a bell-like sleeve ©! rigidly 
connected to the spindle A. A sleeve D is mounted upon 





the spindle and is provided with a hook E rigidly secured to 
it, and which engages a pin F provided with an anti-friction 
bowl mounted in the ring B. Between the sleeve D and the 
bell-shaped sleeve C! is a controlling spring in compression. 
The sleeve D carries a rack D!, and is cut away as shown, 
in order to balance the centrifugal action of the hook E which 
i ted on that side of the sleeve. The spindle is driven 





a grating of hard metal formed of a series of I shaped el 
or bars OC, which niay be united in pairs or groups of three or 


more, the bases of the I of each bar forming a joint with the cor- | § -indicator pointer. 
that | follows :—When the spindle 
s are | to make the ring B assume a horizontal position, such as is indi- 


ings or recesse 
blocks D (of aluminium, | 


responding bases of the following bar in such a manner 
between the webs of the sive I’s h 

formed for the reception of the soft metal 
for example) which complete the tyre. Upon the plane of Fig. 2 
three simple I-shaped bars O have been shown by way of example 








is 
by a pinion, and the rack D! engages a pinion connected to the 
4 The operation of the device is as 
is revolved, centrifugal forces tend 


cated in chain line in Fig. 1. As the ring moves from the position 
of rest shown in full line, it carries with it the hook E, so dis- 
placing the sleeve D against the controlling force of the spring, 
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finally up some postion intermediste between > gues aft 
rest. and that shown in chain line. The condition of the sleeve D 
wnder the action of the force applied to the hook E and that 
exerted by the spring, is one in which it is tilted, or tends to be 
tilted, owing to the want of lateral symmetry arising from the 
fact that oa one hook is employed. The result of this is that 
frictional binding between the sleeve and the spindle tends to be 
preduced, and would be unchecked if the cam-face E? of the hook 
were at right angles to the spindle, and would be enhanced if the 
face E) were upwardly slo By giving to the face E!, however, 
a slight downward (as viewed in Fig. 1) slope, a force is intro- 
duced by the ac:ion thereon of the pin F, which counteracts 
more or less completely the said tilting action, so reducing or 
eliminating the consequent binding effect (Accepted October 23, 
1912.) 


PRINTING AND ALLIED MACHINERY. 


23,480/11. R. Hoe and Co., Limited. popten, (*. Hoe 
and Co., New York, U*S.A.) Matrix-Drying esses. 
{4 Figs.) October 24, 1911.—The present inventun relates to 
stereotype matrix-drying presses of the kir d which are provided 
with means whereby a rough adjustment of the presser-plate may 
be obtained by hand, and also with means by which a substan- 
tially uniform preesure may be maintained automatically. 1 indi- 
cates a d —— or platen,which may be heated in any suitable 
way. This platen rests on a bed 2, which is supported on side- 
frames. The presser-plate 4 has a threaded stem which passes 
through centrally-located bosses in a yoke 5, this stem being pro- 
vided with a hand-wheel 8. The yoke is supported on rods 9, which 
pass through the plate 2 and are adjustably secured to the yoke 
and surrounded by springs 12. In order to maintain a uniform 
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pressure on the plate as the matrix covering under pressure 
settles or reduces in thickness, there is provided a cylinder 13. 
which may be placed under pressure, and in which works a piston 
provided with a stem 15. To enable the piston to operate the 
yoke there is pivoted to the pieton stem a pair of operating levers 
20, these levers being fulcrumed on studs 21 inserted in sockets 
formed on the bed-plate 2, The operating ends of these levers 
are connected by links to the ends of the rods 9. After the chase 

. containing the type, the matrix on the type, and the usual 
covering are placed on the drying-table, the plate 4 may by 
means of the hand-wheel 8 be forced down against the covering, 
thus obtaining a rough or preliminary adjustment, after which 
fluid under pressure may be admit to the cylinder. 
(Accepted October 23, 1912.) 


RAILWAYS AND TRAMWAYS. 


26,969/11. G. J. Conaty and C. B. Ketley, Birming- 
ham. etic Brakes. (2 Migs.) December 2, 1911.—This 
invention comprises improvements in or relati:g to magnetic 
track brakes of electric tramcars. It has been previously pro- 
posed to employ a battery carried on the vehicle for furnishing 
the necessary current to energise the electomagnets of the brake, 
and, according to this invention, means are employed in conjunc- 
tion with the battery for keeping the same continuously charged 
during the running of the vehicle, so that it is unnecessary 
to effect. the periodic removal of the battery for pan In 
carrying out this invention, a storage yo | lis prov and 
kept fully charged in the case of the w electrically-driven 
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tramear from the ordinary main 3 supplying the motors. A 
switch may be incorporated at any convenient of the circuit 
in order to disconnect the battery 1 from the main 8. The 
ordinary trolley pole is denoted by 5. a ter- 
minal of the battery is connected to earth 6 in parallel thi 
a resistance 7 and through the coils 8 which energise 
magnets of the track brakes. resistance and brake cir- 
cuits 9, 10 are both provided with switches 11, 12, which co- 
operate in such a manner that when one is closed the other is 
open, or vice versd ; by this arrangement, when the resistance 7 
is normally connected to the battery, the brake circuit is discon- 
when the switch is moved over the track brake 

resistance 7 wn out. In 
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is brought into operation and the 





order to show the condition of the hattery indicators 13 are 
provided, one at each end of the car, and connected across the 
terminals of the battery 1. The leads for the indicators 13, 
resistance-circuit 9, track brake-circuit 10, and duplex switches 11, 
12 are duplicated, so that the brake can be worked from either 
end of the car. Assuming that the track brakes are not being 
used, and that the battery 1 is not fully charged, the current 
flows from the main 8 into the battery 1 by way of the trolley- 

le 5, switch and lead 2, and then through the resistance 7 and 
ead 14 to earth 6. Upon the battery becoming fully charged the 
current no longer flows through it on account of the potential at 
the battery terminal, and that at the resistance me aap oa 
equal. To apply the track brakes either of the duplex switches is 
moved, with the result that the resistance-circuit 9 is broken, and 
the track brake-circuit 10 closed simultaneously, or nearly so, 80 
that the current now flows through the track brake-circuit 10 to 
earth 6, and thus energises the electromagnets of the track brakes 
which consequently come into action and retard the car. (Ac- 
cepted October 23, 1912.) 


24,966/11. J. D. Twinberrow, London. Axle-Boxes. 
{6 Figs.} November 9, 1911.—This invention relates to axle- 
boxes for railway stock of the type in which provision is made 
for allowing relative angular movement between the axle-box and 
the brass or bearing therein for the purpose of preventing binding 
of the bearing, such angular movement usually being permitted 
by the use of a centre bearing brass or key-plate, or )y rounding 
the upper interior surface of the axle-box or a plate located therein 
to an arc of a circle having its centre at, or approximately at, the 
centre about which the journal tends to rotate in a vertical plane, 
the brasses or bearing being similarly formed to suit the curvature 
of the axle-box. The invention consists in forming the lower 
brasses of the bearing or the lower ends of the brasses when the 
latter are divided in the vertical plane such that they may contact 
with the keep, while permitting the brasses to rotate in the 
manner referred to. In carrying the invention into effect—as, 





for example, in its application toa locomotive axle-box—the axle- 
box @ is of the usual external form, but the upper interior of the 
surface of the box is formed in an arc of a circle whose centre is 
the centre about which the journal is liable to have a tendency to 
move in the vertical plane. The brasses or bearings L in the axle- 
box are preferably two in number, having their meeting surfaces in 
the vertical plane and the upper surfaces of the brasses are suitably 
shaped to conform with the curvature of the interior face of the 
axle-box, so that if the journal has a tendency to turn in the 
vertical plane the brasses or bearings are enabied to move rela- 
tively to the axle-box about the centre of rotation of the journal. 
The brasses are of such a size ard so positioned that they afford 
adequate bearing surface for the journal in the fore-and-aft 
direction. The lower ends or edges of the brasses and the malle- 
able cast-iron or other suitable keep d, employed to retain the oil- 
pad in position, are conveniently shaped in order to facilitate the 
motion of rotation of the brasses when such is necessary. (4ec- 
October 30, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


6056/12. W. E. =a, Bishopston, R.S.0., C. H. 
Millis, Mumbles, and J. R. Hannan, Southport. 
Superheaters. (6 Figs.) March 11, 1912.—This invention 
relates to heating devices of the type in which heating-tubes 
are detachably ted to suitable headers or collectors, and 
relates more particularly to steam-superheaters of this type. In 
all such devices the aim has been to facilitate the removal of tubes 
for repair and overhaul, and the object of the present invention 
is to provide an improved form of attachment of the general 
nature above referred to. With this object the invention con- 
sists in the combination in a heater, as indicated, of a header, 
tubes having their adjacent ends each provided with a project- 
ing collar or flange, a gland or bridge-piece bearing on the back 














of these collars, and a bolt for securing the parts in place, such 
bolt passing from side to side of the header through an appro- 
ferrule or length of tube expanded thereinto. In carry- 
ing the invention into effect, as applied to a boiler super- 
heater, a header or collector a, of square or other suitable cross- 
section is provided with a partition dividing the header into 
saturated and su compartments ¢ and d = 
tively, the former of the compartments being in communi 
with the — and ~ latter with the cylinders, or the like. 
Steam passes in parallel from compartment c, to compartment 
d by a series of superheating tubes or units ¢. Taking one such 
unit as an example, each end is provided with a collar which may 
be coned or vided with surfaces to fit a corresponding 
recess in the r, while a bridge-piece A rests on the back of 
the nt collars, and is secured in place by a bolt passing 
t the header from side to side and a nut. In order to 





prese: ve the steam-tightness of the header, hols are bored in its 
two sides and a ferrule, or length of tube, for the accommodation 
of the Lolt, is inserted in such holes and expanded in place. 
With a view to keeping down the cross-sectional area for the 
passage of steam through the headers, the steam inlet n and 
outlet o are preferably placed in the centre of the superheater, 
the entering steam passing right and left to the saturated com- 
partments c, thence th h the tubes ¢. to the superheated 
compartments d, and so to the outlet o. With such an arrange- 
ment the headers may be removed bodily without interference 
with the inlet and outlet pipes, special caps being substituted 
to Ee steam from inlet n to outlet o. (Accepted October 30, 
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SHIPS AND NAUTICAL APPLIANCES. 


3331/12. R. H. Davis and Siebe, Gorman and Co., 
Limi London. Divers’ Helmets. (2 Figs.) Feb- 
ruary 9, 1912.—This invention relates to divers’ helmets, and has 
for ites object to provide means for maintaining the atmosphere 
within the helmet ina pure state. According to this inventior, 
a chamber or the like is fitted at or near the top of the helmet, 
and is extended down to a point adjacent to the helmet outlet- 
valve, so that the air escaping through the valve acta as a kind of 
ejector, and so creates a current through the chamber. the 
exhaled breath being carried away with the outflowing stream of 
air into the surrounding water. a indicates a perforated par! ition 











a A 
a) 

which is arranged at the upper part of the helmet a! and which 
forms the chamber 5, and ¢ is the extension of the chamber, which 
extends down to the opening d, which communicates with the 
usual outlet-valve of the helmet. The extremity, or mouth, / «f 
this extension is preferably arranged to extend into the valve- 
opening d, and so that it does not ag mers close the opening, 
but allows of the escape of the air through the opening and 
around the mouth /, the excess of air in the helmet thus 
acting as an ejector to cause the air to flow through the chamber 
b. If desired, however, the mouth /, instead of extending into 
the opening d, may terminate immediately over and close to the 
opening d. (Accepted October 23, 1912.) 


MISCELLANEOUS. 


23,271/11. F. W. Lanchester, Birmingham. Flying- 
Machines. (4 Figs.) October 21, 1911.—The present inven- 
tion relates to improvements in mechanism for the stabilisation 
of flying-machines of the heavier-than-air type by means of gyro- 
scopes, and has for object to give a machine of the heavier-than- 
air type increased lateral and directional stability. The invention 
consists in ——— a machine with the necessary degrees 
of freedom, and employing the rotating parts of the motor or of 
a specially fitted gyroscope rotating in a direction reverse to that 
of the running wheels, and about an axis fixed in the machine 
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directly to automatically “‘ bank” the machine upon the applica- 
tion of asteering couple. In the form of the invention illustrated 
a heavy wheel a is mounted in a framework extending in the 
forward direction. The wheel a is rotated rapidly in the reverse 
direction to that in which the running wheels rotate when the 
machine is running in the forward direction. The main supportirg 
wings ¢, motor, chassis, and propellers may be of the ordinary 
form; but in order to reduce the directional stiffness a single 
vertical plane d is provided in the neighbourhcod of the centre of 
gravity of the machine, and other vertical planes are dispensed 
with. (Accepted October 23, 1912.) 















































Tue City anp Guitps or Lonpon InstirvtTe.—The 
City and Guilds of Lendon Institute announce that a 
special courre of six advanced lectures on ‘‘ Induction 
Motors” will be given by Mr. J. K. Catterson-Smith, 
M.1.E.E., on Mondsy evenings, commencing on Mon- 
day, the 27th inst., and following on successive Monday 
evenings at 8 o’cluck, at the City and Guilds Technical 
College, Finsbury, Leonard-street, City-road, E.C. The 
fee for the course is 6s, 
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SOME SUGGESTED ERRORS IN 
NOZZLE EXPERIMENTS. 


Everyove who has made a study of experiments 
on the flow of steam through nozzles must have met 
with discrepancies for which no wholly satisfactory 
explanation was forthcoming. In some cases the 
discharge has been much less than it should have 
been, but in others it has actually appeared to he 
greater than was theoretically possible if calculated 
on the basis of the usual assumptions. The cases of 
too small a discharge do not, of course, presc nt 
much difficulty. They seem, generally, toari~e from 
the use of an inadequately rounded entrance, leading 
to the formation of a vena contracta beyond the 
nominal throat. In one case of this kind of which 
we have particulars the defect was fully 10 per cent., 
and the efficiency of the turbine was materially 
affected. Instances of too great a discharge can often 
he, at least partially, accounted for by moisture con- 
tained in the steam, since an enormous number 
of experiments have been published in which no 
determination whatever has been made of this most 
vital factor. 

Another explanation of these errors in excess is 
suggested in a note (which we publish on page 63) 
presented to the Institution of Mechanical Engi- 
neers, by Prof. J. B. Henderson, who takes excep- 
tion to the assumption, commonly made, that in 
the expansion of steam through a nozzle there 
is no material interchange of heat between the 
steam and the walls over which it flows. Professor 
Henderson’s view, if tenable, would certainly help 
to reconcile some of the outstanding discrepancies 
in experiments on nozzles. In the case, however, 
of such nozzles as are actually used in turbines, 
we believe that the assumption attacked by Pro- 
fessor Henderson must be substantially correct. 
In the Laval turbine, for example, the ‘‘ throat” 
end of the nozzle is wholly immersed in high-tem- 
perature steam, and the outlet end is well protected 
by the surrounding metal against loss of heat by 
convection. In this case, if there be any material 
interchange of heat between the walls and the 
nozzle, it is more likely to be a flow of heat into 
the steam than the reverse, and this would tend to 
diminish the discharge, whilst the real difficulty 
lies in an apparently excessive discharge being 
recorded. Again, in most other cases, with nozzles, 
as used in practice, the walls are so thick, and the 
section throngh which the heat-flow must pass is so 
substantial, that any large transfer of heat to these 
from the moving steam is impossible, the conduc- 
tivity of the metal being too small. 

In some of Rateau’s experiments, howevor, 
nozzles with very thin walls were used, and here the 
conductivity of the walls would apparently be suffi- 
cient to permit of a material loss of heat through 
them, provided always that the external surface 
could be considered to be at the temperature of 
the surrounding steam. In this case, therefore, the 
governing factor would be, not the conductivity of 
the metal, but the emissivity of its external surface. 
In one of the nozzles used by Rateau, and illus- 
trated in Professor Henderson’s paper, the inlet to 
the nozzle was 51 mm. in diameter, and the outlet 
24.20 mm., its length being about 31.5 mm. Its 
inner surface had thus an area of about 35.9sq. cm., 
or 5.56 sq. in., and the walls being 2 mm. thick, the 
external surface may be taken as about 6.28 = in., 
or about Jy sq. ft. If this nozzle were fed with dry 
steam at 70 lb. pressure absolute, the critical pres- 
sure at the outlet end would be about 40.4 lb. per 
sq. in., and the theoretical velocity of discharge 
about 1462 ft. per second. The quality of the 
steam on discharge would be 0.9658 dry, and its 
specific volume about 9.878 cub. ft. per lb., so that 
the weight discharged would be equal to 0.741 lb. 
per second. The available heat accounted for per 
second by the nozzle is thus about 31.3 B.Th.U. in 
the stated conditions. 

Let it be assumed that the loss of heat to the 
walls amounts to 1 B.Th.U. per second, which is a 
little over 3 percent. It remains to be seen whether 
anything like as high a rate of loss as this is 
physically possible. If one heat unit be lost, by 
conduction, as assumed, the specific volume at dis- 
charge will be 9.868 cub. ft. per lb., which is very 
nearly the same as before; so that a3 per cent. 
loss of heat by conduction would but slightly 
increase the weight , even were it accom- 
panied by no diminution in the velocity of outflow. 
It is easy on certain assumptions to determine, by 
well-known methods, the pressure and volume at 
different sections of such a nozzle, and from these 





to find the corresponding temperature, thus getting 
such a temperature curve as that shown to the top 
of Fig. 1. Lf it be assumed that the outside surface 
is at the temperature of the steam as finally dis- 
charged, we can by the usual rules for approximate 
integration find the loss of heat through the walls. 
Taking k (the conductivity of steel in C.G.S. units) 
as 0.119, the loss per second through the walls by 
conduction, in the conditions stated above, would 
amount to 312 small calories per second, or 1.181 
B.Th U. per second. Hence if the outer tempera 
ture of the wall were anything like equal to that of 
the steam as discharged, the loss of heat to the 
walls in Rateau’s experiments may have been 
sensible. As shown above, however, this loss 
would but very slightly increase the outflow. 

Tt will be observed, moreover, that the exterior 
surface of the nozzle had an area of only s'; sq ft. 
Hence a loss of 1.181 B.Th. U. per second is equiva- 
lent to the removal of no less than 98,000 B.Th. U. 
per sq. ft. per hour. Such an emissivity as this 
has, so far as we are aware. no parallel in prac- 
tice, being of the order of the heat transmission 
through the walls of a blast-furnace tuyére. We 
do not know of any experiments on the loss of 
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heat from a surface exposed to nearly quiescent 
steam. It might be thought that, being in a sense 
the converse of condensation, rates of heat transfer 
equivalent to those found in a surface condenser 
might be expected; but such a view would, we 
think, be wholly erroneous. In condensation the 
steam forms water, which drips away, leaving the 
surface clear for the cooling of a fresh supply of 
steam. In the converse case, a jacket of badly con- 
ducting superheated steam would be immediately 
formed round the surface in question, and the rate 
of heat transfer should be therefore of the same 
order as it is found to be in the case of air. The 
data for the emissivity of a surface surrounded by 
quiescent air are, of course, far from being well 
established, but, at any rate, the order of the 
emissivity should be known to makers of steam- 
heating plant. According to Kent’s pocket-book, 
with steam at 220 deg. and a room temperature of 
70 deg. the emissivity amounts to only 392 B.Th.U. 
per sq. ft. per hour with the air moving, and to 
but 2974 B.Th.U. per sq. ft. per hour with the 
air quiescent. Figures of a somewhat similar order 
have been given for losses from main steam-pipes. 
This, in our opinion, makes it very improbable that 
the loss of heat to the walls, in Rateau’s experi- 
ments, can have had any material influence on the 
results he obtained. 

Professor Henderson quotes in his note some 


experiments made in the laboratory of the Royal 


Naval College, Greenwich, which gave an indica- 
tion of some such heat transfer as he assumes 
To these experiments, however, serious objection 
may be taken. [In the first place, as Professor 
Henderson very frankly points out, there was the 
drawback that the quantity sought was determined 
as the difference between two very much larger 
quantities, a condition which may magnify enor- 
mously experimental errors. Again, it would seem 
that the quality of the steam was not measured, 
and this omission prevents us from attaching any 
great significance to results thus obtained. There 
is, however, still another objection to the experi- 





ments. The discrepancies, for which an explanation 
has to be found, lie in the discharge of a nozzle 
being apparently more than its theoretical value. A 
loss of heat to the walls might supply an explana- 
tion, but in half of the Royal College experiments 
the nozzle was immersed in steam hotter than 
itself. There would thus be an inflow of heat, the 
rate of which is entirely different from the rate of 
outflow of heat from the nozzle to the steam. With 
the surrounding steam hotter than the nozzle the 
conditions in fact resemble those realised in a 
surface condenser in which, as is well known, 
relatively high rates of heat transmission may be 
realised. With an outflow of heat, on the other 
hand, the emissivity of the surface must be out of 
all comparison smaller. 

In the earlier portion of his note Professor Hen- 
derson also suggests that at the throat of a nozzle 
the pressure is not necessarily uniform across the 
cross-section of the bore. Here again, however, 
we are met with the difficulty that the discre- 
pancies which have to be explained in nozzle 
experiments are values of the discharge in excess of 
the so-called theoretical value, and it is easy to see 
that if the pressure be not uniform acres: the 
throat at its narrowest point the discharge will be 
lessened, not increased. It appears certain that in 
a well-formed nozzle the motion is nearly of a true 
stream-line character up to this point. In fact, 
any departure from this stream-line character 
would imply turbulence and a diminution of the 
discharge. If the flow is of a stream-line character, 
each concentric shell of the discharge maintains 
unaltered the energy with which it started, which 
is, of course, the same for each particle of the 
fluid. As there is no interchange of either fluid or 
energy between such shells, any elementary shell 
may be considered as bounded by solid walle, and 
each of these will have a critical discharge pressure 
which will be the same for each and every shell. It 
is, of course, quite true that the curvature of the 
stream-lines near the entrance to the nozzle 
implies a corresponding reduction of its pres- 
sure; but with a well-formed nozzle there is no 
reason why this curvature should not vanish at the 
throat for all the stream-lines, and the discharge 
finally take on as a cylindrical jet. 

The usual theory of efflux is, it is true, based 
on a not quite legitimate use of the formula 


PV* = C for adiabatic expansion. In the case of a 
rfect gas, is, of course, the ratio of the specific 
eat at constant pressure to the specific heat at 
constant volume, but in the case of steam it has 
no physical significance, being merely a constant in 
a convenient formula of interpolation. That the 
use of such a formula may involve some error is 
easily seen if we apply the formula in question to 
the flow of slightlysuperheated steam. Suppose, for 
example, the steam pressure is 142 Ib. absolute, and 
the superheat 50 deg., then the total heat of the 
steam (taking the values for saturated steam from 
Reeves’ table) will be H,' = 1218.5 B.Th.U., and its 
entropy ¢,' = 1.6028. Here H,' is equal to H, + 
the heat units added in auperheating the steam, 
H, denoting the total heat of saturated steam at the 
same pressure. Similarly ‘a is equal to ¢, + the 
entropy due to the superheat, fr being the total 
entropy of saturated steam at the same pressure. 
Let the steam be expanded adiabatically down to 
82 lb. absolute. We have then 
Hz = 1177.2, ¢2 = 1.6089, and T, = 774.3 deg. absolute. 
The available heat is then given by the usual 
relation 
u = Hy! - Hy + (¢)' - os) T, = 46 B.Th.U. 
Taking ¢i,a8 the liquid entropy of the steam 
at the discharge and ¢,, as the corresponding steam 
entropy, we note that the dryness fraction at dis- 
charge is 
$:'~ Pig _ 1.6028 — 0.4543 _ 1.1485 
%,, 1.1546 1.1546 
Hence the specific volume at discharge is 
_ 1.1485 “- 
V:2= aoe 5.302 = 5.2742 cub. ft. per Ib. 
The weight discharged through an opening 
1 sq. ft. in area is thus 
224 x ./46.0 
5.2742 
If we adopt p V* = constant, asthe approximate 
equation to the expansion, we have 
log Po - low Pe 
log V.—log Vo 


= 288.05 lb. per second. 
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Using Callendar’s formula for the volume of 
superheated steam we get V, = 3.444 cub. ft. per lb., 
so that A = 1.2896. . ue 

The critical pressure ratio corresponding to this is 


A 
2 
(; 4 i) A-1 = 0.5479, 
so that if \ had the same significance as in the case 
of a perfect gas, the critical pressure at discharge 
mas be 0.5479 x 142 = 77.7 lb. per sq. in. 

Taking, then, P, = 78 lb. absolute, we find in 
the same way, as before, u = 49.9 B.Th.U., whilst 
V, = 5.503 cub. ft. per pound, so the weight dis- 
charged per second is 287.53 1b., or less than before. 
Hence the true critical ratio is not 0.5479, as would 
be indicated by the interpolation formula, but a 
higher value. 

In the saturated field the discrepancy will un- 
doubtedly be less than in this instance, and as the 
curve of discharge becomes very flat in the neigh- 
bourhood of the critical pressure ratio, some other 
explanation must be sought for the appsrently 
excessive discharge which has been recorded in 
certain experiments, ~ 

A conceivable explanation of the discrepancy 
in question might be found in the inaccuracy of 
our steam tables. These have, however, been 
recently revised, and such errors as have been 
found in them appear to be quite inadequate to 
account for the high rates of efflux which have at 
times been recorded. No doubt, as already pointed 
out, part of the discrepancy may be due to initial 
wetness in the steam, but in some of Rosenhain’s 
experiments the discharge observed was higher 
than could be accounted for by any reasonable 
assumption as to the amount of moisture pre- 
sent. A careful analysis of one series of these 
experiments (using, it is true, one of the older 
steam tables) showed that to effect an agreement 
between the ordinary theory and observation the 
moisture in the steam must have been as much as 
11.6 per cent. when the initial pressure was 2065 Ib., 
14.2 per cent. when the pressure was 851b., and no 
less than 24 per cent. with an initial pressure of 
45 lb. per sq. in. Very probably the percentage 
of moisture would increase as the flow of steam 
was diminished, but it is difficult to admit that it 
can have been as great as is indicated by the above 
figures. 

The point, therefore, arises as to whether any 
false assumption has been made in the theory of 
the phenomenon. As shown above, it does not 
seem possible that there can be ro ape, like a 
sufficient transfer of heat to the walls to account 
for the anomaly, and that the usual assumption in 
this regard is substantially correct. One other 
assumption is made, however, which it seems prob- 
able may not be strictly true, and that is, that the 
mixture of steam and water in the throat of the 
nozzle is in a state of thermal equilibrium. As the 
steam — down to the pressure in the throat a 

ortion of it tends tocondense. It is, however, well 
ar that condensation is only possible upon 
nuclei, and, as proved by the classical experiments 
of Aitken and Wilson, if saturated, but dust-free, 
air be cooled by expansion, there is no condensa- 
tion. Since nuclei are needed for condensation, 
the cooled steam has to find them to condense on, 
and this necessarily implies a certain lapse of time. 
The time available is, however, extremely small, 
since the speed of the steam is very great, and the 
distance traversed very small. It would seem, 
therefore, that some portion of the steam in the 
throat of a nozzle must be in a super-cooled con- 
dition, and it does not seem inconceivable that 
in this condition its volume may actually be 
smaller than that of the corresponding ‘‘ equili- 
brium” mixture of steam and moisture. Unfortu- 
nately, very little is known as to the ‘‘ hypothe- 
tical” isothermal lines of steam, and perhaps the 
data hardly exist by which the suggestion above 
set forth can be tested. 

As is well known, Professor James Thomson in 
1871 suggested that the relation between the pres- 
sure and volume of a supercooled vapour was of 
the form shown by the curved lines in Fig. 2. When 
there is no supercooling, condensation takes place at 
constant pressure, as indicated by the line Bc, 
but the corresponding theoretical isothermal is 
denoted by the curve aBy. Any point on this 
curve corresponds to a state of thermal instability, 
but in spite of this, portions of the curve between 
B and 8 have been found experimentally, as well as 
portions of the portion between 8 and c, which 
correspond to a superheated liquid. When steam 





is cooled in the absence of nuclei condensation 
cannot occur, and the pressure and volume of the 
steam during the cooling are proportional to the 
co-ordinates of this hypothetical curve. 

It will be obvious from the foregoing that there 
must also exist a corresponding set of hypothetical 
constant pressure lines in the temperature entropy 
diagram. Their general character must necessarily 
be somewhat as indicated in Fig. 3 by the dotted 
curves ACBG. The portion BG corresponds, of 
course, to superheated steam having a pressure equal 
to that of steam saturated at the temperature H B. 
Ordinarily when heat is removed from such steam 
it condenses at constant pressure along a constant- 
temperature line, such as B A. If supercooled, 
however, its temperature will fall, when its entropy 
is diminished below the limit K H, and a curve 
having the character of B C A will be traced. 

If steam be expanded isentropically from the 
temperature E F to the temperature F C, then 
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ordinarily its pressure at the end of the expansion 
will be that of saturated steam at this temperature, 
and its dryness aig x? at the end of the expansion 
Cc 
would be equal to La 
were absolutely free from nuclei, no condensation 
could occur, and though its temperature and entropy 
would still be both represented by the state-point 
C, its pressure would be much higher than that of 
saturated steam at the same temperature. Since 
the entropy in the two conditions is the same, the 
velocity of outflow will be the same for the super- 
cooled as for the wet steam, but the volume may 
well be different for a given weight. If it be 
smaller for the super-cooled than it is for wet 
steam, the discharge will be greater than would 
be expected from the ordinary theory. So far as 
we are aware, no data exist sufficient for the test- 
ing of this hypothesis. It may be observed that 
super-cooled steam in the state represented by C 
is essentially in an unstable condition. It would 
therefore be not unnatural to conclude that in 
assuming the stable state there would be a certain 
** collapse,” as it were, to a smaller total volume. 
This, however, is not necessarily the case. Super- 
cooled water, for example, expands when its 
equilibrium is upset, the total volume increasing 
and the temperature rising. 

Inthe foregoing it has been assumed that in the two 
cases compared expansion took place down to a cer- 
tain definite temperature. It may, however, take 
place instead down toa certain definite pressure, and 
this appears to be perhaps the more probable condi- 


If, however, the steam 


tion. If this be the case, the diagram shows that | pa) 
supercooled steam at the stated pressure will have a 





very much lower temperature than the equilibrium 
mixture. There will then be a greater amount of 
heat ‘‘available” for producing the flow, and it 
again seems quite possible that the weight passed 
may be abnormally high. 

Were any satisfactory method available for 
measuring the temperature of rapidly - moving 
steam, the hypothesis advanced above could . be 
tested, but every attempt hitherto made in this 
direction has uniformly failed. The moving gas 
impinging on the measuring device, whether this 
be a thermometer or a thermo-junction, undergoes 
adiabatic compression, with a resultant rise of 
temperature. Possibly the use of a thermo-junc- 
tion consisting of two different wires, butt-welded 
together end to end and strained in one line along 
the axis of the nozzle, might yield satisfactory 
results. The joint should be perfectly level with 
the rest of the wires,'so as to give the fluid no 
chance of impinging on it or of eddying round it, 
and the wires should be as fine as possible in order 
to minimise errors due to heat conduction. 

It may be noted that if the steam flowing from a 
nozzle be partially supercooled, as above suggested, 
the subsequent establishment of thermal equilibrium 
will involve a growth of entropy and consequent loss 
of available heat. This loss, though incurred in the 
flow to the throat, will only become effective after 
the steam has passed this point. Apparently some 
proportion of the lower efficiency shown by turbimes 
when working with wet steam, as compared with 
turbines usikg superheated steam, must be due to 
a growth of entropy arising in this way. 
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Or the making of books on the treatment of sewage 
there is no end. Royal Commissions have collected 
evidence on the sewage problem, numerous reports 
with copious annotations have been issued, to which 
the chemist, the engineer, the physicist, and biolo- 
gist have contributed, but a satisfactory solution is 
not yet forthcoming. A common solution is not 
possible, for no one method could be best under 
all circumstances. The local conditions of environ- 
ment are so variable—large cities and small towns 
cannot be treated on the same plan—opportunities 
of disposal vary so greatly that the successful 
treatment in one locality may fail in another 
and bring a useful system under certain condi- 
tions into disrepute. Each case has to be treated 
with reference to local circumstances ; the know- 
ledge or experience gained by success or failure 
under tolerably similar circumstances is to be 
regarded as a guide, and not as a precedent. 
The characteristic feature of the present treatise 
consists in the collection of facts from over a wide 
area, mainly in Germany and America, with which 
English engineers are not so well acquainted. 
Frequent reference to English methods and the 
management of sewage plant in this country secures 
to some extent a basis of comparison, but rigorous 
and exhaustive tables are needed in order to make 
the book truly valuable as a study of the comparative 
treatment of sludge. The wider the survey the 
greater the danger of being superficial and of omit- 
ting details that materially affect the judgment. 
The book is divided into four parts. In the first 
Dr. Alexander Elsner discusses the various ways in 
which sewage residue may be treated and utilised. 
He has little to do with the collection of sewage, he 
deals with the bulk formed after treatment by grit- 
chambers, bar and mesh screens, tanks, wells, and 
towers, by plain sedimentation or chemical precipi- 
tation, septic tanks, contact beds or irrigation fields. 
The diverse manners in which sludge accumulates 
shows the ingenuity that has been bestowed on the 
early stages in devising schemes to get rid of this 
nuisance. We have to do with a colloid of the 
emulsoid class, possessing a liquid disperse phase, 
and the chemistry of these emulsoids offers peculiar 
difficulties. In sludge treatment, the main object 
is to reduce the amount of the water content, and 
the description of the various ways in which this 
is effected is the main subject of Dr. Elsner’s 
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means that are available to produce certain results, 
the account is satisfactory; but the details are in- 
sufficient, and in the moderate scope the author 
allows himself completeness could not be attained. 
Apparently he has had in view the circumstances 
that determine the choice of a plant rather than 
the actual designing. If he is unable to outline a 
scheme capable of suiting,all variable conditions 
after modifications, one reason may be found in the 
fact that the work of the engineer is a compromise. 
If it aims at the complete purification of sewage, 
the mass of sludge daniel: and to be dealt with 
subsequently will be very great, and may entail 
an inconvenience or an expense that would 
be prohibitive. On the other hand, the greater 
the mass of foul matter discharged, the more 
the difficulties of disposal are diminished, as well 
as the expense. Consequently prudence dictates 
a middle course—one that will render the sludge 
harmless in character and amount, and, at the 
same time, satisfy the demands of the sanitary 
authorities. To accommodate the hygienic and the 
economic conditions is not a simple problem, and 
it is one that is intimately connected with the 
possibilities of utilisation. When we read of London 
maintaining a fleet of sewage steamers, each of 1100 
tons burthen, to carry the sludge to sea, at an 
annual cost of 50,0001., there does seem to be room 
for the introduction of more economical methods, 
especially in view of the successful efforts that have 
been made in all branches of human endeavour to 
recover and to turn to account that which was con- 
sidered a waste product. The most that knowledge 
and ingenuity can accomplish is to reduce the ex- 
penditure ; the hope for a profit isa chimera. Dr 
Elsner is very clear and emphatic on that point, 
and we think it will be the decision of those best 
qualified to form an opinion that with city sewage 
no plan has been, or is likely to be, devised that 
will cover the cost of the plant and furnish addi- 
tional revenue. To reduce expenditure, however, 
is the same thing as to derive an income, and 
therefore Dr. Elsner discusses the several pro- 
posals made for utilising sewage, either wet, as 
a fertiliser, for example, or dried, and employed 
as a fuel for its calorific value. As a fertiliser 
there is a difficulty in finding a sufficiently large 
area available, without increasing the cost of car- 
riage to a prohibitive extent, to say nothing of the 
troubles likely to arise from the grease and cellu- 
lose contents in the product, covering the soil with 
slime and preventing the admission of air. As a 
fuel its value will largely depend upon the amount 
of organic constituents contained, but the presence 
of water will always be a serious drawback, since a 
great proportion of the heat generated is absorbed 
in converting the waterinto steam. Similarly, the 
grease contained is a disadvantage, inasmuch as this 
must be distilled off before reaching the tempera- 
ture of combustion. In several places attempts 
have been made to extract the grease either from 
the settled sludge or from the sewage in connec- 
tion with other materials, but under normal circum- 
stances the process has never been found profit- 
able. At Bradford, where from the nature of the 
trade waste much grease is found in the sewage, 
and the experiment is likely to prove remunera- 
tive, it is stated that the city had a revenue from 
its grease of about 60001., while the cost of the 
sulphuric, acid used in the treatment was double 
that amount. We have not been able to verify 
these figures or determine the value of other by- 
products. For after the grease is extracted the 
sludge is mixed with coal and burned under steam 
boilers, effecting some slight economy. But as a 
rule the mixing of sludge (if the moisture amounts 
to 40 per cent.) with coal is not to be recommended. 
The author states that experiments carried out at 
Charlottenberg showed that where sludge was 
burnt with the addition of coal, more coal was 
required to obtain a certain amount of steam than 
if coal alone had been used. 

The second part is concerned more particularly 
with the drying of sludge, and necessarily there is 
a good deal of repetition, since the author, Dr. 
Spillner, in no waycollaborates with his predecessor. 
The ground covered, however, is not so large, the 
author adhering strictly to the methods of removing 
moisture from sewage. The main difficulties arise 
from the stubborn retention of the water in fresh 
sludge and in overcoming the attraction of the col- 
loidal substances for water. The separation of the 
water or the clarifying of tank sewage is accom- 
plished by three main methods. The putrefaction, 
which may be a source of danger to the operatives, 





or of annoyance to the inhabitants in the vicinity, 
may be retarded, or it may be promoted to digest 
the sludge, or a middle course can be steered, 
known as the Emscher method, where the sewage 
is kept fresh, but the sludge is subjected to thorough 
decomposition. 

The septic tank for promoting putrefaction is 
falling into disuse, on account mainly of the cost of 
the plant, and sedimentation tanks are gaining 
greater recognition. The third method is at present 
on its trial, and has created a very favourable im- 
pression on the Continent and in America. All 
through the book a very general approval of this 
plan is apparent. Indeed, the third section is 
devoted entirely to the consideration of the results 
of the mechanical sewage clarification plants of 
the Emscher Association. Mr. Blunk, who co- 
operates with Dr. Spillner in this section, computes 
that one-third of the organic matter contained in 
fresh sludge is lost or destroyed by gasification in 
the Emscher tank. No doubt the energy of 
digestion would depend upon temperature. The 
quantity of grease in the sludge was found to be 
less in towns where these tanks were erected, and 
this difference is ascribed to the decomposition 
effected by this arrangement. About six days is 
sufficient to dry or drain the sludge to a spadable 
consistency, and when spread out on the dumping 
ground the residue is gradually converted into an 
earthy substance. The totalannual cost per million 
gallons of sewage discharged is about 2 dols., and 
the annual expense for operation and maintenance 
per head of population is about 3 cents. 

The Emscher tank appears to be on the model of 
that constructed by Mr. Travis at Hampton. Dr. 
Imhoff modified the construction, so that the 
chamber which received the sludge, and where it 
was to decompose, would have no current of sewage 
passing through it. In the most approved construc- 
tion the sludge passes off continuously and automa- 
tically. The liquid passes through the chamber in 
from one to two hours. Because of this brief period 
of clarification and the immediate removal of the 
sludge, it is contended that the putrefaction of the 
liquid is less noticeable than in the case of treat- 
ment by sedimentation. Whether the advantages 
are sufficiently pronounced to justify the expense of 
tank erection seems doubtful, and in the neighbour- 
hood of large towns the cost of the land may be 
heavy ; three-fourths of an acre being required for 
every 10,000 persons. 

The fourth section, by Mr. Kenneth Allen, on 
**Sludge Treatment in the United States,” is of 
particular interest, because the extent and nature 
of the country enable very various methods 
to be employed under advantageous conditions. 
The opportunities for effecting sewage purification 
by intermittent sand filtration, as well as the 
means of self-purification by discharge into rivers 
of great volume, are frequent, and from the collected 
data more information might have been given on 
these points. It should, however, be said that 
the statistics and tables given are very interesting 
and much more copious that in other parts of the 
book. From the author’s digested statistics, we 
gather that there are only 330 municipal sewage 
treatment plants in the United States. Of these 
about three-fifths employ the septic tank process, 
and one-fifth, plain sedimentation. The remainder 
offer isolated examples of lagooning, drying on the 
land, centrifuging, pressing, and burning. Of each 
kind there are but few examples, and frequently the 

rocesses are not conducted on the most scientific 
ines. Mr. Allen considers that the prevailing 
use of the septic tank has in a measure simplified 
the sewage problem, but that the adoption of the 
Emscher tank will prove a favourite plan in many 
towns. 





Studies in Radioactivity. By W. H. Braac, M.A., 
F.R.S. Cavendish Professor of Physics in the Uni- 
versity of Leeds. London: Macmillan and Co., 
Limited. [Price 5s. net. | 

Tus book is one of the series planned by Messrs. 

Macmillan with the intention of enabling those 

who have devoted themselves to specialised re- 

search to explain their methods and record their 
achievements. In dealing with the subject of radio- 
activity, however, Professor Bragg finds that so 
many have contributed to the extensionof our know- 

ledge of the behaviour and composition of the a, 8, 

y, and X rays, either as original investigators or 

in confirming and widening the scope of experi- 

ment previously designed, that he is compelled to 
consider not only his own work, but the work of 





others who have occupied the same field. This de- 
cision is fortunate, as it enables the layman to 
grasp the position which this particular inquiry has 
attained, and in some measure to anticipate the 
direction fresh research will take, though the ad- 
vance is so rapid that the perspective is constantly 
shifting. Even while the book has been passing 
through the press, new and important results have 
been established to which the author can only refer, 
and not weave into the fabric he is constructing. 

The plan of the book requires an examination of 
the work bestowed on the several types of rays 
mentioned, since one of the main objects is to 
demonstrate a similarity in the different forms of 
radiation. Much controversy—or perhaps debate 
would be a better word—has arisen over the ques- 
tion whether y and X rays are spreading pulses in the 
ether, and are of a totally different character to the 
a and 8 radiations, which are admittedly corpus- 
cular. The author, who has worked Sone and 
successfully at this problem, contends that the 
difference is of degree only, and not of kind; but 
we believe we are correct in saying that the ques- 
tion is still sub judice. The historical survey here 
presented, as well as the author’s own work, shows 
that the a particle is an atom of helium carrying a 

ositive charge of twice the unit of electricity. 

ut since a particles possess different physical and 
chemical properties, according to the source whence 
they are derived, and four pronounced types have 
been recognised, it has been necessary to examine 
the velocities and ranges of these different forms, 
the scattering and stopping power, and especially 
the ionisation of the air through which they have 
d. The author’s survey of a wide literature 
is a valuable contribution to the subject that will 
be appreciated, though naturally his conclusions 
will be narrowly scrutinised. 

It is a triumph of ingenuity and manipulative 
skill to determine that from a milligramme of radium 
in radioactive equilibrium 136 millions of a par- 
ticles are expelled every second, and that the life 
of each may be completed in the thousand-millionth 
of a second ; but when a physicist declares that he 
has succeeded in separating one single a particle 
from its neighbours, it requires much confidence 
in scientific sobriety to accept the statement with 
unmoved composure. It must not be sup 
that Professor Bragg attempts to increase the in- 
terest in his subject by any appeal to sensational 
numbers. What he expresses are the results of 
very serious, painstaking inquiries. To him the 
atom is a very real entity of a complicated con- 
struction, to be dissected and analysed as though 
it were large enough to be handled. He sees 
radiant particles penetrating these atoms, per- 
ceives that forces are being exercised within this 
very circumscribed domain, and when an electron 
emerges from the fray showing signs of the treat- 
ment it has undergone in its passage, he asks what 
can there be inside the atom to produce the ob- 
served effect. 

The a particle, however, is a heavy and clumsy 
weapon in comparison with the 8 ray, whose reality 
is revealed to us in the same way as the a rays, by 
ionising a gas, acting on a photographic plate, and 
causing a screen to phosphoresce. But the mass of 
the 8 particle is some 4000 times less than that of 
the a, and its velocity little less than that of light. 
But its smaller mass and quicker motion has not 
enabled it to elude the cunning physicist ; it has 
— a more difficult task to isolate a single f ray, 

ut Dr. C. T. R. Wilson has accomplished even 
this feat. He has been able to render the track of 
the single 8 particle visible to the eye, but his 
success is among those recent advances to which we 
have referred. Its full import is scarcely appre- 
hended, but it is not impossible that the whole life- 
history of the § particle will stand clearly revealed. 
The author encourages the hope that we may trace 
its origin in a y or X ray, watch its encounter with 
innumerable atoms, seeing some portion of its 
energy disappear at each collision, till, utterly 
exhausted, it passes out of our ge ee Looking 
at what has been effected with the a ray, we 
may hope to trace its effect on the kinematograph 
screen; but, failing this assistance to our imagina- 
tion, we can follow with not less interest the tale 
that Professor Bragg unfolds and the hypothesis 
he invites us to study. It is easy to say that the 
8 ray disappears, but therein lies the whole crux of 
the question. Is it not probable that we have 
failed to trace its minute transformations rather 
than assisted at its dissolution? The author sug- 
gests to us the possibility «f a cycle of changes, 
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that the 8 ray may disappear, only to make way for 
an X ory ray ; that the negatively-charged electron 
has rid itself of its charge, and reappears as a 
neutral ray, but still capable of producing the 
phenomena of phosphorescence, of photographic 
action, and of ionisation. We cannot in a brief 
space do justice to the author’s arguments, but he 
gives good reasons for supposing that the § ray 
continues the line of motion of the y ray, notwith- 
standing the great difficulty there must be in tracing 
the movement and interpreting the results of such 
minute quantities of energy. One may be the 
more inclined to follow him in his attempt to place 
all these a, 8, y and X rays in one class, till we are 
brought up against the stumbling-block of theory, 
or, it may be, of authority. If we attribute a cor- 
puscular origin to y and X rays, we must abandon 
the suggestion of spreading ether pulses, on 
which Stokes relied, and be prepa: to meet 
fresh difficulties in the phenomena of inter- 
ference and diffraction, whose explanation by 
Young and Fresnel delighted a generation satisfied 
with cruder experiments, and who happily were 
not tormented with the subtleties arising from 
radioactivity. The vital position against which 
physicists will direct their forces is this question 
of the interchangeability of the electron and the 
X ray, and the author maintains very stoutly that 
no theory can be accepted and no hypothesis be 
regarded as satisfactory that does not explain this 
curious feature. He himself suggests that the 
8 ray may be imagined as capable of attaching to 
itself enough positive electricity to neutralise its 
own charge, without appreciably increasing its 
mass, the reversed transformation occurring when 
the electron relinquishes the positive charge. This 
hypothesis implies that not only does the energy 
of the B-ray come from the y or X ray, but the 
8 ray itself. Whether the hypothesis is correct or 
not, it provides a simple and convenient means of 
picturing the X ray processes to the mind. 





Framed Structures and Girders. Theory and Practie, 
Vol. I. Stresses, Part I. By Encar Marsvre, C.E., 
Soc.D., Professor of Civil Engineering, University of 
Pennsylvania. New York and London: McGraw-Hill 
Book Company. [Price 17s. net. } 

Txis somewhat bulky volume, the first of three, as 

stated in the preface, opens with an excellent sum- 

mary statement of definitions, which are in them. 
selves helpful in giving a first grip of the subjects 
to be treated later. The study of co-planar forces, 
of bending moments, and shear, with the determi- 
nation of maximum quantities for any series of con- 
centrated loads, is dealt with at great length, 
generally by analysis. The principal stresses in 
framed structures are treated in a thorough manner, 
the author explaining the methods of moments, 
of shears, of coefficients, and solution by graphic 
construction, supplementing this by a discus- 
sion of the merits of algebraic and graphic 
methods. Having sufficiently developed this part 
of his subject, the author then deals with 
roof trusses, and the particular problems which 
occur in roof design, giving special attention to the 
question of wind pressure, and of wind effects 
upon columns, upon knee-braces, and on members 
of the truss itself due to the knee-braces, a subject 
of some complexity. Various methods of com- 
puting the principal stresses of bridge trusses 
aving horizontal chords take up about ninety pages, 
and include the simpler methods of equivalent 
uniform loading, the precise determination for con- 
centrated loads, and an examination of the merits 
of each. Trusses having inclined chords are then 
dealt with at considerable length, the whole sub- 
ject of bridge trusses of simple type being, so far 
as the principal stresses are concerned, exhaustively 
handled, chiefly by analysis. 

Interpolated in the middle of the book, for some 
reason not very apparent, the author gives a short 
historical account of modern bridge trusses and 
their development, including a comparison of 
modern with older methods of construction, after 
which a further consideration of bridge trusses of 
greater complexity than those previously treated 
is entered upon, types common in American prac- 
tice, though seldom adopted in this country. The 
processes of computation have so far not made use 
of the ‘‘ influence-line”” method, which the author 
next gives, and applies to a number of cases similar 
to those previously dealt with by other means. The 
presentation of many methods of arriving at the 


same, or substantially the same, result has the 
disadvantage of making this study somewhat 


wearisome ; but as these various methods have 
their merits, and for practical use appeal to dif- 
ferent computers with different effect, it is well to 
give them, leaving the reader to choose that method 
which can be used by him most readily and most 
confidently. 

Skew bridges and the special problems pacward 
to them, bridges on curves and the effects of centri- 
fugal force, are also touched upon usefully. A 
chapter is devoted to the general consideration of 
live loading for bridges, intended to give an idea of 
the various methods which have been proposed or 
are in use for the determination of stresses on 
bridge trusses under concentrated or other loadings, 
methods proposed to simplify the processes of calcu- 
lation, and possessing varying degrees of accuracy. 
This chapter is of singular interest, giving as it 
does a concise statement respecting a somewhat 
troublesome branch of bridge design. The lateral 
and transverse bracing of bridges, and the design 
of portal bracing receive attention at length, as also 
the treatment of ‘‘ bents,” or piers, as we prefer, 
in this country, to call them he last chapter of 
the book is devoted to a consideration of the 
deformation of trusses, due to stress or tempera- 
ture changes, dealing also with provisions to be 
made for camber. These matters are treated at 
sufficient length, though not so completely as other 
sections of the book. Professor Marburg’s work is 
clearly intended for those only who seek a thorough 
knowledge of the matters treated, but does not 
seem to furnish any matter conspicuously new. 
There is some overlapping, even repetition, such 
that the matter of the book might be condensed 
with advantage to the reader, who experiences a 
sense of expectation and of confusion when conning 
a twice-told tale. It has one commendable feature, 
not always to be observed in books of American 
origin, being singularly free from extraneous 
matter, tables, lists, &c., which may be quite well 
found, if wanted, in other publications. It is 
admirably printed, the diagrams are clear, and 
there is an exceptionally complete index. The 
volumes to follow, intended to treat of more advanced 
structures and with practice, it may be hoped will 
not be long delayed. 





Notes on the Materials of Motor-Cur Construction. By 
A. E. Berrian. London: The St. Martin’s Pub- 
mage 4 — 44, St. Martin’s Lane, W.C. [Price 

net 


Tue fact that in motor-car construction a variety 
of materials are employed which are little used in 
other classes of engineering makes the volume 
under notice, which deals exclusively with their 
manufacture and properties, one of great interest. 
While entitled ‘‘ The Materials Used in Motor-Car 
Construction,” the subject-matter is really limited 
to those used in the chassis ; the various materials 
used in bodies, wood-wheels, tyres, &c., are ex- 
cluded. Further, although the properties of vari- 
ous kinds of steel, &c., are described in general 
terms, details are given of the materials used by 
the Daimler Company, Coventry, only. 

The early part of the book consists of a popular 
account of the materials used and their production. 
The second part will be of the greatest interest to 
engineers, for in it there is a great deal about the 
various ‘‘alloy” steels and their heat treatment. 
Analyses of varieties of these steels are given, as 
well as their tensile and other tests, both as received 
and also after special heat treatment. The range of 
materials employed will be seen from the fact that 
the tensile tests given range from under 25 tons per 
sq. in. to 125 tons per sq. in. Details are also 
given of the case-hardening process and its results, 
the production of malleable castings, and also 
the a of the wearing properies of brass, 
phosphor - bronze, white- metal, &c. The tests 
include tensile, impact, and fatigue tests, while 
a machine is also described which subjects the 
specimen to a constant repetition of small blows. 
The tests of bronze for durability in worm- 
wheels are also described. The book throughout 
is well illustrated both with photographs of the 
Daimler works and laboratories, and also with a 
considerable number of microphotographs of the 
various materials used. 

The book would have been still more interesting 
if the author had given some figures as to the actual 
working stresses which the various materials are 
found to stand in practice as compared with those 
of more ordinary type, as safe working stresses 
appear to have no definite relation to tensile or 





other tests. The matter of improvement in steel 








is of great interest to engineers in general, and the 
motor-car may form a useful experimental ground ; 
but the question of whether in any particular case 
it is worth while to use materials which are out of 
the ordinary and appear in many instances to require 
very complicated heat treatment, must be settled 
by the increased load which is found safe in prac- 
tice, not by the higher results in a testing-machine. 
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SaLE OF WaTER-Powgr IN Fintanp.—After lengthy 
negotiations a Belgian syndicate has purchased the 
Rouchialo waterfall, near — Finland, for a sum of 
5,000,000 Finnish marks. With average water level the 
capacity is put at 48,000 horse-power. It is proposed to 
convey the power to St. Petersburg, and a company with 
a capital of 100,000,000 francs is said to have been 
formed for the purpose. Negotiations are also pending 
for the purchase, by the same concern, of the fall of 
Wallinkoski, the second largest fall on the Wuoksen, with 
a capacity of 44,400 horse-power, and some of the 
owners have already sold their portion to the Belgian firm. 
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THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Skinner, M. Am. Soc., C.E. 


THe new Pittsburg and Lake Erie Railroad 
Company’s cantilever bridge. over the Ohio River, 
from Monaca on the south shore to Beaver on the 
north shore, is located about 25 miles below Pitts- 
burg, about 4 mile below the junction of the 
Beaver River with the Ohio and the right-angle 
bend in the latter river, and is about 300 ft. up- 
stream from an old single-track bridge built by the 
railroad company about twenty years ago. The old 
bridge, exclusive of the approach viaduct, was 
1384 ft. long over all and 90 ft. high in the clear 
above low-water level. It had a 450-ft. channel 
span of single track through pin-connected con- 
struction, which had become inadequate for the 

resent very heavy and rapidly increasing traffic. 
t was at a summit of a maximum grade of 0.3 per 
cent, and as the old substructure was not adequate 
for a double-track superstructure, and as changes in 
the approach and in the length of the channel span 
were desirable, it was decided to replace the old 
structure by the present new one, of which a 
general view is reproduced in Fig. 1, Plate II. The 
site selected is at a pool formed by the Government 
regulating bear-trap dam No. 6, which maintains 
water about 7 ft. above low-water level, for the 
navigation of numerous large fleets of coal barges, 
many river steamers, tugs, and rafts of logs. The 
river is subject to maximum floods of about 46 ft. 
above low-water level, and the condition in the river, 
due to bars, variations in the current and other con- 
siderations, are such that channel-span falsework 
could not be permitted in justice to the heavy 
shipping interests. The main span clears the 
navigable channel, and its length, 769 ft. between 
centres, was fixed by the United States Govern- 
ment engineers to correspond with the skew of 
crossing and the right-angle clear channel of 700 ft. 
allowed for the bear-trap dams above and below. 
The total length of the bridge between back walls 
is 1800 ft., and the length of the main structure 
between centres of end pins is 1409 ft., with one 
370-ft. end span, two 320-ft. anchor-arm spans, and 
the 769-ft. channel span. The latter has two 
242-ft. cantilever arms and a 285-ft. suspended 
centre span with pin-connected trusses 344 ft. apart 
and about 145 ft. deep over all and 90 ft. in clear 
height above low-water level of the river. 

The design, construction, and erection of the 
bridge were completed under the direction of the 
engineering department of the Pittsburg and Lake 
Erie Railroad, of which Mr. J. A. Atwood is the 
chief engineer, and Mr. A. R. Rayner assistant 
chief engineer. Mr. Albert Lucius, of New York, 
was the consulting engineer and in charge of inspec- 
tion. The general contract was awarded to the 
McClintic-Marshall Construction Company, of Pitts- 
burg, while the substructure was built by the Dravo 
Contracting Company. 

Design of Substructure.—The substructure has 
three river piers, with rock foundations, and two 
land abutments, located by survey measurements 
made with a 100-ft. steel chain, tested for tempera- 
ture and tension conditions and standardised with 
the Government tape at Washington. Each of the 
pier sites was explored by two preliminary 
diamond-drill borings, carried well into the bed- 
rock, which indicated such regularity and satisfac- 
tory conditions for the foundations that other 
borings were not considered necessary. Except 
the sandstone facing above water level, all of the 
substructures are entirely of 1 : 3 : 5 concrete, made 
of American Portland cement and clean river sand 
and gravel, which was mixed soft enough to puddle. 
Abutment No. 1 serves both as a support and as 
a counterweight for the Monaca anchor-arm, and 
acts as a retaining-wall for the high embankment 
approach, as can be seen in Fig. 2, Plate II. It 
therefore requires strength as a pier, weight as an 
anchor, mass and rigidity to resist transverse 
thrusts, as well as stability against the possibility 
of horizontal displacement in case of settlement. 

As the soil was of good character and the rock 
was 44 ft. below the surface, it was determined to 
build the abutment on a. foundation of concrete 
piles, which were proportioned for a total load of 
13,400 tons, made up of 6570 tons of masonry and 
6830 tons of vertical component due to the thrust 
of the fill, besides which there is a possible live 
load of 1035 tons from the superstructure and 
train-load. The footing was therefore designed with 
the minimum dimensions necessary to these require- 








ments—namely, a length of 54 ft. and a width of 
57 ft., corresponding with a pressure of 4.4 tons 
per sq. ft. and a load of nearly 40 tons each on the 
iles, which were placed 3 ft. apart on centres. 

hen the foundation excavations were made in 
the very hard, compact gravel and shale, about 
70 per cent. gravel, the material was found to be 
better than anticipated, and fully able to support 
a load of 5 tons per sq. ft., and the piles were 
therefore omitted. 

Just below the bridge seat the abutment has a 
minimum horizonal cross-section 164 ft. wide and 
52} ft. long, below which it is offset transversely 
and longitudinally to the full dimensions of the 
footing. The total height from the bottom of the 
footing to the bridge seat is 63.88 ft., above which 
the back walls extend nearly to the base of rail, 
about 14 ft. higher. Two 34-ft. by 5-ft. vertical 
shafts, about 48 ft. deep, are provided for the anchor 
chains and are connected by a horizontal tunnel near 
the foot, with the necessary enlargements for sumps. 
The tunnel is accessible by a 3-ft. by 34-ft. manhole. 
The abutment contains about 3922 cubic yards of 
masonry, and settled about 4 in. without horizontal 
movement, while the 66-ft. fill was made adjacent to 
it by slopes from the top which extended the 
material around the abutment. 

At the Beaver end of the bridge abutment No. 5 
carries the shore end of the 370-ft. approach span, 
the base of the rail being 62 ft. above the surface of 
the ground. Drillings through 30 ft. of yellow 
sandy clay indicated the surface of the rock at 68 ft. 
below the ground level, and 315 concrete piles 16 in. 
in diameter were driven about 3 ft. apart and 8 ft. 
or 10 ft. into the gravel substratum, each of them 
being proportioned for a load of 35} tons. These 
piles are of the ‘‘Simplex” type, made by driving a 
steel tube 16 in. in diameter to the required depth, 
filling it with concrete, and withdrawing it in succes- 
sive operations. The strength of the pile and the 
bearing capacity of the soil were tested by loads 
applied to one pile, close around which four others 
were built as in the actual construction. When the 
outside piles were driven before the centre pile 
hardened, the latter, when 30 days old, sustained a 
test load of 60 tons for 72 hours with a settlement 
or compression of ,°; in., which was almost wholly 
recovered after the load was removed. 

In the other case the outer piles were driven after 
the centre pile concrete was partly set, and the 
results were notsatisfactory. Accordingly the specifi- 
cations required that ‘‘ the setting of the concrete in 
any pile must not, under any consideration, be 
disturbed by driving another pile or piles within a 
radius of less than 9 ft. centre to centre from it 
after a minimum interval of three hours, or before 
the expiration of the 7 days from the time the 
concrete was mixed with water for that pile. The 
contractor may, however, at his own option, drive 
the pile forms within the 9 ft, radius to a depth not 
more than 3 ft. from the total estimated penetration 
inside of the 3-hour limit; and then, after the 3-hour 
limit and before the expiration of the 7-day limit, 
complete the driving and filling in these forms.” 

In accordance with this specification the piles were 
driven successively in transverse rows 1, 4, 7, 11, 
15, followed by rows 2, 5, 8, 12, and by rows 3, 6, 9, 
13. The excavation was made two ft. below the 
tops of the piles and concrete filled in around them 
in the usual manner. As abutment No. 5 does 
not support the cantilever-arm nor serve as an 
anchor, the design is materially different from 
that of abutment No. 1, and it was made solid, 
excepting that the bridge-seats were carried on 
two separate columns or pedestals, about 44 ft. 
above the surface of the ground, supporting an 
arch of 18 ft. span. These pedestals are seated 
on a continuous monolithic footing over the pile 
top, and the masonry which connects their caps is 
reinforced by a layer of ?-in. tension-rods, 12 in. 
apart, transverse to the bridge axis. Theabutment 
has a total height of 67 ft. 9? in. above the bottom 
of the footing, and is about 70 ft. long and 60 ft. 
wide over all. Each of the res has minimum 
cross-sectional dimensions of 164 ft. by 17 ft., and 
the abutment contains 3000 cub. yards of masonry 
and 7500 lb. of reinforcement steel, and required 
1400 cub. yards of excavation. The bank in front 
of the abutment is protected from scour by a revet- 
ment of about 22,000 tons of derrick rubble-stone, 
sloped 14 to 1, and extending from 3 ft. above low- 
water mark to 3 ft. above high-water mark fora 
length of 650 ft. 

e main river piers 2 and 3 are substantially alike 
and each sustains a maximum load of 12,000 tons 





from the superstructure and trains. Their construc- 
tion is shown in detail in Figs. 6 to 11, page 42. 
They transmit to the rock foundation, about 126 ft. 
below the base of rail, a total pressure of 13 tons 
per sq. ft., made up of about 8 tons masonry load 
and 5 tons bridge load. The bridge Joad is applied 
through cast-steel shoes (see Figs. 12 and 13, 
page 42), with a pressure of 80 tons per sq. ft. on 
their bearings of 150 sq. ft. on I-beam grillages, 
which increase the bearing on the surface of the 
concrete to 240 sq. ft., and diminish the pressure to 
25 tons per rode The distribution of pressure 
through the concrete in the upper 50 ft. of the 
pier is promoted by the use of alternate longitu- 
dinal and transverse layers of reinforcement rods, 
1.25 in. in diameter. Under the full live load the 
concrete in pier No. 2 is compressed about } in. 
Pier No. 2 measures 26 ft. by 62 ft. under the 
coping, and is 73.57 ft. high above 1-full level, 
and 111.27 ft. high above the rock. Its foundations 
were sunk about 17 ft. through sand, and about 
34 ft. through sand and gravel to a bed of hard 
solid shale. Pier No. 3 is similar to it, but is sunk 
about 1 ft. deeper. Pier No. 4, which also acts as an 
anchorage, has anchor construction, vertical shafts, 
and other similar details identical with those of 
abutment No. 1. It is 22 ft. by 26 ft. under the 
coping, and its foundations are carried down 2 ft. 
lower than thcse of pier No. 2. It receives the 

estals for the anchor and approach spans ; the 
atter, being subjected to positive reaction only, 
are seated on I-beam grillages embedded in the pier 
concrete flush with its upper surface. Abutment 
No. 5 serves both as a support for the shore end 
of the 370-ft. span and as a retaining-wall for 
the deep fill. ike abutment No. 1, it has a 
very wide face, to give it stability against the 
horizontal thrust, and to prevent settlement or 
longitudinal or horizontal displacement. The back 
wall is carried up 14 ft. above the coping, and the 
pier is 16 ft. 6 in. by 52 ft. 6 in. just below the 
coping. The main body of the pier consists of two 
rectangular shafts with minimum dimensions of 
17 ft. 9 in. by 16 ft. 6 in., which are connected 
just below the coping by an 18-ft. full-centred 
arch, immediately above which the concrete is re- 
inforced by a single horizontal tier of longitudinal 
1j-in. bars 12 in. apart. The shafts have offset 
bases extended to a maximum width of 28 ft. on 
the footing, which is offset to extreme dimensions 
of about 70 ft. by 50 ft. at the bottom. The footing 
is seated on 315 concrete piles, as already noted. 
The total quantities involved in the five piers are 
30,100 cubic yards of masonry and 104,300 Ib. of 
reinforcement steel (besides the anchor-chains and 
reaction platforms), and 12,700 cub yards of exca- 
vation. 

Construction of the Substructure.—Plana and 
specifications for the substructure were completed 
on March 1, 1908, and the contract was awarded 
on March 30, and provided for the completion of 
the work during the same season. The extreme 
range of water-level at the site is about 46 ft., and, 
owing to flood conditions and the manipulation of 
the Government dam, the height was so great that 
operations were not commenced on the foundations 
until early in June, although the delivery of the 
plant was commenced on May 18. Abutments 1 
and 5 are located on the banks above ordinary water- 
level, and were conveniently built in the dry. 
Pier No. 2 is located at the water’s edge at the 
side of an old retaining-dyke, the line of which is 
shown in Fig. 15, and piers 3 and 4 are located in 
the river bed in water about 7 ft. deep at pool-full. 

Rectangular box cofferdams about 8 ft. wide (see 
Figs. 14 and 15), filled with puddle, and having 
inside dimensions of 55 ft. by 111 ft., were built 
on the centre line of each pier, unwatered, and 
caissons were constructed in them for sinking the 
foundations of the piers to rock. The materials 
for caisson No. 1 were delivered by tracks on land, 
and the work was handled by stationary stiff-leg 
derricks commanding the site. Piers Nos. 3 and 
4 were connected to shore by a trestle falsework, 
on which a double-track service line was laid for 
the transportation of plant and materials. Con- 
crete for the caisson was mixed on a barge along- 
side, and the work was handled by floating 
derricks and by a falsework tower (see Fig. 3, 
Plate II.) built alongside each pier, and removed to ° 
the successive ones for the construction of the 
masonry above the caisson. 

The tower was made with 12-in. by 12-in. wooden 
vertical posts at the corners, wooden horizontal 
struts, and adjustable pin-connected steel dia- 
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gonals in each panel of the face. It carried two 
stiff-leg derricks operated and swung by hoisting- 
engines located in the base of the tower.. A 
portion of the masonry pier was constructed on the 
caisson to aid in sinking it, as shown in Fig. 5. 
The pier centres were located by triangulation 
from a base line on a 0.3-per-cent. grade which was 
about 1000 ft. long and nearly at right angles to 
the axis of the bridge, and was measured three 
times with a 100-ft. standardised chain with a 
variation of only 0.003 ft. When the river piers 
2 and 3, supporting the 769-ft. main span, were 
above water-level, their centre distances were 
checked to within in. of the measurements made 
by the standardised steel tape used for the fabrica- 
tion of the superstructure. The checking was done 
by a piano wire supported at intervals of 25 ft. 
from the ends of the ties of the adjacent old bridge, 
where it was held at 15 lb. tension, between accu- 
rately measured points 769 ft. apart. The wire 
was etched with a mixture of nitric and muriatic 
acids opposite the fixed points to which the 
measurement was made, and was then transferred 
to the piers and applied under similar conditions. 
Piers 2,3, and 4 have their foundations carried 
to rock on concrete caissons about 30 ft. high, with 
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horizontal dimensions a foot or two in excess of 
those at the bottom of the pier-shaft. One of 
these is shown in Fig. 4, Plate II., in course of 
construction, and in Fig. 5 when ready for sinking. 
They have walls 7 ft. thick, except at the cutting- 
edge, where they are 8 in., and from which they taper 
up to the full thickness, with an inside batter up toa 
height of about 9 ft. above the cutting-edge, beyond 
which they are vertical. The long sides are connected 
by two transverse vertical walls 5 ft. thick, extend- 
ing nearly to the cutting-edge on the sides, and 
cut away in the centre to a height of about 9 ft. 
to afford clearance in the working-chamber. The 
caissons were sunk chiefly by dredging in open 
wells, and were carried down a short distance to 
their final bearings under pneumatic pressure. 
Details of the timber framing used in constructing 
them are illustrated in Figs. 16 to 21, above. 

The steel cutting-edge, made of a large angle 
and a wide bent plate riveted together, was assem- 
bled on the surface of the ground (see Fig. 18, 
above), in a position parallel with the surface 
of the rock as determined by preliminary borings. 
The first course of forms about 10 ft. high were 
assembled to the cutting-edge, and were filled with 
concrete to a depth of 6 ft., and set four days to 
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develop strength to distribute the weight of the 
wet concrete afterwards deposited above it. The 
forms were made of panels from about 5 ft. to 
12 ft. long, made of vertical 1}-in. boards, nailed 
to horizontal cleats with vertical studs at the end, 
which acted as flanges, through which they were 
bolted together to make each course continuous 
around the caisson. The inner and outer walls 
were tied together with horizontal screw-rods, 
about 34 ft. apart vertically. They passed through 
the clearance between adjacent vertical flange- 
pieces on the form panels and through vertical 
timbers engaging the pairs of flanges, and had 
nuts bearing on the outer faces ef the latter. 

The concrete, made of 1: 3:5 American Portland 
cement, sharp sand, and 2-in. gravel, was machine- 
mixed, soft enough to puddle, and was deposited 
in the forms at a maximum rate of 386 cub. yards 
per day. 

The caissons were sunk nearly to rock at a maxi- 
mum rate of about 30in. per day by ‘‘orange peel”’ 
bucket dredging through the open wells. The 
cutting-edge was scoured by hydraulic jets, and 
when necessary obstacles under it were removed by 
divers. Several courses of dimension stones for 
the pier shaft were piled on top of the caisson to 
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give it greater weight before sinking, and great care 
was taken to control the position by regulating the 
depth of excavating, which was so successful that 
no deviation of more than 14in at the top was 
observed. These variations were all corrected, and 
the final positions of the caissons are vertical, and 
almost exactly on the required centres, the maximum 
eccentricity being only 0.85 ft. 

When the cutting-edge of each caisson was sunk 
to within about 16 in. of the surface of the rock, 
dredging was suspended, and the water in the 
interior of the caission was pumped down low 
enough to — the construction of a temporary 
timber deck 10 ft. or 12 ft. above the cutting-edge. 
Three circular steel air-shafts were then set, one in 
each well, and the spaces around them were con- 
creted to a height of 7 ft., and allowed to set for 
one week. The remainder of the concrete was then 
filled in to the top of the caisson, bonding with the 
caisson walls through horizontal recesses left in 
the latter for that purpose. 

The piers were built up to a height of about 
16 ft. above the top of the caissons to increase the 
sinking weight, the working-chambers were put 
under air-pressure of about 18 lb., and the caissons 
were sunk to rock by three 14-man gangs working 
successive eight-hour shifts. The total pneumatic 
work for the three piers involved the excavation 
of 250 yards of sand and gravel, 200 yards of rock, 
and the placing of 1800 yards of concrete in twenty- 
four days. 

The concrete was locked through in l-yard 
batches at a maximum rate of 315 yards per day, 
and was heavily banked against the cutting edge, 
and the working chambers were filled with 1-ft. 
layers well rammed. Great care was taken to avoid 
the formation of air-pockets in the concrete, a pre- 
caution which was facilitated by the sloping walls 
of the working-chamber. The caisson work was 
executed in good weather, between May and 
December, om fortunately, was not exposed to 
any floods of more than 2-ft. 1ise, so that it experi- 
enced no damage or interruption. 


(T7'o be continued.) 





THE TEMPERATURE EFFECI ON 
TRAIN RESISTANCE. 

THE irreconcilability of the results of many ex- 
periments on train resistance is notorious, and the 
ingenuity displayed in attempts to show them to 
be in agreement one with another has often been 
of greater interest than value. Even when conducted 
under as favourable conditions as possible, so many 
variants are involved that most of the work done 
can be regarded as giving little more than approxi- 
mate results under a narrow range of conditions. 
Precise deductions capable of wide application are 
only possible when extreme care is exercised in 
order to eliminate as many of the variables as can be 
definitely appraised, and when the accumulated facts 
are numerous enough for the balance to furnish 
sufficient basis on which to take an average, after 
discarding tests in which variables of unknown 
value are known to be involved. Tests of this 
kind suffer from their very nature. With stationary 
plant it is an ea y matter, as a rule, to obtain 
suitable test conditions. The very reverse is true 
in the case of tests with rolling-stock. The 
load is most often settled by conditions outside 
the control of those organising the test. The 
gradient is seldom uniform for any great part 
of the run, while climatic conditions are chang- 
ing so constantly that a single run commenced 
in wind and weather of one style may terminate 
in quite another manner. On account of these 
vicissitudes the attempt has often been made to 
confine tests to short runs, so as to ensure greater 
uniformity of conditions, and train resistance ex- 
periments have also been conducted by allowing 
vehicles to drift and gradually come to rest. Though 
apparently in the direction of greater reliability, 
Pm tests, for reasons which we will proceed to 
show, may have just as little real value as those 
conducted on the larger scale. 

The expression ‘‘ climatic conditions” includes, 
properly speaking, a factor of which little account 
is. usually taken. At home it is the custom to 
regard it as covering simply the direction and force 
of the wind, and the effect of weather on the 
state of the rails. There is another factor, how- 
ever, of considerable importance, well known to 
operating officials in countries where the climate 
is less equable than here. We refer to the tem- 
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perature of the air, which often has an influence 
as great on train resistance as either speed or the 
loading of vehicles. In many countries wide 
ranges of air temperature are common They are 
sometimes so great as to necessitate two classes of 
oil, for summer and winter use. Obviously, journal 
friction, which is one of the chief components of 
train resistance, will vary greatly under these con- 
ditions, and therefore experiments conducted at 
different times of the year would be incomparable. 
The trouble may be even greater than this if it be 
desired to make exact determinations of train 
resistance, for it frequently happens that the daily 
range between the night or early morning tem- 
perature and that reached in the early afternoon 
is also very wide. The difference may be further 
intensified by the fact that a train starting on a 
journey at one altitude may later in the day be at 
another vastly different. These conditions are 
difficult to deal with, but should not be everlooked, 
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as they have a distinct bearing on train haulage. 
Fortunately for the utility of the work done, most 
of the investigations have been carried out under 
conditions somewhat less extreme than these. It 
is true that both summer and winter tests have 
been made, but for the most part we believe work 
to have been carried out in the more moderate 
diurnal ranges of temperature. 

Temperature changes have their greatest effect 
upon journal lubrication. If the temperature be 
high, a thick oil of high viscosity may be used ; but 
if it be cold, a thinner oil will be preferable. The 
selection of suitable oil and the supervision of 
boxes may give quite a lot of trouble. If a thick 
oil be employed to meet the conditions of hot 
plains, and a train finish its day’s work ata consider- 
able altitude, the oil will thicken during the night, 
and haulage will be greatly increased in the 
morning. It may happen, of course, that the 
journey then may be down-hill again, so that it will 
not affect the locomotive, but the increase of train 
resistance is nevertheless present. The effect 
may not be very prolonged. It is, to some 
extent, self-corrective, for heat is immediately 
generated at the bearing, and this, on being 
dissipated through the surrounding parts, includ- 
ing the lubricant in the box, decreases the 
viscosity of the oil, and the resistance is reduced. 
Tho heating up of the axle and the thinning of the 











oil proceed until a state of equilibrium is brought 
about, for every speed, between the generation of 
heat at the journal and its dissipation owing to 
the outside air effect on the exposed parts. Both 
these effects differ for different speeds, so that 
different equilibrium temperatures exist for different 
speeds. The rate of dissipation of the heat gene- 
rated being in this way dependent not only on the 
speed, but also upon the air temperature, is relative, 
and thus equal rates may exist at widely different air 
and journal temperatures. At equal speeds, there- 
fore, the temperature of equilibrium may be much 
higher in summer than in winter. In a greater or 
less degree, these conditions of unstable journal 
temperature always exist. In hot weather their 
effect is not so noticeable as in cold. The oil is 
then thinner, and the temperature of equilibrium 
for any speed is reached comparatively quickly. 

A contribution of considerable value on this side 
of the complex question of train resistance has been 
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made by Professor E. C. Schmidt and Mr. F. W. 
Marquis as the outcome of work carried out at the 
University of Illinois, Urbana, Ill., U.S.A.* This 
research is of value because it brings the tempera- 
ture effect on train resistance into due prominence, 
and not because it helps greatly to the solution of 
an intricate problem. It is by no means the last 
word on the subject, but a sufficient number of 
facts have been martialled together to give weight 
to the theory advanced. The tests, so far as we are 
aware, take account, for the first time, of journal 
temperatures. Though it has not been possible to 
measure these directly except in a few instances, the 
conclusions in which they are involved appear to 
be perfectly logical. 
the investigation was pursued in a practical 
manner. In a long series of tests it was found that 
while the results obtained in summer were con- 
cordant and gave fairly well-defined curves, under 
winter conditions values for train resistance proved 
to be most conflicting, an increase ranging anywhere 
between 25 per cent. and 65 per cent. in excess 
of the summer values being obtained under similar 
wind and rail conditions. It was decided, there- 
fore, to investigate tests from a fresh standpoint. 
The values for a particular run were considered. 


* University of Illinois, Bulletin No. 59. ‘‘ The 
Effect of Cold Weather upon Train Resistance and Ton- 
nage Rating, by E. C. Schmidt and F. W. Marquis. 
Tilinois: Published by the University ; London: Messrs. 
Chapman and Hall, Limited. Price 20 cents. 
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These values, when plotted in the usual way against 
speed in miles per hour, gave the uninformative 
diagram which we reproduce as Fig. 1 herewith. 
As there was a large number of records for speeds 
between 14 to 16. miles per hour, these were 
looked into, and it was found that, when considered 
with regard to the distance run from the start, 
they fell into reasonable order. The confusion of 
Fig. 1, in fact, became reduced to the comparative 
order of Fig. 2, when these values were plotted 
against distance from commencement of the run. 
A fairly definite curve is thus obtained, commenc- 
ing at a high value near the start, and gradually 
dropping until the horizontal is reached, after com- 
pleting a distance of about 35 miles. On applying 
this system to other groups of points in ie. 1, 
similar curves were obtained. These we reproduce 
in Fig. 3. The temperature of the air was fairly 
low in this test, varying between 30 deg. to 42 deg. 
Fahr. Under these conditions it appears that a 
run of about 35 miles is needed at 15 miles per 
hour before the temperature of equilibrium of the 
bearings is reached. In hot weather a distance of 
8or 10 miles may suffice to bring about a state of 
temperature equilibrium, which is always accom- 
panied by conditions of least journal resistance. 
The summer resistance, as may be gathered from 
what has been said above, is a good deal lower than 
it is in winter. If values taken from the series of 
curves shown in Fig. 3, for any particular distance 
from the start, be plotted against speed in miles per 
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point of the run. At the commencement for some 
distance it was fairly uniform, and the resistance, 
starting from a high value, — continuousl 
with the increase of distance. Atabout the fifteent 
mile a stop was made. This was of 1 hour and 
15 minutes’ duration, so that there was ample time 
for the oil to be squeezed out of the bearings. The 
air temperature was only 23 deg. Fahr. at the 
time, so that the journals would cool fairly rapidly. 
As would be expected, therefore, on re-starting the 
resistance again stood at a very high figure owing 
to the failure to re-establish the oil-film with the 
thickened lubricant, but it fell off again as the 
distance progressed. At about the twenty-sixth 
mile another stop was made, this time, how- 
ever, of only two minutes. This detention was 
insufficient to have any material effect in lowering 
the journal temperature, and on re-starting the 
resistance was much the same as before the stop, 
and it continued thereafter to fall. Other tests of 
interest might be referred to. As having reference 
to an important conclusion, we may mention one 
commencing with so long a run at uniform speed 
that the journal temperature of equilibrium was 
reached and maintained for some miles. After- 
wards the speed varied, and the resistance was 
found to vary in exactly the same manner, again 
emphasising the necessity of taking account only 
of values obtained after running some distance. 

As stated above, train resistance is made up of a 
number of factors. Some of these are known, 
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hour, curves such as those exhibited in Fig. 4 will 
be obtained. The highest curve thereshown gives the 
train resistance in winter for several speeds at 5 miles 
from the start ; the next curve gives the resistance at 
35 miles fromthe start, while the lowest curve gives 
the normal curve for summer air temperatures. This 
diagram clearly indicates the difference in the values 
recorded near the start, or after a considerable time, 
and emphasises the immense importance, if train- 
resistance experiments are to be of any value at all, 
of taking cognisance of this important factor of 
journal temperature. It also gives some indication 
of the difference under summer and winter condi- 
tions. It is evident from the two upper curves 
that, in the search for absolute values, it is manifestly 
desirable only to take account of tests of long enough 
duration for a uniform state to have been arrived at. 
Coasting and such like experiments of short run 
would not appear to fulfil these requirements, and 
may not prove at all reliable. The resistance 
near the start is, of course, not without interest, 
but when treating generally of train resistance, 
it must be borne in mind that the first thing to 
obtain is an ideal foundation in the form of values 
for uniform conditions at different speeds. Having 
once obtained this, the other factors can be added 
- knowledge permits us to make allowance for 
them. 

The conclusions thus brought out are confirmed 
by other tests given by Professor Schmidt and Mr. 
Marquis. One, for instance, of uliar interest is 
given in Fig. 5. Plotted in the usual way the 
Values for this test, during which the temperature 
of the air varied from 22 deg. to 26 deg. Fahr., 
were just as ambiguous as those shown in Fig. 1. 
In Fig. 5 the base of distance from start has again 
been taken instead of speed, and the points at 
once rearrange themselves in some order. The 
upper continuous curve gives the speed at any 
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some unknown. It is the endeavour, of course, to 
render the residual group of unknowns as small as 

ible. In time the work at Urbana may make 
it possible to eliminate one more of the unknown 
variables. Something has even now been gained 
merely by the demonstration that resistance values 
are of little service unless derived from records 
taken after the equilibrium temperature has been 
reached. The fact that comparisons should not be 
made of values obtained in warm and in cold 
weather has been known for some time, but no 
harm will be done by again bringing it into pro- 
minence. 

Though known to exist, knowledge of this differ- 
ence is still scanty. It is frequently even now 
roughly allowed for in railway operation, but on 
account of the large number of variable factors 
involved journal temperature does not have so 
great a net effect as might be expected. In the 
United States, on systems on which the summer 
and winter temperatures are widely divergent, 
instructions are issued controlling the reduction of 
loads in cold weather. The plan most generally 
followed is to settle upon some standard tempera- 
ture for normal rating, and then to apply a 
graduated reduction for any departure from this 
standard. It may be that the reduction is calcu- 
lated as so much per cent. for every 10 deg. below 
the standard. Some systems have a recognised 
scale or schedule. 

The Chesapeake and Ohio takes 45 deg. Fahr. as 
the standard for normal rating. If the temperature 
fall to between 45 deg. and 35 deg. Fahr. a reduc- 
tion of 5 per cent. is arranged, and so on, 5 
per cent. being allowed for each 10 deg. Fahr. 
until a 20 per cent. reduction is made for tempera- 
tures between 15 deg. and 5 deg. Fahr. Between 
5 deg. and 0 deg. Fahr. a deduction of 25 per cent. 
is made, and for 0 deg. to — 5 deg. Fahr. 30 per 





cent. is allowed. The Minneapolis, St. Paul, 
and Sault Ste. Marie makes provision for a 
reduction on a tonnage basis—e.g., 100 tons less 
for temperatures between 25 deg. and 10 deg. ; a 
220-ton reduction between 10 deg. and 0 deg. Fahr. ; 
300 tons reduction between 0 deg. and — 10 deg. 
Fahr.; and 400 tons below normal for temperatures 
below — 10 deg. Fahr. The Pittsburgand Lake Erie, 
with normal rating fora slightly higher temperature, 
provides for a reduction on a somewhat higher scale. 
Practice varies considerably, but this is only to be 
expected, as the conditions in various parts of 
America are very different. Perhaps in time the 
work at Urbana will enable more system to be 
introduced in these arrangements. Ratings must, 
however, always be worked out for individual 
cases, as the effects of grade, &c., far outweigh the 
effect of temperature, so that, as pointed out above, 
the net effect of the latter is not commensurate 
with the actual difference in resistance due to altered 
temperature. It may, in conclusion, be pointed 
out that temperature has also some effect on the 
haulage power available, by increasing the loss by 
radiation, lowering the temperature of combustion, 
&c., so that in cold weather a locomotive may be 
5 per cent. less powerful than in warm, and this 
should be allowed for just as increase of resistance 
is taken into account. 








FOUNDRY PLANT AND MACHINERY. 
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Many sand-sifters are made of polygonal cross- 
section, being rotated by belt, and receiving blows 
at intervals to prevent the blocking of the meshes 
with sand. Thesand is fed infromone end. These 
rotary sifters, or ‘‘ screens,” occupy rather less 
floor-space than reciprocating kinds do; they are 
compact and efficient. The machine in Figs. 843 and 
844, page 46, by the London Emery Works Com- 

ny, is able to deal with about 3 tons per hour. 

he diameter of the drum is 28 in., its length 24 in., 
and the size of mesh is } in., but screens with any 
other size of mesh can be fitted. The sand is shovelled 
in through the hole in the end, and is thrown from 
side to side by the rotation of the belt pulleys, 
which make 30 revolutions per minute. At the 
same time a jarring effect is produced by the pres- 
sure of a roller A on a succession of cams B. Also 
the sand is thrown about and broken up by the 
three longitudinal stays C, and by three other 
diagonal stays, which are not indicated. The same 
machine is made in duplicate with the pulleys 
located centrally. This just doubles the output, 
with the added advantage that one drum can be 
fitted with screens for coarse sand, the other one 
for fine. The power required for the single machine 
is only $ horse-pewer, that for the double is 
1 horse-power. 

The rotary sand-sifter by Messrs. George Green 
and Co., of Keighley, is driven either by fast and 
loose pulleys, or by a single pulley with a spring 
clutch, lever operated. This is shown in Figs. 845 to 
847, page 46. The spring clutch A is keyed on the 
shaft, and the pulley is keyed on a bush, which is 
slid into mesh by the lever at B, the latter being 
out of the way of revolving parts. The views also 
show the tie-bolts, which serve the of 
breaking up lumps of sand, and the hinged door 
with thumbscrews, through the opening of which 
accumulations of hard and refractory matters are 
discharged periodically. The material is thrown 
in at the 12-in. opening at the right-hand end. A 
rapping device was formerly fitted at the left of the 
drum, comprising a series of cams and a roller 
similar to that in Figs. 843 and 844, A few pieces 
of round iron within the drum now perform the 
same function. The drum measures 30 in. across 
the corners by 20 in. long. 

Figs. 848 and 849 show a portable polygonal 
sifter, hand operated through worm-gear. The 
rapping device is located at the centre of the drum. 
In other respects it resembles the power sifters. 
This is by the Badische Maschinenfabrik, of Durlach. 
Figs. 850 to 852, page 47, show one of the large poly- 
gonal rotary sifters by the same firm—an example 
of the enclosed type. The shaft, which runs down 
the axis of the screen, has i at both ends, 
carried in plummer blocks, bolted on the edges of 
the channels, of which the base of the machine is 
built up. A covering-plate is fastened to the 
channels, and a removable hood encloses the whole 
of the sifter above this plate. At the right-hand 
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end of the covering a charging-hopper is fitted. At 
the other end below there is an outlet for the dis- 
charge of. material which is too coarse to 
through the sieves. The sieves are carried in 
frames which are attached with thumb-nuts, to be 
changed readily. The size of mesh is changed for 
old and for new sand. The sifted sand is removed 
through a doorway at one side, not indicated. Six 
sizes are made. In the smallest, the polygonal part is 
1 ft. 6 in, in diameter at the larger end, and 1 ft. 2 in. 
at the smaller, by 2 ft. 8in. long. Its output is 
354 cub. ft. per hour with 2-in. mesh, and it takes 
4 horse-power to drive. The largest machine 
measures 5 ft. 34 in. in diameter at the larger end, 
and 4 ft. 34 in. at the smaller, by 6 ft. 7 in. long. 
Its output is 424 cub. ft. per hour, and it requires 
14 horse-power. 

A large number of mixers are constructed simi- 
larly to some concrete-mixers. A long trough of 
D-shaped section receives the sand, which is mixed 
by revolving knives or paddles set angularly to 
feed the contents forward. Some of these are 
driven electrically. In one design the sand is 
not discharged as fast as it is mixed, but is 
retained in the mixer and tempered with water, 
and is then discharged through a door in the 
bottom, ready tempered for use. A continuous 
mixer by the J. W. Paxson Company, of Phila- 
delphia, Pa., U.S.A., resembles in its essentials 
a well-known concrete-mixer. The drum rotates 
in a horizontal axis on rollers, while within it 
steel spiral knives rotate in the same direction, 
but at a speed three times greater than that 
of the drum. The materials are thus stirred 
and cut in their passage from the hopper to the 
discharging end. Here they are sprinkled with 
water, or with core compound as required just 
before discharge. A screening arrangement is 
fitted in the hopper above the entering end, to pre- 
vent pieces of iron from entering the mixer. ‘Che 
hopper is made with a partition to permit of mixing 
two different materials, the feeds of which can be 
regulated from 1 to 1 to 80 tol. Steel worms in 
the anger crush the sand in its passage to the 
drum. The machine is driven by belt-pulley or 
by motor, as desired. 

The latest and highest advance is made when all 
the individual machines for dealing with the pre- 
paration of sand are combined in one continuous 
automatic plant. Sanc-preparing plants are of 
recent growth. They were practically non-existent 
ten years ago; now they are part of the regular 
equipment of many large foundries. Essentially 
a plant comprises an assemblage of the numerous 
units, which we have already illustrated. They 
deal with both new and old sands, and from two to 
tive men, dependent on the dimensions, are able 
to give all the attention that is required. The 
plants are varied to suit the needs of foundries, 
some being much more extensive than others. But 
even the smaller foundries might instal simple 

lants with advantage, and so save much shovelling, 
fetching, and carrying with barrows or trolleys, 
and lifting. A fact of equal value is the economy 
of floor space gained by the contiguity of the 
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machines, and also.some saving in the amount of 
power used. 

Figs. 852 and 853, page 47, show a sand-preparing 
plant by the Badische Maschinenfabrik, of Durlach. 
it comprises provision for the treatment of new 
and of old sands. The two sets of apparatus are 
not identical, because old and new sands require 
different treatment, as has been explained alread 
in connection with the individual machines whic 
have been illustrated. 

The new sand is fed into a hopper at the base of 
the elevator (1) seen to the right, and being 
carried up, is discharged into the tep of the vertical 
drying-oven (2). This type of oven is rather 
unusual in sand plants, most sands being dried in 
a horizontal oven, as has been previously illustrated, 
before being charged into the elevator. From the 
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oven it is discharged into the grinding-mill (7), 
where it is crushed to powder. Thence it is carried 
up by the elevator (3) to the polygonal sieve (4), 
and dropping through it into the store, or ‘‘silo” (5), 
is discharged into the mixing apparatus (6). Into 
this mixer coal-dust is supplied from the coal-dust 
distributor (13). The quantity of dust is propor- 
tioned to suit the grade of sand required. 

Into this same mixing apparatus (6) is brought 
the old sand from the apparatus to the left. This 
is thrown through a hopper covered by a grating 
into the bottom of the elevator (8), and so carried 
up to the yrinding-rolls (9), between which the 
lumps are crushed. The sand falling into the 
separator (10), particles of iron are removed by 
magnets, and the separated sand goes through the 
polygonal sieve (11), and thence into the mixing 
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apparatus (6), to mingle with the new sand there. 
The sand thus mixed is picked up by the 
elevator (14) and discharged into the disinte- 
grator (15), in which it is thoroughly broken up 
and intermingled—old and new sands, with the 
coal-dust, and reduced to a fine loose powder ready 
for use. Thence it falls into the. storage bin (16) 
below, and is discharged through the two shoots 
seen in the plan, Fig. 853, to be taken away in 
barrows or by any suitable conveying system. 








INTERIM REPORT OF COMMITTEE ON 
BOATS AND DAVITS. 

AN interim report has been prepared and submitted to 
the House of Commons by the Departmental Committee 
appointed to advise the Board of Trade as to the most 
efficient arrangements for stowing and launching lifeboats 
and for embarking the —— ers and crew, as to what 
extent mechanical propulsion should be adopted in such 
boats, and as to whether rafts should be substituted in 
part for boats. Professor J. H. Biles was chairman of 
the Committee, which included in its membership at the 
outset Rear-Admiral the Hon. 8. A. Gough Calthorpe, 
Mr. A. E. Doxford, Captain J. G. H. Flint, Mr. Michael 
Joyce, M.P., Mr. James Maxton, Mr. F. J. Stephen, 
and Mr. H. B. Wortley. Mr. Doxford subsequently 
resigned and Captain J. T. W. Charles and Mr. T. B. 
Morison were appointed members. 

The Committee is unanimous in recommending as 
follow :— 

1. No limitation as to longitudinal position should be 
placed on the fitting of davits aft. 

2. The most satisfactory arrangement is to stow an 
open boat attached to each set of davits. If that does 
not give sufficient boat accommodation a decked boat 
should be stowed underneath each of a sufficient number 
of the open boats which are attached to davits. If this 
does not give sufficient accommodation the number of 
open boats carried may be reduced so that it may be pos- 
sible to stow three decked boats under a set of davits. 
An additional column should be added to Appendix A in 
the Draft Rules specifying the minimum number of open 
boats which must be attached to davits. 

3. Decked lifeboats may be stowed three in height, one 
above another, under a set of davits, provided — 

(2) Removable supports or other satisfactory appli- 
ances are provided to carry each boat, so that its weight 
is not unduly supported by the boat underneath it. 

(b) The drift Nevonn the davits is greater than the 
length of the boat, or some other equally satisfactory 
arrangement adopted for turning out the boats rapidly. 

(c) Satisfactory means are provided for launching the 
three boats in turn from the same set of davits. 

(d) Efficient appliances for preventing the falls from 
becoming fouled are fitted in all cases where more than 
one boat is handled by one set of davits. . 

4. Further lifeboats, open or decked, may be carried 
inboard immediately alongside the boats under davits, 
provided that— : 

(a) No more than six boats in two tiers of three each 
are so placed as to be served by one set of davits, with the 
reservation that if it is not practicable in any existing 
ships to fit the number of davits required, no more than 
five boats shall be served by any one set of davits. 

(b) Where more than three boats are served by one 
set of davits, there is some approved means for lowering 
the boats in turn and rapidly. In these cases wire falls 
attached to drums and controlled by brakes should be used. 

_5. In foreign-going ships in which the boat accommoda- 
tion is so large that it is necessary to carry boats not 
actually attached to, or not under other boats actually 
attached to davits, pontoon rafts of an approved pattern 
should be allowed in substitution of the above-named 
boats not actually attached to or not under other boats 
actually attached to davits, provided that the total 
number of persons for whom accommodation is provided 
in this form does not exceed 25 per cent. of the total 
number of persons the vessel is certified to carry or the 
total number of persons on board, whichever is the greater. 
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In their report, explanatory of the findings, the Com- 
mittee state that their findings as to launching appliances 
may have to be modified as the result of further in- 
vestigation, and that while indicating their views as 
to foreign trading-ships they have not been able to 
reach so satisfactory a solution in the case of all shi 
in the home trade. They experienced considerable 
difficulty in arriving at a decision as to the exact meaning 
to be eed upon the word “raft” in their reference. 
They believed that in the popular view a raft was 
generally assumed to consist of a number of spars, planks, 
&c., lashed or otherwise fastened together so as to form a 
floating platform. A large number of the designs for 
rafts which had been submitted to them fell into this 
category. They could not approve for use in foreign- 
going vessels any life-raft such as that described in sub- 
section (a), paragraph 8, of the Board of Trade Memo- 
randum, in which the deck might, in certain cases, be 
level with the water. They were, however, of the 
opinion that an appliance which might be defined as a 
reversible toon raft should be accepted as part of the 
statutory life-saving appliances required to be carried in 
ships of = —— me 

6: iev t a satisfactory appliance of this type 
could be designed on the lines of certain rafts, which they 
inspected, by the courtesy of the White Star Line and 
the Guneel Steamship Company, on the steamers 
Acdonel $s cabcy %B ponces coc somlilek ot sit 

lesigned to carry persons each, i eight 
cylindrical copper tanks, placed in pairs end to end and 
set in a framework of wooden battens. When loaded 
with the full complement of persons for which they were 
certified they had a freeboard of 9 in., measured to the tops 


of the battens. Approved pontoon rafts, which they recom- 
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mended should be accepted as part of a vessel’s life-saving 
apparatus, should be reversible, and should have bulwarks, 
which might be of canvas or collapsible. They should be of 
such size and weight that they could be conveniently 
handled, and, if necessary, thrown from the vessel’s 
decks. A pontoon-raft which satisfied these conditions 
should be accepted in substitution for a portion of the 
boats not carried directly under davits, provided that in 
the case of foreign-going ships the percentage of persons 
for whom accommodation was carried in the form of rafts 
did not exceed 25 per cent. of the total number for which 
the vessel was certified, or of the total number on board, 
whichever was the greater. Circumstances might arise 
in which a pontoon-raft of this type might alone be valu- 
able in saving life, and although the Committee were not 
prepared to recommend that the i of a certain 
number of pontoon-rafts should be made compulsory, 
they considered that shipowners should in certain cases 
be allowed the option of carrying a part of the life-saving 
a in this form. 

he Committee consider that it is practicable to provide 
ae for launching life-rafts from a vessel’s deck 
before the vessel sinks, but that approved pontoon-rafts 
should be of such a size that they can be handled without 
the use of such appliances; that 3 cub. ft. of buoyancy, as 
required by the existing statutory rules, is sufficient for 
the pontoon-rafts which they recommend ; that pontoon- 
rafts satisfying their conditions might be accepted as part 
of the equipment in a oune and home-trade vessels, 
but not in lieu of boats which could be attached to davits 
or of those which could be stowed under the boats 
attached to davits; and that the following equipment 
would be sufficient for such pontoon-rafts :— 

Four oars, five rowlocks, a sea-anchor, a painter, recep- 
tacles for provisions and water, six red lights, and a 
**Holmes light” similar to that required for lifeboats, so 
that those on or in the water might be aware of the 
position of the raft. 

In their investigations the Committee worked on the 
we ge that all decked lifeboats possible are carried 

fore — | rafts are added, provided the decked boats 
are stowed in such a way that not more than six boats are 
served by one set of davits, the boats being stowed in 
two tiers of three, one tier under the davits and the other 
immediately alongside the davits. A sufficient space for 
the efficient working of the boats actually under davits 
should be left between the two tiers, and the davits 
should be of a satisfactory t and arrangement. On 
this assumption they found that practically all existing 
foreign-going ships could comply with the draft rules. 
In many of them an alternative arrangement could be 
obtained by substituting rafts for a certain proportion 
of the boats placed immediately alongside the boats 
under davits. An option between rafts and decked boats 
stowed inboard not under davits was thus left to the 
shipowner in a number of cases. 

n their investigations they assumed that 30 ft. was 
the maximum length of boat, that the capacity of such a 
boat would be 600 cub. ft., and that its form would allow 
of its carrying sixty persons. The Committee were of 
opinion that the passengers should not be placed in the 
boats at the boat-deck, where a lower o deck was 
available. In this way the boat-deck would be kept free 
of passengers, and the handling of the boats would not 
be impeded. They had, however, carefully considered 
the suggestion, and in view of the agreement 
amongst the witnesses examined that the proposal was 
not feasible, they could not recommend it as a solution 
to the problem of stowage. Should a shipowner wish to 
stow a portion of the boats on a lower deck they saw no 
objection, provided effective precautions were taken to 
prevent the lower boat from being fouled by the boat 
stowed immediately above it on the u it deck. 

It was undesirable that boats sh stowed in the 
bows of a vessel, for im that position they would be 
liable to damage. On the other hand, the Committee 
were of the opinion that no limitation should be 
on the stowage of boats in the after part of a ship. Cir- 
cumstances might arise where a boat carried in davits 
directly over —_— might be subject to 
by the blades of the propeller, but such occasions 


be very rare if due care was taken in launching. 
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INDUSTRIAL NOTES. 


TuERE does not appear to be much danger at present 
of ashipping strike, for at a recent meeting, held at the 
Marine den Saturday last, it was stated that steps 
had been taken to invite the Shipping Federation to a 
conference on March 28 in order to discuss disputed 
points. The proposals that the Seamen’s Union have 
to make were put forward in 1911, but the strike of that 
year was for an advance in wages, which advance was 
acceded to. Since then the men have received another 
advance—that made voluntarily at the end of last 
sod by the masters. The programme now brought 

orward is the old one, and it is said that if it should 

be rejected by the masters, an even greater increase 
will be demanded. If this should fail, it is declared 
that there will be a strike. A Conciliation Board, 
the forming of which was discussed in 1910, is also 
to be insisted upon, although the Federation were not 
then in favour of it. Though the matter has not 
since then been brought forward, it is understood that 
some of the owners are in favour of it, though the 
great majority do not agree with it. 

The question of manning is also a cause of trouble, 
for the seamen maintain that the number of men 
carried in the stokehold should be in proportion to 
the quantity of coal consumed. This contention by 
the men’s unions does not appear to carry weight, for 
if a vessel is undermanned, she is not allowed by the 
Board of Trade Regulations to put to sea, for she is 
then considered unseaworthy. This safeguard, in- 
sisted on by the Board of Trade, is in itself a refuta- 
tion of the statement made by the men. With regard 
to the question of overtime, which it is stated now 
constitutes a grievance with the men, it does not 
appear that there is any likelihood that any scheme of 
overtime can be satisfactorily devieed, for seamen are 
on a different footing from almost every other worker, 
and it seems impossible that this can ever be other- 
wise, for, as the masters maintain, the sailor is often 
not definitely employed, even when on watch. Of 
course, he cannot be regarded as having nothing to 
do, although he is occupied in a way that makes it 
difficult to see how any system of overtime payment 
could be applied to him. The prospects of a strike 
do not seem very great, and if there’should be one, 
it does not at present seem as though it would be very 
far-reaching. 





From an official statement made after a meeting of 
the Miners’ Conciliation Board for the federated area 
held in London on Monday last, to consider the men’s 
demands for a 5 per cent. advance upon present 
wages, we gather that although the meeting was 
private the following resolution was adopted :— 
‘*That an advance of 5 per cent. in wages be paid 
to all underground workmen and those on the pit- 
bank and screens manipulating the coal, by putting 
on a reduction of 5 per cent. made as from the first 
making-up day after September 12, 1908, such ad- 
vance to commence as from the second making-up day 
in January instant. That the above advance be applied 
as regards boys and day-wage men, either on the 
basis rate of 1888, or upon the lift rate, as has been the 
case hitherto. Where workmen are paid by contract 
and are not earning the minimum wage fixed by the 
joint district boards for the districts, there shall be 
paid to.such workmen and those employed by them, in 
addition to the minimum, a further 5 per cent. on the 
1888 rate so long as the wages remain at 60 per cent. 
above the standard of 1888. In the event of a reduc- 
tion in wages the above addition is to be subject to 
such reduction.” This means an aggregate addi- 
tion to the wages paid of 25,000/. a week, and 
affects about 400,000 workmen on the surface at the 
mines and underground. Not much time has passed 
since the last advance of 5 per cent., for that was 
given on the third making-up day in October. The 
wages in the federated area will now be 65 per cent. 
in advance of the standard wages of 1888, the highest 

int that has been reached in the history of the 

ciliation Board. The continued rise in the price 
of coal and the increasing volume of the output are 
the reason for the men’s demands. 





The unionist campaign of tyranny against non- 
unionist miners has brought about trouble in the 
Maesteg district, and has resulted in a strike of 5000 
men. It was stated, at a meeting recently held, that 
there were 51 non-unionista at the collieries in the dis- 
trict, and to the employment of these men the unionists 
objected, and went out on strike on Monday last. They 
say they will remain out until all the non-union men 
have been prevailed upon to join the Miners’ Federa- 
tion. The Summerlee Coal Company, in Lanarkshire, 
have also experienced trouble over the employment of 
non-union men, and 1000 men belonging to the Lanark- 
shire Miners’ Union struck work on Monday last. 
The matter at present looks rather serious. 





At the end of last week there was some appearance 
of an improvement in the relations between the 
masters and men in the dyeing industry, and it was 





thought that the trouble would soon be at an end. 
It was reported that the terms offered by the Lanca- 
shire and Yorkshire cotton and warp and hank trade 
employers are such that the men were advised to accept 
them, and there was a feeling amongst the Bradford 
dyers that a strike would be a great disaster. The 
aspect of things rather changed, however, at the begin- 
rm | of this week, and although, so far as the Brad- 
ford Dyers’ Association is concerned, great efforts were 
made to come to an understanding, these efforts were 
not successful. On Tuesday the joint executive com- 
mittee of the various trade unions concerned met in 
conference at Bradford ; at the close of the meeting an 
official announcement was made that nothing had been 
settled, and that the notices of the workmen to cease 
work would take effect on the following day. A 
strike, therefore, appears very probable, at any rate 
in the firms belonging to the Dyers’ Association. In 
case this happens the majority of the men in the 
industry will stop work. 


Sir Guildford L. Molesworth, in a letter to the 
Morning Post, so aptly describes what socialistic ideals 
and practices have done for East London that his re- 
marks are well worth quoting. He says: ‘ The clos- 
ing of the Thames [ron Works, which has thrown more 
than 1000 men out of employment, furnishes another 
proof that Socialism iis the cause of much of the misery, 
poverty, and unemployment that now prevail. The 
reckless and criminal extravagance of the ‘ Progres- 
sive’ Socialists in Poplar and in the neighbouring 
boroughs of East London has raised the rates to such 
an extent as to render shipbuilding on the Thames 
impossible. One by one the numerous firms of that 
once prosperous shipbuilding centre have been ruined or 
left. Only a few yearsago Yarrow’s great shipbuilding 
firm was driven away from Poplar by the extra t 
rates and taxes, leaving 3000 people unemployed in 
that borough alone. ‘Pile on the rates; it does not 
affect us,’ is @ very common cry amongst working- 
men, foolishly ignorant that it does affect them most 
seriously.” Sir Guildford continues, referring to the 
late Herbert Spencer’s remarks on the subject of taxa- 
tion :—‘‘ He showed that, falling as they do chiefly on 
the employers of labour, they must be met from the in- 
dustries of those employers, and, in the end, by the 
working classes in decrease of wages or unemployment.” 
Since the time that Herbert Spencer wrote the growth 
of taxation has been enormous. ‘‘ In the last twenty- 
five years,” says Sir Guildford, ‘‘ rates have more than 
doubled, and Imperial taxes (excluding Customs and 
Excise) have more than trebled. But it is not in East 
London alone that Socialism, under its various forms 
or disguises of Progressivism, Syndicalism, Anarchism, 
Nihilism, or socialistic legislation, is bringing poverty 
and unemployment in its train; the general strikes 
throughout the country, incited by Socialists (not in 
the interests of the working classes, but for the sub- 
version of social order), have been the means of ruin 
and misery to the wives and families of the workers ; 
and they have raised prices and driven away trade.” 








The taxicab strike continues, and there does not 
appear to be any change in the situation. Notices 
were sent to every driver by the masters’ federation 
to return his uniform, which strengthened the men’s 
belief that the owners are determined not to give 
way. Although the pickets have been out since the 
commencement of the strike, it has not prevented a 
considerable number of non-union men from returning 
to work, and cabs have left the garage every day. 

At the time of going to press it cannot be said 
that the strike, after more than a week’s duration, 
is complete. This is judged from the fact that 
all the large garages have had cabs out during the 
last few a 8. ft is said that the notice of the 
owners to the drivers that all uniforms had to be 
returned has had a sobering effect on the men. It is, 
moreover, stated that all drivers’ licences have been 
returned to the men by the owners, who are re- 
engaging drivers. It is understood that a number of 
men have approached the masters with a view of being 
allowed to take out cabs, and the British Motor-Car 
Company have promised to stand by men who wish to 
work under the award. The owners appear to be ficm 
that they will not yield to a threat of the union 
leaders that unless the non-union men who have taken 
work are dismissed, no man shall be allowed by the 
union to commence work. 


Tue boot and shoe trade was at the end of 1912 
fairly good, and better than a year ago. ccord- 
ing to the monthly report of the National Union of 
Boot and Shoe Operatives for December last, there 
was an increase of 3.8 per cent. in the number of 
employed, and of 5.7 per cent. in the amount of wages 
paid. Employment was fairly good at Northampton, 
and was better than a year ago. At Kettering there 
was a slight improvement compared with a year ago. 
At Norwich Leeds employment was fairly good, 
and better than a year ago, but in Scotland there was 
a decline com with a month ~ and & year ago, 
but, on the whule, it was fairly good, 








New laws to regulate child-labour in the State of 
Pennsylvania have recently been as these laws 
bei eed on the uniform child-labour law approved 
by the United States Commissioners on Uniform State 
Laws. All the proposed new laws are practically in 
force in one or more of the States. Work by children 
under 14 years of age is at present forbidden in 
Pennsylvania in any establishments specified. The 
proposed law, however, is to prohibit child-labour 
entirely in any industry except agriculture and 
domestic service. There is a clause forbidding the 
employment of b>»ys under 16 in coal-breakers and in 
the outside workings or in mines. Boys under 16 are 
forbidden by the present law from working inside 
mines, and outside work is considered by many prac- 
tical mining men to be quite as dangerous and in- 
jurious, especially slate picking in dust-filled breakers. 
A new provision is that the chief factory inspector 
is given the right to make rules forbidding the em- 
——- of minors in occupations that are proved to 

dangerous or injurious. An eight-hour day has 
been established for children in thirteen districts in 
the District of Columbia. Twenty-nine States have 
forbidden all night work for children under 16 years 
of age, and in some States this age has been ex- 
tended to 18 years. It appears that in all the 
large cities of many of the States the work of the 
telegraph and other messengers late at night 
consists, in a large part, of work among immoral 
houses, and there seems to be no wav of prevent- 
ing boys from taking messages and from entering 
such houses, except total prohibition at night ; such 
a law is proposed for Pennsylvania, after having 
been in force for some years in several other 
States. The following additions to the law relating 
to child labour in Pennsylvania are proposed :— 
(1) The recognition of the new law by the prospec- 
tive employer before the certificate is issued. (2) 
A minimum course of school, equivalent to the first 
five grades, must be completed, but a special course 
in industrial education may be substituted. The 
minimum is fixed low. The ordinary child should 
finish the — grade at fourteen years of age. 
The present law requires only that the child shall 
read and write. (3) Examination of every child by 
the school physician at the time the employment cer- 
tificate is issued, the object being to provide a test 
of physical fitness. (4) More careful safeguards in 
regard to the proof of age to be furnished. The work 
of newsboys and other street workers in all cities is 
regarded as dangerous, both physically and morally, 
and an limit of twelve for boys and sixteen for 
irls is fixed. Work after 8 o’clock at night and 

uring school hours is also forbidden. 








Mopgern Krtcuens, Liuirep.—The British Electric 
Transformer Company, the manufacturers of electric 
cooking apparatus, gave, on Tuesday last, a practical 
demonstration, in the form of a Junch at Tricity House, 
48, Oxford-street, W., the first London restaurant of 
Modern Kitchens, Limited, in which all cooking, heat- 
ing, ventilating, and lighting is done by electricity. The 
restaurant occupies three floors; the upper floors are 
offices, and the kitchen is on the top floor. The kitchen, 
though comprising several ranges, occupies a space of 
15 ft. by 12 ft. only. A patent indicating panel shows, 
by a bright or a dull lamp, or a dark field, whether the 
apparatus is on “full” or “‘low,” or “‘off.” Current is 
taken from the Marylebone supply mains at 240 volts, 
and sent into the heaters, which consist of alloy stri 
with mica insulation between two cast-iron plates. fh 
the grill the meat lies on one heater and is radiated upon 
by another, and roasting is done in large closed ovens, in 
which the waste of material by the cooking is said to be 
very small in comparison with that by other systems. 





Swepisu Irnon.—At the last meeting of the Union of 
Swedish Ironmasters the report stated that for the first 
three quarters of 1912 the export statistics for all kinds 
of iron goods, except bar iron and billets, show an in- 
crease as poets with the corresponding figures for 
the preceding year. The decline in the two products 
referred to was during October turned into an increase. 
The export of pig iron continues at a high figure, and at 
the end of Octo! the exports of the year ex 
those for the same period of 1911 by 33,700 tons. The 
different works bave been fully employed ; the production 
of pig iron during the first three quarters of 1912 was 
30,900 tons ter than for the first nine months of 1911, 
and the uction of iron and steel in blooms and ingots 
shows an increase of 23,600 tons. The market has 
steadily improved during the last few months. The 
steel works are very busy, and the demand for all 
articles from ingots is exceedingly brisk both from 
abroad and at home. Export pig iron is in good 
demand, and large lines have been sold for 
1913. Rolled Lancashire iron, which benefited from 
the improved market somewhat later than other speci- 
alities, has lately, notwithstanding a decrease in the 
exports to the States and Asia Minor, been 
exported on an increasing scale, and prices have some- 
what improved. Most of the works in this branch have 
sold all their output for three or four months forward or 
more. There were in operation during the third quarter 
- —_ 103 blast-furnaces, against 84 for the same period 
of 1911, 
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THE MEAN INDICATOR CARD. 
By Grorce E. Scuoxes, M.Sc. 


WHEN official trials are made of a steam, gas, or 
oil-engine, the indicator card plays a very consider- 
able part in the resulting calculations and in the 
information supplied by the test. From it the valve 
setting, steam distribution, or, in the case of a gas or 
oil-engine, the ignition and mixture, cin be criticised. 
For many reasons, if the trial is important, it is desir- 
able to place on record the mean indicator card from 
the whole of the trial. The method usually adopted 
for obtaining the mean card is to divide each of the 
diagrams by ten ordinates equally spaced along the 
card, measure the forward and back pressures above 
the atmospheric line for each of the ordinates, tabulate 
corresponding readings, and then, by taking the mean 
values of these readings, plot the mean indicator card to 
a suitable scale. The e mean results supply no informa- 
tion regarding the shape of the diagram at A BC (Fig. 1) 
or at the toe, and this part of the diagram is generally 
filled in by hand as nearly as it can be judged correctly. 

Since the number of cards resulting from a.trial may 
be, and generally is, considerable, the work involved 
in measuring each card up accurately, as above, is 
lengthy and tedious. To overcome the drawbacks 
of the above method, the author has made use 
of the principle of composite photography in order 
to obtain @ mean indicator card accurately and 
quickly. The method used is to photograph succes- 


Fie. 1. 
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Fig. 2. 


sively on the same plate each of the indicator cards 
obtained, exposing each card for a time interval equal 
to the correct exposure under the lighting conditions 
divided by the number of cards to be photographed 
—e.g., Fig. 2 shows a mean diagram so votained 
from twenty-four indicator cards, each card contain- 
ing eight complete cycles. The correct exposure was 
12 seconds, and each card was thus ex for half 
a second, and hence the reproduction gives the mean 
indicator card from 192 cycles, and shows very de- 
finitely the characteristic diagram throughout the 
trial. In order to make sure that each card occupies 
the same position relatively to the atmospheric line 
whilst the photograph is being taken, the followin 

simple method was adopted :—The “~ > of the ca 

was obtained, and in the example shown this was 
3.25 in. Two holes were pricked through the indicator 
card at the two ends of the atmospheric line by a 
needle, care being taken that the hole at the ignition 
end of the diagram was accurately placed. A piece 
of stout cardboard was taken, and the two needle- 
points pushed through the card from the back, at 
& distance from one another of 3.25 in., and = 
jecting from the front of the card about jin. This 
cardboard was tacked on to the vertical face of a box, 
with the line containing the needle-points approxi- 
mately horizontal. A card was then threaded on to the 
needle-points, and lay flat against the cardboard surface. 
The camera was focussed sharply on this card, and the 
back of the camera adjusted until it was parallel with 
the cardboard. The correct exposure being obtained, 
the plate was introduced into the camera, and each card 
was exposed in turn. The resulting negative gave the 
mean diagram (Fig. 1). This negative will, on enlarge- 
ment, give diagrams of any reasonable size, the only 
calculation required being to find the pressure scale of 
the enlarged diagram. For example :—The spring used 
in taking the diagrams was 1/240 ; the length of the 
agtual cards was 3.25 in.; the length of the photo- 
graphic card was 6.84 in. ; and hence the scale of pres- 
3.25 . 940= 
6.84 


THe ** Mean” Dracram. 


sure on the photographic card was 


114 Ib. per sq. in. 
The advantages possessed by the method are suffi- 


ciently t to repay the little trouble incurred in the 
use of «spe sary and may be tabulated as follows :— 

1. The production of an accurate mean diagram 
from any number of cards. 

2. The reduction of the planimeter work to a 
minimum. 

3. The reduction of the time taken. 

4. Where the mixture supplied to the engine varies, 
or where the governing or ignition is not sufficiently 
sensitive, the cards obtained vary considerably in 
shape. Under these circumstances the mean photo- 
= card enables one to locate the average diagram 

: eee the line of greatest density with the 
planimeter pointer. The mean photo-diagram gives 
immediately the mean value of the mean effective 
pressure and the compression pressure. It also shows 
what variation has occurred in the cards, and it pro- 
vides a means of determining the performance of the 
governor. In the diagrams utilised for illustration the 
governor was of the quantity-governing type, and the 
regularity of the diagrams over a four hours’ trial 
showed that the governor was taking charge of the 
variations which occurred in the quality of the gas 
delivered from a single gas-producer, and was maintain- 
ing absolutely steady conditions in the cylinder. 








Tue Surveyors’ InstirvTion.—Sir Edward Boyle, 
Bart., who has just returned from the Balkans, will be 
present at the ordinary general meeting of the Sur- 
veyors’ Institution, at 8 p.m., on Monday, January 13, 
for the purpose of presenting to the institution a por- 
trait, in oils, of his father, the late Sir Edward Boyle, 
Bart., K.C., M.P., who, prior to being called to the Bar, 
practised as a surveyor and was a Fellow of the insti- 
tution. In spite of the many calls upon his time in 
connection with his large practice at the Bar and his 
Parliamentary work his interest in the surveyor’s - 
fession and in the institution always continued, and he 
was a generous supporter of the benevolent fund. 


Prrsonat.—Mr. Lee Murray has been appointed to 
the seat on the Board of Directors of Messrs. Bruce 
Peebles and Co., Limited, recently vacated by Mr. Chas. 
H. McEuen. Mr. 8S. E. Bastow and Mr. J. H. Bunting 
have been appointed joint managers in the place of Mr. 
Murray.—Messrs. Murphy, Stedman and Co., Limited, 
foundry engineers, have removed to 180, Gray’s Inn-road, 
London, W.C., where they have a show-room and offices. 
They add that Mr. J. W. Horne, B.Sc. (Edinburgh), 
Assoc. Inst. C.E. (until recently chemist and metallurgist 
to Messrs. Fraser and Chalmers, Limited, Erith and 
London, and the British High-Power Gas-Engine Com- 
pany, Limited, London), has joined their firm as technical 
and consulting director.—Mr. W. C. Mountain, M.I. 
Mech. E., M.I. Min. E., M.1I.E.E., consulting electrical 
and mechanical engineer, Sun Buildings, Newcastle-on- 
Tyne, has appointed Mr. J. E wan his resident 
engineer in & w, with offices at 131, West Regent- 
street.—Messrs. Bernard Holland and Co., 17, Victoria- 
street, S.W., have been appointed the sole agents for 
the Blaenavon Company for the sale of their tyres for 
wagon and carriage wheels. 








An 1829 Episopge 1n THE SourH STAFFORDSHIRE TRON 
InpustTrRY. — An interesting souvenir of the South 
a iron industry, dated 1829, has just come to 
ight. 
presented by a number of ironmasters of that time, whose 
names are perpetuated in business to-day. The petition 
was discovered in a strange fashion. r. Alfred Bird, 
M.P. for Wolverhampton, West, lately purchased a first 
edition of Hogarth’s Works at Christie’s, and on looking 
through the volume found the petition between the 
leaves. The petition set out: “ + your petitioners 
are proprietors and occupiers of extensive ironworks and 
mines in the counties of Stafford and Worcester, that 
they employ a very considerable part of the numerous 

pulation of the district, that they are now, and 
ave been for some time past, labouring under the 
effects of a severe depression in the price of iron, 
and that this depression has been in gradual and 
increasing operation since the Act by your Lord- 
ships in one thousand eight hundred and twenty-six for 
discontinuing the issue of stamps for country kers’ 
one pound notes, and to prohibit the issue and circulation 
of such notes after the first day of April, 1829. That in 
the last twenty-five years the iron trade of Staffordshire 
has increased tenfold, which your petitioners consider is 
chiefly attributable to the assistance afforded by the 
country bankers, and your petitioners look forward with 
alarm to the time when the whole amount of one pound 
notes now in circulation shall be withdrawn, having 
every reason to fear that prices will be so much further 
depressed as to occasion a stoppage of many of the 
iron works and mines in this neighbourhood, and 
the uent want of employment of a great por- 
tion of t population, as your titioners are of 
opinion that it will not be possible to effect such 
a reduction in the price for labour as to enable iron- 
masters to make iron at those low prices which your 
petitioners believe the measure above alluded to will 
tend to uce.” The names appended include M. 
and W. Grazebrook, of Dudley, the le Furnace Com- 
pany, John Bagnal and Sons, Richard Bradley, the 
Horseley Coal and [ron Company, W. and J. Sparrow, 
a a = E. G. and ., a < 
whom readily recognised by those engaged in the 
iron trade. Mr. Bird intends to present the document 





to the Chamber of Commerce for exhibition in their 
board 


room, 


It consists of a petition to the House of Lords, | March 


THE NATIONAL PHYSICAL LABORATORY 
EXHIBIT FOR GHENT EXHIBITION. 

It is gratifying to hear that the National Physica 
Laboratory will have an exhibit at the Ghent Exhibi- 
tion this year, which will demonstrate the invaluable 

cter of the experimental research work carried out 
at Bushey, as recorded from time to time in Enct- 
NEERING. The feature of the display will be represen- 
tative of the investigations into the science of flight. 
The resistance of the air and its action upon any par- 
ticular surface is the most pressing problem that the 
designer of aeroplanes has to face, and at the National 
Physical Laboratory there is a t glass-roofed building 
constituting a “wind channel,” through which air is 
drawn at speeds up to 50 ft. per , the speed of a 
slow biplane in actual flight, and in this stream of air 
models of aero or parts thereof are placed. Resist- 
ance of all kinds—lateral, vertical, drift, and, in fact, any 
direction—can be measured and recorded to the one 
hundred-thousandth of a pound. The present air-channel 
is 4 ft: wide, but the erection of a larger one, 7 ft. wide, 
is contemplated. Twosuch air-channels, which will form 
part of the exhibit at Ghent, will be 2 ft. wide; quite large 
enough to obtain excellent results, and clearly to show 
the working. 

Models of parts of aeroplanes, as well as of complete 
machines, are tested for air resistance. Thus wooden 
spars of different section for supporting biplane wings, 
portions of aeroplane frames, even landing-wheels, are 
tested, and the general section of the wooden spars now 

has been materially altered as a result of the tests 
made, while the air resistance of a landing-wheel has been 
found to be enormously reduced when the spokes are 
covered, as in some racing motor-cars. 

The National Physical Chemtoar will show at Ghent 
the currents and eddies which play about and round the 
wings and frame-work of an aeroplane. They are also 
photographable. In the wind-channel there will flow a 
stream of water in which float tiny drops of oil. The diffi- 
culty has been to get an oil of the same density as water, so 
that it may not rise to the top nor sink to the bottom, 
and, at the same time, have a certain refractive index to 
light for photographing purposes. The model of an 
aeroplane wing or the piece of an actual aeroplane 
frame to be tested will be in this stream of water 
and oil-drops, and powerful lights will be directed upon 
the stream through the glass sidesof the channel. In this 
intense light every drop of oil becomes a tiny mirror, 
reflecting the light up to the surface so brilliantly that it 
can be photographed, and as the oil-drops sweep past and 
round the model wing, every eddy and every movement 
of the stream can be followed. The photographs taken 
are given an exposure of a second or so, with the result 
that the actual movement and direction of each oil-spot 
can be traced as a fine line, having travelled fast or 
slowly according to the length of the line. The substitu- 
tion of a cinematograph-camera will enable every move- 
ment of the air, as the airman warps the wi of his 
machine or brings his rudders into play, to be shown on 
the sereen and studied at leisure. This exhibit by the 
National i peer Laboratory will appeal to the general 
public as well as the scientist. 





AUTOMOBIL® EXHIBITION IN ALGIERS.—We read in La 
Métallurgie that an exhibition of automobiles, and of 
industrial and agricultural machinery, organised by the 
Algerian Automobile Club, is to open at Algiers on 

rch 22 next. The object of the exhibition is to 
acquaint the Algerian farmers with the new departures 
in agricultural engines and machinery, and to point out 
to them their advantages. 





ALMANACKS, CALENDARS, &0.—We have received alma- 
nacks, calendars, &c., from the following firms, to whom 
our thanks are due:—The British omson- Houston 
Company, Limited, Rugby; the Westinghouse Brake 
Company, Limited (Chain Department); , York-road, 
King’s Cross, N.; Messrs. 8. A. Gattell and Son, 1, 
Dorset Buildings, Salisbury-square, E.C.; the Hunslet 
mages Company, Limited, ; Messrs. A. OC. Potter 
and Co., Lant-street, S.E.; Messrs. Robert Boyle and 
Son, 64, Holborn-viaduct, E.C.; Messrs. A. West and 
Partners, 91, York-street, Westminster, S.W.; the D.P. 
Battery Company, Limited, Bakewell, Destegniae 5 
Messrs. Peckett and Sons, Atlas Locomotive Works, 
Bristol ; the Submarine Signal Company, Friar’s House, 
New Broad-street, E.C.; Messrs. Jenkins Brothers, 
Limited, 95, Queen Victoria-street, E.C. 





LavurcH aT MIpDLESBROUGH.—On Wednesday last Sir 
Raylton Dixon and Co., Limited, launched from their 
Cleveland Dockyard, Middles' h, a fine steel screw- 
collier, which they are constructing to the order of 
Measrs. the Denaby and Cadeby Main Collieries, Limited, 
of London, &c. The vessel is being built to class 100 Al 
at Lloyd’s, and is of the single-deck type. with poop, 
bridge, and topgallant’ forecastle. er principal 
dimensions are 372 ft. by 52 ft. by 26 ft. 3 in. moulded, 
and she will carry about 7100 tons on a light draught of 
water. The vessel will have four holds, five hatches, 
two masts, eleven derricks, and will be equipped with ten 
steam-winches, steam-windlass, hand and steam steering- 
gear. Triple-ex ion engines, having cylinders 25 in., 
40 in., and 67 in. by 45 in. stroke, supplied with steam by 
three large single-ended boilers working at 180 Ib. pres- 
sure, will be fitted by Messrs. Clark, Limited, 

Sunderland. The hull and engines are being constructed 
under the superintendence of Mr. W. W. Nicholas, of 





Messrs. Nicholas and Meek, Hull, 
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FIVE-TON STEAM DROP-HAMMER. 
CONSTRUCTED BY THE BRETT PATENT LIFTER COMPANY, LIMITED, ENGINEERS, COVENTRY. 


34:38 1 








10° 
Fig.t. 


(91674) 
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Ovr‘readers’are familiar with the principle of action 
of the Brett lifter, applied to drop-stamps, in which a 
flat piston is forced around in a cylinder, turning the 
lifter shaft, and is then allowed to return Pwr ym by 
the release of the steam or air, causing the lifter pulley 
to rotate rapidly and drop the hammer. The dimen- 
sions in which these lifters have been built show a 
gradual increase, and in the engravings, Figs. 1 
and 2, will be seen the largest drop-hammer in the 
world, the falling hammer and die weight being 
7 tons. 

The perspective view, Fig. 3, shows the a rance 
of the hu v lifter intended for this large joe. foo 
idea of the proportions may be gathered from the 
man, 5 ft. 8in. in height. The principle of action 
is similar to other sifters on the Brett design. Two 
points may, however, be mentioned: instead of 
using the ordinary wrought built-up pulley for the 
lifting-ropes, a steel casting is fitted to withstand 
the severe duty imposed ; the cylinder valve is built 
with four sets of rings, ground accurately to suit 
the box, making a perfectly steam-tight chamber. A 
modification has been made in the design of valve and 
ports now applied to all lifters. This effects a savin 
in steam and increases the blow. In the old type o 
valve the exhaust steam was expelled by the piston, 
which caused back pressure, and prevented the hammer 
from falling with its full weight. Now an additional 
vane is put on the piston, 
exhaust, at the moment the steam is cut off, passes 
through a port to the back of the piston, thus helping 
instead of retarding it. These lifters are manufac- 
tured by Messrs. Brett’s Patent Lifter Company, 
Limited, of Coventry. 





Tue Mica Marxet.—In their re 


dated the Ist 
inst., Messrs. Baker and Startin, 19, i 


t. Dunstan’s Hill, 


E.C., state that the past year has been marked by a con- | Eas' 
tinued increase in the demand for all grades, and, 
i . prices have, 


although supplies have also increased 





4!2° ----------- 


e result being that the | d 





40 Pulley 3.5 Dia.15 Face 


onnn-n- G "@ ncanents | 
4 

















Fig. 3. 


nevertheless, steadily advanced all round for block mica, 
ue, to some extent, to an improved condition of trade 
and a marked revival of business with the United States. 
The development of new deposits of amber mica con- 
stitute the chief mica mining feature of 1912, and these 
new arrivals of electrical mica have been well apprecia’ 
and have been absorbed by the trade. A very marked 
rise occurred in the values at Calcutta, especially of the 
smaller es, and stocks of unsold block are unusually 
low. Shipments sold readily on arrival at Madras through- | 
out the year. Prices lately have been a shade easier, | 
but the output is still far short of trade requirements. 
t Africa and Mexico furni supplies of amber, 
mostly of medium quality, which, due to inferior omens | 
and trimming, had to be realised at low rates. Wi 





improved ing a’ good demand for this quality was 
anticipated. There was an increasing demand for split- 
tings throughout the year, with slight hardening of rates 
at the close. The followimg figures were compiled from 
the returns of the Londom warehouses :— 


Total 
Arrivals. Deliveries. — 
Dec. 31, 
Cases (about 100 Ib. 
each) 1912 a $1,315 29,411 9346* 
Cases of same a 
weight, 1911 .. 23,236 20,972 7502 
Cases of same . 
weight, 1910 .. 18,905 22,841 5238 


* Including goods sold but uncleared. 
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DEAD-WEIGHT TESTER 
CONSTRUCTED BY MESSRS. W. 


FOR PRESSURE-GAUGES 


H. BAILEY AND CO., LIMITED, ENGINEERS, SALFORD. 

















WE illustrate above a machine that has been con- 
structed for a foreign government by Messrs. W. H. 
Bailey and Co., Limited, Salford, for testing at one time 
six hydraulic-pressure gauges to 3000 lb. B aed sq. in. by 
actual dead-weight. It is also adapted for testing 
vacuum gauges. There are two dead-weight accumu- 
lators provided for testing pressure-gauges, and only 
thirteen weights are requi for pressures from 
10 lb. to 3000 lb. As the weight of the ram and the 
slings for the higher pressures did not admit of use 
for lower pressures, it was considered advisable 
to have an auxiliary ram for pressures below 
120 lb. per sq. in. The low-pressure ram may be 
seen on the right-hand side of our illustration. By 
closing the valve when the ‘pressure exceeds 120 Ib., 
the high-pressure ram is put into communication 
with the pump. The crosshead of this ram rests on 
ball-bearings, and when the ram is floating, supported 
by the pressure of 3000 lb. per sq. in., it can be 
turned round by the small hand-wheel, so little is the 
friction. Attached to the lower crosshead is a rod 
supporting the weights, and this rod is swung in a 
pendulous manner by means of a ball-bearing. The 
testing of vacuum-gauges is carried out by means of 
an air-pump and mercurial column, the air-pump 
being shown on the left-hand side of the illustration. 
It will be understood that this tester can be used for 
many other purposes besides that of the testing of 
pressure-gauges. 








Conco Raiway.—The expenditure of the Congo 
jailway Company on capital account to the close of 
June, last year, was 3,485,432/., a further outlay of 
65,389, having been made in 1911-12. The new expen- 
diture was incurred for the purchase of two locomotives 
and other additional rolling-stock, as well as three sloo 
A large share of the new outlay was also made for 
sheds for locomotives and sundry other buildings. The 
tratfic receipts for 1911-12 were 566,036/., showing an 
increase of 65,3697. as compared with the revenue of 
1910-11. The working expenses for 1911-12 having been 
181,6952., the net profit realised for the twelve months 
_ 295,366. Of : e revenue oay ap was po 
Tom passengers, the receipts from the carriage of goods 
having been 500,176/. A dividend of 4i. 10s. per 20/. 
share was declared for the past year; this dividend 
absorbed 159,1091, 








THE TAYLOR ROTARY CUTTING-OFF 
MACHINE. 


TverRE is keen rivalry between two of the methods 
of curing off bars, tubes, and sections—between the 
hack sawing machines and the rotary cutter machines. 
Both offer the advantage that the work need not be 
rotated. The hack-sawing machine, however, wastes 
time in making the return stroke, while with the 
rotary cutter the action is continuous, and by using 
balanced cutters the parting-off proceeds simultane- 
ously from opposite sides. 

Messrs. Charles Taylor (Birmingham), Limited, of 
Birmingham, have just brought out a machine, which 
was exhibited at the Engineering and Machinery 
Exhibition at Olympia, for work of moderate dimen- 
sions, up to 3 in. in diameter, in which the feed 
is given by a hand-lever, and the cutting-off and 
pushing forward of the work proceeds in rapid 
succession. The bar or other section is gripped in 
@ vice and carried on a roller at the front and a trough 
support inside the spindle, and the cutters operate 
exactly like a lathe parting-tool, but they revolve 
round the bar ins of the latter being rotated. 
More material is wasted in cuttings than is the case 
with a thin saw-blade, but this is only of importance 
in ay steels. . . ‘ " 

he engraving, Fig. 1, on 54, shows the machine 
as dana tee the Seont, Lm the general and detail 
views, Figs. 2 to 20, also on page 54, the arrangements 
of the principal elements. 

The main spindle is of cast iron, and runs in the large 
split bearings (Figs. 6 and 7), between which is the 16-in. 
by 3-in. driving-pulley A. Ball-thrust collars are fitted. 
Under the hood at the front is the cutter-head, seen in 
the separate details, Figs. 11 to 14, and its two slides 
are connected by chains and strips to the revolving- 
ring B. When this is moved along to the left by the 
fork C, through the pressing down of the long wooden 
handle D (see also the view, Fig. 1), the chains pull on 
the slides and force the tools to travel towards the 
centre. The ring B rocks on the sliding-sleeve by 
cylindrical faces, producing a balancing effect, whic 
ensures that the tools cut equally, even if they 
have been carelessly set. The strip seen standing 
up alongside the wooden handle in Fig. 1 acts as 
side-steadier, and at the bottom end it carries an 


adjustable stop, provided with a spring-plunger, which 
mes comp as the shook is finally ; 

this retards the advance of the cutters at the last 

moment, and ensures a clean finish on the end. 

In addition to the support of the bar by the external 
roller-steadier, there is a long trough E, extending 
into the spindle as far as the cutters, and adjusted u 
or down to suit the size of the work by a bracket 
sliding on the face of the framing. On the top side, 
also projecting into the spindle, is a curved strip G, 
clamped to the required longitudinal setting by two 
bolts in a pivoted arm H. When the treadle J, 
Fig, 2, is pressed down, this pulls a connecting-rod, 
and draws a vertical rod down, attached to H, and the 
latter rocks downwards and brings the stop-strip G 
into line with the end of the stock pushed through 
from the front by the operator. After clamping the 
stock in the vice, the treadle is releaced, cot the 
weight K causes H and G to rise out of the way again. 
The pump L is driven by a round belt from the 
vee-pulley on the spindle, and the supply is drawn 
from the sump in the , and carried up to the 
jointed Pipe, which leads it on tothe bar and cutters 
through the opening in the protecting-hood M. This 
latter is hinged, as seen in Figs. 2 and 5, and fastened 
at the top joint by a bolt-and-spring plunger-handle. 
A pair of buffers on each half take the shock when the 
hood is turned down against the framing to get at the 
cutters. 

Figs. 8 to 11 illustrate the details of the cutter- 
head, with the two tools N, N clamped in their holders 
in the slides at top and bottom. A narrow guide, 
across the width aa in each case, is employed, and 
there is clearance at the vertical edges bb, where 
the slide comes to the other side of the tool, gibs being 
fitted only to prevent shake in the lateral direction. 
The necessary side clearance in cutting is not provided 
by reducing the width of tool, as must be done when 
using a single parting-tool, but by bedding them at a 
slight angle, as shown in Fig. 11. The opposite sides 
of each cutter thus deal with the vertical faces of the 
bar on that side, thus enabling a plain oblong section 
of steel to be employed. 

Figs. 12 to 17 show the construction of the vice, 
which needs no explanation beyond the fact that it is 
self-centering by the right and left-hand screw, and 
that the ened jaws are slotted out to interlock, so 
that the smallest diameters can be held. 

A ——— counter-shaft is supplied, arranged to 
allow of the speed being changed while cutting is in 
progress ; should there be a considerable proportion of 
work of small diameter, | in. and less, a third and faster 
— is arranged for in the countershaft arrangements. 

ubes, however, never require more than two speeds. 

A few examples of average times per piece are 
given below, the times including moving and re-grip- 
ping stock and running cutters back, &o. 








Solid Bars : 
in, seconde 
? round mild steel 14 
1 ” ” 15 
14 square ” 24 
Hy round ~ 28 
3 ” ” 56 
2 best cast steel 81 
Tubes : 
: gas-tube a . i : 
= : . 10 
| ee 14 
2 22 
More WeEtsx Coaut.—The Tred Iron and Coal Com- 


y (Limited) has ved the Elled seam at its new 
bios colliery. The coal, which is 4 ft. in thickness, 
is of excellent quality. It was struck at a depth of 
1380 ft. 





Tue INTERNATIONAL Roap Concress.—We are in- 
formed that the preliminary arrangements for the Road 
Exhibition, to be held in June next at the Royal Horti- 
cultural Hall, have all been completed, and more (han half 
the available stands have already been applied for. The 
Exhibition will be attended by road experts from all 
parts of the world. It will be unique in its character, 
and will bring together for the first time a representa- 
tive exhibition of road-making materials and appliances, 
the latter including heavy road m= e orga- 
nisation of the Exhibition isin the hands of a Committee 
of which the Right Hon. Earl uchamp, K.O.M.G., 
is President. Other members of the Committee are :— 
Sir Maurice Fitzmaurice, C.M.G.; Colonel R. E. Cromp- 
ton, C.B.; Messrs. Alfred. Dryland, Howard Hum- 
hreys, T. Richards, Wallace E. Riche, Gibson 
hompson, J. Walker Smith, John Willmot, and Rees 
Jeffreys. The Hon. Secretary is Mr. H May- 
bury, and the Assistant Secretary and Manager Cap- 
tain L. A. Kingston. The Exhibition Committee is 
assisted by an Advisory Committee of traders and 
exhibitors. The Exhibition will be open daily from 
9a.m. to 8 p.m. to members of the Congress and their 
friends. The meetings of the Congress will take place 
in close proximity to the Exhibition. Full information 
concerning the Exhibition and Con can be obtained 
from Mr. W. Rees Jeffreys, 72, Queen Anne’s Chambers, 





Westminster, 8. W. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 2, 1913. 

So crowded are the big mills around Pittsburg 
that they ordered their workmen to work on New 
Year’s day. The steel-rail mills have entered this 
new year with a heavier volume of business than for 
many years. All steel records of production are 
ahead of previous years. The unfilled tonnage for the 
year is now given at 7,850,000 tons. The output of 
the United States Corporation for the year 1912 
(estimated) is 13,200,000 tons. The volume of business 
in standard and heavy girder-rails in all mills is 
2,200,000 tons. Car purchases during November and 
December were the hebvten for any two months in 
the year. The scarcity of unfinished steel overshadows 
every other feature of the steel situation. The finishing 
mills will not be able to run full time during the first 
quarter because of the scarcity of crude steel. Much 
open-hearth steel capacity is being hurried to 
completion, and will be producing steel early in 
March. One Alabama steel concern has contracted to 
furnish 30,000 tons of crude steel to northern con- 
cerns. Half of this quantity is for Eastern Pennsyl- 
vania concerns; the other half went to concerns around 
Pittsburg. The Steel Corporation purchased 28,000 
tons of billets in the open market. Trouble has been 
precipitated in the Connellsville coke region. There 
is every prospect of an exodus of the Austrian work- 
men to Austria, and to prevent it higher w: are to 
be immediately offered. The high-water mark of coke 
production was reached December 12, when it was 
412,000 tons in the Connellsville region. Total ship- 
ments that week amounted to 431,000 tons, filting 12,8 
cars. This reduced stocks 20,000 tons. Coke operators 
are again asking 3.50 dols. for deliveries next six 
months for furnace coke. Spot coke has been 4.25 dols., 
against 3.90 dols. two weeks ago. Predictions are 
maie for a lively scramble for coke this month. Three 
more merchant furnaces blow in this month, which 
increases the demand that much. Foundry and forge 
iron have remained steady for a week. The under- 
current is strong; the market might be called a 
nervous one. While prices for most mill and furnace 
products are steady, the unknown, and, to a large 
extent, the uncertain, requirements keep conditions 
unsettled, with probabilities favouring a heavy demand, 
notwithstanding the enormous anticipation of require- 
ments in all lines. The pending reduction of the 
tariff has very little, if any, effect on the market. 





Messrs. G. A. Harvey anv Co.’s New Works.— 
Messrs. G. A. Harvey and Co., whose business as metal- 
spinners and perforators, tank-makers, wire-weavers, 
&c., was established in 1874 at Lewisham, moved into 
the new works which they have built in Woolwich-road, 
Greenwich, a few days > The new works, which 
are to known as the Greenwich Metal Works, are 
situated on a 20-acre site, and have a wharf on the 
Thames. The covered building, which is stated to be the 
largest under a single roof in London, has a frontage of 
300 ft. and a depth of 900 ft. 





Dancerous Buitpines 1n Lonpon. — Attention is 
called to this matter by an interesting editorial note in 
the first number of the eighth volume of Concrete and 
Constructional Engineering, which has recently appeared, 
and the responsibility of the London County Council 
with regard to it is pointed out. The danger referred to 
consists in the number of existing buildings in the metro- 
polis that do not comply with the Building Act 
(Amended) of 1905, as far as safety from fire is con- 
cerned, and in face of this, the fact that no definite 
public declaration on behalf of the County Council that 
remedial steps are to be taken has been made, does 
not tend to increase public confidence. There is every 
reason, therefore, that attention should be continually 
called to the subject until those responsible are made 
to recognise their position. According to the note to 
which we have referred, there were, seven years ago, 
as many as 50,000 buildings awaiting attention, or 
coming under Section 9 of the Building (Amendment) 
Act, 1905, and of these not 1000 have, so far, been 
put in order. The 50,000 buildings originally men- 
tioned have, however, been added to considerably since 
that time, and there are now between 93,000 and 94,000 
waiting for the attention of the London County Council. 
There are also others, in addition to those under 
Section 9, to the number of about 48,500, which have been 
duly notified to the London County Council under Sections 
10 to 12, and only 351 under Section 11, and 4430 under 
Sections 10 and 12, have bsen put in order up to the 
pres»nt, or exempted from the Act. This means that 
there are about 44,000 cases to be attended to under the 
three further sections‘of the Act. Sections 9 and 10 in- 
clude =e that are more particularly seen by the 
public. The former of these sections represents build- 
ings that are tall, in which more than twenty people 
live or are employed. Section 10 embraces projecting 
shops ; Section 11 relates to certain dangerous stores, 
while minor structures are included in Section 12. The 
time required to put 527 buildings under Section 9 in 
order was seven years, while in the same time some 4781 
cases in Sections 10 to 12 were put in order, or exempt. 
Going on at this rate, about five centuries would be re- 

uired to deal with the buildings under Section 9 alone. 

t is therefore well that attention has been called to the 
subj ct by Concrete ani Constructional Enginecring. 





STEEL BALLS FOR BEARINGS. 
To THe Eprror oF ENGINEERING. 

Srm,—I have read with interest the remarks by Mr. 
J. T. Towlson in last week’s ENGINEERING concernin 
the demonstration of the resilience of steel balls whic 
took place at the recent Engineering Exhibition. Per- 
haps I may be allowed to offer a few additional remarks 
concerning the apparatus, which I also observed with 
much interest. 

I understand from Mr. Towlson’s remarks that he 
attaches considerable importance to the fact that the 
ball, after rebounding, eventually comes to rest in the 
centre of the plate, which is also in line with the point 
from which the ball first fell. Mr. Towlson suggests that 
this proves the sphericity of the balls under test. He 
must, however, have noticed that the plate in question 
was concave, having its lowest point at the centre, with 
the result that the ball would undoubtedly come to rest 
in the centre whether it was perfectly spherical or only 
very approximately so. 

I noticed that on several occasions the ball, after several 
rebounds, missed the plate altogether and fell on the floor, 
but on testing the same a second time it behaved 
exactly as Mr. Towlson describes. 

I am therefore inclined to believe that the test is not 
so much a question of sphericity butof resilience, and that 
the height to which the ball rebounded in the first instance 
was the most useful information to be gained. The height 
of the rebound was, I believe, jud by the eye, an 
should imagine that some skill was necessary to obtain 
correct ‘‘ readings.” 

I must, however, take exception to Mr. Towlson’s 
statement that we naturally choose rubber balls when 
we desire to witness a series of rebounds, and I would 
suggest that much better results are to be obtained with 
a schoolboy’s marble on a stone floor. 

Yours faithfully, 
E. H. Smyrue. 
23, Glenmore-road, Hampstead, January 6, 1913. 





To THE EprToR OF ENGINEERING. 

Sir,—Your correspondent, Mr. J. T. Towlson, men- 
tions a test for the resiliency of hardened steel balls by 
bouncing them on a hardened steel plate, as demon- 
strated at a recent exhibition at Olympia, and says it 
was ‘a sight of a life-time” to see how the ball rebounded 
in an absolutely vertical line. When I saw the demon- 
stration the ball certainly did not keep to an absolutely 
vertical line, but struck a different point of the surface 
of the plate at each fall. Noticing, however, that there 
seemed to be no tendency for the ball to bounce off the 
plate. I asked the official in chi why such was the 
case, and was informed by him that the plate was finished 
very slightly concave, and on close examination this 
appeared to be so. The explanation is therefore very 
simple, and quite accounts for the ball always coming 
to rest at the centre of the plate. The resiliency and 
sphericity of the ball is beyond question, and the latter 
was proved by the very slight air precsure required 
to bring the ball to the opening at the lower end of 
the tube. 

Yours truly, 
Ernest J. LEEDING. 
Birmingham, January 6, 1913. 








INTERNATIONAL ELECTROTECHNICAL COMMISSION. — 
——— of three of the special committees of the Inter- 
national Electrotechnicai Commission will be held during 
next week in Ziirich. On Monday and Tuesday the Com- 
mittee on Symbols will meet, the British representative 
being Dr. R. T. Glazebrook. On Wednesday and Friday 
the Committee on the Rating of Electrical Machinery 
will hold sittings, and of this committee Dr. Gisbert 
Kapp is the representative of this country ; while on 
Saturday and Sunday the Committee on Prime Movers, 
in connection with electrical plant, will hold sederunts. 
Mr. Gerald Stoney is the representative. We are officially 
informed that in regard to the rating question much of the 
time of the delegates will naturally be occupied in dealing 
with the numerous amendments to Report 17 of the Inter- 
national Electrotechnical Commission, issued by the central 
office in June, 1912, as the result of the work accom- 
plished at Paris in May last, when after much prelimi- 
nary discussion, certain definite proposals were put 
forward. Happily, most of the criticisms received are 
of such a constructive character that the delegates 
should experience no serious difficulties in a nee. 
ment on the various modifications put forward, an of 
adding considerably to the work already commenced. The 
subject of international rating is undoubtedly of import- 
ance to the electrical industry of this country with its grow- 
ing foreign trade ; the co-operation of the Manufacturers’ 
Association, the B.E.A,M.A., has therefore been of con- 
siderable value to the Joint Committee (of the Engineer- 
ing Standards Committee and the British Kiectrotech- 
nical Committee), by whom the Paris proposals, referred 
to above, have been fully discussed in detail. It is also 
interesting to learn that the representative of the makers 
(Mr. A. R. Everest) is to accompany Dr. Gisbert mor? 
to Ziirich. Although not going as a delegate, Mr. 
Everest’s intimate knowledge of manufacturing details, 
as well as difficulties, will of no small value to the 
delegate of the British Committee. Certainly British 
interests, both in the matter of rating—as, indeed, in the 
other subjects to be discus.ed—will well be taken care of 
at these forthcoming meetings. Moreover, the various 
delegates, many of rag already old friends, are certain 
of connmng., tagether with a due a iation of their 
responsibilities, and with a great desire to come to an 
amicable agreement. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Friday, on reopening 
after the holidays, the pig-iron market was firm. The 
turnover amounted to 11,000 tons of Cleveland warrants 
at 68s. and 67s. 114d. cash, 693. 13d. and 693. 03d. three 
months, and closing sellers quoted 68s. cash, 68s. 5d. one 
month, and 69s. three mont The afternoon session 
was quiet and business was limited to 1000 tons of Cleveland 
warrants at 69s. and 68s. 11d. three months. The close was 
easier, with sellers at 67s. 104d. cash, 683. 34d. one month, 
and 68s. 11d. three months. On Monday morning Cleve- 
land warrants were strong, and 6000 tons were done at 68s. 
and 68s. 1d. cash, 68s, 64d., 68s. 7d., and 68s. 6d. one month, 
and at 69s. March 24. Closing sellers quoted 68s. 14d. 
cash, 68s. 64d. one month, and 69s. 2d. three months. 
In the afternoon prices fell away, and only 2000 tons of 
Cleveland warrants were put through at 67s. 94d. cash, 
67e. 10d. four days, 68s, 24d. one month, and 69s. three 
months. Closing quotations were called 67s. 10d. cash, 
683. 3d. one month, and 69s. 04d. three months sellers. 
On Tuesday morning the market opened with a weak 
tone, but the close was firmer. The turnover consisted 
of 3000 tons of Cleveland warrants at 67s. 74d. cash, 
67s. 9d. three days, 68s. 04d. one month, 68s. 74d. 
March 25, and 68s. 9d. three months, and closing sellers’ 
prices were 67s. 94d. cash, 68s. 24d, one month, and 
683. 10d. three months. In the afternoon Cleveland 


I | warrants were dull, and 2000 tons were dealt in at 67s. 8d. 


cash, 68s. 04d. one month, and 68s. 9d. three months. The 
closing rates were quoted as 67s. 9d. cash, 68s. 2d. one 
month, and 68s. 10d. three months sellers. When the 
market opened to-day (Wednesday) a quiet tone prevailed, 
and business was slow. The turnover was limited to 
2000 tons of Cleveland warrants at 67s. 9d. cash, 67s. 10d. 
seven days, and 68s. 14d. one month, and closing sellers 

uoted 67s. 9d. cash, 68s. 14d. one month, and 68s. 104d. 
three months. In the afternoon Cleveland warrants were 
weak, and 2000 tons were done at 67s. 6d. and 67s. 7d. 
cash, 67s. 6d. five days, and 68s. 8d. three months. The 
session closed with seliers at 67s. 8d. cash, 68s. 1d. 
one month, and 68s. 84d. three months. Hematite was 
not quoted. 

Sulphate of Ammonia.—The inquiry for sulphate of 
ammonia has again shown signs of improvement, and 
with the approach of the spring season a heavy demand 
is anticipated. The current price is firm at 14/. 7s. 6d. 
per ton for orn lots, Glasgow or Leith, and forward 
parcels are quoted 2s. 6d. to 5s. per ton higher. 


Scotch Steel Trade.—With the close of the holidays a 
general resumption of operations bas taken place this 
week in the Scotch steel works. Order-bcoks are well 
filled and specifications are plentiful, and if nothing 
untoward happens a fairly long spell of activity is 
assured. Consumers are pressing for delivery of all 
classes of material, and the conditions prevailing at pre- 
sent are very encouraging to producers. The export 
inquiries amount to a large tonnage and come from a wide 
area. Prices are very firm, with no signs of weakening ; 
in fact, the reverse is the case. 


Malleable-Iron Trade.—Business in the malleable-iron 
trade of the West of Scotland has opened the new year 
under very favourable conditions. An excellent demand 
prevails, and full employment is general. Makers have 
a plentiful supply of orders on hand, and the prospects 
are very satisfactory. 

Scotch Pig-Iron Statistics for 1912.—The Scottish Iron- 
masters’ Association have issued the following statistics 
as to the production, consumption, exports and stocks of 
Scotch pig iron, including hematite and basic, for the 


year 1912 :— e 
‘ In- e- 

1912. 1911. crease. crease. 

Production : Tons. Tons. Tons. Tons. 

As per makers’ returns... 1,198,767 1,401,799 — 203,032 














Consumption : 
In foundries ‘ .. 211,216 198,195 13,021 
In malleable -iron and ° 
steel works .. 899,787 901,761 — 1,974 
Total es .- 1,111,008 1,099,956 11,047 
Exports : 
Foreign 138,730 146,513 - 7,7 
Coast’ es ea «. 145,383 159,005 = 13,622 
Rail to England .. Se 6,987 6,623 364 
Total ee 291,100 312,141 =. 21,041 
Total consumption and 
exports .. és +. 1,402,103 1,412,097 _ 9,994 
Stocks as on December 31 :— 
In Connal’s stores 1,000 1,000 — = 
In maker’s yards 117,651 320,987 — 203,336 
Total stocks .. 118,651 321,987 _ 203,336 
Furnaces :— 
1912. 1911. 
Number of furnaces in blast on December 31 90 85 
Average number of furnaces in blast for the 
year oe ae ~ <a .. 70.920 84.640 
ee Summary : 
Total stock at December 31, 191 321,907 
Add production for 1912 .. a 1,198, 767 
1,520,754 
Deduct toial deliveries for 1012. . 1,402,103 
Total stock at December 31, 1912 118,651 


Pockrt-Books AND D1artes.—We have received very 
handy and acceptable pocket-books from Messrs. Thos. 
Firth and Raman ywecnd Norfolk Works, Sheffield, and 
Messrs. Davis Bennett and Co., 94a, Horseferry-road, 
Westminster, 8S. W. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Important Works Extension.—Messrs. J. and P. Hill, 
of the Ordnance Works, Sheffield, are carrying out very 
extensive alterations and additions to their premises. In 
all their departments they have experienced a decided 
trade expansion, and are specially devoting themselves to 
the supply of seg od and tar-macadam plant for 
various corporations. ey have also built a handsome 
new block of offices, f i 
elaborate and up-to-date style. 


South Yorkshire Coal Trade.—So far the coal market, 
in regard to new business, is quiet. Merchants had an 
exceptionally busy time during the few weeks at the end 
of the year, and the present slackness was not unex- 
ected. In regard to house coal the position depends 
Lopely. of course, upon the weather. A cold snap would 
have a marked influence upon the market, which has 
shown latterly a slightly weaker tendency. It is the 
belief of many merchants, however, that, if the middle of 
this month is passed without any sensible alteration in 
quotations, prices will remain firm until May. The 
collieries have gone back to work again, and the general 
position of the pits is a goodone. For all kinds of fuel 
they are well booked up. Shipments remain well above 
the average for the time of year, but the sho of boats 
is still experienced, and has had the effect of increasing 
freight charges, which are now nearly 1s. a ton above the 
ordinary figure. Large quantities of gas coal are goin 
away, and collieries hold practically no stocks. Coke an 
oe | are in great demand. Quotations :—Best branch 
hand-picked, 16s. to 16s. 6d.; Barnsley best Silkstone, 
14s. to 15s.; Derbvshire best brights, 12s. 6d. to 13s. 6d. ; 
Derbyshire house, 11s. to 12s.; large nuts, 11s. to 12s. 6d.; 
small nuts, 9s. to 10s.; Yorkshire hards, lls. to 12s. ; 
Derbyshire hards, 10s. 6d to 11s. 6d. ; rough slacks, 7s. 
to 8s.; seconds, 4s. 6d. to 5s. 6d.; smalls, 3s. 6d. to 
4s, 6d. per ton. 


Ironand Steel.—The pig-iron market is in a very firm 
position. Makers are well booked forward, and the 
expected continuance of the heavy demand will tend 
towards a further strengthening of prices, which are 
moving steadily upward. Hematite is all at very high 
figures, and the quotations for Derbyshire common irons 
more closely approach the Lincolnshire lists. The 
makers of the latter sorts are able to maintain a very 
independent attitude. The scrap market has brightened 
and more satisfactory prices are obtained. This week 
has seen a general resumption of ae at the Sheffield 
works, although the majority of the steel firms were work- 
ing during the latter part of last week. So far no 
slackening of pressure 1s observable, and many firms 
have accumulations that they were not able to clear up at 
the end of last year. During the holidays export orders 
came in steadily, and practically all departments are now 
again fully e A feature of the situation is that 
there is less endeavour by competing manufacturers to 
put new inventions before the public. They have plenty 
of orders on hand for their ordinary products to 4 
all their attention. They are simply turning out wor 
as fast as the plants will do it. At such a time as this 
there is no necessity to ‘‘ tickle the market.” 








HELLIER AND Gasson Signa Controu : ERRATUM.— 
In the description, on page 25 of last week’s issue of 
ENGINEERING, of the Hellier and Gasson signal control, 
by an unfortunate slip at the bottom of the first column 
it was stated that Figs. 2 and 3 showed ‘‘the signal 
lever D locked in the off position.” This should really 
_read ‘* the signal lever D locked in the on position.” 





Lonpon County Councit WESTMINSTER TECHNICAL 
InstT1TUTE.—A special course of six lectures for engineers, 
contractors, architects, and others on ‘The Principles 
of Industrial Contract Law” will be delivered by Mr. 
Frank C. T. Tudsbery, B.A., LL.B., Barrister - at - 
Law, on Fridays, at 7.30 p.m., commencing on the 17th 
inst. The lectures will deal with contracts ene their 
Formation and Interpretation ; their Discharge by Per- 
formance and Otherwise ; Princi and Agent; Con- 
tractor and Sub-Contractor; Conditions and Penalties ; 
Specifications ; Assignments; and Arbitration Clauses. 
The special fee for the course is 2s. 6d ; students already 
in attendance at the Institute will be admitted free. 
Application forms and full particulars may be obtained on 
application at the Institute, Vincent-square, S.W. 





Tux ‘‘ AFRICAN WorRLD” CHRISTMAS ANNUAL.—One of 
the most noteworthy Christmas annuals so far published 
is that produced by the ‘‘ African World and Cape-Cairo 
Express,” whose London offices are at 1, G Build- 
ings, Basinghall-street, London, EC. In addition to the 
paper, which has 468 pages, there are 37 art photo-plates, 
most of them double-page engravings. As 6 con- 
tents, practically every phase of life and activity in Africa 
is reviewed in this publication, from the historical, descrip- 
tive, and pective points of view, and not only are the 
countries in the Union em but all others, including 
Egypt, Soudan, Nigeria, Liberia, Rhodesia, Congo, 
Mozambique, &c. It follows that there is much of engi- 
neering interest, as the shipping, melee - and 
other departments of industry are dealt with. A distinct 
characteristic of the publication is the wealth of illus- 
trations. These are from beautiful photographs, and are 
well reproduced. We think, however, a little more 
discrimination might have been exercised in respect to 
= portraits published. The price of the Annual is 3s. 
ne 


ed throughout in a most/ Tf la 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is in a 
most satisfactory state generally, though at the moment 
values of Cleveland pig are rather easy, due to a slight 
downward movement in warrants. There isa shortage of 
iron, and, in fact, there is much reason to fear that 
shortly it will be found impossible to satisfy requirements. 
bour troubles are avoided, the present year promises 
to be one of the most perous ever known in the history 
of the iron trade. o. 3 g.m.b. Cleveland pig is steady 
and firm at 68s. f.o.b., at which figure a number of sales 
have occurred, whilst No. 1 is 70s. 6d.; No. 4 foundry 
and No. 4 forge, each 67s. 9d.; and mottled and white 
iron, each 67s, 3d.—all for early delivery, any inquiry on 
forward account eliciting rather higher than the foregoing 
quotations. There is still no East Coast hematite pig to 
be had for early delivery, and the forward quotation for 
mixed numbers is quite 83s. There is nothing poouas in 
foreign ore. Rubio, of 50 per cent. quality, is 22s. 6d. to 
22s. 9d. ex-ship Tees. 

Stocks and Shipments of Pig Iron.—The stock of Cleveland 
pig iron in the public warrant stores here to-night stands 
at 240,304 tons, or 1541 tons less than at the beginning of 
the month. Shipments of pig iron from the Tees are 
excellent. To date this month they ave 5040 tons 
per working-day, the total despatches reaching 35,282 
tons. To the same date last month the total :oadings 
amounted to 32,561 tons, or a daily average of 4651 tons, 
and for the corresponding part of January last year the 
clearances were returned at 24,455 tons, or an average of 
3065 tons per working-day. 

Blastfurnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig iron for the quarter 
ending December 31 last has just been certified at 
60s. 1.17d. per ton as compared with 54s. 5.64d. per ton 
for the previous three months. There was thus an 
advance in price of 5s. 7.53d. per ton in the fourth 

uarter of last year. This carries an advance in blast- 

urnacemen’s wages of 7 percent., and raises wages from 
28 ae above the standard to 35 per cent. above the 
stan . 


Manufactured Iron and Steel.— Very excellent accounts 
are given of the various branches of the manufact 
iron and steel industries. Producers are working at full 
pressure, and are unable fully to satisfy needs. Values 
all round show a marked upward tendency, and actual 
advances of 5s. have been made for iron bars and angles. 
Common iron bars are 8. 15s.; best bars, 9/. 2s. 6d.; t 
best bars, 9/. 10s.; packing iron, 6/. 5s.; iron ship-plates, 
8/.; iron ship-angles, 8/. 15s.; iron ship-rivets, 9/. 15s.; iron 
boiler-plates, 8/. 17s. 6d. ; steel bars Toasio), 71. 15s. to 81.; 
steel bars (Siemens), 8/. 5s.; steel ship-plates, 8/. 5s. ; 
steel ship-angles, 7/. 17s. 6d.; steel boiler-plates, 9. ; 
steel hoops and steel strip, each 8/.; and steel joists, 
7l. 7s, 6d. to 7/. 10s.—all less the customary 24 per cent. 
Cast iron columns are 7/. ; cast-iron railway chairs, 4/. 10s. ; 
light iron rails, 7/. to 7/. 5s. ; heavy steel rails, 6’. 15s.; 
and steel railway sleepers, 7/. to 7/. 2s. 6d.—all net at 
works. Iron and steel galvanised corrugated sheets are 
12/. 15s. to 131. f.0.b.—less the usual 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Business in steam-coal has not shown any 
special activity, buyers having exhibited no eagerness to 
secure new business. Tonnage arrivals have, however, 
been of a substantial character, and have afforded 
encouragement to colliery-owners, who had been affected 
by previous delays. Colliery-owners report well-filled 
order-books, and they expect a strong market for some 
time to come. The house-coal trade has been quiet, 
without alteration in i. The best Admiralty large 
steam-coal has made 18s. 6d. to 183. 9d. per ton; best 
secondary qualities have brought 18s. to 18s. 3d. per ton; 
secondary ditto, 17s. 6d. to 18s. 3d. - ton; and 
ordinary, 17s. to 17s. 6d. per ton. t ordinary 
smalls have been quoted at 14s. 6d. to 15s. per ton; and 
cargo smalls at 12s. 9d. to 13s. 3d. per ton. The best 
household coal has made 19s, to 20s. per ton; good 
household ditto, 17s. to 18s. per ton. No. 3 Rhondda 
large, 17s. 6d. to 18s. 6d. per ton ; and smalls, 14s. to 15s. 
per ton. No. 2 Rhondda large has realised 15s. to 16s. 
per ton; and No. 2 smalls, 12s. 6d. to 13s. per ton. 
Special foundry coke has brought 31s. to 33s. per ton; 

foundry ditto, 27s. 6d. to per ton; and furnace 

itto, 24s. to 24s. 6d. per ton. As regards iron ore, 

Rubio has made 21s. to 22s. per ton, upon a basis of 50 

per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 

Lianeily.—The new year has opened well for this dis- 
trict, employment being gene good, while for the 
present, at any rate, there is an absence of labour diffi- 
culties. The tin-plate trade has, however, to contend 

inst high prices of raw materials, and a temporary 
osing of the Roumanian market. The steel trade has 
continued active, there being a good demand. 


Landore.—The Mannesmann Tube Company, Landore, 
will probably erect new works near its old establishment 
in that town. A site has been inspected, and negotiations 
are pending with the owners. 

Welsh and American Coal.—The threatened displace- 
ment of Welsh coal by American coal upon the Italian 
market does not disturb the equanimity of Welsh coal- 
owners. They have at present as much business as they 
can handle, and Italian orders for Welsh coal are heavier 
than they have ever been before. One reason why 
American coal has acquired a footing in certain Italian 


ured | In 1894 the shipments had 


ports is that the Navigazione Generale Italiano carries 
on a regular service between Italy and the United States, 
and it suits the company’s purpose, accordingly, to use 
some American and to carry it also for other 
ae = o— 9 —. at nominal — of freight, 

use the provides a return or steamers 
which would otherwise have to return im ballast 


Wircless at Fishguard.—The Great Western Railway 
Conpeey has placed a contract for the erection of a 
wireless station on Penow Height, overlooking Fishguard 
Harbour. The station will involve an outlay of about 
2000/., and it will be ca of communicating for a 
radius of 200 miles in the day-time and 400 miles at night. 


Bath.—Mr. T. ©. Elkins, C.E., has held an inquiry, on 
behalf of the Local Government , at Bath into an 
application made by the Bath Town Council for authority 
to borrow 8000/. for an extension of the city electrical 
undertaking. The application was divided under two 
heads: 3000/. for extending lighting to Weston, one of 
the added areas under the ndaries extension scheme, 
and 5000/. for paewive expenditure in the next three 
years. Mr. Elkins will report later on. 


Devonport.—Four ships of war of more or less import- 
ance are now in hand at Devonport—viz , the armoured 
ships Marlborough and Warspite, a light - armoured 
cruiser, and a 1000-tons oil-tank ship. At one time 
during the past year the number of men upon the books 
at Devonport was 13,000. 


Bristol Docks.—The total number of arrivals in Bristol 
docks in December (not including vessels which entered 
Avonmouth docks or city quays to load) was 23, repre- 
senting an sggregate burthen of 74,776 tons. The number 
of arrivals in mber, 1911, was 84, representing a dis- 
placement, in round figures, of 80,000 tons. The falling- 
off in the arrivals was explained, to some extent, by the 
absence of the Canadian Northern Railway Company’s 
steamer Royal George and a fourth vessel of Elders 
and Fyffes’ fleet. 


Barry.—The total shipments at Barry Docks last year 
were 10,371,750 tons, as compared with 9,316,406 tons in 
1911, 10,383,782 tons in 1910, 10,738,972 tons in 1909, and 
10,396,124 tons in 1908. It will be seen that 1909 was the 
record year. The first dock at Barry was opened in 
1889, and the shipments of that year were 1,106,402 tons. 

d grown to 5,067,014 tons, in 
1899 to 7,489 317 tons, and in 1904 to 9,539,087 tons. 


Newport.—The total shipments at Newport last year 
were 7,459,491 tons, as compared with 7,481,332 tons in 
1911, Se Se of 21,841 tons—due entirely to 
labour disturbances in the earlier part of 1912. The ex- 
ports of coal to foreign ports last year were 4,037,044 tons, 
as com with 4,316,162 tons in 1911. The shipments 
of bunkers were 622,529 tons, as compared with 529,204 
tons. 

Great Western Ratlway.—The Great Western Railway 
Company has arran to purchase about 9000 square 
yards of Bristol cattle market, the area being required 
for an extension of railway accommodation at Temple 
Meads. The Tn to be paid for the 9000 square yards 
is 26,0002. e@ purchase will require, of course, the 
approval of Parliament. 





Contracts.—The Schmidt’s Superheating Company, 
Limited, 28, Victoria-street, Westminster, 8.W., state 
that they have just secured the order for fitting fifty-nine 
engines for the Great Indian Peninsular Railway with 
their superheaters and piston-valves. The builders are 
the Vulcan Foundry, Limited, Newton-le- Willows. 





Wu11Ne’s Press Guipg, 1913. London : James Willing, 
Limited, 125, Strand, W.C. [Price 1s.]—We have re- 
ceived the 1913 edition of Messrs. Willing’s Press Guide 
and Advertisers’ Directory and Hand-Book, which now 
makes its fortieth annual appearance. This annual has 
been brought up to date, of course, but otherwise follows, 
without much alteration, the lines which have for so many 
i it asoneof thestandard reference annuals. 

t is divided into numerous sections, the most important of 
which is an alphabetical list of newspapers and periodicals, 
in which are given particulars of the publications men- 
tioned. Other sections are devoted to American, Colonial. 
and Continental papers, to classified lists according to 
interests, professions, &c. The Metropolitan publica- 
tions are under various classifications, of which one relates 
to the day of issue. Provincial journals are in lists arran 
according to counties, towns, &c. All changes of the 
year are no separately, as well as being embodied in 
the regular statements. 


Tue Gas Enoinger’s ANNUAL. Edited by Mr. C. W. 
Hasti London : Messrs. J.G. Hammond and Co., 
Limited, 32-36, Fleet-lane, Old Bailey, E.C. [Price 3s. 
net.]—The new edition for the current year is just to 
hand of ‘“‘The Gas Engineer’s Annual.” This forms a 
directory of gas undertakings and gas industries, and, in 
addition, contains various information of interest to gas 
apne, and a gas-works diary journal for 1913, giving 
columns for all the important records it is necessary to make 
in connection with the manufacture of gas. Thedirec 
of gas undertakings is divided into three sections, of whi 
the most important gives particulars of the supply in 
towns throughout the country, and also in colonial and 
foreign towns of which the gas companies have London 
offices. Another section deals with. the societies, &c., 
of the industry; and a third with the industrial side, 
manufacturers, coal-owners, and contractors and other 
allied firms. The volume also contains a review of the 
work of the Institution of Gas Engineers in 1812, and 











other articles. 
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ROTARY CUTTING-OFF MACHINE. 
CONSTRUCTED BY MESSRS. CHARLES TAYLOR (BIRMINGHAM), LIMITED, ENGINEERS, BIRMINGHAM. 
(For Description, see Page 51.) 
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in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 
Advertisements intended for insertion in the cur- 
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NOTICES OF MEETINGS. 


Tue Nortu-East Coast INSTITUTION OF ENGINEERS AND SuHiP- 


ogee: BUILDERS : GRADUATE Section.—Saturday, January 11, at 7.15 p.m., 


in the Institution, Bolbec Hall, Newcastle-w 
will be read by Mr. Mordaunt M. Parker on “ 
of Yacht Design.” 

Tus INSTITUTION OF MECHANICAL ENGINEERS: GRADUATES’ Asso- 
cIATION.—Monday, January 18, at 8 p.m. A Je entitled 
“Electric Accumulators” will be read by Mr. W. ©. Paddock, 
graduate, of Birmingham. Chairman: Mr. William H. Patchell, 
Member of Council. 

THE ILLUMINATING ENGINEERING SocreTY.—Tuesday, January 14, 
at 8 p.m., at the Royal Society of Arts, when papers entitled 
‘** Acetylene Lighting,” by Mr. O. Hoddle, and ‘ Petrol-Air-Gas 
Lighting,” by Mr. E. + cott Snell, will be read. 

Tue INstiToTION OF CiviL Enoinsers.—Tuesday, January 14, at 
8 p.m., at the Institution of Mechanical Engineers, Storey’s Gate, 
S.W. Paper to be submitted for discussion :—“ Bridging ra- 
tions Conducted under Military Conditions,” by Captain Crofton 
Edward Pym Sankey, R.E. 

Tue AERONAUTICAL Society or Great Brirain.—Wednesday, 
January 15, at 8.30 p.m., at the Royal United Service Institution, 
Whitehall. Lecture (followed by a discussion) on “The Com- 
parison of Monoplanes and Biplanes, with special reference to the 
Handley Page, A.P. Ae. 8. 
Professor W. C. Unwin, F.R.S., will preside. 

Tue Royal Mergorovoeicat Socisty.—Wednesday, January 15, 
at 7.30 p.m. The annual general meeting of the Society will be 
held at the Surveyors’ Institution, Great George-street, West- 
minster, 8.W. Business: -(1) Report of the Council for, 1912. 
(2) Election of the Council for 1913. An ordinary meeting will 
penne Ay held, when the following paper will be read :— 
** The Snowfall of the United States,” by Mr. Charles F. Brooks. 

Tas Ipswich Enernsgaine Socisety.—Thursday, January 16, at 
8 p.m., at the Museum, High-street. The following paper will 
be read and discussed :—‘‘ Turbo-Blowers and Compressors,” by 
Mr. Hans Haerle. 


m Tyne. A paper 
e General Features 


Tue InstirvTion of Mining AND MetaLiurey.—Thursday, 
January 16, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, London. The following papers will be dis- 
cussed :—‘‘ Some Considerations on the Specification of Theo- 
dolites for Mines,” by Mr. L. H. Cooke (Member). ‘* Specification 
of a Precision Theodolite: For Workings on Lodes of Medium 
Inclination and Narrow or Medium Thickness,” by Mr. L. H. 
Cooke(Member). ‘‘ Description of a Modern Lead Concentrating- 
Mill, Broken Hil! Junction North Mine, N.S.W.,” by Mr. Stanley 
C. Bullock (Associate). ‘‘The Blast Roasting of Sulphide Ores,” 
by Mr. J. H. Levings (Associate). 

Tue Roya LxstiruTion oF Great Brirain.—Friday, January 17, 
at 9 o’clock. ‘‘Further Applications of the Method of Positive 
Rays,” by Professor Sir J. J. Thomson, 0.M., M.R.L, LL.D., D.Se. 
Afternoon lectures at 3 o’clock. Tuesday, January:14. ‘‘ The 
Heredity of Sex and some Cognate Problems,” by Professor 
William Bateson, M.A., D.Sc., F.R.S., Fullerian Professor of 
Physiology. (Lecturel.) Thursday, January 16. “Birds of the 
Hill Country,” by Mr. Seton Gordon, F.Z.8. (LectureI) Satur- 
day, January 18. ‘‘ Aspects of Harmony.” (I.) “‘ Chord Progres- 
sion: Illustrated from Handel, Beethoven and Brahms,” by Mr. H. 
Walford Davies. (With musical illustrations.) 

Tue INSTITUTION OF MECHANICAL ENGiIneERS.—Friday, January 17, 
at 8 o’clock. The nomination of officers for election at the annual 
general meeting on February 14 will take place. Notice will be 
given by the Council of alterations in and additions to the bye- 
laws to be proposed at the forthcom'ng annual general ame i 
Paper to be read and discussed :—‘* ndicators,” by Mr. James G. 
Stewart, of Dundee. 
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DEDUCTIONS FROM THE FIRST 
CENSUS OF PRODUCTION. 


Worps have been given us, the cynic has 
said, to conceal our thoughts, and, he might 
have added, statistics to confuse the truth. e 
theorist who likes to base his arguments on 
statistics will find immense scope from the 
thousand pages of the final report on the First 
Census of Production of the United Kingdom, 
just issued, and, no doubt, within the next few 
months we shall have amazing deductions from 
the figures. Many of these will be pernicious, 
some of value, but none conclusive. e do not 
wish to depreciate in the slightest degree the impor- 
tance of the report from the point of view of the 
student of industrial economics. On the contrary, 
we think that this report will be of incalculable 
benefit in course of time. Its chief value, however, 
lies in the lessons which may be in the future 
gleaned from comparison of a succession of reports, 
when all variants can be minimised, and when the 
fluctuations due to prosperity and adversity can be 
correctly estimated. e year compassed by the 
report is 1907, and the second census is about to be 
‘lee. for 1912. The former year was one of great 
inactivity ; last year was characterised by great 
activity, so that comparison of one year with 
another will require much discrimination. But as 
time elapses, and reports are available for a series 
of years, it will be ible to arrive at some definite 
conclusion, not only as to progress, but as to the 
significance, from the economic point of view, of 
the results of comparisons made. Thus twenty or 
thirty years hence the report now issued will have 
enormously increased value, and, on the pri ciple 
that a beginning must be made, the publication 
now issued by the Government can be thoroughly 
commended. 

We deprecate, however, any attempt at serious 





deduction from the present report, not only because 
there are no comparative figures for previous years, 
but because the of e and the firms who 
have made returns have been working more or less 
in an uncertain and experimental way. This is evi- 
denced by the admitted fact that returns were not 
furnished in respect to the output of about one 
million to one million and a quarter persons whose 
occupations came within the scope of the census 
production, the value of their net output being esti- 
mated at about 50,000,0001. This number of 
persons bears a large proportion to the 7,100,000 
workers employed on an average by the firms who 
made returns, while their net products compare 
with a total of 712,000,000/. recorded by the firms 
making returns. It may be that those who did 
not make returns have not been in the habit of 
keeping accounts with sufficient care to enable 
them to meet the Government inquiries ; and if in 
the future such accounts are available, then good 
will accrue. It is essential that in all work, whether 
conducted by members of a family or solely by the 
worker himself, such accounts should be kept, as 
in this way alone can economy be achieved. The 
census will conduce indirectly to this end. There 
is inevitably, also, a large amount of duplication, 
the extent of which cannot be estimated with any 
degree of precision ; but in future years it may be 
possible to eliminate this confusing variant. 

Mr. G. 8S. Barnes, the responsible officer of the 
Labour Department of the Board of Trade, 
attempts to estimate the aggregate value of the 
product of all work in the United Kingdom and of 
the consumption of such products in 1907. There is 
of necessity included in the latter the work of con- 
verting output into fixed forms, such as buildings, 
machinery, &c. The value of the consumption 
he indicates as lying between 1663 millions sterling 
and 1833 millions sterling. In arriving at this 
figure he takes the production—agriculture, min- 
ing, manufacture, &c.—and distribution as 1433 
to 1448 millions sterling. He deducts exports, 
adds imports (without, of course, including goods 
re-exported), and finally adds the expenses and 
profits of distribution pee ( transport, which are from 
428 to 563 millions sterling. We have thus approxi- 
mately a total of 1700 millions sterling available 
for immediate personal consumption. No doubt 
we shall hear in the future, on the principle of 
averages, various analyses as to the distribution of 
this sum per unit of population as an item in 
Socialist argument, if not in national economics. 
There must, however, be considered the proportion 
necessary for the maintenance of plant, depreciation, 
and other forms of capital. The capital involved is 
estimated by Mr. Barnes at 1500 millions sterling. 
The maintenanceof plant, &c., is putat from 170 to 
180 millions sterling, but Mr. Barnes avoids any 
estimate as to the return on capital. 

There falls to be added to the value of net products 
and distribution as given above compensation for 
the services of such personal attendants as doctors, 
lawyers, and domestic servants, and this, it is con- 
sidered, brings the total value of the year’s pro- 
duction to about 2000 millions sterling. On the 
other hand, there has to be deducted a sum of from 
320 to 350 millions sterling on account of additions 
to stocks-in-trade of durable goods, for personal 
enjoyment, and for new capital investments at home 
and abroad. The manufactures for stock, &., thus 
equal in value the personal service, and we are once 
more reduced to the total for manufactures for imme- 
diate personal consumption of 1700 millions sterling, 
less the charges for maintenance, depreciation of 
plant, management remuneration by owner-workers, 
and for the compensation of capita]. The resultant 
sum may be said to represent the worth of national 
industry, but any inquiry into the distribution of 
this sum must necessarily be so speculative as to 
be futile. 

The elements which go to constitute the value 
of labour, or, indeed, of personal service, are too 
numerous and too varied to justify deduction. In 
the first place, the material has to be con- 
sidered, and for a total value of manufactures of 
1765 millions, as in the summary table of the Census 
of Production, we find that the material cost 1028 
millions, or over 58 per cent. As we shall presently 
show, the judicious buyer on behalf of an establish- 
ment ma; — the amount payable for 
material by purchasing supplies to meet prospective 
needs at the most favourable time, or otherwise, by 
anticipating the requirements of the factory when 
the prices are favourable ; but this, it will be recog- 
nisel, requires increased working capital. Again, 
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there is the extent to which mechanical appliances 
appreciate the value of labour. A further factor, 
and one which manufacturers, we are glad to know, 
are recognising more fully every day, is the value of 
design in increasing the price paid for the product. 
The efficiency of the work it does, and the economy 
it effects in operation, are recognised by higher 
prices being paid. There is ever also the influence 
of the personal equation—namely, the personal 
qualities and assiduous attention to duty exercised 
by the capitalist-owner, as well as the effec- 
tiveness of the management and the satisfac- 
tory character of the workmanship. These factors 
influence the selling price value in a census return, 
and the proportion of this value due respec- 
tively to labour and capital. While in the census 
return the cost of materials is deducted from 
the selling value of the work done, the other 
factors are not accounted for, and there may be 
danger therefore in any deduction from the state- 
ment that the net output per person in England 
and Wales is 104/., in Scotland 981., and in Ireland 
78l., with a mean for the United Kingdom of 1021. 
We fear it will be stated that, as this is the net 
value per person employed, something correspond- 
ing to this is the result of the work of labour ; 
whereas it is not all due to labour, but is rather a 
figure of a more or less empirical character, com- 
prising the part which management, mechanical 
appliances, and available capital play in the creation 
of wealth. In other words, it represents the gross 
value of the collective effect of capital and of labour 
whether of brain or sinew. 

Indeed, the law of averages is one of the most 
seductive of statistical rules, and particularly con- 
duces to what we have termed the confusing of 
truth, yet it takes no cognisance of personal 
efficiency — some might say, idiosyncrasy — and 
passes by the economically inevitable, yet ethically 
regrettable, law of the survival of the fittest. 
Mr. A. W. Flux, the Director of the Census 
Department of the Board of Trade, in his summary 
of the results, seems conscious of the danger of 
such deductions being made immaturely or from 
inconclusive data, because he enters at consider- 
able length into this question of the value of the 
net output (excluding material used) per employee. 
It is consistent with experience that in those 
factories where female labour predominates the 
value per employee is less. In all textile factories, 
for instance, the value is 73/. per employee. In 
engineering and metal manufactures it is 1091. per 
head. He seeks further to show that an examina- 
tion of results in the respective textile industries 
establishes the view that the net output varies 
both with the level of men’s wages in the 
trade and also with the ratio of males to 
females. Into this question, however, of the 
relative value of male and female labour we 
do not propose to enter. More justifiable is the 
circumstance that high net output per employee is 
associated with heavy capital expenditure. This 
is easily understood, because apart altogether 
from the wage paid, efficiency of labour, as 
measured by output, must increase with the ex- 
tent and efficiency of the machine-tools or pro- 
ducing mechanism for which capital is responsible. 
It is pointed out, for instance, that in iron and 
steel smelting, rolling, and founding, the output per 
head, excluding materia|, is 115/., whereas in cutlery 
working, where hand methods are still so extensively 
adopted, the figure is 73l. In copper smelting, 
rolling, and founding, again, the result is 1371., as 
against 89/. for brass-finishing. In railway-carria 
and wagon building, where mechanical methods 
have been so extensively introduced, the output is 
123/.; whereas in carriage and cart-making, which 
is more or less a rural occupation or purely hand- 
work, the output is 82/. per head. Even in two 
such analogous industries a:. the making of paper 
and the printing and binding of books we find a 
sharp difference of I11l. as against 88l. It 
would seem indeed as if the worth of the product 
of the machine-assisted worker were 50 per cent. 
higher than that of the employee only partially 
helped by mechanical appliances. There must 
ever be a great difference, and the comparison 
suggests that mechanical methods conduce to 
increased national wealth without in any degree 
tending to reduce the wage of the worker. On 


the other hand, by all the laws of industrial 
economics, the sum of the wage ought to be, and 
is, greater. 

Reference has already been made to the influ- 
ence of invention, design, or ‘creative faculty in 





connection .with industry, and reference is also 
made to these by Mr. Flux. He embraces in this 
category proprietary articles, products protected 
by trade-marks or by the reputation of the maker, 
trades assisted by heavy advertising and other 
sale expenses. In spirit-compounding, for in- 
stance, the net output per head Sy employee is 
given as 354/., excluding material; in ink, gum, 
and sealing-wax making, 2801. ; in paint and var- 
nish-making, 198/.; in oil-distilling and mixing, 
1891. ; and so onin many other industries. It is, of 
course, difficult, owing to the classification, to arrive 
at any result in connection with specific engineering 
products, where the personal equation and design 
exercise a great influence. Another of the factors 
conducing to high selling price is, as we have indi- 
cated, the effect of purchasing the raw material at 
the most favourable moment, according to market 
fluctuations. In the case of English pig lead the 
price, between 1906 and 1908, varied by 4l., or 33 
per cent. from the lowest ; of English bar tin by 571., 
or about 50 per cent. from the lowest ; and of tough 
cake copper, 45/., or 55 per cent. from the lowe-t. 
Obviously the workers’ firm which bought large 
supplies at the lowest price for manufacturing 
purposes had a greater gross value of production 

r head than those of the user who bought at tho 

ighest. A further suggestion is made by Mr. Flux, 
that the fusion of large firms has the effect of increas- 
ing the value of the output per worker, because there 
is greater tendency towards expensive mechanical 
equipment, efficiency in labour, and the effective 
employment of working capital in respect of supply 
and design. Supervision, again, affects the results, 
and it is noted that in the trades embraced in the 
census 93 per cent. of the persons employed are 
wage-earners, leaving 7 per cent. salaried persons, 
including principals. The proportion varies in 
different industries, and even in the different works 
of corresponding trades. Itis interesting further to 
note that of the wage-earners 74.4 per cent. were 
males and 25.6 per cent. females. 

Some measure of the part which mechanism plays 
in manufactures is afforded by the extent of power- 
producing plant in use. It is noted that firms 
responsible for 1574 millions of gross output had 
available a total horse-power of 10,578,475. 
Road-rollers, locomotives, &c., owned by public 
authorities equalled 167,192 horse-power. Some 
small firms were unable to state the capacity of 
their wind and water power and other prime 
movers. In the case of firms with an output valued 
at 157,000,000). no power was used. Other 
factories, in whole or in part, got their power from 
supply stations. Altogether there were returned 
as in use engines of 10,755,000 horse-power, 
but complete accurate data cannot be got owing to 
the difficulty of ascertaining the quantity of elec- 
tricity supplied from public power-supply stations 
solely for trade purposes. The census returns 
account for 444 million B.T.U. as so purchased 
from such supply-stations. Of this total, 125 millions 
were used for traction purposes by railway and 
tramway companies; the remainder was used 
mostly for power and lighting purposes by manu- 
facturers. One-fourth of the total horse -power deve- 
loped in factories seems to have been utilised in the 
form of electricity. Returns are avaiiable which 
suggest that of the total capacity of dynamos driven 
three-fourths are operated by reciprocating steam- 
engines, 20 per cent. by steam-turbines, and the 
remainder by other engines ; but there is no doubt 
that since 1907 a great change has been made, and 
that there is now not only a great addition to the 
power available, but also to the proportion of 
steam-turbines in use. In addition to the prime 
movers already indicated, there are accounted for 
34,450 engines, of a collective power of 213,525 
horse-power, in use in connection with agriculture 
and fisheries. Of these, 12,807 engines, of 84,240 
horse-power, are oil engines ; these, with petrol and 
gas-engines, practically equal the power of steam- 
engines—namely, 106,460 horse - power. The 
largest consumers of power specially installed 
are mines and quarries, where the total is 
2,495,134 horse- power, while a close second 
is iron and steel, engineering and shipbuilding 
trades, with 2,437,441 horse-power. The textile 
trades amongst industries come third with 
1,987,528 horsepower. These three, it will be 
seen, account for two-thirds of the total. It would 
be interesting to speculate as to how much of this 
power is developed ‘ender economical conditions, 
and is utilised with a high degree of efficiency. 
We hazard the suggestion that a great saving may 





yet be effeeted ; but on this matter, as on so many 
others, the report, voluminous as it is, does not 
yield basis for satisfactory deduction. 








PAYMENT BY MEASURE AND VALUE. 

Ir is sometimesa matter of astonishment to those 
who moves in legal circles to find that cases where 
the contractor is suing for work done by measure 
and value are exceedingly rare. Upon looking into 
the matter it is found that disputes in connection 
with other forms of contract are common enough. 
Why is it that the words ‘‘ measure and value ” 
never give rise to disputes, and are seldom heard 
in the law courts ? 

The truth is that every local authority, company, 
or person (to give a complete and comprehensive 
definition of a legal entity) which or who enters 
into a contract for works is endeavouring to steer 
a middle course between a lump-sum contract on 
the one hand and payment by measure and value 
on the other. It is not unnatural that the employer 
should prefer the lump-sum contract. It lets a 
man know where he is—on paper. When he enters 
upon a vast undertaking, he is assured that 
it will not cost him more than 50,000/., and that 
figure is set down in writing. He forgets, fora 
moment, the extra clause, and the clause which 
gives the engineer Boing to vary or modify the 
work to be done. hen the time for honouring 
the final certificate arrives, and the sum total pay- 
able amounts to 70,0001., the person who has em- 
ployed the contractor may well scratch his head 
and say :—‘‘I might just as well have had the work 
done by measure and value. In effect, the con- 
tractor appears to have worked on a measure and 
value basis subject to a minimum in his favour.” 
The assumption just named is one reason why em- 
ployers avoid the measure-and-value principle. 

There is a serious reason why the principle of 
‘““measure and value” may have to be adopted 
somewhat more frequently in the near future. 
Owing to certain decisions of the Courts in relation 
to the arbitration clause in engineering contracts, 
it is now very uncertain, in many cases, whether and 
how far the engineer’s decision is final and binding. 
The reason why any uncertainty as to the finality 
of the engineer’s decision leads to confusion is not 
far to seek. In relation to a large contract it is 
obviously convenient to leave an enormous number 
of questions to be settled by a third person. Three 
alternatives present themselves—viz. : (1) a lump 
sum contract (which we have already considered) ; 
(2) a contract consisting of plans, specifications, and 
general conditions, by which the contractor becomes 
bound to carry out certain works for a certain sum 
to the satisfaction of an engineer, upon conditions 
which may or may not be modified by that engineer. 
In effect, such a contract makes the price a mov- 
able quantity, as the engineer is generally given 
power to order extras and make variations. (3) The 
third alternative is to enter into what is termed a 
contract for payment by measure and value, where- 
by the contractor is to be entitled to receive fair 
remuneration for work, labour and materials, to- 
gether with a sum for profit. Whatever the form 
of contract may be, one thing is clear—it may come 
back to measure and value. 

Probably the earliest method by which a builder 
or other contractor was remunerated was by mea- 
sure and value. It is stated in Blackstone’s Com- 
mentaries that: ‘‘If no price is fixed in the 
contract, the builder can recover the fair and 
reasonable value of his work.” He cannot, how- 
ever, recover anything where his work consists of 
such voluntary services as give no implied claim for 
remuneration ; but if there be an implied contract 
for payment, the amount of the remuneration rests 
with a jury, unless the parties have, by compulsion 
of the Court, or by consent, gone before an arbi- 
trator or referee. If part of the price is fixed and 
other parts unfixed, the same rule applies to the 
parts in respect of which no price is fixed, unless 
there is some provision in the contract to alter the 
rule. In practice, at the present day, a case in 
which the builder was suing as upon measure and 
value would be referred to an official referee. 

If the contract is to pay at the market rate, the 
rate must be sasedbeinell as at the date of the con- 
tract ; but where a contract price has ceased to be 
applicable, so that a reasonable price is payable, 
then it would seem that the reasonableness of the 
price must be fixed, having regard to the time when 
reasonableness became the measure for regulating 
payment (Hill v. Smith (1861), 34 Vt. 535). 
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It is important to remember that the cost of 
labour and materials is not the true measure of 
liability. The scientific skill and the labour of the 
contractor himself may be recovered for, besides 
the labour and materials employed. For instance, 
in a case in which a man was employed to devise a 
method of curving metal tubing for the purpose of 
manufacturing life-buoys, of which the employer 
was the patentee, disputes arose as to payment, 
and the workman brought an action. It was held 
that he was entitled to recover compensation for 
his labour and skill, and also for the value of the 
materials employed by him in the course of the 
work, under a count for work and labour and 
materials, as he had to employ his work and labour 
in the process of invention, and having done so 
successfully, he was entitled to recover (Grafton 
v. Armitage (1845), 2 C.B. 336). 

In another case a contractor had a parol con- 
tract with a public board to perform certain work 
and labour for whatever ‘‘recompense the board 
might allow as right and proper.” It was held 
that an action lay to recover a reasonable recom- 
pense, although the board tendered what they 
considered right and proper (Bird v. MoGaheg 
(1849), 2 C. & K., 707). 

As the question, ‘*‘To what is the contractor en- 
titled on a quantum meruit ?” is constantly arising, 
it may be convenient to refer to a few cases in which 
the principle underlying it has been discussed. 

In the first place, the right so to recover only 
arises, as a general rule, (a) if the contract specifies 
that the payment is to be so adjusted ; (b) if the 
employer has broken his contract. In one case 
the plaintiff, a builder, contracted with the defen- 
dant to build certain premises upon the defendant's 
land. When part of the work, value for about 
3331., was done, and the plaintiff had received pay- 
ments on account of the same, he informed the 
defendant that he was unable to proceed with the 
work from lack of money. The defendant then 
finished the work himself, using the materials 
which the plaintiff had left on the ground. Bruce, 
J., found that the plaintiff had abandoned the 
contract, and allowed him nothing in respect of 
the work which he had done on the building, but 
gave judgment for the plaintiff for the value of the 
materials used by the defendant. The plaintiff 
appealed. The Court (A. L. Smith, M.R., Chitty 
and Collins, L.JJ.) held that the plaintiff could 
not recover from the defendant in respect of the 
work which he had done as upon a quantum meruit, 
there being no evidence of any fresh contract to 
pay for the same. 

The right to sue on a quantum meruit accrues if 
by delay caused by the employer the provisions 
of the contract have become wholly inapplicable. 
For instance, in the case of Bush v. Whitehaven 
Town Trustees (1888), H.B.C., 121, a builder con- 
tracted that the work should be executed accord- 
ing to drawings and specifications prepared by 
the defendant’s surveyor, whose decision in any 
misunderstanding or dispute arising out of the 
contract was to be final and binding upon the 
parties. Extras, if necessary, were to be ordered 
in writing by the architect, and the contractor was 
not to occupy the premises until duly authorised. 
No portion of the work was to be commenced 
without the written order of the surveyor, but 
the non-delivery of the site to the contractor 
was not to vitiate or affect the contract, nor 
entitle him to increased allowances in respect of 
time, money, or otherwise, unless an extension of 
time was granted by the surveyor. When the 
contract was made the contractor was informed 
that the works would be begun at once, and must be 
completed in four months, and that the cost of the 
work done in winter would be 50 per cent. more 
than in summer, and he tendered on that basis. 
Owing to the defendant’s delay in giving possession 
of the land the work could not be commenced until 
after October 6. In an action to recover the extra 
cost of having to execute the works in winter, judg- 
ment was entered for the plaintiff. On appeal, the 
Court (Lord Coleridge, C.J., and Mathew, J.) 
held, that where the circumstances contemplated 
by a building contract for works are so changed as 
to make the special conditions of the contract in- 
applicable, the contractor may treat the contract 
at an end, and sue upon a quantum meruit. 

So long, however, as a contract to execute 
works remains open the contractor is bound by 
its terms and cannot sue as on a quantum meruwit, 
Thus in the case of Lines v. Rees a builder 


defendant agreed to allow him to build it on his 
land, and to pay for it. It was admitted that the 
house had not been built according to the specifica- 
tion, owing to the defendant varying the same. 
The builder sued the defendant to recover the 
balance due to him on foot of the contract and 
for extras. Coleridge, J., held that an action can- 
not be brought on a quantum meruit while the 
contract remained open, but it might be brought 
for extras. An unqualified refusal, however, by one 
contractor to perform his part of the contract 
entitles the other party to rescind it, and sue upon 
a quantum merutt, 

Enough has been said above to show that charg- 
ing on a quantum meruit is by no means unknown 
in practice. It is, however, open to one great 
disadvantage : the settlement of any dispute must 
involve protracted litigation. That such litigation 
is necessarily protracted is due to the fact that 
disputes which are settled by the engineer in the 
ordinary case here devolve upon a tribunal which is 
wholly unfamiliar with the terms of the contract and 
the circumstances of the case. Consequently the 
official referee or arbitrator, who has to decide 
between the parties, must take some time to under- 
stand the cehaetbentinn of the dispute. Where, 
however, we look round to find that other forms of 
contract prove unsatisfactory for a variety of 
reasons, it may well be that the old form under 
which the contractor is paid for the value of his 
work may once more commend itself tothe business 
fraternity. 





TWO-SOLVENT CONCENTRATION 
CELLS. 


THE concentration cells, with which Principal 
A. P. Laurie, D.Sc., recently dealt in a lecture 
delivered before the Faraday Society, were not of 
the ordinary type. In the ordinary galvanic concen- 
tration cell the current generation is simply due to 
a mixing of two solutions in the same solvent of 
the same salt in different concentrations. When 
two solutions of copper sulphate, the one concen- 
trated, the other diluted, are joined by a siphon, 
for instance, and copper electrodes are inserted in 
both the solutions, the current will deposit copper 
on the one electrode and dissolve an equivalent 
amount of copper on the other, and the current 
will flow until the concentrations near the two elec- 
trodes become the same. The electromotive force 
of a reversible cell is a measure of the maximum 
work which the respective process—in this case the 
mixing of the two liquids—can yield at the 
respective temperatures. The calculations for con- 
centration cells, which enter largely into the theory 
of galvanic polarisation, were first made by Helm- 
holtz in 1877 ; galvanic cells containing amalgams 
are a special, much-investigated type of these con- 
centration cells. The electromotive forces of con- 
centration cells are mostly small and rarely reach 
a value of half a volt. 

Voltaic cells containing the same salt dissolved in 
two different solvents have not been much studied. 
When a salt is shaken up with two solvents—which, 
let it be assumed in the first instance, do not mix 
with one another—a certain amount of the salt will 
dissolve in the one solvent, and another amount in 
the second solvent, and the ratio of these two pro- 
portions is known as the partition coefficient. The 
two liquids may have to be shaken with the salt for 
many hours to obtain the correct coefficients, by 
allowing the solvents to separate. When afterwards 
electrodes of the same metal are inserted in the two 
liquids, no electromotive force will be set up when 
the solutions really are of the strengths correspond- 
ing to the partition coefficients. This was first 
shown by Luther, in 1896, for zinc electrodes and 
zinc sulphate dissolved in ether and in water ; for, 
if a current were set up, it would transfer salt, 
making the one solution pvorer and the other richer 
in salt, and a source of energy would be obtained 
on thermodynamically impossible conditions. If 
the two solvents mix, the conditions will be more 
complicated, but the differences need not be im- 
portant, provided the two solvents do not inter- 
react ; such a reaction takes place—though it may 
often be disregarded—between alcohol and water, 
e.g., which contract when being mixed under evolu- 
tion of heat, and which may give rise to a precipita- 
tion of the salt. The mathematical theory of such 
galvanic cells was worked out by Emil Abel in 1906. 
Dr. Laurie stated in his lecture that he had not 


lose their interest, because they might directly 
have been derived from Abel’s formule. Dr. 
Laurie’s manner of attacking the problem is of 
particular interest to the engineer, because his 
cells afford a simple experimental verification of 
the principle of the reversible heat-engine. 

The cells with which he experimented resembled 
inverted bottles closed by glass stoppers, suspended 
in a flask containing some ammonium nitrate to 
serve as intermediate conducting liquid. Each 
bottle tapered above to a glass tube, through 
which the platinum or silver wire electrodes were 
introduced. The two bottles contained iodine and 

tassium iodide, sometimes only the latter salt KI, 

issolved in water in the one bottle, and in nitro- 
benzene or alcohol in the other; the silver wire was 
itself previously iodised by being dipped into a 
strong solution of iodine in alcohol. The glass 
stoppers, which were not greased, prevented direct 
escape of the liquid out of the bottle and mixing 
of the liquids, without preventing electrical con- 
duction. A Dolezalek galvanometer was inserted 
in the cell circuit. 

Dr. Laurie first studied the temperature effects. 
When the concentration was plotted against the 
electromotive force at two different temperatures 
T, T, inan ordinary concentration-cell, in which the 
concentration was altered on the one side, but not 
on the other, the curves crossed at zero electro- 
motive force (Fig. 1); when the direction of the 
current was changed by further altering the one 
concentration, the temperature coeflicient was also 
changed. The cell therefore always remained endo- 
thermic and the temperature coefficient positive ; 
that is to say, when the cell was heated, the 
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electromotive force rose. But the two-solvent 
cells behaved altogether differently. As the iodine 
dissolved in the alcohol was increased, while the 
temperature was kept at 25 deg. Cent. (‘I, in Fig. 2), 
the electromotive force decreased and finally re- 
versed, the neutral point corresponding to a con- 
tent of about 0.086 molecule of iodine in the 
alcohol and of 0.0138 molecule of iodine in the water, 
both solvents further containing 0.025 molecule of 
KI. At 14 deg. Cent. (T,) as long as the current 
might conveniently be called positive (i.e., flowing 
in a direction so as to convey KI from alcohol to 
water), the temperature coefficient was also posi- 
tive. But when the current was reversed, so as to 
transfer KI from water to alcohol, the temperature 
coefficient also reversed, becoming negative, so 
that the cell was setting free heat and also doing 
work, The concentration corresponding to zero 
electromotive force was that at which the solutions 
contained 1 molecule of KI in the alcohol to 20 
molecules of KI in the water. When the two con- 
centrations were equal, the electromotive force was 
positive and the cell endothermic ; on increasing the 
concentration of the aqueous solution, the cell re- 
versed. A cell constructed to have no electro- 
motive force at T, would give a positive electro- 
motive force at the higher temperature T,. On 
cooling this cell down to T,, the current and the 
transference of salt would reverse, and the cell 
turn exothermic. 

This was a very peculiar behaviour, and the cells 
suggested a neat form of a heat-engine. If the 
salts be in partition equilibrium at a particular tem- 
perature, then, on raising the cell temperature, an 
electromotive force was developed and heat was 
absorbed. On then cooling below the neutral 
temperature the chemical changes were replaced 
and heat was set free. Mr. E. Gibson, of Edin- 
burgh, showed subsequently, as we mentioned 
already, that this result was implied in Abel’s 
equations. The actual and only physical result of 
the passage of a current through such a cell, Dr. 
Laurie further explained, was the transference of a 
certain quantity of salt from one solvent to the 
other. As regards the source of energy, the latent 
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agreed to build a houve for a certain sum, and the 


gations a few years ago ; but his deductions do not! 





heats had to be considered. The latent heat of 
solution of potassium iodide in water was known ; 
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the process resulted in a large absorption of heat, 
and that heat was not entirely due to the conversion 
of solid KI into fluid KI; there was a further 
absorption of heat on diluting the solution. The 
corresponding data for the solution of KI in 
alcohol were not known; but the heat changes 


were —— small. In cells containing only |p 


tassium iodide the differences in the latent 

eats involved in passing a molecule of the salt 
from the one solvent to the other was apparently 
the only source of energy available to give a 
voltaic cell which would be capable both of doing 
external work and of producing heat. If A! were 
the latent heat of solution of 1 gramme-molecule 
of KI in water, and A the same for alcohol, then, 
calling heat absorbed positive, the electromotive 
force of the transference of salt from alcohol to 
water would be E=\'—A+Tde/d T. Aslong as 
heat was absorbed by dissolving KI in water, A! 
would be greater than A, and the cell would be endo- 
thermic ; in the opposite case the cell would be 
exothermic ; the temperature coefficients would be 
positive in the first instance, and negative in the 
second. Saturated solutions would—assuming no 
mixing of the liquids—necessarily be in equilfbrium, 
because neither solvent could take up more salt ; 
in their case the A! — A would become eyual to 
T de/dT, and thus the latent heats of very 
diluted solutions might be determined. 

So far, Dr. Laurie continued, alcohol and water had 
been regarded as non-mixing solvents. It had been 
stated that equilibrium (zero electromotive force) 
would take place when the alcohol contained 1 mole- 
cule of KI in alcohol to 20 in water. These figures 
were, however, far from representing the solubilities 
of KI in these two solvents, which were in the ratio 
of 0.096 to 6.2, or of 1 to 65. But the significance 
of the 1 to 20 ratio could be confirmed in two 
ways :—First, when a saturated aqueous solution 
of KI containing iodine was brought in contact 
with alcohol, salt was transferred to the alcohol ; 
and when alcohol was added to a strong aqueous 
solution, some KI was precipitated, the end of 
the reactions corresponding in both cases to the 
concentration ratio above stated. Finally, Dr. 
Laurie made a suggestion as to the ible source 
of the energy of cells which contained two satu- 
rated solutions, and which were yet exothermic, 
because capable of mixing. He had only considered 
the salts without paying heed to their being ionised. 
But the potassium iodide would be ionised to some 
extent, and the ions would, according to Kohlrausch, 
travel together with their envelopes of water and 
of alcohol respectively ; heat would be set free by 
the mixing of the water and alcohol surrounding 
the ions, and a current would thus flow until the 
electrolytic mixing was completed. 

It is a pity that Principal Laurie is not in a 

ition to continue these snggestive researches. 

he experiments are not easy, the curves not so 

regular as might be desired, and much remains to 
be further investigated. 





THE ENERGY OF EXPLOSIVES. 

Tuat a good deal more expert knowledge is 
required for the economical use of explosives for 
blasting purposes than is often supposed there can 
be no doubt, at any rate if the best results are to 
be obtained. It is a great mistake to suppose that 
practically any explosive will be Adie —— 
if only it is used in sufficient quantity. e 
great variety of circumstances that occur in prac- 
tice have to be duly and carefully considered, 
the nature of the material to be blasted, and 
the size of the pieces resulting from the blast 
having a — bearing on the kind and 
quantity of explosive to be used. Probably the 
use of explosives not suited to the work they are 
called upon to perform is ene of the commonest 
causes of loss of energy and efticiency in blastin 
work, so much so that attention has been call 
to the matter in an article on ‘‘ The 2 of 
Explosives,” by Dr. Walter O. Snelling, of Pitts- 
burg, before the Engineers’ Society of Western 
Pennsylvania. The author points out how in 
quarrying, for instance, the quarryman finds, as the 
quarry deepens, that the rock does not break up 
so satisfactorily as in the upper layers. He has 


not taken into consideration the fact that the rock 
of the surface has been weathered, and is there- 
fore not so tough as that lower down. He should 
have met the increased toughness of the rock with 
an explosive of increased percussive force and less 
propelling force than he employed for the upper 





layers. He frequently does not do this, but in- 
creases the quantity of explosive, and so loses 
economy. Again, explosives of high percussive 
force are often used on soft materials, waste being 
caused thereby that might well be avoided. Soft 
material does not require the same kind of ex- 
losive as rocks of greater strength. Indeed, 
it is estimated that the use of explosives of high 
percussive force in very soft material may lead to 
the loss of more than 90 per cent. of the energy 
present. Where soft materials are encountered, 

rticularly in the case of earth excavation, black 
lasting powder and low- e granular nitro- 
glycerine explosives should be used. Where the 
material is 1ather tougher, ammonia and gelatine 
dynamites and low-grade dynamites are more 
suitable, and so on through the different grades of 
material up to the toughest rock. In order to 
assist practical men in this matter, Dr. Snelling 
publishes a useful table of the toughness of dif- 
ferent materials, which table we append below :— 


Relative Foot-Pounds 


: Toughness per Square 
Kind of Rock. (Limestone Foot of 
a= 2). Fracture. 

Fresh diabase .. 3.0 6249 
Pyroxene quartzite 2.7 562.4 
Sandstone... ied 2.6 541.6 
Altered diabase ... 2.4 499.9 
Fresh basalt _... 2.3 479.1 
Hornblende-schist 2.1 437.4 
Diorite... Ate 2.1 437.4 
Hornblende-granite 2.1 437.4 
Rhyolite ... yet 2.0 416.6 

uartzite ... 1.9 395.7 

iotite gneiss 1.9 395.7 
Augite-diorite 1.9 395.7 
Altered basalt ... nal 1.7 354.1 
Feldspathic sandstone ... 1.7 354.1 
Gabbro _... ie = 1.6 333.2 
Chert sia ie eae 1.5 312.4 
Calcareous sandstone ... 1.5 312.4 
Granite we 1.5 312.4 
Slate ae 1.2 249.9 
Peridotite... 1.2 249.9 
Granite gneiss ... 1.2 249.9 
Andesite ... 11 229.1 
Limestone 1.0 208.3 
Mica-schist 1.0 208.3 
Amphibolite 1.0 208.3 
Dolomite ... =n 1.0 208.3 
Biotite-granite ... 1.0 208.3 
Augite-syenite ... a 1.0 208.3 
Hornblende-gneiss__.... 1.0 208. 


The particulars in this table are obtained from 
figures derived from tests carried out by the Office 
of Public Roads, which is a division of the Depart- 
ment of Agriculture in the United States of America, 
and are very useful for purposes of reference. In 
connection with this table, Dr. Snelling has 
arranged in the order of their percussive and pro- 
pelling properties the more commonly used explo- 
sives, so that the properties of any of them with 
regard to any other explosive may be quickly and 
easily found. Such a comparative table used in 
combination with the particulars we have given of 
the — of different kinds of rock, &c., 
should prove very helpful to practical men carrying 
out blasting and similar operations. The arrange- 
ment of the commonly-used explosives is given 
below, commencing with those of high percussive 
force and ending with those of low :— 

Nitro-glycerine. 

Blasting gelatine. 

65 per cent. gelatine dynamite. 

60 per cent. dynamite, active dope.* 
50 per cent. dynamite, active dope. 
40 per cent. dynamite, active dope. 
30 per cent. dynamite, active dope. 
40 per cent. ammonia dynamite. 

40 per cent. gelatine dynamite. 
Granular nitro-glycerine powder. 
Black powder (fine grained). 

Black powder (coarse grained). 

Of course, the selection of an explosive for blast- 
ing purposes is influenced also by the purpose to 
which we wish to put the blasted material after it 
has been broken up. If it is to be used only for 
filling in, &c., it must be treated differently from 
what would be the case were it to be used for 
dimension work, rubble masonry, &c. Again, the 
character of the place where the material is blasted 
must be taken into consideration—e.y., whether the 
blast is in a confined space or on an open hillside. 

Dr. Snelling has a word to say regarding the 
deeply-rooted belief that (to use his own words) 
explosives ‘‘ strike downwards.” That this belief 
is Supty rooted there is no doubt, and Dr. Snelling 





* Active dope is an eapieive material, such as blasting 
powder, used to absorb the ritro-glycerine. 





has been at considerable pains to prove the error 
of it. He points out, first, that if it were true 
“‘that explosives exert a greater proportion of their 
energy in one direction than in another, it is 
evident that an accurate knowledge of total energy 
will be of no use to us unless we can also find out 
the percentage of this energy which is exerted in 
different directions.” 

In order to test this matter, however, careful 
experiments have been carried out, perhaps the 
most convincing of which were conducted a Dr. 
Charles E. Munroe, who used gun-cotton, discs 
of which were placed against plates of iron and 
steel. In every case it was found that the holes 
made in these plates by the explosive were equally 
large whether the metal plate was placed over or 
below the gun-cotton. The belief that the energy of 
an explosive acts with greater violence in a downward 
direction than in any other refers more to the high 
explosives, such as nitro-glycerine and dynamite, 
than to the lower ones. This may have arisen from 
the fact that before the introduction of the nitro- 
powders of high percussive power, the black 
powders, which are comparatively slow in action, 
could be placed in a mass on a stone and ignited 
without any more effect than a flash and a 
puff, with no detonation at all, and the stone 
would remain quite uninjured. The result with 
nitro-glycerine and dynamite was, however, very 
different, and the stone or rock on which they were 
exploded would be broken to fragments. From 
these manifestations, therefore, it is probable that 
the belief as to ‘‘striking down” arose. Whatever 
the cause, however, the belief dies hard. Dr. 
Snelling made some experiments himself to prove 
the error of the belief, but instead of employing 
the method of blowing holes in iron plates, he used 
lead blocks, and took the compression made in these 
by the explosion as representing the quantitative 
measure of the force exerted. Exactly similar blocks 
of lead and equal explosive charges were used, but in 
some cases the charge was placed on the upper 
surface of the lead blocks, and in others against 
the under surface ; it was found that there was prac- 
tically no difference in the explosive effect on the 
plates. Three different types of detonating explo- 
sives were used, four tests being made with each. 
In the first two tests with each kind of explosive 
the charge was placed above the lead block, and in 
the other two tests the lead block was held firmly in 
some other position in order that its support might 
be as firm as that of the block resting on the ground. 
In all cases the four blocks were equally compressed, 
no matter in which position the explosive was placed, 
showing very clearly that the force of an explosion 
is not confined to any particular direction. 





THE RAILWAY OFFICER ABROAD. 

THOUGH appointments are constantly being made 
at home to berths on the permanent staff of railways 
abroad, there is little practical information readily 
accessible to those contemplating taking up work 
of this kind. Such information is, however, by no 
means non-existent if only the would-be foreign 
ofticer could come by it, and so be in a position to 
benefit by the advice and experience of others who 
have previously occupied similar positions. 

In the following article it is proposed to draw 
attention to some points of interest to prospective 
officers who may be appointed to the permanent 
staff, as distinguished from the constructional engi- 
neers, who have the building of lines in their charge. 
Moreover, special attention will be paid to this 
matter primarily from the point of view of engineers 
responsible for the maintenance of the rolling-stuck, 
embracing such other duties as may fall to the lot of 
this department, for it will be readily understood 
that the engineer abroad often has to undertake 
duties that at home he would never have to handle. 
In this manner experience abroad tends to widen an 
engineer’s views and enlarge his capabilities, making 
him self-reliant and a first-class all-round man. 

In using the word ‘‘abroad,” it is, of course, 
intended to apply it now more especially to our 
Colonies, India, Africa, etc., though the conditions 
prevalent are not greatly different in many parts of 
the world, where the development of the railways 
is in charge of an executive staff drawn more or less 
from home. 

In contemplating work of this kind, there are 
certain varying conditions to be considered, de- 
pendent upon the climate, ——— position, 
&c., which introduce factors that have to be de- 
termined for each individual undertaking. For 
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instance, some places may be extremely expensive 
to live in, as much outlay may be entailed by the 
position of the officer. Others are exactly the re- 
verse ; in some, in fact, it is more or less impossible 
to spend much money. The former conditions 
usually accompany an appointment to a large station 
or city, where living is expensive and there is much 
social life, and entertaining is expected from the 
officer, if he would maintain the position which the 
appointment carries with it. Climatic conditions also 
vary widely. Some places may be almost ideal as 
regards the weather, situation, and general influence 
on health, whereas there are many stations requiring 
the greatest care of a man’s physical condition to en- 
sure freedom from sickness and even severe illness. 
The geographical situation of the station to which 
the appointment is made may fitly be the subject 
for consideration when the railway is far inland, 
since this generally entails a long journey, either 
by rail or on a river boat, after the voyage proper 
is finished. In countries not fully opened up, 
where communication with the interior is difficult, 
other special conditions will usually apply. For 
instance, on some of the West African railways it 
is often necessary for the officers to take up country 
with them large supplies of foodstuffs, tinned and 
preserved cctatten of all kinds, to supplement the 
native dishes. In other countries, such as India, 
all that is needed can generally be secured, either 
from the station railway stores, or by having stores 
sent up direct from the large towns. 

The above very general remarks are introductory 
to a consideration of the features more closely con- 
nected with the engineer and his work ; they apply 
to all classes of officers, and the candidate must 
largely be guided by such information as can be 
supplied him by the railway’s representatives at 
home. He will be wise to supplement this, if 
possible, by any further information that he may be 
able to obtain, in some cases, perhaps, from other 
Government officers, or possibly by getting in 
touch, as may often be done, with some one who 
has lived abroad in that particular part of the 
world. Information thus obtained is, of course, 
invaluable. The prospective work may lie in a 
country where the climatic conditions are more or 
less tropical; and often there may be extreme 
ranges of temperature. No harm may ensue from 
these if care be used, and it should be thoroughly 
recognised that care of the health must not be neg- 
lected. In many cases too little regard is paid to 
this, either through indulgence in one form or 
another, as, for instance, in drinking. No less must 
strain from overwork be avoided. If heed be paid 
to such matters, life abroad will prove interesting 
and agreeable to the engineer, and will provide him 
with opportunities, that seldom come to the stay- 
at-home man, of showing what he is made of. 

When, later in life, he reflects on the manner in 
which his time abroad has been spent, and he turns 
his face to the ‘‘ Home Country,” he will then be in a 
position to value to the full all that those two words 
mean to the ‘‘ man abroad,” for, as Kipling says :— 

** What should they know of England 
Who only England know?” 

He will then appreciate England with a know- 
ledge and interest that a life abroad alone can give. 

It is a common-place to say that the engineer 
who takes up a foreign appointment should be, 
first of all, prepared to unieorn almost as much 
as he has learnt. We would, however, prefer to 
give the advice that, while retaining the knowledge 
acquired at home, he must be prepared to adjust 
himself to totally altered conditions, in the broadest- 
minded spirit. Conditions of life, caste, the habits 
of the native, all require the closest study, and the 
successful man is the one that appreciates these 
factors, instead of ignoring them, and blends them 
with the home experience, introducing with great 
care the new and up-to-date methods that he may 
be anxious to adopt, and modifying them so as to 
suit the local conditions, methods of work, and 
especially the class of workmen and subordinate 
officers he may have under him. 

Coming now to some features closely affecting 
the permanent staff of railways, locomotive matters 
may be dealt with first as of great importance. 
It is in connection with the locomotive that 
there is found the greatest share of the nume- 
rous exceptional conditions that make the up-keep 
and running duties of the locomotive depart- 
ment chief, and his staff, so widely different 
from what ‘‘home” experience might lead one to 


and fuel and water supplies, &c., which demand very 
close attention and study, and, in addition, the 
vagaries of the drivers and of the staff have to be 
taken into account, especially when, for the most 
part, these employees are recruited from among the 
natives. An enormous amount of care is required 
to maintain an efficient running of the service 
under these circumstances. Perhaps of all loco- 
motive matters the water question is the most 
important, as affecting the boiler repairs and 
maintenance. In several countries, where water 
is scarce, or bad for boiler use, tank-wagons have 
to be hauled to the various watering-stations for 
supplies. Advances made in, and the increasing 
use of, water-softeners, have tended to some extent 
to relieve water difficulties. It is doubtful if 
modern large-boilered locomotives, evaporating as 
they do as much water in a day as some of the 
older types did in two or three, could he kept 
on the road, unless suitable boiler water were 
available, without which the ‘‘boiler question” 
would become acute, if only from the large amount 
of scale deposited, and the need of a special staff 
to follow boilers up for frequent scalings and clean- 
ings. In connection with water-softening, it should 
be carefully noted that the quality of the reagents 
most commonly used—unslacked lime and soda— 
must be suitable for the purpose. It may be that 
the soda will be obtained from home, the quantity 
required being proportionately small, while the 
lime may be secured somewhere in the country. 
Native lime-burners do not, however, take any too 
great care in = a uniform product, so that 
strict watch should be exercised over the supply 
from local sources. It frequently happens owing to 
insufficient burning in the kilns—fuel perhaps being 
dear, or change being made in the strata worked— 
that the quality is such that of the ‘‘dose” of lime 
used, perhaps only a third will be found to have 
‘*slacked out” and gone towards the softening of 
the water, the remainder coming out at the next 
cleaning in practically the same state as it went in 
—limestone. 

For this reason, and also for the purpose of 
checking any change in the water-supply itself, 
analyses should be taken daily of the softened 
water. The usual test is the ‘‘soap test,” by 
which the degree of hardness and alkalinity is 
readily obtained. A degree of hardness of about 
five will be found to be good in most cases, this 
being sufficient to deposit the thin protective coat- 
ing of scale that is desirable, whilst the remaining 
impurities can be readily washed out as a ‘‘limey 
sludge.” Itis, of course, not possible for each watering 
station to be worked in connection with a softening 
apparatus, but it is often possible, by changing an 
engine from one district to another, that a great 
deal may be done to minimise the trouble expe- 
rienced. Thus an engine working in a ‘‘ bad water” 
district may be changed over to a ‘‘softener” 
division, and while there, with rather more fre- 
quent washing out, a great deal of scale may be 
brought away and the boiler thus cleaned. 

It is advantageous in such cases to have a recog- 
nised system of removing certain tubes for cleaning 
the boiler barrel at stated periods. Such tubes 
should be marked on a diagram, and subsequently, 
at the end of-another period, a second batch should 
be removed. After three cleanings of this descrip- 
tion, the whole set of tubes should be withdrawn, 
for their mileage and for examination of the boiler- 
barrel. No hard-and-fast rule can, however, be 
laid down, as so much depends on local conditions. 
Next to the water question, the tubes themselves 
invariably become the greatest source of trouble. 
It is absolutely necessary that the ‘‘ up-country” 
men should be taught how to attend to this class of 
work, so that they may be able not only to make a 
repair, so as to get the engines in service again 
quickly, but also that the repairs they make may 
be such that no permanent damage results from 
their efforts. This work should be carefully fol- 
lowed up. Each out station should be supplied 
with standard sets of expanders, ferrules, &c. The 
— of drifting the tubes should be prohibited. 
t is nowhere a pleasant job to have to go intoa 
hot firebox to repair a leaky tube, and still less 
is it so in a tropical climate. It frequently 
happens, therefore, that instead of expanding a 
tube and making a proper repair, the ‘‘up-country” 
man will go into the box and drift the tube as hard 
as he can, drive in a new ferrule, and call the job 
**good enough.” The ultimate damage from this 


very serious, and work of this kind should be dis- 
couraged at all costs. It is not practicable to deal 
at length with all the ible forms of boiler 
troubles, as they are inkinite in variety, and so 
dependent on local conditions. 

As regards the engine proper, there is no doubt 
that the simpler the machine, and the more acces- 
sible its parts are for examination and repairs, 
the better is it suited to service and the work- 
man abroad. Complicated systems of compounding 
that might prove quite satisfactory in the hands 
of the staff at home, give rise to endless trouble 
if committed to the care of a native staff. While 
it may be said that compounding is not to be 
recommended, there appears to be no reason why 
superheating should not prove of service, for when 
properly installed it is largely out of the hands of 
the driver, and the saving effected in coal, espe- 
cially where this has to be imported at great cost, 
is a strong recommendation in its favour. 

Generally, lubrication must be carried out by 
simple means, easy of access. Metallic packing 
can be adopted with success. Attention to spark- 
arresters and smoke-boxes is essential, as also to 
ash-pans, so that live cinders shall not be dropped 
on the road. It will be realised that with vegeta- 
tion alongside the line, often ‘‘ tinder-dry,” even the 
utmost care is hardly sufficient to prevent setting 
fire to adjacent crops. It is important that drivers 
should reportall fires they notice. This is desirable, 
because it frequently happens that a native with a 
— crop will come to the conclusion that a good 

re and compensation from the railway company 
will be the easiest way of insuring a profitable 
return from his land. 

Thieving of detachable parts, such as oil-cu 
covers, &c., is exceedingly common, and often vita 
fittings disappear in this way. It is now common 
practice, therefore, to make all ible parts of 
cast steel or iron, which have far less attraction for 
the natives. For feed pur pumps are now 
commonly employed ins of injectors, and if 
worked in conjunction with a feed-heater, ge good 
results. Injectors give difficulty where the water 
is bad, and also, if not of the ‘‘ hot-water” type, 
give trouble on account of the high temperatures 
under which they have to work. If injectors be 
used, the best practice is undoubtedly to fix them 
non-lifting, and worked by a combination fitting 
on the fire-box, thereby overcoming one possible 
source of trouble with high temperature feed— 
viz., the lifting of the water to the injector. The 
foregoing points necessarily only touch on the frin 
of a wide subject that demands the very closest study 
by those connected with the locomotive service, 
but they have probably sufficed to show that service 
abroad embraces many details not in the everyday 
run of home experience. 

Usually the modern carriage stock abroad consists 
of bogie vehicles mounted on steel frames. With 
the bogies and under-frames little trouble is to be 
expected. The bogies should be carefully inspected 
in the ordinary course, and care be taken to keep the 
axle-boxes as dust-proof as possible. The class 
of road-bed often makes the dust problem one 
of a seriousness difficult to realise, unless actual 
experience has been gained of it. The whole of 
the under-frames, bogies, &c., are often running in 
a continuous dust-storm. Dust-shields, while they 
must be as effective as possible, should be of the 
simplest type. Complicated arrangements of 
springs and sliding pieces are absolutely useless ; 
the dust quickly penetrates to all parts, and makes 
the operation of the springs, &c., impossible. 
Front covers, oil-caps, &c., should be well fitted, ° 
and, in fact, the whole axle-box rendered as dust- 
proof as it is ible to make it. 

It is advisable that the oil in the boxes should be 
removed once every four to six months. In spite 
of all precautions, the oil will in time come to con- 
tain a large amount of grit and dust. The boxes 
should be cleaned, and the lubricating pads cleansed 
in paraffin, then soaked in oil, and replaced, or a 
spare set put in. This will often save a crop of 
hot boxes. The lubricating oil demands a good 
deal of attention. Where the line has a con- 
siderable rise to any point, the conditions may 
be rather difficult to meet. For instance, it is not 
uncommon for a train to start away from the 
‘thigh country,” where winter conditions prevail, 
while the end of the run is in tropical heat. The 
difficulty of selecting an oil to fulfil these condi- 
tions can be easily understood. It is good practice 








expect. There are matters to be considered and 
reckoned with as regards the class of work, climate, 





practice in the form of cracked tube-plates is 
difficult to estimate accurately. It is undoubtedly 





—in fact, the only way of avoiding trouble—to 
make an examiner go round the made-up train in 
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the cold districts and, with a syringe and oil-can, 
give the axle-boxes a start by oiling them with a 
comparatively thin oil. This will enable the train 
to get:under way, and the oil in the boxes to warm 
up to its work. Unless this precaution be taken, 
the boxes will run’ hot, as the thick, congealed oil 
will not be able to form a proper film of lubricant 
on the journals. If the climate be such that there 
is a winter which, if short, is intensely cold, two 
classes of oil may be necessary. A thick oil should 
be used in the summer, and in winter an oil con- 
siderably thinner, their general properties otherwise 
remaining the same. 


There may possibly be a section of the line where | tag 


steep gradients are the rule, the line curving in 
and out round shoulders in the mountains. Close 
attention must then be paid to the brakes. With 
this there should be the careful inspection of the 
tyres, for, after long descents with the brakes hard 
on, or perhaps the wheels actually skidding for 
miles, the tyres become so heated that they expand 
and move on the wheel-centres, when accidents will 
almost surely follow. The form of tyre-fastening 
found most reliable is the retaining-ring, and this 
should be made a standard. With this in use, even 
a hot tyre will remain in position, and frequently 
will shrink on again securely and safe for continued 
service. Prevention being better than cure, the 
staff of brakesmen, enginemen, and all who handle 
the brakes should be most strictly watched, and 
every case of a hot tyre reported to head-quarters, 
and dealt with strongly. Similar remarks, of course, 
apply equally to the wagon stock. 

Vacuum-brake apparatus should be frequently 
tested, as much damage is done at wayside stations. 
For instance, hose-pipes are cut and washers stolen. 
There are now obtainable both armoured hose and 
washers with a metal insert, and the use of these 
will prevent much damage, which is often wilfully 
inflicted. As pointed out in connection with the 
locomotive, brass is always coveted by the native, 
and brass parts are always liable to be stolen. Such 
things as vacuum piston-rods are stolen, ball-valves, 
&c., frequently disappear, and devices have to be 
resorted to to render them less easily detachable. 
Vacuum piston-rods can now be made so that they 
may be locked in position, thus preventing damage 
and loss from theft. 

The car bodies are usually built of teak, and 
call for little more than the ordinary amount of 
attention. They must be gone over periodically 
for the tightening of body-stays, tie-rods, &c., 
to be attended to, since, owing to the alternation 
of heavy dews and intense heat, the woodwork is 
exposed to a great deal of expansion and contrac- 
tion. _ Sunshades are not used quite so much as 
formerly. Very satisfactory results can be secured 
by the use of double-roofing, or of a good insulating 
material in the roof and sides. The use of blue- 
tinted glass for the windows is often a most wel- 
come method of preventing the glare of the sun 
reaching the interiors. In addition to windows, 
the sashes are often provided with venetian screens. 
The interior decoration of carriages needs to be 
good but plain. There are innumerable arguments 
in favour of keeping them free from moulding or 
carving or any place where dust may collect or 
deposit. In upholstery all buttoning and folds are 
equally to be avoided, as tending to harbour dust 
and insects of an objectionable character. Questions 
governing matters such as ventilation vary according 
to the nature of the country to such an extent that 
they are too wide to admit of any generalisation. 

Third-class accommodation is never of a very 
elaborate nature. A good ‘‘slat” seat of plain 
wood is generally all that is required, with accom- 
modation for luggage, for the native and his 
belongings are not easily parted, and much per- 
sonal luggage is taken into the cars that would, or 
should, ordinarily go int) the brake-vans. The 
variety of accommodation is often surprising, the 
railways of India probably needing more than those 
of other countries. There are, besides, special 
vehicles, &c., of which the need and interior 
design must be decided in each particular case. 

Generally speaking, the opportunity has been 
taken in the newer systems, as regards wagon stock, 
to place the advantages of the bogie vehicle before 
the Traftic Department, at the inception of the lines. 
To this India is an exception, of course. There the 
lines were constructed before the advent of the 
bogie vehicles. The bogie vehicle lends itself par- 
ticularly to long hauls, such as generally obtain 
abroad, and it is now almost the Santen type of 


vehicle built for foreign service. It presents its 





advantages as a ‘‘traflic vehicle” and also from the 
ease and safety with which it may be used on the 
roads laid to very severe curves. Providing that 
there are reasonable facilities for repairing the stock, 
steel-frame vehicles are the most economical for 
maintenance and repairs. Should it be possible to 
use them, wooden sides and ends are in mariy cases 
an advantage, owing to the facility with which they 
may be repaired locally. Steel stock, however, 

many advantages, and if care be taken to 
keep down rust and corrosion, the life of such 
vehicles may be very prolonged. A definite pro 
gramme of cleaning and painting is a great advan- 
e. If the vehicle can be thoroughly treated in 
this way at intervals not too prolunged, it will be 
found that the stock will be preserved in a very 
satisfactory manner. The thorough cleaning of all 
surfaces of rust before painting is essential. If 
painting is done on a rusty surface, the work is 
useless. With the heavy rains and dews the paint 
will flake off in large pieces. 

The remarks made above as to axle-boxes and 
oiling arrangements apply also to wagon stock, if 
anything, in a greater degree. There is, however, 
the difference that, as the ‘‘shopping”’ of the wagons 
is not so frequent, special attention must be paid to 
‘*lifting,” and to the oiling of axle-boxes. It 
will be found that if the ordinary or four-wheeled 
stock is attended to once every nine to twelve 
months, little trouble will be experienced. Bogie 
stock reyuires somewhat special arrangements, as 
it is a rather bigger undertaking to open up all 
the boxes on a bogie vehicle. If, as is usual, 
the axle-boxes are of the ‘‘open-fronted” type, 
it is very convenient to adopt the system of 
lifting the boxes by means of a journal - jack, 
which is a short jack placed underneath the 
axle-box. By this means the brass may be with- 
drawn, repaired, or renewed, and replaced, the axle- 
box cleaned, and its trimmings, pads, &c., attended 
to. It may then be refilled Tate oil, and the 
vehicle returned to service quickly without the 
actual removal of the bogies. Where this prac- 
tice is adopted, it will be possible to keep the 
vehicles in traffic for perhaps two years before they 
need be brought in for lifting and for a more ex- 
tensive overhaul, the examination of axles, bogies, 
centre and side bearings, &c. 

Each vehicle, after iifting, should be noted and 
recorded, and also the date and district where this 
was done should be painted on the wagon sole- 
bars, and, if lifted with the journal-jack, some dis- 
tinguishing mark should also be made to denote 
that this has been done. At the time of lifting 
the brakes should be examined and repaired, also 
wheels, tyres and axle-guards should be examined. 
Tyres are usually not allowed to run thinner than 
1} iv. for standard gauge. A handy type of gauge 
should be provided, so that the lifters may easily 
check this. Axle-guards should be examined to see 
if they are square and true, as. heavy braking often 
causes them to become distorted. 

No special remarks can be applied to the usual 
general repairs to wagons, each case having to be 
considered by itself. Native carpenters, as a rule, 
must be closely supervised, and, as far as is reason- 
ably practicable, taught to renew defective parts 
ratherthan patchthemup. In patching the native 
is often an expert and extremely neat workman, but 
the amount of time spent in producing a patched job 
is often far greater than that required by renewal, 
and the cost should consequently be discounten- 
anced, Covered goods vabidies usually have roofs of 
corrugated iron. The fastenings of these sheets 
need attention, as, in working, they gradually cut 
off the bolts hy which they are secured to the car- 
lines. The bolts should always have a zinc cap 
soldered on, to render the roofs water-tight. 
Deficiency in this respect must not be permitted, 
for with tropical rains the contents of a wagon are 
soon ruined, if leaks are allowed to develop. 

In addition to such points as those above, relating 
specially to railway work abroad, there are others 
in which foreign and home conditions resemble 
each other, as, for instance, the necessity for inter- 
changeability and standardisation of as many parts 
as possible, which will enable a small stock of 
spares to be carried and will facilitate ease and 
rapidity of repairs and renewals. 

t would be impossible in a general article to 
exhaust the variety of subjects which come up for 
the consideration of the locomotive car and wagon 
superintendent serving abroad. The points which 
we have referred to, though only a few of those 
an official will be sure to encounter, will perhaps 





suffice to show that in many respects conditions 
abroad differ widely from those athome. Added to 
the different methods of service, modes of work and 
manner of life entailed by the conditions of climate, 
it must be clearly realised by new men out from 
home that they have an altogether strange class of 
assistants and workers under them. It must be 
understood that methods commendably up to date 
at home can only be introduced, when serving 
abroad, after study of the native employee. Such 
study will have to be made from standpoints quite 
different from those adopted at home. Enthusiastic 
reformers cannot do better than reflect that prob- 
ably the man before them came out imbued with 
much the same ideas as to improving nafive 
methods, and if modern systems do not obtain in 
some parts of the work, it is probably hecause they 
have hitherto proved inconsistent with the con- 
ditions of native life. Whiie every attempt should 
be made, therefore, to raise methods to the most 
efficient level, a certain amount of circumspection 
is also necessary in introducing changes, which are 
often liable to fail for reasons quite apart from 
engineering matters. It is really a case of the same 
familiar tale again in a new setting. The engineer 
has, in addition to his technical ability, to be a 
leader of men. The men under the official sent 
out from home are of a class with which he has 
—— had no prior opportunity of becoming 
amiliar, and, on the whole, the wonder is not that 
there are a few failures, but that so many should 
succeed when the only qualifications often con- 
sidered by those making the appointments are 
technical knowledge and medical fitness. 





UNPRECEDENTED ACTIVITY IN 
SHIPBUILDING. 

Never before has there been such a volume of 
shipping, mercantile and naval, in course of con- 
struction in the United Kingdom, and the prospects 
of new orders are still eatisfactory, although buildeis 
are indisposed to accept new work except for de- 
livery at a somewhat remote date, owing partly to the 
deficiency of workers and to the short time worked 
by the men. Merchant ships representing 482,622 
tons were floated in the last quarter of 1912, and 
the ships now on hand aggregate 123,000 tons more 
than at the beginning of September. This suggests 
that the demand for new tonnage is more than 
maintained, notwithstanding the reluctance of 
builders to enter into new contracts ; but coupled 
with the desire for new tonnage is a willingness to 
accept late delivery. The state of the freight market 
is conducive to such desire on the part of owners. 

Of merchant and naval ships there are in pro- 
gress 626 vessels, of a collective tonnage of 
2,466,940 tons, which is 539,133 tons more than at 
the beginning of the year 1912, and 1,045,956 tons 
greater than at the commencement of the year 1911. 
The only dates when the totals which have been 
recorded since the summer of 1911 have been 
approached during the past fifteen years were in 
1899 and in 1900, and as compared with that period 
there is an increase of from 600,000 to 700,000 
tons. The augmentation is due alike to naval and 
merchant work, although the proportion in respect 
of the latter is greater. The tonnage of warships 
Tonnage in Course of Construction in the United Kingdom 
at January, 1898 to 1913. 














| Merchant Ships. Warships. Total. 

No. Tons. No. Tons. | ‘Tons. 

1898 505 | 1,013,319 95 312,920 | 1,326,239 
1899 | 584 | 1,401,087 91 410,985 | Lst2,072 
1900 538 | 1,306,751 81 423,755 1,730,506 
1901 443 1,269,919 65 390,145 | 1,660,064 
1902 469 | 1,359,205 45 333,325 | 1,692,530 
1903 387 | 1,024,067 57 300,690 | 1,324,757 
1904 | 386 898,478 63 309,510 | 1,207,988 
1905 | 403 | 1,049,860 54 282,810 | 1,832,670 
1906 515 | 1,855,756 55 262,025 | 1,617,781 
1907 481 | 1,166,989 49 205,858 1,372,847 
1908 | 483 | 948830 | 60 | 268,717 1,217,547 
1909 360 | 764,520 | 58 | 219,271 983,791 
1910 331 913,374 | 64 | 273,210 1,186,584 
1911 | 363 | 1,131,508 | 66 | 289,481 1,420,984 
1912 | 483 | 1,519,052 67 | 408,755 1,927,807 
1913 542 | 1,970,065 | 84 | 496,875 | 2,466,940 


in progress is 88,120 tons, about 21 per cent. 
greater than a year ago, and 207,394 tons higher 
than two years ago, whilst the highest previous 
total during the fifteen years embraced in the table 
was at the beginning of 1900, when the aggregate 
was 73,120 tons less than that now recorded. 
The warship work in progress now includes nine 
battleships and three battle-cruisers for the British 














JAN. 10, 1913.] 


ENGINEERING. 





6! 





Navy, excluding two agg ong ordered, but not 
laid down, a battleship for rkey at Barrow, 
one for Brazil and another for Chili at Elswick, 
and a battle-cruiser for Japan at Barrow. Of light 
cruisers and other such vessels there are in progress 
for the British Navy eight, and eight to lay down ; 
and for foreign Powers four. Of torpedo craft 
there are 38 for the British Navy, and four for 
Argentina at Cowes, and of submarines 14 for 
the British Navy. It will thus be seen that alike 
for the British and foreign navies our builders are 
well employed; but there is still room for more 
ships, and the prospects are bright, as nine or ten 
battleships, as well as a large number of smaller 
craft, will shortly be ordered for the British Fleet. 

Of merchant ships there are in progress 542, 
representing a total gross registe: tonnage of 
1,970,065 tons. This is 59 vessels and 451,913 
tons, or 30 per cent., more than at the beginning of 
the year 1912, and 838,562 tons, or 74 per cent., 
more than in January, 1911. The nearest approach 
to the high figures obtaining during the past 
eighteen months was in the summer of 1906, and 
then the total was about 1,400,000 tons, or 570,000 
tons less than now. In the autumn of 1901 and at 
the beginning of 1899 there were totals also of about 
1,400,000 tons. The record now is thus 40 per 
cent. greater than the highest reached in any year 
in the history of the trade prior to the summer of 
1911. 

Of the merchant ships building there are 39 
exceeding 10,000 tons, whereas a year ago there 
were only 21 ; two exceed 40,000 tons, and a third 
is between 30,000 and 40,000 tons. Again, between 
8000 and 10,000 tons there are 15 vessels now in 
course of construction, as compared with 19 a year 
ago. Of the total tonnage 1,383,529 tons, or 70 per 
cent., is for British owners, as compared with 81.5 
per cent. a year ago; but it should be remem- 
bered that in the case of 16 vessels, totalling 59,274 
tons, Lloyd’s have no definite information as to the 
nationality of ownership. For the Colonies there 
are 77,010 tons, the measurement of 56 ships in 
course of construction. This represents 3.9 per 
cent. of the total, and compares with 4 8 per cent. 
a year ago. The proportion for foreign owners is 
therefore considerably more than a year ago. 

One more feature of the return is the large 
number of merchant vessels building under the 
supervision of Lloyd’s Register. Of those in process 
of construction in the United Kingdom, 410 vessels, 
of 1,499,488 tons, are registered at Lloyd’s. This 
represents the high ratio of 76 per cent. of the 
total building, while in addition there are under 
construction abroad, under the same distinguished 
surveillance, 123 vessels, of 528,085 tons, so that 
this Corporation is responsible for the efficiency 
of considerably more than 2,000,000 tons now 
on the stocks in the various yards throughout the 
world, 

Our second tabular statement shows the tonna; 
in progress in the various districts, and it will 

Work in Hand in Principal Districts at January, 
1910-13 (Warships Excluded). 
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District. 1913. 1912. 1911. 1910. 
tons tons tons tons 
Belfast .. =... ... 826,740 302,650 | 250,807 168,210 
Barrow, Maryport, and 
Workington . . ee 2,345 3,670 | 2,730 2,880 
Glasgow .. 467,344 359,806 194,690 174,744 
Greenock = .. 300,062 230,081 | 180,270 | 131,710 
Hartlepool and Whitby 98,844 64,353 | 42,135 52,950 
rae .. 27,789 14,024 — | — 
Liverpool ..| 85,547 14,794 22,110 | 34,550 
Tyne ..| 812,763 240,913 206,692 147,829 
Wear .., 282,180 194,648 | 126,897 | 105,525 
Tees -| 108,403 68,357 74,587 63,685 


seen from this that there is an increase in every 
district, ranging in ratio from 8 per cent. to more 
than 100 per cent. The lowest percentage is in the 
case of Belfast, the tonnage being only 24,090 tons 
more than at the beginning of 1912. But in that 
case a very high level was then reached ; now, with 
25 vessels, of 326,740 tons, there is practically 
double the amount of work in progress that there 
was three yearsago. Barrow has always been more 
concerned with the building of warships, so that 
little importance need be attached to the figure 
given for merchant work in that district. At 
Glasgow the increase on the total of twelve 
months ago is 30 per cent., there being now in 
process of construction 114 vessels, totalling 
467,344 tons; this is 107,538 tons more than a 
year ago, and is considerably more than double the 


of Greenock the addition is in exactly the same 
ratio, the 67 vessels now building representing 
300,062 tons, which is 46,000 tons more than in 
September last, and 69,981 tons more than in 
January, 1912; the total of three years ago is 
more than doubled. At Hartlepool there has not 
been much improvement as com with three 
months ago, but on the total of January last year 
the addition is 34,491 tons, equal to 53.6 per cent., 
the measurement of the 20 vessels in progress 
at this port being 98,844 tons. The Hull figures, 
which appear in our table for the first time, 
represent an increase of 98 per cent., the 35 vessels 
on the stocks having a total gross tonnage of 27,789 
tons. The work in hand at Liverpool—17 vessels, 
of 35,547 tons—is much more than double that of 
twelve months ago, but is only 1000 tons over the 
total at the beginning of 1910. On the Tyne 
there has been a steady improvement during 
four years, the total now of 312,763 tons being 
30 per cent. greater than at the rs omg Bing 
1912, but slightl less than in September last. 
The same general advance has been experienced 
on the Wear; here there is an addition, as 
compared with three months ago, of 22,000 tons, 
while as compared with twelve months ago the 
addition is 37,532 tons, equal to 19.3 percent. The 
work in progress is represented by 57 vessels, of 
232,180 tons. On the Tees there has also been a 
steady improvement, the 40 vessels now in hand 
representing 108,403 tons—59 per cent. more than 
a year ago. 





NOTES. 
THe Protection or Present-Day BatrLesnirs. 


THis question was dealt with by Major-General 
V. E. Cuniberti, of the Corps of Italian Naval 
Architects, in a paper he read, on December 21, at 
the Spezia meeting of the Collegio degli In eri 
Navali e Meccanici, in Italia. General Cuniberti 
stated that the Dreadnought type of battleship, 
the first of which was built in England in 1906, 
had now been adopted extensively by all navies, 
for the reason that it met in a simple and practical 
manner actual war conditions, as advocated by 
present-day experts, the primary condition being 
the total destruction of an enemy’s battleships 
rather than merely their disablement. The pre- 
ceding school had advocated a rapid and intensive 
firing against the enemy’s fleet of small and medium 
calibre explosive shells with the view of placing 
hors de combat a large proportion of the crews of 
opposing ships, the small number of 12-in. guns 
fitted coming into play later for striking the ships 
in their vital parts. But the means of defence of 
modern battleships had not progressed propor- 
tionally to the increase in their offensive power, 
and it might safely be said that in the present 
state of disparity between the two, a naval 
battle fought at a range of from 5000 to 
10,000 metres would demonstrate gun power to 
be vastly superior to the resistance of the armour 
— the ships attacked. In order to 

ecrease the disproportion which now prevailed, it 
would be necessary to protect the ships more 
efficiently, probably limiting the number of parts 
more adequately armoured. But the difficulty was 
to know exactly which were the sections to be thus 
more adequately defended and those whose ultimate 
de:tructicn would not endanger the buoyancy of the 
ship. The selection might said to lie between 
a ship having a central armoured citadel containing 
the turrets, affording also protection to the base of 
the funnels and forming a reserve of buoyancy, 
and a ship of the Monitor type, having a thick 
belt of armour and an unprotected superstructure. 
When adopting heavy ordnance exclusively, the 
new school ought to have improved protection at 
the same time, setting aside the er pete g 
thin armour, now of no protective value what- 
ever, and selecting thicker plates capable of 
protecting the ships and the crews from the effect 
of the heavy projectiles fired with or without a 
cap and containing an explosive charge. This had not 
been done, and the Dreadnoughts of almost all the 
navies, except perhaps those of the United States, 
were very deficient in regard to protection ; they 
were mostly armed with guns able to perforate 
a thickness of over 12 in. of armour at a range of 
10,000 metres, whilst a very limited number only 
were protected with 12-in. plates. It was, of 
course, impossible to cover the whole ship’s side 
with 12-in. armour ; such a thickness, moreover, 





total of two years ago. In the neighbouring port 





would not be required at some parts—for example, 


at the ends ; nevertheless, in order to establish a 
proportion between the armament of one’s own 
ship and the protection this latter required by 
reason of the strength of the enemy’s armament, it 
was necessary to concentrate the armour on the 
parts which had to remain intact until the conclu- 
sion of an action, leaving unprotected, if need be, 
the less important parts. 


Vertica Movements or tHE E1rret Tower. 


The Tour Eiffel, constructed for the Paris Exhi- 
bition of 1889, has proved a very convenient station 
for conducting various scientific observations. The 
lateral deflections of the tower by winds and by the 
asymmetric heating and cooling of different portions 
of the structure have been studied for years ; while 
meteorological observations are regularly taken on 
the tower, radiotelegraphic signals are sent from it, 
and instructive experiments have been made on it 
concerning the air resistance to gliding and falling. 
Quite recently M. Charles E. Guillaume has alsomade 
arrangements for investigating the variations in 
height which the tower undergoes under atmo- 
spheric influences. For this purpose he is making use 
of the trap-doors in the platforms which M. Kiffel 
provided for conducting his fall experiments. A wire 
of invar, a material which is practically unaffected 
by temperature fluctuations, has been stretched ver- 
tically from the second platform, 116 metres above 
the ground-level, down to the ground, to which it is 
secured. The upper end of the wire is held by a 
stirrup screwed with a ball-joint into a second 
stirrup which rests on the knife-edge in the one end 
of a strong lever of stee). This lever is itself sus- 
pended by knife-edges from the framing of the 
platform. The lever carries at its far end a weight, 
and nearer the point of suspension a plate of Jead, 
which dips into oil, and, further, a pivoted style, 
writing on a Richard drum, which can be shifted 
with the table it stands on ; the movements of the 
lever and of the drum are independent of one 
another, and the scale of magnification can be 
altered at will, between 4 and 12 powers. Though 
the wire is not influenced by temperature fluctua- 
tions, it was feared that the deflections and the 
stretching of the wire by the wind would greatly 
complicate the observations. Sudden wind gusts 
can, indeed, be discerned on the curves by peaked 
humps ; but, after introducing the dash-pot men- 
tioned and increasing the lever-load from the 
original 25 kg. to 50 kg., there was no difficulty 
at all in separating the wind effects from the 
expansion effects in the curves ; in fact, the device 
will afford useful means of determining the wind 
force as well. Yet the curves little resembled the 
sinusoidal curves which M. Guillaume had expected 
to obtain. They showed much more irregular 
detail than he had looked for, and it may be said 
that the tower, in its vertical expansion, behaves 
like a very sensitive dilatation thermometer. When 
the height curves of the tower and the temperature 
curves of the Central Meteorological Bureau, a few 
hundred yards distant, are plotted on the same 
chart, the tower-height variations reproduce the 
temperature fluctuations on an exaggerated scale 
almost without time lag; that is to say, the 
amplitudes of the tower-height fluctuations are 
larger than those of the thermometer, while in their 
eneral trend the two curves are remarkably alike. 

he scale of the diagrams in M. Guillaume’s pre- 
liminary communication, contributed to La Nature 
of January 4, 1913, is small ; but it would a r 
that the 116 metres of the tower capentiel by 
nearly 10 mm. in the course of a June day, and 
that a rain shower simultaneously made itself felt 
on the two curves. From September 16 to 23 the 
curves were repeated each day during steady 
meteorological conditions. The sensitiveness of 
the Eiffel Tower as a huge thermometer is not 
surprising, in spite of its mass of 7090 tons of iron. 
The structure is very slender ; reduced on a scale 
of 1: 1000, the model would have a height of 
30 centimetres and would weigh 7 grammes. If a 
cylindrical envelope were provided for the actual 
tower, the masses of air and of iron would be in the 
ratio 4:3. The iron should hence readily respond 
to changes in the temperature, and the diagrams 
indeed seem to demonstrate that the iron becomes 
more quickly heated and cooled than the general 
atmosphere, so that the effects of clouds, of a sudden 
outburst of the sun through a covered sky, and of 
rain showers produce more rapid and more pro- 
nounced changes in the structure than in the air. 
M. Guillaume is now experimenting to determine 





the dilatation coefficient of the tower as a whole. 
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H.M. SUBMARINE-BOAT 


MESSRS. VICKERS LIMITED, SHIPBUILDERS AND ENGINEERS, 


CONSTRUCTED BY 


“ E a” 


BARROW-IN-FURNESS. 














Fic. 1. Bow View. 
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Fic. 2. Srern View or SuspMARINE EntTERING PortsmoutH Harsour. 


THE two engravings reproduced above have been 
prepared from photo e: s taken by Mr. Stephen 
Cribb, of Southsea, of the submarine-boat E 4 as it 
entered Portsmouth Harvour. This submarine boat 
is of the latest type, constructed by Messrs. Vickers 
Limited, Barrow-in-Furness, for the British Govern- 
ment, and the views reproduced suggest not only the 
great dimensions, but the speed at which the vessel 
may travel. The surface s of the vessel is about 
16 knots, the heavy-oil engines with which it is fitted 
having a brake horse-power of over 1500. No official 
partiqulars are available regarding the dimensions 
of the vessel, but it is understood that it is 
nearly 180 ft. long, and close upon 23 ft. beam, havin 
a submerged displacement approximating to 800 
tons. The ~~ compared with those .of 
earlier vessels, indicate the ro superstructure, 
whereby navigation is facilita when the vessel 
is awash, and show also the height of mast used 
in connection with wireless telegraphy. A special 
feature in the stern view, Fig. 2, is the rudder, which 





improves the steering of the vessel when submerged. 
It is understood that this vessel accommodates dis- 
appearing guns ; but on this question information is, 
for patriotic reasons, withheld. 





LOUGHBOROUGH AS AN INDUSTRIAL CENTRE.— We have 
received a copy of a pamphlet issued by the Town Clerk, 
calling attention to the advantages of Loughborough as 
an industrial centre for new works. The town is easy 


of being served by three railway lines and by 
canal. ‘I'he Midland coal-fields are in close proximity ; 
those of Leicestershire, Nottinghamshire, and Derbyshire 


are within a distance of from 8 to 15 miles. The present 


ing to load and consumption. 





Middlesbrough, including Skinningrove, for different 
periods. From this we find that the total coastwise ship- 
ments in 1912 amounted to 502,776 tons (524,456 tons in 
1911); the total foreign shipments amounted to 837,316 
tons (798,851 tons in 1911); giving a total for 1912 of 
1,340,092 tons (1,323,307 tons in 1911). The largest quan- 
tities shipped in 1912 were the following :—370,660 tons 
to Scotland, 164,042 tons to Germany, 115,162 tons to 
China and Japan, 97,474 tons to Norway and Sweden, 
and 92,685 tons to Italy. 





THR Mont v’Or TunnEL.—The tunnel which is under 
construction from Frasne to Vallorbe, to shorten the 
journey from Paris to the Simplon, leaving out Pon- 


charge for electric power is from ?d. to 1d. per unit, accord- | tarlier, was completely flooded by an inrush of water in 


There is plenty of land still | the workings on December 23. 


he Mont d’Or Tunnel 


available for the erection of factories and works, with or | is on a down gradient towards Vallorbe, and the fear is 
without railway-siding accommodation or canal frontage. | expressed that it will have for effect to drain towards 





Tue Mippiessroven Pic-Irnon Trapr.—A tabular | sources, and s ¢ 
ed by Messrs. William Jacks and | the Jura ridge. The workings on the Swiss side of the 


statement recently issu 


the Orbe Valley, in Switzerland, the water of several 
l streams located on the French side of 


Co., 5, East India-avenue, E.C., contains interesting | tunnel have had to be temporarily abandoned, and some 
figures concerning the shipments of pig iron from’ time will elapse before they can be proceeded with. 
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THEORY AND EXPERIMENT IN THE FLOW 
OF STEAM THROUGH NOZZLES.* 


By Professor J. B. Henprrson, D.Sc., Royal Naval 
College, Greenwich. 

WueEn the Council of the Institution honoured the 
author by asking him to prepare a summary of the experi- 
mental work which had been done on the flow of steam 
through nozzles, in order to determine the lines on which 
further experimental investigation should proceed, he 
gladly complied with the request, and eal at an early 
date to complete the task. The scope of the investigation, 
however, was much wider than he anticipated. A careful 
study of the considerable amount of literature bearing on 
the subject made him realise that it was hopeless to 
attempt to correlate the various experimental results 
which have been published without first making further 
experiments, and, as is shown below, some data which are 
of great importance in the author’s opinion for a thorough 
knowledge of the subject are still altogether lacking. 


THEORY. 


The ordinary steam-nozzle has a rounded mouth or 
entry, the shape of this curve of entry being chosen 
apparently at random. It has a throat, or position of 
minimum diameter, and then expands generally in 
conical form to the exit orifice. The diameter at the 
throat and the initial pressure determine the mass flow, 


Fig.i. 8 ¢ DIAGRAM FOR STEAM. 
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and the pressure at the throat is roughly half the initial 
pressure. The conical portion allows the steam to expand 
from the throat pressure to the pressure at the outlet 
orifice with corresponding gain of velocity. 

The general theory assumes (1) that the gas expands 
reversibly and adiabatically in the nozzle, (2) that the ae 
is moving parallel to the axis at the throat section, (3) that 
the pressure at all points in the throat section is the same, 
(4) that there is no friction anywhere in the nozzle, and 
(5) that there is no heat interchange between the nozzle 
and gas. Condition No. 1 really includes both 4 and 5, 
but it is more convenient to discuss the last two separately. 
If the suffix » refers to the initial state and suffix ,; to 
the state at the throat section, the velocity at the throat 

= Pr 


is given by 
n—-1l 
n 
2 n— 1 Po 


where n is the index of v in the reversible adiabatic 
equation 


1,2 
wy 


n 


f a So ; 
| Pe to pit f=", pow {1 ( 


pv" = constant. 

_* Paper selected by the Institution of Mechanical 
Engineers for publication and discussion in writing. In 
response to a circular issued by the Council, asking for 
Suggestions as to subjects for research, a large number 
were received, and the subject of ‘‘The Action of Steam 
passing through Nozzles and Steam-Turbines” was 
selected, amongst others, for possible future research. 





Professor James B. Henderson was invited to write a 
preliminary paper upon the work hitherto done in this 


In order that the mass flow may be a maximum, 
. " 
rem (5 +1 
terms of p; v7), uw? = np, tr}. 


But the velocity of sound in a gas is \/npv; hence the 
velocity of the gas at the throat is the velocity of sound 
in the gas at the pressure and density prevailing at the 

n+1 Wo 


throat. 
(a) 
=a a/2™( 3 


2n 
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or in 


¥ ’ whence u,2 = Poo, 
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The maximum flow is given by 
F= 
n+l 
Vo n+ 1). Si 


mm = a, 4/ 
Vv) 

where a, is the sectional area at the throat, These are 
text-book equations, and require no further comment. 
In the case of gases n is a constant, and in the case of 
superheated steam Professor Callendar has shown that 
nm 1s also a constant, whose value is 1.3, but this only 
applies to the superheated region. In the saturated 
region the theoretical equation to the adiabatics is 
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There is no theoretical equation known for these 
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of importance and an equation of the form YW" = 
Poo" would be useful when no steam-chart is available, 
even if n were a function of both p, and the above 
equation has been transformed, and, combined with the 
equations to the parabolas, it gives 


n = 1.011 + 0.073 @ + logy p; Po (0.0175 @ — 0.0165) 
if p, and p, are in kilogrammes per square centimetre, or 


n = 1.011 + 0.073 @ (logyy 9; Pe — log 28.44) 
(0.0175 @ — 0.0165) 


if p, and p,. are in pounds per square inch. The index is 
thus a function - 9m Py, and ¢, and it is questionable 
whether such a complicated formula will have any 
practical importance. It serves the purpose, however, of 
showing the errors which are introduced by taking n as a 
function of the initial conditions alone. 


DIFFERENCES BETWEEN THE PRACTICAL AND THE 
IpgaL Nozzuxs. 

Efficiency of a Nozzle.—An ideal nozzle would éxpand 
the steam or gas reversibly and adiabatically, so that if A, 
Fig. 1, were the initial state-point on the entropy-tem- 
> diagram, the state-point after expansion would 

B. Any irreversibility in the flow due to friction 





jsay C 


would cause the state-point after expansion to move to 
the right along the constant-pressure line p to some point, 
A nozzle which would allow the gas to pass 
molecule by molecule from pressure p. to pressure p 
without gain of kinetic energy would have zero efficiency 
for the purpose for which a nozzle is designed. 


| Kelvin’s porous plug constitutes such a nozzle, and the 


state-point after passing through the plug would be D, 
the point of intersection of the constant-pressure line p 
with the ‘‘constant heat” line through A. The state- 

int in practical nozzles will lie between B and D, and 
if no heat is lost by conduction a natural scale of efficiency 
of the nozzle is obtained, if we define the efficiency 


either by ' ' 
- dc - dv b = = D 
: on — Ov alg In — dp 
where I is Mollier’s variable E + pv = I, and in steam 





is practically the same as the total heat. These two 
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adiabatics in terms of p and v, but Rankine showed that 
a first approximation is given by n = * and Zeuner 


showed that n = 1.035 + 0.1q gives a closer approxima- 
tion, g being the initial dryness. Mr. Frank Foster, in 
Lhe Engineer, April 10, 1903, gave a table of values of n as 
a function of both the initial pressure and initial dryness. 

To analyse the variations of the constant n, the author 
plotted the logarithmic homologues of the reversible 
adiabatics of wet steam for ¢ = 1.5, 1.6, 1.7, and 1.8, 
which covers most of the practical steam-chart, and 


found that lines having the slope > represented the 


curves fairly well, but the curves are very apparently not 
straight lines. In order to examine the deviation from 
the straight-line form with satisfactory accuracy, tables 


of the remainder r = log p + . log v — ¢ were formed, 


in which c is the constant in the straight-line equation. 
The values of r were then plotted on a of log v, and 
the resulting curves were found to be approximately 
posovane in form. From the equations to these — 

las the equations to the adiabatics were deduced. They 
are of the form 


log p + 2° log v = oe” - oP. g 
9 m 


which a, 8, and m are constants. 
Since in practice only the initial and final states are 








definitions are identical if the constant-pressure line is 
also a line of constant temperature, as in the saturated- 
steam region. 

The initial and final states of the steam would then 
serve to determine the efficiency of the nozzle. Un- 
fortunately, the heat conduction phenomena make such a 
definition impossible. The steam loses heat to the nozzle 
near the inlet end, the nozzle loses heat t}) the surround- 
ings, and may also return some heat to the steam before 
it leaves the outlet end of the nozzle. Every one of these 
heat transferences constitutes an irreversible change, and 
therefore a loss of efficiency, and these changes cannot be 
represented on the @¢ diagram of the steam alone. In 
fact, the loss of heat to the nozzle will bring the state- 
point C nearer to B, and, if the above definition were 
adopted, one irreversibility would apparently oe 
for another irreversibility, instead of which both must 
diminish the efficiency. The efficiency of a nozzle or 
turbine, therefore, cannot be obtained from the initial 
and final conditions of the steam, unless it be proved that 
no heat conduction takes place. Hence resort must be 
made to experiment to determine the efficiency of a 
nozzle just as with any other heat-engine, the efficiency 
of the nozzle being the ratio of the actual kinetic energy 
of the steam leaving the nozzle to the ideal kinetic energy. 

Muximum Mass Flow Depends on the Shape of the Curve 
of Entry tothe Nozzle.—The maximum mass flow calculated 
by the general theory is based on certain assumptions, 
and if these assumptions are not approximately satisfied 
by the practical conditions, no surprise need be felt if the 
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actual flow deviates considerably from the theoretical, 
even if it exceeds the theoretical. It is assumed that the 
pressure is uniform across the throat section, and 
that the flow is in parallel stream-lines at the throat | 
section. If gas were incom ble, it might be possible 
to get it to flow into a -mouthed orifice in stream- | 
lines so as to satisfy these assumptions, but since is 
com ible, its inertia is bound to produce a condensa- 
tion at the axis of the nozzle near the throat, say, at 
A, Fig.2, and a corresponding rarefaction on the walls 
at the A section, with pmaggg eee inverse variations 
of velocity across the section. This condensation at A will 
give rise to transverse oscillations or waves in the moving 





also | these waves, although in themselves not irreversible, 


| dynamical problem of the flow of @ gas through a fric- 





column, producing stationary condensations on the w: 
at B, D, F, &c., and onthe axis at OC, E,G, &. The 


alls | position of the first condensation on the axis (say, at 


the gas introduces eddies, the friction losses are likely to 
be materially affected by these transverse waves. Thus 


ought materially to affect the irreversible phenomena in 
the nozzle. It is unfortunate that the theoretical hydro- 


tionless nozzle of given form cannot be solved. If this 
were possible even for a single particular form of the 
curve of entry, we should be able to say whether the 
mass flow might exceed the maximum obtained on the 
assumption of uniform pressure over the throat section. 
In practice the curve of entry is made very short, 
hence the inertia oscillations are probably great. The 





A in Fig. 2) will depend on the shape of the curve 


RATEAUS EXPERIMENTS ON THE FLOW OF STEAM WITH THE 
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The experimental flow is seen to be less than the theoretical flow, but 
the coefficient of discharge (marked in small figures) increases steadily 
as the back pressure is diminished, and when the back pressure is 
less than 0.58 x supply pressure this coefficient becomes greater 
than unity (Fig. 5}—i.e., the experimental flow exceeds the theoretical. 
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stream-lines also, if any exist, will not be parallel but 
sinuous, as shown in the drawing. 
The magnitude of these condensations and rarefactions 


will depend on the shape of the curve of entry to the| apart of the condensations along 
|mozzle. The theoretical velocity in the nozzle, if the 


nozzle, and the shorter this curve is the greater they will 
be. When this curve has zero length and the nozzle has 
. Tang | corner at the inlet end, it is a well-known fact 

t 
the nozzle is simply a hole in a thin plate, there is no 
maximum flow, but the flow increases with reduction of 
back pressure <a towards a limit. 

It is surprising that so little attention has been paid to 
the curve of entry, since it apparently ought to affect 
not only the mass flow but the irreversible pheno- 
menon throughout the nozzle. 

_An unequal distribution of pressure over a cross-sec- 
tion of the nozzle involvesan inverse unequal distribution 


of velocity across the section, and since the viscosity of | 


ney Srassare Pp w Iutial Batwe Po. 





maximum flow is considerably altered, and if | 


of entry, and the mass flow might be expected to vary 


i % 
It is o Lesesest to examine theoretically the distance 
the axis of a parallel 


stream-lines are parallel, is equal to the velocity of sound 
in the gas at the same pressure and density as prevail 
at the throat, and in practice the velocity will approxi- 
mate sougely to this value. Consequently, while a 

ticle of gas moves from A to C in Fig. 2, asound wave 


moved radially outwards to the nozzle wall and back | pai 


again to the axis—that is, the wave has moved through 
twice the radius while the gas has moved through the 
distance A C ; and since the velocity of the gas is approxi- 
mately that of the sound wave, the distance AC is ap- 
proximately twice the radius of the nozzle. 

ao ntal Evidence of Transverse Wavis in Nozzles. 
—All the published records of the pressure distribution 


along the axis of a nozzle give the pressure at a number 
of points, and through these points the experimenters 
have drawn smooth curves; hence these curves cannot 

used as evidence for or against the presence of trans- 
verse waves in the nozzle since it is equally justifiable to 
draw a sinuous curve through the points. Inertia oscil- 
lations have been noticed, however, in the expanding 
portion of the nozzle, and also ontside the nozzle, in the 
steam-jet, whenever a sudden jump of pressure takes 
Pp . Curves showing these oscillations are to be 
ound in several works on the steam-turbine, for example, 
Stodola or Jude. Ina paper by Mr. T. B. Morley, 
describing experiments on the De Laval turbine in the 
engineering laboratories of Glasgow University, pub- 
lished in ENGINEERING, December 29th, 1905, some curves 
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Fig.9. CURVES SHOWING EFFECT OF 
CONDUCTION OF HEAT THROUGH 
WALLS OF THE NOZZLE. 
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are given of the distribution of pressure along the axis 
of the nozzle, which seem to show signs of sinuosity even 
near the throat, but they have been reduced to such « 
small size for publication that it is im ible to plot the 
theoretical curve beside them. The theoretical curve of 
pressure-distribution is so steep near the throat that 
variations of several per cent. in the pressures only pro- 
duce a slight shearing of the steep portion of the curve, 
hence the importance of having the theoretical curve 
plotted beside the experimental for purposes of com- 
rison. 

The most direct evidence is to be found in some exper- 
ments by Sir Andrew Noble made to compare the erosion 
of different steels by the gases resulting from the explo- 
sion of cordite and other high explosives. The cordite 
was ae in a chamber, from which the gases escaped 





through a short circular cylindrical nozzle. The inside 
surface of each nozzle was found to be eroded in 
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a series of waves. The author is indebted to Sir 
Andrew for the loan of these nozzles in order to photo- 
graph them, and for his kind permission to publish 
two of these photographs, which are shown in Figs. 3 
and 4, page 63. Fig. 3 shows a view looking through one 
of the nozzles in the direction of the flow, and Fig. 4 
shows a section of a plaster-cast of one of the eroded 
nozzles. The regular wavy surface is notso clear in Fig. 4 
asin Fig. 3. The original diameter of both nozzles was 
about one-fourth that of the eroded nozzies, and the bore 
was smooth and circular, with sharp corners at entry and 
exit, the bore being about 5 mm. Since we have seen 
that the distance between the condensations is equal to 
the diameter of the nozzle, it is evident that, as the dia- 
meter increases, the erosion waves produced by one 
explosion will be partly obliterated by the erosion due to 
succeeding explosions ; hence the irregularity of the sur- 
face in Fig. 4. 

It would be very interesting to see one of these nozzles 
after a single explosion of a small charge of cordite, and 
still more interesting if a thin circular rod could be 
screwed into the back of the explosion vessel coaxial with 
the nozzle, and long enough to project through the nozzle. 
The wavy surface on the rod could then be compared with 
that on the walls of the nozzle, and would clearly demon- 
strate, by the relative positions of the two sets of waves, 
whether the oscillations are transverse or not. It is diffi- 
cult to imagine any other cause to account for the bw! 
surface than these oscillations across the nozzle, whic 
must be introduced by the contraction of the stream at 
entry. They must produce variation of pressure and also 
of temperature, and where the temperature is highest, 
there the erosion must be greatest. 

Some experiments were made three years ago in the 
Engineering Laboratory of the Royal Naval College, 
Greenwich, to try to reproduce these waves of erosion in 
steam-nozzles lined with fusible metal, but it was found 
difficult to stop the flow at the critical moment, and, as a 
rule, the aden § was either untouched or almost completely 
melted. The heat conductivity was evidently too great 
and the differences of temperature too small for success, 
without some special arrangement for observing the 
erosion as it occurred. 

Let us now examine the experimental evidence to see if 
the actual mass flow does in some cases exceed the theo- 
retical, calculated on the assumption of uniform pressure 
at the throat section. 

Professsor Rateau has carried out a beautiful set of 
experiments on the flow through four nozzles.* The 
measurements were all made with great accuracy. The 
four nozzles are illustrated and the results are plotted in 
Fig. 5. The points refer only to the experiments in which 
the back pressure was less than 0.58 of the initial pressure, 
and since in such a case the theoretical equation for the 
mass flow F in terms of initial pressure po is 


a a—blog po, 
Po 
the ordinates are F/p. and abscisse log po, and the 
theoretical discharge straight line is drawn in the diagram. 
It will be noted that almost all the experimental points 
lie above the theoretical line, indicating a flow greater 
than the theoretical., Thus for nozzle 1 the mean depar- 
ture is 1.17 per cent., for nozzle 2 it is 0.69 per cent., and 
for nozzle 3 it is 0.25 per cent. 

No surprise would be felt if the experimental flows 

were 1, 2, or more per cent. below the theoretical, because 
of the friction in the bell-mouthed entrance, but any 
excess requires explanation. Professor Rateau tries to 
explain it away by altering the assumed value of Joule’s 
equivalent, by assuming that changes took place in the zero 
of his thermometers, &c.; but the maximum changes he 
can allow in these factors only increase the theoretical 
flow about 1 per cent. Rateau is not the only experi- 
menter, however, whose results show a flow greater than 
the theoretical. Hirn, in his experiments on the flow of 
air, obtained similar excesses in the case of back-pres- 
sures being less than 0.5 p.. The evidence seems, there- 
fore, to throw suspicion on the ideal nozzle. 
_ Further evidence should be obtainable from experiments 
in which the back-pressure is greater than 0.58 p, because 
the inertia effects in the radial direction should increase 
with the velocity, and therefore with the difference of 
pressure at the ends of the nozzle. Rateau’s results for 
back-pressures greater 0.58 po are shown in Fig. 6, 
in which the ratio of the flow to the maximum fiow is 
plotted in terms of the ratio of the back-pressure to the 
initial pressure. It will be noted that for the pressure 
ratio 0.95 the experimental curve is 6 per cent. below 
the theoretical, at 0.8 it is 3.3 per cent. below, at 0.7 it is 
2.6 per cent. below, and at 0.58 we have seen that the 
experimental curve is the higher. Yet the velocity and 
inertia effects have been steadily increasing, and it is 
natural to expect that the deviation should also be 
increasing. e obvious explanation is that the theo- 
retical curve is at fault. 

Dr. Walter Rosenhain, in one set of his experiments} on 
the flow through nozzles, used a nozzle that was made in 
two parts separable at the throat. e mass flow with 
the conical diverging part fixed was found to exceed the 
mass flow without it. This strange result cannot be ex- 
plained on the assumption of uniform pressure at the throat 
section. The theoretical mass flow for that particular 
nozzle, as calculated on the general theory, is not given ; 
but Professor Rateau has shown that another of Dr. 

nhain’s nozzles 5 per cent. more steam than 
the general theory allows, which Professor Ratean 
ascribes to the uncertainty in the initial wetness of the 


he: “ Rateau on the Flow of Steam ;” published by 
Constable, London. 


+ Proceedings of the Institution of Civil Engineers, 
1900, vol. cxl., page 199. 


steam. It seems a large amount to be accounted for by 
that uncertainty. 
Again, Dr. Rosenhain found the flow through a hole 


in a thin plate to be only about 6 per cent. less than the 
flow through a properly-shaped nozzle having the same 
area at the throat as the hole, but Professor Rateau has 


since shown that the flow through a flat-plate orifice 
depends upon the back pressure (see Fig. 6), and may be 
as much as 25 per cent. less than the flow through the 
nozzle. In a flat-plate orifice the difference of pressure 
across the section of the nozzle must be a maximum ; 
hence the divergence from the general theory should be a 
maximum, 

It is quite possible that the coefficient of friction 
between the steam and the metal walls of the nozzle 
diminishes considerably at velocities marge | the 
velocity of sound, but even a zero coefficient will not 
account for the discrepancies between theory and experi- 
ment. Also, even if the friction on the were zero 
at these very high velocities, the inertia oscillations, by 
introducing a differential velocity across every section, 
would still cause friction losses, the relative velocity of 
the gas giving rise to eddies just as it would at low 
velocities. 


SueegstTions ror FurtHEerR ExPeRIMENTS. 


It is highly desirable that some further experiments 
should be carried out on the influence of the curve of 
entry on the flow from nozzles of equal diameters. Com- 

rative experiments would be t, the two nozzles 

ing connected each to one of two similar jet-condensers, 
fed by water flowing through equal orifices from the 
same tank. The comparison would then consist in read- 
ing a differential thermometer giving the difference of 
the temperatures in the condenser discharges. An inter- 
change of steam or water nozzles in the two condensers 
would eliminate any inequalities in the flow of water. 
One nozzle could be kept of standard shape and the 
other varied according to some definite plan. Until 
further light is thrown on this point no comparison is 
possible between the results obtained by different experi- 
menters, since some of these have simply calculated the 
mass flow from general theory. It is also desirable to 
determine whether the length of the parallel portion at 
the throat materially influences the mass flow. 

The mass flow is most difficult to determine accurately, 
and it is unfortunate that experimenters have employed 
the direct measurement method which is difficult, instead of 
the comparative method which iseasy. The comparative 
method might also be employed for comparing the effi- 
ciences of nozzles by measuring the ratio of, or the differ- 
ence between, the reactions of the nozzles fed from the 
same source. 

For practical] purposes it is not sufficient to determine 
the efficiency of a nozzle simply as a transformer of heat 
energy into kinetic energy, b the nozzle has to be 
utilised in connection with turbine-blades, and unless the 
jet — on the blades exactly as it is intended to do, 
a further cause of inefficiency may arise. It is of import- 
ance to examine the jet, therefore, to see that it is parallel 
on leaving the nozzle when the supply-pressure and the 

k-pressure are those of design, otherwise part of 
the jet may not strike the blades at all, or the jet by 
contracting may not fill the blade space, thereby intro- 
ducing unnecessary friction due to the unused portion 
of the blade length. Unless the pressure is uniform over 
the outlet orifice and equal to the back-pressure the jet 
will not be parallel. ence, if the nozzle is very short 
asin some multiple-stage turbines, the inertia oscillations 
cannot have died out in the short length, and the jet will 
not emergeas a parallel stream. It would be interesting 
to note the change in the shape of the emerging jet as the 
parallel outlet end portion of the nozzle is lengthened or 
shortened, thus altering the relative itions of the end 
section and the transverse waves. This may account for 
the difference which Mr. Rosenhain noticed between the 
shape of the jet issuing from his nozzles and the photo- 
graphs of jets published by Parenty.* 

In De Laval nozzles the long tapering expanding por- 
tion probably gives the inertia oscillations time to die out 
in the nozzle, and leave the emerging jet parallel, pro- 
vided there is no sudden change of pressure at exit ; but 
it does not follow that a curve of entry which is satisfac- 
tory in a long De Laval nozzle will be equally so ina 





non-ex ing or a short expanding one, say in a 
multiple-s' turbine. 
If the oscillations have died out before the exit orifice 


is reached, then one may speak of the pressure and state 
of the steam at the exit section, but unless the heat lost 
by conduction is known the theoretical equation cannot 
be applied. In order to get some idea of the magnitude 
of the heat-conduction effects in a nozzle of De Laval 
pattern, some experiments were made in the Engineering 
Laboratory of the Royal Naval College, Greenwich, by 
Eng.-Lieuts. H. H. Carter and H. T. Evans in Session 
1909-10 


The method employed was to compare the flow of heat 
carried into a jet-condenser by the steam flowing through 
the nozzle when the nozzle was surrounded by steam at 
condenser temperature, with that when the nozzle was 
surrounded by steam at boiler temperature, thus to a 
certain extent reversing the heat-conduction effects. The 
method is not a very accurate one, since the heat con- 
ducted is a small fraction of the total heat carried by the 
steam into the condenser. ) 

Fig. 7 shows the arrangement of the apparatus with the 
nozzle surrounded by the exhaust steam, and Fig. 8shows 
it with the nozzle surrounded by live steam. It will be seen 
that the nozzle is carried betweena “blank flange” A and 
a perforated diaphragm ©. In Fig. 8 the diaphragm is 





* Annales de Chimie et de Physigue 7, serie viii., 1896, 





and xii., 1897. 





poosuneey * keep the stream ~ ane entr chnlior those 
in the Fig. 7 arrangement, and in Fig. 7 t! iaphragm 
helps to keep the steam which surrounds the A more 
nearly saturated, since the steam on its way to the con- 
denser is considerably superheated. (The reading of the 
thermometer T; was con 40 deg. to 60 deg. Fahr. below 
that of thermometer T; in Fig. 7, and about 20 deg. below 
that of thermometer T) in Fig. 8.) The results of the experi- 
ments are plotted in two curves in Fig. 9, in which the 
heat flow into the condenser is given as its equivalent in 
mass flow of steam. Since the mass flow of steam must 
have been, for the same initial ure, the same in both 
cases, the difference between the two curves gives some 
idea of the magnitude of the heat-conduction effects. The 
nozzle was designed for an initial pressure of 200 lb. per 
i igh vacuum, so that the only points of 

ce on the curves are those on the ordi- 
nate 200, which occurs just at the part of the curve where 
the experimental points are most irregular. The method 
of experiment is a rough one, but the results show that 
there is an appreciable heat-conduction effect well worth 
investigating in an accurate manner. 

The conclusions arrived at in the paper may be sum- 

"ks weandindadninet Genta Go 

1, generally-accep eory of t ow of gases 
and vapours through nozzles is defective, in that it makes 
no allowance for the inertia and compressibility of these 
fluids, and the assumptions made in that theory do not 
seem to be very completely realised in practice. 

2. No complete theoretical treatment of the problem of 
the flow of a frictionless but compressible fluid is possible 
at present, but there is no reason primd facie for assuming 
that the maximum flow which such a solution would 
allow would not exceed the maximum as calculated by 
the general theory. This is the probable explanation of 
the experimental flow exceeding the theoretical in many 
cases. 

3. The erosion of nozzles, which occurs when gases 
many | from the explosion of cordite flow through them, 
throws light on the influence of inertia and compressi- 
bility on the flow, the irregular wavy erosion being due 
to transverse oscillations in the gas. 

4. Experiments are descri which show that the 
effect of heat conduction through the nozzle is by no 
means a negligible quantity when dealing with the flow 
of steam. 

5. Further experimental investigation is required on 
the following points :—(a) The influence which the shape 
of the curve of entry exerts on the flow through short 
nozzles: (b) the influence of the transverse oscillations 
on the shape of the issuing jet ; (c) the heat conduction 
through nozzles ; (d) the efficiency of nozzles. 

In conclusion, the author desires to express his thanks 
to Professor Rateau for his permission to publish Figs. 5 
and 6, and to Sir Andrew Noble for the loan of the 
nozzles which he used in his cordite experiments, and for 
his kind permission to publish the photographs illus- 
trating the erosion of these nozzles. 








8. F. Epes, Limrrep.—The acquisition of the business 
of 8. F. Edge, Limited, by Messrs. D. Napier and Son, 
Limited, has necessitated the company going into volun- 
tary liquidation, in order that the fusion = be com- 
leted. This fusion is being effected by Messrs. 


D. 
apier and Son, Limited, purchasing the whole of the 
assets of S. F. Edge, Limited, upon terms which have been 


accepted by the shareholders. All the liabilities and 
pending contracts of this company will be taken over, 
discharged, and carried out by Messrs. D. Napier and 
Son, Limited, by whom the business will be conducted 
in the future. 





Sypvgy Unpercrounp Rattway. — The New South 
Wales Minister for Works announces that steps will be 
immediately taken to put into operation a portion of the 
scheme, drafted by Mr. Hay, for dealing with Sydney’s 
traffic. It is pro to carry out the first section of the 
city underground railway at a cost of between 250,000/. 
and 300,000/. In view of the completeness of Mr. Hay’s 
report upon Sydney’s traffic iy, em, the Minister con- 
siders a refarence to the Works Committee unnecessary, 
and proposes to introduce a short enabling Bill in Parlia- 
ment in lieu thereof, which will effect a considerable 
saving of time and money. 





Femate Raitway Servants.—The question of em- 
ploying women in the railway service on an increased 
Seale as been the subject of investigation by a special 
commission in Russia, under the chairm ip of M. 
P. N. Dumitraschko, an official of the Communications 
Department. Ample material is available in the shape 
of statements by a number of railway directors, who, on 
the whole, recommend an increased employment of women 
in the service of the railways on account of their sobriety, 
their ability for quickly understanding things, and their 
diligence. On the other hand, there are some who hold 
the opposite view on account of woman’s greater nervous- 
ness and deficiency in bodily strength. 


Hypraviic Pumping Piant ror Carpirr Docks.— 
The Hydraulic Engineering Company, Limited, Chester, 
have recently been entrusted with an order by the Cardiff 
Railway Company for four sets of vertical triple-expansion 
h dreaiic pampiag cnginee for a new extension at the 

ardiff Docks. ese engines will be similar to those 
installed at the Grosvenor-road Station of the London 
Hydraulic Power Company, and will be capable of de- 
livering 450 gallons of water per minute against an accu- 
mulator pressure of 850 Ib. per sq. in. Their design will 
be most up to date in all respects, and a high steam 
efficiency is guaranteed. Steam will be ied by Bab- 





fi 
cock and Wilcox boilers at a pressure of 180 lb. per sq. in. 
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68 ENGINEERING. 
4 ya 4 y-4 Increase of horse-power leads to an i: of speed| The following table shows the variation of these quan- 
L, x Ag : pows morease Be , ; - é q 
V8 = wa = ~ 2 == x proportional to the cube root of the borse-power only, and | tities with the linear diascnnions :— 
y* vy y this continues throughout the whole range of possible y. 8. Z. ‘ Zo. z Vv. 
V=AlK,-taty-t? . .  . (11) | values. 0 0 0 0=0 a i = 
; “ Below the turning value increase of horse-power gives 0.1 1.0 310 = 310.0 34.2 -O2 76.5 
From (4), using (1), (8), and (10), we get :— increase of s and useful load. At the turning value ff 2 Ee = lS 
an hae yt (l-ky)-kz. . (12) increase of horse-power gives increase of speed, while 04 160 780 48.7 + 1650 30.4 
: the useful load remains constant. 44 194 830 428 4020 156.0 285 
Thus zz, 2, ZcS V are all solved in terms of z,yand| Above the turning value increase of horse-power leads 0.5 250 210 36.4 600.0 1380 262 
of the coefficients k,, kz, Kz, Ky p, the solutions being | to increase of agent accompanied by decrease of useful 0.6 36.0 102 284 675.0 75.0 28. 
uations (12), (1), (10), (8), (9), (7), (11). load 0.7 49.0 1140 © 233 880.0 -120 20.8 


given in 
From (12), for a turning value of z, 
dt _g,-b A yi (1-kyy)-—k=0 . (13) 
dz 
dz_3,-3 ste. SPL. 
oy aay Ad {i sé} 0 . (14) 
rejecting y = ©; x = 0as solutions of (14), we get the 
well-known result :— P 
= : - - (15 
Yo Bky (15) 
as defining the surface with which maximum weight can 
be lifted independently of all conditions save the method 
of construction, the materials used, and the factor of 


oe 
Substituting this value in (13), which may be written— 


at = ga ya ia ey 
§ A} ky 


we get :— a 
= Wy y . . . 
% = isp (16) 
From (8) Zp = Ax of Yor 
Zo» = (3) > 
b=(@ss5 > + tN 
From (1) (z;)o = Ky AS 
(z1)o = Gy ka? * ° - (18) 
=*Z 
. Sb A’ k? 
From (3) ¢ = ue" = (é)* ky? ke % (#7 
aie ** 
co = (8)? os i * de eee 
From (3) and (7) :— 
(tao = Ke eg Yo* 


oe re | 
= hee, x (Fy 

Za) = s_A® 

(eho = (BES ps 

(zo)o = % Zo. . . - (20) 


From (4), (17), (18), (2+) :— 
zg = Zo — (z)o - (22) = Zo (1-8-8) =4Z ~ (21) 

Hence, for arbitrarily constant values of k, k, Kx Ky, 
and pa maximum useful weight is lifted when the motor 
va 3, the glider #, and the useful load is } of the total 
weight. 

As usual in dealing with engineering maxima, a paw 
wide range of values on either side shows very little falling 
off from the maximum value of useful weight. 


Constant ‘* Best” Surface. 
Taking p = 0.70, Ky = 0.03, K = 0.005, k, = 4, ky = 
0.07 as values occurring in practice, we gst approxi- 


mately :— 
y = 5.72 = constant. 


A® = 3000 
A = 14.5 
Z = 47 xt 


2=7.7 24-42 
V = 6.76 xi, using metre- kilogramme - second 
units throughout. 


Plotting these and : against horse-power we get the 


4 





following tables :— 
» Zz 
@. Z. z. Vv. Z° 
0 0 0 0 0.59 
10 217.5 88 14.55 0.404 
20 346.0 124 18.33 0.358 
30 453.0 146 21.00 0,322 
40 549.0 163 1 0.297 
50 637.0 175 24.9 0.275 
60 7210 185 26.45 0.257 
7 797.0 190 27.85 0.238 
80 870.0 193 29.1 0.222 
90 942.0 195 30.25 0.207 
100 1010.0 196 31.3 0.194 
110 1080.0 196 32.4 0.181 
130 1204.0 189 34.2 0.157 
160 1830.0 182 35.9 0.137 
170 1440.9 168 37.4 0.117 
200 1605.0 146 39.5 0.091 
230 1765.0 120 41.4 0.068 
260 1912.0 87 43.1 0.046 
300 2100.0 38 45.2 0.018 
330 2240.0 0 46.7 0.000 


We see that the useful weight rises to a definite maxi- 
mum and then falls to zero for a certain value of the 
horse-power x. Above this value the motor is unable to 
raise its own weight even without pilot or passenger on 


Again the ratio z/Z starts at a definite value, 0.59, and 
falls steadily to zero. 
Hence, the greater the horse-power, the less the propor- 


All these conclusions are subject to the condition that 
the area of the supporting surface taken is constant. 

A much more usual condition is that of constant power. 

This arises from the rigid standardisation of motors 
and the extreme flexibility of dimensions in aeroplane 
design. 

Constant Horse-Power. 
2%) = 100 horse-power = constant 
with the same values of p, Ky, Kz. k, k) as before 


2, = 400 = constant 
Z = 313 y4 
z = 313 (1—0.07y) y# —400 


V = 30.6y~4 
c= 313y-4 
S=y/ 
y. 8. Zz. ¢. z. 
0 0 « ~ 
1 1 313 313.0 — 109.0 
2 4 496 124.0 26.5 
3 9 650 72.0 113.6 
4 _ .: 785 49.0 165.0 
5 25 910 36.4 197.0 
6 36 1030 28 5 198.0 
7 49 1144 23.4 183.0 
8 64 1254 19.6 1520 
9 81 1360 16.8 105.0 
10 100 1450 14.5 30.0 


Comparison of Army Trial Machines. 


_ The following table has been made out from the pub- 
lished results of the army trials [k, and kz being defined 
as above]. There is considerable difficulty in assigning 
certain items of weight as between the power plant and 
the glider, but the nature of the results is not greatly 


affected. 

If (Ky), (Kz )y are the coefficients of sustentation and 
traction, V, is the aeroplane speed, Ty is the traction, 
Py the horse-power expended during the glide, Py + 0.7 is 
the approximate motor power required with a propeller 
efficiency of 0.7, all at the best gliding angle. Since at 
a turning value the traction is stationary, the horse-power 
is nearly proportional to the velocity in the neighbourhood 
of the test-gliding velocity. Hence, multiplying the motor 
power (P, + 0.7) by the fastest observed speed and divid- 
ing by the best gliding speed, we get a value for the motor- 
power at maximum speed not very much lower than the 
power actually required. This value is shown in the 
column P! max. 

— maximum rated power is shown in the column 
max. 


Name. ky ko (Ky )y (Kz Vo Py 


100 Gnome 

Hanriot 1.43 .08% .0384 .0048 28.8 42 60 764 80 
70 Gnome 

Bleriot 

Tan ..4.2 .067 .0485 .0080 24.2 36.2 51.8 588 62 
60 Green 

Avro ..4.7 .077 .0295 .00414 282 42 60 56 60 (?) 
80 Gnome 

Bristol. .3.62 .11 .053 
75 Renault 


Py 
z Pimax P max 
«é 


-00785 285 47.2 67.5 74.5 75 


man ..4.8 .052 .047 .00524 17.5 22.6 32.5 47 75 


Cody ..4.46 .065 .0345 .00515 28 68 97 112 120 


It will be noted that the Bristol is by far the most 
heavily constructed machine in the table. If the desi 
is as good as that of the other machines it should also 
the strongest, with over twice the factor of safety of the 
Maurice Farman. Bad design on the other hand will 
increase the weight without a corresponding increase in 
the factors of safety. 

It will be observed that the Cody machine (relatively 
to the stresses involved of course) is actually lighter than 
the Bleriot in construction, although it is officially des- 
cribed as being of very strong construction. 

The Avro, as indicated by the figures, is so under- 
nee that it cannot attain its best gliding speed while 

ying level under its motor power. 

The Maurice Farman figures are so anomalous and the 
check of P max. against P' max. fails so completely 
that the best gliding ratio, 1: 9, must be seriously ques- 
tioned, and it should probably be only about 1 : 7. 

Asa further example of the range of possible design 
with a given motor, the data for the Bristol machine may 
be taken as given in the Army trials report. 


Bristol Monoplane. 
= 75 H.P. = constant 





tion of useful weight lifted. 


Xo 
k, = 3.62 = constant 
ky = 0.11 

(Ky)g = 0.053 

(Kx)y = 0 00785 
A’ = 67 
A = 18.2 
2, = 272 constant 
Z = 310y4 
ce = 310y~4 
zy = 34.4y! 
V=76.5y- 





It will be noted that the high loading of the Bristol is 
the direct and necessary consequence of its low specific 
motor weight. 

According to the above table a slight advantage in both 
speed and useful load would be obtained by taking y=4 
instead of y=4.4, the actual figure. 

Then the surface would be less, but the loading, speed, 
and useful load greater. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a list of colonial and foreign engineering 
projects, announced in the Board of Trade Journal, for 
some of which tenders are asked. Further information 
concerning them may be obtained from the Commercial 
Intelligence Branch, rd of Trade, 73, Basinghall-street, 
London, E.C. 

New Zealand : The Minister of Public Works for New 
Zealand, in his report for the financial year ended 
March 31, 1912, states that railway construction through- 
out the Dominion during the last ten years has been as 
rapid as possible consistent with sound finance. A con- 
siderable mileage of new lines has been completed each 
year, but still the applications for new lines and extensions 
are greater than the Government can entertain at present, 
even though in many cases the desired lines would have 
every prospect of returning a profit sufficient to pay the 
interest on the cost of construction. A moderate calcu- 
lation places the length of railways still required to give 
an efficient service throughout the Dominion at 1500 
to 2000 miles. As the average cost of construction is 
about 8000/. per mile, this would mean a capital 7 of 
from 12,000,000/. to 16,000,0002. The Minister suggests that 
although the New Zealand railways have hitherto been 
constructed in accordance with a high standard of quality, 
it is desirable to consider the question of providing lighter 
and cheaper branch railways in districts where settlement 
is advancing, and where the maintenance of roads is an 
expensive undertaking, likely to prove a heavy burden tc 
the settlers. It is maw | to maintain the standard 
3-ft. 6-in. gauge, but considerable saving will be effected 
by avoiding tunnels and heavy cuttings, by adopting a 
steeper maximum gradient and sharper curves, by con- 
structing bridges of light design, by using lighter rails 
than the present minimum of 55 lb., by reducing the 
standard depth of ballasting, and by greatly curtailing the 
expenditure on station buildings. 

Spain: The Gaceta notifies that the Sociedad Anonima 
Tranvias Electricos de Granada have applied to the 
Ministry of Fomento for a concession for the construction 
and working of a ‘‘secondary” railway from Santa Fe 
Railway Station to the Purisima Sugar- Refining Works. 
The Gaceta also states that the Sociedad Aguas Minero 
Medicinales de Marmolejo has applied to the Ministry 
of Fomento for permission to construct and work a horse 
tramway from Marmolejo to the baths belonging to the 
said Sociedad. 

Norway : The British Vice-Consul at Bergen reports 
that, according to the local Press, the harbour authorities 
of Narvik have decided to resume work on a considerable 
extension of the commercial quay at that port. This 
extension was undertaken some years ago, but was tem- 
porarily abandoned on account of the unexpected expense 
connected therewith. The Municipality have now obtained 
permission to raise a loan of 365,000 kr. (about 20,300/.), 
of which about 300,000 kr. (about 16,700/.) is to be spent 
on the quay works. 

Mexico: The Diario Oficial publishes a notice granting 
to Sefior C. Jorge Pinzon a concession to utilise 20,000 
litres of water per second of the River Zitacuaro, State 
of Michoacan, for the generation of electric energy. 
The concession is for a term of sixty years. Exemption 
from customs duty is granted on any material which it 
may be necessary to import for carrying out the works. 
The Diario further contains a notice granting to 
Sefior Manuel Marroquin y Rivera a concession for :— 
(1) The caateosiion a canal from the River Sahuayo 
as far as the boundary of Santa Maria dela Palma. (2) 
The utilisation of 400 litres of water per second of the 
Chapala Lake for irrigation purposes. (3) The erection of 
& pumping installation. Exemption from customs duty 
is granted on any material which it may be necessary to 
import for carrying out the works. 4 

Brazil: The Acting British Consul-General at Rio de 
Janeiro reports that, according to the local Press, the 
Minister for Public Works will shortly invite tenders 
for a regular steamship service between Rio de Janeiro 
and Iguape. It should be noted that the Brazilian coast- 
ing trade is reserved to nationals. The Diario Official 
publishes a decree (No. 9911) approving the plans and 
pr presen of ery we A ey is (about st Oe Mage C pen 
° ing out ging operations in the é Channel, 
in the Bay of Rio de J Saswe. : 

Bolivia: The Review of the River Plate, Buenos Aires, 
states that the Bolivian Congress has authorised the 
Government to contract a loan of 1,500,000/. for the con- 
struction of a railway from La Quiaca to Tupiza and 
Tarija (see Board of Trade Journal of March 21, 1912, 

620, and October 19, 1911, page 135). The proposed 
ine will connect the Bolivian railways with the Central 
Northern system of Argentina. 
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ON THE STANDARDISATION OF WARSHIP 
PROPELLING MACHINERY.* 


By Ing. Leonarvo Fra, Capitano del Genio- Navale, 
Rome. 


Tue problem of the standardisation of machinery for the 
propulsion of warships was one which claimed the attention 
of naval architects, who studied it from a purely technical 

int of view. It had also been considered by the 
officers who had charge of organising the fleet. The 
numerous types of main engines, boilers, and auxiliary 
machinery in use, rendered repairs, alterations, and the 
storing of adequate spare parts most difficult and costly. 
In regard to the latter, for example, it might be stated that 
in France there had to be provided fifty-seven different 
types of boiler-tubes for large boilers. It led also to the 
necessity of maintaining a large staff of skilled workmen, 
for unskilled men might lead not only to an unsatisfactory 
utilisation of material, but also to accidents and disasters. 
These facts had induced the author to consider the 
problems in question with a view to discover whether it 
would not be possible to simplify naval machinery. 

In regard to steam-raising, conditions left much to be 
desired. The period during which modern ships of all 
fleets had been put in the service from 1892 to the present 
day, corresponded with the inception and gradual 
development of the water-tube boiler and the gradual 
disappearance of the fire-tube boiler. There had been put 
on the market a very large number of the former, the 
French designs with large tubes—Belleville, Niclausse, 
Lagrafel, and the small-tube boilers—Du Temple, Guyot, 
Normand ; the English types—Yarrow, Blechynden, 
Thornycroft, Reed ; the American—Ba'cock and Wilcox, 
Mosher ; and the German—Schultz, Diirr. A large number 
of different kinds of boilers had been built, but there were 
no sufficient data available on which to base a methodical 
selection. The ‘battle of the boilers” in England demon- 
strated how difficult it had been fora navy like the British 
to escape from the general state of uncertainty in the 
matter. In regard to boilers, there had been a long 
period of transition and experimenting, which had led to 
the elimination of the less perfect types and to a pseudo 
standardisation of steam - generators, which was still 
incomplete, since, for example, France had adopted for 
her three Dreadnoughts, laid on the stocks during the 

ear 1912, three different types—i.e., the Belleville, 
Niclausse, and Du Temple boilers. The Italian navy had 

assed from the Niclausse Garibaldi type to the 

iclausse Regina Margherita type; from the Belleville 
Varese type to that of the Amalfi; from the Babcock 
Napoli type to that of the San Marco; from the 
Blechynden of the Agordat to that of the San Giorgio. 
Practically in each case some improvement had been made 
in the boilers, but, nevertheless, real progress could not 
be reported. 

Other navies, it might be mentioned, had to face 
similar difficulties. Two only, the German and the 
Austrian navies, rather than consent to be guided by the 
results of competition among boiler-makers, determined 
the lines which the latter should follow, and adopted 
& uniform and practically perfect type. These two 
navies considered that the real points of dissimilarity 
between the various types of boilers were not 
such as to give rise to any essential difference in the 
matter of thermal efficiency, weight, — occupied, &c. 
They thus decided upon the German Schulz boiler and 
the Austrian Yarrow boiler, as being the ty which 
best lent themselves to the requirements of the various 
warships, the unity of type compensating for other 
possible disadvantages. The Austro-Hungarian navy, 
in the ships of the Erzherzog, Sanct Georg, Zenta and 
Kaiman class, had adopted Yarrow boilers exclusively (to 
the number of about 90); the German Navy, on the 
other hand, had fitted the Deutschland, Scharnhorst, and 
Bremen class with Schultz boilers only, (to the number of 
about 170) and both navies had thereby secu an 
immense advantage as regards working and material. 
It was quite probable that if the saving which had 
thus resulted could be gone into with accuracy, it would 
be found that it greatly exceeded the total of the possible 
increase in first cost and the possible increase in fuel con- 
sumption, due to a possible excess in weight carried, 
and lower efficiency realised. 

Although it was difficult to meaty actual installations 
(and here attention might be called, as an exception, to 
the admirable way in which the United States navy had 
transformed a number of Niclausse boilers into Babcock 
boilers, which latter type now prevailed in the large ships 
of the American fleet), there were now sufficient data 
available not only to follow the example of Germany, but 
to select finally, and with every chance of success, a single 
type of steam-boiler for naval ships. It should be noted here 
that by passing through the very fine filter of experience 
the various types of boilers had, as it were, simplified and 
unified themselves automatically to a certain degree, losing 
in the process their less practical details, their more or less 
fantastical devices and arrangements which were unsuitable 
for naval purposes, such, for example, as the S - curved 
tubes, the attachment of the tubes to the headers, 
=. siangular shape of the latter, and numerous other 

etaiis, 

There were now two types which might be said to have 
been perfected by the long transformation referred to, 
that having three headers with tubes almost vertical, 
such as the Yarrow and the Odero-Blechynden boilers, 
and that with a single header and slightly inclined tubes, 
such as the Babcock-Wilcox boiler. Both these ty 
met all the conditions imposed on a warship boller, 

* Translation in abstract from the Italian of a paper 
read on December 22, 1912, at the annual meeting, held 
at Spezia, of the Collegio degli Ingegneri Navali e 


- | and 50 mm. (2.9 in. and 1.9in.) respectively. The torpedo 


which conditions were the following: a. Simplicity of 
construction ; the tubes should preferably be of one single 
type; they should be held in the headers simply by expan- 
sion ; they should be easy to change and easy to clean, and 
the boiJers should contain only a limited number of dif- 
ferent elements. 6. Simplicity in working and in manage- 
ment. They should have natural circulation with tubes of 
ample diameter, either slightly curved or straight, com- 
pletely filled with water and giving a free path to water 
and steam. c. Elasticity in working—+.¢., their adapt- 
ability to forced draught ; and d, good thermal efficiency. 
Both the Blechynden and the Babcock boilers could easily 
be adapted to the ag of liquid fuel, and could be buil; 
for almost any power. They had noscrewed joints or joints 
having a conical seating, both difficult to make, in the first 
place, and to maintain in good working order ; they neither 
heavily-curved tubes and they consisted of simple and 
— elements whatever were the power. For example, 
a Babcock boiler for the Nevada, of 3,000 horse-power, 
could be made with the same tubes and the same headers 
as those used for a boiler for the Napoli, of 900 horse- 
wer. The elasticity in working was very high in the 
lechynden boiler ; thus, in the Quarto it was possible to 
work with an oy of about 150mm. (5.9in.). It was 
slightly less in the case of the Babcock boiler, although, 
of course, it was prudent to limit rate of combustion 
to 50 mm. or 60 mm. (1.96 in. to 2.36 in.) of water. Both 
these boilers, if properly cared for, lasted very long, and 
the ease with which elements, showing signs of failure, 
could be examined and replaced by new ones, guaran- 
teed for the boilers a life equal to that of the ship itself. 
The thermalefficiency of both types was excellent ; using 
coal fuel and with a limited pressure the evaporative 
1?" was from 11 to 12; it was from 14 to 15 using oil 
fuel. 

It was difficult, given equal conditions, to state which 

of the two types referred to above prevailed over the 
other. The British Navy adopted indifferently the one or 
the other. The Conqueror and the Lion had Yarrow, 
whilst the Orion and the New Zealand had Babcock boilers. 
The United States Navy fitted all its large ships with 
Babcock boilers exclusively, whilst Austria selected 
Yarrow boilers to the exclusion of all other types. From 
the point of view of standardisation, America, by selecting 
boilers with slightly inclined tubes for her large ships, 
and boilers with vertical tubes for torpedo boats, adopted 
a measure which might be considered imperfect as 
against that of theGerman Navy, which provided all ships, 
to whatever class they belonged, with the Schultz boiler, 
having tubes of the same diamete: and thickness—36 mm. 
and 3 mm. (1.417 in. and 0.118 in.). This latter measure 
appeared to be more suitable for adoption. Such asolution, 
however, seemed at first sight to be surrounded with a 
number of disadvantages, such as excess in weight in the 
case of the smaller ships, and decrease in the life of the 
boilers in that of larger ones. The increase in weight of 
the nest of tubes might ‘myers J be 12 to 14 per cent, or, 
say, 1.5 to 2 per cent on the total weight of the machinery 
(or less than 10 tons in the case of a destroyer, the 
machinery of which weighs about 400 tons), an increase 
in weight which, for the high powers now prevailing, 
might almost be considered negligible. It was less easy 
to calculate the eventual decrease in the life of the nest 
of tubes contained in the boilers of large ships; but 
seeing that the Babcock boiler tubeshad diametersof 81 mm. 
and 46 mm. (3.189 in. and 1.811 in.), and were practically 
horizontal, it might be taken that a diameter of about 
36 mm. (1.417 in.) foratube placed almost vertically formed 
a most satisfactory condition, let alone the fact that the 
adoption of a single type of tube rendered it easier and 
more ecenomical to carry out any replacements. On the 
other hand, the experience acquired in Germany, and the 
excellent trials of the Goeben (30 knots) and of the 
Friedrich der Grosse (23.5 knots), afforded a guarantee 
that at the present time, with experienced hands, and 
the general use of clean condensed water, and owing further 
to improvements in the steel of which the tubes were 
made, boilers having moderate size tubes and burning 
either coal or liquid fuel were well adapted to battlesbi 
and battle-cruisers. The excellent results given by the 
San Giorgio, Dante Alighieri, and Quarto fully confirmed 
these points. 
For the above reasons the author considered that the 
selection, for all classes of warships, of a boiler having 
three headers, vertical tubes, or tubes having a large 
radius of curvature, of one single diameter, from 35 mm. to 
40 mm. (1.378 in. to 1.575 in.) was a logical and timely 
one As for superheaters, they had now reached such a 
state of improvement that it would not be difficult to 
select a standard type for these also. 

Taking, for the purpose of comparison, a battleship 
in whick the power was to 25,000 horse-power, 
a cruiser with engines of 22,000 horse-power, a destroyer 
having engines of 18,000 horse-power, and a torpedo boat 
with 8,000-horse-power engines, a boiler, for oil-fuel, might 
be used having the following characteristic features :— 


500 sq. m. (5,382 sq. ft.) 
20 cub. m. (706 cub. ft.) 


Heating surface - 
Volume of the com- 
bustion chamber ... 


ngth... ve 4.75 m. (15 ft. 7 in.) 
Width ... 4.50 m. (14 ft. 9 in.) 
Height ... wis 3.50 m. (11 ft. 6 in.) 
Tubes ... . 35 mm, (1.378 in.) diam. and 


3 mm. (0.118 in.) thick 


Such a boiler, with an air pressure of 100 mm. to 120 mm. 
of water (3.9 in. to 4.7 in.), would yield 4000 to 4500 
horse-power, or 2600 and 2000 horse-power at 75 mm. 


boat would have two, the destroyer four, the cruiser nine, 
and the battleship twelve boilers. The greater displace- 
ment would be compensated for by a saving in first cost 





Meccanici, in Italia. 





provide a ship with the same type of boiler for the 
employment of either coal or oil fuel exclusively. 1f, how- 
ever, some of the boilers burnt coal and the others oil fuel, 
all the advantages to be derived from the latter fuel could 
be secured by employing larger boilers, fitted with larger 
combustion chambers than in the case of the boilers burn- 


ing coal. 

n the matter of the main engines, standardisation was 
more difficult, for turbines were of comparatively late 
adoption, and there was active competition among the 
various systems. There were six types in actual use in 
the German Navy —the Parsons, Curtis, A. E. G., 
Schichau, Bergmann and Zoelly ; five ty in the French 
Navy—the Parsons, Breguet, Rateau, Schneider-Zoelly 
and Laval ; two in the British Navy — the Parsons and 
Brown-Curtis ; five in the Italian navy—the Tosi, Par- 
sons, Curtis, Zoelly and Bergmann ; four in the United 
States Navy—the Parsons, Curtis, Zoelly and Westing- 
house. In addition, the various installations of similar 
types were most different, one from the other, in their 
essential parts, without considering the special devices 
for regulation and so forth. ‘The bold departures followed 
in their construction was a logical consequence of the enor- 
mous development of turbines, and all praise was due 
to the various firms who had in so short a time gained 
such remarkable results in the matter uf economical con- 
sumption, simplicity, and reliability. The problem of 
standardisation in regard to the propelling machinery was 
a very important one. The German Navy had, in this 
matter, not given effect toits tendency towards simplifica- 


tion. 

It had been proved, in the author’s opinion, both theo- 
retically and practically, that the turbine which was the 
most simple to build, the most economical at low —_. 
and the most suited to naval requirements, was the one 
having high-pressure impulse stages, followed by low-pres- 
sure reaction blading, and he instanced the improvements 
carried out in this respect by Parsons, which had been 
adopted by many other makers. This type of turbine might 
form the basis for standardisation. The question resolved 
itself into ascertaining whether it was not possible to adopt 
one pattern suitable for all types of ships. A few years 
ago such a suggestion would have been deemed absurd, 
since, for example, the engines for destroyers had to 
fulfil in the matter of speed, strength of construction, and 
economy in steam consumption, conditions quite different 
from those which obtained on a large battleship. At the 
present time, however, the steam turbine was equally well 
suited to ships of the most varied ty and the author 
laid stress upon the great departure due to the adoption 
of toothed - wheel gearing placed between the turbine 
shaft and the —— aft. He mentioned the 
report of the directors, on October 22 last, to the 
Parsons Marine Steam Turbine Company, Limited (see 
ENGINEERING, vol. xciv., page 623), in which it was said 
that the geared turbine installations provided by the 
company, for both the Navy and the Mercantile Marine, 
ex ed 100,000 horse-power. Messrs. Westinghouse had 
stated that this figure had been exceeded for plants of 
their own, both for naval and land purposes. It might 
now therefore be claimed, without exaggeration, that full 
reliance could be pas upon toothed-wheel gearing for 
all powers and all types of ships. The advantages of 
the toothed-wheel reduction gears applied to naval tur- 
bines were self-evident ; they meant improved thermo- 
dynamic efficiency of the turbine, for this could be run 
at its most advan wus speed, also the shortening and 
lightening of the turbine, due to the increase in the heat 
drop corresponding to each stage, and better working 
conditions for the propeller. 

A more extensive application of toothed-wheel reduc- 
tion-gearing than had hitherto been the case might lead to 
the adoption of one single t of turbine, having a very 
high ae t.e., 2000 to revolutions. Taking, as an 
example, the ships referred to above, and requiring 25,000, 
22,000, 18,000, and 8000 horse-power, and using a turbine 
having high-pressure impulse stages followed by low-pres- 
sure reaction blading, of 7000 horse-power at 2000 revo- 
lutions, and built for a 20 per cent overload, this turbine 
could be made of dimensions suitable for either case. 
The torpedo-boat would have one such turbine, the 
destroyer two, the cruiser three, and the battleship three 
or four ; in each case the propellers would have the speed 
best suited to the class of ship. 

In regard to internal-combustion engines, one of their 
principal characteristics was that they were built up of a 
certain number of elements, all leave one to the other, 
which made it possible, within certain limits, to step from 
one power to another by suitably fitting together a suit- 
able number of similar elements. 





Tue Svrz Canau.—The number of vessels which passed 
through the Suez Canal in November was 424, as com- 

with 441 in November, 1911, and 362 in November, 
910. The revenue collected in November was 443,6001., 
while in November, 1911, the collection was 494,000/., 
and in November, 1910, 428, 0002. 





AusTRALIAN Navy BuiLpInc.—Active work, in pre- 

tion for the construction of the Australian cruiser 
risbane, which is to be built at the Cockatoo Island 
yards, wre is being carried on. By February 
the keel of the Brisbane will be laid down, and the 
event, it is hoped, will coincide with the arrival in 
Australian waters of the cruiser Melbourne, which is 
now almost ready for commission. A year later the 
Brisbane will sohahay be launched. Early in January 
the keels of the two torpedo-boat destroyers Derwent 
and Torrens will be in position, and these two vessels 
will probably be in the water by A t. About 1400 
men will soon be at work, but probably three times that 





and economy in working. It was certainly possible to 





number will eventually be put on. 
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SIDE-TANK LOCOMOTIVE FOR THE LON- 
DONDERRY AND LOUGH SWILLY RAIL- 
WAY COMPANY. 

We annex an illustration of a 4-8-4-type side-tank 

locomotive, built recently by Messrs. Hudswell, Clarke 

and Co., Limited, Railway Foundry, Leeds. This 
engine has been constructed to the designs and speci- 
fication of Mr. I. Sutcliffe, A.M.I. Mech. E., locomo- 
tive, carriage, and wagon superintendent of the 

Londonderry and Lough Swilly Railway, for working 

on the Letterkenny and Burtonport extension of that 

system. This line is of 3-ft. gauge, and has gradients 
of lin 50, on which the tank-engine under notice takes 
loads of 150 tons. 

The engine is powerful and has large tank capacity. 
The cylinders are 16 in. by 20 in., and the eight 
coupled wheels are 3 ft. 9 in. in diameter, the leading 

air being flangeless. ‘The leading and —— bogies 

and wheels 2 ft. 1 in. in diameter, and each has a 

wheel-base of 4 ft. 6 in, The driving-wheel base 

is 13 ft, 6 in., and the total wheel-base is 31 ft. The 
engine works on curves of 400 ft. radius, 

meral particulars are given in tabular form 
below, and we need only mention in addition that 
the engine is fitted with balanced valves, while it has 
all the usual outfit of a normal-gauge engine. It is 
provided with steam sanding-gear for the leading and 
trailing coupled wheels, and hand sanding-gear for 
the driving-wheels. It has one 7-mm. Gresham and 

Craven injector, and a No. 7 Davies and Metcalfe 

exhaust-steam injector. The vacuum brake is used, 

and for this Messrs. Gresham and Craven’s combination 
ejector and steam brake-valve is provided. A Wake- 
field duplex sight-feed lubricator is fitted. 

Cylinders, ane mis is 16 in. 


aa stroke ... bei 20... 
Wheels, coupled, diameter 3 ft. 9 in. 





ie e o. ee es, ©. we 
Boiler-barrel, inside diameter, 

smallest ring... os Min i J 
Boiler-barrel, length - Raa ey Get 
Tubes (brass), number ... Pa 192 

», diameter ... pes oh 1} in. 
Heating surface, tubes ... ee 917 sq. ft. 

o é fire-box , a 

‘a ad total ... pe 1063 sq. ft. 
Grate area ... 17 sq. ft. 


Working pressure — Se ... 180]b. per sq. in. 
Height of centre of barrel above 
rail 6 ft. 6 in. 


Height of chimney above rail 2s 10 fo. 114 in. 








Tank capacity (water) 1500 gals. 
Bunker capacity (coal) ... — 24 tons 
Weight on coupled wheels in 
running order ... mo ie ae ws 
Weight total of engine in run- 
ning order WK aa ie 53 ,, 
CATALOGUES. 


Diesel Engines.—We have received from Messrs. 
Babcock and Wilcox, Limited, Farringdon-street, E.C., 
who have the licence in this country for the Diesel 
engines, constructed by the Maschinenfabrik Augsburg- 
Niirnberg, a copy (in English) of a ee es gp 
catalogue issued by that firm. A fuel consumption of 
0.402 Ib. to 0.491 lb. of oil per brake-horse-nower hour 
is claimed, which is stated to correspond to a cost of 

roduction of somewhere between /,d. and 4d. per 
Cohehenegeuer hour. It is pointed out that standing 
losses, which are substantial with a steam plant, are 

ractically eliminated when the power is produced by 
Bicoe! engines. The builders, in addition to the usual 
vertical type of engines, have developed a horizontal 
pattern, which they have supplied in sizes developing as 
much as 2000 brake horse-power per engine. 

Reinforced-Concrete Construction.—A practical hand- 
book dealing with the use of Lock Woven-Mesh rein- 
forcement for ferro-concrete construction has been issued 
by Messrs. George F. West and Co., Caxton House, 
Westminster, S.W. The reinforcement consists of a kind 
of fabric formed by a number of parallel straight steel 
wires, kept at a uniform distance apart by means of 
transverse wires attached to the longitudinal wires by 
wire clips. It can be supplied in any length or width, 
and with the longitudinal wires of any desired gauge. 
The booklet deals with the manufacture of the re- 
inforcement, and points out its advantages ; it is obviously 
most suitable for walls, floors, slabs, roofs, and flat 
structures generally. The methods of using the reinforce- 
ment are fully described ani illustrated, and some useful 
tables are included, showing the safe loads for floors of 
various spans, with various thicknesses of concrete, 
and with different reinforcements. Much other informa- 
tion on the use of this reinforcement is included in the 
hand-book, together with numerous reproductions of 
drawings and photographs of all kinds of structures in 
which it has been employed. 

Water Storage and Control.—The fourth edition of a 
book bearing this title has recently been published by 
Messrs. Ransomes and Rapier, Limited, 32, Victoria- 


street, Westminster, 8S.W. The volume, which is well 
printed and fully illustrated, contains 144 pages bound in 
strong cloth-covered boards. It first illustrates and briefly 
describes the company’s works at Ipswich, and then deals 


SIDE-TANK LOCOMOTIVE; 


CONSTRUCTED BY MESSRS. HUDSWELL, CLARKE AND CO, LIMITED, LEEDS. 


3-FT. GAUGE. 








facture for the control of large volumes of water or 
sewage. The essential feature of these sluices is the 
means adopted to reduce frictional resistance to opening 
and oni This is accomplished by interposing a series 
of rollers between the gate and the jamb. These rollers 
are not connected to either the jamb or the gate, but are 
carried by an independent hanging-frame which travels 
up or down at half the speed of the gate when the latter 
is opened or closed. This arrangement reduces friction 
toa minimum, and thus makes it possible to move large 
sluices supporting a considerable head of water with a 
moderate amount of power. The book points out the 
advantages by Stoney sluices over solid weirs 
for raising the levels of rivers for purposes of navigation 
or irrigation, and afterwards illustrates numerous installa- 
tions in which the former have been employed. Among 
the more important of the installations dealt with are 
included the Assuan reservoir and the Isna barrage 
on the Nile, the half-tide weir on the River Thames at 
Richmond, and several sluices on the Manchester Ship 
Canal ; all these works have been dealt with in Enat- 
NEERING. The book also illustrates examples of auto- 
Matic non-return sewer-valves for tidal outfalls, large 
penstock-valves for hydro-electric power-plants, falling 
shutters for use on the crests of solid weirs, and other 
apparatus for controlling the flow of water or sewage. 


Ventilation of Mines.— A new type of ventilator for use in 
mines is illustrated and described in a four-page pamphlet 
to hand from Messrs. Mavor and Coulson, Limited, 47, 
Broad-street, Mile End, Glasgow. These ‘‘ Dandy” 
ventilators, as they are called, are especially suitable for 
producing a current of air in headings, drifts, cross-cuts, 
&c., in situations remote from the main ventilating system 
of the pit. They each consist of two truncated conical 
tubes of sheet steel, joined together at their smaller ends. 
At the point of junction, and in the axis of the tubes, is fixed 
a special form of air-ejector, which is supplied with air from 
the com -airmain. The compressed air issuing from 
an annular orifice a few mils in width, imparts velocity to 
the surrounding air in the tube, and so induces the required 
air current. The width of the annular orifice can 
adjusted to suit different working conditions by means of 


used equally well for forcing or exhausting air, but in 
applying them to headings the best results are usually 
obtained by fixing ventilating-pipes as near as possible 
to the working face, and using the ventilator to withdraw 
the foul air through the pipe. The ventilators are made 
in four standard sizes, with flanges suitable for connection 
to 9-in., 12-in., 15-in., and 18-in. pipes, and for each size 
five nozzle-adjusting rings are supplied. At a pressure of 
30 lb. per ~ in. the largest ring a volume equiva- 
lent to 36 cub. ft. of freeair per minute, while the smallest 
ring, with air at the same pressure, passes 12 cub. ft.; 
with air at 45 1b. per > in. the equivalent volumes used 
are 47 cub. ft. and 17 cub. ft. respectively. It is pointed 
out that the above-described system of ventilation is more 
efficient than using fans driven by air-motors, and vastly 
more so than the extremely wasteful method sometimes 
adopted of obtaining a supply of fresh air direct from 
the compressed-air mains. 


Alternating-Current Relay.—We have received from the 
International Railophones, Limited, Prudential Build- 
ings, Corporation-street, Birmingham, a brochure illus- 
trating and describing a sensitive relay for alternating 
currents, designed and constructed Bw managing 
director, Mr. H. von Kramer, in collaboration with Dr. 
Gisbert Kapp, and consequently known as the ‘“‘ K.K.” 
detector. The instrument was primarily intended for 
use asa ‘‘calling-up” relay for the company’s system of 
telephoning to moving trains, descri in our issue of 
April 28, 1911, on page 561. It has, however, many other 
applications, as examples of which we may mention the 
detection of leakages from alternating-curreat mains, 
the recording of musical notes or other sounds, the detec- 
tion of wireless signals, and the calling up of wireless 
operators. It can, in fact, be employed wherever sensi- 
tive relays for alternating currents are required. The 
instrument would be difficult to describe fully without 
illustrations, but an idea of its fundamental principle 
may perhaps be gained from the following brief account : 





with the well-known Stoney sluices which they manu- 


A steel reed, having a natural period of vibration corre- 





spare adjusting-rings provided. These ventilators can be | q 








| sponding to the oe page | of the alternating current, has 
e 


one end firmly fixed in the pole of a permanent ‘magnet 
from which it depends in a vertical Sadie. The free 
end of the reed is situated in a narrow air-gap cut in 
one of the ee sides of a rectangular frame composed 
of a large number of soft-iron wires. At a point opposite 
the gap in the iron wire frame it is fixed to the other pole 
of the permanent magnet, and thus the ends of the wires 
at the gap are both of the same polarity, and of opposite 
polarity to that of the reed. The latter has, of course, 
no tendency to move since it is equally attracted in 
opposite directions. The ends of the wire bundles, how- 
ever, each carry a coil, in which the weak alternating 
current to be detected flows, and the flux variations in 
the air gap, produced by this current, are sufficient to 
set the an in vibration, since the impulses correspond to 
the natural frequency of the reed. On either side of this 
reed are two horizontal reeds of non-magnetic material, 
carrying ivory points near their free ends, between which 
the vertical reed vibrates. In vibrating, the latter strikes 
against the ivory points, thus forcing the horizontal reeds 
apart, and since the natural frequency of the latter is 
much lower than that of the vertical reed, the horizontal 
reeds are kept apart as long as the former is vibrating. 
The horizontal reeds carry platinum contacts, which 
normally touch each other, but are parted, as above 
described, by the action of the vertical reed. The con- 
tacts form part of a local circuit containing a few cells in 
series with another relay, which can be used to control 
apparatus requiring a heavy current for operation. The 
instrument is sensitive enough to detect a current of 
0.0002 ampere at a pressure of 0.02 volt, with a frequency 
of 100 cycles, but since it was designed for use on a 
moving train, its construction has, of necessity, been 
made sufficiently robust to withstand the unavoidable 
shocks attending its use in this connection. 








Tue Copper MaRkeEt.—In their monthly report, dated 
the 2nd inst., Messrs. James Lewis and state that 
the market for standard copper had been subject to con- 
siderable fluctuation during the past month, with but 
little change at the close. In sympathy with a rapid 
epreciation in the value of the shares of the leading 
copper-producing companies, standard declined from 
76l. 17s. 6d. for cash on the 2nd ulto. to 732. 5s. Od. on the 
16th and su uently gradually recovered to 76/. 12s. 6d., 
this being the closing value of the year against 63/. at the 
close of 1911. The sales of the month amounted to a 
total of about 35,000 tons. Consumers had bought refined 
copper very sparingly, declining to pay the abnormally 
high price of 17? cents per lb., or 82/. per ton c.i.f. 
demanded by the leading American refiners for electro- 
lytic, supplying their requirements from other sources of 
supply—English and Japanese—while some purchases 
from the smaller American producers had ‘been effected 
at 173 cents per lb. It appeared to be a question of 
endurance as to whether American producers or European 
consumers would be obliged first to give way or could 
hold out the longer. The latter were assisted by increased 
imports from other countries, while the dearness of money 
told against the holders of increasing stocks. While 
800 tons of Rio Tinto rough copper had been taken out of 
warehouse at Swansea and shipped to the United States, 
500 tons of American wire-bars had n put into ware- 
house in Liverpool and a further quantity at Continental 
ports. The sale of 17,500 tons (2000 Ib.) of electrolytic at 
173 cents per lb. to the Steel Trust was reported in New 
York on the 30th ulto.—but subsequently denied. Im- 
ports into the United States during October amounted to 
17,000 tons. Exports from the United States for the past 
month were advised as 29,274 tons. This included the 
excess of deliveries for export by refiners over the 
Custom House exports for November of 5812 tons. A 
further considerable increase in American refiners’ stocks 
at the end of December might beexpected. The imports 
into Germany for eleven months amounted to 191,993 tons 
against 176,525 tons in the same period of 1911, and the 
exports to 9050 tons against 8429 tons. The consumption 
of foreign copper was 193,778 tons against 169,796 tops—an 
increase of 23,982 tons. For the ten months the increase 
was 30,246 tons, showing a reduction of 6264 tons for the 
eleven months as compared with the ten months period, 
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limiter 7. 8 is another contact, sealed through the glass and | in combination a worm-wheel, having a are thi las 
“EN GINEERING 4 ILLUSTRATED PATENT connected with one end of the heating resistance 9, the other end | hole passing axially through it and ae a Romen whee of 
RECORD of which is connected with the main 1, so that the heating resist- | the wheel, the hole being adapted to engage the squared or 
. ance 9 is connected directly across the mains. It: will seen | angularly formed end of the expander pair of plates 


SELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
~ ; - in the Specificati 4 tated 
“in cach oes there none % mentioned the Specification Sm to net 
t 
fe rated. » 
"nf the Communicators are given talc, the Names, éc., 
Ogee ear ane obtained at the Patent Office, Sale 
: a 25, ea Buildings, Chancery-lane, W.C., at 
The date of he advertisoment the conmptonse of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
of 


may, i months from 
the advertisement of the of a Complete Specification, 
give notice at the atent Off opposition to the grant of a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


24,386/11. G. W. Partri London. Electric Dis- 
tribution Systems. [2 %.) November 2, 1911.—This 
invention relates to electric distribution systems, and more par- 
ticularly to high-voltage systems in which special precautions are 
necessary in order to prevent breakdown or accident to operatives 
in handling the control apparatus. The invention consists in 
using for the bus-bars or distributing mains metal covered cable, 
which is firmly secured directly to the or other support, the 
cable being stripped at the portions which require to be connected 
to distributing conductors, either directly or through isolating or 
other switches, or to transformers, such apparatus being elec- 
trically connected to the bare conductor of the strip portion of 
the cable, and the casing of the apparatus being solidly connected 
to the lead sheathing of the cable. In this way a solidly earthed 
system can be obtained, rendering it possible for the whole of the 
apparatus and the cables to be inspected and handled without 
danger to the attendants. Also, the displacement of the cable 
due to excessive current in the conductors is rendered impossible. 
In Fig. 1, a represents the conducting portion of the cable, prefer- 
ably solid or stranded = r. b is insulation of any suitable kind, 
and c is metallic sheathing, which may be of lead. In Fig. 2, d 



































Fig.2. F-O-3 
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represents an isolating switch having stationary contacts ¢ 
adapted to be bridged by a bridging-piece /. The contacts ¢ are 
directly connected to the terminals g, which are secured to, 
but insulated from, the casing of the switch. Rigidly secured 
in good electrical contact with the casing are two boxes k and m, 
one on each side of the casing. Passing through the box kisa 
distributing main of the type iltustrated in Fig. 1 with a metal 
sheath. At the point at which this main enters and leaves the 
box & conical bushes are provided which make good electrical 
contact with the sheathing c, so that the sheathing, box k, and 
switch casing are all elec ly connected together and can be 
solidly earthed. The sheathing is stripped off the portion of the 
main , which is feat in 4, = _ aan = oe , 
is also stri off a ion whic! e y a whic! 
connects the conducting portion of the main to the left-hand 
terminal g. A distributing conductor passes through the lower 
side of the box m, and is connected by a bar to the right-hand 
terminal g. The sheathing of the distributing conductor is elec- 
trically connected to the casing by means of a conical bush, so 
that it also is solidly earthed. In this way the whole of the switch 
casing and cables can be led during inspection without 
danger to the attendant. (Accepted Weumier 18, 1912.) 


24,141/11. H.S. Hatfield, Jena,Germany. Electric 
Timing Devices. {4 Figs.) October 31, 1911.—This invention 
relates to improvements in electric tin-ing devices, and consists 
in employing the distillation of a liquid heated by an electric 
current for the pu of performing some operation after a 
wept time. In carrying out the invention, a contact 
liquid may be employed which is distilled by means of an electric 
current either passing through the liquid iteelf, and so heating it, 
or through a resistance. ‘The liquid is contained in a vessel, 
preferably hermetically sealed and evacuated, and is distilled 
from one part ofthis to another. By means of a contact passing 
through the walls of the vessel the electric circuit may be 
broken when the level of the liquid decreases sufficiently in one 
part, or made when it rises sufficiently in another. For example, 


van 








the vessel may take the form of an inverted eg of glass, 
containing enough mercury to nearly fill one limb. One limb 
is surrounded by a resistance, and has two contacts sealed 
through the glass soas to be covered by mercury. This device 
may be used to automatically switch out a lamp after an 
approximately definite number of hours burning, mercury dis- 
tilling over and laying bare the contacts. The lamp is switched 
in again by turning up the (J-tube in ite own plane so as to 
pour back the mercury. In order to ensure the constancy of 
the current the lamp may be sealed in its socket to prevent a 
lamp of other candle-power being substituted. 1, 2 are the 
mains. 3 is the inve: U-tube, hermetically sealed, containing a 
quantity of mercury 4. & and 6 are two contacts, sealed through 
the glass and connected with the terminals of the current- 





that as long as the level of the mercury 4 is above the contacts 
5, 6 the current-limiter 7 will be short-circuited, and the circuit 
through the heating resistance 9 will be complete. After a definite 
lapse of time, however, when the mercury has over 
sufficiently to lay bare the contacts 5, 6, the current-limiter 7 will 
be thrown into circuit again, and the heating resistance 9 will be 
thrown out of circuit. The tube may be tilted by the consumer 
against prepayment of a coin. (Accepted November 13, 1912.) 


24,463/11. The British Thomson-Houston 
Limited, London, F. P. Whitaker, 
Dynamo - ic es, (2 Figs.) November 3, 
1911.—This invention relates to dynamo-electric machines of the 
kind which are provided with commu This invention 
consists in the use of a number of thin strips or laminw of 
magnetic material wedged or otherwise secured in place for 
— the reluctance of the air-gap between the commutating 
pole-piece and the armature, thus doing away with the adjustable 
wedges which, besides adding to the expense of the machine, may 
be accidentally shifted, thereby altering the reluctance. Incarry- 
ing the invention into effect, a commutating pole-piece a is pro- 
vided with its lower end projecting towards the armature in the 


Rugby. 
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usual manner, and with its outer side separated by an air space ¢ 
of suitable width from the interior of the yoke of the field struc- 
ture b. Side-plates c, of brass or other non-magnetic material, are 
secured to the pole-piece @ and to the field structure by means of 
bolts, which pass through the plates and through the pole-piece 
to hold the field structure and et aw in their relative 
itions, such bolts being fitted with clamping-nuts or the like. 
‘o adjust the reluctance of the air-gap between the field struc- 
ture and the outer end of a pole-piece a a number of magnetic 
laminw or thin strips of metal are inserted in the air space ¢ 
between the field structure and the pole-piece, such laminz — 
wedged or secured in position in any suitable manner. (Accepte 
November 13, 1912.) 


HYDRAULIC MACHINERY. 


2952/12. Sir W. G. prmotrens, Whitworth and 
Co., Limited, and W. Davy, Newcastle-on-Tyne. 
Hydraulic Valves. (3 Figs.) February 5, 1912.—This inven- 
tion relates to improvements in hydraulic valves in which a 

indle rotates or oscillates a circular valve-slide. According to 
this invention, a lever for actuating the valve is attached to the 
outer end of the spindle which passes through the cover, suitable 
packing venting the passage of the water. The inner end of 
the spindle is connected to the valve-slide, preferably by means 
of a plate having projections which enter grooves in each part, 
and a ring of packing is inserted between the spindle and the 
valve-slide ; by means of this arrangement it is not necessary 
that the axis of the spindle should be exactly in line with, or parallel 





to, the axis of the slide. a is the fluid supply, capable of being 
connected to either of the passages b, c leading to the engine by 
means of either of the ported, d or the ports e, e respectively. 
The ports d and e are controlled by the slide /, pivoted on to the 
face-plate g, and operated by the lever h qooured on the spindle i 
connected to the slide f by means of a plate j on which are pro- 
jections k entering grooves in each part. On the spindle ¢ isa 
shoulder m upon which the water acts, so preventing the spindle 
from being drawn out of the slide. The spindle is packed with 
cup leathers n and o, the cup leather n preventing the water 
entering between the spindle and the slide. A drain hole leading 
to the exhaust is provided in case of leakage. (Accepted Nov- 
ember 13, 1912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
997/12. J. G. Robinson, Manchester. Tube-Ex- 
panders. [4 Figs.) January 12, 1912.—This invention relates 
to tube-expanders of the kind in which there are provided a 





plurality of rollers adapted to act on and expand the tube end and 
a tapering spindle to act on, and, when rotated, to rotate 
the said rollers in the known manner. The invention comprises 





the 


mandrel, a 
one on each side of the wheel, holes in the plates into which 
bosses to revolve, a worm- 


sontbod wth enepuming epee ond meage 
screw prov with an 0; ng spi adapted to e' 
the worm-wheel, a pair of bearing-blocks for the spindle between 
the plates, and means passing through the plates and blocks for 
securing the parts in their assembled position. Referring to the 
drawing, 1 is the tapered mandril of the tube-expander. 
shoulder on the mandril 1 is provided with a square outer end 5. 
6 is a worm-wheel having a central square hole to take 
over and fit the square end 5 of the mandrel. » The worm-wheel 6 is 
provided with circular bosses adapted to fit into circular holes in 
a pair of plates 9, constituting bearings for the worm-wheel 6. 10 
indicates a worm-screw at one end of ashaft 11, preferably formed 
integrally therewith, the shaft having a square portion at its other 
or outer end to receive a cranked or other handle whereby the 
shaft may be rotated. The shaft 11 with worm 10 has its bearings 
in holes in rectangular bearing-blocks 15 located between wing 
tions 19 of the plates 9, the blocks being secured in position 
y rivets. The bearing-blocks 15 are passed over the ends of the 
indle or shaft 11 into position before they (the blocks 
P in position between the wings 19 of the plates 9. The 
squared portion 5 of the mandril 1 extends into the hole in the 
worm-wheel 6 from one side of the latter as shown and into the 
hole from the other side of the worm-wheel there extends a 
squared portion 17 on the end of a feed-screw 18 provided with a 
shoulder adapted to abut against the face of the boss fitted at that 
side of the worm-wheel 6. The screw 18, the thread of which is 
preferably of a rather slow or fine pitch, is provided with a feed- 
— $ sleeve having a centre point 22. (Accepted November 20, 
1912. 


MINING, METALLURGY, & METAL WORKING. 


083/11. Fraser and Chalmers, Limited, London 
H. C. Behr, Johannesburg, Transvaal. Ore 
Stamps. (3 Figs.) October 6, 1911.—The present invention 
relates to pneumatic percussive apparatus such, especially, as 
ore stamps, hammers, or the like, of t the type wherein the per- 
cussive member or tup is carried by a piston which is actuated 
with or without the aid of gravity—by a prime mover acting 
thereupon through the intervention of an encl ly of air 
inte’ between the prime motor and the piston. The inven- 
tion comprises pneumatic percussive apparatus adapted to be 
driven by motive fluid fo: into the tup-cylinder from the prime 
or actuating cylinder to drive the tup-piston, and having provi- 
sion for ensuring always the delivery of an unretarded blow by 
the admission of supplementary fluid to the tup-cylinder from an 
external source of supply whenever the pressure of the motive 
fluid falls below the effective pressure or resistance on the other 
or front side of the tup-piston, and by permitting of the with- 
drawal or exhaust of the fluid on the other or front side of the 
piston so as to keep down its effective resistance within deter- 
mined limits. 1is the tup-cylinder and la the prime or actuat- 
ing cylinder, which latter is reciprocated by a suitable driven 
crank 3 through the intervention of a conneciian cell 4. Within 
the cylinder 1 is the tup-piston 9from which extends the piston- 
rod 10 carrying the stamp-head 11. The tup-cylinder 1 is fixedly 
connected to the prime or actuating cylinder la. For obtaining 
adjustment in the direction of the stamp motion the piston-rod 
10 can be fixed at different depths in the stamp-head 11, a key 
serving the purpose of firmly securing the rod. The prime or 
actuating piston 8 in the cylinder la is fixed at one end of a 
iston-rod, the other end of which is secured to a crosshead 64. 
he ends of the cylinders 1 and la from which the piston-rods 
project will hereinafter be called the front or forw ends, and 
the opposite ends the rear or backward ends. The motion of 
the stamp 11 with piston 9 in the direction of the stroke towards 























Fig. L%tq. 2. i 

~ 1g. < _2s| 
Asa 17 7 ” 

n ba 
15 
1” 26 
e) 72 (KO, 
a 16 - 
" 

1 

a) No 


722 

the die will be called the forward motion, and that in the opposite 
direction the return motion. Similar designation will apply for 
the same directions of motion of the actuating piston 8. Permanent 
communication between the cylinders 1 and la existe at the 
front end and at the rear end. An opening fitted with a valve 12 
exists in the front head of the actuating cylinder la. This valve 
controls communication of the front space of the two cylinders 
with a source of supply of air, which may be the atmosphere, but 
is preferably a ch 13 in t with receiver 15 and 
compressor 16. The compressor is intended, after it has pro- 
duced the desired working pressure, oan to make up leakage, 
as the air system shown is a closed cycle. The valve 12 is held 
to ites seat by a light spring, against which it can open when 
the receiver pressure slightly exceeds that in the front of 
the two cylinders. This vaive has also to be raised off its seat 
by mechanical means, and to this end there is provided a lever 18 
fast on a spindle which passes out through a stuffing-box in the 
side of chamber 13. At ite outside end the le carries a 
second lever 23 which is moved back and forth at each stroke of 
the piston by moving tappets on a rod 26 mounted on a lateral 
extension of the cross-head 64. This arrangement permits 
the valve 12 to close when piston 8 comes to the rear end of 
ite stroke (the position shown in Fig. 1), while it is opened 
mechanically — the ney panes to yon Fy . such 
means the space in front o e stamp ept, —s 
the last part of ite forward motion, in communication wi 
the large receiver space, so that the com; ion of air in front 
of the piston, and consequently retardation of ite motion and 
weakening of the stamp-blow are avoided, while for the succeed- 
ing return motion of the stamp the closing of the valve 12 
provides for pression of the enclosed air in the front-cylinder 
space by the motion of the actuating piston 8, thus pro g the 
necessary motive pressure to move the 9 back. For the 

urpose of securing lever 23, and thereby valve 12, in their proper 

mited positions, a link is attached with one end to a pin at one 
side of the arm 23, the other end being coupled to the free end of 
a spring fixed with its outer end to a lug on outside of the 
chamber 13. The spring forces the link towards the spindle 











ENGINEERING. 


[JAN. 10, 1913. 





72 


carrying the lever 23, and thereby drives the lever in either direc- 
tion out of its central alignment with the link. The movement 
in either direction of the lever 23 is limited by projections fixed 
on the outside of chamber 13. On its return stroke the stamp 
with piston 9 may gather sufficient kinetic energy to increase the 
space in the front end of the cylinders so that the pressure would 
fall below that in the reservoir space. To provide against such 
fall of pressure, the valve 12 (or, in case this is tively cen- 
nected to its operating means, a separate valve) is free to open 
against its own weight or against the pressure of a light ng, 
thereby permitting air to enter from the reservoir to establish 
equilibrium of pressure. If such means were not provided, a 
too late opening of valve 12, due to improperly adjusted mecha- 
nism, would cause lowering of mechanical efficiency in operation 
owing to inrush of air from a higher to a considerably lower pres- 
sure, and would also prevent the stamp and n from com- 
pleting the required full backward stroke. (Accepted § ovember 20, 
1912.) 


MOTOR ROAD VEHICLES. 


26,570/11. Clayton and Co. (Huddersfield), Limited, 
and RK. F. Clayton, Huddersfield. Motor Road 
Vehicles. (3 Fiys.] November 28, 1911.—This invention re- 
lates to self-propelled vehicles or motor-wagons having & pivot- 
ally-mounted tipping body or platform, and consists in the com- 
bination with a sprocket-wheel for transmitting propelling motion 
to the vehicle, of means to move the sprocket-wheel laterally to 
disconnect it from the engine, a clutch movable with the 
sprocket-wheel to engage and drive a sleeve, yielding clutch 
devices revolubly connected to the sleeve, and having their teeth 
or engaging surfaces set in opposite directions, a sliding-clutch 
loose on the sleeve, a hand-lever to move the sliding-clutch into 
engagement with one or other of the driven clutch-members, a 
sprocket-wheel fast on the sliding clutch-member, and driving 
connections intermediate the sprocket-wheel and screws pass- 
ing through nuts on the vehicle body or platform. The sprocket- 
wheel 1, by means of which motion is transmitted from the 
engine to the vehicle, in the case illustrated by chain drive on 
to the rear axle, is mounted loosely on a driven sleeve and is 
adapted to be slid laterally thereon, to connect it to, or disconnect 
it from, the driven brake-drum 8 by means of a hand-lever 4. Con- 
nected with the sprocket-wheel 1 so as to be slid therewith isa 
clutch-member 5, which is rotatably connected with the driven 
































sleeve by a key and feather, the clutch-member being adapted 
when the sprocket-wheel is moved out of driving engagement with 
the drum 8to stop the vehicle, to engagea clutch-member on a sleeve 
7 ted on an ex of the counter-shaft 8 carrying the 
driven sleeve. The sleeve 7 has fast thereon two dog or like clutch- 
members 9 and 10, set a suitable distance apart, the teeth of the 
two clutch-members being arranged reversely or set in opposite 
directions, and each clutch-member being capable of moving 
laterally against the action of a ve spring. Between the 
clutch-members 9 and 10 there is mounted loosely on the sleeve a 
sliding clutch 11, having at its ends dog teeth or the like corre- 
sponding to the teeth of the clutch-members 9 and 10. The 

iding clutch 11 is adapted to be moved in one direction or the 
other, according to the direction of motion required, to cause it 
toen one or other of the clutch-members9and 10 by means of 
a hand-lever 12 carrying a fork 13, which engages pins on a ring 
in an annular groove in the sliding-clutch. Theclutch 11 carries, 
or has fast thereon, a sprocket-wheel 15, which, by means of a 
chain and a chain-wheel, is adapted to drive a cross-shaft having 
bevel wheels thereon, which with bevel wheels on the lower 
ends of screw-rods or epindles, one at each side of the vehicle. 
The screwed rods or spindles work into hollow screws, which, in 
turn, work through nuts pivotally mounted on the vehicle body 
or platform, By these means it is possible to tip the body or 
ee of the vehicle from the engine. (A November 20, 
1912. 


/i1. Hans Renold, Limi and D. H. 
24,597 old, ited, Simp- 


r. 

» {4 Figs.) November 6, 1911.—This inven relates 
to improvements in and connected with Se oe 
speed gearing for motor vehicles and other machines in w the 
motor and power-delivery shafts are approximately or exactly in 
alignment with each other. The invention consists in so pro- 
viding means on the motor und power-delivery shafts located in 
approximate or exact alignment with each other and-so arranging 
around the shafts two or more lay or transmission-shafts having 
engaging and disengaging means, that three or more speeds may 
be obtained by the aid of two transmission chains. According to 
one embodiment of the invention, the applicants employ around 
the axis of the motor-shaft @ and the power-delivery shaft ), 
which are mounted in alignment with each other, two or more 
transmission-shafts c, d. Upon the motor-shaft a and each of 
the transmission-shafts c, is a sprocket-wheel ¢, f, and g, 
which sprocket-wheels are surrounded and connected together 
bya chain A, U! the power-delivery shaft b and the trans- 
mission-shafts c,@a second set of sprocket-wheels i, k, | and 
a chain & surrounding and connecting them together are provided, 
The sprocket-wheels ¢, i on the motor and a shafts 
a, bare to rotate loosely while the sprocket-wheels /, i on 
the transm -shafts c, d are secured thereto and the wheels & 
and g to rotate loosely. The ee ¢, ion the 
motor a and power-delivery shaft b have clutch-projections 





on te sides, and on each of the shafts a clutch-member @, p is 





the 





tions of 
means of the clutch-members 0, p, equal speeds can be obtain 
shaft, the applicants secure upon the 


will in and out of gear wi 
the spur-wheels on shafts c and d, the reverse motion in 


chains, (Accepted November 13, 1912.) 


RAILWAYS AND TRAMWAYS. 


through or over the 
cut off from, the correspo 


of the motor is operatively connected 


device and heater may be cut off when desired. Thus, for example, 
train, or when a coach is coupled up and the steam-pipe section on 
such coach is coupled to the train-pipe, so that steam is admitted to 
such pipe section, if the steam-cocks are open, the pressure-respon- 
sive devices move under the pressure of the steam, and operate the 


] 











motor switch to complete the circuit of the motor. The motor 
then runs and drives the fan or blower, which forces air over the 
heater. When the steam is cut off from any heater, owing to 
closing of the stop-cock or uncoupling of the coach or locomotive, 
the pressure- sive device returns to the normal position, and 
operates the switch to open the motor circuit. According to the 
construction illustrated, the pressure-responsive device for 
operating the motor switch comprixes a small vertical steam 
cylind-r a, the piston ) within which may be packed, and the 
piston-rod d may be extended upwardly through a screw plug or 
cover closing the upper end of the cylindera. A spring / is 
placed between the cover and the piston b, and this end of the 
cylinder may communicate with the atmosphere through a small 
hole in the wall of the cylinder a. The lower end of the cylinder 
— closed by an end or cover which can be made integrally 
with the walls, and is formed with a central hollow boss portion 
which may be screw-threaded and adapted for the connection of 
the steam-pipe thereto by, for —. a cone union. The 
piston-rod d is suitably connected or linked with a switch-lever 
or tumbler or controller-arm in the casing j. The cylindera may, 
for —— be mounted on a suitable base-plate or support, and 
the switch casing j may be mounted on the same base or support, 
and be provided with a guide for the end of the piston-rod d, 
which latter is operatively connected with the switch of the 
motor. Where a tumbler switch is employed, the casing j may 
be eS a brass strap secu around the insulating 
base of the switch, and the strap may be formed with the hollow 
boss or projection for receiving and guiding the piston-rod d, as 
well as with suitable lugs for securing the switch-casing to the 





slidably secured, and has clutch-projections on each side, so as to 


base-plate or support. (Accepted November 20, 1912.) 


Ls ed can be obtained between the motor-shaft a and 
Dee Lar nents Connecting the latter together by | or other suitable mild-steel tube construction held in their proper 


In order to permit of reversing the rotation of the power-delivery 


144/11. J. Stone and Co., Limited, Deptford, and 
, Blackheath. Train Heating. [7 Fius.! 

November 11, 191].—This invention relates to the heating of rail- 
way-carriages by means of steam from the locomotive. The 
improvements are particularly concerned with systems of com- 
bined heating and ventilating of the type in which a fan or blower 
driven yn y 73! of the heating steam causes air to pass 
eater, and delivers such air to the interior 

of a compartment or compartments. The object of the invention 
is to provide an automatic device for starting and stopping the 
motor of the fan or blower whenever the steam is admitted to, or 
nding heater or heaters, thus preventing 
waste of motive power, which is of importance when the motor 
is an electric-motor supplied from storage batteries carried upon 
thecoach. According to this invention, the switch or controller 
with a device which is 
responsive to the change of pressure within the steam-pipe, and 
the pressure-responsive devices may be placed in the branch-pipes 
leading from the main pipe to the heaters, and stop-cocks may 
be arranged on the branches, so that the steam to any particular 


when the steam is admitted to the steam-pipe running along the 


allow of coupling the members 0, p ther, and also with one of 
| tay aca wheels ¢, ‘oe of the tranemission- STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


shafts e,d has also a clutch-member , 7 slidably connected, and 
having clutch-projections on one side only, and adapted to be | May Mumbles, and 
cou) with the sprocket-wheel k or g opposite thereto, also pro- | $y 

vided with clutch-projections, The sizes of the sprocket-wheels | relates to heaters, and particularly to superheaters, the tubes 
i, k, L and e, f, g are such as to give the desired relative ratios, and | of which are connected detachably to their headers by a clip or 
by alternately connecting the loose sprocket-wheels with their | bridge-piece and bolt device. The present invention consists in a 
shafts by means of the respective clutch-members, different varia- 


W. E. pe, Store » B.8.0., C. 
Engl opston 10. H. 


° . n, a rt. 
(6 Figs} March 18, 1912.—This invention 


hearer, having at least one pair of header chambers of solid-drawn 
or other suitable mild-stee] tube construction arranged with their 
axes parallel to one another and spaced apart to provide room 
between them for certain members of the detachable fastening 
devices a to secure the tubes in place. In carrying the 
invention into effect as embodied in a boiler superheater, the 
inlet and the outlet are formed in a single casting provided with 
flan on both sides for the attachment of the laterally disposed 
headers c, d. The superheater, as a whole (Fig. 1), issymmetrical 
on the two sides of the centre casting. Taking one side only for 
simplicity of description, the saturated steam chamber c, and the 
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superheated steam chamber d, consist of se te solid-drawn 


relative tions by the distance-pieces e, and flattened along one 
side as shown for the reception of a ber of looped superheat- 





wer-delivery shaft and one | ; “ 
of the transmission-shafts spur-wheels adapted to be brought at | img tubes f The tube ends are each provided with a collar h, 
each other ; or, alternatively. place | * bridge-piece i, provided with forked ends, being arranged trans 

vera versely to the length of the headers to bear on the two collars o 


is case - ; 
being transmitted to the power-delivery shaft by one of the |°2¢h Superheater tube. Each such bridge-piece ¢, is secured in 


mace by. a central bolt passing between the headers c, d, and co- 
acting by means of a nut with a second bridge-piece n, similarly 
pone Se | to the first and bearing on that side of the headers 
remote from the tubes f. Steam from the boiler passes through 
the inlet and divides right and left to the saturated steam 
headers c(the sum of the cross-sectional areas of which should be 
about equal to that of the inlet), whence it continues its course 
in parallel through the two sets of superheating tubes / to the 
superheated steam-headers d, and so after coalesvence of the 1 wo 
streams to the outlet. (Accepted October 30, 1912.) 

25.349/11. The Warwick Machinery Company 
(1908), Limited, London. (C. G. Curtis, New York City, 
U.S.A.) Turbines. (3 Figs.) November 14, 1911.—This 
invention refers to turbines having two or more short initial 
stages mounted upon a single drum operating on the impulse 
principle, and a longer drum-stage in which the blading may he 
of the impulse type or of the reaction type, or may be a combi- 
nation of these two types. According to this invention, a dummy 
piston is emploved to prevent leakage and also to create a thrust 
in a direction opposite to that of the steam flow through the 
turbine counteracting to a greater or less extent the end-thrust 
produced by the fluid on the blates and diaphragms, and a solid 
web is provided supporting the longer drum which prevents 
steam which has leaked through the dummy piston from passing 
to the exhaust without doing useful work by causing it to re-enter 
the turbine at a stage of lower pressure. In the drawing, a 
represents the inlet-chamber of the machine. In this chamber 
are situated the inlet nozzles admitting s*eam to the first stage b. 
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After passing through the first stage the steam entersa chamber c. 
from whence the greater portion of it passer to the second stage ¢ 
supported from the drum & by a perforated annular web. A 
percentage of steam entering the chamber c, however, passes 
through apertures in the supporting web for the first stave 
blades and escapes through the dummy piston on which it exerts 
a thrust acting in the direction of the arrow. After leaving the 
second-stage impulse-wheel d the steam enters the third short 
reaction or impulse stage, the moving blades of which are 
carried by the drum k, while the stationary blades are supported 
from the casing by a solid annular web. The steam then passes 
to a drum-stage h, from which it may either go direct to the 
condenser, or may be led to another turbine if required. In the 
operation any steam which leaks through the dummy piston, 
which is secured on the inner end of the drum k, a the 
second and third stages, h paste through the interior of the drum, 
enters the chamber y, joining the steam which has passed through 
the blading of the first three stages, and with it through 
stage h to the exhaust. (Accepted November 13, 1912.) 
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ELECTRIFICATION OF FINNISH RaILways.—The Govern- 
ment has approved of the proposal forwarded by the 
Finnish Senate to the effect that a sum of 1,600,000 marks, 
Finnish, shall be applied to the purchare of waterfalls in 
the Vnoksen, and for the purpose of building hydro-electric 
power-stations intended to supply electric energy for the 
‘ railways of the district. 
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TEST OF A SURFACE CONDENSER: 
THE EFFECT OF A SPRAY AT THE 
AIR-PUMP ENTRANCE. 


By Frep Pickrorp, M.Sc., A.M.I. Mech. E., and 
Gitgert Cook, M.Sc., A.M. Inst. C.E. 


Tue tests here described were carried out in the 
Engineering Laboratories of the Manchester Uni- 
versity on a condenser which had been installed by 
a well-known firm of engineers to take the steam 
from a 65-kw. turbo-alternator. 

The makers guaranteed a vacuum of 28 in. of 
mercury when condensing 1700 lb. of steam per 
hour, with the initial temperature of the condensing 
water at 60 deg. Fahr.; a verbal statement was 
made to the effect that the water required would 
be 1000 Ib. per minute. The superficial area of the 
tubes is 84 sq. ft., and the water makes four passes 
through them. The air-pump is single-acting, of 
the Edwards type, 8 in. by 6 in. stroke, and is 
driven at a speed of 160 revolutions per minute by 
a 1} - brake-horse-power electric motor supplied 
from the town’s main. From the first, the con- 
denser failed to fulfil the conditions laid down in 
the specification, even after the air-leakages inci- 
dental to the initial test of a condensing plant had 
been discovered and eliminated. 





— to that of the tube-plate, and the direction 
of motion of the water was a diverging one. The 
change produced a more uniform distribution of 
the water through the tubes, and a distinct gain in 
the vacuum resulted. 

Temperature measurements of the steam at 
various wD apo were also taken, and the figures 
sugges an unequal distribution of the steam 
over the tubes. The fall in temperature of the 
steam in passing the tubes in the middle of the 
condenser was 1.5 deg., whilst that at the ends was 
only 0.5 deg. The baffie-plates at the top of the 
condenser were apparently unable to effect an equal 
distribution of the steam, but no steps were taken 
to remedy this because of the difficulty of access. 
Fish-tailed baffles to follow the stream-line flow of 
the steam would probably have been much more 
effective as a distributing agent. These points are 
mentioned, however, to show the importance of 
careful design of the inlets, so as to give a uniform 
flow of both water and steam through all parts of 
the condenser, and maintain the highest efficiency 
in each individual section of it. 

Air-Cooling Spray.—The best vacuum obtained 
up to this point under the given conditions was 
27.4 in., and the makers now asked permission to 
insert a cold spray in the connecting-pipe between 
the condenser and air-pump. The water so intro- 
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apparently been partially blocked by dirt collected 
from the hot-well, and the clean water had u- 
ally cleared this away. But even this larger 

uantity scarcely promised to be enough to effect 
the desired object, being only about 15 per cent. 
of the hot-weil discharge; a new spray was there- 
fore made in which a much larger quantity would 
be obtained, and the possibility of a blockage by 
small grains of dirt eliminated. It was of the 
sprinkler type, as shown in Fig. 2, and sprayed the 
water very effectively. 

On testing cold after fitting it in place it was 
found that 36 1b. of water could be supplied per 
minute, a quantity which was thought to be ample 
for the purpose. The vacuum obtained whilst this 
water was being passed through the spray (the 
turbine being shut off) was 29,38 in., being only 
0.1 in. less than that corresponding to the tabylated 
vapour pressure at the water temperature. This, 
with town water containing a fair amount of air in 
solution, was considered to be as good as could 
possibly be expected. 

The turbine was then run, and readings of the 
vacuum and steam and water temperatures were 
taken every five minutes. After each alteration of the 
valve controlling the cooler the readings were taken 
until the plant had again settled down toa steady 
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A test was made with the communication to the 
turbine shut off and cold water supplied to the 
bottom of the condenser to keep the air-pump 
_ tight ; a vacuum of 29.27 in. was obtained, 

ing only 0.26 in. less than that corresponding to 
the vapour pressure at the temperature of the 
water. This was considered as a satisfactory in- 
dication of freedom from air-leakage. This being 
the case, and the working vacuum still unsatis- 
factory, the condenser itself was obviously at fault, 
the possibilities of error being in :— 

(a) Insufficient cooling surface ; 

(b) Insufficient air-pump capacity ; 

(c) Faulty design. 

Distribution of the Flow of the Water and Steam.— 
An inspection of the water head as shown in Fig. 1 
showed that the change of section at entry was 
very abrupt, and that the water, as it left the 
parallel part of the entry pipe, was moving almost 
directly in the line of the 2 onl with the probable 
result that the tubes which were opposite the pipe 
were receiving @ greater share of the water than 
those at the sides. To test the effect of this dis- 
tribution, thermometer pockets were placed in the 
centre and at one side of the water spaces at the 
ends of the first and third stages. Assuming a 
uniform distribution of the steam over the tubes, 
the temperatures thus observed show that the 
velocity in the middle tubes was about 20 per cent. 
greater than in the side tubes. This result, as far 
as the first nest of tubes is concerned, had been 
foreseen, but it was expected that the water 
streams, meeting in the heads, would have attained 
more equal velocities and temperatures ; the results, 
however, showed a cumulative effect right through 
the condenser. 

A new head was constructed in which the pipe 
Was well splayed out, the change in section starting 
immediately from the flange, so that when the 
water had passed the bend and was moving in the 
line of the pipes, the section was already nearly 
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condition. Unfortunately, the available supply of 
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duced would, however, have interfered with the 
measurement of the steam used by the turbine, and 
the method had +he additional disadvantage that air 
would be carried in solution by the fresh water. 
A rough preliminary test, however, gave a gain of 
0.9 in. in the vacuum. 

Consent was finally given to the installation of 
the cooler shown in Fig. 1. A perforated collect- 
ing-pipe is placed in the well above the pump, and 
connected through a spiral pipe to a spray near the 
pump inlet. The spiral, the superficial area of 
which is 5} sq. ft., is cooled by the whole of the 
condensing water before it enters the condenser ; 
and the water thus cooled, which is fairly free from 
dissolved air, is driven through the spray by atmo- 
spheric pressure, and cools the air and vapour 
passing to the pump, greatly reducing the volume 
to be dealt with by the latter. Although an in- 
creased volume of water passes through the pump, 
the net discharge is unaffected by the installation. 

The effect of the cooler was distinctly notice- 
able, but was not satisfactory, owing to the fluc- 
tuation in the amount of the increase at various 
times: Air leakages were searched for, but cold 
tests with the turbine shut off seemed to indicate 
tightness of all the joints. The unions were made 
on leather washers, and these were replaced by 
lead, it being suspected that the leather leaked when 
under working conditions. Several other joints 
were soldered up, and a new spindle with a double 
seat fitted to valve A, enabling the valve a to be 
shut off from the gland + a the spindle was 
screwed right back. Whilst the pipes were discon- 
nected a test was made to determine the amount of 


water actually passing through the spray. The 
end of the pipe connected to the coil was dipped in 
a bucket of water, the turbine shut off, and the 


air-pump run. At first only between 2]b. and 
3 Ib. of water per minute could be drawn through; 
but after some time this amount increased to nearly 
6 lb. per minute, The fine holes in the spray had 





water was too small to give a constant initial water 
temperature, and the vacuum naturally diminished 
throughout the test as the temperature rose. The 
averages of the test were taken, and are given in 
the tabulated results. 


Results of Tests. 


| 
Cooler | Cooler | Cooler | Cooler 
On. 








iad Off. On, 

Steam per hour.. ° ..| 1600 1585 1600 1530 
Ratio of condensing water to 

steam .. ob oe ..| 84 34 70 70 
Initial temperature of con- 

densing water ee --| 69.6 69.2 74.7 | 74.3 
Temperature of hot-well dis- 

charge .. oe = ..| 114.6 108.2 103.2 04.4 
Drop in temperature between 

condenser and hot-well ..| 65.4 7.6 6.6 | 6.4 
Vacuum (corrected to %0-in.| 

bar) .. ¥ s -.| 26.44 | 27.36 | 27.42 | 28.10 

——_—_ oe 

Percentage decrease in abso-| } 

lute pressure. . ae .| 24.8 pe. | 26.4 pc. 


It will be noticed that the reduction of the 
absolute pressure in the condenser when the cooler 
was turned on was about 25 per cent. in both 
tests, the vacuum being increased in the one case 
from 26.44 in. to 27.36 in., and in the other from 
27.42 in. to 28.10 in. The actual maximum vacuum 
obtained was 28.21 in., when the initial tempera- 
ture was 72.5 deg., and the water supplied about 
1800 lb. per minute. The apparatus is apparently 
simply an addition to an insufficient cooling sur- 
face ; but its effect is greater than an increase of 
the ordinary cooling surface would give, for the 
following reasons :— 

1. The interchange of heat in the cooling coil 
takes place with water on each side of the surface, 
and in the spray the finely-divided particles of the 
water come into very intimate contact with the air 
and vapour ; hence the possible heat exchange ir 
greater than with an additional surface cooler of 
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the same area with air and vapour on one side 
of the metal. 

2. As the steam comes into contact with the con- 
denser tubes, the layers nearest to the tubes lose 
most of the vapour, resulting in a stratified stream 
flow with saturated air nearest to the tubes, and 
steam in the centre of the spaces. This stratifica- 
tion becomes modified as the steam passes the 
other tubes, but the final result will be a more or 
less incomplete mixture of air and vapour at a 
temperature somewhat higher than that of the 
water. The rate of diffusion and of heat exchange 
between the component parts of the mixture is 
slow com with the mean velocity along the 

ipe, and the air and vapour finally reach the-pump 
fin cases where no mixing device is used) at a tem- 
perature higher than that of the water. The spray 
effects a very intimate mixture of the air, vapour, 
and cooling water, and reduces the gaseous volume 
to be dealt with by the pump by abstracting this 
excess of heat. This is shown by the very slight 
alteration in the drop of temperature of the water 
between the condenser and the hot-well discharge 
when the cooler was turned on. For example, the 
heat abstracted from the spray water as it passed 
through the cooling-coil in one test was 900 B.T.U. 

er minute. Less than 100 of this is accounted for 

y the drop in temperature of the hot well, indicating 
a large abstraction of heat from the air and vapour. 
It was thought possible that the amount of the 
spray water might be greater than that uired 
for the maximum efficiency of the cooler ; a larger 
quantity of water would not be cooled down to so 
low a temperature as a smaller quantity, and might 
possibly not be as effective ; but a test with the 
valve opened with small increments showed that 
after allowing temperatures to become steady, 
every additional opening of the valve improved the 
vacuum. The power taken by the air-pump was 
increased by about 8 per cent., which is equal to 
0.06 per cent. of the turbine output ; whilst the 
gain in efficiency of the turbine due to the improved 
vacuum was equivalent to an increase of 4 per cent. 
in the power with the same steam consumption. 

Although the above type of cooler is occasionally 
adopted in marine practice, no systematic tests 
appear to have been published, and the authors 
think that the above results may prove of some 
value to makers and users of condensing plant. 
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Centrifugal Pumping Machinery: The Theory and Prac- 
tice of Centrifugal and Turbine Pumps. By Cart 

Georcr pe Lava. New York and London: McGraw- 

Hill Book Company. [Price 12s. 6d. net. } 

‘‘Tuts book has been prepared with the idea of 
supplying accurate and definite information, which 
can be used in actual design. It attempts 
to set forth the underlying principles, which, if 
properly applied and used, will give the designer 
enough information to enable him to calculate 
results with reasonable certainty. . . . No 
attempt has been made to go into the history of 
the subject, or to treat it from an elementary 
standpoint, as it is assumed that the reader is 
familiar with the laws of hydraulics.” We extract 
the above passages from the preface of the book 
before us, as they give a clear indication of the 
intended scope of the work. 

We find the book contains much undoubtedly 
useful, practical data scattered throughout its pages, 
but, unfortunately, it is lacking in that clearness 
of expression and accuracy of statement so neces- 
sary in a technical work on a more or less abstruse 
subject. 

After some introductory pages, we notice a short 
chapter on ‘‘ Balancing Thrust,” and we are given 
a formula, 

g ’ 
for the amountof thrust T of “an impeller witha cross- 
section S, and a velocity V,at the hub.” Apparently, 
S is the area in square feet at the eye or inlet. Now, 
from inspection, this formula expresses the thrust as 
a function of the momentum of the water enterin 

the eye of a single-sided impeller. It is very wel 
known that the component of the total thrust due 
to this momentum alone is of practically negligible 
importance, and that the resultant thrust of an 
impeller is frequently in the opposite direction to 
this particular component ; hence some qualifica- 
tien is nevessary for the use of the formula, 


T= 3008S 





Possibly the impeller is meant to be approximately 
balanced in some such way as shown in Fig. 31— 
i.e., by bushing rings and balancing holes—but even 
with this qualification the formula cannot be relied 
upon, for it is not uncommon to encounter similar 
impellers, approximately balanced according to this 
principle, in which the resultant thrusts are in oppo- 
site directions. The designer must bear in mind 
that there are other factors, such as slight differ- 
ences, unavoidable in ordinary practice, between 
the leakage clearances on the two sides of an im- 
peller, de leitnens from a higher stage to a lower 
stage, which are frequently the predominating 
influences in determining the direction and magni- 
tude of the resultant thrust of an impeller. In 
fact, no simple formula can ever express the 
resultant thrust of an impeller to any close degree 
of accuracy. Experience of actual measurement of 
thrust with different conditions of wear, &., wi 
enable a designer to say roughly what are the limits, 

high and low, between which the resultant thrust 
may fall, but with individually balanced impellers 

these limits will usually be of opposite algebraic 
sign. With the majority of the numerous methods 
of hydraulic balancing now prevalent, it is usual, 

in the design of the impeller, to ensure that there 
is a decided thrust in one predetermined direction ; J 
the balancing-piston, disc, or step-drum, &c., being 
then designed to resist thrust automatically in this 
direction only. Experience tells what is likely to be 
the maximum thrust the particular type of impeller 
will ever develop, and the balancing device must 
be capable of resisting this thrust; it then auto- 

matically adjusts itself to any lower thrust that 
may prevail. 

On pages 15 and 53 we find a formula, 


W = 8132 x 1 x A? ft.-Ib., 
n2 

for the power absorbed in rotating an impeller and 
the body of water adjacent to the impeller sides. 
The formula is conveniently expressed in terms of 
the revolutions (n) and the head (h) against the 
pump. On the assumption that the peripheral 
speed of the disc is in the neighbourhood of 4/2 gh, 
which doubtless it is intended to be, we have com- 
pared the formula with several others that we have 
available, each one derived from experiments. We 
find that, though the constant is a fair average for 
the older experiments, such as those by Banki, 
Novak, and Hesse, it is rather low (actually less 
than.one-half) when compared with the formula of 
Professor Stodola and with the results obtained 
recently by Professor Gibson. The latter most 
important results were obtained on discs rotated 
in water under conditions purposely intended to 
embrace the conditions obtaining with a centrifugal 
~ impeller, and were published in paper 

o. 3862 in the Proceedings of the Institution of 
Civil Engineers, 1910. 

In the chapter we are now dealing with (Chapter 
V.) we count six times that the division stroke 
has been omitted in such expressions as a U?/2g, 
(V;)?/29, &c. ; the notation used is susceptible to 
this error, and on that account requires more than 
ordinary care in revision. To students and occa- 
sional readers of a subject, such errors are very 
confusing and often disheartening. Also we find 
errors regarding the hydraulic losses on pages 16 
and 17. ‘‘ The loss of head caused by changing of 


velocity at entrance of vane is ” 
(ACP os wu? _ (V—V, cot 6)? 
29 29 29 : 


and not 
“V-V, cot 0,” 
as given. 
Similarly, ‘‘ the loss of head at outlet of im- 
peller is” 
2 
OF { V — V3 (cot a + cot e) } 





29 
and not 

e ““V—Vsz (cot a + cot e)” 
as given. 

he book is copiously illustrated with curves 
showing different ways of plotting the three 
variables : speed, head, and capacity ; and show- 
ing the general shape when each one of these 
respectively is kept constant. The methods of 
plotting and the large variety of diagrams will 
prove of some interest to young designers and 
students. The book, however, is robbed of a much 
fuller value by the omission of the dimensions and 





particulars of any one of the impellers or guide- 
vanes and yolutes producing the characteristics 


illustrated—only outside views are given of the 
two pumps from which so many of the curves have 
been obtained—hence a discussion of this part is 
not possible. 

The method of plotting iso-efficiency curves across 
a series of constant-speed curves, as given in Fig. 14 
and many other figures, is most useful, and worthy 
of much more general adoption. The four variables 
—head, speed, quantity, and efficiency—are then 
embodied on the one diagram, and when any two 
are known it is possible to read the other two at a 
glance. This method has, to our knowledge, been 
most successfully used by at least one or two firms 
for the last four or five years. With the help of 
such diagrams the fullest advantage can be taken 
of standard pump patterns, and the correct selection 
of a pump ma 4 safely entrusted to one not con- 
versant with all the intricacies of centrifugal-pump 


will | design. 


Part II. we take to be the most serious part of 
the book. It presents three different analyses of 
actual methods of designing centrifugal pumps and 
a discussion of a screw pump. 

The first analysis is the most complete, and gives 
a treatment of impellers and guide-vanes ; some 
well-known formulz are stated, and two actual 
cases worked out for given conditions. We note, 

owever, that no emphasis whatever is placed on 
the importance of the area of the guide-vane throat; 
in fact, the dimensions of the throat are not calcu- 
lated anywhere. This is the vital part of any 
turbine pump, and we doubt whether any designer, 
without considerable experience of his own, could 
fix up sizes of a guide-vane, &c., with the informa- 
tion given; we think, nevertheless, designers will 
find suggestive data and interesting methods in 
this part of the volume. 

The second analysis is based throughout’ on 
Griinebaum’s equations for capacity - head and for 
capacity-power. It presents the experimental and 
a mathematical method of determining the constants 
A, B, and C, and 7, s, t, in the expressions :-— 

Av — Brug — Cu? = -29H, 
and 
ron. Q@+s.VP7Qit.W=L. 

Readers who are accustomed to English text- 
books should note that the first equation above is 
written negatively, hence the constants do not 
apply to the sameterms asin British books, where 
the equation would appear as :— 

Au? + Bu,v- Cv =2g9H. 

Griinebaum wrote his equations negatively 
because he used Zeuner’s equations for water- 
turbines, reversed. We do not see Mr. de Laval’s 
reasons for going contrary {o the majority of text- 
books. 

The mathematical formule for A, B, and C are 
also from Griinebaum, and, as shown by him, must 
be used with the utmost caution to get even ap- 
proximately correct results. 

We must take exception to some of the loose 
statements in this second analysis, particularly 
those in the last paragraph on page 48. It is 
said :— 

‘The relations existing show (a) that the capa- 
city varies directly with the speed, the head being 
constant ; (b) that the head will vary directly as the 
square of the s at constant capacity ; and (c) 
that the head will vary directly as the square of the 
capacity for constant speed.” The italics are our 
own. The three statements (a), (b), and (c) are 
misleading, and the true facts are of the utmost 
importance in centrifugal-pump design. If (4) 
were correct, the speed-quantity line in Fig. 43 
would be a straight line, which clearly it is not ; 
and if (b) were true, the curves in Fig. 24 would 
be parabolas, which also they are not. The actual 
fact is that (a) is true only when the head is con- 
stantly at zero; and (b) is only true when the 
capacity is constantly at zero. The third statement 
(c) is pure confusion ; even if it means anything a8 
a rough approximation, the head must vary inversely 
as the square of the capacity ; but even at that the 
impossibility of it as a general law will be readily 
seen by a study of the numerous constant-speed 
curves in the book. The truth is that the three 
variables—head, quantity, and speed—are inter- 
dependent wnatabien, and if one varies the other 
two must also vary, if their connection is to be 
expressed by simple laws of the first and second 
degree. Similarly loose statements occur at the top 
of page 52 with regard to the horse-power. To 
state the whole matter correctly in a sentence, ove 
might say :—When the speed of a centrifugal pump 
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is varied, the efficiency remains unaltered, provided 
that the head varies as the square of the speed and 
the quantity at the same time varies directly as the 
speed ; the power absorbed is then proportional to 
the cube of the speed. That is, briefly, when 
Qenand Ho n*, then evidently QH (or the 
power) « n°, The variations must be simul- 
taneous. It is quite wrong, however, to say :— 
‘The horse-power is directly proportional to the 
square of capacity if the speed is constant, and 
directly proportional to the cube of revolutions if 
the capacity is constant,”’ as is done on page 52. 

Referring to the ‘‘shorter method of finding 
characteristics,” that is, ‘‘ from the three elements 
two points and a tangent,” on page 58, we do not 
see it stated how the inclination of the tangent is to 
be found, and without this, of course, the curve 
cannot be drawn. 

The third analysis deals chiefly with impellers 
and gives some empirical formule from which 
various sizes and velocities are calculated. We 
cannot refrain from mentioning that though such 
statements as: V, should be larger than V, and V,, 
where V, is the radial velocity at the impeller peri- 
phery, V, the radial velocity at the inner impeller 
circumference, and V, is the velocity at the impeller 
eye, may be the author’s practice—and sound 
practice, too—many well-known firms do not adhere 
to this rule. It is certainly wise to make V, larger 
that V,, but it is fairly common practice to make 
V, less than either V, or V;, and so get a larger 
pressure gain in passing through the impeller itself. 

The chapter on screw pumps presents some 
novel data, including curves from an actual test on 
one of these pumps. Though such pumps are not 
very widely used, they form a cheap commercial 
article, which undoubtedly has a useful field and 
which has advantages for certain duties. We do not 
recollect encountering any published information 
on these pumps before, and we venture to think 
many will read this chapter with interest. 

The third, and last, section of this book deals with 
‘* Applications and Uses.” Several of the illustra- 
tions and curves have been published in this country 
before ; for instance, Figs. 89, 120, and 121 have 
been published as as illustration of the dock pumps 
at Tees Dock, Middlesbrough, and Fig. 90 has been 
ss as an illustration of the installation at 

essrs. Swan, Hunter and Wigham Richardson’s 
graving-dock, Wallsend-on-Tyne. 

_An attractive chapter in this section is Chapter 
XIX., on ‘‘Docks ;” several complete curves are 
given, taken from tests while emptying actual 
docks, These curves are all plotted on a ‘“‘ depth of 
water in dock” abscissa, and the importance of the 
average efficiency on this depth basis is emphasised. 
This raises the interesting question: Is this the 
right way to consider the average efficiency in a 
dock problem? For many years it has been the 
only way, but it is becoming more and more common 
for engineers to insist on graving-docks not only 
being emptied within a certain time and within a 
certain specified maximum horse-power, but also 
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with a consumption of not more than a guaranteed 
number of electrical (Board of Trade) units. This 
method brings into play the integration of the 
products gower x time throughout the emptying, 
and it is clearly seen that the ‘‘time-average” 
efficiency then becomes the more important, and 
not the ‘‘depth-average.” In practice it usually 
happens that there is a slight difference in the 
numerical value of these two efficiencies ; for the 
‘*depth- average” is affected by the shape of 
the dock section independently of the total quantity 
of water in the dock. 

In conclusion, we will say this book certainly 
any a lot of information for would-be designers, 
ut, as we have pointed out, it sadly requires 
careful revision in parts. Also we feel that the 
author has withheld information, some of which we 
have mentioned, and which, guided by the preface, 
we should have expected to find in the volume. 
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Town-LicuTINne IN Francr.—We read in L’ Electricien 
that of 10,000 townships in France having more than 1000 
inhabitants, about 6000 are without 4 blic lighting. 
Of the remainder, 4094, there are 1249 lighted by gas, 





2673 lighted by electricity, and 172 by acetylene. 
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COAST EROSION AND PROTECTION. 


| No. VI. 
By Ernest R. Marrnews, A.M. Inst. C.E., 
F.R.S. (Ed.), F.R.G.S., F.G.8., Borough 


Engineer of Bridlington. 

Orner Types or Protection sy Sea-WALLs. 

Sloping and Vertical-Face Sea- Walls.—Sea-walls 
of these types are the most common. The prin- 
cipal advantage of vertical walls is that they are 
economical in construction, the materials being 
placed to their greatest advantage. Almost invari- 
ably, however, walls of this type and sloping-face 
walls cost a great deal in the end, for they are 
usually provided with an apron, which is a costly 
addition, whereas in a stepped-face wall there is 
generally no need for this expenditure. The con- 
ditions of a harbour wall in deep water are alto- 
gether different from those of a sea-wall, which 
“uns parallel with the coast; and experiments as to 
the relative advantage of battered and vertical 
walls for harbour purposes form no guide in the 
case of sea-walls. It is sufficient here to point out 
that the dead-blow from a wave is more likely to 
result in damage to the structure when striking a 
vertical wall than when meeting a sloping-faced wall. 
Further, after the impact the wave falls at the toe 
of the wall, causing considerable scour, and dredg- 
ing out the materials from in front of the founda- 
tions—that is, if the wall has no apron. Walls 
have even collapsed as a result of this scouring 
action. Where it is necessary to construct an 
apron at the base of a wall, scour at the toe of 
the apron may usually be avoided by the employ- 
ment of a timber slope, as shown in Fig. 78. In 
the particular example there illustrated the toe 
is also protected by 1l-in. by 4-in. sheet-piling. 
Faggots may also be used to form on —e to 
prevent scouring by the sea at the base of a sea- 
wall. They may also be employed to prevent the 
inroads of the sea where rm is no permanent 
sea-defence. They are very economical as regards 
cost, and often prove most effective. In referring 
now to battered walls, walls with a batter of not less 
than 1 in 4 are here intended. 

In order of merit the various types of sea-walls 
may be placed as follows :— 

1. Stepped-face. 

2. Curved-face. 

3. Sloping-face. 

4. Vertical wall. 

One or two examples of sea-walls of the sloping 
and vertical types will now be described. 

Hove.—An illustration of a good wall of the 
battered type is given in Fig. 79, which represents 
a sea-wall constructed at Hove. This wall is 9 ft. 
in thickness at the base and 4 ft. at the top; it 
has a batter of 1 in4. The height of the wall is 
24 ft., and counterforts are placed every 12 ft. 
apart. The wall is faced with concrete blocks, and 
eve are faced with flints. It is surmounted by a 
stone coping. 

Hastings.—The new sea-wall at Caroline-place, 
Hastings, is another excellent example of a bat- 
tered-face wall. This was designed and constructed 
by Mr. Philip H. Palmer, M. Inst. C.E., the 
borough engineer. The structure is clearly illus- 
trated in Figs. 80 and 81, page 76, and, it will be 
seen, consists of a sloping-face sea-wall, faced with 
concrete blocks, which have basalt facing. It 
has a batter of 1 in 8, and the block facing is 
backed by 8 to 1 concrete of the following pro- 

rtions :—1 cement ; 2 sand; 6 beach. Counter- 
orts 3 ft. in thickness and 5 ft. in width are 


| built 30 ft. apart. The thickness of the wall at 
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Fics. 80 anp 81. 

















Fic. 84. Srorm Wave at Hastines; Ocroser, 1911. 


its base is 5 ft. 3in., and at top 4 ft. ; this is 
remarkably light, considering the exposed situa- 
tion, but the counterforts, of course, add consider- 
ably to its strength. It is exceptionally well built. 
The base of the wall is carried 2 ft. below bed 
rock, and splendid provision is made for throwing 
back the wave after it has struck the wall. The 
bull-nosed coping is a most useful arrangement ; 
this principle has been advocated in an earlier 
article. The concrete foundation for the flags at 
the back of the wall is also satisfactory, as is the 
construction of a bastion of the shape shown in 
Fig. 81, at the east end of the new wall; this 
prevents, to some extent, waves racing along the 
wall, with the consequent scouring effect already 

















Sea-Wati at Caronine-Piace, Hastines. 








Forster, Photographer. 
Fic. 82. Storm Wave at Hastines ; Marcu, 1911. 


Fic. 83. 





Forster, Photographer. 


Storm Wave at Hastines; Marcu, 1911. 








referred to. Flights of steps have been built 
where shown. 

Several severe storms have occurred since the 
erection of this wall. [Illustrations of one are 
iven in Figs. 82 and 83. This took place i 

arch, 1911. Fig. 84 shows a huge storm-wave 
striking this sea-defence in October, 1911. No 
damage worth speaking of occurred to the wall 
during either of these storms. The drawings illus- 
trating this work are reproduced by the courtesy 
of Mr. Palmer. The cost of this improvement was 
50261. 

Projecting Cornice.—The remarks made in a pre- 
vious article regarding the necessity of a projecting 
cornice apply equally to walls of the sloping and ver- 


| 
| 








Fie. 85. Prosectina Cornice on Hastinas Sea- WALL. 


tical-face type ; in fact, they are still more applic- 
able, since, owing to the more upright face of the 
wall, there is a tendency for the wave to shoot up 
after impact. Mr. P. H. Palmer has considerably 
improved many of the old sea-walls at Hastings by 
the pulling down of their upper portion, and add- 
ing to them a fairly heavy cornice (see Fig. 85). 
This has had a most beneficial effect, for whereas 
formerly the promenade at the back of these walls 
was extremely wet during a south-west gale, now 
little, if any, water comes over the walls on the 
sea-front. ; 
Cliff Protection.—A landowner will sometimes 
adopt what may be termed a ‘‘ rough and ready 


‘method of protection. The sea has to be kept 
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Figs. 88 anp 89. ComBinep TIMBER AND 











W. Fisher, Filey, Photographer. 
Fic. 90. ComBrinep Timper anp Russie Protection, Finey. 





back, and the landowner’s chief concern is naturally | tically nothing in upkeep. In fairness, however, 
to do this at as little cost as possible, quite irrespec-|to the builders, Messrs. Whitaker Brothers, it 
tive of uniformity of design or neatness of appear-| should be stated that the New Spa sea-wall, which 
ance. Many strange kinds of sea-defence works adjoins the wall shown, and which was also built 
are to be found around our coasts in consequence. by them, is a very creditable structure, being an 
One example only need be given. It occurs at | exceedingly well-built wall. 

Bridlington, on the south shore, and is shown in ’ 
Fig. 86. This wall has answered its purpose fairly | ComBrnep TimBeR and Rupee Sea-WaA ts. 
well, but at times has required considerable! Sewerby Sea-Defence, Bridlington.—Having now 
repairs. A well-built wall would have cost prac-| dealt with the characteristics of sea-walls of rein- 








Russie Protection, 





Freq, 89. 


W. Nair, Bridlington, Photographer, 
BRIDLINGTON. 


Fig. H. 


Plug set 
Marine Glue 





forced and plain concrete, protection by timber 
and rubble will be considered. An example of 
such construction is to be found at Bridlington. 
In Figs. 87, 88, and 89 a useful structure of the 
combined timber and rubble type of protection is 
illustrated. This was constructed at Bridlington ; 
the full length of this sea-defence is 305 yards. 
It was designed by Mr. R. R. Brown, formerly 
borough engineer, and ¢onstrueted in 1896, at a 
cost of 3000/., or 91. 16s. 8d. per lineal yard. 
Th eauthor was called upon to lengthen this sea- 
defence in 1899 to the extent of 82 yards ; this was 
done at a cost of 788/., or 91. 7s. 4d. per lineal yard. 
The original design was somewhat improved in 
this extension, and the cost of repairs to the 
added portion have been practically nil; the 
only expenses incurred have been in replacing 
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small quantities of the chalk pitching forming 
the slope above the timbering, some of thi 
occasionally getting washed off during heavy seas. 

The footpath is 21 ft. above clay-level, and 18 ft. 
above sand-level. The top of the back piles is 
14 ft. above clay-level, 11 ft. above sand-level, 
and 9 ft. above high water of spring tides. The 
actual construction of these sea-defences may be 
briefly described as follows :—They have two rows 
of pitch-pine piles, 12 in. by 12 in., placed 10 ft. 
apart, centre to centre. The back piles are 23 ft. 
in length, and are driven 10 ft. into the boulder 
clay ; the front piles, which are pitched 9 ft. in 
front of the od piles, are 15 ft. in length and 
are driven 9 ft. into the clay. A tie, 9 in. by 4in., 
connects the front and back piles. The face of 
this sea-defence is formed of planking. The planks, 
3 in. by 11 in., are placed 14 in. apart, and rest 
upon bearers, 9 in. by 6 in., placed at an angle of 
50 deg., to which they are secured by ribs, 4 in. b 
llin. The planking is filled in at the back wit' 
block chalk. Above this there is a chalk slope 
of 1 in 1.67. The back of this sea-defence is 
formed of horizontal planking, the planks, 4 in. by 
11 in., being placed 3 in. apart. This is backed by 
a clay puddle wall, 2 ft. 6in. in thickness, and 
behind this is sand filling. 9-in. and 6-in. sanitary 
pipes convey the subsoil water from the back of the 
puddle-wall on to the foreshore. The top of each 
of the back piles is covered with a zinc plate. 
Wrought-iron 18-lb. pile-shoes were used. The 
planking is of red wood, and all the timber is 
creosoted. Where economy is of the greatest 
importance, and appearance quite a secondary 
consideration, a sea-defence of this type may be 
constructed. The block -chalk pitching might, 
however, be dispensed with, re the planking 
continued to the top, as shown in Fig. 88. This 
design is to be recommended, although it adds 
slightly to the cost. A similar sea-defence may 
be seen at Filey, and is illustrated in Fig. 90. 

One advantege of a sea-defence of this kind has 
still to be mentioned. The timber jetty forms a 
cushion for the waves to beat upon, much more 
elastic in character than a masonry sea-wall. 


Comptnep TimsperR anp Concrete Sgea-WaALts. 


Sea-Wall on the Earl of Radnor’s Estate, Folke- 
stone.—Some very interesting sea-walls have been 
built at Folkestone to protect the estate of the Earl 
of Radnor. One of these, built of reinforced con- 
crete, has already been described ; another is illus- 
trated in Fig. 91. This sea-wall was erected in 
1905-6, and is 2008 ft. in length. It is constructed 
of timber with concrete backing. The piles were 
driven at 5-ft. centres, and the whole of the timber 
was creosoted. It was originally intended that the 
backing to the breastwork should be of chalk, but 
this was afterwards altered to concrete. This wall, 
of course, needs occasional slight repairs; apart 
from this it is a very useful type of sea-defence and 
is answering its purpose well, The wall was built 
by the estate staff, and reflects great credit upon 
them and the agent, Mr. L. G. A. Collins, who 
kindly furnished the particulars here given re- 
garding it. The piles, which are 12 in. by 12-in., 
are driven in at a batter of 1 in 6, after which 9-in. 
by 3-in. planking was secured at the back of them. A 
trench was then formed behind this and filled with 
7 to 1 Portland cement concrete put in layers not 
exceeding 18 in, This wall is 4 ft. 3 in. in thickness 
at the base and 2 ft. 3 in. at the top, and has a 
vertical back. The foundations are carried well 
into the hard gault. A 12-in. by 12-in. waling, 
carried on cleats, has been bolted to the face of the 

iles, and runs the whole length of the structure. 

ossibly concrete might have been preferable in 
the construction of the walk on the top of the wall, 
and the foundations of the wall might have been 
carried to a greater depth with advantage. 

Natural Protection of Sand-Dunes.—Sand-dunes 
may be, and often are, protected in England by 
encouraging the wth of marram-grass. This 
method of protection may be seen on the Lincoln- 
shire coast and also on the coast of Norfolk. On 


the banks of the Mersey it may also be found. | load 


While this grass has in places had a binding effect 
— the sand which forms the dune, such a method 
of protection is very unreliable. On the Norfolk 
coast, for example, where the dunes are protected 
partly by artificial means and y by marram- 


grass, the sea is actually encroaching. It should be 
mentioned, however, that the planting of marram- 
grass in a systematic manner is not carried out 
in this country as it is in Holland. 





THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Skinner, M. Am. Soc., C.E. 
(Continued from page 44.) 

Some general views of the process of erection 
of the bridge are reproduced in Figs. 22 to 27, 
Plate III., and in later issues engravings will be 
given illustrating in full detail the construction of 
the very heavy bridge members necessarily adopted. 

The Design of the Superstructwre —The super- 
structure, although nominally designed for two 
tracks, really serves for four-track traffic, because 
each of the tracks is gauntleted with another track, 
providing connections for all the four tracks in the 
approaches. The total weight of the superstruc- 
ture is 16,000 tons, which cost about 1,300,000 dols. 
erected. The total weight of the superstructure 
between anchotages is 13,790 tons. The 285-ft. 
suspended. centre span weighs 1548 tons. The 
aaabed and cantilever arms, together with the steel 
in their bearings and anchorages, weigh 12,242 tons. 
These weights include the floor, which weighs 
about 3000 lb. per lineal foot. 

Loading and Stresses.—The trusses, the general 
character of which is well shown in the key plans 
and stress diagrams, Figs. 28 to 31, and Figs. 32 
to 35, pages 79 and 80, are proportioned for the 
computed dead loads at each panel point, for a live 
load consisting of Cooper’s ‘‘ E54” loading* cover- 
ing the entire length of both tracks, for an im- 
pact of 100 per cent. on the hangers ; and of 


tx or on other members, where / is the live 
load and d is the dead load. The floor is propor- 
tioned for ‘‘ E60” loading on the stringers, and for 
‘*E 54” loading on the floor beams. The lateral 
stresses were calculated on the basis of the exposed 
surface of two trusses and the floor. Where members 
cover each other horizontally the wind pressure is 
assumed to act under an angle of 10 deg., and to be 
30 lb. per sq. ft. total, 10 1b. of which is considered 
as uniform over the whole structure, whilst 20 lb. is 
considered as a moving load. The cross-sections of 
the lateral members are proportioned for a unit 
stress of 20,000 lb. per sq. in. in tension and 
18,000 lb. per sq. in. (properly reduced) in com- 
pression, and all diagonals are designed to act as 
a double system, each taking one-half the lateral 
shear in tension or compression. The chords are 
proportioned for total stresses of 22,000 lb. per 
sq. in. in tension and 20,000 lb. (properly reduced) 
in compression. The maximum tension allowed 
from live, dead, and impact loads is 16,000 lb. per 
sq. in., and the maximum compression is 14,000 lb. 

r sq. in. for members having a ratio of length to 
width of 42, a proportion which is not attained in 
the large truss members. Maximum compression 
stresses of 18,000 lb. (properly redu were 
allowed for erection. Shearing stresses were 
taken at 11,000 lb. net, bearing stresses at 
22,000 Ib., and bending stresses on the pins at 
24,000 lb. As the result of experiments made on 
3-in., 6-in., 8-in., “and 12-in. diameter rollers, 
they were proportioned for loads of 6000 lb. per 
lineal inch. The maximum stresses and correspond- 
ing cross-sectional areas of the principal members 
of the trusses are, in accordance with these 
assumptions, 9,100,000 lb. (including wind) and 
480 sq. in. in the top chord ; 8,795,000 lb. (includ- 
ing wind) and 466.50 sq. in. in ‘the bottom chord ; 
9,392,000 lb. (dead + live + impact, exclusive of 
wind) and 640 sq. in. in the main vertical post ; 
12,558,000 lb. bearing on the main piers; 2,249,000 lb. 
vertical uplift, and 2,071,000 Ib. vertical pressure 
at each anchorage. Denoting by L the length of 
the member and its radius of gyration by R, the 
cross-sectional area of the compression chord was 
nominally determined by the formula 
g— 16,000 

I? , 
1+ 12,000 R? 


* In 1894 Mr. Theodore Cooper proposed a series of 
conventional wheel-loads representing certain standard 
i any one of which can be obtained from any 
other the use of a constant multiplier. The load 
— oun deed two ae of t as vamp 
type follo y a train of cars, this train being 

as equivalent to a series of loads applied at intervals of 
10 ft. For the “‘E 54” loading the axle-loads of the 
locomotives are taken as 54,000 Ib., and the weight of 
the train as 5400 Ib. per foot. For the ‘‘ E60” loading 
these figures would become 60,000 Ib. and 6000 lb. respec- 
tively. This system of representing loadings has been 








adopted by a number of American railroads, and it has 
many conveniences. 


but the depth required for the connections in the 
bottom chords gave values of the stress exceeding 
14,000 Ib., and accordingly 14,000 lb. was finally 
determined on as the maximum limit for it, irre- 
spective of the formula, which it was therefore not 
necessary to use in most cases. 

Materials.—The riveted members are made of 
open-hearth steel, specimen tests of which showed 
an average ultimate strength of about 60,000 lb. 
and an elastic limit of about 33,000 lb. per sq. in. 
The rivets are made of steel with an ultimate 
strength of 52,000 lb. and an elastic limit of 
30,000 lb., and the pins have a strength of 
66,000 Ib. and an elastic limit of 36,000 lb. The 
cast steel in the pedestals developed an ultimate 
strength of 75,000 lb. and an elastic limit of 
37,500 lb. per sq. in., with an elongation of from 
24 to 28 per cent. in the length of 2 in., and a 
reduction of area of 50 per cent. at the point of 
fracture, the specified requirements being 10 per 
cent. elongation and 25 per cent. reduction of area. 
Some of the important bearing surfaces were made 
of manganese-bronze, which under tests showed a 
tensile strength of 75,000 lb. per sq. in., an elastic 
limit of 36,000 lb. per sq. in., and an elongation of 
25 per cent. in 2 in., and the reduction of area was 
25 per cent. at the point of fracture. In compression 
tests the elastic limit was 28,000 lb. per sq. in., with 
a permanent set not exceeding ,\; in. under a load 
of 100,000 lb. Bending pieces were bent 120 deg. 
around a diameter eq to the thickness of the 
metal without breaking. Full-sized eye-bars selected 
from the finished members, and tested to destruc- 
tion, developed elastic limits between 33,000 lb. 
and 36,300 lb., an ultimate strength between 
56,000 lb. and 66,000 lb., and an elongation not 
less than 12 per cent. in 10 measured feet. The 
materials and methods of manufacture were selected 
by the contractor, subject to the approval of the 
engineer. 

rinciples of Design.—Although the channel span 
of the Beaver Bridge is by no means the longest 
cantilever span which has been erected, yet the 
unsually heavy live loads, moderate unit stresses, 
and allowance for impact and wind pressure, have 
made it one of the heaviest double-track spans 
hitherto built, and have produced members of 
weights and dimensions closely approaching existing 
limits of fabrication and transportation. 

Stress-Sheet.—The general design was prepared 
by the engineering department of the Pittsburg 
and Lake Erie Railroad Company, through its con- 
sulting engineer, Mr. Albert Lucius, New York. 
On this the contract was awarded to a competitive 
bid by the McClintic-Marshall Construction Com- 
pany, Pittsburg, Pa., who, under the contract, 
assumed responsibility for design, construction, and 
erection. ‘I'he contract stress-sheet and typical 
details were prepared from assumed dead loads. 
The contractor was allowed to make modifications 
of the details, calculated to expedite work, which 
were adopted subject to the approval of the con- 
sulting engineer, and a new estimate based upon 
them gave somewhat heavier dead loads, with 
which, after adding a percentage allowing for the 
weight added on account of the original too light 
assumptions, a second stress-sheet was prepared. 
This was used for the final details, and after the 
designs for the members were completed their 
weights were accurately estimated, and were found 
to vary so little from the last assumed dead load 
(not over 2 per cent.) that the stress-sheet was con- 


. | sidered correct, and was not further modified. The 


trusses were cambered so as to have the lower chords 
horizontal when under the dead load only, and the 
theoretical lengths of the members were made to 
correspond with the deformations due to dead-load 
stresses, and to produce this result in the assembled 
structure, 

The engineers were uired to secure the Lest 
possible design and with very few restrictions 
except those due to the limited capacities of the 
mills, of the shops, and of transportation facilities. 
The depth of the floor was reduced as much 4s 

ible in order to involve a minimum elevation 
or the base of rail and still conform to the require- 
ments of the War Department for the clearance 
above water level. The most important feature of 
the design was the consistent development of all 
portions of the bridge as elements of a great 
structure designed throughout in accordance with 
its magnitude, rather than as ordinary bridge 
members enlarged from the much smaller pieces 
used in ordinary spans. 








The wide difference in stresses, materials, condi- 
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M. 7-L. 7 245. 7| -- 245. 7 _ 157; — 618.4 4-1570 16,000 | 40.5 M. 5—U. 6 200.0 | 200.0 |4 eye- -bars, 16 in. x2} in.; 2 eye-bars, 16 in. Rab in. 
M. 7—L. 8 |} — | 143.2 65.5) — 169.0; 377.7 - 169 10,250 36.8 L. 5—M. 5 a 42.2 4 L’s, 8 in. x6 in. x } in. 2 plates, 20 in. x y’, in. 
L.. 8—U. 8 434.8; — 244.0 — 341 — | 1019.8 + 340 16,000 | 63.6 L 6—U. 6 132.3 132.3 |4 L's, 8 in. x6 in. x} in.; 2 plates, 34 ie) x din.; 2 plates, 48 
U. 8—U. 9 2760.0| — |1189.0/ — | 3680| — | 7635.0 +4230 | 16,000 | 477.0 18 in. x in.; 8.L. (L., 7 in. x84 in. x yy in.) 
U. 8—M. 9 414.0) 907.6) — 439.0) — 970.0' 2316.6 - 865 13,650 | 169.0 U. 6—U.8 471.5 | 364. 0 8 L's, 8 in. x8 in. x}in.; 4 plates, 2610.xjin.; 8 plates, 30 
L. 8—M. 9 | 180.8| 143.2| 145.0) — | 45) — 469.0 + 520 | 16,000 | 20.3 42 in. x} in.; D.L., 6 in. x #% in. 
L. 9—M. 9 | 245.7; — 245.7; — 159 — | 660.4 + 159 16,000 | 40.6 L. 6—M. ;— | 192.0 6 eye-bars, 16 in. x 2 in. - 
M. 9—U. 9 | 309.0; — 150.0) — | 828 -— 787.0 , + 440 16,000 | 49.2 M. 7—U. 8 | — | 204.0 6 eye-bars, 16 in. x 2} in. - 
U.9—U.10  |2925.4) — |1252.0/ — | so10| - 8087.4 | +4490 | 16,000 505.0 /M.7—L.7&L.9—M.9| — | 42.2 4L’s, 8 in. x6in. x} in.; 2 plates, 20 in. x ,% in. z 
M. 9—L. 10 594.9 | 1053.4) — .0| — | 925.0) 2538.4] — 795 | 18,650 186.0 M. 7—L. 8 37.7, — (4 L’s, Gin. x4in. x, in.; two plates, 24 in x y, in. 82 
L.8—L.10 | — |27481| — |1370.0) — |2780.0| 6898.1} -3350 | 14,000 492.0 L. S—U. 8 | $0.1 | 67.4 4L’s, 8 in. x8 in. x ;’; in.; 2 plates, 33 in. x 44 in. 48 
L. 10—U. 10 | — {|8232.0' — |12900 — /|4870.0 9392.0 — 5520 14,000 670.0 | 1, 8—U. 9 | - 160.0 8 eye-bars, 16 in. xz in.; 6 bars, 16 in. x 2} in. = 
| | U. 8—M.9 — | 187.7 4L’s, 8in. x8 in. x} in.; 4 L's, 8in.x6in.xjin.; 2 plates,, 46 
. Se fo aoe ee c } 42 in. x4 in.; 2 plaves, 26 in, x #, in.; D.L., 64 in. x § in. 
| L, 8—M. 9 -- 29.8 4 L’s, 6 in. x4 in. of ht 24 in. x yi, in. 82 
End stringers (34 ft. long): shear, live load, 715; impact, 67.3; dead, 6.8—total, 115.6. | er A 55.6 one 4 Lis, 8 in. x6 in. ” Win. 2 plates, 20 in. x’, in. - 
Bending moment, live load, 525 0; impact, 473.0; dead, 57.8—total, 1055.8. Erd floor bam: M. 9—L. 10 210.4! — 4L’ a 8 io. xBi in. x} in.; 4L’s, 8 in. x6in.xJin.; 2 platee 46 
shear, live load, 184; impact, 151; dead, 40,0—total, 375.0. Bending moment: live load, | — 42 in. x] in.; 2 plates, 26 in. > ip. awe, 
sad impact, 1590 ; dead, 430—total, 4045. Intermediate stringers: shear, live load, 69.0 L.8 L.10 466.5| — 41's, 8in. x8 in. x}in.; SL's, 8in.x8in.xJin.; 6 webs,| 20 
pact, 63.2; dead, 6.4—total, 138.6. Bending moment: live load, 478.2; ; impact, 432.0; 60 in. xj in. | 
dead, 51.2—total, 961.4. Intermediate floor beams: shear, live load, 245.7 ; impact, 197.2 ; L.10—U.10 |6389| — 4 U's, 8in.x8in.xgin.; 4L’s, 8in.x6in.xJio.; 4 Ls) ge 


dead, 61. 3—total, 604.2. 


total, 5403.9. 


section, 59 in. 
flanges, 2 L’s, 6 
by yin. ; 
sin. 

sections, 924 


four 
Stri 


Py Aa by om a. A 
plates, 17 


rs on Ls line of 


in. Bottom flan 


b 


Bending moment : live load, 2642" 0; 


ge 
ridge : one web plate, 47} 
by § in.; flanges, 2 L’s, 8 in. by 8 in. by 3 in. ; two fillers, 8 in. by 


impact, 2135.0; dead, 626. — 





: two angles, 


n. by j in.; 


Floor Beams and Stringers — End gtetngee, 34 ft. long : one oooh, 47} in. by 2 in. 
2 L’s, 8 in. by 8 in. by } in.; two fillers, 8 in. by 3 in.; 
a Intermediate floor beams : web end sections, 59 in. 





one 


4 L's, 


4 


y 1, in. ; intermediate section 
8 in. by 8in. by } in.; two fillers, 8 in. by bi ; sone plate, 
6in. by Gin. b: 

in.; two plates, 17} in. 4 


17} in. by jin.; three 
, 59 


8 in. x6 in. x} in; 


4 L's, 8 in. x8 in. x 


x } in.; 


plates, | 


66 in. xj in.; 5 mee xg in.; 2 fillers, 174in. Pi in| 


4 fillers, 6 in. x ¥, in 


Nore, —8.L. =single latticing ; D.L. =double latticing. 
; flanges, 2 L’s, 6 in. by 6 in. by } in. 


End floor beams : one web, end sections, 59 in. by 1 in.; 


in. b 


intermediate 
tes, me. by 4 in. Intermediate stringer : one web plate, 473 in, by § in. 


y § in. ; top flange, 2 L’s, 8 in. by 8 in. by tin; two fillers, 8in. 
in. by } in. ; two plates, 20} in by § in. ; one plate, 20) in. by 


Floor beam at tower: 


end section of web, 92} in. by 1} in. 


; intermediate 
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THE BEAVER BRIDGE OVER THE OHIO RIVER. 
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Cuannet Span: Stresses 1N Members Reckongp In 1000-Lz. Units, Make-Up or Cuannet Span MEmBers. 
) 4 | ‘ | € 
Live Loap. Imvact. Deav Loan | 2 : : ¢ = e ie s 2 
| | =|2 
i a ol, \42 | & | ge / 4s £ |g | Eri: 
Desig nation of A : + ae Sree £ . B nh ¢ Designation of | | $ ako 
Meer! 2/8.) 2 le.) ¢ | b.| Bb] 8 | ag] fy | enero. 8. - wae 
4 a = nm a &s 3S St = | ma) 
5 |88| & | 82 2 \es| g2] 3 bf4 | 3% bs | sg |= 3 
& Sle |d*/ & [54] x° P| are | Ze oN 2% | ea 
U. 19—U. 11 [2925.4 1253.4) — | 3010| — | 80888 | +4490 | 16,000 | 505.5 || U. 10—U. 11 — |4 480.0 | 16 eye-bars, 16 in. x19 in. rz 
U. 11—U. 12 [2766.0 1183.0) — 3680 — 7629.0 +4230 16,000 | 477.0 U. M—U., 12 — | 460.0 | 8 eye-bars, 16 in. x2 in.; 6 eye-bars, 16 in. x 2} in. }— 
° 1. 10—L,. 12 2272.0; — |1030.0; — | 2740 | 6042.0 —2455 | 14,000 431.0 L. 10—L. 12 | 416.5| — | 4 webs, 60 in. xj in.; 2 side- an 44 in. x §in.; 8 L’s, 8in.x8in.| 2 
L. 10—V. 11 711.6 295.0) - 1000 | 2006.0 -1130 | 13,700 | 146.5 i | xg in.; 4 angles, 8 in. x8 in x} in. | 
M. 11—U. 11 | 300.0) — 152.5) — 317; — 778.5 + 307 | 16,000 | 48.6 || L.10—M.11 | 152.7) — | 2 plates, 42in gin. ; 4 L’s, Sin. x6in. x gin.; 4L’s,8in.x8in.xjin.| 44 
M. 11—U. 12 652.5] — | 262.0} — | 1085 | 1930.5 | -1145 | 13,700 | 1415 || M.11—U.11 | 55.5 | 47.4 | 2 plates, 20 in. x 7s in.; 4 L’s, 8 in. x6 in. x§ in — 
M. 11—L. 12 177.0} 141.4) 147.8) 0 85); — 466.2 + 350 | 16,000 | 28,1 M. 11—U.12 | 152.7| — | 2plates, 42 in. xg in.; 4L’e,8in. x6in. x fin. ; 4 L's, 8in.xSin.xfin.| 44 
M. 11—L. 11 245.7 - 245.7 145 — 636.4 + 158 | 16,000 | 399 M. 11 —L, 12 37.7 | 31.7 | 2 plates, 24 in. x ig in. ; 4 L’s, 6 in. x 4 in. Xe in. 32 
L. 12—U. 12 | 413.0 250.0) — 271 = 934.0 + 340 | 16,000 | 58.2 M. 11—L. 11 49.2 | 42.2 | 2 plates, 20 in. x  im.; 4 L's, § in. x6 in, x} in. - 
U. 12—U. 13 |1775.0) — | 823.0) — | 2040 | — | 4638.0 | +3055 | 16,000 | 290.0 || L. 12—-U.12 | 80.1| 67.4 2 plates, 33 in. x #4 in. ; 4 L’s, 8 in. x8 in. x y’ in. 48 
U. 12 > 13 = 4 566.0) — 1670 - = = papa 221.0 = a 13 pes i; — | he ar Soong hog sag in. - 
M. 18—L. 12 .0) 143.2 92.0) — - 3 | 5 31.4 J, 12—M.13 | 224.0; — | 16 in. x 1}.in. _ 
M. 13—L. 13 245.7 245.7; — 144 _ 635.4 + 161 16,000 | 39.8 M,. 13—L. 12 37.7; — 13 fe nee 24 in. X 7, in. ; ; 4 L’s, 6 in. x 4 in. x y, in. 82 
M. 13—L. 14 | 1261.5 559.0) — | 1590; — | 3410.5 +1180 | 16,000 | 213.0|| M. 13—L. 13 — | — | 2 plates, 20 in. x yin. ; 4 L's, 8 in. x6 in. x} in. 
M. 18—U. 18 147.2 - 104.655 — 61 — 312.7 - 4 | 12,150 | 38.1 M. 13—L. 14 | 204.0| — | 6 eye-bars, 16 in. x2) in. 
U. 18—U. 14 {1721.2 - 800.0) — 1990 - 4511.2 +2000 16,000 | 282.0 M. 18—U.13 | 37.3; - | 2 plates, 16} in, x § in. ; 4 L’s, 6 in. x 4 in. x ¥, in. 76 
U. 4—L. 14 - 846.5) - 374.0) -- 1070 | 2290.5 680 13,800 | 166.0 U. 18—U. 14 | 273.0 _ i2 eye-bars, 14 in. x 1§ jin. _ 
U. 14—U. 15 | 920.0 443.0) — 990 | — | 2358.0 +2160 16,000 | 147.0 U. 14—L. 14 | 160.8) — 2 plates, 40 in. x} in.; 2 plates, 40 in. x }} in.; 4L’s,8in.x8in.x jin.) 44 
M. 15—U. 14 | 1885.0 - 639.0) - 1620 3644.0 +1290 16,000 | 228.0 U. 14—U. 15 141.75) 6 eye-bars, 14 in. x 1}} in. — 
M, 1*—L. 14 400) 137.4 84.5 85 306.5 - 350 11,000 | 27.8 M. 15—U.14 | 2240) — | 8e e-bars, 16 in. x 1} in. — 
L, 12—L. 14 | 2200.0 990.0 2690 | 5880.0 - 3410 14,000 | 420.0 || M. 15—L. 14 342) — | 2 plates, 20in. x”, in ; 4 L’s, 6in x4in xy, 74 
. M4 16 | on 1635.0 ae 774.0 ro 1820 “ae Fg a. 7. L. 12—L. 14 | 408.7) — 4 — eyed 4 side- "plates, 134 in. “od 8 L's, 8in.x8in.| 20 
6—L. 15 | 225.0 225.0 7i « z + . 8 x}in.; 4 L’s, 8in x8 in x 
~ 15 4 16 er = — | 1530; - ae + = gd er L. 14—L. 16 | 3037) — | 2 er 60 dere ye tate ah 134 in. xj in.; 8L’s 8in.x8in.| 17 
15—U. 16 } a 30 _ + 4 5 L | xgin.; 4 ’s, 8 in. y Sin in. 
U. 15—U. 16 | 905.0 : 436.0) - 970 | — | 2311.0 +2125 | 16,000 | 144.5 || M. 15—L. 15 45.7 39.0, 2 plates, 19 in. xin. ; 4 L’s, 8in x6 in. x4 in. 
U. 1¢—-L. 16 | 44.0}. 101.0 60.0 70 | 231.0 | — 224 | 18,600} 17.0|| M.15—L. 16 | 216.0) — | 8 eye-bars, 16 in. <1] in. 
U. 16--U. 17 | 876.4 432.0) — 900 | — | 2208.4 + 2080 16,000 | 138.0 M. 15—U. 15 33.2) — 2 plates, 164 in. x}in ; ; 4 L's, 6in x4 in. x in. | 61 
U. 16—M. 17 187.1} 47.8) 92.4 110 -- 359.5 + 344 16,000 | 22.5 U. 15—U. 16 | 141.75) — | 6 eye-bars, 14 in. x1fh in. - 
~ 17 = 16 tele 1279.5 oma 618.0 1360 = Py _ 233.0 > - Bd _ @bye-tars, 101 xsi an. 4 L’s, 6 in. x4 in. x 7, in. 46 
» 17 > Me 5. Y _— 1l4 _ + I y 85.2 J 7 3 — | 6eye- 4 in. x18 in _ 
M, 17—U. 18 1255.6; - 623.4; — 1275 | 3153.0 -1190 | 14,000 | 225.0 U. 16—M. 17 26.5 | 22.3 2 45-Ib. channels. - 
M. 17—U. 17 68.5 48.5) — 28 oa 145.0 ~ 343 18,720 | 25.0 M. 17—L. 16 | 231.7; — | 4 plates, 42i “ x gin.; 2 plates, 26 in. x Pin. ; 4 L’s, Sin. x Sin. x fin.) 32 
U. 17—U. 18 | 867.5 428.0) — §90 | — | 2185.5 + 2060 16,000 | 136.5 L. 17—M. 17 _ — | 2 plates, 19 in. x4 in.; 4 L’s, 8 in. x6 in. x} in. _ 
L. 18—U. 18 | 982.1 500.0) — 941 — | 2423.1 + 680 15,220 | 159.2 M. 17—U.18 | 221.9; — | 4 plates, 42 in. x jin.; '2 plates, 26in. x ys in.; 4 L’s, Sin. x8in. x fin.) 32 
L. 18—M. 19 11526) — 603.0) - 1055 | 2810.6 - 14,000 | 201.0 M. 17—U. 17 33.2; — | 2 plates, 16} in. x4 in.; 4 L’s, 6 in. x 4 in. x ¥, in. 61 
M, 19—U, 20 — 996.4) - 612.0; — 940 | 2448.4 - 12 14,000 | 175.0 U. 17—U. 18 | 186.5) — 6 eye-bars, 14 in. x 1§ i in. _ 
L. 19—M. 19 | 225.0 225.0) — 88 -— 538.0 + 100 16,000 | 33.6 L. 18—U. 18 | 178.4 | 151.7 | 6 plates, 40 in. x§ in.; 4 L’s, 6 in. x6 in. x 2 i - 
L. 18—L. 20 | 815.1 | 425.5) - 747 - 1987.6 - 670 16,000 | 124.0 L. 18—M. 19 | 192.7; — 8 L’s, 6 in. x 6 in. x }3 ‘in; 4 webs, 40 in. x } in. 28 
M. 19—L, 20 - 159.2 + 92.4) — 115 | 366.6 + 210 13,050 | 28.0 || M.19—U.20 | 171.7; — | 8L’s, Gin. x6 in. x jj in.; 2 webs, 40in. x} in.; 2 webs, 40in. xgin.;| 17.6 
M. 19—U. 19 | mS = 22 td { + 380 ~ 22.1 4 fillers, 6 in. x § in. 
: , - 359 - L. 19—M. 19 43.3 | 37.1 | 2 plates, 19 in. x ‘; in.; 4 L’s, 8 in. x6 in. x4 in. _ 
L, 20—U. 20 | 392.7 233.0) 270; — 895.7 + 205 16,000 | 56.0 L, 18—L. 20 | 143.2 | 122.2 | 4 webs, 364 in. x j in.; ‘4 L’s, 6 in. x6 in. x } in. 28 
U. 20—U. 22 - 1032.6) - 532.0) — 975 | 2539.6 + 35 14,000 | 181.2 M. 19—L. 20 30.7; — | Hime 20in. X ye in. 5 4 L's, 4in. x4 in X fein. 52 
U. 20—M. 21 | 585.6 334.0) — 440 1359.6 + 680 16,000 | 85.0|| M. 19—U.19 30.9 25.9 | 4L’s, 3) in. x34 in. xg jin ; 2 plates, 24 in. x y’, in. - 
M. 21—L. 20 169.2 96.0) — 105 360.2 - 13,050 | 27.7 L. 20—U. 2 67.0) 55.0) 4 plates, 26 in. x} in. 3 4L’s,4in x4 in. xin. - 
L. 20—L. 22 815.1; — 425.5) - 747 _ 1987.6 - 440 16,000 | 124.0 U. 20—U. 22 | 187.5) — 8 L’s, 6 in. x 6in. x} in. ; 4 webs, 40 in x } in. | 24 
» 21 ~M 21 225.0; — 225.0) - 87 _ 537.0 + 90 16,000 .6 U. 22—M. 21 26.0; — 2 bars, Sin x 1g in. 
M, 21—U. 22 | 152.0) — | 1520) — 0 0 304.0 0 16,000 | 19.0|| M.21—L.20 | 30.7|/ — | 2 plates, 20 in. x 3 4 L’s, 4in. x 4in. x yy in. 52 
M. 21- L. 22 | 566.0) — 356.0) — 335 | — 1255.0 + 580 16,000 | 78.5 L. 20—L. 22 | 143.2 | 1222) 4 webs, 364 in xe ‘4 L’s, 6in. x6 in. x } in. 28 
U. 22—L, 22 —_ 280.0) — 188.0) — 136 | 604.0 - 285 | 13,850 / 43.6|| L. 21—M. 21 oa 37.1 | 2 plates, 19 in. x ys in. ; 4 L's, 8 in. x6 in. x in. - 
U. 33 U. 28 — |1081.0; — 549.0) — 1050 | 2680.0 0 14,000 | 191.0 M. 21—L, 22 780; — 4 eye-bars, 12 in. x 18 in. 
U. 22—M. 23 394 0 - 314.0 - 100 _— 808.0 + 6560 16,000 | 50.5 M, 21—U.22 26 | _- 2 eye-bars, 8 in. x1 in. - 
M. 23-—-L. 22 | 282.3 | 282.3) — Oo; — 564.6 0 16,000 | 35.3|| U. 22—L, 22 44.3| — | 2 plates, 26 in. X y's in.; 4 L’s, 4 in. x 4 in. x} in. 43 
M. 23—L. 23 | 225.0 225.0; — | o#/ — 544.0 _ 16,000 | 34.0 || U. 22—U. 23 | 187.5| — | 8L’s, 6in. x6 in. x} in.; 4 webs, 40 in. x } in. ; 24 
L. 22—L. 23 |1082.6 622.0} — | 975.0] — | 2539.6 0 16,000 | 158.7 || U.22—M.23 | 525) — | 4e nd oe 10 in. x14 in. | - 
} ! M. 23—L, 22 52.0 | = 4 bars, 8 in. x1 in. - 
M. 23—L. 23 — | 87.1 — 19 in X ys in} 4L’s, 8in. x6 in. x} in. - 
L, 22-—L. 23 — | 157.5! 6 bars, }4 in. x1] in. i= 
Nore.—Latticing of Members same as in Anchor Span. 
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tions and requirements between this bridge and 
bridges of ordinary dimensions required original 
treatment, and developed new solutions of important 
problems, modified details and special methods of 
fabrication and erection, some of which have 
already been adopted for subsequent large struc- 
tures. Special consideration was given to the type 
and proportions of the structure, to actual ultimate 
stresses, to the elimination of secondary stresses, 
to reverse stresses and reactions, to the transfer of 
wind stresses, to provision for expansion, to the 
type and details of main compression members, 
bearings, connections, methods and plant for the 
fabrication, shipment and erection; to testing, 
inspection, and to the measurement of stresses 
developed in the finished structure. 

Specifications of Design.—The design conforms in 
general to the plans and to the standard specifica- 
tions of the railroad company, with liberal allow- 
ances, subject to the approval of the consulting 
engineer, for modifications calculated to facilitate 
the work. The general methods and important 
features of design were broadly covered by the 
special specifications, which provided that all joints, 
connections, and splices should be worked out to 
give the greatest efficiency with the least amount of 
material. That the general scheme of bridge 
members, their connections and attachments, and 
the proportioning of joints and splices should 
correspond to the contract drawings. That where 
sutticiently large plates could be procured, or where 
splice-plate connections could be kept within ship- 
ping limits, the rivet attachments should be in 
single shear, so that all members could be readily 
assembled and thoroughly fitted to each other in 
the field. That when double shear connections 
became necessary, the plates making them should 
be left loose or only partly riveted, to facilitate field 
assembling and correct fits. That all riveted joints, 
splices and connections should be shop-riveted 
to the members to the greatest possible extent per- 
missible with the actual shipping facilities and the 
feasibility of field assembling. That riveted joints, 
splices, and connections should be proportioned for 
the total amount of strain to be transferred, both 
as to section and as to the number of rivets 





required. That no allowance should be made for 





Fic. 7. 
butt joints in compression members. The shop 
fabrication was required to include the assembling 
of every joint with its adjoining members in its 
correct position, and with all connection-plates and 
splice-plates assembled, and the assembling of all 
connection field rivet-holes with diameters at least 
js in. smaller than the nominal size of the rivets, 
in order to provide for reaming the holes to correct 
fit no more than , in. larger than the nominal 
diameter of the rivets. Finished joints thus 
assembled were required to show at least 90 
cent. of correctly and truly finished siveb-heken, 
and no truss member was shipped to the bridge 
site without having been so assembled and finished 
in place with all parts properly marked for erection. 
The erection of the bridge was specified to be 
under the control of the railroad company to the 
extent of checking, determining, and requiring 
sufficient falsework and erection plant to reduce 
the chances of accident to a minimum, and the 
checking and directing of erection processes to 
prevent undue strains being imposed on the bridge 
members. The railroad also controlled the limita- 
tion of the temporary strains during erection 
within the limits of full-load strains of the 
members. 

It was required that all portions of the trusses 
should be thoroughly braced as fast as erected, but 
that the bracing should in general be bolted only, 
and not riveted until after the bridge-spans were 
swung clear of the falsework and came under the 
dead-load stress. The railroad company reserved 
the right to direct the proper stage of progress of 
the work at which the riveting of truss-joints and 
lateral connections should proceed, so as to avoid 
as much as possible injurious stresses resulting 
from dead-load deformations. The contractor was 
required to insure the falsework and the sub- 
structure against risks of fire, accident, and 
damage. 

Drawings.—The working drawings and special 
details were made under the direction of the chief 
engineer of the contracting company and were 
placed in the drafting-room, where the details of 
the connections were first finished and the corre- 
sponding members developed from them, thus 
rationally designing the structure from its details. 
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The general drawings were made by ten men in 
about five months, and twenty men were required 
for nine months to prepare the detailed drawings 
of the superstructure, exclusive of a force of twelve 
men working four months on the erection drawings. 
There are about 200 sheets of drawings, all of 
them having a uniform width of 32 in., and most 
of them a standard length of 42 in., increased 
when necessary to 60 in., in some cases using two 
sheets for a single member. One of the general 


r | drawings has a length of .20 ft., and some of them 


were so elaborate that it required five men two 
months to make them, and two men two weeks to 
check them. All of the material was ordered 
directly from the drawings and was rolled to order, 
much of it in accordance with special requirements, 
and the material thus secured was considered un- 
usually accurate and uniform. 

Type und Special Featwres.—The trusses are in 
vertical planes and have horizontal bottom chords 
and inclined top chords divided by vertical members 
into main panels 57 ft. and 64 ft. in length. This 
arrangement reduces the bending moment and pro- 
vides economical inclinations for the main diagonals, 
while the floor stringers are reduced to suitable 
lengths by sub-verticals at the centre of each main 
ppanel. All main truss connections subject to 
reversal of stress are riveted ; multiple pins are 
used to reduce the maximum pin stresses, and in 
the lower chords the pins are off-set from the theo, 
retical panel points to provide clearance for the 
floor beams and to avoid —— of the bottom 
chord section at tne joints. rincipal members 
subject to tension only are A. eye-bars, and all 
other members are made of plates and angles with 
riveted connections. There are no superfluous or 
indeterminate truss members except posts M-9, 
M-10, which were introduced both for symmetry 
and because they combined with the corresponding 
diagonals in the first panel of the cantilever to make 
a supplementary truss combination which would 
have been self-supporting in case of possible acci- 
dent to the falsework during the erection of the 
first two panels of the cantilever. 

The trusses are connected by vertical transverse 
sway-bracing and by horizontal top and bottom 








lateral systems of cross-bracing of members with 
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I-shape cross-sections made with — of angles 
riveted back to back and latticed. e open floor 
is of the usual plate-girder type, rigidly web-con- 
nected to the vertical posts above the bottom chord 
connections, and 2 special system of heavy hori- 
zontal girders is provided just above the floor to 
protect the trusses from derailed trains. 

There are a number of important connéctions 
with special details, some of them being of novel 
or unusual character and proportioned for extremely 
large stresses. The bearings on the main piers 
carry 12,000-ton loads to the masonry through nests 
of segmental rollers geared to racks on the cast- 
steel shoes. Their efficiency was demonstrated by 
a positive movement, observed and measured, 
which was produced by the test load. 


(To be continued.) 





PNEUMATIC SCALING-TOOLS. 

Tue illustrations on page 81 show a new form of 
tube-ecaling tool and a new form of pneumatic scaling- 
hammer which are being introduced by Messrs. 
Boiler Scalers, Limited, of Queen Anne’s Chambers, 
Westminster, S.W. Messrs. Boiler Scalers are the 
manufacturers of the well-known ‘‘ Anak” pneumatic 
scaling-tools, but are introducing the new forms in 
virtue of several advantages they possess as compared 
with the older types. The new tools are the invention 
of Mr. H. 8. B. Brindley. To assist in explaining the 
changes which have been introduced into the new 
tube-scaling tool, as compared with the old, we have 
given illustrations of both forms. Figs. 1 and 2 show 
the new type as built for dealing with straight tubes, 
while Fig. 3 shows a similar tool of short pattern in- 
tended for dealing with bent tubes, such as those of a 
Stirling boiler. Fig. 4 shows the original ‘‘ Anak” 
scaler as built for straight tubes. The tools are further 
illustrated in Figs. 6 and 7, Fig. 6 showing two sizes 
of the new tool of the straight-tube pattern, and Fig. 7 
one of the old form. Figs. 5 and 8 show the scaling- 
hammer. 

Before comparing the features of the old and new 
tube-tools, it will convenient if the action of the 
compressed-air-driven inner parts be explained. This 
may be done by reference to Fig. 1, which shows the 
straight-tube pattern of the new tovl. In this figure, 
a is @ loose piston which has a reciprocating motion 
during the working of the tool. This piston works 
over an internal rod } and in a cylinder c. The 
cylinder is formed in one piece with the front part 
of the tool d, the disconnection in the section at / 
being due to ports. The rod } has a swelled end, on 
to which the cylinder is screwed. The outer casing ¢ 
is screwed on to the front ge of cylinder c, d. 
These arrangements are clearly shown in the figure. 
The internal diameter of the outer casing ¢ is 
greater than the external diameter of the cylinder c, 
so that a passage is left between the two parts. This 
passage serves as an airway for the compressed air 
which enters the tool at the right-hand end. The 
air passing between parts c and ¢ flows through the 
ports f, which are cut at the top of the cylinder, and 
so acts on the external ledge which is formed on the 
outside of the piston. As the ports / are continually 
open to pressure air, the passage to which they lead is 
under constant pressure, so that there is always a 
force tending to return the piston to the right-hand 
end of the cylinder. The forward stroke of the 

iston is Soouate about by the action of pressure air 

hind it. The air enters through the ports g during 
the back stroke, when these ports come opposite the 
pate J, and owing to the greater area presented by the 
vack of the piston as com with its external 
ledge, this air forces it forward against the constant 
pressure tending to move it in the right-hand direction. 
As the piston moves forward and strikes the cutting 
head of the tool, the air behind it is put to exhaust by 
the ports 7, passing into the larger diameter of the front 
part of the toola. When this occurs the piston is 
1eturned, owing to the constant back pressure, and 
the next stroke begius. The shape of the ports g is 
sown in Fig. 2. 

The action of the bent-tube tool (Fig. 3) is similar 
to that of the straight tool. The differences are 
mainly mechanical, and are dictated by the fact that 
the Lent-tube type must be shorter over all than the 
other. It will be noticed in Fig. 3, however, that 
some exhaust ports are cut through the front part of 
the bent-tube tool in such a way that the débris from 
the scale is blown forward, and prevented from 
jamming the tool in the tube. This arrangement is 
necessary in the bent-tube tool rather than in the 
straight-tube tool, since the former has to be carried by 
a flexible pipe, and so cannot quite so conveniently be 
worked in and out of the tube to clear itself as can the 
latter, which is carried by a piece of straight steam or 
gas-pipe. The bent-tube tool is also necessarily a 
somewhat looser fit in its tube than the other. The 
method of operation cf the ‘‘ Anak” tool is generally 
similar to that of the new types, and will be under- 





stood from Fig. 4 without any detailed description. 
It will be seen that the touvl has no central , and 
that a hollow piston is used, air being admitted to, 
and exhausted from, the back of the piston through 
elongated ports much as in the newer tools. 

Turning now to the cutters of the two forms of tool, 
it may be said that the advantage of the new arrange- 
ment, as compared with the old, is that it can deal 
more easily with very thick scale, or with scale of a 
soft, sticky nature. The older tool, as can be seen 
from Figs. 4 and 7, has a series of cutters which move 
in and out under the blows of the piston, and have 
what is practically a chipping action on the scale. 
Although this tool is very successful for all ordinary 
work, it is clear that it has little or no end-cutting 
property, so that it will not be so well able to 

eal with scale that is so thick that the cutters will be 
unable to make adequate blows. Further, there is 
hardly enough of the scouring action which is necessary 
to remove soft sticky e. The new tool elimi- 
nates these weak points. It has a double set of cutters, 
consisting of an internal rose cutter, surrounded by a 
set of swinging cutters, which correspond, more or 
less, with the cutters of the earlier tool, although 
their action is different. The arrangements can be 
seen in Figs. 1, 3 and 6. The centre rose cutter comes 
particularly into play when the tool is dealing with 
very thick scale. The hammering action which this 
cutter has breaks up the scale in front of the tool 
in the manner indicated in Fig. 3. The work of 
the centre cutter is followed up by the outside 
cutters, which are continually pressed against the 
surface of the tube by the action of the centre 
spring, and have a hammering action derived 
directly from the blows of the piston. It will be 
clear that these cutters will remove any scale which is 
not broken up by the rose cutter without in any way 
injuring the tube, since their cutting action is always 
on the end of the scale, and they at the same time 
always work close up to the tube surface. The teeth 
formed on the outside of the cutters, as shown in 
Fig. 6, cause them to have an intermittent rotary 
motion. The scouring act‘on of these cutters enables 
them to deal quite easily with sticky scale. This will 
be almost obvious from a study of their action. We 
may say that we have had an ype of seeing 
one of these tools operating on tubes scaled up even 
more thickly than that shown in Fig. 3, the scale being 
very hard, and that the tool cleaned the tube with 
remarkable rapidity and without injuring its ioner 
surface in any way. 

In conclusion, we may refer to the pneumatic 
scaling-hammer shown in Figs. 5 and 8, which is also 
the invention of Mr. Brindley. The method of 
operation of this hammer is similar to that of the 
tool illustrated in Fig. 1, and need not be dealt with 
in detail. The various parts are very clearly shown 
in Fig. 5. The arrangement of the cutting surface of 
the hammer is, however, a matter of much interest. 
It will be obvious from Fig. 5 that the whole of 
the face of the cutter-head is available for scaling work, 
with the exception of the small centre part which 
carries the head of the rod which runs through the 
tool. This arrangement may be compared with that 
in which the scaling is carried out by a centre moving 
= of the hammer-face, the remainder of the face 

ing dead surface. The advantage of the arrange- 
ment adopted in the hammer which is illustrated, in 
which practically the whole of the surface is active, 
is that the greater working surface means that the 
hammer can do more work. This is not all, however. 
As the active surface extends to the outer edge of the 
face of the hammer, it is possible when using it to 
scale around and all over rivet-heads, and in other 
awkward positions, that a hammer with merely a 
centrally moving part cannot reach. When in use the 
weight is put on the hammer by one hand which holds 
the top of the head. The other hand holds the stem, 
which has an air-control valve as shown. 








INDUSTRIAL NOTES. 

AccorDING to the Board of Trade Labour Gazette of 
January 16, the state of the labour market in 1912 
was as follows :— 

Returns relating to about 850,000 members of trade 
unions show that the mean of the percentages of 
members returned as unemployed at the end of each 
month of 1912 was 3.2, compared with 3.0 in 1911, 
4.7 in 1910, and 7.7 in 1909. It must be noted, how- 
ever, that the figure for 1912 is inflated by the high 

reentage recorded in March (11.3), when many 
industries were more or less affected by the coal 
dispute. The fluctuations in}the percentages of 
unemployed in the period 1903-1912 are as follow :— 


1903 _.. oe 4.7 1908 .. 7.8 
1904... es «« — 1909... 7.7 
1905... ee -- 50 1910 .. 4.7 
1906... ee ~~ 191t_.. 3.0 
1907 3.7 1912 3.2 


The upward movement in wages, which was not 
very marked in 1911—except in the case of railway- 





to be only slight in the first three months of 1912, but 
became more pronounced in the period A pril- December. 
The result of all the changes Susie the year was a 
net increase of 131,611/., an amount which has been 
exceeded only twice (in 1900 and 1907) since 1893. Of 
the total number affected by changes in 1912, 1,712,242 
received a net increase of 131,617/. per week, and 57 
sustained a net decrease of 6/. per week, whilst 11,750 
had upward and downward changes which left their 
wages at the same level at the end, as at the beginning, 
of the year. 

In every group of trades the changes showed a net 
increase, the largest being in coal-mining, textile 
trades, =e and shipbuilding trades, building 
trades, and iron and steel manufacture. As in pre- 
vious years, coal-mining accounted for the largest 
proportion of the number of workpeople affected. 

e industrial unrest which characterised 1911 con- 
tinued into 1912. The number of disputes causing a 
stoppage of work recorded as beginning during the 
year was 821, while the number of workpeople in- 
volved in these disputes (1,437,032), and the aggregate 
duration in working days of all disputes in progress 
(40,346,400), were the highest ever ae by the 
Department. In addition, 40 disputes which Gan 
before 1912, involving 168,940 workpeople, were in 
progress for varying periods during that year. 

The extraordinarily large number of workpeople in- 
volved in disputes and the high aggregate duration were 
mainly due to the national strike in the coal-mining 
industry, which began on March 1, and ended early 
in April, invulving about 1,000,000 workpeople, and 
accounting for an aggregate duration of rather more 
than 30,000,000 working days. The highest aggregate 
duration previously recorded was that for 1893, when 
30,400,000 working days were lost, a year in which 
there was a prolonged strike of coal-miners. : 

Apart from the coal strike in 1912, the number of 
wor — involved in disputes beginning during the 
year, although much less than in 1911, was consider- 
ably in excess of the average for the period 1902-1911. 
The aggregate duration of all disputes other than the 
coal strike was more than double the average for 
the previous ten years, the high total being largely due 
to (1) the lock-out in the cotton trade, which began at 
the end of 1911, involved 160,000 workpeople, and 
accounted for a loss of 2,500,000 working days in 
1912; and (2) the transport workers’ dispute in 
London (and for a few days at other ports), which 
involved about 90,000 workpeople, and accounted for 
2,300,000 working days. 

The number of workpeople embraced in the national 
coal strike and the ageregate duration of the strike in 
working days were far in excess of those for all other 
trades. Sectional disputes in the coal industry, 
however, showed a considerable diminution when 
compared with the three previous years. In the 
transport trades the number of disputes was high 
as compared with the average for the ten pre- 
vious years, but the number of workpeople in- 
volved was only about one-third of that for 1911; 
the high aggregate duration was due almost 
entirely to the prolonged strike in London. The 
high collective labour-loss of disputes in the textile 
trades was largely due to the lock-out in the cotton 
industry, which commenced in December, 1911 ; 
while about one-half of the workpeople affected by 
disputes in these trades, beginning in 1912, were 
involved in a dispute which occurred in the jute 
industry at Dundee. In the engineering and ship- 
building trades the number of disputes in 1912 was 
much above the average, although the number of 
workpeople involved was not quite so high as in 1911. 
In clothing trade disputes the number. of workpeople 
involved, and the aggregate duration, were the 
highest recorded since 1895, this being mainly due to 
disputes in the London tailoring trade, involving 
about 16,000 workpeople. The number of disputes in 
the building trades was considerably higher than in 
1911, and was also above the average for the ten 
years 1902-11. 

The proportion of the total number of persons 
engaged in industrial occupations (exclusive of agri- 
cultural labourers) who were involved in disputes in 
1912 was about 11 per cent., and the amount of work- 
ing time lost by disputes at the works immediately 

ected would have been about four days per head if 
spread over the whole industrial population. 





A decision has been come to by the Boilermakers 
Society to withdraw from the Labour Party. This 
decision was the outcome of a vote, in which the 
figures were 2690 for, and 2152 against, withdrawal. 
There has for some time, as we have previously stated in 
our columns, been considerable controversy within the 
society regarding the attitude taken up by the Labour 
Party in Parliament. It was decided bya large majority 
some months ago that Parliamentary candidatures 
would be supported, in spite of the Osborne judgment. 
For this object a voluntary fund was started, but did 
not receive the support required. A ballot of the meu 


men, seamen, and other transport workers—continued | was therefore taken again by the executive in order 
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ve of the 
funds for 


tind out whether they would tion defi 
Osborne judgment by using the ony | 
political purposes, the result being that the proposal 
was rejected by a large majority. The members 
were then pats | how the Parliamentary candidates 
were to be supported in accordance with the decision 
previously arrived at. No satisfactory answers appear 
to have been given, and as there were no funds avail- 
able for the payment of levies to the Labour Party, it 
was decided to leave the Party. The membership of 
the Boilermakers’ Society at present totals 60,000. 








The monthly report of the Steam-Engine Makers’ 
Society for January proclaims that the society has 
now entered on its eighty-ninth year with a record 
that is an honourable one, and over this long period 
there has been continued progress. This society 
appears to be one of the best managed, and may be 
regarded as one advocating strongly the avoidance of 
strikes and the encouragement of amicable relations 
with employers. Indeed, it has a past that might 
be an example to many other unions. The present 
year opens with very satisfactory prospects ahead, 
for it is a long time since the engineering trade was 
as good as now, and the last few years have been a 
record. According to the report, good as things were 
for the union in 1912, when the unemployed list fell to 
173, or @ percentage of 1.2 on the total membership, 
the present month shows an improvement on these 
figures, for there are now only 116 members unem- 
ployed, which represents a percentage of 0.72, while 


inquiries come in for good and capable mechanics 
from all parts of the country. 1 the a. 
industries show an improvement compared with a 


year ago, the improvement in the metal and engineer- 
ing trade being particularly marked. 





According to the monthly report of the United 
Patternmakers’ Association, there were at the end 
of the month 219 members unemployed, as com- 
ared with 251 at the end of the previous month. 
The membership at the end of the month was 8165. 





A strike of 2500 labourers has commenced at Vickers 
Naval Construction Works. The trouble was caused 
by 120 men of the sailor gang going on strike last 
week for an advance of 3s. a week, representing a rise 
in wages of from 27s, to 30s, a week. The men stated 
that in other yards of the country the higher rate was 

aid. As the firm declined to make this advance, on 
Gents last the members of the National Amalga- 
mated Union of Labourers came out-in sympathy. It is 
maintained by the employers that the sailor gang have 
broken their agreement. 

Late on Monday night it was announced that the 
Bradford dyers had arrived at a provisional agreement 
with the masters and that the strike notices had been 
suspended. This relates to the masters and men in 
the Yorkshire dyeing trade outside the Bradford 
Dyers’ Association. It was arranged that terms of 
settlement should be finally drafted and signed in 
Bradford on Tuesday. In consequence of this arrange- 
ment the dispute is now entirely confined to the 
Bradford Dyers’ Association. 

The terms of the partial settlement were drawn up 
on Tuesday last, and are briefly as follow :—An 
advance of 2s. a week in wages to employees with 18s. 
a week and over, and ls. a week to those with less 
than 18s. a week. An advance of 5 per cent. is to be 
given to piece-workers, and a half-yearly advance of 
ls. a walk to all employees receiving less than 28s. a 
week, The Leeds indigo dyers, who already receive 
28s. a week, are to have an advance of Is. Con- 
cessions are also made regarding overtime. All pro- 
ductive work is to cease at noon on Saturdays until 
6 o'clock on Monday morning. These terms affect 
about 5000 men employed by seven associations of 
employers in Yorkshire outside the Bradford Dyers’ 
Association, Limited. Up to the time of going to 
press no settlement had been come to regarding this 
latter association, a deadlock existing on the subject 
of piecework. The men in Lancashire came to terms 
earlier in the dispute. 





The taxi-cab strike still continues, and has now 
entered upon its third week. The only change in the 
situation that appears to have taken place is that there 
are more cabs belonging to the members of the men’s 
association on the streets every day ; and still more cabs 
will, it is thought, leave the garages of the General 
Motor-Cab Company, the British Motor-Cab Company, 
and the W. and G. (Du Cros) Company. These are 
driven by non-union men who are, it is said, doin 
exceedingly well. The union drivers who are employ: 
by firms not connected with the Cab Proprietors’ 
Association are also said to be doing well. The 
request of the employers that the men on strike should 
return their uniforms has been largely disregarded, 
only about 400 uniforms having so far been sent in 
from 2000 drivers employed by the General Motor-Cab 
Company. In the case of the British Motor-Cab Com- 


pany, who employ 1180 drivers, about 380 men are 
said to have sent in their uniforms. 





The Cleveland miners met the mine-owners at 
Middlesbrough on Tuesday last in order to discuss the 
question of wages to be paid during the so 
quarter. The meeting was presided over by Sir Hu 
Bell, Bart., who vated that the ascertainment for the 
last quarter of 1912 was 80s. 1.17d., and the men were 
therefore entitled to an advance of 6.35 per cent., and 
this the masters offered. The men’s representative 
stated that he would have to report the offer to the 
men for their consideration, and the meeting was 
adjourned till Friday, the 24th inst. 


Mr. Gompers, president of the Federation of Labour 
in the United States, is again encouraging violence 
and outrage, for his words before the Congressional 
Committee upon ‘‘ organised capital ” are not likely 
to have any other effect. According to the J'imes, he 
stated then that if labour cannot get its way by peace- 
ful means there must be dynamiting. In addition to 
this, Mr. Ettor, one of the leaders of the Industrial 
Workers of the World, the Syndicalist organisation 
which is making serious inrosds on Mr. Gompers’ 
authority, has gone further. He was recently acquitted 
of criminal complicity with the Lawrence strikers, and 
since then he has been busy encouraging the strike of 
waiters in New York. He is reported to have said 
recently, “If you have to go back to work under unsatis- 
factory conditions, do it with your minds made up 
that it is the unsafest proposition in the world for 
capitalists to eat meat prepared by your union.” 
Whatever the object of such language may be, it is 
certain that the cause of Jabour will not helped 
by it, and words such as these only add to the sus- 
picion that was created some little time ago by the 
revelations incident on the Macnamara and the 
Indianapolis trial. Neither has an attempt to raise 
funds for the release upon bail of Ryan and other 
dynamiters, pending an appeal, given confidence to the 
public. The promise of the yearin labour matters has 
not so far been good, for the strike of garment makers 
in New York, accompanied by sabotage, a possible 
strike of firemen on the eastern railways, recent strikes 
in the textile industry, and unrest in other places do 
not tend to increase confidence. 








‘SOME SUGGESTED ERRORS IN NOZZLE 
EXPERIMENTS.” 
To THe Eprror oF ENGINEERING. 

Srr,—In the article on ‘‘Some Suggested Errors in 
Nozzle Experiments,” in your issue of January 10, page 37, 
the writer makes use of the text of my ~ on 
‘*Theory and Experiment in the Flow of Steam through 
Nozzles,” published in the same issue, and comments 
adversely on my conclusions. I welcome criticism, 
adverse or otherwise, which is based upon a careful study 
of my paper, but this critic has evidently read it very 
casually, since he misrepresents me in several instances, 

A portion of the second paragraph reads as follows :— 
‘* Professor Henderson takes exception to the assumption, 
commonly made, that in the expansion of steam through 
a nozzle there is no material interch of heat between 
the steam and the walls over which it flows. Professor 
Henderson’s view, if tenable, would certainly help to 
reconcile some of the outstanding discrepancies in ex- 
periments on nozzles. In the case, however, of such 
nozzles as are actually used in turbines, we believe 
that the assumption attacked by Professor Henderson 
must be substantially correct. In the Laval turbine, for 
example, the ‘throat’ end of the nozzle is wholly im- 
mersed in high-temperature steam, and the outlet end is 
well protected by the surrounding metal against loss of 
heat ‘4 convection. In this case, if there be any material 
interchange of heat between the walls and the nozzle, it 
is more likely to be a flow of heat into the steam than the 
reverse, and this would tend to diminish the discharge, 
whilst the real difficulty lies in an apparently excessive 
discharge being recorded.” 

Now anyone who reads the above would receive the 
impression that I have attributed to heat interchanges 
the apparent excess of the experimental discharge over 
the ordinary theoretical one, and the article employs two 
columns to prove this idea wrong. Such an idea is not to 
be found expressed in my paper, nor do I hold such an 
opinion. I had previously held the same opinion as the 
writer of the article, that the heat conduction losses in 
nozzles were negligible in practice ; but the Institution 
wanted from me a discussion of physical facts, and not 
an expression of my opinions. No experiments had been 
made on the heat-conduction effects. The experiments 
recorded in the paper were therefore made by two of my 
students, Engineer-Lieutenants Carter and Evans, to get 
some idea of the magnitude of these effects. The article 
criticises these experiments as follows :—‘* It would seem 
that the quality of the steam was not measured, and this 
omission prevents us from attaching any great significance 
to results thus obtained.” Now the curve of results and the 
description show clearly that the quality of the steam 
was measured, the results being given in “equivalent 
steam flow in pounds per minate.” How could one 
possibly convert the heat flow into the condenser into its 
equivalent steam flow if the quality of the steam was 
not measured? A glance at the text would have shown 
that the steam was initially superheated. How else 


a difference of temperature of 20 deg.? The thermome- 
ters and pressure-gauges determined the quality. If the 
— of N, — = had any ou in his mind on 

is point, he might have given experimenters the 
benelit of it. . . oo: 

n my paper the excess of the experimental discharge 
over the ordinar theoretical one ie. attributed to one 
assumptions in the theory, no allowance being made for 
the fact that the pressure must vary from point to point 
over the throat section, while the theory assumes that it is 
uniform, and | state the fact that the correct theoretical 
problem has never been solved. I have also desori 
experiments which clearly prove the existence of these 
pressure variations. The article dismisses this portion 
thus :—‘‘It is easy to see that if the pressure be not 
uniform across the throat at its narrowest point, 
the discharge will be lessened, not increased.” The 
scientific world would give much to have a proof of this. 
It is one of a class of problems which have defeated all 
the mathematical physicists up till now. There is no 
reason, prima facie, why the flow should be lessened, 
and all the experimental evidence examined favours an 
increase. 

The rest of the article offers much scope for discussion, 
but my object in writing is merely to point out that the 
criticism of my paper by the writer of your article is 
based on a complete misapprehension or misunderstanding 
of what I have written. 
Yours faithfully, 
J. B. Henperson. 

Royal Naval College, Greenwich, January 13, 1913. 

| We regret having misunderstood Professor Henderson’s 
position, but we find that we were not exceptional in con- 
cluding that the stress laid by Professor Henderson on 
the importance of heat loss to the nozzle walls was 
due to its affording a conceivable explanation of the 
phenomenon of excessive discharge, which is the only 
phenomenon in nozzle experiments which is difficult to 
account for. As to the other matter, the fact that the 
steam was superheated is nowhere stated in the paper, 
and is discoverable only by an analysis of observations 
which for other reasons are, we think, of little value. 
That under certain conditions there may be an inequality 
of pressure across a nozzle has long been known, but that 
such an inequality could give rise to a di in excess of 
the theoretical is inconceivable. The proof to the contrary 
is simple, but it is absolutely conclusive. It is axiomatic 
that friction being a resistance to motion, must diminish 
the flow; hence it is only necessary to consider the case in 
which there are no frictional losses. We then get stream- 
line motion, in which, as is well known, each ticle of 
the fluid maintains its total energy constant throughout 
its path. Let us then divide the flow up into two “‘ tubes 
of flow”—a central core and an annulus. Since the motion 
is of a stream-line character, conditions will not be 
altered if the common boundary be replaced by an imagi- 
nary wall, solid, but infinitely thin. Each tube of flow 
then constitutes an independent nozzle. Assume, in the 
first place, that the ‘‘ throat” of the inner core is iden- 
tical with that of the whole nozzle. Then, if the throat 
of the outer annular tube of flow is not at the same place, 
the discharge from this annulus will necessarily be less 
than if it were. In other words, the discharge is a 
maximum when the pressure is uniform across the nozzle 
throat. If Professor Henderson will try to plot down 
** tubes of flow,” the “‘ throats ” of which are not coincident 
with the throat of the nozzle, he will find that in every 
case the discharge is less than it would be were the 
throats coincident. It is, moreover, a well-known maxim 
in mathematics that a “‘maximum” or a “ minimum” is 
always characterised y eye of conditions ; and it 
is at any rate certain that uniformity of pressure at the 
throat cannot be a condition of “‘minimum” flow. It 
+ — be a characteristic of a “‘maximum ” flow. 
—Ep. E. 








“THE DISTRIBUTION OF PRESSURE ON 
INCLINED AEROPLANES.” 

To THe Eprror or ENGINEERING. 
Str,—I find a clerical error has crept into equation (4) 
of my article on ‘“‘The Distribution of Pressure on 
Inclined Aeroplanes,” in your issue of September 20, 1912, 
top of page 406. 
tquation (4) should read :— 


Po _ 0.794 — 0.00209 (15.5 — 1)?, 
not 4 

Po _ 0.724 — 0.0029 (15.5 — 1). 

P, 


Yours faithfully, 
A. P. Taursrton. 
Aerodynamical Laboratory, Kast London College 
(University of London), Mile End-road, E., 
January 13, 1913. 





PgrsonaL.—The Bucyrus Company, manufacturers of 
excavating a have an changed their New 
York address to 30, Church-street, New York City.—The 
address of Mr. Edward Sandeman, water-works engineer, 
is now 17, Victoria-street, Westminster, S.W.—Meesrs. 
Haslam and Schontheil, Limited, 11, Windsor-place, 
Cardiff, have been appointed by Messrs. Callender’s 
Cable and Construction Company, Limited, their sales 
agents for South Wales, i aaeastiahion and the Bristol 
district.—Mr. Albert Slater, Mark-lane Station Build- 
ings, states that he has made an arrangement with Engi- 
neering Supplies, Limited, 28, Victoria-street, Westmin- 
ster, S.W., whereby they act as sole selling agents for the 
British Isles for his “‘ Cuirass” anti-corrosive and acid- 











could the steam in two chambers in open connection have 





resisting paint. 
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MASON’S REGULATOR FOR REDUCING- 
VALVES. 


Tue figures annexed illustrate Mason’s double- 
acting regulator, which is used in connection with the 
relay reducing-valve system, which is “eo by the 
Crosby Steam-Gage and Valve Company, of 147, Queen 
Victoria-street, E.C. In addition to reducing-valves, 
the regulator is suitable for use in connection with 
surplus-steam valves and flue-damper regulation. The 
regulator, as will be seen from the figures, consists of 
a vertical cylinder containing a piston which is free 
to move from end to end. The position of the piston 
in the cylinder is controlled by means of a pilot-valve, 
shown in section at the right-hand side of the cylinder 
in Fig. 2. For-use in connection with a reducing-valve 
system the regulator has the upper end of its piston- 
rod connected by a chain and pulley arrangement to a 
two-seated balanced valve, which is situated in the 
steam main, and which forms the reducing - valve 
proper. The —— of this valve, and consequently 
the reduction of pressure, is controlled, by the position 
of the piston of the regulator, through the chain trans- 
mission already mentioned. As the chain is, of course, 
only capable of moving the reducing-valve in one 
direction, the valve-head lever is weighted for the 
return movement. 

The regulator is actuated by the pressure in the 
reduced pressure main. This main is connected up by 
a small pipe to the underside of a diaphragm carried 
in the lower part of the regulator. This diaphragm, 
together with the union for connection to the reduced 
pressure main, can be seen in Fig. 2. Above the 
diaphragm there is a weighted lever which is connected 
up, as shown, to the pilot-valve of the regulator. The 
diaphragm weight may be varied to suit the required 
reduced pressure. It wil] be clear from the figures 
that any change in the pressure below the diaphragm 
will cause the lever to move and will actuate the pilot- 
valve, the ports of which are so arranged that increase 
of pressure in the low-pressure main causes the regu- 
lator piston to rise and close, or partially close, the 
reducing-valve ; fall of pressure in the low-pressure 
main causing the piston to fall and open the reducing- 
valve still turther. It should be said that the regu- 
lator piston is operated, as a rule, by low-pressure 
water, as, for instance, from the town mains. If de- 
sired, however, the regulator may be arranged to be 
operated either by steam or air. 

The essential features of the apparatus are described 
above, but it will be noted that there is an additional 
lever mechanism shown in connection with the pilot- 
valve in Fig. 2, which has not yet been referred to. 
This mechanism is of a compensating type, and is 
intended to prevent any sudden alteration of -— 
tude in the position of the reducing-valve. he 
mechanism consists of an inclined plane which is 
attached to and moves up and down with the piston- 
rod. The shape of the plane is shown in Fig. 2, while 
it can be clearly seen in end view in Fig. 1. There is 
a spring-mounted roller which rides on the sloping 
edge of the plane, and which is carried by a small arm 
attached to the little cross-shaft which can be seen in 
Fig. 1. At the other end of this shaft there is a second 
arm which forms a toggle connection with the lever, 
which is attached to the pilot-valve operating-rod. The 
purpose of the gear is to bring the pilot-valve back 
to its mid position after any small movement of the 
piston. Assuming a variation in pressure has caused 
a movement of the pilot-valve, it is clear that the move- 
ment of the piston which will follow will return the 
pilot-valve to its centre position, owing to the move- 
ment of the inclined plane, which will, by its control 
of the roller, move the lever mechanism in such a wa 
that the motion due to the diaph is counteracted, 
and the pilot-valve is returned to its centre position. 
lf, after this movement, the low pressure is still too high 
or low, the diaphragm will again operate the pilot-valve, 
and cause the piston to make a further movement. 

It is stated that this reducing- valve system is 
capable of controlling the low-pressure main pressure 
within 2 lb. under the most exacting conditions. An 
obvious advantage of the system lies in the fact that 
as there is only a balanced valve in the steam main, 
it is always possible to maintain a reduced pressure in 
emergency, even if the regulator is out of action. The 
regulator, as described above, is also suitable for use 
as a surplus steam-valve, es it is clear that it may be 
set up to open the balanced valve at any predeter- 
mined pressure. It is als> suited for the control of 
flue dampers in terms of the boiler steam pressure. 





GIBB’S MODULE FOR IRRIGATION WORKS. 

THE most important problem which engineers in 
charge of irrigation works have had to solve is 
probably that involved in the proper control and 
measurement of the water supply delivered from the 
canals to the farmers. The area served by a large 
irrigation canal is divided up into some thousands of 
small blocks, each comprising a few hundred acres, 
and each having to be camellias directly from the canal 


with a share of the water proportional to its area. 





MASON’S REGULATOR 


CONSTRUCTED BY THE CROSBY STEAM-GAGE AND VALVE 


Fig. 
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FOR REDUCING-VALVES. 


COMPANY, LONDON. 


Fig2. 
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The efficiency of the irrigation system, as a whole, 
depends very largely on the degree of accuracy with 
which the water is distributed by the outlets which 
serve these blocks. Too large a supply involves waste 1 


of water, while insufficient water is detrimental to the 
crops. Wherever the supply is in excess of that 
actually required, not only is much valuable water 
wasted, but also the undergound water-level is raised, 
with the danger of ultimately water-logging the tract. 
It is, in fact, not irrigation that produces water-logging, 
but over-irrigation. The conveyance of water for irriga- 
tion in open channels instead of in pipes introduces a 
condition different from that met with in ordinary 
water - supply ae The supply of water 
flowing in a channel must be controlled from the head 
of the channel, and cannot be automatically regulated 
by altering the draw-off lower down, as can be done 
in a pipe system. 

As stated, it is both desirable and necessary that the 
supply given from the canal to each block of land 
should be strictly limited to ite correct share based on 
itsarea. ‘‘Module” is the name given to a class of 
canal outlet designed to effect the required control of 
the supply delivered. Of these, probably the best 
known are the Italian module and the Spanish module. 
The former has no moving parts, but also effects no 
regulation, unless adjusted by hand. The Spanish 
module, on the other hand, can be arranged to give 
automatically a constant supply under considerable 
changes of level, but comprises a moving float. 

From an hydraulic point of view the proper function 
of a module is simply to deliver a constant and known 
supply of water in spite of variations of head. In 
practice, however, the conditions are of such an 
unfavourable character that this does not by any means 
express the whole problem of module design. To be 
really satisfactory, a module must be capable of being 
used in ‘large numbers scattered over a large tract of 
country, under varying conditions, and must operate 
practically without-supervision. Modules have often 
to work in a hostile environment, where all the farmers 
are interested in defeating the purpose for which the 
have been installed. Moreover, the water with which 
they have to deal is often heavily silt-laden and carries 
with it much suspended and floating matter. 

A new type of module intended to meet these 
onerous conditions has been devised by Mr. A. Shirra 
Gibb, A.M. Inst. C.E., executive engineer of the 
Irrigation Department of the Punjab. This module, 
although it has no moving parts, has been found under 
test to give a nearly constant discharge over a con- 
siderable range of head. The general appearance of 
the module complete is well shown in Fig. 1 on the 
next page, whilst Figs. 2 to 11, accompanying it, show 
its construction and illustrate methods of applying it. 

In its simplest form the apparatus, in which the 
regulation of the supply is effected, consists of a semi- 
circular flat-bottomed steel trough A, of considerable 




















depth, round the bottom of which the water flows. 
This trough is shown in front and side elevation in 
Figs. 2 and 3. The water enters the trough at one 
end from a cast-iron 180-deg. bent pipe C, the up- 
stream end of which communicates with the canal 
through the bank by means of the requisite length 
of straight pipe marked I in the figures. The exit is 
at the other end of the trough. The 180 deg. 
bend and the semi-circular trough together form a 
complete loop round which the water flows, and 
in which a condition of free vortex flow becomes 
established. In this condition the water at the outer 
circumference of the stream is kept up at a compara- 
tively high level by its centrifugal force, and the 
surface curves down convexly towards the inner cir- 
cumference. The height at which the water flows 
round against the outer circumference of the trough 
depends on the velocity, being higher the greater this 
velocity. A series of baffles or diaphragms B, Fig. 4, 
are fitted at intervals across the upper portion of the 
trough, their lower edges being cut and bent in such 
way as to allow just the required discharge of water 
to flow below them uninterrupted. 

When water flows around a bend in a channel 
which is horizontal, its surface assumes a curved form 
with free vortex conditions. At the outer radius, the 
surface, as stated, is higher than at the inner radius. If 
the channel has a uniform rate of curvature, and if the 
water has a constant velocity, the surface curve remains 
constant in form and height. If the velocity increases, 
due to an increase of head on the up-stream side, the 
level of the surface at the outer radius rises, and advan- 
tage is taken of this fact in the design of Gibb’s 
module. A definitely-curved channel is provided, 
which, with a given head on the up-stream side, permits 
a definite amount of water to flow through it, the sur- 
face assuming a certain shape which is higher at the 
outer radius. Radial ition-plates are placed across 
the channel, having their lower edges cut to the curve 
of the water surface at the given head and rate of dis- 
charge. These bottom edges, as shown in Fig. 4, are 
not radial, but are slightly turned in the up-stream 
direction. When the inlet head rises, the velocity 
of the water increases momentarily and the surface 
at the outer radius rises. The plates or partitions 
now come into action, skimming off the excess of water. 
This excess water rises up these plates, and is thrown 
backwards and partially inwards, thus destroying 
the velocity head in this portion of the water. Having 
thus lost its circumferential velocity, and eiing 2 it 
does on the water nearer the inner radius, it absorbs 
some of the energy of this water, and ulti mately reduces 
the velocity of the total quantity of water flowing to 
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GIBBS MODULE FOR IRRIGATION WORKS. 
CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 
Fig.2. END ELEVATION. Fiug.3. FRONT ELEVATION. 
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approximately the mean velocity for which the module 
is designed. At the same time the surface-water level 
between each pair of diaphragm-plates rises, forming, 
from the inlet level to the outlet level, aseries of steps, 
each plate or diaphragm thus taking out a certain 
portion of the excess head. At the minimum up- 
stream head for which the module is designed, the 
surface of the water just touches the first diaphragm- 
plate, and at the maximum up-stream head the surface 
of the water just touches the last diaphragm-plate. 
As the head increases more diaphragm-plates are 


brought into action, beginning at the up-stream end. 
The range of the module is, in fact, determined by the 
number of diaphragm-plates. 

Thus, the discharge is kept approximately con- 
stant in spite of considerable variations of head 
in the canal. 


The minimum head required to give 
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the correct supply is very small, being very little | 
more than is carried by the water in the form of 
velocity head. This is an important point, because 
the head available is often only a few inches. 
There can be no question of this module being tam- 
pered with by thuse interested in the water supply, 
because, short of complete demolition, there is no means 
by which it can be made to give more than its correct 
supply, and silt or other matter in the water 
obviously cannot interfere with its action. As shown 
in Figs. 5 and 6, the module is mounted upon a 
masonry platform, its arrangement on the outer side 
of the embankment of an irrigation canal being clearly | 
illustrated in Fig. 7. An alternative plan for a twin 
system of modules is illustrated in Figs. 8, 9, 10, 
and 11. 

In Fig. 12 we reproduce # curve showing how very 
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effectively the module works throughout its designed 
range of operation, which in this case is from 9 in. to 
18 in. 

Gibb’s modules are being supplied by the well- 
known firm of hydraulic engineers, Messrs. Glenfield 
and Kennedy, Limited, of Camaenech, who hold the 
license from the inventor and patentee. 








Tur Unitep States Navy.—According to the Mons. 
teur de la Flotte, tenders have been invited in the United 
States for the construction of the battleship oe 
This is to be the largest battleship in the world. er dis- 
placement is to be 31,000 tons; length, 607 ft.; breadth, 
97 ft.; and draught, 28 ft. 9 in. She is to be armed with 


twelve 14-in. guns; her belt armour will be 16 in, in 
thickness. Her speed is to be 21 knots. Her cost, with- 
out armament is to be about 2,400,0007, 
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THE BRYANT CHUCKING-GRINDER. 
In o recent article we remarked on the high 
specialisation of hole and cylinder-grinders, as illus- 
trated ty examples of machines that were in operation 


at the Olympia Exhibition. We now give, in Figs. 1 
to 3, poge 88, illustrations of a combined hole and 
face-grinder, constructed b 


the Wi. Chucking- 
Grinder Company, of Springfield, U.S.A. This machine 
was shown in the recent Exhibition by the firm’s 
English agents, Messrs. James R. Kelly and Co., 
Limited, of Leeds. 

This is a highly-specialised machine, designed for 
repetition anes and therefore limited both in func- 
tion and in size of work done, the —- of the latter 
being up to 10 in. in diameter and 6 in. in length. 
Only those adjustments, speeds, and feeds which are 
required by the operator are embodied, so that the 
elimination of redundant movements, such as would be 
provided ina universal machine, permits of the highest 
economies being secured in the much more limited 
range which is sufficient for repetitive production. 

The most remarkable detail of the design is 
the provision made for the movements of the 
wheel-slide. Instead of adopting flat or vee’d ways, 
located below the wheel-head, cylindrical bearings are 
provided overhead at A, A (Fig. 1). These are har- 
dened and ground, and protec from access of grit, 
dust, and water by the telescopic sleeve, seen in 
Fig. 1. Integral with the sleeve are the hole-grinding 
spindle B and the face-grinding spindle C, Fig. 2, with 
their bearings each separate from the other, either 
being brought into alignment with the work-spindle by 
a hand-lever D above. By the same radial movement 
the cross-feed is provided, but this is under the control 
of a hand-wheel K, the screwed spindle of which bears 
against the end of a lever which is connected to the 
swinging-wheel slide, and in this way the diameters 
of holes up to 10 in. in diameter are controlled. 

The work is held in an automatic chuck F, the 
maximum capacity of which is 12in. Its jaws are 
opened and closed simultaneously by the hand-wheel 
G at the rear of the work head. This moves the jaws 
through the medium of the pieces of cone section seen 
in Fig. 1. The belt pulley is located between the 
bearings, overhang being thus avoided, and it receives 
from the counter-shaft three speeds of revolution— 
150, 225, and 300 revolutions per minute, The head 
can be adjusted for grinding tapers up to 30 deg. of 
included angle, being swivelled on the conical pivots 
seen above and below the front bearing, and secured 
at the rear by clamping-plates. 

The provision for lubricating the work will be 
observed. A centrifugal pump H, driven by the small 
belt-pulley J at the rear, conveys water donee the 
jointed piping seen to a pipe which traverses the 
hollow-work spindle. The water returns to the tank 
formed in the base of the machine, draining through 
the grating seen in Fig. 1. A pipe can also be taken 
to the wheel-carriage if desired. 

Three rates of table feed are provided to the wheels 
through the longitudinal movements of the sleeve 
of 20 in., 30 in., and 40 in. per minute. There are 
stops for reversing, and a hand reverse ; there is also a 
hind-lever forimparting backward and forward motions. 
The pulley-shafts which drive the wheel-spindles run 
in ball-bearings, which are totally inclosed, as seen in 
the longitudinal section. A diamond for truing the 
wheels is mounted in its holder on the front of the bed 
seen in the ree pe Fig. 3. The same general 
design of machine is built for hole grinding only, the 
face-wheel and spindle then being omitted. 





Tue InstiTuTION OF MINING AND MgTALLURGY.—To 
celebrate the twenty-first anniversary of the founding of 
this Institution, the President, Mr. Edward Hooper, 
and Mrs. Hooper, held a conversazione at the Savoy 
Hotel, on Monday, the 13thinst. The society’s 
bas been steady, there having been 585 members in 1899, 
1324 in 1905, and 2258 in 1912. The papers read at the 
meetings have been important, while the medals and pre- 
miums awarded by the Institution are both numerous 
and valuable. The gathering on Monday was enthusiastic, 
and an excellent musical programme was carried out. 





ALUMINIUM TRANSMISSION Linges.—A valuable booklet 
has been published by the British Aluminium Com . 
Limited, of 109, Queen Victoria-street, London, RG. 
dealing in considerable detail with the question of 
the use of aluminium for overhead electric transmission 
lines. This booklet, after svating the general conditions 
determining the design of transmission lines, proceeds to 
give a large amount of technical information for both 
copper and aluminium, from the transmission-line point 
of view, and makes out a 8 case for aluminium. It 
is not possible, in the space available, to review this infor- 
mation, but it may be said that it covers comparative 
figures for conductivity, —— tensile st: tem- 
perature resistance effect, a ——— coefficients for 
the two materials. uestions of deflection and stress, 
jointing, the losses on li &c., are also dealt with, and 
the official standards for overhead-line construction from 
various countries are given. This compilation should 
certainly be in the hands of all with actual or 
projected overhead transmission work. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 8, 1913. 

THERE is a continued urgent demand for all kinds 
of iron and steel products from mills and furnaces in 
every part of the country. These conditions in the 
opening days of the new year are indicative of pro- 
longed activity, notwithstanding the supposition that 
future requirements had been baal covered. - 
quests are crowding in for delivery as per contract and 
new inquiries are also plentiful, the volume of which 
can only be guessed at. The buying by the railroads 
is the strongest factor in the situation. Even during 
the recent holidays, when things slacked off, a large 
volume of business was done in rails, cars, and motive 
power. One independent rail-maker secured a con- 
tract for 30,000 tons of rails for Canadian delivery. 
Belief is general that the volume of this year’s business 
will largely exceed that of last year. Large trans- 
actions in steel pig are being closed, one contract being 
for 42,000 tons of Bessemer in the Pittsburg dis- 
trict, and another for 50,000 tons of basic for de- 
livery during the second half of the year. Large 
sales of low phosphorus iron have been made in the 
eastern market. Makers of cast-iron pipe are crowd- 
ing in their orders for second - quarter delivery. 
Southern furnaces are selling increased quantities 
of iron for the second and third quarter. No one 
anticipates any trouble from threatened pending tariff 
reductions. ‘I'he plate-mills have all the business the 
can handle, in heavy plates especially, and the rus 
of business in sight will certainly tax the maximum 
capacity of mills East and West. Crude steel of all 
kinds is hard to get, and negotiations are at present 
held up for very large quantities, because of the 
crowded condition of mills, as well as the unwilling- 
ness of manufacturers to accept business for much 
later delivery than they are now obliged to deliver. 








MANCHESTER ASSOCIATION OF ENGINEERS.—An inte- 
resting paper on “ Principles and their Application in 
the Cutting and Generation of Gear-Teeth 
Gear-Cutting Machinery,” by Mr. Vincent Gartside, 
Member, was read, at a meeting of this association, on 
Saturday, the 11th inst. In the commencing sentences, 
the author said his wish was that the paper should be one 
of practical value to the man in the shop who had to deal 
with the use or manufacture of cut gearing, whether 
works manager, foreman, or workman. In this respect 
we believe the author realised his object, the infor- 
mation in the matter of toothed-wheel gearing, which 
he gave, being of considerable interest to all practical men. 





Conrracts.—Messrs. Boving and Co., Limited, 4, 
Union-court, Old Broad-street, E.C., report having 
received recently orders for five Victoria turbo-pumps, 
including one pump to deliver 1000 gallons per minute 
against a head of 200 ft.; and for five water-turbines, 
including two units of 1340 brake horse-power under a 
head of 16 m. (52 ft. 6 in.) for this country, the Colonies, 
and for abroad, several being nae orders. Peer have 
also received an order from the London County Council 
for four centrifugal sewage-pumps for the Crossness 
Station, each to deliver 22,500 gallons per minute against 
a head of 30 ft., coupled to forced-lubrication engines 
of 270 horse-power.—The Mirrlees-Watson Company, 
Limited, Glasgow, have recently received a number of 
orders for independent steam-condensing installations, 
ee ner jet plants, surface plants, and Mirr- 
lees-Leblanc multi-jet plants for this country, the 
Colonies, and abroad, also a repeat order for a low-level 
jet plant for the Dalton Main Colliery. 





THE LATE Mr. ALEXANDER HerzBerG.—We notice, 
though somewhat late, the death of an active and suc- 
cessful water-works engineer, Mr. Alexander Herzberg, 
who died suddenly in Berlin in the latter part of Novem- 
ber, Born in a small town of Westphalia in 1841, he was 
trained at Bochum and Berlin. At the latter university he 
became the close friend of Theodor Peters and other lead- 
ing members of the Verein Deutscher Ingenieure. When 
the Franco-German War. broke out in 1870 he was in 
Transylvania, en in the construction of gas and 
water works on behalf of the firm of Messrs. P. O. Oechel- 
haeuser, of Berlin. Though exempt from military ser- 
vice on account of physical reasons, he took part in the 
war as a member of the sanitary corps, and this brought 
him later in contact with men like Robert Koch and 
others interested in hygiene. After the war he was 
engineer ta? the Wasserwerke Neptun, and became, in 
1876, partner in the Berlin firm of Messrs. Bérner and 
Herzberg, water-works and drainage engineers. He was 
one of the chief promoters of the first ey as Exhibi- 
tion, held at Berlin in 1883 ; and when the buildings were 
burnt down a short time before the intended opening, 
he made the exhibition a success in spite of this 
mi He was one of the founders of the 
Hygienische Vereinigung of 1885, with which he remained 
connected till his death. He was often consulted as 
expert and umpire; for instance, in 1911, when a new 
water supply was being projected for Athens. He also 
served on many exhibition committees. Since 1902 he 
had been a member of the municipal council of Berlin. It 
was characteristic of the man t he began to attend 
lectures on electrotechnics at Charlottenburg in 1883, when 
42 yearsold. An active, nm, and kindly man, he was 
everywhere popular ; and his 70th birthday, in 1911, was 
celebrated in wide circles. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a very weak tone, and 
leveland warrants were done at 66s. 11d. cash, 67s. 4d. 
twenty-eight days, and 67s. 11d. three months. The turn- 
over was tons, and closing sellers quoted 66s. 114d. 
cash, 67s. 5d. one month, and 68s. 0}d. three months. 
In the afternoon Cleveland warrants were the turn firmer, 
and 10,000 tons were dealt in at 67s. cash, 67s. 14d. eight 
days, 67s. 54d. one month, and 68s. three months. At 
the close the quotations were 67s. O}d. cash, 673. 54d. 
one month, and 68s. 1d. three months sellers. On 
Friday morning the tone of the market was fairly 
steady, and 6500 tons of Cleveland warrants were put 
age at 67s. 1d. and 67s. cash, 67s. 5d. one month, and 
68s. three months, with sellers over at 67s. cash, 67s. 5d. 
one month, and 68s. three months. Quietness ruled in 
the afternoon, when business was limited to two Cleve- 
land warrants at 66s. 104d. seven days. At the close 
sellers quoted 66s. 10d. cash, 67s. 24d. one month, and 
67s. 103d. three months. On Monday morning weakness 
revailed, and 6000 tons of Cleveland warrants changed 
ands at 66s. 6d. and 663. 7d. cash, 67s. February 18, 
66s. 1ld. and 66s. 114d. one month, and 67s. 6d. 
three months. Quotations became firmer towards the 
close, sellers quoting 66s. 8d. cash, 67s. 14d. one month, 
and 67s, 84d. three months. In the afternoon Cleveland 
warrants fell away again, and business was limited to 
1000 tons at 66s. 5d. cash and 66s. 11d. one month. The 
closing prices were 66s. 54d. cash, 66s. 11d. one month, 
and 67s. 6d. three months sellers. On Tuesday morning 
a further fall took place, and Cleveland warrants were 
dealt in at from 66s. 3d. to 66s. 14d. to 66s, 24d. cash, 
at 66s. 34d. six days, 663. 104d. March 20 to 25, and 
67s. 3d. three months. The turnover was 5500 tons, 
and closing sellers quoted 66s. 3d. cash, 66s. 8d. one 
month, and 67s. 3d. three months. The afternoon 
session was quiet, and the tone was easier. The business 
consisted of 3000 tons of Cleveland warrants at 66s. 6d. 
one month, 663. 8d. February 20, and 67s. 1d. three 
months, and the closing rates were 66s. 14d. cash, 66s. 64d. 
one month, and 67s. 14d. three months sellers. When 
the market opened to-day (Wednesday) Cleveland war- 
rants were dull, but some improvement took place, and 
ings were recorded at from (és. 13d. to 66s. 2d, 
66s. 14d., and 66s. 24d. cash, and at 67s. 1d. three months. 
The turnover was 6500 tons, and closing sellers quoted 
663. 3d. cash, 663. 8d. one month, and 67s. 3d. three 
months. In the afternoon the market opened steady, 
but. the close was very weak. Cleveland warrants were 
active, and 10,000 tons were done at 66s. 24d. and 66s. 3d. 
cash, from 66s. 74d. to 66s. 4d. one month, and at 67s. 
April 3, and the session closed with sellers quoting 
65s. ied. cash, 66s. 44d. one month, and 67s. three 
months. 


Sulphate of Ammonia.—During the past week there 
has been a good demand for sulphate of ammonia, and 
the price has hardened. Inquiries amounting to a con- 
siderable tonnage have been in circulation, and some fairly 
large lots have been fixed up. The current quotation is 
now from 14/. 10s. to 14/. lls. 3d. per ton for prompt 
parcels, Glasgow or Leith, and for forward lots higher 
values also obtain. 


Scotch Steel Trade.—With business conditions now 
settling down there has been a renewal in the demand 
for steel of all kinds. Deliveries of heavy material 
are good, but makers are still a long way behind with 
supplies, and are being kept going at full pressure. New 
business for the home market is rather quiet, but existing 
contracts are heavy, and ensure steady employment for 
several months at least. However, there are plenty of 
inquiries at the moment, largely for the export market, 
and there is good prospect of many of these being 
secured by local producers. Black-sheet makers are 
exceedingly busy, and a very healthy demand prevails 
for structural sections. Prices are very firm, and some 
even think that a further advance is —— shortly 
owing to the increase in the price of fuel, and high price 
of raw material generally. On the other hand, there are 
those who argue that present quotations are high enough, 
and to advance them further might be risky. The ques- 
tion will probably be under discussion next week, but in 
the meantime it is difficult to forecast anything. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland shows little 
or nochange. Thereisno lack of specifications at present, 
and, as makers are still behind with orders, they are 
making big endeavours to work off arrears. Prices are 
firm, and are based on 8/. 10s. per ton for ‘‘crown” bars. 


Scotch Pig-Iron Trade.—There is nothing fresh to report 
in connection with the Scotch pig-iron trade, and the 
number of furnaces in full blast remains at ninety. The 
demand for the ordinary qualities of iron keeps strong, 
as stocks are very low. The export business is healthy, 
and all round full prices are being obtained. The market 
quotations for makers’ (No. 1) iron are as follows :—Clyde, 
82s. ; Calder and Gartsherrie, 83s. ; Summerlee, 82s. 6d. ; 
and Langloan, 83s. 6d. (all shipped at G w); Glen- 
garnock (at Ardrossan), 83s. 6d. ; Shotts (at Leith), 82s. ; 
and Carron (at Grangemouth), 83s. Hematite is strong, 
and the present heavy deliveries are going steadily into 
consumption. 








City AND GuILps oF Lonpon InstiTuTE, TECHNICAL 
Couiecr, Finssury.—We are informed that the course of 
weekly lectures by Mr. Wimperis on the subject of ‘‘ The 
Application of Power to Road Transport,” at the Tech- 
nical College, Finsbury, will commence on Thursday 
evening, the 23rd inst., at 8 p.m. 
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NOTES FROM SOUTH YORKSHIRE. 
SuHEFFIELD, Wednesday. 

Hull Coal Returns.—Despite the strike, the returns 
of last year’s coal traffic through Hull have set up a new 
record. The figure for 1910 was the previous highest, 
but this has been eclipsed, and the returns show an 
increase of over a half a million tons on 1911. Amongst 
the causes which have contributed to the record are to 
be found the increased outputs from the newly-developing 
Doncaster coalfield. ‘The —— pis for example, is 
coming forward, and sent to Hull during the year 
80,922 tons as inst its 3512 tons in 1911; whilst, on 
the other hand, the Denaby and Cadeby colleries, which 
consistently head the list, show a considerable decrease on 
the year’s production. The amount of coal dealt with at 
Hall during 1912 was 7,011,973 tons. This compares with 
6,455,984 tons in the previous year and 6,875,152 tons in 
1910. The foreign exports were 3,684,176 tons, as against 
3.355,415 tons in 1911, showing an increase of 328,761 tons. 
The coastwise exports totalled 973,877 tons. The Decem- 
ber wae, through — shows a -_ decrease on the 
corres ing month a year ago, © respective —— 
are 563.194 tons and 584,400 tons. Of this quantity, how- 
ever, the foreign exports were up considerably, 384,916 
tons having been sent abroad, as against 253,047 tons in 
December, 1911. Last month’s exports to London and 
the home ports amounted to 94,181 tons. 


American Trade.—Evidences continue to come forward 
of the widespread prosperity of the Sheffield industries. 
The return toupee from Sheffield to the United States 
for the quarter ended December 31, last, shows an 
increase On @ year of 52,878/., and as indicating the 
steady progress of the trade during the twelve months, 
the increase upon last September quarter’s returns is 

7,8297. The total is 233.9397. Of this figure, steel, 
sheets, bars, wire, &c., account for 179,2141. The value 
of saw-plates exported is 71661. 


South Yorkshire Coal Trade.—The three days’ bad 
weather has considerably altered conditions in the local 
coal trade, so far as supplies are concerned. Before 
Saturday’s snow and fogs most of the recent transport 
difficulties had been overcome and coal was moving 
freely and quickly away from the collieries. But by 
Tuesday a number of fresh delays had occurred, and 
empty wagons were accumulating at dépéts. The prin- 
cipal inconvenience thus created was in connection with 
the South Yorkshire works, which are requiring large 
supplies of coal daily. So far the house-coal position 
does not show much change, and it is a long time 
since such quietness was to be found at this time 
of the year on the London market. The demand 
for steam coal is brisk, and shipments remain active. 
Smalls are in great request and command high prices. 
Contracts are booked up to twelve monthsahead. Quota- 
tions :—Best branch hand-picked, 16s. to 16s. 6d.; Barns- 
ley best Silkstone, 14s. to 15s.; Derbyshire best brights, 
12s. 6d. to 13s. 6d.; Derbyshire house, 11s. to 12s.; 
nuts, 11s. to 12s. 6d.; small nuts, 9s. to 10s.; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. 6d. to 11s. 6d.; 
rough slacks, 7s. to 8s.; seconds, 4s. 6d. to 5s. 6d.; smalls, 
3s. 6d. to 4s. 6d. per ton. 


Tron and Steel.—The iron market remains v firm, 
with heavy deliveries the rule. Last month’s prices are 
still quoted, but there is no weakening. In fact, the 
ageing, he all the other way. It has also been decided 
by the South Yorkshire Bar Iron Association that the 

rice of 9/. for bars shall hold good for the present month. 

he makers are well booked up. In the general steel 
trades there is good ground for believing that work is 
even more extensive than it wasin December. Certainly 
there is nowhere any cessation of activity, and the railway 


returns su t that Sheffield’s output continues in- 
creasing. @ armament firms are well placed. A 
heavy weight of orders is on hand for the various 


new battleships now building, and the shell-makers 
have plenty of work. One of the most flourishing 
branches, in spite of keen competition from the Mid- 
lands and other districts, is railway steel. Amongst the 
orders that have come into the district are one for 2400 
pairs of wheels and axles, and another for 2300 pairs for 
Australia, a big order for tyres from South Africa, and 
contracts for the East India Railway authorities. It is 
stated that a very big order for wheel-centres is likely to 
come forward from Australia. The steel foundries are 
very busy, and the rolling-mills and fo are on full 
production. All the lighter trades are occupi 

a further development of trade is expected by the 
hand-saw manufacturers. 





MONOPLANES AND BrIpPLanges.—At a meeting of the 
Aeronautical Society of Great Britain, held in the Royal 
United Service Institution, Whitehall, on Wednesday 
last, under the presidency of Professor W. C. Unwin, 
F.R.S., a pear was read by Mr. F. Handley Page, 
A.F. Ae. 8., in which the author made a comparison 
between monoplanes and biplanes. Assuming the same 
lift for each type, and taking three different t re) 
bracing, the author determi the stresses developed. 
His final conclusion was that so long as structural or 
other considerations do not limit the size of the span 
permianiate the advan lay with the monoplane, which 
iad a better ratio of lift to drift. In actual tice, 
however, in a large monoplane, in order to uce the 
total span of the machine toa reasonable limit, it is neces- 
sary to adopt a smaller aspect ratio, thus reducing its 
advan’ For small sizes, therefore, the author con- 
cluded that the net advan lay with the monoplane, 
and that for machines of ium size there was little to 
choose between the two, whilst for very large machines 
the biplane system was, under existing conditions, the best. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A slump in Middlesbrough 
warrants, due to holders becoming alarmed at the crisis 
in the near East, and consequently selling out, has 
thoroughly disorganised the pig-iron market. Values of 
Cleveland pig are lower than they have been for the past 
three months, but traders have still every confidence in 
the future, and ex the belief that, with war troubles 
removed, there will quickly be a return of much brisk- 
ness, and advance in values. No. 3 g.m.b. Cleveland pig 
is now obtainable at 66s. 6d. for early f.o.b. delivery, an 
other qualities of Cleveland iron have fallen in propor- 
tion, No. 1 becoming 69s.; No. 4 foundry, 66s. aA; 4 
forge, 66s. 3d.; and mottled and white iron each 65s. 9d. 
At present no inclination is shown to do forward business. 
East Coast hematite pig is as scarce as ever, none, in 
fact, “y | obtainable for a like early delivery 
and for the first quarter of the year the price of mixed 
numbers is og | 83s. There isnothing passing in fore’ 
ore just now, but market rates aré maintained on the 
basis of 22s. 9d. ex-ship Tees for best Rubio. 


Bridge Contract.—We understand that an initial con- 

tract for a supply of several thousand tons of steel work 
for bridges required in connection with the new Trans- 
Australian Railway ( 
Port Augusta, South Australia), which will be approxi- 
mately 1060 miles in length, has been awarded to Messrs. 
Dorman, Long and Co., of Middlesbrough. It isstated that 
there was much international competition for the work. 


Manufactured Iron and Steel. — Most satisfactory 
accounts continue to be given of all branches of the 
manufactured iron and steel industries. Works are going 
at full pressure, and pene have excellent order-books, 
some firms, in fact, having so many contracts made that 
they do not care to undertake further orders at present. 
Under these favourable circumstances values show a 
marked upward tendency, but no further advances have 
been actually made since the recently recorded rise in iron 
bars and angles. Common iron bars are 8/. 15s.; best 
bars, 9/. 2s. 6d.; best best bars, 9/. 10s.; packing iron, 
6l. 5s.; iron ship-plates, 8/.; iron ship-angles, 8/. 15s.; iron 
ship-rivets, 9/. 15s.; iron boiler-plates, 8/. 17s. 6d. ; steel 
bars (basic), 7/. 15s. to 8l.; steel bars (Siemens), 8/. 5s. ; 
steel ship-plates, 8/. 5s. ; steel ship-angles, 7/. 17s. 6d.; 
steel boiler-plates, 9/. ; steel hoops and steel strip, each 
8l.; and steel joists, 7/. 7s. 6d. to 7/. 10s.—all less the 
customary 24 per cent. discount, Cast-iron columns are 
71. ; cast-iron railway chairs, 4/. 10s.; light iron rails, 71. 
to 71. 5s.; heavy steel rails, 6/. 15s.; and steel railway 
es, 7l. to 71. 2s. 6d.—all net at works. Iron and 
steel galvanised qrevageted sheets, 24-gauge, in bundles, 
are 12/. 15s. to 13/. f.o.b.—less the usual 4 per cent. 


Richard Hill and Co., Limited.—This week Messrs. 
Richard Hill and Co., Limited, have restarted their 

ewport Wire Works at Middlesbrough, after a stoppage 
due to the conversion of the driving plant from steam to 
electrical power. The new plant comprises two three- 

hase slip-ring reduction motors of 2750 volts, three 
ome to each motor. The transmission of power is 
by double-helical machine gear. The switch-gear is of 
the enclosed mining type, fitted with automatic overload 
switches. The work has been executed in England by 
Messrs. Siemens Brothers, Limited. The whole of the 
arrangements for the new machinery have been carried 
out under the personal supervision of Mr. C. F. Bowes, 
engineer for Messrs. Richard Hill and Co. 





QUADRUPLE-EXPANSION ENoinges FoR THE T.S.S. 
**Maceponta”: Erratom.—In our last issue, on page 66, 
we gave an account of the engines constructed by Messrs. 
George Clark, Limited, of Sunderland, for the T.S.S. 
Macedonia, of the National Steam Navigation Company, 
Limited, of Greece. We stated that the vessel itself was 
built by Sir Samuel Laing and Co., Limited, of Sunder- 
land ; this name should, of course, have been Sir James 


Laing and Sons, Limited. 


Tue Concrete InstTirursz.—A paper by Mr. W. 

Valentine Ball, M.A.., barrister-at-law, on ‘‘Concrete in its 
Aspect” was read at the ordi meeti 

of this Institute, held on Thursday, the 9th inst. This 
paper might have been read before almost any institute or 
association, to whom it would have proved equally 
interesting, by reason of the information and the pre- 
cedents it gave concerning the conditions which bind 
together the authority giving out an order and the eon- 
tractor and sub-contractor who undertakes to carry out the 
work. The next meeting of the Institute is to take place 
on Thursday, the 30th inst., when Dr. J. S. Owens, 
A.M. Inst. O.E., F.G.S., will read a per on “The 
Settlement of Solids in Water and its ring on Con- 
crete Work.” 








Tue StTupEnTs OF ENGINEERING, University COLLEGE, 


f | Lonpon.—The eighteenth annual dinner of Pa-t and 


Present Students of the Engineering Department, Uni- 
versity College, London, will take p) on ranges | 7 
next at the Imperial Restaurant, Regent-street. Sir 
Alexander B, W. Kennedy, LL.D., F.R.S., Emeritus 
Professor of Engineering, U.C.L., has kindly consented 
to take the chair. Old students who have not yet received 
advice of this are requested to communicate with Mr. 
R. A. Bell, of 116, Worple-road, Wimbledon, or with the 
secretary, i ing Society, U.C.L., Gower-street, 
W.C. An attempt is being made to compile 2 complete 
ister of past engineering students, the secretary 
will be pleased to receive any information as to the 





_ whereabouts of any U.C.L. engineering students. 





rlie, Western Australia, to | hal 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown continued firm- 
ness, and buyers have experienced some difficulty in finding 
sellers for January deliveries, colliery-owners stating that 
they are already over-booked. The best Admiralty 
large has made 18s. 9d. to 19s. 3d. per ton; while 
secondary qualities have ranged from 17s. 9d. to 18s. 6d. 
per ton; best bunker smalls from 14s. 9d. to 15s. 3d.; 
and smalls from 13s. to 13s. 9d. per ton. Best 
household coal has brought 19s. to 203.; and households 
17s. to 18s. per ton. No. 3 Rhondda large, 17s. 6d. to 
18s. 6d., and smalls, 14s. to 15s. per ton. No. 2 Rhondda 
large has been quoted at 15s. 6d. to 16s.; and No. 2 
smalls at 12s. 6d. to 13s. 6d. per ton. Special foundry 
coke has made 3ls. to 33s.; good foundry qualities, 
27s. 6d. to 30s. per ton ; and furnace ditto, 24s. to 25s. 6d. 
per ton. As regards iron ore, Rubio has made 21s. 6d. 
to 22s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Rhymney Iron.—The directors of the Rhymney Iron 
Company, Limited, reporting for the a half year, state 
that their output of coal was 574, tons, as against 
543,437 tons for the half-year ending September 30, 1911, 
an increase of 31,465 tons, which would have been greater 
but for the stoppage of all the pits in the ir of the 

f-year, owing to the national coal strike. demand 
for steam coal was good, but for a considerable portion of 
the year there was a lack of tonnage to cope with the 
trade, and freights were very high. During the latter 
part of 1912, when tonnage became more plentiful, coal 
os rose, and had since been maintained at satisfactory 
gures. The quantity of coke made was 22,157 tons, as 
os 23,965 tons in the corresponding period, a decrease 
of 1808 tons. The Mardy pit on the company’s freehold 
is being sunk to the lower measures of the steam coal, 
which, it is expected, will prove over a considerable area ; 
and as the whole power will be electrical, developed 
cheaply from the waste gases at the coke-ovens, the cost 
of working should be moderate. The erection of the 
generating sets at the coke-ovens is being proceeded with, 
and these sets should be ready tc supply the necessary 
—_ by the time the pit has been sunk and equipped 

‘or working the coal. 


Welsh Coal Exports.—The total coal shipments last year 
from the seven oneal Welsh ports—Cardiff, Newport, 
Swansea, Port Talbot, Neath, meaty. and Milford— 
were 36,252,600 tons, as compared with 34,944,044 tons in 
1911 and 35,619,202 tons in 1910. The labour troubles 
which have harassed South Wales during the last two 
years have accordingly not had much effect upon the 
general outcome ; the exports fell off slightly in 1911, but 
the decrease will be seen to have been more than covered 
in 1912. The total of 36,252,600 tons representing the fuel 
exports of the seven ports last year was ante up as 
follows :—Cardiff, 23,489,707 tons; Newport, 5,494,115 
tons; Swansea, 4,523,609 tons; Port Talbot, 2,145,586 
tons ; Neath, 249,563 tons; Lianelly, 213,020 tons ; and 
Milford, 135,000 tons. 


Fishguard.—Estimates have been deposited showin 
the probable cost of new harbour works at Fishguard, 
powers for which are being — for by the Fishguard 
and Rosslare Railways an arbour m . The 
total cost of the new works is estimated at S12, 922. A 
proposed widening and extension of the breakwater will 
involve an expenditure of 244,030/. ; a proposed landing- 
— « will cost 63,012/., and a proposed embankment for 
reclaiming portions of the foreshore, 5650/. 








Tue Frence Customs Aanp Sream -Tursings.—We 
read in the December circular issued by the British 
Chamber of Commerce, Paris, that steam-turbines will 
in future be classed for Customs duty as ‘‘ machines a 
vapeur fixes 4 piston” if coming from countries having 
most-favoured-nation treatment. This classification is 
the result of the Franco-Swiss Convention of 1906, but it 
| he — that it only applies to steam-turbines. It 

oes not apply to steam-pumps, air or compressors, 
or other apparatus falling under No. B10 of the French 
Customs classification, and not containing a piston pro- 
perly so called—i.c., an organ having an alternative 
rectilinear movement in a cylinder or orifice. If any 
steam-turbines admissible under the minimum tariff have 
been surtaxed 6 per cent. since August 3 last (in accord- 
ance with the old classification), it will be possible to 
obtain a refund of this amount. 





Lonpon County Councit.—Courses of instruction are 
— in London in day schools at the different centres 
or boys who intend to enter skilled trades with a view 
to becoming skilled workers, foremen, and managers. 
The instruction is specialised to pre boys for entry 
into particular trades, to give a tm = A of the under- 
lying principles of the trade, practical training in trade 
methods, and also to improve the general education. 
The principals or headmasters of the different schools 
will be glad to advise parents and to assist them, as 
far as possible, in placing boys who have satisfactorily 
followed the courses of training. The Council does not, 
however, guarantee that places will be found, and it is 
expected that parents will take definite steps towards 
the end of the course of training to secure suitable i - 
tions for their ze in the trades in which they have 
been trained. school session will, in 1913, begin 
on April 1, and parents are advised to place themselves 
in communication with headmasters before that time. A 
detailed pamphlet giving particulars of any of the 
schools may obtained from the headmaster, or on 


application to the Education Officer, London County 





uncil, Victoria Embankment, W.C. 
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THE BRYANT HOLE AND FACE-GRINDER. 
CONSTRUCTED BY THE BRYANT CHUCKING GRINDER COMPANY, SPRINGFIELD, VERMONT, U.S.A. 
(For Description, see Page 86.) 
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THE BEAVER BRIDGE CARRYING THE PITTSBURG ANI 


MR. J. A. ATWOOD, CHIEF ENGINEER OF THE PITTSBURG 
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Fic, 22. Erection or TRAVELLER ON APPROACH SPAN. 





AND LAKE ERIE RAILROAD, ENGINEE 
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Erection TRAVELLER ON River ARM. 
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PLATE III. 





AND LAKE ERIE RAILROAD OVER THE OHIO RIVER. 
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THE ELECTRIC PROPULSION OF 
SHIPS. 

One of the most remarkable features of the engi- 
neering progress of the last few years has been the 
almost instant technical and commercial success of 
revolutionary departures from previous practice. 
We my instance the adoption of the marine turbine, 
of mechanical gearing between the engine and 
propeller of a ship, and of the Diesel engine for 
marine work. These cases are very striking, since 
we think it safe to say that successful engineer- 
ing methods and applications are as a rule built 
up on extended experience. This is as one 
would expect. A revolutionary change can in 
general only attain a position of standing after 
it has been employed by many different people in 
many different circumstances, and over a fair 
period of time. A new device, or application, 
may be very successful in a few cases in which 
it is tried, but it is always open to critics to say 
that the circumstances of the few cases happened 
to be favourable, and that the success cannot be 
taken as evidence that the device is suitable for 
general application. As a rule, this critical posi- 
tion is fair. The different conditions which may 
arise in practice are so multitudinous and vary- 
ing that only actual trial over a large field and 
for a reasonable period can establish that the 
device is able to meet all these various conditions. 
It is not possible for anyone to foresee all the 





unfavourable | circumstances which may arise in 
widely spread practice. 

When an invention or proposal is able to claim 
advantages which are too palpable to be ignored, 
it is probable that many engineers and many firms 
will interest themselves in it, and that as a result 
it will be employed:in a large number of different 
forms and applications. The result will be that the 
invention or proposal will be subjected in a compara- 
tively short time to the distributed experience which 
is necessary to establish its suitability for general 
application. Without wishing to detract in any 
way from the credit due to the introducers of the 
marine turbine, we think it will be agreed that it 
could not have achieved its present standing had it 
not been employed on a large scale and by a large 
number of firms. It seems probable that the marine 
Diesel engine will also establish a position in which 
its technical suitability for craves pom plication will 
not be questioned, although many, of course, hold 
that there is not sufficient distributed experience 
available in reference to it to award it that position 
as yet. 

When we come to cases of new proposals which 
are not able to make any very striking claims, or 
against which there’ appear to be serious argu- 
ments, it will in general be found that very many 
years are required before it is possible for their 
sponsors to introduce them on such a scale that 
they can come to a position of any standing. The 
adoption of some form of electric gearing between 
the aioe and propellers of a ship appears a good 
example of this class of case. The proposal is not 
very new. It was in practical operation at least as 
early as 1903, when the ! Société Nobel Fréres, of 
St. Petersburg, had an oil-tank ship of 1100 tons 
fitted with an electrical transmission, in service on 
the Volga and Caspian Sea. Since that time a 
good deal has been done, mostly with small boats, 
and yet the scheme has not attained such a posi- 
tion that it is even seriously considered by the 
majority of engineers. We think the trouble has 
been not so much that believers in electrical trans- 
mission have not been able to put forward reason- 
able arguments, as that the objections, real or 
imaginary, against putting an electrical main trans- 
mission on an ocean-going ship have not been 
met by practical demonstrations. Until there 
is a fair amount of practical evidence that such 
main transmissions are unobjectionable, it is very 
unlikely that the majority of shipping people will 
be prepared to give them any peer. hac atten- 
tion. 

It may be a somewhat hard saying that electrical 
transmission cannot attain a position of standing 
until it has come into use on a fairly large scale, 
but its truth appears to us obvious. It is well to 
remember, however, that by a position of standing 
we mean that the system shall be of such unques- 
tioned practicability that it will be considered to 
be in no sense experimental. We may illustrate 
this by saying that while a turbine steamer is no 
longer an experiment, a Diesel-engine ship still 
to some extent is. The believers in electrical 
transmission have apparently, up to quite a 
recent date, been unable to persuade anyone to 
experiment with their system on a reasonably 
large scale, so that up to to-day there is abso- 
lutely no practical evidence with which one can 
rebut arguments to the effect that main elec- 
trical transmission is unsuitable for ocean ships. 
The completion of the United States collier Jupiter, 
and of the Diesel electric shi ip which is being built 
by Messrs. Swan, Hunter and Wigham Richardson, 
may do something towards building up such evi- 
dence ; but it is wellto remember that these two 
ships in themselves cannot prove the case for any 
general adoption of marine electric transmission. 
If they are successful over a number of years, they 
will do much towards making a case for such trans- 
mission, but in no circumstances will the limited 
experience of two ships be competent to establish a 
case for the general adoption of the system. If 
the ships are sufficiently successful, they will natu- 
rally lead to the building of others, which in their 
turn will help towards the establishment of the 
general case. 

Much argument has been advanced by the electric- 
ship people to build up their position. Such argu- 
is, of course, allowable and necessary, but it 

to us that progresscan be made in this matter 
p. y by practical demonstration—practical demon- 
stration, not on a small scale, but a large. Karly in 
1911 Mr. Mavor equipped a small boat with his 
electrical transmission gear, in order to demonstrate 
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its practicability. As far as we know, the experi- 
ment was quite successful, but it is not elear that 
anyone even sup that it would not be. We 
are not criticising Mr. Mavor’s action. He naturally 
improved the likelihood of his apparatus being 
taken up by showing it in practical operation. Our 
point is, however, that electric transmission is not 
delayed because people suppose that it will not 
work, or even that people suppose that it will not 
show better efficiency than existing methods. It is 
delayed because people are not convinced that it is 
suitable for the everyday work of a marine engine- 
room. They are not convinced that it will be able, 
day in and day out, to stand up to the hard con- 
ditions, the damp atmosphere, and possibly the 
flooded engine-room of a ship in a heavy gale for 
days together. 

A disadvantage under which the electric-trans- 
mission advocates labour is that their proposals 
are able to make a much better case for adoption 
on warships than on merchant vessels. The 
splitting up of the prime mover in such a way 
that half speed may maintained with the same 
efficiency as full s is of little interest in con- 
nection with either passenger or tramp ships. 
For warships, however, the matter is important. 
In a sense, it may be said that it is an advantage 
to electric-transmission advocates that they can put 
forward a good case for warships, since Governments 
in general have access to funds of a magnitude 
unapproached by those of private firms, so that if 
it is panne lo worth while there is plenty of 
money available for experimental installations. 
This advantage is, however, quite outweighed by 
the disadvantage—from the electric-transmission 
point of view—that warships are the last place on 
which untried and doubtful appliances are wanted. 
The reliability of the propelling machinery of a 
battleship is of such importance that there would 
be no justification for building an electrically- 
propelled battleship unless the system had proved 
its case quite definitely in other spheres. It will 
be remembered that even now there are some who 
hold that steam-turbines are not yet of sufficiently 

roved reliability to be suitable for installation in 
ttleships. 

There is no doubt but that the building of the 
Jupiter and the Swan-Hunter ship form much 
the most important steps which have been taken in 
connection with electric transmission. When these 
ships are running, we shall have the beginning of 
a body of evidence bearing on the behaviour of 
electric transmission in practice. This evidence 
may or may not help to establish the suitability of 
the system for use on a large scale. In any case it 
will help to clear the air, and will do something 
towards settling the main question involved, which 
is, whether electrical machinery is, or is not, 
suitable for driving the ate genes of ships en 
in world-wide trade and subjected to all the 
conditions of climate and weather which such trade 
involves. 





THE BESSEMER CENTENARY. 


On Sunday next, the 19th inst., one hundred years 
will have ela since Henry Bessemer was born 
into this world, and though it is only fifteen years 
since his death, and doubtless many stories have 
been written of his life, it will not be out of place 
to make some brief reference to what this one man 
did for us, and for the generations to follow. Our 
excuse on the present occasion for doing so must 
be, if one be needed, that we have now reached 
the first cage, in the lo age | of mankind 
down through the ages to follow, whence, looking 
back, some just conception may be formed of the 
changes introduced into the world as a result of a 
single life. 

It is a common-place that great things seen too 
near at hand cannot be properly comprehended. 
The eye and mind cannvt grasp the effect in its 
entirety, unless some point of inspection he chosen 
at a distance sufficient to enable an appreciation of 
the perspective of the whole to be obtained. If, 
from a foot or two away, the attention be directed 
to the plain cylindrical shaft of a massive Norman 
pillar, no great sensation is conveyed to the ob- 
server, but it is seldom indeed that no impression 
is made by the sight of a Norman nave, so many 
examples of which we are fortunate to possess in 
this country. In like manner, during a man’s life- 
time, it is impossible to get a true idea of the 
structure of which he constituted the builder. We 
are then too near to some one particular part to 


form a correct judgment of the whole. Perhaps 
even some detail may displease us, which, when 
shrunk to its true a in regard to the 
remainder, will be found to be quite inoffensive. 
We need to get further away. 

If we may pursue the simile still further, the life 
of Sir Henry Bessemer will be found to have con- 
tained incidents of every variety, which may well 
be likened to all the constituent parts of a building, 
from the unpretentious foundations to the em- 
bellishments of the final gigantic superstructure. 
It is quite true that during this work Bessemer 
was at times at fault. Whoever has not been so? 
He was himself always ready to admit that he 
had made mistakes, and in his autobiography 
confesses to the fact that they were probabl 
more numerous than those of other men. If 
that were so, it was largely due to his extra- 
ordinary activity, which prompted him to attack 
an immense variety of problems. As _ scientific 
knowledge was, in those days, both little in amount 
and hard to come by, many of these matters had 
to be approached from the most elementary ground, 
with no other guidance than analogy, which was 
not always strictly applicable. It is not easy to 
conceive in these days of books and records the 
difficulties of the earlier workers. Yet, by their 
care and pains, at a single step they often revolu- 
tionised whole industries. 

**T count him a great man,” says Emerson, ‘‘ who 
inhabits a higher sphere of thought, into which 
other men rise with labour and difficulty.” Such a 
man was Bessemer. Great men open new worlds 
to us. Of none might this be more truly said than 
of Henry Bessemer. One such man is allowed 
us now and then, and an advance is made, and 
then, apes for years the world is left to men 
of lesser calibre, who engage in finishing off and 
filling in, so to speak, the work of the pioneer, 
adding for the most part small improvements, which, 
though all to the good, are of infinitesimal value 
compared with the inspiration to which the struc- 
ture itself was primarily due and to which they may 
be said to be adding decorative touches. What 
matters it if in course of time improvements come 
and the earlier work be superseded? The credit 
for the foundations still endures. 

With the best endeavours it is hard for us to 
appraise the events of our own time at their true 
value, which often is vastly different from their 
face value. After so many somnolent years, things 
have now gathered such a pace that in these crowded 
times one is tempted to distort history. Could we 
throw ourselves into the position of one looking 
back from some date a thousand years hence, how 
few of the so-called ‘‘epoch-making” events of 
this day would we then consider of sufficient value 
to detail? Comparatively few, we doubt not. 
Whatever be recorded, the best of the stories that 
we now tell fully, and with pride, will then be 
curtailed to the briefest dunatie. It will, perhaps, 
be merely noted that in the nineteenth century a 
wave of expansion and civilisation spread over the 
world, and that by the improvements following the 
development of the steamship and the railway 
the face of the earth and manners of life were 
changed. Perhaps barely that will be said. Some 
few names—may be half-a-dozen—will survive. 
Among these we may be sure that one would be 
that of Bessemer, whose memory will be kept 
green as having given a great inheritance to 
mankind. 

Bessemer’s memory will deservedly live long. 
Others have made fortunes vaster, perhaps, than 
he, out of the very industry for which he did so 
much ; but what hold, may we ask, compared with 
Bessemer’s, will the names of the so-called steel 
magnates of the United States have on posterity ? 
Except in connection with certain trust funds, 
such names will probably be forgotten. Libraries 
and church organs, or, indeed, the choicest gifts that 
money would purchase, are puny legacies compared 
with the bequest to nahin’ which ushered in the 
era of steel. 

This great heritage, of which we are the heir, 
has been put to such good purpose in the last forty 
or fifty years that the whole world has changed. 
Intercourse has increased ; commerce has expanded, 
and incalculable benefits have followed in its train. 
In half a century the annual production of steel 
has risen to over 58,000,000 tons. Though but 
24,000,000 of this are directly due to the process 
with which Bessemer was so intimately concerned, 
the whole followed his memorable experiments first 





undertaken with the object of casting malleable 





iron. Need we say more? Let us borrow, then, 
from Shakespeare— 
“* Why, man, he doth bestride the narrow world 
Like a Colossus, and we petty men 
Walk under his huge legs and peep about 
To find ourselves dishonourable graves.” 

Bessemer’s work introduced an era of cheap pro- 
duction, without which our present conditions of 
existence would be impossible. The quickening 
of the , 80 noticeable of recent years, has been 
due to increased facilities of production, construc- 
tion, and transport, all of which received an un- 
precedented impetus as a result of his work. It is 
difficult now to foresee any remaining direction in 
which a similar change could be brought about 
in the future; but on this point we do not propose 
to speculate. In several quarters at one time 
there might have been heard opinions unfavour- 
able to Bessemer’s work, but, in spite of such, it 
has played its t magnificently in the world’s 
progress. So might we also fall into error if we 
attempted to forecast the future of developments 
proceeding around us every day. 

Hazlitt argues that one proud distinction is 
enough for any one individual to possess or to 
aspire to. It is noteworthy that Bessemer was, all 
his earlier life, seeking for the one thing which 
would make his name. So he tells us in his auto- 
biography, and in the course of years he turned his 
hand rst to one thing and then to another, until at 
last he instinctively felt that his future fame lay with 
the improvement of iron and steel manufacture. But 
if this one proud distinction stands prominently 
before us as the climax of his career, he was endowed 
with such special gifts that many other notable 
achievements had to be credited to his name. He 
turned his hands and mind to innumerable subjects 
of immense diversity. In the majority of cases he 
produced interesting, and, in many directions quite 
out of his ordinary line of work, exceptional results. 
He started his professional life with some know- 
ledge of alloys, but he successfully tackled, without 
prior acquaintance of the subject, the improvement 
of plate-glass manufacture, of sugar-cane machinery, 
the production of bronze powders, lead pencils, 
iron and steel manufacture, and other work. 

His originality and extraordinary versatility, 
activity, and paqone ape carried most of his enter- 
prises through to such a degree of success that he 
was enabled to launch out fearlessly in other direc- 
tions, and furnished him with the sinews of war. 
Thus he was enabled to carry on experimental work 
on a large scale, and this undoubtedly contributed 
to his success. No less credit is due, however, on 
this score, since from the start it was through his 
own ingenuity and hard work that he built up the 
means of doing this. Clouded spells, of course, there 
were, as there have been in the lives of most great 
originators, but the more prevalent sunshine has 
left behind it a glow which will be felt throughout 
the civilised world by many generations yet to come. 





DESTRUCTION OF CONCRETE BY 
SEWER GAS, 

Ir is occasionally observed that the concrete 
roofs of septic tanks become acid and disintegrate 
owing to the formation of free sulphuric acid and 
of crystals of calcium sulphate. The sulphuric acid 
has been supposed to be due to an oxidation of 
the hy n sulphide (or sulphuretted hydrogen, 
H,S) which is generated from the organic matter 
present during the normal decomposition of sewage 
in the septic tank or conduit. It apy sared, 
however, that the amount of hydrogen sulphide 
thus liberated would be too small for the effect 
observed, and it was suggested that the sul- 
phates present in the water might first be re- 
duced to sulphuretted hydrogen, that the latter 
might again be oxidised by the oxygen of the 
atmosphere to sulphuric acid, and that both these 
reactions, the reduction as well as the oxidation, 
were favoured by, or directly dependent upon, 
certain bacteria. Different parts of these problems 
have been investigated by various investigators, 
but a complete case had not until now, so far as 
we are aware, been established. Such a complete 
case has, however, been recently set forth in 
Bulletin No. 26 of the Iowa State Engineering 
Experimental Station, by W. M. Barr and R. E. 
Buchanan, though it must be admitted that one 
link in the chain of evidence remains weak. 

The first observation of a disintegration of con- 
crete by sewer gas was apparently made in an out- 
fall sewer of Los Angeles, California, in 1900. An 
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inverted siphon, which was built in 1895, and 
which formed in principle a septic tank, became 
badly corroded in its roof; the moisture on the 
roof was strongly acid, and it was thought that part 
of the sulphur had been derived from contamina- 
tion by oil-wells. In 1908 Barr and Buchanan 
noticed disintegration of the concrete above the 
high-water line in the dosing-chamber of the 
sewage plant of a hospital in Knoxville, Iowa, 
and a similar case having soon afterwards been 
reported from Grinnell, they predicted from the 
analysis of the supply water that the trouble 
would arise also at Mt. Pleasant Hospital, in 
the same State. Large quantities of hydrogen 
sulphide were given off in all the three cases 
when the dosing-chamber was discharged, free 
sulphur was found floating on the sewage and 
deposited on the concrete walls, and crystals of 
calcium sulphate (gypsum) were seen to have 
formed. The supply water proved unusually rich 
in sulphates, microscopic examination showed an 
abundance of sulphur bacteria, and the decaying 
concrete contained more sulphates than the un- 
attacked material. 

If the reactions were to take place as just 
indicated, it was, in the first instance, necessary to 
establish that the hydrogen sulphide, which owed 
its origin to the presence of proteins and other 
organic or inorganic sulphur compounds in the 
sewage, was insufficient to account for the finally 
found sulphur and its compounds. This was done, 
so far as the organic (protein) source of sulphur was 
concerned, by determining the ammonia, free and 
albuminoid, in addition to the nitrates, nitrites, 
chlorine, and oxygen consumed. The presence of 
other sulphur compounds in the sewage itself was 
not likely ; it was not taken into special considera- 
tion ar gp. > But the supply water certainly 
was rich in sulphates, and the determinations of 
the total sulphates in the raw sewage and in solu- 
tion, and of the sulphates in the effluents, showed 
that a considerable portion of these sulphates dis- 
appeared, and could not be traced in the effluent. 
Now Beyerinck demonstrated in 1895 that a 
certain anaerobic bacterium, spirillum desulphuri- 
cans, reduces sulphates to sulphides in the absence 
of air; inoculation of this organism with sterilised 
sulphate solution caused evolution of hydrogen 
sulphide. Barr and Buchanan introduced some of 
their sewage into sterilised solutions of alkali sul- 
phates, containing also phosphate and asparagin, the 
solutions being covered with neutral paraffin oil to 
exclude the air. Some ferrous sulphate was also 
added, and black precipitates of iron sulphide were 
noticed to form in the course of a few days. The 
isolation of the spirillum was also successful ; the 
solution would first contain various bacteria, but 
after a fortnight or so the spiriilwm desulfuricans 
would generally predominate. 

There are, moreover, other sulphur-reducing 
organisms ; Zelinsky isolated an elongated bacillus 
from the ooze of the Black Sea and its limans 
(estuaries). Thus the reduction of sulphates and 
the liberation of hydrogen sulphide by bacterial 
action is clearly established. t other aerobic 
bacteria, in the presence of air, will oxidise the 
H.S under liberation of free sulphur and final 
formation of sulphuric acid, was shown by Wino- 
gradsky, Engelmann, Miyoshi, and others. One 
of these organisms is the beggiatoa alba, which was 
found in the surface scum of the septictanks. The 
liberated sulphur forms granules in the cells of the 
organism, and can be extracted from these by carbon 
disulphide, and its presence demonstrated by 
other tests. A number of flasks were charged with 
solutions of various sulphides and then infected with 
the disintegrated concrete ; in some of these flasks 
the beggiatoa developed, and the sulphur granules 
could be traced ; in other flasks neither the organism 
nor the free sulphur were observed, and there was 
probably oxidation of the hydrogen sulphide to 
sulphuric acid by some other organism. This 
organism is not yet identified, however, and that 
is the weak link in the chain; yet it was proved 
that mixtures of iron sulphide and calcium car- 
bonate were partly converted into sulphates by the 
decayed concrete. 

_The following figures show that the disintegra- 
tion of the concrete proceeded from the outer sur- 
face, which was covered with a mould, in the 
Grinnell tank: the outer layer of the roof con- 
tained 19.7 per cent. of free sulphur and 1.2 per 
cent. of sulphates ; at a depth of more than 1 cm. 
7.2 per cent. of free sulphur and 21 per cent. of 
sulphates were found ; and at a depth of 5 cm. 





0.27 per cent. of free sulphur and 6.7 per cent. of 
sulphates. The concrete dew the water-line was 
hardly disintegrated at all, so that the action can- 
not directly be ascribed to the evolution of gas. 
How the sulphuric acid which arises from the 
oxidation of the hydrogen sulphate acts on the 
concrete is evident. nder the microscope large 
and small crystals of gypsum could be seen in the 
decayed concrete and in scrapings of this concrete 
which had been treated with water and evaporated 
to dryness. A destruction of concrete conduits by 
direct bacterial action upon sulphur compounds 
in the concrete does not appear likely after the 
researches of Grieg Smith, Stutzer, Hartleb, and 
others. 





THE FEES OF EXPERT WITNESSES. 


In taking stock of the position of the legal 
profession as represented by solicitors, Mr. Samson, 
the President of the Law Society, recently asserted 
that the mass of solicitors suffer at the present 
time because the conditions of litigation are not what 
they ought to be and might be. Inito all the causes 
and suggested cures it does not concern us to make 
close inquiry; but he took it upon himself to 
announce that the costs of litigation are unduly 
enhanced by, inter alia, fees paid to expert wit- 
nesses. The force of the attack is to some extent 
lessened by the fact that the same charge is levied 
against the fees of learned counsel. The solicitor, 
according to Mr. Samson, is never to blame. 
Costs are high, but the solicitor does not get 
them. One always suspects the would-be re- 
former who cries: ‘‘ Codlins the friend, not Short.” 
But to come down to hard facts, is there any ground 
for the assertion that it is the greed of expert 
witnesses which is responsible for the increased 
expense of litigation? If so, litigation has been 
seriously hit ever since the days of Sir Frederick 
Bramwell, who doubtless charged high fees, and 
who (we may add in parenthesis) gave good value 
for the money paid him. 

It is the very vagueness of the charge, and the 
fact that it is of a character which appeals to the 

ublic mind, which makes it difficult to refute ; 
ut it is right to attempt a refutation. Expert 
witnesses are only called in a very small pro- 
portion of the cases which actually come to trial. 
Again, they are frequently invited to give evidence 
in cases were expense is no particular object to 
either party, and the fees of the expert are a 
mere bagatelle when compared with the subject- 
matter in dispute. What right has Mr. Samson to 
inveigh against any other professional man for 
charging such fees as his client can afford to pay ? 
If the opinion or advice of any solicitor were so 
valuable that he was in a position to charge what 
he liked for it, would he fail to take advantage of 
his position? If the would-be client thought the 
fee was exorbitant, he could go next door to be 
advised. Perhaps he would not value the advice 
quite so much. Similarly, if a litigant thinks that 
Mr. A. B.’s fee for giving expert evidence is too 
high, he can summon Mr. C. D., who will charge 
less. But if your litigant wants to have the best 
expert—that is to say, the expert whose testimony 
is most likely to carry weight with the Court—he 
must pay the best price. In a word, Mr. Samson 
would disturb the operation of the ordinary law of 
supply and demand in order, as he says or 
implies, to encourage people to go to law, and 
rovide further fees and costs for the legal pro- 
ession. 

It is interesting to inquire a little more closely 
into the sweeping allegation that the expert’s fees 
are exorbitant. What is an exorbitant fee in 
the case, say, of a consulting engineer? It must 
depend on the rank and experience of the witness, 
and on the value of the time which he devotes to 
the matter in hand. Experience is a commodity 
which can only be purchased at the expenditure of 
much time and trouble, and on its resale the vendor 
is entitled to make a substantial profit. Again, 
while a case may be heard and decided in the course 
of a single day, the witness may be entitled to 
remuneration for much more than a day’s work. 
For instance, uncertainty as to the day of hearing 
may upset many professional arrangements, and pre- 
vent his making appointments. Again, he may have 
had to prepare drawings, conduct experiments, view 
premises situated a long distance away. In these 
circumstances what would be regarded as exorbitant 
fees for an ordinary witness would be but fair re- 
muneration for the expert. 


| We have no reliable figures to place before our 

readers as to the actual fees earned by the expert 
witness. They are said to amount to as much as 
50 guineas a day in some cases. The only standard 
we have to go by is set by the fees which have 
been allowed to engineers, &c., when acting as arbi- 
trator. When we say ‘ allowed ” we mean allowed 
on taxation ; that is to say, ordered to be paid by 
; the unsuccessful party to a litigation. hat an 
engineer is entitled to charge for his services as 
arbitrator appears to be a question of degree, 
and one which must be settled in reference to the 
particular facts of the case, and the question 
whether the engineer is called upon to travel far. 
In the case of Re Westwood, 1886, 2 T.L.R., 667, 
a fee of 10 guineas a day was considered reason- 
able. In one case the fees of two arbitrators 
and an umpire amounted to 4761. 12s. The actual 
hearing of the arbitration lasted two days, for which 
the contractors charged 25 guineas a day, and the 
umpire, besides being present at the arbitration, 
went down to Walesand spent a day in viewing the 
water works which were the subject-matter of the 
arbitration. All the fees were allowed by the 
Court of Appeal. 

If the parties to the above dispute had been so 
minded, they might have agreed to refer it to a 
cheaper tribunal, but refrained from so doing. 
Similarly, the public are quite at liberty to refrain 
from summoning the expert witness to the Law 
Courts ; but on behalf of the expert witnesses who 
represent the engineering profession we protest 
against the assertion that the public are made to 
suffer-by the exorbitance of their charges. 





THE IMPROVEMENT OF POWER- 
FACTOR. 

Ir is but few years ago that the industrial motor- 
load on the mains of our large municipal electric- 
stations and power companies was comparativel 
unimportant. Lighting then accounted for a muc 
greater proportion of the output than it does to- 
day, while the demands of a traction system 
frequently formed the main and important load. 
Later years have seen a change, and in many 
cases the supply of power to private con- 
sumers now accounts for a t part of the 
output. In the case of alternating - current 
systems—which is to say, in the case of most 
of the important systems of the country—the 
growth of the motor-load has introduced a new 

roblem to the station engineer. The motor- 
oad being usually a long-hour load, is in itself a 
very valuable one, but concomitant with its growth 
there has usually been a fall in the power-factor. 
This is to be put down to the induction motor, which 
is the type mainly used for industrial power 
supply. the effect on the power-faetor has varied 
greatly on different systems, depending naturally 
on the proportion which the induction-motor load 
bears to the total load, but usually it has been 
important enough to merit the discussion of 
remedial measures. It was stated at a meeting of 
the Institution of Electrical Engineers in 1909 that 
in a Midland town the power-factor rarely rose 
above 0.72, and that it was frequently down to 
0.66. This is probably an extreme case, but there 
can be no doubt that on most systems the matter has 
become of importance. 

The effects of the low power-factor on induction 
motors are well known. In the first place, it 
practically reduces the output of the motors them- 
selves, a circumstance which may be of ot 
importance at times of overload. It also, by load- 
ing up the distributing cables with idle currents, 
mm bn 9 the effective power which can be distributed 
through them. It also reduces the output of the 
generators, and by demagnetising their fields affects 
the voltage regulation. Of these effects, the prac- 
tical reduction in effective area of the distributing 
cables is the most important. To remedy this 
effect, it is obviously necessary that any correcting 
apparatus must be placed at the motor end of the 
line. Appliances placed in the generating station 
may relieve the machines from the effects of the 
idle currents, but they do nothing towards meeting 
the trouble in the eables. This forms one of the 
difficulties of the whole problem, since, normally, 
the greater part of the falletion motors of a system 
will be situated in consumers’ premises, and it is 
not always desirable or possible for a supply 
authority to fit correcting apparatus on such 
premises. 

There are various methods of improving the 
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wer-factor. The simplest and most obvious is to 
increase the amount of synchronous machine 
connected to the mains. If a proportion of suc 
synchronous machinery be designed to give a 
leading wattless component, it may be employed 
to correct for the lagging component of induction- 
motors. With a system having sub-stations it is 
possible in this way, by using synchronous motor- 
generators, or rotary converters, to work the whole 


supply at a power-factor approaching unity. If] p 


desired, of course, it is possible to bring up the 
wer-factor by runningsuchsynchronous machinery 
fight on the mains, and we believe this method has 
been adopted at Sheffield, a 600-kilovolt-ampere 
over-excited synchronous motor being situa in 
a sub-station 2 miles from the generating-station. 
The machine runs light, and is started up as 
required by the state of the power-factor. 

A further method of improving the power-factor is 
by the use of condensers. This method has been 
the subject of a good deal of consideration, and was 
raised during the discussion of a paper dealing with 
the subject which was read by Professor Miles 
Walker before the Institution of Electrical Engincers 
on the 9th inst. We are not aware, however, that 
any important attempt has been made to utilise 
the system in practice. Condensers have, however, 
we believe, been employed as part of the equipment 
of comparatively small induction motors. With 
the improved condensers which are available at the 
present day, it is much to be wished that an 
attempt on a fairly large scale should be made to 
determine their technical and commercial value for 
the improvement of the power-factor. 

A third method of dealing with the problem is 
to so modify the induction motor itself that its 
low power-factor shall disappear. This has been 
done by Heyland on the method he proposed 
in 1901. The Heyland motor has had some success, 
but it is disadvantageous on the score of cost, and 
in view of the fact that as it has a commutator it 
has no longer the simplicity of the straight induc- 
tion motor. The induction motor is a rough-and- 
ready article which has been a great success in 

ractice, and anything which tends to complicate 
it is likely to hamper its still greater employment 
in the future. A further way of improving 
power-factor is associated with the name of Pro- 
fessor Miles Walker, and formed the subject of the 

per we have already referred to. As is generally 

nown, the method involves the use of a sub- 
sidiary machine in connection with an induction 
motor. The machine runs with the induction 
motor, but may be cut out of circuit when neces- 
sary without affecting the running of the latter. 
The machine is based on the proposal of Leblanc 
in 1895, that the magnetising current of the rotors 
of induction motors should be furnished by separate 
exciters consisting of commutating alternating- 
current generators excited by the rotor currents of 
the motors. The machine is called a_phase- 
advancer. We need not describe it in detail, as 
we have already done so in an illustrated article.* 

Professor Miles Walker’s phase-advancer, which 
is manufactured by the British Westinghouse 
Electric and Manufacturing Company, appears to 
have been a success in practice, and a fair number 
of installations are now in operation. Although 
the machine in a sense adds a complication to the 
simplicity of the induction motor, the practical 
objections to it are few, since, as stated above, it 
is a quite independent unit from the induction 
motor, and may be cut out if trouble arises. This 
cutting out naturally eliminates the power-factor 
correcting feature of an installation, but does not in 
any way interfere with its running. Normally, of 
course, there is no need to anticipate that the phase- 
advancer will break down. Professor Miles Walker’s 
paper gave some details of various installations 
now running. In the case.of a mill in the north 
of England, driven from a 250-kw. generator, which 
was somewhat overloaded owing to the low power- 
factor, a 5-kilovolt-ampere phase-advancer was fitted 
in connection with a 140-horse-power induction 
motor. The result of this was that the power- 
factor of the whole mill was raised from 0.70 to 
0.92. The capacity of the motor was hardly great 
enough to justify the fitting of a phase-advancer 
large enough to bring the power-factor up to unity. 
The total result was that the installation of a 
5-kilovolt-ampere phase-advancer met a condition 
which otherwise would have demanded the replace- 
ment of the main 250-kw. generator by a larger 


* See ENGINEERING, vol. lxxxix., page 446. 





unit. Another case quoted was that of three 
400-horse-power motors driving pumps for the Port 
of London Authority. These were on the mains 
of the West Ham Corporation, and had a power- 
factor of only 0.55 on full load. A phase-advancer 
was fitted, with the result that the motors now run 
at a slightly leading power-factor. 

In an earlier paragraph we referred to the objec- 
tions which may sometimes arise to the fitting of 
hase-advancers on consumers’ premises. This is, 
undoubtedly, one of the main difficulties of the 
question. Large induction motors, which are 
frequently the greatest offenders in the matter of 
power-factor, are usually fitted in consumers’ 
premises. As, however, the main advantage of the 
titting of phase-advancers in connection with these 
accrues to the supply authority rather than to 
the consumer, it is naturally difficult to persuade 
the consumer to undertake the expense. This 
difficulty may very fairly be met by allowing the 
consumer a special rebate for the fitting of the 
machines in consideration for the relief thereby 
afforded to the distributing net-work and the power- 
station. We believe this method was adopted in 
the case of the Port of London motors. In many 
instances it would undoubtedly pay for the supply 
authority themselves to fit phase-advancers to 
consumers’ motors, assuming, of course, that the 
consumers’ permission could be obtained. In the 
case of self-contained plant, such as that of the mill 
quoted above, no difficulty arises, and one may 
expect to see a considerable extension of the use of 
phase-advancers in such circumstances. In conclu- 
sion, we should say that Messrs. Brown, Boveri 
and Co. have introduced a phase-advancer some- 
what on the same lines of that of Professor Miles 
Walker, and that it has been used to a considerable 
extent on the Continent. Professor Kapp has also 
recently suggested and experimented with a further 
form of machine, which obtains the same results in 
a different way. 








THE NEW GERMAN INSTITUTES FOR 
CHEMISTRY AND COAL RESEARCH. 

WHEN the centenary of the University of Berlin 
—which was founded in 1810, at the time of the 
humiliation of Prussia—was celebrated two years 
ago, the long expressed desire for the establishment 
of a Chemical Reichsanstalt—a parallel to the 
Physikalisch - Technische Reichsanstalt — assumed 
more definite shape, and new and already existing 
institutions took the project up. The leading bodies 
were the Kaiser-Wilhelm-Gesellschaft zur Férde- 
rung der Wissenschaften, an institution generally 
aiming at the promotion of science, and the Verein 
Chemische Reichsanstalt. That the latter body 
found such active support by the great chemical 
manufacturers may appear a little surprising. For 
it is well known that many of those works already 
occupy large staffs of chemists for conducting more 
or less unrestricted research which the manufac- 
turers hope may ultimately prove of practical 
benefit, but which is often undertaken merely for 
the object of clearing up obscure scientific facts. 
Those manufacturers had long since recognised, how- 
ever, that their own endeavours were insuflicient, 
and that they should, on the one hand, keep tho- 
roughly in touch with the general advance of science, 
and, on the other hand, relieve the university and 
technical high school professor of some of his pro- 
fessional duties, in order that he might have time 
for research. The idea of a Kaiser Wilhelm fund 
for the advancement of science thus met with a 
ready response ; large sums were collected, and if 
the projected Chemische Reichsanstalt has not been 
founded, because the original scheme has been 
modified, two new institutes were opened on 
October 23 last, and a third is rising. 

The institutes are all known under the names of 
Kaiser Wilhelm Institutes, the one for chemistry, 
the second for physical chemistry and electro- 
chemistry, and the third for coal research. The 
first two institutes have been built, close to one 
another, at Dahlem, near Berlin, on fiscal ground, 
granted by the State ; the building of the Chemical 
Institute has cost 55,0001., which was almost en- 
tirely supplied by the Verein Chemische Reichsan- 
stalt. Moreover, an annual sum of 7000/. has been 
set down for maintenance. Thesecond institute, for 

hysical chemistry and electrochemistry, owes its 
oundation largely to the liberality of Mr. Leopold 
Koppel, of Berlin. The director of the Chemical 
Institute is Professor Ernst Beckmann, of Leipzig, 
who is assisted by Professor R. Willstitter, of 





Ziirich, and Professor Otto Hahn the radioactivity 
expert, of Berlin. Professor O. Haber, of Karls- 
ruhe, an authority on electrochemistry and physical 
chemistry, has been appointed chief of the In- 
stitute for Physical Chemistry ; he is the inventor 
of the synthetical ammonia process which the 
Badische Anilin- und Soda-Fabrik is now trying in 
the new works at Oppau, near Ludwigshafen on 
the Rhine. 

The Coal Research Institute (Kaiser-Wilhelm 
Institut fiir Kohlenforschung) is to be built at 
Miilheim, which is situated on the Ruhr, in the 
centre of the Rhenish coal and iron industry. The 
members of the board and committee comprise 
Government officials, coalmasters (like Mr. Hugo 
Stinnes and A. Thyssen), chemical manufacturers, 
like Dr. von Béttinger, and chemists like Pro- 
fessor Emil Fischer, of Berlin. Emil Fischer is 
universally regarded as the leading chemist of his 
time ; on the celebration of his sixtieth birthday 
last October, the almost unique distinction was 
conferred upon him by the Verein Deutscher Che- 
miker, that he was presented with his own medal. 
Owing also to his being the President of the 
Verein Chemische Reichsanstalt, he was asked to 
deliver an address on the aims of the Coal Research 
Institute when its establishment was finally decided 
upon last summer at Miilheim, in spite of the 
fact that his chief work lies in the domain of 
organic chemistry and in the study of protein sub- 
stances. 

Some of the suggestions thrown out by Professor 
Fischer in his address, in which he spoke of the 
‘*somewhat pretentious” name of Kaiser Wilhelm 
Institute, deserve attention. Eulogising the vast 
improvements made in coking as regards the re- 
covery of its by-products and the Mond process, 
he expressed the opinion that the latter did not con- 
stitute the final solution of the problem. It might 
be serviceable to coke in hydrogen or in a mixture 
of hydrogen and water-vapour under pressure in 
order to produce hydrocarbons, possibly also in a 
vacuum, Spilker and Weissgerber, he pointed out, 
had recently isolated butadien (previously discovered 
in compressed illuminating gas) in coke gas, as well 
as in crude benzine from coal-tar gas ; this peculiar 
hydrocarbon had, by F. Hofmann and Harries in 
the Elberfeld Farbenfabriken, been converted into 
rubber. Further, the least volatile tar constituents 
might, in the presence of hydrogen and of suitable 
catalysts, be transformed into the more valuable 
highly-volatile hydrocarbons and illuminating oils, 
and also into compounds of the hydroaromatic and 
fat series. Catalysts played so important a part in 
modern chemistry that one might almost speak of a 
catalytic epoch of chemistry. Sulphuric acid was 
now made chiefly by a catalytic process, and in 
many other reactions the use of suitable catalysts 
enabled the chemist to work at temperatures 
hundreds of degrees below those formerly required. 
By such means the carbon monoxide of cval-gas 
might be transformed into methane in the presence 
of hydrogen, and the gas thereby be made not only 
valuable, but also less dangerous. Recently Linde, 
Frank, and Caro had succeeded in isolating hydro- 
gen, nitrogen, and carbon monoxide from water- 
gas; this hydrogen was sufficiently pure for the 
synthetic preparation of ammonia, and might 
answer for the ‘‘ hardening” of fats, the conversion 
of malodorous fish oils into tasty solid fats. There 
was finally the direct generation of electricity in 
galvanic or in thermo-electric cells, problems the 
solution of which, he (Professor Fischer) understood 
from experts, now appeared not by any means impos- 
sible. Such inventions and improvements would 
raise the intrinsic value of the coal, and that should 
be the object of the new institute. Yet coal- 
owners need not feel afraid that the demand for 
coal would decrease, and that their support of coal 
research might result in their own undoing; for 
the price of coal would rise with its value. Pro- 
fessor Fischer also referred, of course, to the means 
which the very low and very high temperatures 
and pressures now available place at the disposal 
of the technical chemist, and of which very little 
use is made so far. 

Although the institute for coal research, he 
stated, was to grow from a small beginning, since 
nobody could foresee which direction the develop- 
ment might take, the sum of 35,0001. was to be 
spent on buildings, more than half of which would 
be absorbed by the equipment. What he said 
with regard to the status of the staff of the new 
institutes is also interesting. So far as possible 
the directors were to have a free hand as to thie 
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selection and carrying on of theirwork. At the same 
time close contact with industry was desirable, and 
public bodies, universities, and manufacturers 
should be enabled to submit problems to any of 
the institutes which they desired to have. investi- 
gated at their own expense and, if necessary, by 
their own representatives. The directors and the 
members of the staff, on the other hand, were to 
be entitled to take patents on inventions they 
made in the course of their investigations, the 
conditions being that from 25 to 30 per cent. of 
the accruing benefit should go to the institute. 
Some such arrangement was evidently required, 
and further measures may have to be taken to 
guard the interests of the manufacturers and the 
public and of the staff as well. 





NOTES. 
THe Sart Inpustry or Russia. 

Russta is one of the world’s countries richest in 
salt and the salt deposits. Two districts alone 
could supply the whole world with salt for 
several centuries. There are in Central Siberia 
deposits of rock-salt, compared with which even 
the largest deposits of the world may appear as 
unimportant’; but it is reserved for the future 
to exploit these vast accumulations. The trans- 
port of the salt from the different salt-produc- 
ing centres is partly done by rail, partly by water, 
in which latter respect the Volga and the Kama 
play an important part. The cost of transport 
materially influences the area within which the salt 
from the various salt-producing centres can be sold 
with advantage ; still, the Bachmut rock-salt, on 
account of the «xtreme lowness of the cost, is sent 
over distances up to 600 miles or more. As far 
as European Russia is concerned, the Basskunts- 
chak salt plays an important part, it being de- 
spatched by the Basskuntschak Railway as far as 
Vladimirowka, on the Volga, from whence the 
larger portion is sent on by craft, the smaller by 
rail. The aggregate production of salt in Russia 
shows an increase, although a somewhat irregular 
one, as will appear from the appended table :— 


Poods. Poods. 
1880 45,700,000 1905 112,600,000 
1890 84,900,000 1906 106,500,000 
1900 120, 100,000 1907 114,300,000 
1901 104, 100,000 1908 112,800,000 
1902 112,800,000 1909 138,800,000 
1903 102,100,000 1910 ... 125,000,000 
1904 116,500,000 1911 ... 129,000,000 


It should be observed that the figures for 1880 and 
1890 are the average of the two decades beginning 
with the years in question. The price of salt in 
Russia has risen considerably of late years, which 
to a great extent is attributed to the formation of 
several syndicates within the salt industry. The 
entire question of salt production and salt com- 
bines has been made the subject of investigation 
by a special commission. There are some 775 salt- 
making concerns in Russia, of which 470 were in 
operation, including 11 mines, 48 factories, and 
more than 400 concerns for making salt from lakes 
or the sea. Russia possesses more than 700 of these 
concerns, of which some 400 are in operation ; still 
the private industry produces more than half of 
the total output. The Crown, if it sees fit, is 
legally able to exercise a certain control over the 
prices for salt. 


MerHaNE DegTERMINATION BY INTERFEROMETERS. 


We have recently mentioned two new kinds of 
optical apparatus for the determination of fire- 
damp, which Dr. Léwe, of the firm of Carl Zeiss, 
‘of Jena, has constructed on the suggestion of Pro- 
fessor Haber. The one of these is a refractometer, 
consisting of a hollow prism which is to be filled 
with the gas mixture ; it is not, as a rule, suffi- 
ciently sensitive for mine-air analysis. In the 
other apparatus, the interferometer, a beam of 
light is split into two beams, which by their 
interference produce dark and coloured bands. 
Before these beams enter the telescope they pass 
through two tubes or chambers, closed by plane- 
parallel plates. When the two tubes contain the 
same gas, ordinary diffraction bands are observed, 
the zero being given by a fixed interference picture. 
When the one tube contains air and the other the 
respective gas mixture, the bands will be shifted 
until brought to coincidence again by turning a 
compensator plate. The test is madeas follows :— 
Both tubes are first filled with air (by means of 
rubber balloons), and the bands are brought 
to coincidence in order to settle the zero. The 





one tube is then charged with the gas mixture, and 
the compensator plate is again turned to obtain 
coincidence ; the angle through which the com- 
pensator has to be turned gives the percentage of 
methane. The longer the tubes, the greater will, 
of course, be the displacement, but it will be seen 
that long tubes are not convenient and offer few 
advantages. The Westfiilische Berggewerkschaft- 
Kasse, at Bochum—a kind of central institution 
for scientific and technical research and instruction 
in the Westphalian mining district, which we 
described some years ago—was recently supplied 
with two types of these interferometers by Messrs. 
Zeiss, and Dr. E. Kiippers gives, in Gliick Auf of 
January 11, 1913, an account of the tests made 
with these instruments. The long interferometer 
has tubes 1 metre in length, and can indicate 0.02 
per cent. of methane in air; the short portable 
apparatus has gas-chambers only 10cm. in length, 
the whole tubular apparatus having a height of 
about 50cm. (20in.), and weighing, with the cap on 
the top, 8kg. The observer looks down a tube when 
the cylindrical apparatus, 15 cm. in diameter, stands 
on the floor. The air with which the chambers are 
charged is always passed first through a small tube 
containing soda lime and calcium chloride, to absorb 
carbon dioxide and water vapour. The tests were 
partly carried out in the laboratory, in which volu- 
metric analyses were also made, and partly below 
ground. In general, the gas analysis and the inter- 
ferometer agreed within 0.05 per cent., and in half 
the cases within 0.02 per cent. This accuracy was 
obtained with both the portable apparatus tried. 
The operation of the ‘‘long” interferometer re- 
quired more time. Dr. Kiippers recommends the 
portable interferometer for work below and on the 
surface, using chambers about 15 cm. in length, 
although the method and the instruments are not 
perfect. In the first instance, the gases should 
not contain anything but air and methane 
after the absorption of the moisture and carbon 
dioxide if the readings are to be reliable. Some- 
times, but very rarely, hydrogen is found in mines, 
more frequently carbon monoxide produced by 
mine fires or by explosions. Also the gas mixture 
in a mine is not homogeneous ; hence samples 
should be taken at different points across a section. 
When the gas is collected in a long tube and then 

d through the interferometer, the test is more 
ikely to give average values, and such an interfero- 
meter test can performed on the surface in a 
minute. On the other hand, the smallness of the 
gas-chamber enables the experimenter to work with 
small quantities. A deficiency of oxygen in the air 
would also affect the result, but it would have to 
be pretty considerable before it would make any 
appreciable difference. On the whole, Dr. Kiippers 
thinks the portable interferometer will prove very 
serviceable for the ordinary routine tests at 
frequent intervals. The test can be conducted by 
inexperienced men in dangerous atmosphere. The 
results would occasionally have to be checked, of 
course, by gas analysis. 








STEAM ACTION IN LOCOMOTIVE 
CYLINDERS.—No. II. 


By Lawrorp H. Fry. 


Ir was shown in a previous article (see page 1 
ante) that, in the case of the locomotive tested by 
Professor Goss on the Purdue testing plant, general 
expressions can be obtained by means of which 
the steam consumption and power developed can 
be expressed in terms of the speed, boiler pres- 
sure, and cut-off, for both saturated and super- 
heated steam. These expressions will now be used 
to see how the efficiency of the engine is affected 
by changes in the speed, boiler pressure, and cut- 
off, and more particularly how, under various con- 
ditions of operation, the efficiency is affected by a 
change from saturated to superheated steam. 

Tables II. to VIII. have been prepared to 
facilitate this comparison. They give the values of 
various quantities bearing on the steam consumption 
and power, and are calculated from the general ex- 
pressions, for three boiler pressures, 120 1b., 1801b., 
and 240 lb. per square inch, for three speeds, 60, 
180, and 300 revolutions per minute, and for three 
cut-offs, 20, 40, and 60 per cent. of stroke. 

Indicated Steam per Revolution.—The quantity 
of steam shown by the indicator has been calcu- 
lated from equations (3), (4), and (5), and is given 
in Table II. It may be remarked here—and this 
applies to all of the general expressions—that the 





various formule have been obtained by purely 
empirical methods in the endeavour to fit smooth 
curves as closely as ible to the observed results ; 
but the form of the equations obtained will be 


found on analysis to be perfectly logical. ua- 
tion (3), being written in the form *y 
; =25k+B-Ar (3a) 


where s is the indicated steam per revolution, k 
the cut-off, r the engine speed, and A and B 
coefficients which increase with the boiler pressure, 


shows that ; , the steam per per cent. of cut-off, 


increases with the length of cut-off and decreases 
with the speed. The increase with the cut-off is 
to be accounted for by the wider port openings, 
which admit more steam, and by the shorter com- 
pression, and consequently lower compression pres- 


TABLE II.—Jndicated Steam per Revolution. 


Indicated Steam in Pounds per 


: Revolution. 
Boiler 8 in 
Pressure. Revolutions per Cut-Off, 20 (Cut-Off, 40 Cut-Of, 6 
Per Cent. Per Cent. Per Cent 
= 0.2 k=04 k= 0.60 
Ib. p. 8q.in.| Min. Sec. bal BT 

2 | 60 1.0 0.480 1,160 2.040 

| 180 3.0 0.322 0.844 1.566 

| 800 5.0 0.164 0.528 1,002 

180 60 1.0 0.776 1.742 2.928 

| 180 8.0 0.580 1.280 2.190 

300 5.0 0.2384 0.768 1.452 

240 60 1.0 1.074 2.348 3.822 

180 3.0 0.740 1.680 2.820 

300 5.0 0.406 1.012 1.698 


sure, which necessitates more steam in the clear- 
ance space to bring the pressure up to the admission 
pressure. The decrease in steam with the speed 
is to be accounted for by the wire-drawing on 
admission, which reduces the admission pressure, 
and by the increased back pressure due to the 
increased difticulty in getting the spent steam out 
of the cylinder. The obvious increase in the weight 
of the indicated steam with an increase in the 
boiler pressure, which is taken care of by the 
increase in the coefficients A and B, requires no 
comment. 

Total Steam Consumed.—Equation (8), repeated 
herewith, 
013 V 


T, = 1.10 sv + (8) 


r' 

shows that we have been led by the experimental 
data to conclude that for a given boiler pressure 
the volume of steam, T,, taken from the boiler 
and measured at steam-pipe pressure and tempera- 
ture, is only dependent on the weight s of the 
indicated steam and on the engine speed r, and is 
the same whether saturated or superheated steam 
be used, 

Again, in equation (8), T, is the total volume of 
steam used, and sv is the volume of the indicated 
steam as saturated steam at boiler pressure. The 
difference, T, — sv, may be conveniently desig- 
nated the ‘‘ missing volume.” This is found from 
equation (8), by inserting the numerical value of 


V, which is 11.14 cub. ft., to be 0.10 sv + 1-4 


ri 
cub. ft., and this same volume disappears between 
boiler and indicator, whether saturated or super- 
heated steam be used. The weight of steam Jost 
is, of course, not the same in the two cases. With 
saturated steam the ‘‘ missing volume” is the 
volume of steam lost by leakage and condensation 
in the cylinders, and dividing the ‘ missing 
volume” by v, the specific volume, we find for m 
the weight of the missing quantity 


1.45 


m = 0.10 8+ (15) 


vr 
For superheated steam the ‘‘ missing volume ” is 
not entirely due to a loss of steam, but is partly 
due toa cooling of the steam down to the satura- 
tion temperature. The weight of the missing 
quantity is the difference between S, and s, and 
from equation (9) we have 


m, =( 11." -1\0+ 1 

eS 

From equations (15) and (16) it appears that 
the weight of the missing quantity can be expressed 
by two terms, one of which varies directly as the 


(16) 
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indicated steam, while the other is an additive 
term varying inversely as the specific volume of 
the boiler steam, and inversely as the two-thirds 
power of the engine speed. In column 5 
of Table ILI. the value of the additive term 
is given for saturated steam for boiler pres- 
sures of 120 lb., 180 lb., and 240 lb. per sq. in., 
and speeds of 60, 180, and 300 revolutions per 
minute. As this additive term for any speed and 
boiler pressure is independent of the cut-off and 
the amount of steam consumed, it has most influ- 
ence at the short cut-offs, where the weight of 
steam is small. With 120 lb. per sq. in. boiler 
pressure the indicated steam is 0.480 lb. per revolu- 
tion, and the additive term accounts for 0.434 Ib., 
so that the missing quantity per revolution is 
0.10 x 0.480 + 0.434 = 0.482 lb. The total steam 
per revolution is 0.480 + 0.482 = 0.962 Ib., of 


Spxciric VOLUME | Spaep in Revo- 





In Table IV. the missing quantity is given as a 
percentage of the total steam. The negative values 
at the longer cut-offs for the superheater tests 
show that under these conditions the steam is still 
superheated at cut-off. The absolute values of the 
missing quantity can be readily found by taking 
the difference between the indicated steam shown 
by Table II. and the total steam shown by Table ITI. 

Power Developed.—In preparing Table III. the 
weight of the total steam consumed under the 
various conditions has been calculated from 
equation (6) for saturated steam, and from 
equation (9) for superheated steam; so that 
for otherwise similar conditions the same volume 
of saturated and superheated steam is used, 
and consequently the weights are inversely pro- 

rtional to the specific volumes. It does not, 





ToraL Steam IN PounDs PER REVOLUTION. | 














— 0.13 | ' 
for 150 deg. F, Additive “7 TIONS PHB | S=10s+ —. Steam Available 
j Superheat. Termof _ o” | from Boiler in 
Boiler pA. Fe ei Missing — ieee a é | Pounds per 
Pres- |of Satu- ; Quantity | Cut-Off 20 per | Cut-Off 40 per | Cut-Off 60 per Revolution. 
sure. rated | Rati 0.1% V | Cent. Cent. Cent. 
| Steam, | Specific |"S4 ~~ inute,|Second,, * = 0.2 k=04 | k=06. 
% |Volume, "A vr R. ed — —__—— —— 
DY. v | Satu- | Super- | Satu- | Super-| Satu- $uper-| Satu- | Super- 
rated. | heated.| rated. | heated. | rated. heated.| rated. | heated. 
Ib. per | | | | 
sq. in. | | 
120 | 3.34 4.15 1.24 0.434 60 | 10 0.962 0.775 1.710 1.380 | 2.678 2.160 4.45 3.39 
| 0.200 180 | 30 0.563 0.454 1.137 0.916 1.932 1.558 1.48 1.13 
0.148 300 5.0 0.328 0.266 0.728 0.587 1.349 1.087 0.89 0.68 
180 2.35 2.94 1.25 0.617 60 10 | 1.471 1.180 2.533 2.025 | 3.838 3.070 4.45 3.39 
| 0.296 180 3.0 | 0.879 0.704 1.682 1.348 2.705 2.165 1.48 1,13 
0.210 300 5.0 0.622 0.418 1.055 0.845 1,807 1.446 0.89 0.68 
240 | 1.81 2.28 1.26 0.802 6 §©§©6«.:-«i2idiéo 1,983 1,568 3.385 2.690 5.006 3.975 | 445 | 3.39 
| 0.385 180 3.0 1.199 0.952 2.233 1.772 3.487 2.770 | 1.48 1.13 
| 0.474 300 5.0 0.721 0.573 1.387 1,100 2.142 1.700 | 0.89 | 0.68 





which the indicated steam and the missing quantity 
are each 50 per cent. At 60 per cent. cut-off the 
indicated steam rises to 2.040 lb., the additive 
term remaining 0.434 lb., so that the missing 
quantity is 0.1 x 2.040 + 0.434 = 0.638 lb., which 
is only 24 per cent. of the total steam, the indi- 
cated steam being 76 per cent. of the total. A 
similar decrease in the missing quantity in relation 
to the total steam takes place with an increase in 
the cut-off at the other speeds and boiler pressures. 
The change which occurs in the relation between 
the missing quantity and the total steam when the 
cut-off is constant and the speed is varied is illus- 
trated by the following figures, taken from a boiler 
pressure of 120 lb. a a cut-off of 20 per cent -— 


Engine speed, revolutions per minute) 60 180 300 
Total steam, in 1 = revolution) 0.962 0.563 | 0.328 
Missing quantity, in is per revo- | 
fet im Pomnee Per rove! cess | onc | ates 
Missing quantity as per cent. of total! } 
steam oe ee oe oe 4 50 
| 


43 50 


The missing quantity at 60 revolutions per 
minute is equal to the indicated steam, being 50 
per cent. of the total steam. At 180 revolutions 
per minute the missing quantity has fallen to 43 
per cent. of the total, while at 300 revolutions per 
minute it rises again to 50 per cent. Similar 
changes with the speed take place for other boiler 

essures and cut-offs, as may be seen from 
Mable IV. It appears that the missing quantity is 
a smaller percentage of the total steam at 180 revo- 
lutions per minute than it is at the higher or the 
lower speeds. 


TaBLe 1V.—Missing Quantity asa Percentage of the 
Total Steam Used. 





























use of superheated steam is proportional to the 
increase in specific volume, as account must be 
taken of the change in the power developed. It 
has been shown that the power developed, as 
measured by the mean effective pressure, can be 
conveniently connected with the various running 
conditions by equation (10). 


Fe =O -Dk. . . (10) 


P 


where ~ is the mean effective pressure per pound 


of indicated steam per revolution, k is the cut-off, 
and the coefficients C and D are related to the 
boiler pressure P by the equations :— 


The values of the mean effective pressure per 


m 


ly 
pound of indicated steam per revolution (- = 


given by these equations are shown in Table V. [t 
appears that at the shorter cut-offs the saturated 


TaBLE V.—Mean Effective Pressure per Pound of 



































steam gives a higher mean effective pressure than 
the superheated, but that the drop in the mean 
effective with increasing cut-off is more rapid with 
the saturated, so that at a cut-off of about 40 per 
cent. the mean effective is the same for both, 





| |Missing Quantity as per Cent. of Total Steam. 
| ee in fs 
ver) evolu- |Out-O8 40 Cut-Off , 
| per Cu 40 per Cut-Off 60 per 
_— tions per Cent. Cent. Cent. 
sure. k= 02 k= 04. k = 0.6. 
| Satu- Super- Satu- Super- | Satu- Super- 
Min. (Sec. rated. heated. rated. heated. rated. heated. 
ib. per | 
8q. in. | | 
120 60 10 50.6 38.0 32.2 15.9 | 23.8 5.6 
180 30; 428) 20.1 25.2 7.9 | 19.0 > -05 
300 «66.0 60.0; 30.5 27.4 10.0 | 19.0 | -0.5 
180 6 10 47.2 34.2 31.2 14.0 | 23.7 4.6 
180 §63.0/| 37.5 24.7 25.1 65 | 19.0) -L1 
5.0 45.7 27.1 27.2 10.3 19.6 -04 
240 6 1.0 46.8 81.5 80.6 12.7 | 28.7 3.8 
| 180 3.0) 384 21.8 | 24.8 5.2 19.2 | -18 
300 '5.0) 43.6) 29.2 | 27.0 80 | 196 0 


| 
| 





while for longer cut-offs the superheated steam 


owever, follow that the economy gained by the 


is greater with the high boiler pressures than with 
the low, and it appears probable that the lower 
mean effective pressure with the saturated steam 
is due to the difficulty in getting the larger quantity 
of steam out of the cylinder, and the consequently 
higher back pressure. 

e higher mean effective at short cut-offs, where 
the expansion plays an important part, is probably 
due to the operation of the law enunciated by 
J. Paul Clayton in the April Journal of the Ameri- 
can Society of Mechanical Engineers. Clayton 
shows that in a cylinder exhausting to the atmo- 
sphere the expansion line follows the law 

PV" = Const., 

where the value of the exponent is determined 
by the quality of the steam at cut-off, its value in 
all cases being very nearly that given by the 
equation 

Xe = 1.245 n — 0.576 ° - (17) 
where X, is the proportion of the total mixture in 
the cylinder at cut-off which is present as steam ; 
in other words, X, is the quality fraction of the 
mixture in the cylinder and clearance at cut-off. 

Though he does not refer to the point, Clayton’s 

law will explain the higher mean effective pressure 
shown by the saturated steam at the shorter cut- 
offs. If equation (8) is transposed, we have :— 

n = 0.805 X- + 0.463 . - (18) 


Hence the dryer the steam at cut-off—that is, the 
larger X,,—the larger will be n, the exponent of the 
expansion line ; that is, the more rapidly will the 
pressure fall during expansion. To illustrate this, 
the figures in Table VII. have been calculated on the 
assumptions shown by Fig. 9. This represents the 
admission and expansion of the steam under ideal 
conditions. Steam is admitted at full pressure P, 
up to the point of cut-off, which occurs at the 
fraction k of the stroke, and expansion then takes 


— g-----« Fig.9. 
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For saturated steam : a 
Te $2.7 +0081P . 2. .  . (11) zea) 1 4 ees 
see stl ee place during the remainder of the stroke, according 
For superheated steam : to the law PV" = constant. The volume of steam 
Ca =64.0+0.125P . . .  . (18) |incylinderand clearance being V, at cut-off and V, 
Da=28.0+0175P . . . . (14) |at the completion of the stroke, and the corre- 


sponding pressures being P, and P,, the work done 
in the cylinder will be, during admission :— 


k 
Ua= P Vv - . . ° 19 
eB Se (19) 


and during expansion 
U. = Pi Vi- Po Vs 


Indicated Steam per Revolution. 7 citi 
-_ Cee eae " 4 
Pm Mean Effective Pressure per Lb. of Indicated Steam ~e n Ms i ere - «om 
8 per Revolution. where 
Vv 
Cut-Off 20 Cut-Off 40 | Cut-Off 60 oz an}, f >. = BP). 
| oan a ™ [pent va Cent. cand B Ve WORT HF; 
serie sca: lids The mean pressure during admission and ex- 
‘ | va n | las | _ |g | pansion will then be 
$14 | 2 Sy | Beg 5) 2B Bey Dh 
Ela|a asia) i diddy 7 ig 0-4 : 
s) 6 § g.8) & | & §.8)8) = (£.8| ‘Table VII. shows the work and the mean 
8\3i\82 e84|3 12 g*ts' 2s effective pressure calculated from equations (1%), 
: | —|——__|—__| |_| ——} (20), and (21) for the Purdue cylinders for cut-offs 
og, ia. | | of 20, 40, and 60 per cent., and for dryness frac- 
120 75.8 60.2 aL.2 sa. 50.4 | 100.5 42.6 49.6 | 116 | tions of 0.50, 0.75, and 1.0. These values of X. in- 
. . -§ 44.2, 50.8 | 115 | serted in equation (18) give for n, the exponent of 
240 | $4.3 | 80.0 95.0 | 65.6 | 66.0 | 100.5 46.9 520] 111 | A expansion curves, the values "0.866, 1.067, and 


1.268 respectively. An initial pressure of 214 lb. 
per sq. in. absolute is assumed ; that is, P, =214 x 
144 Ib. sq. ft. In the case of the cylinders of 
the Purdue locomotive, V, (1 — c) = 11.14 cub. ft.; 
C = 0.076 ; V.. = 12.09 cub. ft.; V, = 11.14 (k+¢) 
cub. ft. 

It will be seen from Table VI. that by changing 





gives the higher mean effective. e relative drop 








the dryness fraction from 0.50 to 1.00 the mean 


in mean effective pressure with increasing cut-off 
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pressure of admission and expansion is reduced. 
For a cut-off of 20 per cent. the reduction is from 
131 lb. to 110 lb. per sq. in., or 24 per cent., while 
with a cut-off of 60 per cent. the reduction is from 
200 lb. to 192 lb. per sq. in., or only 4 per cent. 

The lessened decrease with the longer cut-off 
is, of course, due to the fact that only the work 
during expansion is affected by the dryness fraction, 
and that at the longer cut-offs the expansion work 
is a smaller portion of the total. The figures in 
the tables calculated for ideal conditions agree with 
those derived from the actual tests in showing the 
wet steam to give a higher mean pressure than 
the dry at short cut-offs, the advantage being lost 
as the cut-off is lengthened. The figures from the 
actual tests, as seen above from equations (10) to 
(14), show that for the longer cut-offs the super- 
heated steam gives a higher mean effective pressure 
than the saturated steam, and this is probably due 
to the fact that the initial condensation having 
been less, there is less steam to exhaust and com- 
press, and, consequently less back pressure; so 
that, with nearly the same mean pressure during 
admission and expansion, the mean effective pres- 
sure would be higher. The mean pressure given in 
Table VI. is that of admission and expansion only. 

Before leaving this part of the subject, it may 
be pointed out that heretofore, in making com- 
parative calculations regarding saturated and super- 
heated steam, it has been customary to assume 
that the value of 1, the exponent of the expansion- 
curve, was 1.0 for saturated, 1.1 for moderately 
superheated, and 1.26 for highly superheated 
steam. These values of the exponent n, if inserted 
in Clayton’s equation, No. 18 above, would corres- 
pond to dryness fractions, X., at cut-off of 0.67, 

79, and 0.98 respectively. In any future com- 
parisons it would probably be better to start from 
the dryness fraction, and to determine the expan- 
sion exponent from Clayton’s equation. 

Returning now to the mean effective pressures 
shown by the Purdue tests, these have been 
calculated for the various conditions chosen for our 
comparisons, and the results are given in Table VII. 
To ascertain the efficiency of the engine as 
measured by the steam consumption per unit of 
work done, the figures in this table are combined 
with the steam-consumption figures in Table III. 

Engine Efficiency.—The mean effective pressure 
is proportional to the work done per revolution, 
and for the Purdue engine the work in horse-power 
hours per revolution is given by dividing the mean 
effective pressure by 1230. The total steam per 


S ws 

P,” where S is 
the total steam per revolution as given in Table 
IIl., and P,, the mean effective pressure from 
Table VII. Table VIII. shows the steam con- 
sumption thus calculated for the various conditions 
of service. The steam consumptions for both 
saturated and superheated steam are shown, and also 
the weight of superheated steam as a percentage 
of the weight of the saturated consumed under 
the same conditions. 

_ The table shows the changes produced by changes 
in pressure, cut-off, and speed, and the effect of vary- 
ing any one of these while the other two are held con- 
stant can be examined. For any given boiler pres- 
sure and cut-off the greatest efficiency is obtained 
at about 180 revolutions per minute, the steam con- 
sumption being greater at both higher and lower 
speeds. For any given cut-off and speed the effi- 
ciency is greatest at the highest boiler pressure, 
there being a reduction of about 10 per cent. in the 
water consumption in going from 120 lb. to 180 lb. 
per sq. in., and a further gain of about 10 per 
cent. in increasing to 240 lb. per sq. in. For 
& given boiler pressure and speed the steam con- 
sumption at the shortest and the longest cut-offs is 
greater than that at an intermediate cut-off. At 
180 revolutions per minute—the most economical 
Speed—the steam consumption per horse-power 
has its minimum values for the various boiler pres- 
sures at different cut-offs. For 120 1b. the minimum 
is about 26.6 lb. per horse-power hour at 30 per 
cent. cut-off, for 180 lb. per sq. in. it is about 24.9 
at 20 per cent., and for 240 Ib. per sq. in. about 
23.5 lb. per horse-power hour, also at 25 per cent. 

The saving by the use of steam with 150 deg. 
Fahr. of superheat is shown by Table VIII. to be 
attected only by the cut-off and the boiler pressure, 
the former having the most marked influence. The 
mcrease from 120 Ib. to 240 Ib. boiler pressure 


horse-power hour is therefore 1230 





imecreases the saving by superheating from 11.5 


to 16.6 per cent., while an increase in the cut-off 
from 20 to 60 per cent. increases the saving by 
superhesting from 11.5 to 30.8 per cent., wi 
120 lb. per sq. in. boiler pressure, and from 16.6 to 
28.5 per cent. for 240 lb. per sq. in. boiler pressure. 
The greater gain at the longer cut-offs is due to the 
relatively larger loss by back pressure when working 
with saturated steam. 
TasBLre VI.— Relation between Dryness Fraction, Exponent 
of Expansion Curve, and the Work and Mean Pressure 
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TABLE VII.—Mean Effective Pressure. 


| Mean Effective Pressure in Pounds per Sq. In. 
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| evolu- | Cut-Off 29 per | Cut-Off 40 per | Cut-Off 60 per 
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re ———EEe ” “ 
-| Super- | Satu-! Super- Satu-| Super- 
ted.| heated. | rated.! heaved. rated. heated. 








Ib. per | 
aq. in. 
120'| 60 1.0) 364| 33.2 | 636 | 689 | 87.0 | 10L0 
180 8.0| 24.4 / 222 | 60.0 | 502 | 687 77.6 
300 5.0 124| 113 | 8L2 | 814 | 465 542 
180 | 60 (1.0) 61.8 57.9 |108.0 | 109.0 |130.0 | 149.0 
180 |3.0 422| 395 | 780 790 | 96.8 1110 
300 5.0, 226) 212 | 47.5 | 481 | 643 | 739 
240 | 60 |1.0 90.6) 86.0 |154.0 155.0 179.0 | 199.0 
180 (30 623. 59.2 |1100 111.0 1320 | 147.0 
| 300 |5.0| 342 324 | 664 | 667 70.6 884 
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TABLE VIII.—Steam per Horse-Power Hour. 
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The percentages of gain refer to the saving in 
steam consumption, and are not the same as the 
gain in thermal efficiency, which is less, because of 
the greater total heat in the superheated steam. 
With 150 deg. Fahr. superheat the total heat at all 
pressures is very nearly 7 per cent. greater than at 
saturation, so that if the heat units required per 
indicated horse-power hour when superheated steam 
is used are expressed as a percentage of the heat 
required with saturated steam, the following results 
are obtained :— 
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: Cut-Off, Cut-Off, Cut-Off, 
Boiler Pressure. 20 per Cent. | 40 perCent. | 60 per Cent. 
Ib. per sq. in. per cent. per cent. per cent. 
120 94.5 86.0 73.8 
180 91.5 85.0 74.5 
240 89.5 84.5 76.9 














That is to say, the change from saturated steam 
to steam superheated to 150 deg. Fahr., without 
changing the cylinders, gives an economy in the 
heat units per indicated horse-power of approxi- 
mately 10 per cent. at 20 per cent. cut-off, 15 per 
cent. at 40 per cent. cut-off, and 25 per cent. at 
60 per cent. cut-off. 

In conclusion, it should be pointed out that in 
the comparative tables the speed and cut-off have 
been extended beyond those observed in the actual 
tests, so as to cover the field completely. Even at 
these extreme ranges the formule give results 
which are congruous with the results obtained 
in actual service. Of course, in ical work the 
combination of the highest ond myer the longest 
cut-offs is never obtained. In the present analysis 
attention has been directed only to the action of the 
cylinders, while in practice this action is limited by 

e amount of steam put at the disposal of the 
cylinders by the boiler. This limit in the case 
of the Purdue engine is indicated by the last two 
columns of Table III. These are based on the fact 
that the maximum weight of steam delivered was 
about 16,000 lb. per hour by the saturated-steam 
boiler, and about 12,200 lb. per hour by the boiler 
with superheater. 





THE TELEPHONE ARBITRATION. 

Tue arbitration between the National Telephone 
Company and the Post Office regarding the value of 
the assets of the company to be allowed by the 
Government on the transfer of its property to the 
State was concluded in the Court of the Railway and 
Canal Commission on Monday last. The case has been 
fully reported in previous issues of ENGINEERING, and 
it may be recalled that the company’s claim for lands, 
buildings, furniture, &c., was settled at a sum of 
2,055,468/., and the only claim dealt with before the 
Court was that for the plant, comprising under that 
head conduits, cables, poles and candanta: exchange 
equipment, and subscribers’ apparatus. The original or 
first cost of labour, materials, and casualty insurance 
was agreed under these heads at a sum of 10,239,345/. 
To this sum the Telephone Company added 7,771,082/. 
for on-charges, making 18,010,427/., and depreciated 
this, to allow for the fact that the plant was not new, 
to a claim of 15,773,171/. The Post Office, on the 
other hand, allowed only 1,817,561/. for on-charges, 
making 12,056,906/., and gave a depreciated value of 
7,325,580/., rather less than half the company’s claim. 
The company also claimed a sum of 521,668. for the 
cost of obtaining subscribers’ agreements, which the 
Post Office contended was inadmissible in principle. 

Mr. Justice Lawrence, in the course of a long 
written judgment, said it had soon become apparent 
that the real difference between the parties was with 
regard to the on-charges, and happily the cost of 
materials and labour had been settled. The com- 
pany alleged that percentages should be added to 
this cost to cover: (1) ordering and storing 
material other than certain temporary storage ; 
(2) obtaining way-leaves ; (3) local engineering ; (4) 
local administration ; (5) head-office engineering ; (6) 
head-office administration ; (7) contractor’s profit as 
distinct from manufacturer's profit, included in cost of 
material ; (8) rent of premises till revenue-earning ; 
(9) contingencies ; (10) interest during construction ; 
(11) cost of raising capital ; and (12) cost of obtaining 
subscribers’ agreements. After the proper amounts 
for these had been ascertained, there remained the 
question of depreciation, on which there was also a 
wide divergence between the parties. 

These additional percentages seemed to the Court 
to be questions entirely of fact, and not of law. 
iverything which was a necessary part of the 
cost of construction had to be added, and the 
proper amount ascertained as a matter of business 
experience. The company based their claim on 
their own experience, which they said was fair 
and economical. The Post Office, on the other 
hand, suggested that a contractor doing the work 
would add simply 20 per cent. to the cost of labour 
and 10 per cent. for profit. To this the employer 
would have to add 5 per cent. for consulting engineer, 
and this would cover the whole of the cost. Thecom- 
pany had taken a particular period of time, alleged to 

typical, and investigated the cost of construction 
saree, My -se time. Those investigations formed the 

is of the percentages which they proposed to apply 
to the whole song was plain that that smatheed wos 
liable to error, and though the evidence of Mr. Gill, 
the company’s chief engineer, was as remarkable for 
ability as for fairness and candour, yet his results 
were not completely satisfactory. That was chiefl 
due to the fact that the period taken was one in whic 
construction was less than the average, while the 
supervising staff had not diminished. That made the 
percentage too high. The Solicitor-General had also 
critici the method as involving piecemeal con- 
struction rather than continuous, but the Court 
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thought that might well be set off against the company’s 
claim for a separate establishment allowance. It was 
impossible to form an accurate estimate of either. 

Various other criticisms appeared to the Court 
to justify a reduction of the company’s percentages. 
Mr. Gill’s subordinates had not fully understood 
their instructions with regard to ‘‘storing,” and 
had returned amounts which were too high; the 
percentages were ,introduced at different stages, and 
that made the result of any error a cumulative one. 
It would have been better to apply the on-charges as 
one percentage to labour and m terial, as some of the 
witnesses suggested. When Mr. Gill’s percentages 
were reduced, his method was a satisfactory one, 4s it 
was based on actual experience. The Post Office 
evidence was not so satisfactory, though the leading 
witness, Mr. Snell, compared not unfavourably with 
Mr. Gill. He was, however, hampered by his instruc- 
tions, and he was not supplied with results of the 
Post Office experience, which was ample if they had 
chosen to utilise it. He was supplied with so-called 
tenders from the contractors, which might be satis- 
factory if the contractor tendering had experience of 
the work. Here that was not thecase. The contractors 
called displayed great reluctance to produce the figures 
on which their estimates were based, on the ground that 
they did not wish to disclose trade secrets. 

As the figures could give no further information than 
to confirm their estimates, including the profit, that 
reluctance was hard to understand. If, on the other 
hand, the figures would not bear out the evidence, it 
became intelligible. In the one instance of Post Office 
experience which had been placed before the Court the 


figures related to an alleged typical period in North | gi 


Wales, from which an addition of 20 per cent. to labour 
to cover all on-charges was deduced. That did not seem 
a safe guide to apply to work over the whole system, 
including London, The Pust Office had put in a 
document purporting to show the importance of the 
work done during the typical period, but that turned 
out, on investigation of the ‘‘ Works Orders,” to be a 
most misleading document, which, with ordinary care, 
should never have been placed before the Court. The 
Post Office percentages, again, did not include any 
head-office expenses, and no satisfactory explanation 
had been given of that fact. Under those circumstances 
the Court had been driven to find new percentages. 
Those were essentially matters of fact and business 
age 

fore stating the amount of the award, Mr. Justice 
Lawrence dealt with one or two smaller points. The 
cost of prea subscribers’ agreements, he said, 
was on a par with obtaining parliamentary powers in 
tramway cases, and he did not see why it should be 
inadmissible. The company had reduced their original 
claim by half, and the Court thought that after 
depreciation 150,000/. was the proper sum to allow. 
The cost of raising capital to construct the plant 
seemed an integral pact of the cost of construction— 
it was an item which must be paid by anyone who 
constructed, and the plant could not be constructed 
without some such payment. He had cut it down 
to a low figure, and, after depreciation, the amount 
awarded was 247,189/. 

The learned Judge then dealt with depreciation 
Two methods were put forward—the sinking-fund 
method by the company, and the ordinary straight-line 
method by the Post Office. While the former was 
correct for valuing a going concern, it had never been 
used between a buyer and a seller, and it did not 
take into consideration matters which might pro- 
perly affect the mind of a buyer. He came, therefore, 
to the conclusion that the straight-line method should 
be adopted here. But it should be applied to the 
physical life of the plant, as suggested by the company, 
and not to the so-called ‘‘ effective ” life, as suggested 
by the Post Office. The latter was the physical life 
shortened by growth of business, improved types of 
plant being put in before the old were worn out or 
defects in particular pieces of plant appeared. The 
last cause must be allowed for in the valuation, the 
two former introduced business considerations, and 
were irrelevant in this valuation. 

Taking all things into consideration, he found that 
the construction value of the plant was 13,457,016/., 
and the depreciated value 10,459,796/.. To that the 
agreed sum of 2,055,468/. was to be added, and judg- 
ment would be given for the company for 12,515,264/. 
The learned Judge concluded by thanking counsel 
engaged for the fairness and candour with which the 
case had been conducted throughout. 


Mr. A. L. Gathorne-Hardy said he agreed with the | or 


learned Judge, and did not feel it necessary to add 
more. 

Sir James Woodhouse read a judgment also in agree- 
ment, save that he did not think the cost of raising 
capital was admissible in principle, though if it were 
he agreed with the figure given by the learned Judge. 
In answer to the Attorney-General, Mr. Justice 
Lawrence said the costs would follow the event—that 
was, the Post Office would have to pay the costs of the 
hearing, since the award was more than the Pust Office 


offered to the company. | 





The Attorney-General, as representing the Crown 
and the public, thanked the Court for the promptitude 
with which they had dealt with the case, a sentiment 
in which Sir Alfred Cripps joined. 





BRIDGING OPERATIONS CONDUCTED 
UNDER MILITARY CONDITIONS.* 
By Captain C. E. P. Sankey, R.E. 

Tue bridges erected by the civil and the mili engi- 
neer are different in appearance, but the general prin- 
ciples of construction are the same ; the diversity is due 
to the altered relative importance of these principles. 
The considerations that govern the design of a bridge can 
be grouped into those affecting the stability asa whole, 
those limiting the stresses in individual members, and 
those relating to economy of time and money ; these con- 
ditions have to be observed by the military engineer, 
though in altered proportions. The same laws of stability 
hold good. but the factor of safety —~ in military 
bridges is less than that usually employed. The greatest 
divergence occurs in the third group of conditions, as the 
question of immediate financial economy is overshadowed 


uliar to military bridges are that they may have to 
erected under fire, may have to be made with unskilled 
labour, and never need artistic treatment. ‘ 

The types of material available for military bridges are 
either those transported with an army in a highly 
specialised form or those obtainable un the spot, either 
growing, in store, or in use. For practice in peace 
unsuitable materials have frequently to be used, owing to 
financial considerations. 

Various accessories are required in the erection of 
military bridges, such as tackle, derricks, sheers, and 

ins. These and other plant such as pile drivers would 
frequently have to be improvised out of material found 
locally. The joints in structures erected under field con- 
ditions need special attention, and various forms of hold- 
a and anchorages are required in many types of 
ridges. 

Military bridges can be classified in accordance with 
the nature and mode of support of the longitudinal 
members. There may be one set of these only, such as 
simple balks or spars, trussed beams, or girders ; on the 
other hand, the several sets of road-bearers may be sup- 
ported at their ends by compression or tension members, 
or by floating supports. ’ : 

Simple bridges, though obviously suitable for short 
Spans, may often be used for longer ones with economy 
of time, if not of material. When the material is long 
enough, but not sufficiently plentiful, trussed beams or 
girders may be employed. The peculiar military value 
of a girder bridge lies in the fact that a large portion of 
the work can be done out of sight of the enemy, and 
the exposure during erection can thus be reduced to a 
minimum. In cases where the span is too great to suit 
any of these types of bridge, it is possible to reduce it by 
building out cantilevers from the abutments. = == 

The type that is of the greatest general utility is the 
trestle bridge. The construction of trestles depends on 
the material available, but is generally simple and takes 
but little time, as with enough men each trestle can be 
made independently. The erection of the trestle is often 
more difficult, and the various methods require study ; 
moreover, a muddy bottom will often cause additional 
difficulties. Pile bridges are also considered under this 
class. 

Frame bridges of various types have been called the 
field-engineer’s substitute for the arch ; they have several 
practical drawbacks, but may be convenient in certain 
cases. 

Suspension bridges have the great military advantage 
that their heaviest members, the cables, can be carri 
over difficult country by pack transport; in particularly 
difficult cases the cables can be made at the site out of 
wire carried in coils. They are designed by simple calcu- 
lation, the cables being assumed to hang in parabolas. 
To overcome the usual lack of stiffness, a type of rigid 
suspension bridge has been erected recently. ‘The details 
of erection of suspension bridges are generally simple, 
but depend in a large measure on the nature of the site. 
Tension bridges have most of the military advantages of 
suspension bridges, and in addition are more rigid. 
Tension members can also be added with advantage to 
many other types of bridges. 

Bridges on floating supports are perhaps more essen- 
tially military than any other. The supports may be 
boats or other floating bodies. Pontoon equipment 
consists of certain specialised boats carried on wagons 
with a suitable amount of corresponding bridge super- 
structure, and can accompany an army in the field, even 
over very rough country. This equipment can be made 
up into different types of bridges, according to the loads 
that have to becarried. The bridges may be constructed 
in a variety of ways, by adding successive units to the 
head of the bridge, by making the whole bridge alongside 
the shore and swinging it across, by making up rafts of 
two or more units and then connecting them into bridges, 
by adding successive units at the tail of the many ol 
Floating bridges can also be made of ordinary boats, 
varying in size from small rowing-boats up to barges and 
lighters ; the general principles of construction are the 
same, but the buoyancy of the boats to be used has to be 
determined. : 

In the absence of boats, floating bridges can be sup- 
ported on barrels and other cl vessels, or on timber 
rafts. In the case of bridges over tidal rivers, trestle 


by the importance of the economy of time. Conditions b 


bear grounding at low water better than boats or pon- 
toons, An wo of air-bags has recently ~ 
experimented with for cavalry; these bags, when required 
for use, are inflated by a pump or x! the mouth. 

I of making a continuous bridge over a river, it 
may be preferable to make use of some system of ferrying. 
The ferries may be propelled across the river in a variety 
of ways—by rowing, by being towed across by a rope, or 
by being moved across by the action of the current. 
Ferries also need some form of bridge-head on each bank ; 
in non-tidal rivers this can be very simple, but where 
the water-level varies more complicated arrangements 
are necessary. A similar arrangement is required in the 
case of the shore ends of continuous bridges floating on a 
tidal river. In thesimplest case of these tidal ramps the 
shore slopes sufficiently gently to allow some of the piers 
to settle at low water; where the slope is greater it is 
necessary to employ trestles with adjustable transoms; 
and where the bottom gets out of reach of the trestles it 
is necessary to support them on floating piers. 

It sometimes happens that there is no material avail- 

able of the type from which military bridges are usually 
built, and in such cases it mes necessary to employ 
whatever can be obtained. Examples of this are bridges 
made out of carriages and carts, and cables for supension 
ridges composed of tropical creepers. 
_ Calculations for military bridges are required, but time 
is wanting in which to make elaborate calculations. In 
many cases calculations are unnecessary, when the type 
of bridge is well known, but they are required for unusual 
spans, loads beyond the ordinary, or for uncommon types 
of bridges ; it is always essential to keep these calcula- 
tions simple, as they have to be made in a great hurry, 
and under unfavourable conditions. 





ROYAL METEOROLOGICAL SOCIETY. 

THE annual general meeting of this Society was held 
on Wednesday evening, the 15th inst., at the Surveyors’ 
Institution, Great George - street, Westminster, Dr 
H. N. Dickson, President, in the chair. 

The Council in their report dealt with various branches 
of work undertaken by the Society, including the 
researches in the upper atmosphere, and the records of 
the dates of opening of flowers, and of appearance of 


birds and insects. They also referred to the arrange- 
ments which lid been made for collaboration with the 
Meteorological’ Office in the preparation of a series of 


normal values of the climatological elements of the 
British Isles. 

Mr. C. J. P. Cave was elected president, and Mr. F. 
Druce, treasurer, for the ensuing year. 

An ordinary meeting was subsequently held, when a 
paper by Mr. C. F. Brooks, on ‘Zhe Snowfall of the 
United States,” was read. He has collected the data 
available from over 2000 stations for the 15 years 
1895-1910, and from the results thus obtained he has 
prepared a map showing the annual snowfall. Th 
effects of to aphy, prevailing winds, storm frequency 
and the location of the great lakes and oceans in and 
about the United States, on snowfall are very apparent. 
In the first re the western coast ranges, the Sierra 
Nevadas and Cascade ranges, lying in the path of 
the prevailing westerlies a from the Pacific 
Ocean, bring excessive snowfall (in many places exceed- 
ing 400 in. per year) on their western fianks ; the dry 
interior basin just to leeward of these mountains has very 
little snowfall, except where mountains rise above the 

meral level. The great Rocky Mountain chain, again, 

rings copious paced a (exceeding 100 in. per year in & 
reat many places from Idaho and Montana south to 
orthern New Mexico, and in some places in Colorado 
as high as 400 in. a year, and 300 in. per year in Southern 
Wyoming). Again, in the lee of these mountains, the 


ed | dry western prairies suffer deficient snowfall. On nearing 


the Great Lakes snowfall increases, and on the south-east 
shores of each of the lakes 80 in. to more than 100 in. of 
snow falls annually. The Appalachian Mountain chain 
brings the lines of equal snowfall far south, there being 
50 in. to100in. in the mountains from Maryland to Maine. 
In Northern New England frequent storms in winter 
cause a snowfall of more than 100 in. annually. In 
South-Eastern United States snowfall occurs practically 
everywhere, except in extreme Southern and Eastern 
Florida and Soythern Texas. The Gulf Stream shows its 
influence as far as Cape Hatteras by bending the lines 
of equal snowfall far to the north. 





Tue Wuite Star Liver ‘*Oxymrtic.”—Considerable 
progress has been made with the structural alterations to 
the Olympic. These alterations, which involve very con- 
siderable cost, consist of, first, the introduction of an 
inner skin, right fore and aft, from the bilge up to 5 ft. 
above the fully-loaded water-line of 32 ft., and in con- 
tinuation of the double bottom at the margin-plate. The 
space between the inner and outer skin is from 30 in. to 
36 in. There is, secondly, a large increase in the number 
of water-tight bulkheads, and, in the third place, these 
are carried to a much greater height in the ship. The 
result will be not only to reduce the possibility of water 
entering the ship as an effect of collision or grounding, 
since there is a double skin over the whole of the sub- 
merged area, but further to localise such water as may 
find its way into the interior of theship. In a word, the 
Olympic promises to have a margin of safety considerably 
beyond all previously recognised standards. The work is 
expected to be completed in time to enable the vessel to 
resume her trans-Atlantic sailing on April 2 next. It 
may be added that similar safeguards are being introduced 





piers are required at the shore ends of the bridge, as they 








* Abstract of a paper read at the Institution of Civil 
Engineers, on Tuesday, January 14. 


into the White Star triple-screw liner the Britannic, © 
50,000 tons gross register, now in course of construction 


, at Belfast. 
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THE MEASUREMENT OF THE STEAM 
DISCHARGE FROM LOCOMOTIVE POP 
SAFETY-VALVES. 


Tue subject of the discharge of steam from safety- 
valves is not only one to which interest belongs, but is 
also one of importance. It has long been known that 
the design and construction of the valve has a very 
considerable influence on the amount of steam that 
can be passed in a given time through the openings 
given by different valve-lifts, the quick release of the 
steam without undue rise in boiler pressure being 
the object aimed at. Any carefully carried-out tests 
leading to a fuller knowledge of the subject are 
therefore of considerable interest, and as such tests 
have been carried out by Professor Edward F. Miller, 
Professor of Steam Engineering at the Massachusetts 
Institute of Technology, they are undoubtedly worthy 
of notice. They were conducted on Crosby muffled 
locomotive pop safety-valves, and every precaution, 
that the best engineering experience, skill, and fore- 
sight could suggest, was taken to secure accuracy. 

The experiments were carried out at the above Insti- 
tute because no commerical plant was found where the 
large steam supply required could be uniformly main- 
tained under absolute control ; but considerable addi- 
tions had to be made to the laboratory equipment in 
the preparation for the tests. In order to overcome 
the difficulties caused by the intermittent opening and 
closing of safety-valves of the capacity used during 


of the steam was in no case less than 198.3 lb. per 
square inch, ranging from that to 212.5 lb. maximum, 
but in the diagram the quantity of steam discharged 
has been reduced to 200 lb. per square inch. In the 
— the total lift is given including the yielding 
of the metal. 

It will be noticed, from the results given in the 
diagram, that the rounding of the inner edge of the 
valve-seat has a very aaihel effect on the discharge, 
and on lift of valve required fora given discharge. 
Thus in the case of the 3-in. valve, curve J, relating 
to the valve seating with a square edge, shows that for 
a lift of 0.0545 the discharge of steam per minute at 
200 lb. per square inch gauge pressure was 105 Ib., 
whereas with the same size valve (curve O), having the 
inner edge of the seat rounded, the same lift gave 
117.5 lb. per minute discharge. For the larger valve 
(34 in.) the relative difference was not so great, but 
was still very substantial, a lift of 0.055 giving a 
discharge of 125.5 lb. per minute with the square- 
edge seat, and 139 lb. per minute with the round-edge 
val ve-seat. 

Professor Miller’s tests showed that, allowing 4.1 lb. 
of steam per square foot of heating surface at 200 lb. 
per square inch gauge pressure, two of the 34-in. Crosby 
valves, at 0.0847 in. lift, are ample to provide for loco- 
motives having a heating surface up to 5050 sq. ft., 
and two valves 34 in. in diameter, having each a lift 
of 0.0851 in., are sufficient for locomotives having 





6000 sq. ft. heating surface. If a lift of 0.0547 in. only 
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the long period of test, the —- of the valves were 
removed, and the valve-dises lifted from their seats, by 
substantial micrometer adjustment, to predetermined 
distances, and fixed there. The actual hourly amount 
of steam, as well as the rate of discharge, was, in this 
way, determined, and a fairly uniform pressure was 
kept in the valve ee ge A very noticeable feature of 
the results was that the effect of slight changes in the 
form and proportion of the orifice was clearly shown, 
and it may be noted here that, during the tests, no back 
pressure could be noted in the asiiieacianiioen, and 
the steam was not retarded in its free discharge. 

The valves tested were 3 in. and 3} in. in diameter. 
The lower part of the spindles, near the valves, were 
screwed 20 threads per inch, and at the upper end, in 
each case, an arm was fixed which carried a pointer. 
The latter, as it travelled round the uated cir- 
cumference of the top of the valve-casing, indicated 
the amount of the lift of the valve, each one-fifth of 
the circumference indicating a lift of +}5 in., a motion 
of the pointer of 1 in. representing this amount. Tests 
of the 3-in. valves were made with lifts set at 0.10 in., 
0.08 in., 0.05 in., and 0.02 in., while tests on the 34-in. 
valves were run with lifts set at 0.08 in., 0.05 in., and 
0.02 in. The valves were connected to two Babcock and 
Wileox boilers of 500 horse-power rated capacity, 
and after each run the valve was examined to see if it 
had moved from its previous setting. In all the tests 
the steam was practically dry. A copper pipe was 
connected to the muffler and led to a low-pressure 
page, and it was found that in no case was there any 

k pressure. As the pressure of steam coming on 
the valve tended to make the opening through the 
valve greater than the lift as orignally set (due to the 
yielding of the metal), the amount of this increase 
was very carefully observed. All the tests with low 
lifts were made at least 60 minutes long, and the con- 
densed steam from the valve was very carefully 
measured. The difference in expansion, due to tem- 
perature, between the body of the valve and the valve 
and its spindle, was obviated in all cases by making 
them of the same metal, and it was probable, consider- 
ing all the errors in determining the lift of the valve, 
that the results were correct to about 0.001 in. The 


Pounds of Steam Discharged at 200 lbs. Gauge Pressure. 





results are given in the annexed diagram. The pressure j 





is permitted, two 3-in. valves are sufficient for loco- 
motives having a heating surface up to 3443 sq. ft. 
Experience has also shown that, even under the most 
severe requirements of heavy steaming on mountain rail- 
ways in the Western States, on locomotives provided 
with three 3-in. Crosby valves set from 2 lb. to 4b. pres- 
sure apart, the third valve has never been known to 
blow off. The tests also showed that the valves were 
satisfactorily muffled without causing any back pres- 
sure, and steam discharge over the main seat of this 
type of valve was found to reach very nearly the full 
amount possible from an open tubular f Rar soy ipe of 
equal area, being about 974 per cent. of the total indi- 
cated by Napier’s formula for the best possible form of 
nozzle. The chief feature in the construction of these 
valves is a guideless disc, which has a spherical edge, 
making a steam-tight universal bearing in its cylin- 
drical chamber, without the possibility of cocking or 
sticking, as there are no guides or wings - ing 
into the throat of the valve or steam space. The diso 
and the seat have broad and flat faces, and, assuming 
the same amount of lift or spring reaction, the outer 
seat affords nearly 14 times the area of opening that 
can be obtained from any bevelled seat. A more de- 
tailed description of these tests is given in a booklet 
issued by the Crosby sr and Valve Company, 
147, Queen Victoria-street, E.C. 








University oF LONDON ; EXTENSION LECTURES AT THE 
Musrums.—The course of lectures by Mr. 8S. C. Kaines 
Smith, M.A., Cantab., at the British Museum on 
**Greek Art and National Life,” and at the Victoria and 
Albert Museum on “‘ Five Centuries of Decorative Art,” 
will be continued weekly during the spring, and on 
Tuesday, January 14, and Thursday, January 16, respec- 
tively. The former course will carry on the history of 
Greek Art from the fifth century, B.C., to the end of 
Greek independence, and the latter will deal with the 
activities of the medieval artist in go, ivory, enamels, 
illumination and book production, &c. Both courses are 
designed to illustrate the interd lence of art and 
daily life. Demonstrations will be held at the Museums, 
by arrangement, in connection with these lectures. For 

iculars and prospectus, application should be made 
to the Hon. Secretary, Miss ire Gaudet, 120, Cheyne 


THE HOT-PANEL AND HOT-FLOOR BORDER 
SYSTEM OF HEATING.* 


By Captain H. Riatt Sankey, R.E., M. Inst. O.E. 
RECENTLY the author had an opportunity of applying a 


new method of warming buildings, in which the dominant 
feature is the use of iant heat rather than the heating 
of the air. This is known as the hot-panel and hot-floor 


border system, and was originally devised by Mr. A. H. 
Barker. The results obtained were very satisfactory ; it 
is thought that a short description will be of interest. 

It is a platitude to say that the object of veeene a 
building or a room is to make people in it comfortable. 
Nevertheless, the author thinks the fact has been some- 
what lost sight of, possibly is no unit of 
measurement of ‘‘comfort;” and therefore no condition 
of fulfilment of this nature which can be inserted in a 
contractual guarantee. Hence, for want of a better 
criterion, it 1s usual to specify that heating power and 
heating surface shall be sufficient to maintain the tem- 
perature of the air 5 ft. from the floor at a specified tem- 
perature of, say, 63 deg. Fahr. The result has been that 
most of the systems hitherto adopted have been devised 
so as to heat the air, and radiant heat has been, to a 
large extent, neglected, notwithstanding the use of 
“radiators.” A moment’s consideration will show that 
the design of these radiators is such that only a portion 
of heating surface radiates heat into the room, and, in 
fact, the major portion of the heat serves to warm the air 
by convection. 

It is generally conceded that for comfort, when sitting 
in a room without a fire, an air tem ture of about 
63 deg. Fahr. is needed; and, in er to obtain this 
temperature, the surface of ordinary radiators requires 
to be at the fairly high temperature of, say, 150 deg. to 
180 deg. Fahr., unless a commercially impossible amount 


of hea surface is cided. Eig agua | is suffi- 
cient to decom ust in the air, thus produc’ 4 
di ble and characteris tic smell. Moreover, the 


humidity is reduced unless special precautions are taken, 
causing, as is well known, a disagreeable sensation ; and 
even a feeling of cold may be uced, due to the rapid 
evaporation of moisture from the skin. 

hen radiant heat from a fire is available, the air 
temperature can be as low as.55 deg. Fahr. or even 50 deg. 
Fahr., and yet the sense of comfort and warmth is greater 
than in the previous case—i.e., when there is little or no 
radiant heat. To maintain the temperature at 50 deg. 
or 55 deg. Fahr., a hot-water system of heating, or the 
like, will be required in many cases ; but the temperature 
of the heating surface can be reduced, and the air is not 
dried to the sameextent. Such a system, although ideal, 
is more costly ; and, moreover, the expense and trouble 
of laying fires, cleaning out fire-places, and removal of 
ashes, which are a serious drawback in the case of large 
offices, are not obviated. 

The hot-panel and hot-floor system does not unduly 
heat the air, and it supplies the radiant heat needed for 
comfort ; but, before describing this system, it isiadvisable 
asa preliminary to refer to certain elementary matters 
connected with radiant heat. 

According to Stefan’s law, a hot body radiates heat 
in proportion to the fourth power of the absolute tem- 
perature of its surface. © amount of heat radiated 
also depends on the nature of the surface of the body— 
a characteristic whieh is called the ‘‘emissivity.” It can 
be deduced that if two bodies of the same emissivity are 
opposed, each having an area of 1 sq. ft., and their abso- 
lute temperatures are T, + 461 and T, + 461, the amount 
of heat radiated from the hotter to the colder body will 
be proportional to 


{ 1, + 461)* - (T, + 461)¢ }. 
Fig. 1 has been prepared to show the effect of varying 


the temperature of the hotter body A and of the colder 
y B (assuming both bodies to have the same emis- 


sivity), on the amount of heat transferred by radiation 
from the body A to the body B. From this figure it will 
be seen that if T, = 180 deg. Fahr., and T, = 80 deg. Fabhr., 


the amount of heat transferred - unit area is 8.3 scale- 
divisions per hour. This figure has to be multiplied by a 
factor depending on the nature of the surface of the two 
bodies to obtain the radiation in terms of B.Th.U. So 
far the author has not succeeded in obtaining reliable 
data to determine this constant, but he is at present 
en, on some experiments to obtain these data. The 
information given in Fig. 1 can be plotted in a different 
manner, as shown in Fig. 2. A figure proportional to the 
heat transferred from the body A to the body B is obtained 
by the intersection of the centre scale by a straight line 
drawn through the temperature points on scales A and B. 
If, however, the emissivities are different, the graph 
becomes more complicated, and can then be drawn as 
shown in Fig. 3, which represents the equation :— 


Heat transferred :: E, (T, + 461)‘— E, (T, + 461), 


where T,, T,, and EK), E, are the tem tures and emis- 
sivities of bodies A and B respectively. 
From a flat body the maximum amount of heat is 
radiated in a direction perpendicular to its plane ; in any 
other direction the amount is equal to the normal ia 
tion multiplied by the cosine of the angle between the 
ray and the normal. Hence, the heat received by the 
colder body when placed perpendicularly to the rays is 
constant as long as the hotter body is included in the 
rism parallel to the rays and enclosing the colder body. 
Thos, in Fig. 4the same amount of heat is received b 
the colder body in positions A and B ; but in_ position ( 
the amount is less, assuming that the colder body is 
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shielded in some way from all the rays that do not strike 
its surface at right angles. Further, if the colder body is 
inclined to the rays, the amount of heat received per 
unit area will be oy to the heat received when at right 
angles multiplied by the cosine of the angle of inclina- 
tion, as indicated in Fig 5. Finally, if both bodies are 
inclined to the rays, as shown in Fig. 6, the heat received 
by the colder body per square foot is proportionate to :— 


cos a cos f. 


The above enables a comparison to be made between 
the heat radiated by a body of the —— of an ordinary 
radiator with that emitted from a hot flat surface. The 
general problem is complicated, but it is hoped that the 
simple example illustrated in Figs. 7 and 8 will make the 
matter clear. The so-called ‘‘ cold” body is assumed to 
have a surface temperature of 63 deg. Fahr. The Soupane- 
ture assumed for the ordinary radiator is 160 deg. Fahr., 
and that of the pu geas’ 120 deg. Fahr. The heat trans- 
ferred from each element can obtained by epplying 
the principle embodied in Fig. 6, together with the grap 
shown in Fig. 1, to make allowance for the temperatures 
of the ordinary radiator and of the panel, and by adding 
these elements of heat together. e result is that the 
hot panel, although of substantially the same surface and 
considerably less hot, gives three times more radiant heat 
to the body than the ordinary tor. This gives some 
idea of the relative heating surfaces theoreti Wy uired 
for radiant heat with ordinary radiators at 160 deg. Fahr., 
and with hot els at 120 deg. Fahr. Practically, the 
matter is much complicated, owing to various considera- 
tions. So far, it has considered that the colder body 
is only receiving heat directly radiated from the hotter 
body. In a room, however, the heat radiated from the 
hotter body strikes the floor, the walls, the ceiling, 
the furniture, &c.; some of this heat is absorbed 
but the remainder is reflected in a diff manner, and 
some of this reflected radiation strikes the colder body. 
A similar phenomenon is observed with light, which is 
reflected from the walls and ceiling, &c. oreover, the 
**colder body,” represented by an individual, is inter- 
changing heat by radiation with the walls, &c., and if the 
walls are colder the flow will be from the so-called 
*colder body” to the walls. To take an extreme case, 
suppose that heated air is introduced into a room in 
which no radiant heat is provided, and let it be supposed 
that the surface temperature of the walls is 40 deg. 
Fahr. ; then a P mg = whose surface temperature may 
be taken as 80 . Fahr., will be radiating heat to the 
walls, and notwithstanding the fact that the air is warm 
(say, 65 deg.), that person will feel cold. As already 

inted out, the heated air on entering the room is usually 
ae. and thus moisture on the skin is evaporated, causing 
a further cooling of the body. Asa matter of experience 
in Canada, the author has found that when the outside 
temperature was zero Fahr. below, unless the air 
temperature was raised to 80 deg. or 85 deg. Fahr. the 
room felt cold, because undoubtedly the walls and 
windows were cold, and considerable radiation took place 
from the persons to the walls and windows. The cost of 
1 aq. ft. of el or hot border heating surface, as com- 
pared with oo ft. of ordinary radiator heating surface, 
is a commercial matter which it is not pro to con- 
sider here ; but it is desirable to know what the ratio 
between these heating surfaces should be to uce the 
same degree of comfort—not to maintain the same air 
temperature—for the reasons already explained. 

A glance at Fig. 7 will show that the heating surface 
of the ordinary radiator is not well disposed in respect 
of providing radiant heat, but the surface not so utilised 
warms the air, and hence, instead of uiring less heat- 
ing surface a ee as indicated by the example 

iven above, in ity about the same amount is required. 

nly experience can be a guide in this matter, but, as a 
preliminary, it will be interesting to ascertain the effect 
of a rule often applied to ordinary radiators to find the 
increase of heating surface when the temperature of that 
surface is diminished. The rule is that each square foot 
of the heating surface supplies 1.6 B.Th.U. per hour for 
each d ahr. of the difference between its tempera- 
ture and that of the surrounding objects—that is, the heat 
supply is proportionate to the difference of these tem- 
peratures. 

From this rule it follows that— 


Heating surface at temp. ¢, in-& 
Heating surface at temp. t', ¢, — t 


where ¢, and ¢', are the temperatures of the heating sur- 
ion, and ¢, is the temperature of the surrounding 
objects. 

‘o take a numerical example, it is found by applying 
this rule that the surface equivalent to 100 sq. ft. at 
160 deg. Fahr. is 170 sq. ft. when the temperature is 120, 
and 262 sq. ft. when it is 100, in each case taking ¢, = 
63 deg. Fahr. In calculating the heati 
Royal Liver Buildings, an installation which will be de- 
scribed later, this formula was used on the supposition 
that the temperature of the hot panels would be 120 deg. 
Fahr.; but it has been found that the surface so computed 
is, in fact, far too great, and experience shows that the 
temperature need only be 100 deg. It follows that 
170 sq. ft. of panel heating surface at 100 deg. Fahr. is 
as effective as 262 sq. ft. of ordi radiating surface at 
the same temperature—that is, in the ratio of 262/170 = 
1.54, instead of three times as oy obtained on 
theoretical grounds for radiant only. Further, if 
the panel temperature were raised to 120 deg. Fahr. the 
heating surface could be reduced to 170/1.54 = 110 sq. ft. 
Hence substantially the same heating surface is required 


with hot-water radiators at 160 deg. Fahr., and hot panels 
at 120 deg. Fahr. 

As is well known, the heat to be supplied by the radia- 
tors is that soqelel 


to make up for losses by conduction 





surface for the | ¢ 





through the walls and for heat carried away by the air 
needed for ventilation. As regards the former, certain 
constants have been obtained by experiments for windows, 
walls of various thicknesses and materials, which are 
usually expressed as the number of B.Th. U. lost per hour 
per square foot per one degree of difference between the 
room temperature and outside temperature. For instance, 
for ordinary window glass this figure is 1 B.Th. U. ; fora 
14-in. brick wall it is 0.25, and so on. 

In order to maintain an air temperature of 63 deg. 


Fahr. at a level of 5 ft. from the floor it has been found | 


by experience that the air temperature at the top of the 
room must be in the neighbourhood of 70 deg. The 
average is 66.5 deg., and if the outside temperature is 
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32 deg. the difference is 34.5 deg. and the rate of loss 1s 
34.5 B.Th.U. per hour per sq. ft. of glass, 8.6 B.Th.U. 
per sq. ft. of 14-in. brick wall, and so on. 

As already pointed out, the same degree of comfort is 
obtained with hot panel heating with an air temperature 
of 55 deg., and it is found by experiment that the tem- 
perature at the top of the room is only 60 deg., or an 
average temperature of 57.5 deg. Hence, with an out- 
side temperature of 32 deg., as before the temperature 
difference is 32.5, and the ratio of loss is 25.5 B.Th.U. 
ad hour per sq. ft. of glass surface, 6.4 B.Th.U. per 

our per sq. ft. of 14-in. brick wall, and so on. 

It will be seen that the air required for ventilation 
has to be raised in the first case from 32 deg. to an 
_—— of 66.5 deg., and in the second case to an average 
of 57.5 deg. ; hence the heat losses due to change of air 
are in the first case also proportional to 34.5, whereas 
in the latter case they —— to 25.5 oat or a 
saving of 26 per cent. — ‘ore the cost of the heating 
apparatus—namely, boilers, calorifiers, and pipe work— 


can be reduced in this proportion ; the coal bill will also 
be reduced in the same proportion. To summarise the 
matter, it may besaid the same heating surface is required 
with hot panels and hot borders as compared with 
ordinary hot-water radiators, but that the heating a 
ratus and the pipe work can be about 20 per cent. maalioe. 
It may be that with hot panel heating, which 
depends er upon radiation, the losses due to 
iation through the windows will be considerable, and 
that this loss has not been allowed for in the above calcu- 
lation. But, as is well known, glass, although it transmits 
| bright heat rays rapidly, is opaque to dark heat rays ; 
| they are refi from its surface. An interesting 
|example in support of this statement is the case of the 
heating of a room in an old house, where it was undesir- 
able to fix entueey Sao, which would have interfered 
with the woodworkand the artisticappearance. The jambs 
of the windows, which were unusually wide, were therefore 
converted into hot panels, and Figs. 9 and 10 show the 
arrangement. At first sight a more unlikely arrange- 
ment to give results could hardly be imagined ; 
nevertheless, the heating of the room was most effective. 
A large portion of the radiant heat from the panels 
striking the walls will, as already stated, be reflected ; 
the remainder will be absorbed and heat the walls, and in 
course of time the temperature of their surface may reach 








Hot Bo 

















































B A Cc 


A,B &C are cold bodies shielded from 


all r except those tmpi 


(2256.¢.) 


0. 







Body 





per 















uruet area =H cos 
Fig.6. Heos a ~~ 
4 x yes 
Radiation received per 
s256.0) wutarea-H cos x cos B 
Body B. 








From intersection of TE, proceed horwzontally toScale A 
; m &E. ; » Seale B 


L&E: « 
Connect Scales AGB by a straight linedread on Central Scale 
A great deal depends on the nature of 


the surface of the walls and on their colour ; and, in order 
to obtain data on the subject, the author is at present 


that of the air. 


engaged on aseries of experiments. He hopes at some 
future date to be able to communicate some of the results, 
by the wg Fags of Messrs. R. Crittall and Co., 
on whose If he is studying the matter. In these 
experiments the temperatures will be principally measured 
ee of thermo-junctions of copper and constantan, 
readings being hen by a reflective galvanometer. 

From the above it will be gathered that, as regards the 
warmth point of view, the comfort of a person in a room 
depends on complicated interchanges of heat. Heat 1s 
received by the by direct radiation from hot sur- 
faces, and by ind irect radiation from these hot surfaces 
due to reflection and reflection from surrounding objects. 
The person is losing heat by contact with the air, which 
is always at a lower temperature than the body, and also 
by evaporation of moisture from the skin, due to dryness 
of the air; there is also a loss due to radiation from the 
body to the cunning objects. A perfect system of 





heating requires askilful combination of all these various 
interchanges of heat. 
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A hot panel consists essentially of a small pipe bent 
backwards and forwards and imbedded in a semi-con- 
ducting composition; 4-in. drawn lap-welded steam- 
pipe 1s — The heat -carrying medium, say hot 
water, circulates in the tube and the heat is con- 
ducted through the walls of the tube to the composition 
through which it spreads to the surface of the panel, 
whence it is radiated into the room ; in effect, heat at a 
comparatively high temperature issuing from a small 
surface is converted into the same amount of heat ata 
lower temperature eins from a a surface, A hot 
panel may contain more than one length of tube, in order 
that the flow in each length may be controlled by external 
valves. A hot panel can be made up in an iron frame, 
thus forming a detached unit similar to the ordinary 
radiator, or it may be built up against a wall very nearly 
in the thickness of the plaster. 

Hot borders are formed by placing drawn, lap-welded, 
}-in. pipes about lin. below the level of the floor, close to 
the walls, around the whole or part of a room, and em- 
bedding these pipes in semi-conducting composition. 
A hot border of any width desired, say from 6in. to 
18 in., can thus be formed. This arrangement is specially 





LLU LLL .2tlxulwd 
Hot \Pairrel 












































suitable for passages. Similar pipes can also be embedded 
along the cornices of a room. Fig. 11 gives an example of 
a suitable arrangement of hot panels and hot border for 
warming a room. Two points of control by means of 
valves are shown, and four of the panels have spaces 
behind them so as to warm the air coming in through 
theinlets. Fig. 12 is an example of a hot cornice. 
_ In all cases the joints are made by oxy-acetylene weld- 
ing. With competent workmen this method of making 
jomts has been found to be entirely reliable. The semi- 
conducting composition has to be chosen with great care, 
to obviate cracks which otherwise would be produced by 
the expansion and contraction of the hot pipes. The 
medium carrying the heat from the boilers or calorifiers 
to the hot panels or hot borders may be either hot water 
or steam, and the heating apparatus and pipe system is 
ne aren | the same as that adopted for ordinary 
radiators. In very high buildings heated by hot water 
difficulties arise with ordinary radiators owing to the 
high pressure of the water at the lower floors; this 
difficulty does not occur in the system under consideration. 
As already mentioned, the author had the senaty 
of applying the system to a large block of office “7 
at Liverpool, known as the Royal Liver Buildings. e 
installation was completed in 1911, and the heating has 
been quite satisfactory. The following particulars will, 
it is hoped, be interesting :— 
he panels are fixed about 1} in. away from the walls, 


leaving a space behind, to which fresh air is conveyed 
through a fresh-air grating fixed in the external wall. A 


admission of air. The main wall behind each panel is 
coated with non-conducting ter. The panels are so 
constructed that radiant heat is given off from the front, 
the side facing the wall being utilised to warm the 
incoming air. A perforated metal plate is fixed over 
the top of the air space through which the warmed air 
enters the room. A narrow warm floor border, is formed 
on two or more sides of each room, according to the 
exposure of the external walls, and the semi-conducting 
material covering the pipes in the border is utilised for 
covering the whole floor, so that a my jointless flooring 
is provided throughout the whole building. The corridors 
are warmed by means of 6-in. wide borders formed on 
each side, poe Se whole length of the corridors. The 

Is and floor borders in room are con ied by 
independent valves, so that the occupants can regulate 
the temperature to suit their own requirements. The 
warm borders in the corridors are divided up into sec- 
tions, each similarly controlled. Hot water heated by 
the exhaust steam from the electricity plant is circulated 
through the floor and panel coils, and generally a surface 
temperature of 100 deg. to 110 deg. ismaintained. About 
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length of 4-in. pipe in the panels and borders is about 
50 miles, and there are 19,200 ft. of rising mains, the 
latter weighing about 60 tons. Altogether about 30,000 
oxy-acetylertie welds were made, none of which have 
leaked. There are 1200 panel-control valves (4 in.), and 
about 900 multiple way valves. 

In order to control the temperature from the calorifier- 
room, ten “‘ Barrey” thermometers have been placed at 
certain selected points in the building. There are also 
two thermometers outside—one on the south, and the 
other-on the north side of the building. Eight thermo- 
meters are placed in the flow mains, and two in the 
returns. The stem of each thermometer, which is of 
the mercury t contains a fine resistance wire, con- 
nected to & eatstone bridge placed in the calorifier- 
room. The resistance of this wire diminishes as the 
temperature increases, use it is cut out by the rising 
mercury, and this diminution is measured by the brid 
and indicated, in degrees Fahrenheit, on a dial. e 
reading on the dial can be adjusted to agree at any time 
with that of the thermometer by means of a variable 
resistance. Two dials, mounted on a board, have 
been provided, one for the room and outside tem- 
peratures, and the other for the flow and return hot 
water temperatures. The reading of any thermometer 
can be ascertained by plugging in a “‘jack” into a hole 
on the board a | to that thermometer. 
arrangement has been found to greatly assist in maintain- 
ing the desired temperature throughout the building. 

As some further examples, it may be sta that 
certain portions of the new premises recently constructed 
for the Amalgamated Press in Farringdon-street are 
warmed on the same system—namely, corri in 
the editorial department, the main stairs, and also the 


at the Royal Liver Building. The main staircase is of 
marble, with marble linings to the walls. To avoid inter- 
fering with the marble work hot panels have been formed 
in the frieze, about 12 in. wide, between the top of the 
marblework and the ceiling, and in one case the ceiling 
itself has been heated. The diffusion of the heat rays is 
such that the heating appears to be just as effective asit 
would be if arranged at a lower level. 
At the Midland Adelphi Hotel in Liv 


1 the carpets 
are extended over the floor borders. Thi however, 
does not impede the heat rays, and although the tem- 


perature of the borders is kept very low, so that the 
warmth is scarcely perceptible to the hand, sufficient 
heat is maintained in the coldest weather. 








MATERIALS FOR MOTOR-BUS 
CONSTRUCTION. 

In our issue of the 3rd inst. we published a fairly 
complete description of the chassis for a motor-omnibus 
and lorries made by the Daimler Company, Limited, 
of Coventry. As was then explained, the details 
embodied in these vehicles have been arrived at by a 
process of natural selection, being the result of long 
experience of the exacting requirements of London 
omnibus traffic. The ever-pressing necessity of keepin, 
down weights necessitates, moreover, the most carefu 
attention to the quality of the materials used, and we 
reproduce below the specifications to which the Daimler 
Company work. A study of these is not merely 
interesting in itself, but also evidence of the com- 
bined care and enterprise of the builders :— 


SpEciFICATION OF Moror-Bus MaArTeEriALs. 


Piston-Rings.—High elasticity is the chief characteristic 
of this metal. The iron is crucible, melted in a pot- 
furnace and cast in a special manner, in the form of a 
—- piston-pot. The moulds are accurately ma- 

ined to size. charge is carefully analysed to 
control the silicon, phosphorus, and carbon contents, 
which ensures the grain being of the same fineness. In 
this way there is no possibility of the metal taking a 
permanent set under working conditions, and the hard- 
ness assists the wearing erties. The material is so 
standardised to the chemical specification that a variation 
of 0.2 per cent. in the silicon content either way would 
condemn the material. Further, the casting temperature 
of the chills is also carefully watched to prevent irregu- 
larities. The characteristic ap ce of this material 
under the microscope is seen in Fig. 1. 





Fig. 1. 


Cast Iron ror Piston-Rincs x 
30. Verticat Intumination, Ercuep 


with 5 per Cent. Nitric Acrp 


ALCOHOL, 


IN 


Cast-Iron Cylinders, Cylinder-Heads, and Pistons.— 
These are cast in dry-sand moulds from specially selected 
cold-blast and part mine irons. The sand cores are of an 
improved form, free from wires, and readily removed 
from the — Because of the fine grain, due in part 
to the low carbon content of the iron, the metal is not 
porous, and is especially suitable for water-chambers and 
wear. The principal feature is closeness of texture—the 
cylinders, after machining, being tested under a pressure 
of 100 lb. per sq. in. A standard transverse bar, loaded 
in the centre, breaks with 27 cwt. to 30 cwt. Fig. 2isa 
microphotograph of the iron used for the cylinders. 

Cast-Iron Slceves.—The chief characteristic about the 
sleeve cast iron is its open grain and remarkable tough- 
ness—the metal will bend and stand hammering to an 
extraordinary degree. Fig. 3 is a microphotograph of 
a portion of this metal. A large proportion of best 
selected Swedish iron is used in the mixture, and extreme 
care is taken to keep the phosphorus and sulphur content 
as low as possible. In addition, the high total carbon in 
the sleeve metal bri about the formation of a large 
uantity of free graphite, which materially assists in 
orming the best wearing and lubricating surface pos- 


sible. A standard transverse bar, loaded in the centre, 
breaks with 24 cwt. to 28 owt. Figs. 4 and 5 give an 
excellent idea of the quality of the metal u in the 


engine-sleeves. 

Connecting-Rods and Front Azxles.—Swedish iron of 
medium carbon content is employed, of special purity, 
selected to give the best results after heat-treatment for 





large hall. The arrangement is generally similar to that 





drop-stampings. The material is stiff, yet ductile, and 
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Fic..2. Cast Iron ror CyLinpEerR x 200. 
VerticaL InLumination, ErcHeD W1TH 
5 per Cent. Nirric Acip IN ALCOHOL, 




















Fic. 4. Cast-Iron SLEEVE VALVE, SHOWING LuGs 
Broken Orr sy a Loap oF 2600 Ls. 





Fic. 6. Front Axue Street perore Heat 
TREATMENT Xx 160. ErcHep witH 5 PER 
Cent. Nitric Acip In ALCOHOL. 


capable of being distorted without any signs of fracture. 
The composition is as follows :— 


Carbon ... 0.28 to 0.33 per cent. 
Silicon ... 0.05 ,, 010 rs 
Sulpbur 0.03 ,, 0.04 os 
Phosphorus trace ,, 0.04 ee 
Manganese 0.50 ,, 0.65 - 
Nickel nil 


Physieal results :— 
Tensile strength 
Elastic limit 


40 to 46 tons per sq. in. 
28 ” 32 ” ” 


Ratio . aa 0.50 ,, 0.65 
Elongation in 2 in. 20 ,, 25 per cent. 
Cortraction 55 ,, 65 “ 
Impact ... 60 ,, 70 ft.-Ib. 


It will be seen from an examination of the micro- 


structure of a steel stamping, before and after heat! 


VALVE 
CENT. 


Fic. 3. Cast Iron FoR SLEEVE 
x 24. KrcHep witH 5 PER 
Nitric Acip IN ALCOHOL. 




















Fic. 5. Section FrRoM SLEEVE VALVE, SHOWING 
BEND witHout SIGN OF FRACTURE. 





Fic. 7. Front Axie STeet arrer Heat 
TREATMENT X 160. ErcHep witH 5 PER 
Cent. Nitric Acip IN ALCOHOL. 


treatment (Figs. 6 and 7), that there isa marked difference 
both in the size of the grain and also in the interlocking of 
the crystals. 

Crank - Shafts. —'These may be made from chrome- 
vanadium-steel forgings and, alternately, from nickel- 
steel stampings. The nickel-steel alloy selected for the 
stampings is the best obtainable, and is always heat- 

ted to make it specially suitable to resist alternating 
tres of tension and compression. In addition, the 
abse of sharp corners and quick changes of section 
absolutely prevent any possibility of the cranks failing 
through fatigue. 

The micrographs attached show the structure of a 
chrome-vanadium forging as it leaves the manufacturer, 
and the same forging after heat-treatment. 

_The heat-treatment consists of the dual operations of 
oil quenching and tempering. 

It will be seen from the micrographs (Figs. 8 and 9), 





CONSTRUCTION. 





Fiu. 8. CHROME- VANADIUM CRANK-SHAFT 
ForGING BEFORE Heat TREATMENT X 
240. Ercuep wit 5 per Cent. Nitric 
Acip 1nN ALCOHOL. 





Fic. 9. CHrome- VANADIUM CRANK-SHAFT 
ForGInG AFTER Heat TREATMENT X 
240. Ercuep wit 5 per Cent. Nitric 
AciIp IN ALCOHOL. 


taken at a magnification of 240 diameters, that the free 
ferrite in the metal, present through overheating the 
material during forging operations, has now been 
broken up by the heat-treatment. The net result is a 
metal of increased hardness and wearing properties, and 
the micrograph reveals the homogeneous character the 
material has assumed, which is borne out by the physical 
tests, and especially the bending and impact figures. 


3 Per Cent. Nickel-Steel Crank-Shaft Steel. 


Analysis :— 
Carbon ... 0.38 to 0.45 per cent. ; 
ee desired, 0.42 _,, 
Silicon ... 0.15 to 0.175, 
Sulphur... 0.03 ,, 0.04, 
Phosphorus trace ,, 0.025 _,, 
Manganese 0.60 ,, 0.75 ie 
Nickel 3.00 ,, 3.30 a 
Physical results :— 
Tensile strength 55 to 60 tons per sq. in. 
Elastic limit 37 ,, 42 9» ” 
Elongation on 2 in. 16 ,, 18 per cent. 
Mtraction 45 ” ” 


The crank-shaft forgings in chrome-vanadium steel to 
the following specification are also heat-treated. 


Analysis :— 
Carbon ... 0.40 to 0.425 per cent 
Silicon ... 0.12 ,, 0.18 Je 
Sulphur ... 0.02 ,, 0.04 ,, 
Phosphorus 0.02 ,, 0.04 “ 
Manganese 0.50 ,, 0.65 2 
Chromium 1.30 ,, 1.50 4, 
Vanadium 0.15 ,, 0.19 ea 

Physical results :— 
Tensile strength 50 to 55 tons per sq. in. 
Elastic limit eS * 
Elongation on 2 in. 17 ,, 18 per cent. 
Contraction 5,36 =, 


Eccentric Shafts. — These are turned from the bar 
in high-tension alloy steel, which may be nickel-chrome 
or chrome-vanadium. The bars of each type are not 
issued to the works until tested and passed by the 
laboratory. . ‘ . 

The composition and physical specification for chrome- 
vanadium steel is as follows:— 
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Fic. 10. PxHospHor Bronze ror Worm- 
WHEEL x 24. 





Fis. 12. Sree. Castinc BEFORE Heat 
TREATMENT X 160. VeErticaL ILLuMI- 
NATION, ErcHep wiTH 5 PER CENT. 
Nirric Acip 1x ALCOHOL. 





Fig. 14, Srer. ror Swivet Fork x 240. 
VERTICAL ILLUMINATION, ETCHED WITH 
5 per Cent. Nirric Acip IN ALCOHOL. 


Chrome- Vanadium Steel for Eccentric Shafts. 


Carbon ... 0.38 to 0.43 per cent. ; 
desired, 0.4 ,, 

Silicon ... 0.17 to 0,22 = 
desired, 0.18 ,, 

Sulphur... 0.02 to, and not to exceed, 
0.045 per cent. 

Phosphorus 0.2 to, and not to exceed, 
0.3 per cent. 

Manganese 0.50 to 0.75 per cent. ; 
desired, 0.60 ,, 

Chromium 1.20 to 1.50 - 
desired, 1.30 ,, 

Vanadium 0.175 to 0.25 =, 

; desired, 0.20 ,, 
Physical results :— 


Tensile strength 55 to 60 tons per sq. in.; de- 
sired, 56 tons 

39 to 44 tuns per sq. in.; de. 
sired, 40 tons 

21 per cent.; desired, not 
less than 18 per cent. 

45 to 60 per cent.; desired, 
55 per cent. 


Elastic limit 
Elongation in 2 in. 


Contraction 





and then reheated and quenched in oil. 
glass-hard surface to the wearing portions, and at the 
same time produces a tough and fibrous structure. 

The composition of the steel is as follows :— 


This imparts a 


Carben ... 0.09 to 0.14 per cent. 
Silicon ... trace to 0.03 ss, 
Sulphur... 0.015 ,, 0.02 sis 
Phosphorus trace only 
Manganese 0.02 to 0.30 per cent. 


Physical specification—before case-hardening :— 


Tensile strength 21 to 25 tons per sq. in. 

Elastic limit ... ee 15 ,, 18 te 

Ratio ... ot 0.70 to 0.75 

Elongation in 2 in. 25 to 30 per cent. 
ntraction 60 ,, 70 Pa 


Fly-Wheels.—F ly-wheels are mild-steel stampings to 
eur usual specifications for this material. 

Frame.—The side members are steel plates, , in. 
thick, and are made of 3 per cent. nickel steel, or, alter- 
natively, of low carbon-steel plates, with American ash 
in between. The frame brackets are of cast steel, to the 
usual specification, heat-treated to release casting stresses 
and normalise the material. (See Steel Castings. 

Worm-Wheels.—Bronze worms are machined from a 
blank which has been cast in a special manner. By this 
process the rim is rendered consistently homogeneous, and 
possesses the finest grain. In addition, the material has 
the maximum hardness together with the necessary 
toughness ; in fact, the most perfect structural condition 
that a phosphor bronze of this composition is capable of 
attaining. Virgin materials are employed in the pre- 
paration of the phosphor-bronze alloy, which is melted in 
plumbago pots. To prevent oxidation, the metal is 
covered during the time it is in the furnace, and until 
the time of pearing. Micrographs (Figs. 10 and 11) 
taken at two magnifications show the uniform nature of 
the structure, taken at 24 and 240 diameters respectively. 

Driving-Worms.—The driving- worms which engage 
with the bronze wheel are first machined from case- 
hardened steel bars, which are somewhat harder and 
more dense than the standard case-hardened steel. 
Hence the carbon and manganese are slightly increased. 
This not only assists in machinin —- generally, 
but at the same time the core of the teeth after har- 
dening are exceedingly close-grained, which prevents 
distortion. 

The composition of the bars is as follows :— 





PxHospHor Bronze ror WormM- 
WuHeet x 240. 


Fig. 11. 





Carbon ... 0.12 to 0.15 per cent. 
Silicon ... 0.02 ,, 0.04 =, 
Sulphur... 0.04 ,, 0.07 ” 
Phosphorus 0.04 ,, 0.07—s,,, 

Fic. 13. Sree. Casrine arren Heat Mangenese sc, OR co ER. ep 
TREATMENT X 160. VerticaL ITLtumi- Springs.—Springs are made up from hardened and 
NATION, ErcHeD witH 5 pret CENT ae pte platen of 0 qqasieh bepeetsey eee. 

sted ais “ , a cs Each spring, as it leaves the maker and before it is issued 


Nirric Acitp In ALCOHOL, into the works, is tested on a spring-testing machine. 
For a spring of given size, it should have a definite and 
standard deflection for a fixed load. The test is usually 
applied after the spring has been in tension with a load 
corresponding to one-third of that required to level out 
the top-plate of the spring as tested with a straightedge. 
Finally, the maximum load required to bring the spring 
to this condition is recorded, and when this has been 
removed measurements are taken to ascertain if there are 
signs of a permanent set in any one of the plates. 
The analysis is as follows :— 


Carbon ... 0.55 to 0.60 per cent. 
Silicon ... 0.96 ,, 1.15 a 
Sulphur... Bay 0.025 ,, 0.04 as 
Manganese se oa 0.30. ,, 0.35 sn 
Phosphorus aa 0.01 ,, 0.02 « 
Chromium 0.65 ,, 0.8 a 


Differential Wheels.—These are made in the usual case- 
hardened steel. After machining, the wheels are first 
carbonised and then reheated in the usual way. 

Differential Shafts.—These are made in special high 
chrome-nickel air- ened steel. The s is treated 
by a suitable air-hardening process, which brings up the 
tensile strength to about 100 tons and the elastic limit to 
between 85 and 90 tons per sq. in. The composition of 





Fic. 15. Wuire Mera x 26. VERTICAL 


Intumrnation, Ercuep with 50 PER the a as follows :— has , 
Jarbon ... per cent. 
Cent. HCl. Silico -m. 
' ° Sulphur ... 0.01 a 
Analysis and physical tests of chrome-nickel-steel bars :— Phosphorus acts ae 
Carbon ... 0.30 to 0.35 per cent. Manganese 0.428 
Silicon ... 0.14,.017 4, Nickel ye 
Sulphur 0.02 ,, 0.03 pi Chromium tee ” 
Phosphorus trace ,, ind ” Air-hardened, a bar 1 in. in diameter would give the 
Nica yo ” 14 ” following results :— 
Chromium 0. ee SR Zena omg = tons per sq. in. 
ii te IP Slastic limit. alte 
Fe a a = - 3 _—— rates Elongation in 2 in. 12 to 15 per cent. 
Elongation in2in. ... 17 ,, 20 per cent. Contraction... ace 30 ,, ” 
Contraction... noe Win ots Whereas the material in the soft state has a strength 
Base-Chamber and Change-Speed Gear - Cases.—These | Value of :— 
are made in an aluminium alloy of copper, zinc, and Tensile strength 57 to 60 tons per sq. in. 
aluminium :— _— limit si | i 
Copper ... 1.9 to 2.2 per cent. ongetion in Sin. oo oe Per oop 
Aluminium 86.8 ,, 89.1 ,, Contraction... ... » 68 . 
ae Si a “8.4m a Steel Castings.—The steel for Datuiee sos enatings ts 
The material, although possessing a fine grain, is dis-| manufactured in a patent furnace of new design, 
distinctly tough and will bend appreciably :— which has only recently been perfected. 


Because of the constructional arrangements of the 
furnace, the steel manufactured is of a high quality, and 

Gear- Wheels (Chain).—Chain wheels are made from pure | contains far less injurious metalloids than the steel 
Swedish charcoal-steel stampings. The carbon is low ' made in the older form of furnaces. — ? 
and they are case-hardened by, first, being carbonised, The hematite pig iron employed is the purest obtain- 


Tensile strength 8 to 10 tons per sq. in. 
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able, and as this is melted in the furnace itself and then 
blown, no additional sulphur is taken up by the metal, as 
is the case of the oul converters pore. where the 
metal is first melted in a cupola, and then transferred to 
the converters before being blown. ; as 

The average analysis of the steel castings obtained is 
as follows :— 


Carbon ... 0.20 to 0.24 per cent. 
Silicon ... 0.18 ,, 0.22 oa 
Sulphur... 0.015,, 0.03 fe 
Phosphorus 0.024,, 0.04 _ 
Manganese ... 0.60 ,, 0.7 - 
Tensile strength * 30 tons per eq. in 
Elastic limit ... ee 20.5 ,, ms 
Elongation on 2 in. ... 22 to 25 per cent. 
Contraction 35 ,, 40 oe 


After the castings are fettled, and before they are issued 
to the shops, they are normalised—that is, heated up 
ubove the coalescence point of the material and cooled 
slowly, as in the case of parts subjected to a dead load; 
while other component parts are heated up to the same 
temperature ood quenched in oil. The effect of the oil 

uenching is to raise the stiffness of the material, and, at 
the same time, to increase the tensile strength by between 
3and 4 tons, with a corresponding increase of elastic limit. 
It is usual to find a casting before any heat treatment to 
have an impact figure of 10 to 12 ft.-lb., together with a 
coarse structure. After a suitable heat treatment the 
grain is refined, and the impact test will figure at about 
25 to 45 ft.-lb., depending on the size of the casting. 
Figs. 12 and 13 are micrographs of specimens of these 
steel castings. 

Swivel-Forks and Steering-Levers.—The swivel-arms and 
all steering-levers are stampings in 3 per cent. nickel 
steel, of the same variety as the crank-shaft stampings, 
the carbon, however, being slightly lower, with the view 
of getting the maximum ductility on treatment. The 
composition and physical tests are as follow :— 


Carbon ... 0.30 to 0.35 per cent. ; 
desired, 0.32 per cent. 
Silicon ... 0.15 to 0.175 per cent. 
Sulphur... 0.03 ,, 0.04 bt 
Phosphorus trace,, 0.025 ,, 
Manganese 0.60 ,, 0.75 sas 
Nickel ... ae 00 ,, 3.30 a 
Tensile strength 45 to 50 tons per sq. in. 
Elastic limit ... SS ee we 
Elongation on 2 in. 20 ,, 22 per cent. 
Contraction she nat me 
Hardness . 240 ,, 250 Brinell numeral. 


All swivel-forks, as they leave the manufacturers, are 
stamped with consecutive numbers and the ness 
numeral. These particulars are sent to the hardening 
department by the manufacturers. As each consignment 
reaches the hardening department, the original hardness, 
as given by the manufacturers, is checked on the Brinell 
machine, After the first process of *‘ oil-quenching,” the 
swivel-forks are in tested, and those of similar hard- 
ness are collec and given a tempering treatment, 
depending on the hardness numeral obtained. Finally, 
after cooling from the tempering treatment, each swivel- 
fork is tested, and those at the correct standard hardness 
are passed to the shops, while those that give a hardness 
numeral above the standard fixed by the laboratory 
department are retempered until that standard is 
obtained (Fig. 14). 

Radiator.—The radiator consists of tanks cast in a 
special aluminium alloy. 

The alloy is of a high copper content, the object being 
to close the grain of the metal and to raise the tenacity 
and the rigidity. 

The composition of the alloy is as follows :— 

Aluminium van 86 to 88 per cent. 
Copper ... oi = 14 ,, 12 po 

In addition there are tube-plates of high-quality cast 
brass, and the tubes themselves are plain in special hard- 
drawn copper. 

Clutch.—The clutch centre is made of aluminium | 
to our ordi om which, after being machined, 
is covered with leather. 

Wheels.—The wheels are steel castings. 

Brass and Bronze Alloys.—The following a 
are in general use for brass and bronze alloys. Each 
class has a separate symbol corresponding to its distinc- 
tive properties. In the manufacture of the important 
varieties only virgin metals and alloys are employed. 
When scrap, such as waste castings, gates, or runners, is 

in a mixture, a definite percentage proportion only 
is melted in the charge. Care is exercised to see that 
this scrap has been obtained from castings of similar 
composition and having the same symbol. 

M.C. Metal.—Brass, common ; symbol, M.C. 

Analysis :— 
opper ... 
Zinc... i * 40 “6 
Used for unimportant work, and for parts where there 
are no particular stresses. 

M.D. Metal.—Brass, special ; symbol, M.D. 

Analysis :— 
pper ... 
Zinc... as Ss es 

Special brass of high copper, used largely for parts that 
are to be brazed. - 

M.B. Metal.—Best gun-metal, to Admiralty specifica- 
tion ; symbol, M. 


60 per cent. 


80 per cent. 
20 


—- : - 

pper ... per cent. 
Tin sve - pet ees 
Zinc... nF ee aa 





Hard metal, without being brittle; for parts subjected 
to wear and shock. Used for brackets and important 
strength- pieces. 

M.A. Metal.—Average quality, bronze ; symbol, M.A. 
Analysis : 


pper ... 76 per cent. 
Ses oh 3 ~ 
Lead... sod ie 1 RS 
Zinc. es ie eee 


For general work, where soundness is required with 
only moderate wear. Used for bearing brasses. 
P.B. Metal.—Phosphor-bronze, ordinary ; symbol, P.B 


Analysis : _ . 
“ss 5a ea per cent. 
ag ce - ibe |) 
ome one ie 0.6 —% 
Phosphorus _... me 0.2 es 


Tough, without brittleness ; of high resistance to stress, 


and good wearing properties. 
White-Metal Alloy.— Bearing metal. 


Analysis :— 
Copper ... : 10 per cent. 
in 4 a dee 7 (we 
Antimony =m oad _. “ 


For lining the bearings of crank-shafts and connecting- 
rods plastic metal is used. The plastic metal used for this 
purpose is of a distinct nature, selected and proved after 
many experiments to be the best for its anti-frictional 
qualities and wear. The metal is obtained in ingots and 
melted down with extreme care and without the addition 
of scrap in any form, and overheating is prevented by 
fixing a maximum temperature at which the metal is 
poured. One of the most important points to be con- 
sidered in regard to a white-metal bearing, apart from its 
chemical nature, is the microscopical arrangement of the 
constituent parts. Of these, the antimony-tin cubes, 
being the hardest constituent, are the most important. 
As they carry the main load, they should be spread ae 
over the bearing surface and uniform in_ size. 
standard micrograph (Fig. 15) is attached which shows 
that by careful preparation this result is obtained in a 
pees Ho degree. 





REGULATIONS FOR APPRENTICES. 

Messrs. MATHER AND Ptuatt, Limirep, of Park 
Works and Salford Iron Works, Manchester, have 
issued the following regulations for the admission and 
control of apprentices in their works :— 

Apprentices a2re admitted into the works in accordance 
with the following regulations. They are divided into 
three classes :— 

1st Class. Boys, of not less than 15 years of age, are 
admitted as ‘ ‘Trade Apprentices ” with the object of 
becoming ‘‘Tradesmen” on reaching 21 years of age. 
They must have Standard VI. ata primary school, 
and have attended a continuation school, or produce 
other proof of having had a satisfactory elementary 
education, and must be capable, if required, of satisfactorily 
answering an elementary examination paper in arithmetic. 
They are required throughout the whole term of their 
apprenticeship to attend evening classes at the Manches- 
ter or Salford Schools of Technology, or other approved 
schools and in certain cases, selected entirely by merit, 
are sllowed to attend the special day courses for apprentice 
engineers at the Manchester School of Technology, but 
this privi is only granted with the express permission 
of the works manager, and is restricted to those boys 
who can show that they will derive full benefit. No 
deduction is made from wages for the time spent at these 
‘2 Trade A d fi , he 

e Apprentices are paid w rom the commence- 
ment of ue eunlapeank aeuagliog to the uniform scale 
for the time being in force, and are advanced annually, 
if conduct and progress both in the works and in the 
classes have been satisfactory. 

2nd Class. A limited number of youths of not less 
than 17 years of age, able to submit a satisfactory intro- 
duction and references, and of giving proof of a thorough 
_— education at a secondary school or public school, 

y examination certificates or otherwise, are admitted 
into the works from time to time as circumstances permit, 
with the object of nes practical training in different 
branches of engineering. ose who have had a recognised 
course of technical training at a technical school, or have 
obtained distinction at a public school or grammar school, 
have preference in selection for this class. A knowledge 
of French, German, or other modern languages, is con- 
sidered an additional qualification. ‘Youths in this class 
are transferred from department to department, so as to 
obtain as wide an experience as possible, but subject 
always to the shop conditions at the time permitting of 
entry into a i department, and to the —— 
permission of the works manager. Mather and Platt 
consider that the best training is obtained by starting in 
the oe then passing to the machine tools, fitting, 
and assembling, and this course will be followed as circum- 
stances permit. As far as possible all youths in this class 
will spend some time in one or other of the test-rooms, 
and in the drawing-office. ” 

neo oon gee in this class enter the works for a probationary 
period of six months, during which time they do not 
this period they will 


receive any wages. From theend of 


receive a weekly wage of 10s., and thereafter, up to the 
end of their apprenticeship, such wages as may be 


arranged by the t. 
All youths in this cas are required as a condition of 
their employment to continue their technical education, 


by attendance at evening classes at the Manchester or 
Salford Schools of Technology, or at the University ; 








and in certain cases, selected entirely by merit, are 
allowed to attend the special day courses for apprentice 
engineers at the Manchester School of Technology, but 
this privilege is only granted with the express permission 
of the works manager, and is restricted to those youths 
who can show they will derive full benefit. No deduction 
is made from for the time spent at these classes. 

Every youth itted into Class IT. must obtain a letter 
from his parents or guardians undertaking that they will 
not remove him during the time arra: for his appren- 
ticeship without the consent of his employers. 

3rd Class. With a view to affording facilities for 
practical workshop training a very limited number of 
young men of not less than 20 years of age, who have 
passed a complete course of technical training at a techni- 
cal school, or who have obtained a degree or diploma in 

i ing or Science at a University, are admitted into 
the works from time to time as circumstances permit. 
Anyone applying for admission into this class must have 
a satisfactory introduction and references, and must sub- 
mit a complete statement of their educational career and 
attainments. It must be understood that selection is 
made, having regard to the educational qualifications 
that a candidate is able to submit, and that great impor- 
tance is attached to a candidate having a thorough 
knowledge of French, German, or other modern languages. 
All men in this class enter the works for a probationary 
period of six months, at the end of which time there is 
no obligation to remain, or on the part of the employers 
to continue the employment. [If it is then a tocon- 
tinue, the candidate must in writing, to remain in 
the employment of Mather and Platt for the further 
period ar During the probationary period of six 
months no wages are paid. The remuneration during the 
further period will be subject to arrangement according 
to the merits of each case. 

Although Mather and Platt cannot undertake any 
obligation that men in this class shall spend any specific 
time in any icular department, the management, as 
far as possible, will select the department or shops so as 
to give the best possible practical engineering training 
suited to the attainments and capabilities of each man, 
and not with a view to obtaining skill in any particular 
handi 

GENERAL. 


Apprentices of all classes are subject to the usual works 
: — and must keep shop hours, which are as 

ollow :— 

Monday to Friday inclusive, 8 a.m. to 12.30 p.m., 1.30 
to 5.50 p.m. 

Saturday, 8 a.m. to 12 noon. 

Mather and Platt in no case charge any entrance fee or 
premium, nor indenture any apprentice, nor undertake to 
continue the employment of any apprentice. ‘ 

__ All applicants must be of sound constitution, and must, 
if required, produce a medical certificate showing their 
— fitness for the work. 

ather and Platt desire to draw attention to the age 
limit of 15, below which they will notin future admit any 
apprentice. This age has ce fixed in order that boys 
may have the advantage of some instruction in elemen- 
tary science at a continuation school before commencing 
work in the shops. 

A member of the staff is deputed to keep a register of 
all apprentices, their educational record, the time spent 
in each department, the classes attended, and the 
reports of the masters. Apprentices are encouraged to 
consult with him from time to time as to any change in 
their employment which appears desirable, and he will 
endeavour accordingly to arrange it with the works 
manager. He will advise apprentices as to the classes 
that will be most useful for them to attend, and will pay 
the fees for the session, for the classes selected and 
approved. . 

he Principals of the technical schools and of other 
schools whose classes are attended by Mather and Platt 
apres are invited to report at frequent intervals on 
their attendance and progress. 

No holidays other than the usual works holidays are 
granted to any apprentice, except with the express per- 
mission of the works manager. 

Mather and Platt wish it to be understood that they 
are able to accede to only a very small proportion of the 
ae made to them for entry into Classes II. and 
III., and that in making the selection of those to whom 
the privilege is extended, they are primarily guided by 
theintention of selecting those students whose antecedents, 
physical fitness, character and educational attainments, 
are likely to fit them for permanent posts on the staff. 
They also desire to point out that although the above 
regulations primarily apply to works employment, never- 
theless it has always wad the practice of Mather and 
Platt to select as far as possible those who have had 
practical training in the works for the more important 
posts in the office pertaining to the commercial side of 
the business, and it is their intention to continue such 
selection from the several classes of works apprentices 





Tue Royat Sanitary InstituTe.—The fifty-fifth course 
of lectures and demonstrations for sanitary ctticers will 
be held from February to April next. The course com- 
prises four lectures on ‘‘ Elementary Physics and Chemis- 
try in Relation to Water, Soil, Air and Ventilation, and 
Meteorology ;” twenty-one lectures on ‘Public Health 
Statutes,” the ‘‘ Practical Duties of a Sanitary Inspector, 
‘* Municipal Hygiene or Hygiene of Communities,” and 
** Building tion in its Sanitary tions ;” seven 
lectures on ‘‘ Meat Food Inspection, including Taking 
of Samples of Water, Food, and Drugs for Analysis. 
Further Fey can be obtained from Mr. E. White 
Wallis, tary, 90, Buckingham Palace-road, S.W, 
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CREATION AND LOSS OF ART AND SKILL 
IN FOUNDING.* 


By Tuomas D. West, Cleveland, Ohio. 


In the world’s progress we sometimes have conditions 
created that operate contrary to anticipations. For an 
example, we are now confronted with the fact that 
countries which are most advanced in science, invention, 
manufacture, agriculture and commerce, have the highest 
cost of living, due to the demand for luxuries havi 
exceeded the productiveness of labour.+ This is parallel 
in founding, in that now, when we have cause to 
the greatest understanding of the principles involved, 
unbarred by lock and key, the art is being lost and 
it is difficult to obtain skilled men, due to intelligence 
discarding manual labour, and beginners’ 6 curtail- 
ment of time, necessary to gain experience, before engag- 
ing to fill the positions of journeymen, &c. 

Prior to the year 1881, when the writer started to freely 
give the world the benefit of his experience, researches, 
discoveries, and elucidations of principles involved in 
founding, a rather peculiar state of affairs existed. At 
this time he never knew of > possessing a know- 
ledge of principles ; at least, if they did, such was not 
utilised in practice. Asan instance, if a cope raised in 
pouring a mould, more clamps or weights would be put 
on the next one. When once what was sufficient for the 
special job was known, it was not readily oe as it 
was learnt by sad expensive methods. 1 learning, 
previous to the writer’s introduction of practical litera- 
ture causing moulders, founders, and others interested in 
the art to think and study for improvements, was chiefly 

otten by one imitating another and building thereon. 

ere this practice excelled the present one, in produc- 
ing skilled men and supporting art in founding, was due 
to the condition that it created more shop and less desk 
men. There were very few who had not learnt by 
imitation how to prepare a cupola, mix iron, melt it, 
make cores and moulds in either green sand or loam ; in 
fact, be such a broadly experienced, skilled, all-round 
man as to be competent to make any character of cast- 
ing from stove-plate up to massive machinery, and not be 
afraid of hard, dirty, or hot work. 

When the writer entered the foundry along in 1862, 
apprentices served four to six years, and, as a rule, 
travelled for several years to broaden themselves before 
settling down. One was considerable of a ‘‘dumb-head” 
if, as a moulder or founder, he could not be looked upon 
as a good, skilled, or competent man. To-day one is 
generally lucky if he can retain an apprentice two years. 

The rage for always ) a nice,” and having an easy 
job, has made it a most difficult task to obtain appren- 
tices to-day to learn the trade. The writer has gone so 
far in this, as to have boys between sixteen and eighteen 
call at his home evenings in answer to advertisements, so 
as to have a better opportunity to induce them to make 
a start and hold to it. We are now paying boys of the 
above age 1.50 dols. during the first six months, 1.75 dols. 
during the second six months, and 2 dols. during the 
second year; the third year, if they can be induced to 
stay, to Le paid according to their ability and to equal 
that of regular journeymen’s wages. Even with these 
inducements in wages and an excellent chance in a strictly 
jobbing shop, we are, on an ——. only able to secure 
and hold about one out of twenty boys who call, while in 
a city like Cleveland there are hundreds of boys who 
should embrace such opportunities, and would do so very 
much more were the spirit of the precepts seen at the 
close of this paper, acknowledged and advocated as they 
should be. : 

The only bond that exists in our agreement with 
gyration lies in wages to be paid, promises to keep 
advancing them till the end of their time, and a bonus at 
its termination. We forcibly illustrate to an apprentice 
in starting that if he leaves much bsfore his time is out, 
other firms, not obligated as we are to advance him, will 
soon discover his lack of knowledge and skill, and hence 
keep him working on inferior jobs, to be paid for by the 
lowest wag3s; and when dull times come, cause him to be 
among the first walking the streets. 

Many take the position that it is the fear of being con- 
fined t> a spaciality, or monotony of making but one product 
over and over again, that holds boys back from under- 
taking to learn the trade. This has not the weight some 
think, but can be said to ba more greatly confined to the 
following three factors :—First, a desire to always look nice 
and have an easy job; second, to obtain the highest wages 
possible when first starting to work, with no considera- 
tion for the future; third, to take up that work ——s 
the greatest eseape from subordination, care, and responsi- 
bility. Knowledge that affords the slightest excuse for 
claims to skill is generally considered sufficient to admit 
& youth calling himself a journeyman, as is well displayed 
by one answering an advertisement, who stated with 
emphasis that he was a ca’ ter, but desired to learn 
another trade, as he did not like it, and when asked how 
lon he had worked at the trade, swelled up in saying 

“three months.” 

Three full months surrendered by a youth to learn a 
trade! It seems like telling a joke and then explaining 
it, to here comment on this point. Nevertheless, we have 
in this a conception for necessary time to learn a trade, 

hat is given colour and support by an intelligence and 
dignity 8) powerful in influence to-day as to destroy any 
brevity of time being a joke, and placing all the blame on 
the young. The fault lies greatly in intelligence not 

ing competent to direct experience, or define what is 
truly skill, even though they have seen it. We have 





* Paper read before the New England Foundrymen’s 
ciation, Boston. 


to-day very bright, intelligent unskilled men interested in 
founding who would be astonished, were it possible to 
eS em to understand what the highest skill is 
— of in manipulation of the trade. : f 

here is nearly as much difference in the highly-skilled 
moulder’s manipulations, and those of the general run of 
moulders working at the trade to-day, as is seen by con- 
trasting the feats of a high-class acrobat or contortionist 
on a stage with a man turning a handspring in a beginners’ 
gymnasium. 

We are to keep in mind that it is wonderful what 
practice can bring man to do; also that there is no short 
route or expedient by which we can come to be experts 
or highly-skilled men. Intelligence cannot replace ex- 
perience or —— in creating skill. An illustration of 
this, and of how the art of founding is being lost, is seen 
in the fact that not half the rising generation in the 
moulders’ trade is able to handle a shovel or riddle skil- 
fully, let alone do other work in an expert manner ; and 
here gives us an bys pee to test the utility of intelli- 
gence, not beving ad practice, to make an instructor, or 
exercise scientific management in founding. Produce 
an intelligent man lacking skill in the art of using a 
shovel and riddle who is able to teach others, if you can. 

_ There are few factors more injurious ay in prevent- 
ing the needed creation of skill for founding than that of 
bright men, having little or no ability to do its actual 
work skilfully, being recognised as authorities or experts 
on most all its workings. One evil influence of these 
recognitions lies in many considering that all that is 
required is intelligence to make a success of founding; it 
has led many to engage in the business as investors, to lose 
their all, or otherwise prove failures while injuring 
others, merely because they had boen misled in conceiving 
and considering the demands of the trade. 

When a person has an opportunity to study only the 
amateur turning a hand-spring, he cannot know much of 
what is ible with the man who can tie hie body in a 
knot, or nce one or two men on his chin. 

The writer was a leader in advancing technical schools 
for founding (as can be seen by a paper before the 
A.F.A. during 1902, entitled ‘‘ The Proposed Foundry 
Trade School”), but he regrets to affirm that he cannot 
consider them the success he anticipated or hoped for. No 
one is to take from this that the writer desires to deride 
the value of such schools, as he well knows how beneficial 
they can be, and has given up a great deal of his life 
~ Spent the technical knowledge necessary for 
ounding. 

There are two factors to be kept in sight and practised, 
as far as possible, in maintaining foundry trade schools. 
One is that their function is practical only in teaching the 
technical ; the commercial must learned in the com- 
petitive shops. To rightly teach the manual side of the 
technical knowledge requires a broad and long experience 
in the actual floor work of general jobbing foundries. 

The writer has tried technically-trained boys along 
with those who never worked in trade schools, and has 
found much better success with the latter. As an illus- 

tration, we started one who had worked about a year at 
moulding in a technical school, and when uested to 
throw a piece of hot scrap, with the shovel, off the topof a 
flask to the y, he stated he did not know he would 
have to handle hot iron, and left the shop. 

Boys will attend trade schools, to work on floors or 
benches, because me oe nice and easy jobs. If such 

students were brought to face the real thing in c>mpeti- 

tive shop3few would remain in them. 

There are some who work in r or competitive 

shops and attend trade schools for the sole purpose of 

obtaining technical knowledge. This is to be recom- 

mended, providing there are compstent teachers and 

facilities to impart such knowledge, and this is in reality 

the trade school’s best function. 

The technieal knowledge for founding chiefly consists 

in a person possessing certain metallurgical information 

and baing competent to make sketches or drawings, and 

also to understand the principles involved in the making 

of moulds and melting of metals. The technical field is 

not so large as to demand a person being a professional in 

chemistry, metallurgy. or draughting. owever, there is 

a certain amount of knowledge in these, that everyone 

holding the position of foreman, superintendent, or shop 

manager of a foundry should possess, and can easily attain 

if he has but the will todoso. The overseer of to-day 

who does not understand nearly or all of the technical is 

greatly lacking in power to man men and direct 

manipulations in moulding and melting. In this it is to 

be understood that the technical should be combined 

with the practical in order to be of best value ; that these 

two factors should considered inseparable. It is in 

reality the practical embracing the technical, or vice 

versd, that is greatly responsible for the advance founding 

has made in the way of improved appliances, better 

shops and castings. ° 
‘Better castings” will sound inconsistent to some, in 
view of the general tenor of this paper; but by consider- 
ing the results of specialising, there can be a r 
insight into causes for many of the “better castings.” 
However, it is to be known that, for the want of experi- 
ence and skill, specialists are often aaatinages in their 
workings, and that the visitor or buyer rarely sees other 
than the good, and knows little of the heavy losses often 
experienced in their striving to obtain the acceptable. 
If, now, all kinds of castings had to be made by jobbing 
methods, as of old, the present scarcity of skilled men 
would be such as to cause a much greater inferiority in 
quality and larger losses in their production. 

While specialising has done much to decrease the 
demand for skill, it has also caused losses in ths art to 
many founders and moulders. One example of this 
exists, in a recent experience of the writer being 


making a pomceye J of a certain line for over twenty 
years. A slight oc in their practice created a defect 
in their castings that they did not possess the knowled 
to overcome. foreman being shown how to semele 
the trouble, scratched his head in astonishment, and anid 
“*That is one on me.” More could have been shown that 
would have been one on him, but seeing he felt so badly 
in this case, he was let alone. The remedy applied was 
one + ee mtice just out of a jobbing or general shop 
would have known. 

While specialising can di with much skill and 
experience in producing uel autione. none demand all 
that is embodied in the art to the same degree as do 
jobbing and general founding. 

The tonnage of specialities, being roughly somewhere 
near 75 per cent. of jobbing and general castings, has 
brought around nearly two-thirds of all founders and 
moulders to be ignorant of much that is involved in the 
art. Curtailment of apprenticeship periods in recent 
eee is still the more decreasing a knowledge of what 

existed in the arb, or is well known by the surviving 
old, experienced jobbing founders and skilled moulders. 

We are, of course, adding constantly to the art, b 
reason of research work, discoveries, inventions, an 
new methods or processes, and by the aid of our foundry- 
men’s associations, trade journals, and papers, which 
should receive every encouragement in their giving them 
publicity, the new things coming greatly before the 
specialists as well as the general men. However, the 
writer’s experience in advising remedies for defects, 
learned by actual broad shop experiences, has convinced 
him that, while much that is new is — added, much 
of the important in the old details of the art is being 
lost to many. 

In treating this subject there is one factor all must 
concede, and that is, where a man is strongest in ability 
or training there will he labour the hardest in an effort 
to give an equivalent for his hire. If the position is one 
wherein both shop and desk training can be utilised, 
one or the other will generally be sacrificed, viding 
the man considers his power or influence sufficient to 
—y- his inclination to guide him. Many founders 

ave come to learn by sad and costly experience, that if 
one or the other of the above qualities must be sacrificed, 
it is generally true that a shop can be best kept going, 
and with less loss, by those strongest in ability shop 
work than for that of the desk. 

The demand for a combination of shop and desk work 
has been a medium that has done much towards decreas- 
ing needed skill in the production of castings. It has 
opened a gate whereby the young and untrained shopman 
seeing an opportunity for an easy position, fights for it, 
and it has added to the difficulty of obtaining men truly 
capable of successfully conducting or overseeing actual 
shop operations. The results have become so harassing 
and expensive to some firms, that wherever the desk part 
of the work can be omitted or thrown out entirely such is 
done, a point verified by the occasional appearance of 
advertisements stating that a shop, and not a desk, 
assistant foreman or superintendent is wanted. 

Another factor, having much weight in reducing skill 
in founding, exists in the difficulty of obtaining a good 
class of intelligent youths or adults who will get down to 
the bottom and work up, soas to have long actual shop 
experience that will permit their being masters of shop 
operations. The position has been taken that the tech- 
nically-trained man overtakes and passes the non-tech- 
nical man; aad it has much weight in preventing bright 
young men from entering the founding trade at an age 
whic hwould permit their ing t ical men. 
It is not that technical training is in itself always 
responsible for technical men sometimes surpassing a 
skilled man lacking such education ; but more generally 
the higher intelligence and executive ability that the 
former over the latter, when the contrast is drawn 
for positions to oversee men and their work. When 
merely for decisions as to excellence in skill, it generally 
means that if the technical man takes the lead, the shop 
man is not a broadly-experienced operative, or that he 
may be such a dull or poor mechanic naturally that he 
could never be brought to be a good one, though he had a 
hundred years’ experience or special training. 

The misleading allurements of a complete technical 
training attract to college many of our country’s intelli- 
gent youths, who should be led to seek our shops and be 
eld there, in order to make masters of the art. 

Almost any youth of high intelligence and possible 
= executive ability, who desires to engage for life in 
ounding, can make himself a very much more valuable 
man by taking early to the shop, and afterwards learning 
the technical as he progresses, than by first taking up the 
technical, perhaps to spend and waste three or four of 
the best years of his life, before thinking to learn the 
practical end of the trade, or any fair proportion of it. 
The great lack of technical knowledge and executive 
ability in broadly experienced moulders, has caused many 
foundry proprietors to seek pattern-makers, chemists, 
machinists, and others, who have had no actual foundry- 
floor training or cupola practice, to accept positions as 
foremen, sup2rintendents, and ay * Where 
can eae ne chemists, &c., found in charge of 
machine-shops? There is just as much practicability and 
sense in one case as in the other ; and this is another factor 
in reducing skill in founding, ad for jobbing, 
general, and many speciality workshops. 

With all due t to pattern-makers, chemists, 
machinists, &c., the fact that they are incapable of in- 
structing apprentices or moulders to handle tools pro- 
ficiently, or to make moulds demanding experience, is 
sufficient to demonstrate the anqeehen foundry-owners 
are often driven to in efforts to obtain intelligent men of 
executive ability to manage their shops. 








+ See the Iron Age, September 5, 1912, page 533. 





to stop heavy losses and trouble, by a firm who had been 


If these ‘‘ substitutes” for overseers in foundries were 
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not so confident in many cases that they were al] that 
was required, the ccpelianey control would be much 
less injurious in reducing the art and skill in founding. 
Not long ago, in visiting a foundry at the solicitation of 
an wi ed founder to remedy some defects in his cast- 
ings, he was asked if he did not feel handicapped by 
reason of not possessing actual floor and cupola ex- 
perience. He stated he did not; that all he desired was 
two or three good moulders and a cupola man. The 
practices being followed showed that almost all of his 
men were doing about as they pleased, in adoptin; 
methods of working which an experienced, skilfu 
moulder foreman or superintendent could not sanction ; 
and also that the shop chief had not the necessary expe- 
rience to make any good moulder or foreman. Attention 
is called here to the fact that all this executive man 
wanted was two to three good moulders and a cupola 


man ; these, as matters are ing, soon will be very 
difficult, if not impossible, to obtain. "Frhen what? 

The growing scarcity of moulders who have the making 
of competent overseers has compelled many firms to 
resort to various methods to keep foundries Angee 4 
One of the plans followed lies in subdividing the work, 
and having an overseer for making cores, one for the 
moulds, one for the cupola, and one for the cleaning 
floor ; work that a few years back would be thoroughly 
understood by one man, and managed solely by him, 
unless it were in an exceptionally foundry. To-day, 
by reason of narrowing down experience, there is often 
difficulty in obtaining executive ability with skill cover- 
ing even one of these branches to any fair degree. These 
are ing times for a master of founding, and often 
make him think that ignorance is bliss. 

The preeent subdivision among bosses is in many cases 
undesirable, due to the friction, and contention to escape 
responsibility for all results, that is often created w 
two overseers or more dictate what shall be done in the 
making of one or more castings. It is to be understood 
that the writer is not condemning subdivision where 
there exists a head boss who is experienced in all of the 
branches, or is competent to advise and direct subordi- 
nate overseers to follow plans in working which can 
harmonised to ensure desired results. 

One objection to the subdivision of work often exists in 
the efforts of some to make a mountain out of a molehill. 
As an illustration is cited the following late experience of 
the writer, who thought to advance a bright mechanical 
engineering graduate to learn the cupola and melti 
operation of a certain plant. Prior to this young man’s 
advaneing sufficiently to take hold of the work, it was all 
successfully managed by the boss, who looked after the 
core-making, moulding, and cleaning of the castings. 
This novice was but two months at work when he had 
cards printed with the appellation ‘‘ Metallurgist” after 
his name ; and before a year expired he would have had 
the melting operation dominant over all other work, or 
ns a tail to wag the dog, his schemes been allowed. 
To master the art of moulding requires three to four 
years | r than melting, to generally permit one to be 
responsible for results ; and wherever a man is master of 
all branches, he will not make an idol of the melting and 
a dunce of the moulding operation of founding. 

The subdividing of the foundry-work, in order to obtain 
skill, can be carried to such extremes as produce such 
a as facing-mixers, mould-rammers, pattern- 

rawers, gate-formers, feeding-head makers, mould- 
closers, metal-temperature a eee eeae, cast- 
ing-feeders, &c.—and all knowin t the one thing, to 
be learned in a few weeks, and to be considered a trade 
or vocation—if we do not make an effort to retard our 
present degeneracy in skill. 

The tendency of the young to give up as little time as 
possible to apprenticeship will soon make it impossible 
to find a foreman half competent to oversee more than 
one of the branches of founding, and will often require 
three to four men to look after what is but one man’s 
work ; and even then we will get only amateur super- 
vision. 

The existing brevity and lack of concentration in 
po! skill has created such a spirit of indifference 
and disregard of accidents or mishaps, that when some- 
thing serious goes wrong many will turn their backs to 
it, instead, as of old, jumping in with skill to assist 
working out of it, and help to prevent great losses that 
can often occur. These mishaps in a foundry generally 
mean hard and hot work to prevent their doing more or 
less damage, and in many cases such can, by skilful 
action. be avoided in some measure. It is these occasions 
that demonstrate the utility of men, as regards their 
being **shop ” or “‘desk” hands ; the latter make such a 
‘‘thumbing” of any assistance they attempt to render that 
they are as a rule practically useless. This characteristic 
has encouraged the course, so prevalent in many foundries, 
of “letting it go” when trouble occurs. is “let it 
go” has made many proprietors keenly feel the need of 
men that can and “‘Iend a hand” in working out of 
trouble to prevent losses in founding. There are shops 
that do not have the hazardous work, and risks to cause 
trouble, that many have, and hence not all will a 
realise the evil of the practice of ‘‘let it go,” or the 
- la = training that skills a man to combat mishaps in a 

oundry. 
In the shop where lack of skill and willingness to 
combat mishaps exist is found also, as a rule, the type of 
men chiefly responsible for such mishaps. 

There are some fifty specialities in founding ; fully half 


of them require good skilled moulders overseers, 
The other half is more y operated by trained handy 
men and machines. machine must be blamed some- 


what for the lessened skill many moulders ; at the 


same time the lack of skill in moulders has driven some 
founders to adopt machines who would not otherwise 
have done so, 


¢ is to,be understood that wherever it is 


practical to use machines they generally excel in quality 
the best skilled hand-made castings. 
The utility of machines is surprising; what is being 
made Uy section to-day was beyond belief a few years 
>. resent use of machines has caused many to 
claim that they have even now decreased the demand for 
skill so much that there is little call for it any more in our 
foundries. The writer’s experience and late investigation 
show this to be a greatly exaggerated view of the situa- 
tion. From the letters and data lately obtained by him 
from foundries of our country, there seems every proof 
that green and dry-sand_jobbing-work, as well as many 
epostaiities and almost loam-moulding, will always 
more or less demand ey mer ed skilled moulders ; and 
this offers no small field for the employment of such men. 
Even with moulding-machines there often exists a demand 
for a few skilled moulders to finish moulds, set cores, and 
close them, that cannot well be dispensed with. Again, 
it is to be known that wherever the machine is utilised to 
the greatest advantage, there can be found as a rule a 
brainy skilled moulder who is chiefly responsible for the 
variable and ee obtained. 

Many of our best moulders and foremen are to-day 
taking a keen interest in utilising the machines because 
of the better castings made by them wherever they can 
be used. The machine will come to be utilised much 
more than it is to-day ; nevertheless the moulder worthy 
the name, and who loves the art, must not a of need 
for his services, as there will always be employment for 
him in almost every town and city using castings. 

In the first place, we have to learn if there are boys 
obtainable to make core-makers, moulders, and melters ; 
in the second place, how can they be made skilled workmen 
in all these branches, as they should be? For filling the 
first requisite, there is much encouragement found in 
the fact that parents have come to @ more prac- 
tical knowledge of the utility of schooling. The past ten 
years has seen a considerable decrease in the number of 
parents who believe that a college education is 
to every vocation, and this in connection with the hig 
cost of living has now made it so that about 95 per cent. 
of our country’s boys from 14 to 16 leave school to seek 
work, or loiter. 

_ There is certainly no scarcity of boys in our towns and 
cities, as can be seen by their presence on the streets, in 
parks and pleasure resorts, loitering and amusing them- 
selves, and those who seek employment do not do so until 
necessity compels them. This necessity is their craving 
for pene to J yn ga in = me Ne and pleasures, and to 
dress well. 1 must acknowledge there are many more 
allurements for the young to-day than 30 or 40 years ago, 
and we cannot shut their eyes to them. The day for 
apprentices to accept 6 cents per hour has gone, in con- 
nection with their willingness to engage in any hard or 
dirty labour. Apprentices’ wages can be raised, but to 
make the dirty, hard, and often hot work of a foundry or 
other trades acceptable to them is a problem not to be 
solved in a few months, but should be, greatly, in a 
few years. 

As the masses have now greatly come to discern that 
college eee Saas to but few vocations, ly 
due to past publicity of experience and views on its value, 
there is every encouragement now for a campaign advo- 
cating that boys take early to trades, and stick until 
they me good mechanics. This is a work within 
the sphere of every citizen, and embodies another 
in customs and ideas to help bring us back to a more 
practical life, as set forth in the following few precepts 
which to-day require a broad publicity :— 

1. Every vocation has its annoyances and trials. A 
man dissatisfied with his own must not expect another 
would have relieved him of all harassing worries and 
responsibility. 

2. It generally proves best for the successful father to 
impart his vocation and knowledge to his sons, as far as 
practicable. 

3. The vocation that may besmear the face can demand 
a head with brains capable of commanding a recompense 
that need not pine for the social recognition of any class 
or person. 

4. A man who isa aon skilled mechanic possesses an 
enviable position or independence ; and his face, if dirty, 
can be cleaned and his body clothed with paid-for broad- 
cloth whenever occasion demands it. 

5. Creation and public support of State and national 
laws, ne meeps ment papers on time and wages for 
apprentices, and obligations on employers to teach them, 
in connection with a compulsory existence of certificates 
to show the faithfulness exercised by apprentices in 
having fully served their time. 


Precepts that should be especially practised by founders 
are as follow :— 


1. Persistence and resourcefulness in obtaining youths 
of 16 to 18, having good strength and fair intelligence, for 
apprentices; .not to start them unless there is 
evidence to believe they are sincere, and will keep faith 
to the end of their agreements. 

2. Constant vigilance in seeing to it that apprentices 
are given every chance for the broadest practices per- 
missible in core-making, moulding, and melting. 

3. Advocate the value of the technical knowledge as an 
adjunct, apprentice to obtain such knowledge as far as 
practical, especially if he exhibits any executive qualifi- 
cations that might be developed to make him a compe- 
tent overseer to manage men and work. 

4. Jobbing and speciality shops demanding skill should 
ey engage all the apprentices that can be well 

care of. 


5, All foundries should consider themselves morally 
ebligated not to take apprentices from any foundry that 


no matter how, in other ways, they may take advantage of 
each other. 


6. Make every sacrifice to pay apprentices wages which 
will attract hold them to the end, on the principle 
that the times now demand the making of skilled 


men to save the foundry trade from coming inability to 
obtain little other than unskilled men for overseers and 
amateurs for workmen. 








FOREIGN ENGINEERING PROJECTS. 
, We give below a few data mney . gy ome of 
oreign engi ing projects en from the of 
Trade Journal. Farther information concerning these 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

Roumania: The British Vice-Consul at Bucharest 
reports that tenders are invited by the General Direction 
of the Baicoi-Constantza —_ (under the direction 
of the Roumanian State Railways) for the supply, for 
the new pipe-line, of Diesel motors and pumps, the latter 
to be worked by electric motors of 50 horse-power. Tenders 
for both the motors and pumps addressed to La Direc- 
tion Générale des Chemins de Fer Roumains, Bucharest, 
will be opened on February 3. It is understood that the 
above competition is limited to firms who may be invited 
to tender. 

Russia: The Pravitel, Viestnik, St. Petersburg, noti- 
fies that arrangements are being made for the establish- 
ment of a port at the Kilia mouth of the River Danube. 
It is estimated that the necessary work entailed in 
deepening the Kilia delta, &c., will involve an expendi- 
ture of 7,200,000 roubles (about 760,000/.), and of this 
amount the Russian Ministry of Industry and Commerce 
propose to allocate 456,500 roubles (about 48,0007.) to be 
expended during 1913. 

Spain: The Gaceta de Madrid publishes particulars of 
the Spanish Budget for 1913, from which the following 
items are extracted :—Ministry of Fomento: 6,198,000 
pesetas for harbour maintenance and new works, 1,399,500 

tas for lighthouses, 268,000 pesetas for buoyage, 
,503,000 pesetas for railway construetion and subsidies, 
3,712,730 pesetas for canal and hydraulic works generally, 
19,680,000 pesetas for road maintenance and new roads ; 
Ministry of Marine: 458,260 pesetas for navy clothing 
material, 2,391,800 pesetas for arsenal material, 4,657,581 
pesetas for material for the fleet; Ministry of War: 
11,050,000 pesetas for artillery material, &c., and 4,557,000 
pesetas for material required for the army engineers. 
At present, 27 pesetas = 1l. (about). The Gaceta also 
contains decrees empowering the Government to grant 
the following concessions for railway construction and 
working—viz.: (1) a line from Bonanova Station, on 
the Sarria-Barcelona Railway, to Esplugas; (2) a line 
from Guardiola to Gisclareny, in the province of Barce- 
lona; (3) a line from Avila to amanca via Peiia- 
randa de Bracamonte ; and (4) to the Alcoy and Gandia 
Railway and Harbour Company, Limited, in respect of a 
line to run from a point on the Alcoy-Gandia Railway as 
far as Cullara. A further decree authorises a three years’ 
extension to the Santander-Bilbao Railway Company for 
completing the double line from Bilbao to Las Arenas. 
The Gaceta further publishes two decrees, under the 
terms of the first of which the Spanish Cortes empowers 
the Board entrusted with the carrying out of works at 
the mouth of the Guadalquivir and the port of Seville to 
issue 34,000 44 per cent. bearer bonds, of 500 pesetas 
each, for a total sum of 17,000,000 pesetas, which amount 
must be redeemed in not more than 45 years. The Board 
will also set aside, when convenient, the number of bonds 
requisite for calling in and liquidating 9,500,000 pesetas 
worth of 5 and cent. bonds already issued. The issue is 
also made for the following purposes—viz., the com- 
pletion of the Alfonso XIII. Canal, the erection of a 
swing-bridge across the same canal, the construction of a 
landing s' and dredging works. The second decree 
empowers the Ceuta Harbour Works Board to issue 
23, 4} per cent. bearer bonds of 500 pesetas each, 
ting 11,500,000 pesetas, which amount must be 
leemed not later than 1941. The sum realised will be 
employed in completing extensive harbour works at 
Ceuta, as sanctioned in 1908. s 

Spain (Canary Islands): The Gaceta de Madrid con- 
tains a decree authorising the Spanish Government to 
grant a concession for the construction and working of @ 
l-metre gauge railway from Santa Cruz de Tenerife to 
Garachico, passing by. way of La una, Tacoronte, 
Sauzal, Matanza, Victoria Santa Ursula, Orotava, 
Realejos, San Juan de la Rambla and Icod. 

Brazil : H.M. Minister at Rio de Janeiro reports that 
a contract has been entered into between the Govern- 
ment of the State of Minas Geraes and Colonel José 
Caetano Pimentel, for the construction and working, for 
@ period of fifty years, of a railway which will run from 
a — on the left bank of the River Doce, in the vicinity 
of the Bueno-Brandio Colony, to Uruct Station on the 
Bahia-Minas Railway. rees appear in the Diarto 
Official, the relative numbers and effect of which are as 
follows :—No. 9910, approving the plans and estimate of 
6,201,291 milreis (about 413,000/.) for the construction 
of 58 miles of line belonging to the Guarapuava section 
of the Sio Paulo-Rio Grande Railway ; No. 9930, approv- 
ing the plans and estimate of 4,759,182 milreis (about 
317,002.) for the construction of 92 miles of the Campo 
Maiocr- Amarracio section of the Cearense Railway system. 





Tue Rorat Sanrrary Instrrvre.—The council of the 
Royal Sanitary Institute have accepted an invitation 
from the Exeter City Council to hold their Twenty- 

ighth and Health Exbibition at Exeter from 
July 7 to 12 under the presidency of the Right Hon. Earl 





has suffered the losses and vexations generally involved 








in the first six months or year of starting an apprentice, | Fortescue, K.C.B., Lord-Lieutenant of Devopshire, 
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ELECTRICAL APPARATUS. 


3746/12. J. 8S. Highfield, London. Electric Incan- 
descent Lamp-Supports. [4 Figs.) February 14, 1912.— 
This invention relates to improvements in the lamp-supports and 
casings described in Specification No. 27,991, of 1908, with refer- 
ence to Fig. 5. These comprised a metal casing, having a globe 
secured to it and resilient supports within it for the reception of 
lamps. The reflector, which was also secured upon the resilient 
supports, was formed to closely fit the cylindrical part of the 
casing so as to form a > This construction served 
adequately to absorb all vertical shocks, but it is the purpose of 
the present invention to improve its action in regard to lateral 
shocks. For this purpose sufficient space is left about the 
reflector to permit a small amount of lateral motion, and the con- 
nection to the supporting springs is modified so as also to allow of 
this motion against the action of the sprirgs. In the construction 
shown in Fig. 1, the reflector is indicated at 1, and the casing 
from which it is supported at 2. Upon the casing are provided at 
intervals projecting perforated lugs 3. Through the perforations 
extend pins 4 attached to the reflector 1, there being ample space 
for movement of the pin in the perforation of the lug. At its 
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top the pin 4 carries a disc or cross-bar, which rests upon the top 
of a helicoidal or preferably volute spring 6, the lower end of the 
spring resting on the lug 3. The spring may be attached to 
either part, but it is most convenient to fasten it to the reflector 
by threading its ends through the pin 4. In order to allow of 
the reflector being readily lifted off, the lugs on the casing are 
formed with recesses instead of perforations, as appears in the 
modified construction of Figs. 2, 3, and 4. The reflector 1 
carries pins 4, as in the first construction, with discs or cross-bars 5 
resting on the springs 6. The lug 7 of the casing has a recess 8 
cut in it, and its tips on either side of the recess are preferably 
bent upward, as at 9. This is clearly seen in Fig. 3, which is a 
plan of the lug. Within these tips there is laid across the recess 
asimple perforated washer, upon which the base of the spring 
rests. The reflector is shaped to fit this lug, having recesses 11, 
which enable it to pass the tips 9, and a projection 12 which 
supports the pin 4. The material of the reflector is preferably 
strengthened by a metal piece at the point of support. Fig, 4 
shows the form of the edge of the reflecter at this point. 
(Accepted December 4, 1912.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


1633/12. W. Allday and C. E. Simms, Birmingham. 
Internal-Combustion Engines. (3 Figs.) January 20, 
1912.—This invention relates to that type of self-starting mecha- 
nism for internal-combustion engines in which comp air is 
admitted into an independent cylinder, the piston-rod of whieh 
hasa rack which, on the forward stroke of the piston, eng 
a free-wheel pinion situated preferably on the crank-shaft of the 
engine or an extension thereof, and thereby rotates the crank- 
shaft in the direction proper for starting the engine. The inven- 
tion comprises the combination with the air-cylinder, of a secondary 
air-cylinder carried by the piston-rod of the primary air-cylinder, 
and an automatically controlled valve a the air pressure 
is shut off from the primary air-cylinder when the piston is nearly 
at the end of its stroke, and transferred to the secondary air- 
cylinder, so as to effectively stop the piston and return it to 
its normal position. ais the primary air-cylinder proper, and a! 
is the extension of the same, which constitutes a guide for the 
outer end or head of the rod of the piston’. The piston-rod b2 
has on its exterior a rack extending to within a short distance of 
the outer end, a plain or untoothed part of the piston-rod coin- 





Aa AAAAAABAAARAAAAAAAAAA AAD ed 


S| eer 
TS ot chee es 


SUP Sys 

















ciding with the pinion ¢ in the normal tions of the parts. 
The pinion ¢ has a free-wheel connection Bry the crank-shaft of 
the envine or an extension of the shaft. It will thus be under- 
stood that as the pinion ¢ is not in gear with the rack when the 
engine is running, the port ¢ is free to rotate with the crank- 
aan, and there is consequently no wear on the free-wheel clutch 
uring the ordinary running of the engine. In order to permit 
the rack to pass freely into gear with the pinion c when the piston L 
‘8 moved under the pressure of the air admitted into the cylinder 
@ In the direction of the arrow, the outer faces or pheral 
surfaces of the teeth, instead of being made concentric with the 
shaft, are made tangential to the base circle of the teeth. The 
piston | carries a secondary air-cylinder e with stationary piston 
— end of an axial pipe 72. e pipe f2 has communication 
nrough the 9, Pipe h, and passage i, with the cylinder of the 
~ Hews rol valve k, which has two piston-like parts. &® is the 
ch is connected by means of a pipe with the com -air 
reservoir. The control-valve k is moved into the ion shown 
— the action of a spring by a hand or foot-lever or the like. 
hand or foot-lever is connected directly or indirectly to a bell- 
Crank lever, through which the rod of the valve & is operated. 





The outer end of the rod takes into a socket in a flanged ring on 
the outer end of the air-cylinder extension a!, the rod having a 
dise or collar at a short distance from its outer end. When the 
rod k4 is mov d from the direction of the air-cylinder extension a! 
into the tion shown, a trip-lever or catch drops or is forced by 
aspring into engagement with the collar above mentioned, and 
temporarily retains the control-valve & in the position shown. 
When the tap of the compressed-air reservoir is opened, com 
air enters the air-cylinder a by the t 8, and the piston b 
and its racked rod and parts carried by are rapidly moved 
into the air-cylinder extension a!. The racked piston-rod carries 
a tripper or tappet, the acting part of which is adjustable, which 
tripper, before the outer end of the piston » reaches the cl 
end of the extension a!, effects the lifting of the trip-lever pre- 
viously mentioned, and the consequent release of the rod of the 
valve k, which is quickly moved by the compressed spring from 
the position shown into a position in which communication is 
established between the port & and passage i. The com 
air is shut off from the cylinder a, and is permitted to by 
e i, pipe h, and passage g to the axial pipe f? of the 
stationary piston, by which it gains access to the secondary air- 
cylinder ¢, and first supp! ts the cushioning effect of the air 
t between the head of the piston b and the closed end of the 
cylinder extension a!, and then returns the piston } to its normal 
po ition, the air in the air-cylinder being expelled into the atmo- 
~ eens through the openings in the valve-eontrol cylinder. On 
outward stroke of the piston } the pinion ¢ is rotated in the 
direction proper for rotating the crank-shaft and starting the 
engine, and if the engine is not put into operation by the first 
action of the self-starting mechanism, the cycle of operations is 
repeated. (Accepted November 27, 1912.) 


LIFTING AND HAULING APPLIANCES. 


26,802/11. J. Reed and R. Wavgood and Co., 
Limited, London, Lift’ Gate-Looki aratus. 
8. 


ng Pp 

November 30, 1911.—This invention relates to locking 
apparatus for the gates, doors, or the like, protecting the 
entrances to the wells or of electrically-controlled lifts, 
hoista, and the like. A ing to this invention, a sliding 
shuttle is arranged within the lock-box in such a manner that on 
being released by the locking-catch it slides automatically behind 
the hook, ther-by locking the catch and closing the controlling 
circuit. The apparatus shown comprises two sliding shuttles, 
the first, A, being the locking shuttle, and the second, B, the 
contact shuttle. The shuttle A carries two insulated terminals or 
contacts C, C, to which the current is led by flexible connections 
P. To the shuttle B is attached insulated bridge or closing- 
bar D Theshuttles are so arranged that when both are released 
or down, the contacts on the shuttle A are clear of the closing-bar 
D on shuttle B, and circuit being therefore broken; in this 

ition the shuttle A rests on the stop E attached to the lock- 

x, and the shuttle B is held in position by the shoulder G on 
the shuttle A. By raising the shuttle B the contacts C, C come 
in touch with the closing-bar D, and the circuit is completed. On 
the gate or door is mounted a combined lifting-bar H and locking- 
catch K, the lifting-bar H being attached to the gate-handle L, 
which is retained in position in relation to the catch K by aspring 
X, and has a movement sufficient to lift the locking-shuttle A 
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clear of the gate-catch K. The gate-catch K is arranged to swivel 
on a spindle with a slight vertical movement, to allow for wear of 


Fig. 1, a is the armature of the auxiliary machine, which is rigidly 
attached to the framework ¢ by the sleeve J, and is refore 
stationary in space. » is the armature of the primary machine, 
attached to the variable-speed shaft n. d ande are the poles of 
the auxiliary and primary machines respectively, and are carried 
by the common yoke ¢, which, in turn, is mounted on theshaft m 
the constant. prime mover. Brushes revolving with field 
ets collect current from the armatures a@ and > res 

tively, and the two armatures are connected in series with one 
a through the series windings / mounted on the d, 
Exciting coils g, h are mounted on the poles d and ¢, and receive 
current from an external source z (Fig. 2) through slip-rings. 
Coils g and h, — on the armatures a and > in series, tend 
to set up a current in the main circuit in the direction of the 
arrows, say (Fig. 2), while the coil / is so connected that 
it opposes coil g, and tends to reverse the current in the 
main circuit. Dealing with the case in which the variable-speed 
shaft n is lower in speed than the prime mover, and assumin 
that the exciting windings g, h have full current passing th 

them ; the primary exciting field will set up an electromotive force 
in the main circuit in say the positive direction, and as the 
exciting winding g on the auxiliary machine is acting in the same 
direction, the current will rise until the series winding / over- 
powers and reverses the exciting field g of its own machine and 
sets up an electromotive force in the main circuit almost equal 
and opposite to the electromotive force set up by the primary 
field. The eye J machine will thus be acting as a dynamo, 
and the auxiliary machine as a motor, returning power to the 
prime mover. torque of the prime mover will, however, be 
conveyed to the variable-speed shaft and will be proportional to 
the product of the main current and the strength of the primary 
field. As the speed of the variable-speed shaft n rises, the 


voltage of the primary armature »b falls, and with it the current 
in the main circuit ; but corresponding to each speed of the driven 
shaft n there will be a definite main current and therefore torque. 
When the variable-speed shaft n has attained the speed of 
voltage generated 


the prime-mover shaft m, the in the 























(28/7) 


primary armature will be zero, and the current in the main circuit 
will be such that the series winding / will almost, but not quite, 
balance the exciting winding g on the auxiliary poles d, a small 
component remaining to keep the main current circulating. The 
torque will be, as before mentioned, p rtional to the product 
of this main current and the primary field due to h, which has 
still its full value, and if too high for the load the driven shaft n 
will increase in speed over the speed of the prime-mover shaft m, 
and will continue to accelerate until the torque has dropped to 
the required amount. Since the relative speed of armature b and 
field magnet ¢ of the primary machine is now reversed, the 
voltage generated in the primary armature b will also be reversed, 
and will , ~y the main current, and since the main current is 
now less t the amount required to bal the exciting 
winding of the auxiliary machine, the latter machine becomes a 
generator, supplying extra power to the primary machine, which is 
now acting asa motor. As the main current remains always in 
the same direction, and as the primary field is assumed constant, 
the torque isalways in the positive or driving direction. At low 
om of the driven shaft n therefore the total power supplied by 
the prime-mover shaft m is divided into two 





8, one part going 
direct to the driven shaft n, the other going to the auxiliar 
hine a, to be returned to the prime mover. At high qpende 





the gate or dropping of the door, and it is guided into position by 
the incline on the lock-box. In the action of closing the gate or 
door the catch K first raises the shuttle A, which at the same 
time raises the shuttle B; when the catch K is clear of the shuttle 
A, the latter falls and automatically en with the catch K, 
The shuttle B is still held up by the hook of the catch K ; 
consequently on the fall of the shuttle A the terminals or contacts 
CO, C come into contact with the closing-bar D, as shown in Fig. 2 
In the action of unlocking the gate the lifting-bar H of the gate- 
handle raises the shuttle A clear of the gate-catch K, thereby 
breaking the circuit, while the shuttle B remains stationary. The 
gate-catch K is then withdrawn, and both shuttles fall together 
either by gravity or springs Y, the shuttle A falling upon its stop 
E, and the shuttle B falling upon the shoulder G on the shuttle A; 
the circuit therefore remains broken, as already described and as 
shown in Fig. 1. To prevent the shuttle A being raised by the 
lifting-bar H, when the cage has moved away from the landing 
level, the shuttle A is automatically locked by the lever R 
attached to a spindle, on which is fixed the usual arm and roller 
T engaged or struck by an inclined plane on the cage. The lever R 
has attached the usual spring W for returning it to the locked 
a when released by incline Z. (Accepted November 27, 
191 


MOTOR ROAD VEHICLES. 


2817/12. The Macfarlane Engineering Company, 
ted, and W. A. Macfarlane, Cathcart. Petrol- 
Electric Drive. (2 Figs.) February 3, 1912.—This invention 
relates to that class of power-transmission apparatus in which 
wer supplied by an approximately constant-speed prime mover 
fe util to drive a variable-speed shaft, such as the driving-axle 
of an automobile, and has for its object an improvement in the 
construction of such apparatus whereby the power supplied by 
the prime mover is effectually utilised for the production of a 
driving torque in the driven shaft, and that without loss of power, 
whatever the speed of the driven shaft may be. In carrying out 
the invention two machines are employed, one to act as a dynamo 
and the other as a motor, or vice versa, according to the speed 
conditions. These two machines are herein referred to as the 
primary and the auxiliary machine respectively. Referring to 


of thedriven shaft n the total power is again divided into two 
es bens one part going direct to the driven and the other 

ing supplied to the driven shaft through the auxiliary machine a 
acting as a dynamo, and the primary machine > acting as a motor, 
Torque can therefore be maintained on the driven nm at all 
speeds without loss of power. In the foregoing description it 
has been assumed that the excitation of the two fleldsg, A isa 


maximum. It is evident, however, that by varying the excitation 
the torque can be altered at any given speed of driven shaft 
between zero and maximum , and to any di from zero 
torque to maximum torque corresponding to the given speed, and 


it is thus possible to maintain the driven shaft at any given speed 
without loss of power. (Accepted November 20, 1912.) 


PUMPS. 
26,829/11. H. A. Hum A sendon, and W. J. 
Rusdell, Dudley. Raistes Liauiae (5 .] November 


30, 1911.—In known types of internal-combustion engines, having 
a rotating crank which determines the lengths of the strokes, it 


has been proposed to permit the exhaust gases to through 
a long exhaust-pipe under such conditions of inertia that a par- 
tial vacuum is produced in the combusti hamber, and scaven- 





ing air is thereby sucked into the chamber. The invention 
po Bn to a method of operating internal-combustion pougs or 
elastic fluid compressors of the two-stroke-cycle type, in which a 
suitably heavy mass or masses reciprocate, so that the lengths of 
the strokes are determined by work done and energy stored 
during the successive reciprocations. The applicants permit the 
exhaust gases to escape under such conditions of pressure, energy, 
or inertia that they cause a fresh combustible charge or scaveng- 
ing air, or both, to enter the busti hamber or chambers. 
4 dl the top portion of a busti ‘ham ber which is divided into 
portions 1 and 2 by a partition 8, which extends below the point 
represented by the lowest level to which liquid falls in the com- 
bustion-chamber, and does not extend so far as the top of the 
chamber, 80 that the two spaces 1 and 2 are in communication at 
the top. The combustion-chamber is part of a two-cycle liquid 











piston-pump of the type described in Specification No. 21,609, of 
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jon and contraction. The working is as follows:—On 





1911. Fitted at suitable levels in the wall of the ion 
chamber there are a gas-inlet valve 5, an air-inlet valve 9, and on 
the other side of the partition an exhaust-valve 6. Means sre 
provided for positively opening the exhaust-valve when a desired 
pressure is reached. In the present instance the device for this 
purpose consists of a small piston moving in a cylinder 10, and 
adapted to be acted upon by liquid or elastic fluid under pressure 
supplied th the pipe 12. Pipe 13 provides an escape for the 
liquid or fluid on the right-hand side of piston, to allow 
valve 6 to be shut by the action of liquid rising in the combus- 
tion-chamber. A convenient means of supplying liquid under 
pressure for opening the exhaust-valve 6 consists of a reservoir 14, 
the upper part of which contains an elastic cushion, and the 
lower part being supplied with liquid under re from the 
combustion-chamber through a non-return valve. Another pi 
communicating with the combustion-chamber e— liqu 
under pressure to act on a piston which moves in a cylinder 19 
and is controlled by a spring. Attached to the piston is a flexible 
rod having at its outer end a hook adapted to engage with a 
projection rigidly attached to a two-way valve 22 carrying an arm 
which is urged by a spring to the left, so as normally to keep the 
valve 22 in the position shown. en the pressure rises in the 
combustion-chamber the piston in the cylinder 19 is moved to 























(26.029) 


the right, and the hook passes the projection attached to the 
two-way valve. As the pressure falls the piston is urged to the 
left by ite spring, and when a certain pressure has been reached 
the hook engaging the projection rotates the valve 22 so as to 

ut the reservoir 14 in communication with pipel2. This permits 

igh-pressure liquid to flow from reservoir 14, and to force the 
piston in the cylinder 10 to the left, and so open the exhaust- 
valve. It is intended that the spring of the piston in the 
cylinder 19 should be so adjusted that the valve 6 is opened when 
the pressure in the combustion-chamber is high enough to give 
the exhaust gases escaping past valve 6, and travelling through 
the long exhaust-pipe 25, sufficient velocity and momentum for 
the continued outward movement of the gases to lower the pres- 
sure in the combustion-chamber and cause the intake of a fresh 
charge of gas through valve 5 and fresh air through valve 9. As 
the pressure falls still further in the chamber, the hook above 
referred to disengages from the projection on the valve 22, and 
the valve-spring rotates the valve back to its original position, so 
that the pressure is relieved from the piston in the cylinder 10, 
and valve 6 is only held open by ite spring, which is weak enough 
to permit the valve to be cl by the action of the rising liquid. 
(Accepted December 4, 1912.) 


RAILWAYS AND TRAMWAYS. 


18,753/12. H. D. Earl, Wolverton. Heating Railway- 
Cc es. (2 Figs.) August 15, 1912.—This invention relates 
to steam-heating apparatus for railway carriages, and it has for 
its object an improvement in or modification of the —— 
described and claimed in the Complete Specification of Letters 
Patent No. 18,572, of 1910. In the modified construction of 
apparatus, according to this invention, the nger’s control- 
valve is dispensed with, and one side or end of the connecting 
member for the branch steam-pipe is connected, as before, to the 
waste-water release-valve chamber arranged at the discharge end 
of the radiator loop, and the other side or end of the connecting 
member is connected directly to the inlet end of the radiator loop 
by a portion of pipe of relatively small diameter, which is prefer- 
ably provided with a return bend so as to avoid undue strain 


Fig.1_, 
























being put on the joints as the parts expand and contract due to 
changes in tempe:ature of the parts. ferring to the drawings, 
@ is the main pte oe ag | pipe and > is the radiator loop, 
g and h being eapestive ly the contracted or restricted disch: 
and inlet ends of the loop. The main steam-supply pipe a 
connected by ——_ branch al pth ns or ae —— 
one end of the “way 0! -piece being connec v 
the waste-water release ball-valve dake or chamber ¢ to the 
outlet or discharge end g of the loop b, and the other end of such 


th “way by a pipe / to the inlet end A of the b. This 
pipe Fie of velatively sonal diameter, and is prefe’ bent as 
shown, so that it may freely ex and contract without 


affecting the joints of the various parts. A coil may, if desired, 
be bent or formed in the pipe f to make further provision for 


exp 
steam being admitted to the main steam-supply pipe a it flows up 
the various branch pipes a! to the radiators of the system ; the 
steam will act on the ball of the valve e and press it against the 
seat, and thus close the exit end of the radiator loop, steam at 
the same time flowing through the pipe / to the inlet end A of the 
radiator loop ) and into the loop. The radiator will thus be 
heated, and the water of condensation will gather at the outlet 
end of the loop », the radiator being arranged at an incline, and 
when sufficient water has so gathered that its weight, added to 
the pressure of the steam in the radiator acting on the one side 
of the ball, is sufficient to overcome the pressure of the steam 
acting on the opposite side of the ball, the latter will be moved 
off its seat and oe will flow past the ball and down the 
branch pipe a! into the main a to be eventually discharged at 
the steam traps with which the main is provided. The radiators 
are, according to this invention, emptied of their contents when 
the steam is shut off from the main, as the ball will be moved 
from its seat by the condensation water, which latter will flow 
back to the main steam-pipe to be discharged at the steam trap 
as above described. (Accepted November 27, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


Societe Anonyme des Etablissements 
Bell St. Denis, France. Steam 
Generators. [1 Fig} October 9, 191!.—This invention relates 
to Belleville water-tube boilers, and particularly to those of the 
kind in which each element is comprised of two or more coils 
ind dently ted with the feed collector and the upper 
header or steam-chest. In accordance with the present invention 
the bottom box of each element is formed with a plurality of 
compartments, one of these compartments communicating on the 
one bout with the lower water collector and on the other hand, 
by means of apertures of appropriate section, with the other com- 
partments of the box off which the lower tubes of the several 
coils are branched. The device necessitates only one communi- 


793/11. 
guieene 











tion with the feed collector. In this case the first box in front of 
the third coil is mounted upon the firat front box of the second 
coil and the first rear box of the third coil is mounted on the first 
rear box of the second coil, and so on in succession. This box 
comprises three super, chambers A, B,C, with which are 
connected the lower tu al, b!, cl of the first three convolutions 
and a lateral chamber D, with which the three chambers referred 
to above are in communication, through sockets; finally, the 
chamber D communicates at its base with the feed collector E. The 
section of the communication is calculated for the total vaporisa- 
tion of the element ; each of the sovkets is of a section propor- 
tionate to the vaporisation of the coil that it serves. (Accepted 
November 27, 1912.) 


26,033/11. J. G. Robinson, Manchester. Steam 
Superheaters. (2 Figs.) November 21, 1911.—This invention 
relates to steam superheaters for locomotive and other fire-tube 
boilers, and of the kind in which a number of steam-circulating 
or superheating pipes extend into smoke or fire-tubes, preferably 
enlarged, of the boiler, the inlet or outlets ends of the superheater 
pipes being bent to headers placed in the smoke-box or equivalent 
position. According to this invention, each superheater element 
or pipe is connected to its respective header by expanding its ends 
directly into holes in a wall thereof, and the compartments or 
chambers of the headers are provided with openings at one end 
or side oe, ony to be closed by removable covers or piates. 1 is 
the smoke-box wall or shell; 3 is a T-piece, to the leg of which 
the saturated-steam pipe from the steam-dome is connected ; 5, 6 


Feg.1. 





are the headers, the saturated-steam spaces of which are con- 
nected by the offset or right-angle portions 7, 8 respectively to 
the arms of the T-piece 3; 13,13 are the usual enlarged smoke 
or fire-tul.es, and 14, 14 the superheater pipes or elements, which 
elements have their inlet and outlet ends 15, 16 respectively, bent 
to the headers, the ends being expanded into holes in the tube- 
plates of the headers. Each of the headers 5, 6 comprises trans- 
verse saturated-steam chambers or compartments 18, 19, and trans- 
verse superheated-steam chambers or compartments 20, 21, the 
compartments 18, 19, and 20 being open at their front ends and 
adapted to be closed by a cover-plate 22 removably secured in 
place. Access is obtained to the small compartment 21 by means 





of plug-holes in the wall thereof. 25 is a passage or port con- 


necting the saturated-steam chambers 18, 19 together, the com- 
partment 18 being ted by ap ge or port 26 to a passage- 
way through the offset portion 7, and thus to the saturated-steam 
pipe from the steam-dome of the boiler. The superheated-steam 
compartments 20, 21 of the header are connected to one another 
by a port or passage 28, the said port or passage 28 also ting 
the chambers or compartments 20, 21 to another chamber o 

compartment 29 formed in the header. To the chambers 29 of the 
headers the steam-pipes 30 to the engine-cylinder valve-chests are 
connected ; the flanges of pipes may be secured directly to flanges 
formed on the fronts of the compartments 29, or if it is desired to 
** balance” the herders by connecting the superheated-steam 
spaces thereof together, T pieces may be interposed, a pipe 33 
being provided to connect the T-pieces. As will be readily under- 
stood, the saturated steam received from the steam-dome enters 
the ends 15, 15 of the superheated elements 14, 14 trom the cham- 
bers or compartments 18, 19, and, having passed through the 
elements, is discharged as superheated steam from the ends 16, 16 
into the superheated-steam chambers or compartments 20, 21, 
whence it passes to the steam-pipes 30 and the engine-cylinder 
valve-chests. (Accepted November 27, 1912.) 


MISCELLANEOUS. 


7581/12. C. V. Boys, London. Bubbles. [7 Figs.) 
March 28, 1912 —This invention relates to methods of and means 
for blowing bubbles, and consists in a method of blowing bubbles 
according to which the bubble is fed with solution from a 
ery | of different centres distributed over its surface. A 

ubble-deliverer a is rotably mounted in relation to an injector 
mouth-piece b. The bubble-deliverer a, starting from the inlet 
end, at first converges as at c, and then gradually diverges up to 
the delivery end, which may be either of circular, cross-& ction, or 
oval. This part of the apparatus is formed with a right-angled 
bend d, the object of the gradual divergence of the deliverer 
being to slow down the air to ensure a gentle delivery of a large 
volume into the interior of the bubble, and at the same time to 
raise the air slightly in pressure. The injector mouth-piece ) 
consists of a tube bent at right angl*s, the one end being adapted 
to be placed in the mouth and the other end reduced in diameter 
to form a nozzle and provided with a cylindrical portion adapted 
to rotate in a split-spring bearing carried by a bracket attached to 
the bubble-deliverer a. The nozzle end of the mouth-piece b is 
arranged coaxially with the inlet of the deliverer a, ard at a short 
distance outside the same. By the means described the air issuing 
from the nozzle end of the mouth-piece sets up an injector-like 
action by virtue of which the air from the lungs is augmented by 
an induced flow of air into the inlet of the deliverer some fifteen 
or more times its own volume. As regards the bubble-delivery 
part proper this may consist of a strip. of an absorbent and 
flexible material wrapped round the large end of the deliverer a, 
and secured in place by a rubber ring, so that it is readily detach- 
able, and can be renewed when desired. The edge of this strip, 
to which the bubble adheres during its formation, is either formed 











with a few cusp-like projections r (see Fig. 2), which may also be 
closely serrated, or with a large number of teeth or serrations, 
closely spaced. At the moment of detachment of the bubble 
these cusp-like projections approach one another somewhat after 
the manner of action of the tricuspid-valve of the heart, and so 
lessen the disturbance of the bubble which is apt to lead to frac- 
ture. With the axis of the deliverer held vertically, the absorbent 
bubble-delivery portion is dipped in a suitable soap solution ; it is 
then removed, and air is blown from the lungs through the mouth- 
iece b. The injector-like action of the apparatus induces a much 
arger volume of air to flow through the deliverer a into the 
bubble, which is fed from a large number of different points by 
the soap solution absorbed and stored in the textile fabric pro- 
vided. As the bubble grows, the flexible teeth, cusps, or 
serrations provided on the delivery edge bend outwards to 
date th lves to the increasing diameter of the Lubble, 
which absorbs additional material from the numerous separate 
feeding centres formed by the small streams trickling over its 
surface, as indicated diagrammatically by the lines wu, in Fig. 1; 
at the same time the bubble is being lightened by warm air or 
gas, the tapered deliverer a is slowly rotated in relation to the 
mouthpiece / until it assumes the vertical position, the bubble 
meanwhile continuously growing in size. It is easy with a little 
practice to hold the candle in one hand and rotate the bubble- 
deliverer with the other, the candle-flame and the growth of the 
bubble being under convenient observation throughout, until, 
finally, by a gentle downward and sidelong movement of the 
apparatus, after stopping the air blast, the bubble is detached. 
(4ccepted November 27, 1912.) 








Trape Revirw.—In a short review recently issued, 
Messrs. John Birch and (0, Limted. 2, London Wall 
Buildings, stated that the past year would lung be 
remembered in the engineering world at home and 
abroad as “‘ the coal-strike year.” Although the country 
had shown a remarkable power of recuperation, the 
results of the disaster were still felt, shipments were far 
behind hand, and many British iron and steel manufac- 
turers had net yet worked off the orders accumula 
during the strike period. Messrs. Birch added thata 
very evident revival of trade took place in the middle 
of the year, resulting in the opening of many works 
which had been closed for years. The prices of iron and 





steel were higher than they had been for a long time; 
@ rise in freights had also taken place. 
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AIR FRICTION. 
By A. P. Tuurston, B.Sc., A.F.Aé.S. 

TueE object of the experiments herein described 
was to determine the magnitude of the friction of 
air flowing over smooth surfaces and the law of its 
variation, with speed and the length of the surface, 
in as simple a form as possible for use by engineers 
in the design of flying-machines and other structures. 

The resistance offered by the air to the passage 
of a body through it may be divided into two parts 
—viz.: (1) ‘‘head resistance,” or the resistance 
offered by the air to ing to allow the passage of 
the body, and (2) ‘‘ skin friction,” or the resistance 
offered by the air to shearing. 

The head resistance varies with every cross- 
sectional shape of surface, and may be represented 
by a “form factor.” It was the intention in the 
following research entirely to eliminate the ‘‘ head 
resistance” from the results, and to obtain only 
the law governing the value of ‘‘ skin friction.” 

Perhaps more controversy has raged around the 
question of the resistance of air than around any 
subject in aeronautics. 

According to Sir Hiram Maxim,* the value of skin 
friction in its relation to flight may be neglected. 
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Langley came to the same conclusion as the 
results of his experiments,t and from a calculation 
based on Clerk Maxwell’s value of the viscosity of 
air, he stated that the frictional resistance of air 
is “less than ,,th of 1 per cent. of that of the same 
plane moving normally.” 

According to Lanchester,{ (1) for smooth planes 
of a few square inches, at velocities of about 10 ft. 
per second, the coefficient of skin friction = 0.02 
to 0.025 ; (2) for larger planes 0.5 to 1.5 sq. ft. 
area, at velocities about 20 ft. to 30 ft. per second, 
the coefficient of skin friction = 0.009 to 0.015. 

He further states,§ as the result of later experi- 
ments, that ‘‘the coefficient of skin friction lies 
between the values 0.01 and 0.03, rarely being less 
than the former or greater than the latter.” 

This coefficient is expressed as the resistance of 
4 plane moving edgewise in terms of the resistance 
of the same plane when normal to the direction of 
motion. 

The most reliable work on atmospheric friction 
’ppears to have been carried out by Zahm.|| His 
observations were made in a horizontal wind 
tunnel, 6 ft. square by 40 ft. long, at velocities 


0 
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* Centwry Magazine, vol xi., pages 829 and 836, 1891, 
and ** Artificial and Natural Flight,” page 41. 

t ‘ Experiments in Aerodynamics,” pages 9 and 25. 

+ . Aerodynamics,” § 157. 

§ “‘ Aerodynamics,” § 247. 








the following equation :— 
and I ft. long is 


where 


or 


where v is in miles per hour. 
material plane, since a material plane has two sides. 
becomes 


where 


between 5 and 26 miles per hour. One plane was 
16 ft. long by 4 ft. “a by 4 in. thick. Other 
lanes were 25.5 in. wide by 1 in. thick, and the 
ength was varied between 2 ft. and 16 ft. 

In the latter case the boards were provided with 
a 7-in. pine prow and stern, both of ogival form, 
which were secured by dowel-pins to each of the 
planes in turn, and the specimens were mounted in 
the tunnel, as shown in Fig. 2. 

Readings were made at various velocities with 
only the prow and stern in contact, and the 
resistances so determined were subtracted from 
each of the other resistances to give the friction on 
the various lengths. It was hoped by this means 
that the value of the head resistance, or the form 
factor, would be entirely eliminated. 

The first-mentioned plane, 16 ft. long by 4 ft. 
wide by 4 in. thick, was mounted, as shown in 
Fig. 1, with wind-shields fore and aft, to protect it 
from end thrust. The wind-shields were connected 
together by a pipe underneath the floor, to allow 
the air to flow freely from one shield to the other, 
to equalise the pressure in each. A correction for 
the difference in pressure between the two shields 
was introduced, and amounted to about 5 per cent. 
of the whole deflecting force. 


of uy 


As a result of these experiments, Zahm deduced 


Total friction F in pounds on a surface 1 ft. wide 


F = 0.00000778 19-98 y 1°85, 


1 is in feet, 
v is in feet per second, 


F = 0.0000158 / 9-9 y 1°55, 


The value of F must, of course, be doubled for a 
The equation for a material plane therefore 


R = 0.0090316 / 9-8 » 1-8, 


R == resistance in pounds foot of width, 

l = length of surface in the direction of motion, 

v = speed in miles per hour. 
Now there is a subtle interaction between the 
head resistance and the skin friction.* Whena 
blunt body is driven through the air a large pro- 
portion of the work done is employed in setting in 
motion the air which impinges on the leading edge 
and afterwards ‘‘ washes ” the side surfaces. More- 
over, the air is driven away from the side surfaces 
so as to relieve somewhat the pressure over a certain 





Philosophical Magazine, viii., 1904, pages 58 to 66. 





* “ Aerodynamics,” § 158. 


portion of the side surface. From experiments 
made by the author, it was thought that this inter- 
action between the skin friction and the head 
resistance extended beyond the depths of the wind- 
shields and the ogival prow and stern as used in 
Zahm’s experiments, and it was therefore the 
author’s pu to determine the length over 
which the interaction of the head resistance on the 
skin friction is felt. 

For this purpose three sheets of the best plate. 
glass, 10 in. wide by 36 in. long and having ar. 
average thickness of only 0.135 in., were taken. 
Since it has been proved by Zahm’s experiments, 
above referred to, that the friction of smooth 
surfaces is independent of the material used, sheets 
of glass only were employed for the purposes of 
this research. These sheets were cut side by side 
from a specially-selected sheet, so as to be identical 
in thickness. Holes were drilled through the top 
edges 6 in. apart to allow the specimens to be hung 
from the projecting fork of a sensitive balance in a 
vertical wind-tunnel, 4 ft. long by 1 ft. wide, with 
the length of the sheet in line with the direction 
of the wind, as shown in Fig. 3. 

This balance and wind-tunnel have already been 
described by the author.* The velocity of the 
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wind was measured by a Pitot tube in conjunction 
with a tilting water-gauge | The equation of this 
combination for an air density of 0.00127 is 


V=8.5 al rise of nut in mm. 6. 


where V is in miles per hour. 

The resistance of the 36-in. length was then taken 
at all velocities between 0 and 20 miles per hour. A 
2-in. strip was cut off the specimen and a fresh series 
of readings taken at all velocities up to 20 miles 
per hour. Another 2-in. strip was cut off and the 
readings repeated. This was continued until only 
a 2-in. strip remained of the original length. A 
series of readings were then taken with the specimen 
removed to obtain the resistance of the projecting 
forks of the balance. The whole of these readin 
are shown plotted in Fig. 4, the resistance in pounds 
being plotted against the rise of the nut of 
the water-gauge, which rise is proportional to the 
square of the velocity. It will be noticed that, 
above the velocity of 8.5 miles per hour, all the 
readings appear to be satisfactorily represented by 
straight lines which cut the vertical axis above the 
origin. Hence the equations of resistance of all 
these bodies are of the form R = K V* + k for all 
velocities above 8.5 miles per hour. 
Where 

K and & are constants. 
R = total resistance. 


Since the straight line representing the resistance 
of the 2-in. strip passes through the origin, it 
follows that the constant k is zero for this length 
of specimen. 
It will be seen from Fig. 4 that the constant k 
increases with the — of the specimen. 

It follows that if the readings between certain 


* Acronautical Jowrnal, April, 1911, and ENGINEERING, 
December 27, 1912. 
+ Aeronautical Journal, April, 1911, and ENGINEERING, 
December 27, 1912, 
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limits are represented by equations of the form 
R=KV", the value of n for the 2-in. strip will 
equal 2, and its value will decrease with increase 
of length of the specimen. 

In order to eliminate the effect of head resistance, 
the resistance in pounds was plotted against the 
length, the velocity being constant. 

Curves representing these observations are shown 
in Fig. 5 for velocities corresponding with a rise of 
the nut of the water-gauge of 48 mm., 4 mm., 
3mm.,and2 mm. In all cases the resistsnce of 
the specimen appears to vary, within the limits of 
error of observation, strictly as the length, for 
values of the length above 7 in. 

In order to verify the results, the wh le of the 
readings were repeated with the second sheet of 
glass between velocities of 0 and 20 miles per hour. 
The results were identical, within the errors of 
observation, and the resistance was again found to 
vary as the length for all values of the length above 
8 in.—i.ec., for all lengths above 59.3 times the 
thickness, Thus it would appear that in order to 
eliminate entirely the head resistance from the 
skin friction the resistance of an 8 in. length 
should be subtracted from the resistance of the 
36-in. length, the sheet having a thickness of 
0.135 in. 

In Zahm’s experiments the ratio of the total 
length of prow and stern divided by the thickness 
equals 14, and in the case of the two wind-shields 
the ratio is 5.8 times the thickness. It would 


¢ 





0 
we of Nut 
Hee Vin MPH 8S 
therefore appear that the effect of head resistance 
has not heen fully subtracted from the total 
resistance in his results. 

It would appear from the experiments herein- 
before described that if the total head resistance is 
entirely eliminated from the total resistance, the 
remaining skin friction varies within the limits of 
error of observation strictly as the length. 

The third sheet was now taken, and a very large 
number of readings of the resistance at various 
velocities between 0 and 40 miles per hour were 
determined of the 36-in. length, after which a 28-in 
length was cut off, leaving an 8-in. strip, and a new 
series of readings were made. These readings are 
shown plotted in Fig. 6. The resistances, when 
plotted against velocity squared, are again satisfac- 
torily represented by straight lines for all values of 
the velocity above 10 miles per hour. The resistance 
of the 8-in. length was then subtracted from the 
resistance of the 36-in. length, and the resulting 
curve plotted in Fig. 6. 

The equation of skin friction between 10 and 
40 miles per hour, deduced from this curve, is :— 

R = 0,00001037 A V2 + 0.0003354 A, 
the density of air being 0.00127. 
Where 
A = total area of surface in square feet. 
R = resistance in pounds. 
V = velocity in miles per hour. 

If the density of air is 0.0012, the equation 
becomes :— 

R = 0.0000098 A V2 + 0.000317 A - 
or, generally, for any air density, 

R = 0.00817 p A V2 + 0,264 p A, 
which may be written 





R = 0.00817 p A (V2 + 32.32) . - (2) 


Where p is the density of the air. 

The value of R must, of course, be doubled for 
all material surfaces, since such a surface has two 
sides. 

The equation of resistance for a material plane 
having two sides therefore is :— 

R = 0.0000196 A (V2 + 32.32) .  . (3) 
the air having a density of 0.0012. 

These equations are of a simpler form than Zahm’s 
equation, and would be more easily applied by engi- 
neers. ‘They do not represent the observed read- 
ings for velocities below 10 miles per hour. These 
readings, however, it was found, are satisfactorily 
represented by Zahm’s equation. 

he values of skin friction for a 36 in.—8 in. 
length by equation (3) and by Zahm’s equation are 
given in the following table, and are shown plotted 
in Fig. 7 :— 


2 
ow 
40 0.0622 0.0605 


Velocity in Value of Skin Friction for 36-In.— 8-In. Lengths 
M P.H. and 10-In. Wide. 

By Equation (3). By Zahm's Equation. 

10 0.00503 0.0047 

15 | 0.0098 0.00992 

20 0.01647 0.01688 

25 | 0.02505 0.0254 

30 0.03552 0.0356 

b | 0.0478 0.0475 


The results show a striking agreement over the 
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range of velocity of 10 to 35 miles per hour, and, 
as previously remarked, the observed resistances 
agree with Zahm’s equation for values of the 
velocity below 10 miles per hour. 

In order to find the values of n in the equation 
R=KV" over certain ranges of velocity, the 


It was found that the average value of 
nm between 7 and 10 M.P.H. = 1.83 
- 10 ., @ “ = 1.85 
”» 23 ,, 36 we, = 191 

Thus it would appear that the index of n in the 
equation R = K V“ increases with the value of the 
velocity, but if the head resistance or form factor is 
entirely eliminated from the results, a correspondiny 
decrease in the index of the length is not obtained ; 
moreover, the equations (1), (2), and (3) are not 
strictly in the form that would be expected from 
the principle of dynamical similarity as stated by 
al Rayleigh.* 

When this research was made and the report 
written no data were available allowing a comparison 
between the frictional resistance in air and water 
at corresponding speeds—i.e., at correspondin: 


vl : . , : ; 
values of —", y being the kinematic viscosity. 


Y 
Such data have since been supplied by Dr. Stantout 
in an ingenious manner, by comparing the resist- 
ance of air and then water flowing in smovth and 
rough pipes. 
He found that when t‘ie values of the viscosity 


- ol 
ratio "” were the same in each case the agreement 
( ae F aie 
of the resistance for air and water was within the 
limit of accuracy of the observations. In other 
words, the value of the skin friction in air and 
water at corresponding speeds is identical. Atmo- 
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spheric friction therefore constitutes a serious 
obstacle in rapid flight. 


From the highest values of vt for which measure- 


Y , 
ments were taken the following double cocfticient 
of ekin friction E was obtained by Dr. Stanton :-- 


E = 0.0064. 


This value was obtained at a velocity of 1725 cm. 

per second, or 38.6 miles per hour. From equa- 

tion (2) atthe same velocity and density one obtains 
R = 0.0305 lb. per sq. ft. 


Using the same value of C as Dr. Stanton—viz., 
C = 0.62—in the equation for normal resistance 
Py, = C p v one obtains 


Py = 4.88 lb. per sq. ft. 
The double-surface coefticient E therefore equals 


he = 0.00625, which is in fair agreement with 
Dr. Stanton’s results obtained by entirely different 
means. 

It is interesting at this point to make a few cal- 
culations relative to the effect’ of skin friction on 
the power required to drive a flying-machine. 

If Po =the normal pressure in pounds on 4 
plane at an inclination a, then the vertical com- 
ponent or ‘‘lift” = Po cos a, and the horizontal 
component = P« sina. Assuming that the skin 
friction remains constant for small changes of 
inclination, then the horizontal component of the 
skin friction = Ros a, and the vertical and down- 
ward component = R sin a. : 

If an aerocurve is taken formed, say, of a circular 
arc having a camber of one-tenth the span, its equa- 


Aas Report of the Advisory Committee for Aeronautics,” 
1999-10, page 38. : ! ‘ 
+ “Technical Report of the Advisory Committee for 





observations were plotted on logarithmic paper. 


Aeronautics,” 1911-12, page 41. 
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tion of resistance from the author’s experiments 
on ‘The Distribution of Pressure on Inclined 
Aerocurves ”* is :-— 


ss = 0.724 —0.00209 (15.5 — a)? 
Poo 
Where a is the inclination in degrees and Py is 
the — in pounds on a plane normal to the 
wind, 
From the same experiments the equation of 
‘“‘ negative tangential” Ta, i.e., the component 
parallel to the chord and acting in the direction of 
motion, is :— e 
* = 0.01071 a—-0.02364. 
90 
The values of the normal and tangential forces 
are shown graphically in Figs. 8 and 9. 
.. Since the force Ta acts parallel with the chord, 
its vertical component assists the lift, and its hori- 
zontal component the drift. 
The total lift L in pounds on the aerocurve is 
therefore :— 
L=P, cosa + T, sina—Resina. (6) 
and the total drag or drift D in pounds is :— 
D=P, sina + Reosa—T, cosa. 


(4) 


- (7) 


According to Eiffel’s experiments, the pressure for 
a normal plane is :— 
Py» = 0.003 A V2, 
Where 
Pg = normal pressure in pounds. 
A = area in square feet. 
V = velocity in miles per hour. 
The value of the constantt has been found to vary 
between 0.0027 and 0.0032 by different experi- 
menters, if Langley’s results, which gave values 
as high as 0.0039, are omitted. The value 0.003 is 
generally accepted as a good average value for 
medium-sized planes. 
If the forces acting on 1 sq. ft. of surface only 
are considered, then 
Po = 0.003 V2 (8) 
and 
R = 0.0000196 V* + 0.000634. 


Substituting the values of Pg, Ta, Py, and R in 
equations (6) and (7), one obtains for angles 
between + 14 deg. and 0 deg. :— 
L = cos a [0.724 — 0.00209 (15.5 — a)?] x 0.003 V2 
+ sin a [0.01071 a — 0.02364] x 0.003 V2 
— sin a [0.00000196 V2 + 0.000634]. 

The component of the friction acting against the 
lift is so small that it may be won Bey The 
equation of lift therefore becomes :— 

L, = cos a [0.724 — 0.00209 (15.5 — a)®] 0.003 V2 
+ sin a [0.01071 a — 0.02364] 0.008 V2 . 
The equation of the total drag or drift is :— 
D = sin a [0.724 — 0.00209 (15.5 — a) 2] 0.003 V2 
+ cos a [0.0000196 V2 + 0.000634] 


(9) 


— cos a [0.01071 a — 0,02364] 0.003 V2 . (10) 
Work done W in foot pounds is :— 
W=Dxvx®, (12) 
60 


From equations (9) and (10) it is seen that the 
lift and drag, at constant angle a, vary by only a 
very small amount less than the square. of the 
velocity, the effect of the small constant indepen- 
dent of the velocity corresponding in effect to a 
small decrease in the index 2 of the velocity. The 
work done for the same reason varies very nearly 
as the cube of the velocity. 

If the aerocurve is required to support a weight 
of, say, 2lb. per sq. ft., then it is obvious, from 
equation (9), that ‘the velocity will vary for every 
inclination. The velocities for soaring correspond- 
ing with angles of — 4deg., — 3 deg., — 2 deg., 
—1 deg., Odeg., 1 deg., 2 deg., 3 deg., 4 deg., 
5deg., 6 deg., 8deg., 10 deg., and 14 deg., are 
shown in the table in the next column. 

The head resistance, friction, total drag, horse- 


power, ratio iift | and weight carried per horse- 


power, were then calculated from the known 
corresponding angles and velocities, and are shown 
J i same table. The results are plotted in 
ig. 10. 
It will be noticed that the total drag is a minimum 
at 5 deg., and at a velocity of 36.7 miles per hour. 


* See ENGIwEnina, September 20, 1911, pages 405-407. 
+t Report of the Advisory Committee for Aeronautics, 
1900-10, page 35. 





The mileage cost would therefore be a minimum, 
and the ratio 


drag does not vary greatly between angles of 2 deg. 
and 10 deg. and velocities of 44 and 32.3 miles per 
hour, This ap to be mainly due to the effect 
of the negative tangential. The horse-power required 
to drive the machine is a minimum, and therefore 
the weight supported per horse-power is a maximum 
between 5 deg. and 6 deg. 


a maximum for this velocity. The 








Velocities of Soaring. 
! | 
Baten | sas u laps 
.P.H. to ; 
Ss | Support  Resist- ~~ mn 4 BP. | p> | ex 
f% 21d. per | ance, : diasii joss 
< Sq. Ft. j=” 
deg Ib. Ib. Tb. } 
-4 155.0 2.455 0.472 | 2927 1.21 (0.683 | 1.655 
-3 106.8 1.13 0.224 «=1.854 | 0,886 0.1477) 5.18 
-2 73.3 0.502 | 0.106 | C.608 | 0.119 3.29 | 16.8 
-1 6L.0 0.323 0.0722 | 0.3962 0.0648 5.07 | 31.1 
0 54.7 0.207 9.0594 | 0.2664 | 00888 7.5 | 51.5 
1 48.4 9.1255 0.0465 | 0.172 0.0221 |11.64 | 90.5 
2 44.0 3.0699 | U.03866) 0.10856 0,01274/18.48 [157.1 
3 40.9 | 0.067 0.08344; 0.09044) 0 00986/22.1 | 203 
4 38.6 | 0.0543 | 0.02988) 0.08418) 0.00869)23.7 /230 
5 36.7 0.058 0.02666' 0.07966 0 0078 (25.1 /256.5 
6 35.2 0.0573 0.02496) 0.08226 0.00772|24.3 (259.2 
8 33.1 0.0753 0.02188) 0.09718) 0.00859/20.58 | 233 
10 32.5 | 0.0086 0.02 0.1186 | 0.0102 |16.86 |196 
14 30.3 0.175 0.0175 0.1925 | 0.01555 10.88 | 128.5 


ears | © 
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7.2 6 
(239 Angle ww Degrees 
The curves of total drag and friction show clcarly 
that friction is a decided obstacle in flight, par- 
ticularly at high speeds. At an angle of 5 deg. 


the ratio friction = 0.299, and at 6 deg. the ratio 


rag 
is 0.329—i.e., nearly one-third the power is spent 
in overcoming the frictional resistance with the 
example taken. 

The frictional resistance of a flying-machine de- 
signed to lift a given weight at a known velocity 
would apparently be kept at its minimum value by 
designing planes which would give, at constant 
inclination, the maximum lift with the minimum 
area. 

Planes fulfilling this condition have plan-forms 
of large ‘‘aspect ratio” in ‘‘length aspect,” but 
the cross-sectional shape is still a matter of conten- 
tion, only to be solved by an exhaustive research. 





Our Coat Aproap.—The exports of coal, coke, and 
patent fuel from the United Kingdom were barely main- 
tained last year, deliveries ele - been affected by the 
serious labour difficulties. The shipments and values for 
each year of the decade ending with 1912, inclusive, 
come out as follow :— 


Year. Tons. yaa 
1908 46,622,700 27,262,786 
1904 46,250,280 862, 
1905 49,369,272 26,061,120 
1906 57,792,204 31,504,201 
1907 66,068,258 42,118,904 
1908 65, 180,649 41,615,923 
1908 65,694,267 129, 
1910 64,520,320 37,813,360 
1911 67,271,883 38,447,354 
1912 67,086,457 42,684,774 





THE INSTITUTION OF MECHANICAL 


ENGINEERS. 
An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 


the 17th inst., at Storey’s Gate, Westminster, the 
President, Mr. E. B. Ellington, occupying the 
chair. 
ELECTION OF OFFICERS. 

After the usual formal business, the Secretary 
announced that, under Article 25, the Council had 
appointed Sir John Wolfe Barry, K.C.B., a Vice- 
President, to fill the vacancy caused by the nomi- 
nation of Sir H. F. Donaldson, K.C.B., as President. 
The list of retiring Members of Council was as 
follows, in accordance with Article 23 :— Retiring 
President, Mr. E. B. Ellington ; Vice-Presidents, 
Sir J. Wolfe Barry, K.C.B., and Mr. Henry Davey ; 
Members of Council, Dr. Hele Shaw, Mr. J. 
Rossiter Hoyle, Mr. R. Matthews, Mr. D. B. 
Morison, Sir Gerard A. Muntz, and Mr. William 
H. Patchell, the last three having been appointed 
during the year. The retiring Vice-Presidents and 
Members of Council had been nominated by the 
Council for re-election, their consent having been 
obtained. 

The other nominations by the Council for election 
were as follows :—As President, Sir H. F. Donald- 
son, K.C.B.; as new Members of Council, Mr. John 
Dewrance, Mr. Charles Hawksley, and Mr. Alfred 
Herbert. The list having been put to the meeting, 
and there being no further nominations (in oor 4 
ance with Bye-Law 26), the President announced 
that the list read would constitute the nomination 
list for the election of officers at the annual general 
meeting next month. Notice was then given to 
the effect that, in accordance with Article 22 of the 
Institution, the proposed alterations and additions 
to bye-laws had already been circulated to members. 
These were taken as read. 


INDICATORS, 


The paper set down for reading and discussion 
was entitled ‘‘ Indicators,” by Mr. James G. 
Stewart, of Dundee. We reprint this paper in full 
in another part of the present issue, and therefore 
at once proceed to the discussion. 

The President, in calling upon the meeting to 

a hearty vote of thanks to the author, 
remarked that engineers were apt to look upon the 
indicator as being a most trustworthy instrument. 
The history of the indicator was really a history of 
the development of the steam-engine. What the 
stethoscope was to the doctor, the indicator was to 
the engineer. There was, he thought, a tendency 
to imagine that an indicator was infallible. Any 
information, therefore, which could be brought 
forward showing the number of errors possible in 
the use of the indicator was of value to engineers. 
The instrument itself and the operator were both 
liable to error. The combined errors were some- 
times startling. 

Professor Bertram Hopkinson, who spoke first 
in the discussion, said that while Mr. Stewart's 
results would be of considerable value, the author 
had perhaps carried the application of them to a 
degree of refinement not entirely warranted by the 
facts. He had referred, and applied his methods of 
correction, to the comparison test made at Birming- 
ham some years ago, and carried out by Professor 
Burstall, between the Crosby indicator and the 
indicator designed by himself (Professor Hopkin- 
son). The agreement between those two indicators 
was regarded at that time as remarkable ; the mean 
pressures were, he believed, in all cases something 
within 3 per cent. To grasp what that meant, it was 
necessary to think in terms of the diagrams them- 
selves. The case of the Crosby indicator showed 1 in. 
maximum height with a 400 spring. In the case of 
his own instrument it was a little greater. The mean 
pressures recorded in the four pairs of diagrams 
published by Professor Burstall agreed so closely 
that the differences between them, measured on the 
scale of the Crosby diagram, were respectively 

in., }7'55 iD-, obo in., and in. When it 
100 eed At the diotakee secamured was 
that between two pencil lines, and, further, that 
the calibration had also to be considered, the agree- 
ment seemed remarkable. The maximum di 
between the pressures recorded by the two instru- 
ments at any point on any one of the pub- 
lished diagrams was represented on the diagram 
by 16 mils. 

It would be rather rash to to determine 





more definitely than that, which of these instru- 
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ments was the more accurate. In making his 
own measurements of diagrams taken from a pencil 
indicator and an optical indicator at that time, 
he had found that, in some cases, the differ- 
ences were the other way, and it was therefore 
hardly ible to say that there was really an 

measurable difference. The greatest change whic 

the author had produced at any point in the posi- 
tion of the Crosby line, after making his correction 
to these diagrams, would amount to about ;}, in., 
and the difference in mean pressure was ;q'p9 in. 
When the author stated that by his method of 


correction an accuracy of one-fifth of 1 per cent. | type 


could be obtained, representing ;}5 in. on the 
diagram (assuming that he was reckoning at the 
maximum height), it would be seen that very small 
quantities indeed were involved. He quite 
rightly said that at that point other errors then 
came in; but that applied equally to the actual 
corrections made by the author. 

In Fig. 13 of the paper results were shown of tests 

made on a second indicator of the Hopkinson pat- 
tern, supplied by Messrs. Dobbie and McInnes to 
the University of Birmingham. He thought it a pity 
that when the author obtained those results he 
not applied to Messrs. Dobbie and McInnes, or to 
the speaker, for some explanation of them. He 
would then have learntthat he had considerably over- 
loaded his springs. They had been loaded apparentl 
to a maximum deflection of 3 in. For ordinary wor 
2 in. should not be exceeded, and for precise work 
lin., or at the most 1}in. There was a certain 
amount of what might be called ‘‘ mechanical 
hysteresis” in the instrument. It was not exactly 
friction, because it had different effects at different 
see of the scale, but a difference was found in 
oading up and unloading these instruments. That 
difference diminished rapidly with the load, and if 
the deflection were kept within a reasonable degree, 
it was quite small. Professor Hopkinson made 
this point clear by showing, on the screen, the slide 
reproduced herewith as Fig. 1. 


a 
P A { A f ‘ 
. | “a ‘; a 
una FrictiowP «d 
Moment «d* 


The indicator spring was a straight bar, sup- 
ported between four points as shown. It hada 
certain initial camber, and by means of the screws 
A, A it was adjusted so that it was brought into a 
horizontal line. On the spring being deflected 
there was obviously a tendency to draw it through 
its supports. The actual movement was very small, 
probably not exceeding yqyo in., but there was a 
stress set up in the spring in that way, due to the 
frictional pull on the two ends of thespring. That 
exercised a bending moment in the centre, the 
amount of which increased rapidly with the amount 
of the deflection. When the deflection was as 
great as in Mr. Stewart’s experiments, the up and 
down hysteresis was quite considerable, but it 
nearly disappeared when the deflection was reduced 
to 14 in. or so. 

He had recently made calibration-cards with a 
new indicator of his pattern, just as it was received 
from the manufacturers, Messrs. Dobbie and 
McInnes, first adding weights and photographing 
the spot of light as it swept across the screen for 
each load, and then doing the same as it was 
gradually unloaded. With a 20 spring loaded up 
to give a deflection of 2in., the maximum error 
anywhere in the calibration diagram was about 
0.02 in. There was a slight doubling of the lines 
at the upper parts due to the hysteresis referred 
to. The maximum error was equal to about 0.4 1b. on 
the sq. in., or about 1 per cent. of the maximum 
deflection. That error included not only the fric- 
tion of the supports, but also the optical errors. 
The mean error wou.d, of course, be much less. 
The 100 spring loaded to 1} in. maximum deflec- 
tion gave a maximum anywhere on the plate of 
14 hundredths of an inch, or 1 per cent. When 
some small adjustments had been attended to, he 
found that the error in the 20 spring at every 
point of the plate was reduced to not more than 
! lb. per sq. in., equivalent to ,}5 in. That 
he regarded as a fairly good performance for an 
instrument which was primarily a commercial 
one. In some of his own work in which greater 
precision was required, he had been careful 


to limit the deflections of the spring to a smaller 
amount than that stated, and the same had 








been done in the comparison tests between the 
Crosby and the Hopkinson instruments at Birming- 
ham, where deflections of 14 in. had been used with 
a long camera or radius. 

Mr. Stewart’s method of calculating the friction 
corrections of indicators did not sufficiently nearly 
reproduce the conditions which actually obtained 
when the indicator was used on the engine. 
When the Crosby indicator was in use there was 
constant movement between the various parts, 
particularly between the piston and the barrel, 
which gave rise toa friction of a rather different 
from that which the author had dealt with. 
It kept the lubricant in between the surfaces, 
and there was, in fact, all the difference 
between friction at high and at low speeds. In 
his own work he had been using a method of 
testing indicators not open to that objection. This 
method consisted in motoring a gas-engine round 
without allowing it to take any charge of gas, so 
that it simply compressed and expanded charges of 
air. If that were done under constant-s con- 
ditions, an absolutely constant diagram was obtained, 
which formed a very good test of an indicator, par- 
ticularly by a comparison of the compression and 
expansion lines. Those lines should be nearly, but 
not quite, coincident. Any considerable friction 
resulted in the compression line being lower than 
the expansion line, whereas, owing to loss of heat 
and leakage, the expansion line would be properly 
a little lower than the compression line. In order 
to determine independently the actual pressures at 
different points on that cycle, he used the small 
instrument shown in Fig. 2. 
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This apparatus contained a thin diaphragm (A), 
1 $0 in. thick and about 2 in, or 3 in. in diameter, 
exceedingly sensitive to variations of pressure. On 
each side of the diaphragm were stops (C, C), which 
allowed slight movement, but not enough to cause 
overstrain. One side (E) was in communication 
with the engine, and the other side (V) was in 
communication with the constant source of pressure, 
which, of course, could be measured to any degree 
of accuracy by a mercury column, or by other means. 
At D there was a micrometer screw, passing through 
which, and insulated from it, there was a contact- 
point, F, which was brought up by the screw until 
it was just clear of the diaphragm, the distance 
between the two being less than ;jy,5 in. F was 
connected to a contact-wiper. The rest of the 
instrument was connected to the contact on the lay- 
shaft of the engine. When the engine was working 
the pressure was raised on the side E to any 
desired point. A galvanometer (G) and battery 
(B) were included in the circuit, and the contact- 
maker was set until the galvanometer just showed 
the deflection, indicating that at that moment the 
diaphragm A had been forced over, and had made 
contact with the contact-point. That occurred at 
the moment when the engine pressure was just equal 
to that supplied to V. The instrument could be made 
so sensitive thata difference of 2 in. of water between 
the pressures on the two sides of A would make 
contact. Thus the only difficulty really lay in 
making sure at what precise point of the cycle 
contact was made ; that was where errors came in. 

He had gone into that carefully, and had found 
that the higher pressures could be measured at 
each point of a cycle, correct to within 4 cm. 
of mercury. At lower pressures, such as on the 
suction or exhaust strokes, the indications were 
stillcloser. By that means the cycle of pressure in 
an engine motored round could be determined with 
a very high degree of accuracy. He had subjected 








his indicator to that test, and showed the results 
by one or two diagrams on the screen. Fig. 3 was the 
case of an engine running at 118 revolutions per 
minute, working with a 100 spring, giving a detec. 
tion on the screen of lin. It was an ordinary small 
four-cycle engine, with a cylinder of 7 in. diameter. 
The figure showed quite clearly the difference 
between the compression and expansion lines, the 
lower being the latter. The pressure at certain 
points had been taken by means of the electrical 
method above referred to. Towards the toe the 


Fig.3. 718 RP M. 
14.1.18. 
WO Spring 











(2682) 
720 R.PM. 
16.17.73. 


Fig.4: 
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two lines became practically coincident. At the 
higher end they differed by several pounds per 
square inch. The error did not at any point exceed 
half-a-pound on the square inch, which was as close 
as the diagrams could be measured — about 
s}p in. Fig. 4 showed the diagram obtained with 
a 25 spring, with a stop to limit the deflection, 
and again the difference between the two lines was 
clearly indicated, and the error not more than 
0.2 lb. per sq. in. He thought that was a good 
result for any indicator. For ordinary practical 
purposes that test could be carried out sufficiently 
well by indicating the idle strokes on a gas-engine 
running light and governing by hitand miss. If there 
were substantial identity between the two lines, the 
indicator might be passed for ordinary work, and 
if the expansion line were clearly below the com- 
pression lines the indicator was performing very 
well indeed. 

With regard to the author’s analysis of the 
Burstall and Hopkinson diagrams, he had referred 
the minute difference that apparently existed be- 
tween the two as due to elastic hysteresis. He 
(Professor Hopkinson) did not think that ex- 
planation was correct ; if it were, the difference 
would be more marked at the higher pressures. 
He would not, however, pretend to say what the 
cause of the difference was. With regard to indi- 
cator questions generally there were three prac- 
tical types of instruments. The pencil mechanical 
type was undoubtedly the best for ordinary use 
at moderate speeds, say up to 200 revolutions per 
minute. Then there was the optical instrument, 
with the piston, such as he had designed, which 
had uses not exactly identical with those for 
which the Crosby indicator was well adapted. 
The optical instrument had the advantage of 
a very quick period ; with this instrument working 
with a 400 spring, the period was rather less than 
doo Second ; with a 10 spring it was still not 
more than 5$, second. Such speeds were impos- 
sible with any mechanical mechanism. The result 
was particularly notable on high-speed steam or 
gas-engine work. To illustrate that he had had 
some diagrams taken from a small high - speed 
Belliss steam-engine running at 600 revolutions a 
minute. On the high-pressure cylinders the Crosby 
indicator, the McInnes Dobbie, or any good pencil 
indicator would perform fairly well, but on the low- 
pressure cylinders the difference was very marked, 


Lea ae pa 
S. V Press 75 Lbs.per Sq.In. 


Vac.24 
Load -738V. 30 « 
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Fig. 5 showed a diagram taken from the low- 
pressure cylinder with a good Crosby indicator 
and a 20 spring. An extraordinary amount of 
oscillation on the expansion line was recorded, 
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showing two complete oscillations in the course of 
the expansion. Fig. 6 showed the result when 
the same cylinder was indicated with one of his 
optical instruments. A 27 spring was used in 
that case—a little bit stiffer, it was true, but not 
enough difference to affect the result materially. 
There were small oscillations which died out in conse- 
quence of friction and viscosity, but the quickness 
of the period and the small resulting effect were well 
seen, when that diagram was compared with the pre- 
vious one. The quick period of the optical indicator 
made it much superior to the pencil instrument at 
high engine speeds. At moderate speeds he con- 
sidered that the optical indicator, when carefully 





Fig 6. 













(area. F) f 


used, and with moderate deflections, was still 
slightly, but not very much, more accurate than the 
pencil instrument, mainly because the pencil indi- 
cator admitted errors (which did not arise with the 
optical instrument) in the horizontal representation 
of the movement of the pencil. In the Crosby 
instrument a slight horizontal movement of the 
pencil might always be observed, relative to the 
mass of the instrument. After long wear, that 
became serious. 

The author had not referred to the diaphragm 
indicator. Professor Hopkinson continued that 
he, however, had no doubt that the diaphragm indi- 
cator was now the most accurate indicator to be 
found. It had a very high period, higher than 
his own optical instrument, and it had the great 
advantage that there was no leakage. As developed 
by Dr. Watson it was extraordinarily accurate. 
The only point on which he bad misgivings was 
with regard to the effect of temperature on the 
very thin diaphragm, which was in contact with 
the hot gases. He did not think that anyone 
knew precisely to what temperature changes it was 
subjected when used on a gas-engine. When in 
Birmingham recently, he had heard what methods 
Professor Burstall was adopting to ensure, if pos- 
sible, the absence of such temperature changes. 
He thought the means adopted promised well, and, 
if successful, he considered that the diaphragm 
indicator would be worthy of the fullest confidence 
for work demanding a high degree of accuracy. 

Mr. W. A. Tookey, the next speaker, said that 
Professor Hopkinson had dealt almost entirely 
with the optical indicator, but members would 
probably have had more experience of the pencil 
mstrument. Much remained to be done before 
indicator-cards could be accepted as scientifically 
accurate. Makers of indicators had to aim at 
accurate results with instruments adapted to hard 
wear, and these two things were not necessarily 
compatible. The result was a compromise. One 
of the greatest uses of the indicator arose in con- 
nection with questions of mechanical efficiency. 
Incidentally, he disagreed with the practice of 
referring to mechanical efficiency as a percentage 
of brake horse-power to indicated horse-power; that 
was very useful and could not be dispensed with, 
but it did not tell everything. It was often found 
that the difference between the indicated and 
brake horse-power of an engine was less at over- 
load than at full-load. Quite recently he had been at 
Manchester testing some high-speed steam-engines 
working at 450 revolutions’per minute. They were 
new engines, just started up. During the first hour 
there was a difference Given the indicated 
horse-power and the brake horse-power, in round 
figures, of 20 horse-power ; that gradually dropped, 
through the five hours’ full-load tests, down to 19 
horse-power, as was to be expected. At overload the 
frictional horse-power did not increase. At three- 
quarter load the frictional horse-power was 15 ; 
at half load it went up to 20 horse-power. 

_ The fitting up and design of reducing-gear was most 
, Recently, on an oil-engine test, he had 
had to rely upon other people’s instruments, and 
made the usual checks before starting. The indi- 
cator gear, as provided and set by the makers, 
gave a diagram representing a mean pressure of 
46 lb. per sq. in. at the particular load at which 





the engine was working. With only sufficient 
time in which to change, he had taken another 
diagram with a different sort of reducing gear 
—one which he knew to be more correct—and 
the diagram gave 561b. It was therefore most 
‘important that the reducing-gear should be pro- 
perly set. He re-echoed Professor Hopkinson’s 
remarks as to checking indicators by means of the 
compression and expansion lines of an internal- 
combustion engine. With fairly close agreement and 
the expansion line just below the compression line, 
the experimenter would know that he was working 
within the limits of practical commercial errors. 

The author had stated that the differences 
found varied with the strength of the spring, 
to which he (the speaker) would add that the 
stiffness of the spring varied with its ratio to 
the diameter of the piston of the indicator 
used. With a small piston 400 lb. pressure 
could be obtained, but with a larger one only 
200 lb. [Mr. Stewart here observed that he had 
carried out all his experiments on the gas-engine 
indicator, the piston being half the usual area, with 
the result that his figures would show twice the 
error that Mr. Tookey obtained in the other case. | 
Mr. Tookey, continuing, said it would be interest- 
ing, in order to judge between spring and spring, 
to know the sectional area of the spring, as well as 
its graduation. [To this Mr. Stewart responded 
that he had used standard Crosby springs. | 

Mr. Tookey, continuing, said he had Tein struck 
by the high increase in indicated horse-power found 
on adopting the McInnes Dobbie indicator, in a test, 
which the author had mentioned as being carried 
out by Dr. Fisher on a Willans engine. He 
thought the statement made in the paper, that 
the indicated horse - power was often shown to 
be 10 per cent. more than its true value, was 
too sweeping. The conclusion, that the McInnes 
Dobbie indicator was faster than others of its type, 
could scarcely be accepted. The majority of engine- 
makers used them because they stood up well to 
their work. He had had some in almost daily use 
during the last two years; with five instruments 
600 tests had been made, and they were doing, with 
ordinary attention, as good work to-day as when 
new. It was true the author had not mentioned 
other instruments, but he seemed to believe that 
they were not quite so good. It might be well to 
put the point in another way by saying that the in- 
struments not mentioned might be equally as good 
as the ‘‘ Crosby,” which he had tested. 

Dr. W. Watson followed. He said that, unfor- 
tunately, he had experience only of the diaphragm 
indicator, in which the form of the diaphragm played 
an important part. At first a diaphragm in the 
form of a plain disc was used. It was clamped 
at the edges, but it was found to be liable 
to slide in the clamps. Further, a diaphragm 
of that type was inconvenient, from the fact 
that the pressure-scale varied v rapidly with 
the deflection, with the result that, in determining 
the area of the indicator diagram, it was impossible 
to use a planimeter. Although, in the case of a 
steam-engine indieator, scaling a diagram, by 
measuring the ordinates, was not a very laborious 
process, in gas-engine indicator diagram work, or, 
at any rate, with petrol engines, where the diagram 
was very peaked, it was very laborious, because at 
least twenty-four ordinates had to be measured. 
He had succeeded in overcoming his difficulties to 
some extent by the use of a corrugated diaphragm. 
In that way the clamping troubles were got over. 
Another difficulty he had met with in the design of 
such indicators was due almost entirely to the high 
pressures dealt with, and the suddenness with 
which they were produced—pressures of 300 Ib. 


and 400 lb. per sq. in. He had spent some 
months looking for hysteresis errors similar 
to those which Mr. Stewart had mentioned, 


and had finally found hysteresis in the gun-metal 
castings forming the base of the instrument. He 
would not therefore be surprised to learn that in 
the case of the Hopkinson indicator tested by Mr. 
Stewart some of the hysteresis was due to bending 
of the supports forming the clamps of the springs. 
He would like to havg heard Professor Hopkinson’s 
reason for adopting the particular form of clamp 
referred to. It seemed to him that Professor 
Hopkinson had redundant points of restraint, owing 
to which there was tendency to frictional loss. 

Mr. W. H. Spencer thanked the author for his 
— as to how the pencil lever indicator 
might be improved ; those points were already 








receiving attention at the hands of the engineering 


out that the indicator Professor Burstall 
was drawn from ordinary stock. They had been 

iven an opportunity of supplying a special one, 

ut it was thought that it would be better to use 
an ordinary instrument. With regard to drum 
errors arising from the spring and the cord stretch- 
ing, an apparatus was now available in connection 
with the continuous drum indicators for the pur- 
pose of revolving the drum and taking continuous 
diagrams. The drum in that case was not operated 
in either direction during revolution by a spring, 
but was direct driven. That ap to get rid of 
some of the spring troubles. e drum required 
a special reducing motion, and necessitated a 
solid rod connection to the engine. That over- 
came the difficulty of stretching. 

The author had raised the question of the ball on 
the spring. The method employed of fitting the ball 
should be accurate, but apparently still left. some- 
thing to be desired. It was fixed by pressure on to 
a length of wire, and was centred on the machine, 
the wire being then mechanically wound round a 
mandrel. The a tus was beautifully devised 
for the work, a Tooked as though it ought to be 
all right. He would like to ask the author whether 
he had taken figures or made estimates for 
piston leakage. at was a matter that loomed 
rather large in the minds of some engineers, par- 
ticularly on the Continent. His firm maintained 
that so long as the area of the piston was correct, 
and the indicator in good condition, any leakage that 
might pass the piston did not materially affect the 
pressure acting underneath it. If, when the indicator 
cylinder was free from either oil or water, the piston 
were raised by means of the pencilflever, and the base 
of the cylinder covered, it required some pressure to 
cause it to fall, it was thought that the indicator 
was satisfactory. The question of the optical 
indicator had come up some time ago, but his firm 
had decided that that instrument, as then available, 
was better suited to the laboratory than to the 
engine-room, and that it was therefore better to 
keep to the pencil indicator. 

Professor R. H. Smith spoke on the connecting 
gear to the drum. Professor Osborne Reynolds, he 
remembered, had used large and heavy connecting- 
rods to work the drum, but a connecting-rod could 
not be used in many cases. He had devised a 
system in which he had used a very stiff wire, 
with a short flexible cord over a pulley if neces- 
sary, this being followed by another stiff wire, 
and a strong spring to pull it taut. The 
drum motion was obtained by connecting it to 
the wire just ahead of the spring. In Appen- 
dix I. of the paper, the author had given calcula- 
tions upon the supposition that the frictional force 
was constant throughout the stroke of the indi- 
cator; the true calculation was more complicated. 
One item of frictional resistance, not mentioned in 
the paper, he (Professor Smith) had discovered 
when making early tests on the gas-engine. He 
had found that the piston actually jammed in the 
cylinder at the instant of explosion, when the piston 
was expanded. By turning the piston upside 
down, so that the pressure did not get at the hollow 
space underneath, that could be avoided. 

The pencil friction was an important cause of 
error. He had succeeded in making an instrument 
in which that was obviated by the use of ink, a 
small glass ink-tube —— mounted upon the end 
of the pencil lever. e centrifugal force of 
the lever oscillations caused the ink to be thrown 
out, and the end of the glass did not touch 
the paper. Unfortunately, the heat caused the ink 
to soon coagulate in the tube. He had always 
found the softest lead pencil to be the most 
useful ; it produced far less friction on the paper. 
It was a good feature to make one portion of the 
pencil lever solid and stiff, while that part carrying 
the pencil was made very thin, but wide vertically, 
giving it great stiffness in the direction of oscilla- 
tion. The bending of the pencil lever, due to rapid 
oscillation, also caused an error. Practically all 
indicators were liable to that at high >. 
Slackness at the pin-joints as a source of error 
could only be remedied by eliminating pin-joints 
altogether. About 1886 he had made an instru- 
ment with a ray motion of only 4 in. The 
lever was a little tube of hard steel of the 
diameter of the barrel of a crow-quill, and ex- 
tremely light. The butt end of this was cut down 


staff of the Crosby Company. He wished to point 
sed by 


to a little slip, which was turned down and pinned 
fast to the light rod coming up from the 


iston. 





Another slip, from the end of the steel tu 


, was 
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SAND-PREPARING PLANT AT BERLIN-FURSTENWALDE. 
CONSTRUCTED BY THE LONDON EMERY WORKS COMPANY, LIMITED, TOTTENHAM, LONDON, N. 
(For Description see opposite Page.) 
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Fics. 858 anp 859. Tue Founpry or Messrs. 


clamped in » support. There was no room anywhere 
forslack. He had got the weight of all the moving 
parts down to 7 grammes. He believed this was the 
first diaphragm indicator ever made. His diaphragm 
was a deep cup of thin copper, clamped very solidly at 
the edge, The piston was a stiff plate rounded off at 
the edge and fixed above the diaphragm. The plate 
was light, and to ita light rod was fixed. The non- 
moving parts were very massive, which made the 
instrument somewhat big and clumsy. He advo- 
cated, as a principle of modern indicator design, 
very short stroke of piston with a large ratio of 
multiplication. 

_ Mr. Stewart then replied briefly to the discus- 
Sion, reserving many points for‘a written reply. 
With regard to Professor Hopkinson’s remark that 

robably the film of oil was pressed out from 

tween the piston and cylinder as a result of the 
— methods, so far as his eR ay oil 
went, and of the cohesion of oil films and 
Cohesion of liquids on metals, he believed it was 
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Junius Pintscn, A.G., Beruin-FursteNwALpDE. 


very difficult to get rid of them, and he did not 
think that the oil film was pressed out. He hada 
very large inotion, and the piston was well oiled, 
so that he could not think that the source of serious 
error suggested was existent in hiscase. The pencil 
he had used was a fairly hard one, 5 H ‘‘ Koh-i-Noor,” 
and with light pressure on the pencil he had found 
the pencil friction to be so small as to be incapable 
of detection. He did not believe that with care 
there was really a great amount of pencil friction 
on the paper. uch had been said about the 
diap: indicator. It was difficult to find out 
what advances had been made im indicators. He 
had always had doubts ‘bout the variation of tem- 
ture on the surface of the diaphragm which 
eran Hopkingon had spoken of ; that was such 
a difficult thing to investigate that he could not 
really see any method of testing an indicator’s 
freedom from that defect, except by Professor 
Hopkinson’s electrical diaphragm method. 
e President then brought the proceedings to a 


close by announcing that on Monday, Feb: 10, 
Professor Coker would deliver the Annual Graduate’s 
lecture. The subject would be ‘‘The Application 
of Polarised Light to Mechanical Engineering 
Problems in Stress Distribution,” and all class 
members were invited to attend. The annual 
— meeting would be held on Friday, Febru- 
ary 14, 





FOUNDRY PLANT AND MACHINERY. 
No. LV. 


By Joszsrn Horner. 


One of the highly elaborated sand-preparing 
plants installed by the London Emery Works Com- 
pany is shown by Figs. 854 to 857, on page 112, and 
a portion of the interior of the foundry by the views, 
Figs..858 and 859, annexed. The plant illustrated 
is one designed for Messrs. Julius Pintsch, A.G., 
of Berlin - Furstenwalde. This is one installa- 
tion out of several designed and installed by the 
firm, none of which are exactly alike, since each 
has to be modified to suit the requirements of 
individual foundries. A study of this system 
should have an iiluminating character to many 
foundry managers as to the vast possibilities that 
may be realised in the systematising of a too-much 
neglected aspect of foundry work, the preparation 
of the materials used in moulding. = 

The foundry comprises an unobstructed area 
covered with a saw-tooth roof of five spans. The 
eg lay-out is shown by the small-scale drawings, 

igs. 854 to 866, on page 112, while a cross-section, 
Fig. 857, to a larger scale than that of the others, 
shows more of detail. The mass of machinery with 
which the shop is equipped is remarkable for even a 
modern foundry. The contrast between it and the 
average kind of installation is most noticeable. 
Provision is made for dealing separately with old 
and with new sand, the first-named naturally com- 
prising the moré extensive section of the plant. 
The new sand is dried at the left-hand end of the 
building outside the walls (Figs. 854 and 855). Here 
it is lifted by the elevator (1) into the hopper of the 
dryer (2), which is of the horizontal type, as illus- 
trated in a previous article. Being dried, it 
through the spiral conveyors (3 and 4) to the grind- 
ing-mill (5), thence up to the ro screen (6) 
above ; where, after being sifted, it is discharged 
into a sand-distributor, the location only of which 
is indicated by (7). With this is mixed a supply of 
coal-dust from (8), all being amalgamated in the 
long trough (9). Thence the finished sand is 
delivered into the elevator 10 for distribution to 
the sand-bins. 
The old sand is knocked out over push-plate con- 
veyors (18) in the foundry floor. @ conveyors 
travel in the direction of the arrows in Fig. 855. 
Gratings level with the floor, seen also in Figs. 856, 
857, and 858, cover the track occupied by the con- 
veyors, and the sand knocked out of the boxes over 
the gratings falls through them on to the conveyors, 
but large pieces of iron or runners do not go through. 
At the end of the floor towards which the conveyors 
travel, a deep rectangular pit is excavated and lined 
with masonry. Within this sand-preparing machines 
(11 and 12) are installed, there being one at each 
end, for the service of each conveyor, the sets 
being duplicated. The sand through the 
me yore separator (11), by which particles of iron 
and sprigs are removed, whence it goes through 
crushing rollers into the reciprocating return-sieve 
or screen (12) below. This is of a type illustrated 
in Article LIII., in which the lumps are thrown 
out from the upper riddle, while the fine sand falls 
into the sieve below. Thence it is carried through 
the spiral conveyor below into the mixing and 
tempering apparatus (7). Here it is turned over, 
mixed and tempered, and then delivered into an 
elevator (10) that raises and delivers it into two 
transverse push-plate conveyors which carry the 
sand to each side of the foundry. The elevator also 
serves a central delivery. It is then taken charge 
of by three sand-mixing machines (15) located imme- 
diately under the roof. From these the sand dro 
on the push-plate conveyors (16), which supply 
the sand-bins (17) along the shop, and thence 
the moulding-machines. It is thus easy to deal 
with large quantities of sand without entrenching 
on the tear of the foundry at all. And the fact 
to be noted is that the elevator enables the pre- 

ed sand to be distributed under the roof and fed 
y gravity to the bins and machines at the exact 
spots where it is required without the use of a 
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single wheelbarrow, or shovel, or labourer. For 
the sand which has to be used away from the 
machines and the vicinity of the bins, the overhead 
tracks provide the means of transit. 

Though the drawings reproduced are prepared 
simply to illustrate the lay-out of the sand-preparin: 
plant, they show, with the two views, Figs. 85 
and 859, Prge 113, other interesting details. First, 
there are only a very few windows in the walls. They 
are not necessary, use veg light is obtained 
through the roof, and the walls can therefore have 
magehinery close inst them. Another is that no 
floor tracks are taid, but instead an extensive system 
of overhead tracks, which are seen inthe photographs, 
and the supporting brackets for which are shown in 
Fig. 857. As the work is all of a light character, 
overhead travelling cranes are not required. The 
most remarkable feature perhaps is the | 
number of moulding-machines installed, as seen in 
Fig. 859. These machines are ranged closely down 
the walls, and next one of the rows of mid-roof 
columns. Several of the machines are of designs 
which have been illustrated in these articles, and 
they include hand and hydraulic types. Yet each 
machine is supplied with sand from bins above, 
and no loading and carrying in barrows is done. 
The whole of the shop area is available for laying 
down moulds on. e positions of the cupolas, 


four in number, are indicated in Fig. 857. All 
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the machines in this plant are driven from a 
single electric motor, whence transmission is 
— by belts and gears, of which there is a large 
total. 
Figs. 860 to 863, above, illustrate a large sand- 
preparing lant by the Badische Maschinenfabrik, of 
urlach. The new sand is received by the elevator 
(1),and discharged into the top of the vertical drying- 
stove (2). When dried it passes through the shoot 
at the bottom into the elevator (3), and thence gues 
into the polygonal sifter (4), falling after into the 
silo or store-bin (5). The old sand thrown down 
over a grating, Fig. 863, is taken by the elevator (7), 
and carried up to the grinding-mill (8), comprising 
two parallel rollers having a magnetic separator 
beneath (9), where the particles of iron, nails, &c., 
are removed. The an going thence through the 
lygonal sifter (10) and drops into the silo reserved 
or the old sand. From the bins (5) and (11) the 
two classes of sands in due proportions go into the 
mixing apparatus (12) along with coal-dust from 
the distributor (13). After being mixed, the sand 
is taken by the elevator (14) into the disintegrating 
machine (15), where it is loosened and reduced to 
a fine powder and dropped into the silo (16) for 
finished sand. An -runner mill (6) is included 
in the installation to used for grinding lumpy 
sand, or loam. The whole is driven by a 20-horse- 
power motor, and the belting and gears by which 
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the various units are actuated can be readily 
traced on a comparison of the several views. 





THE BRAZILIAN BATTLESHIP 
“RIO DE JANEIRO.” 

We have on several occasions referred to the 
stimulating influence exerted on the development 
of warship design by the naval constructors of 
private shipbuilding companies in evolving schemes 
for ships for foreign Powers. In euch cases the con- 
ditions set bythe different Powers vary considerably, 
and these again, particularly those by second-class 
Powers, vary materially when compared with require- 
ments laid down by British naval strategists for the 
guidance of the technical officers at the Admiralty. 
This variation is of itself conducive to the exercise 
of originality, and, as a consequence, the plans 

roduced by the naval architects in ~—e ship- 
buildin works are of advantage in the discussion 
of the elements of warship design by government 
constructors throughout the world. A case in point 
illustrative of this influence arises in connection 
with the Brazilian battleship Rio de Janeiro, which 
was launched on Wednesday of this week from the 
Elswick Works of Sir W. G. Armstrong, Whit- 
worth and Oo., Limited. It will be remem- 
bered that two vessels, the Minas Geraes* and SA° 


* See ENGINEERING. vol. Ixxxix., page 65. 
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Paulo,* at that time the most powerful warships 
afloat, were completed about three years ago for 
the Brazilian Navy from the designs of Mr. J. R. 
Perrett, the naval director of the Armstrong Com- 
pany, and in the design there was adopted, for the 
first time in this country, a system of emplacement 


of the primary armament which has since been. 


universally applied. 

It has ever been the aim of naval designers to 
secure the maximum degree of utility in action for 
each weapon; in other words, to secure the 
greatest arc of training for each gun, particularly 
since broadside fire has been accepted definitely by 
present-day tacticians as of greater importance 
than end-on fire. At the same time, it is recog- 
nised that in a running fight a great volume of 
bow and stern fire must be ensured, since in many 
cases the final issue of the combat may rest upon 
the result of a running fight. The Americans 
attempted to achieve the maximum of utility for 
each gun by fitting two-storey turrets, the lower 
guns in the barbette being 13 in. calibre, and 
those above them of 8 in. calibre, al] four guns 
being worked together in the same gun-turret is 
device was first applied in 1898, in two ships, and 
was repeated with 12-in. and 8-in. guns in five 
ships in 1904. The system did not commend itself, 
upon practical experience, even to the American 
authorities, because, in addition to the general dis- 
advantage of concentrating a large portion of offen- 
sive machinery in a short longitudinal section, there 
was the serious objection that any defect in the 

un-mounting machinery placed hors de combot a 
age proportion of the offensive power of the ship. 
To achieve the same end, Mr. Perrett, in the design, 
in 1906, of the Minas Geraes, separated the pair of 
guns at the higher elevation from those at the 
lower level in the es turret system, placin 
them in separate bettes, which were plac 
at approximately 35-ft. centres, so that the two 
barbettes had a clear interval between them of 3 ft.; 
in this way the objection to the concentration of 
gun-mounting machinery in a short longitudinal 
length of the ship was greatly minimised, and at 
the same time the possibility of all four guns being 
simultaneously disabled in action was overcome 
as far as such is possible. It will be understood, of 
course, that one pair of guns—those in the rear 
barbette—were at a higher elevation, and, when 
trained in the fore and aft line, fired over the roof of 
the barbette for the guns on the lower level. It was 
urged that in this arrangement the blast frum the 
guns fired over the roof of the lower barbette would 
interfere with the working of the guns within such 
barbetie ; but experience with the two Brazilian 
ships has proved that the method adopted for over- 
coming the difficulty is completely satisfactory. It 
is not therefore se getty Una practically all the 
ships designed since the Minas Geraes have this 
system of twin barbettes with the guns in the rear 
barbette at the higher elevation. 

The Brazilian authorities, when they desired to 
add another battleship to the fleet in order to make 
up the fleet unit to » saa ships (which is, for some 
reason or other, considered by South American 
Republics the most satisfactory number in a fleet), 
approached the Elswick Company, and negotiations 
were continued for some time in connection with 
the evolution of a suitable design. The various 
schemes resulting from these negotiations are indi- 
cative of the trend of progressive opinion regarding 
the design of ships-of-the-line, and are of great 
interest, apart altogether from the ship ultimately 
decided upon and launched on Wednesday of this 
week. The Brazilians very naturally desired to 
maintain for the primary armament of the third 
ship the 12-in. gun, corresponding to that in the 
Minas Geraes and Sao Paulo; this decision was 
Justified in large measure, not only because the 
gunners had become accustomed to the operation 
of this gun and of the machinery required for 
bringing the projectiles from the magazines to the 
gun-chamber and for working the gun, but there 
was the other advantage that in standardisation 
of ammunition economy as well as adequacy of 
supply in store were ensured. The first proposal, 
therefore, was that the new ship should corre- 
spond clossly to the design of the two earlier 
vessels, with this exception, that consideration 
should _be had to the possibility within limited 
dimensions of adding one turret with a pair of guns 
to the armament, making seven barbettes instead 
of six, or fourteen guns instead of twelve. This, 
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naturally, was not found possible on the same 
length and beam without considerably increasing 
the draught and displacement. Alternative schemes 
were therefore prepared. Only two of these need 
here be referred to, because of their suggestive 
character, and the indication they afford of the 
trend of opinion in battleship armament. One of 
the proposals was put forward by Admiral Duarte 
Huet de Bacellar, the chief of the Brazilian Naval 
Commission in this country, who has done so much 
towards the improvement of the Brazilian Navy, 
and has naturally made a close study of the in- 
fluence of tactics on ship design. The other scheme 
to which we wish to refer was designed by Mr. 
Perrett. Asa matter of interest, we reproduce on 
Plate IV., accompanying this issue, the elevations 
and plans of both these designs, as well as those 
of the ship as built. The three designs will 
each have the approval of what may be termed 
distinctive re te of naval officers and con- 
structors. 

Figs. 1 and 2 show Admiral Bacellar’s design ; 
Figs. 3 and 4 Mr. Perrett’s alternative scheme ; 
mn Figs. 5 and 6 the Rio de Janeiro, now afloat. 
It will be seen that Admiral Bacellar proposes 
eight guns of 16-in. bore in four barbettes, two of 
them forward and two aft, each in the centre line, 
the No. 2 and No. 3 from the bow firing respectively 
over the roofs of No. land No. 4turrets. In addition, 
he em oe the mounting of six guns of 9.4-in. 
calibre in twin barbettes ; two amidships, to fire on 
either broadside, and two on each beam, with an arc 
of training of 90 deg. before and abaft the beam. 
This disposition of armament gives a broadside fire 
of eight 16-in. guns, four 9.4-in. guns, as well as 
seven 6-in. guns, within an armoured citadel, as 
shown. For ahead fire there are four 16-in. and 
four 9.4-in. guns, and a corresponding astern fire, 
apart from the 6-in. armament. Mr. Perrett, on 
the other hand, accepted the principle of unifica- 
tion of calibre, 15-in. or 16-in.-guns. The con- 
———- was that the number of guns had to be 

uced to ten, two pairs forward, two pairs aft, 
corresponding in emplacement to those in Admiral 
Bacellar’s design, with the fifth barbette amidships 
in the centre Tine with two guns firing on either 
broadside. There was thus no gun-turret on either 
side of the ship. Theimportant difference is there- 
fore the substitution of two 15-in. or 16-in. guns for 
four 9.4-in. gunsin the broadside fire, and the luss 
of four 9.4 in. guns in bow and stern fire. 

In differentiating between the two designs, both 
of them with highly commendable qualities, one 
important question to be considered is the duty 
demanded from the ship when in action. Itisa 
truism which need scarcely be repeated that the 
larger the bere of the gun the more destructive 
the blow of the projectile, and the great majority 
of tacticians now accept the view that the aim is 
not so much the na of the enemy’s ship as its 
complete disablement, if not indeed its absolute 
destruction. This is achieved more by the 
use of high explosive shells of great capacity 
reaching their billet with sufficient reserve of 
muzzle energy to penetrate armour of consider- 
able thickness. Obviously the thickness of armour 
to be penetrated is an item in the determination of 
the calibre of gun to be adopted; and before we 
have concluded our description of the Rio de 
Janeiro, which was launched this week, it will 
be found that the Brazilian authorities ultimately 
came to the conclusion that the armour which may be 
opposed to the attack of their ships justified them in 

opting the gun of 12-in. calibre, a decision which 
is, perhaps, open to question, although it represents 
the opinion of the Brazilian Minister then in office. 
They preferred volume of projectiles per unit of 
time rather than great power of attack by each shell. 
No doubt this view influenced Admiral Bacellar 
in ag forward six 9.4-in. guns as an alternative 
to Mr. Perrett’s two 15-in. or 16-in. guns. There 
is, on the other hand, the personal equation ; the 
time must come, if it has not already arrived, when 
consideration must be given to the number of guns 
which the captain of a ship can control. In this 
connection, of course, there is the contention that 
the personal strain ig reduced in the latest 
system of gun-fire control whereby salvos are 
preferred to separate turret fire. This, however, 
is too large a question to enter upon here, and we 

to other considerations re the two 
esigns referred to, and the design of the Rio 
de Janeiro, with the single remark that the proba- 
bilities all point to a general application of the 
alternative suggested by Mr. Perrett in favour of 





the limited number of guns of large calibre—viz., 
of 15-in. or 16-in. bore. 

In Mr. Perrett’s design the length and displace- 
ment were slightly greater than in Admiral 
Bacellar’s ship, due in part to the supply of 
ammunition—an important point in comparisons 
not always taken into account. In respect of 
armour there is little difference ; there is, however, 
in the former, some saving due to the fewer 
number of turrets. The gun-mounting machinery, 
too, is heavier, due to the increased weight of gun, 
as well as to the greater stresses on the mechanism ; 
but these latter do not increase in the same pro- 
portion as one would expect from the increase «f 
the gun calibre, because the velocity is reduced. 
The greater striking energy is the result rather 
of the increased weight of the projectile. It need 
scarcely be added that the reduction in velocity 
adds materially to the life of the gun without 
impairing its fighting efficiency. 

n the Rio de Janeiro, the design of which was 
ultimately evolved from the discussion of the 
alternative designs and the consideration of experi- 
ence with the Minas Geraes and the Sao Paulo, 
there are included the fourteen 12-in. guns origin- 
ally desired by the Brazilian authorities. e 
give in a table the general dimensions (1) of the 
Minas Geraes, (2) of the Rio de Janeiro, (3) of 
Admiral Bacellar’s and (4) of Mr. Perrett’s alterna- 
tive design. 


Table of Particulars of Brazilian Battleships Built 
and Proposed. 











| 
om “ Admiral (Mr. Perrett’s 
— Gelinas, | j ttio de, | Bacellar’s | Alternative 
| Design. Design. 
Length between per- 500 632 630 650 
pendiculars ft. | | 
Displacement, tons) 19,300 27,500 30,500 $1,260 
2 «= knots) 214 23 23 
eight of broadside) 8,995 12,900 21,320 (24,380 Ib., 
(including all guns) 16-in. guns 
Ib. 20,210 Ib. 
| 15-in. guns 
Armament .. .| Twelve |Fourteen| Eight Ten 16-in. or 
12-in. 12-in. 16-in. 15-in. 
Six 9.4-in.| 
| Twenty- | Twenty | Fourteen| Fourteen 
|two 4. 7-in.|  6-in, 6-in. 6-1n. 
} Ten 3-in.| Four Four 
12-pdrs. | 12-pds. 
Four tor-/Three tor-/Three tor. Three _tor- 
Pe odtebedtialsaar 
tubes) tubes tubes (21-in.) 
| sin.) | (21-im.) | (21-in.) 





| 





It will be seen that the Rio de Janeiro is 132 ft. 
longer between Be’ ndiculars than the Minas 
Geraes and Séo Paulo, and is 125 ft. longer over 
all, this length being 668 ft. in the former and 
543 ft. inthe latter. The beam is 6 ft. greater, 89 ft. 
against 83 ft., so that the ratio of length to beam 
in the new ship is 7.08 against 6.02. The draught is 
27 ft., against 25 ft., and the displacement tonnage 
27,500 tons, against 19,281 tons. The designed 

wer for 22 knots is 32,000 shaft horse-power. 

n the Minas Geraes the full-power trial gave a 
speed of 21.4 knots for 27,212 indicated” horse- 
power. Fig. 8, on Plate V., is a view of the 
vessel on the ways, and shows the very fine lines, 
although it does not suggest the great beam. 

The first notable feature in the, Rio de Janeiro 
is the arrangement of the primary guns. Fourteen 

ns of 12-in. calibre are fitted, all on the centre 
ine. There are two pairs forward, arranged as in the 
Minas Geraes, the rear pair firing over the forward 
pair, and ali four have an arc of training of 60 deg. 
abaft the beam. Aft there are two pairs, placed ina 
corresponding way, while immediately forward of 
them is a barbette with two guns, so that aft there 
are three barbettes close sage the centre turret 
having its guns at a higher elevation than the 
others ; the difference in height is approximately 
10 ft. 6 in. The guns extend further aft than is 
usually the case ;) all three barbettes are abaft the 
engine-room ; the magazines and shell-rooms are 
therefore provided for over and alongside the pro- 
peller shaft tunnels. In the centre of the ship 
there are two turrets, each with a pair of 12-in. 

ns, and these have arcs of training of 115 

eg. on both port and starboard sides. A con- 
siderable area is arranged for between the two 
funnels for these guns ; the superstructure, including 
the boiler uptakes, being cut away to give the guns 
the necessary degree of training. The forward 
funnel, which is shown in one of our engravings 
of the vessel on the stocks, takes the exhaust gases 
from the boilers in the two forward boiler-rooms, 
and the aft funnel those from the boilers in the 
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one aft boiler-room. The space between No. 2 and 
No. 3 boiler-rooms is utilised for magazine and 
shell-rooms under each of the two midship barbettes, 
and between the shell-rooms is the auxiliary machi- 
nery-room accommodating the electric generating 
plant, the distilling plant, and other similar 
appliances. Figs. 9and 10, on Plate VI., are views 
taken on the ship before the launch. The former 
is a view from the bow, and shows the position of 
the two forward barbettes, which are marked by 
the vertical standard used in fitting up the bar- 
bettes; while Fig. 10 is a view from the stern, 
looking forward, showing the three aft barbettes. 
As regards. the secondary armament, this is 
superior to that in the Minas Geraes, or of any vessel 
so far completed, there being twenty 6-in. and ten 
3-in. guns. Moreover, the protection of this arma- 
ment is a notable feature. at has hitherto been 
regarded as the forecastle extends to abaft the aft 
funnel, and the broadside armour has been carried 
to this forecastle-deck level, constituting an amid- 
ships citadel for 6-in. guns. The roof of this citadel 
is of 1}-in. specially-hardened steel. At the aft end 
of this armoured citadel there extends at an acute 
angle towards the centre of the ship a raking 
armoured screen of armour, 6 in. thick, as shown on 
the plan, Fig. 6. Within the citadel there are four- 
teen 6 -in. guns. On each broadside are five with 
an are of training of 120 deg. Behind the raking 
armour screen on each side aft are two 6-in. guns, 
so that four guns of this calibre are utilisable for 
astern fire, and these guns have an are of training 
of 30deg. before the beam, ora total arc of training 
of 120 dog. In addition to the fourteen 6-in. guns 
within this citadel, there are four guns mounted 
on the forecastle level forward—two on each side— 
and these are protected by heavy armoured shields. 
All these four guns, in addition to the foremost 
guns within the citadel, fire ahead, making the bow 
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Fic. 15. View or Port Sipe Art. 


an armoured shield. These guns, in addition to the 
four guns in the citadel, fire astern, making the 
astern fire six 6-in. guns, in addition to four 12-in. 
guns. There are in addition ten 3-in., 50-calibre, 
automatic guns mounted in the superstructure, as 
shown in the elevation (Fig. 5). The ship also carries 
four 3-pounder, 50-calibre boat-guns. There is a 
torpedo-room forward, with a broadside submerged 
tube for 21-in. torpedoes on each side. The tu 

to be fitted are of the latest Elswick type. Not- 
withstanding the greater beam of later ships, and 
the increased width of the to 0-room, difficulty 
has been experienced in loading the latest tor- 
pedoes through the breech end of the tube, and 
there has been devised at Elswick a system of 
doors along the length of the tube, so that the 
torpedo can be inserted or loaded longitudinally 
instead of through the breech end. The launching- 
tube is su uently closed, so as to be air and 


water-tight. This essential quality has been tested | heads. 


and found satisfactory, so that the system is now 
being fitted to many ships. In addition there is 
a submerged torpedo-tube fitted in the stern, for 
firing 21-in. torpedoes. 

The main broadside water-line armour is 9 in. 
in thickness for a length of 356 ft. amidships, and 
is continued forward and aft, being reduced in 
thickness, first to 6 in. and ultimately to 4 in. at 
the extreme ends. The depth for the whole length 
is 13 ft. 6 in. amidships, and, partly to form the 
citadel already refe to, there are two strakes of 
6-in. armour, making the total depth on the broad- 
side 28 ft. for a very considerable portion of the ship’s 
length. Armour 6 in. in thickness extends across 
the ship as a bulkhead at the forward and aft end of 
the main armour, to form raking screens protecting 
the under-water portions of theship. The barbettes 
are of 9-in. armour where they are not behind the 
broadside armour, and otherwise the combined 


firo six 6-in. guns in addition to the four 12-in. | thickness of barbette and broadside armour is in no 


guns. 
funnel there is again on each side a 6-in. gun with 


In the superstructure surrounding the aft | case less than 9in. The gun-hoods are also of 9-in. 


armour. Forward of the bridge and at the after end 
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of the superstructure there are conning and director 
towers of 9-in. armour for gun control, the roofs 
and floors being of 3-in. armour, while the communi- 
cation-tubes are of 6-in. armour. The conning- 
tower forward is of 12-in. armour with 6-in. roof 
and 8-in. tube. As regards the horizontal protec- 
tion, there is, rising from the armour shelf on the 
broadsides, a curved protective deck, having a 
thickness of 1} in. on the slope and 1 in. on the flat. 
The deck above this is of ordinary steel, except 
forward and aft, where it is on the level of the top 
of the main armour. Here it is 14 in. thick, de, 
creasing to 1 in. at the extreme ends of the ship. 
The deck which forms the top of the citadel is also 
1} in. thick. The ship marks a distinct improve- 
ment on the Minas Geraes and Sao Paulo in 
respect of distribution of armour. At the same 
time, the under-water structure has been very 
effectively subdivided, there being 17 main bulk- 
, in addition to many subdivisions and 
water-tight flats, making in all 365 water-tight 


a 
e Rio de Janeiro differs also from her two 
edecessors in the type of machinery adopted. 
ese vessels had reciprocating engines, which 
gave a high efficiency on the trials. The new ship 
is fitted with Parsons’ turbines, driving four shafts, 
each with one propeller, while the boilers are located 
in three rooms, two forward and one aft. The 
auxiliary machinery room, as well as two magazines, 
separate the second and third boiler holds. The 
machinery has been constructed by Messrs. Vickers, 
Limited, of Barrow-in-Furness. The designed 
power is 32,000 shaft horse - power, which it is 
anticipated will give a speed of 22 knots. The 
boilers, which are of the Babcock and Wilcox type, 
twenty-two in number, as illustrated in the two 
views on Plate VII., are arranged to work with 
oil fuel as well as coal. The coal-bunkers are 
arranged on each side of the ship within the outer 
screen, and the capacity arranged for in the normal 








draught condition is 1500 tons, and at full-load 
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HIGH-PRESSURE TURBINE OF THE BRAZILIAN BATTLESHIP “RIO DE JANEIRO.” 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, BARROW-IN-FURNESS. 














Fic. 16. HicH-Pressure TURBINE BEING TESTED UNDER STEAM. 


condition 3000 tons, while 500 tons of oil fuel is 
carried in the double bottoms. 

The main propelling machinery, which is placed in 
three separate water-tight compartments, includes 
one high-pressure ahead and one high-pressure 
astern turbine in each wing engine-room, and two 
low-pressure ahead turbines, in which is incorporated 
the low-pressure astern turbine, in one engine-room 
in the centre of the ship, between the wing engine- 
compartments. 

The turbines are designed to develop at least 
32,000 shaft horse-power when working with a 
steam pressure of 170 lb. per sq. in. and at about 
320 revolutions per minute. 

The high-pressure and low-pressure turbines, for 
ahead and astern working, are arranged respectively 
to work in series, and all four shafts are available 
for working ahead and astern, the power being 
divided equally between the four shafte. 

The high-pressure rotor-drums are 67 in. in dia- 
meter, and the low-pressure 112 in.; the height of 
blading varies from § in. in the cruising section of 
the high-pressure turbines to 12 in. in the low-pres- 
sure turbine. The rotor-drums, wheels, connecting- 
rings, and spindles are of forged steel, in accordance 
with the latest practice of the British Admiralty. 

The turbines are connected to the propellers by 
hollow forged-steel shafting, 11} in. in external dia- 
meter. The propellers are of bronze, 9 ft. 6 in. in 
diameter and 8 ft. 9 in. pitch, three bladed, the 
driving faces being planed accurately to pitch. Two 
of the propellers, with the large balanced rudder, 
are shown in the view, Fig. 15, on page 116. The 
propeller-shafts are 12} in. in external diameter and 
7] in. in internal diameter, sheathed with gun-metal 
in the way of the stern-tube bearings and strut 
bearings. Forced lubrication is supplied to the 
turbine and line-shafting bearings by six direct- 
acting pumps, the usual apparatus being fitted for 
cooling the oil. 

© main condensers, two in number, having a 
combined cooling surface of 32,000 sq. ft., are 
Placed at the aft end of the centre engine-room ; 
they are of the Weir “‘ Uniflux ” type, designed for 
maintaining a high vacuum in tropical climates. 
Centrifugal circulating-pumps of large capacity, 








and air-pumps, are fitted in duplicate’in the’centre 
engine-room, and an auxiliary condenser, with its 
centrifugal circulating and air-pumps, is placed in 
each wing engine-room. 

For the purpose of overhauling the turbine- 
casings, exhaust bends, and rotors, electrically- 
driven travelling-cranes are fitted over each set of 
turbines, and electrically-driven turning-gear is 
fitted to each line of shafting. 

Te boilers are arranged in three senarate water- 
tight compartments, the No. 2 and No. 3 boiler- 
rooms each containing eight boilers, and the for- 
ward, or No. 1, compartment, six boilers. The 
boilers are placed hack to back in each compart- 
ment, and coal-hunkers are arranged athwartship 
and longitudinally in the wings in each compart- 
ment. The working pressure of the boilers is 250 Ib. 
per aq. in., and the combined heating surface is 
74,800 eq. ft., and the grate area 2150 sq. ft. 
The boilers are fitted with the necessarv apparatus 
for burning oil fuel as well as coal. Twenty-four 
fans of the single inlet type are provided for supply- 
ing the necessary air to the furnaces. In each 
hoiler-room there are one main and one auxiliary 
direct-acting feed-pump, one See’s ash-ejector, 
and two air-compressors for sweeping boiler-tubes 
and supplving air to the furnaces, and a steam ash- 
hoist. The boilers, funnels, and much of the 
auxiliary machinery were put on board while the 
vessel was on the stocks. This practice, now 
generally adopted at Elswick, confers the great 
advantage that the decks can be completed and 
much of the internal work advanced further than 
could otherwise be the case. 

A complete installation of distilling and 2.4 
rating plant. by Messre. J. Kirkaldy and Co., 
Limited, is fitted in a separate compartment, the 
capacity of the plant being 400 tons per day. In 
addition to the usual ladder-ways for communica- 
tion between the various decks and the engine and 
boiler compartments, an electric lift is provided in 
each compartment ; and for conveying orders from 
the engine-rooms to the boiler-rooms and other 
parts of the ship a complete system of telephone 
and voice-pipes is fitted, in addition to the mecha- 
nical and electrical telegraphs. A thorgughly 








up-to-date workshop is provided fand fitted with 
the highest-class machine-tools, which would enable 
ordinary repairs being carried out on board ship. 

Figs. 13 and 14, on Plate VIIT., show one of the 
low-pressure turbine casings with its cover removed 
and the rotor in place, while Fig. 16, on the present 
page, shows one of the high-pressure turbines being 
tested under steam in the workshops of Messrs. 
Vickers at Barrow-in-Furness. 

There are many other special features in the de- 

sign of the Rio de Janeiro, notably in connection 
with gun-mountings, and these we hope to deal with 
later. It may be added here, however, that connec- 
ting the forward and aft parts of the superstructure 
surrounding the boiler uptakes and the base of the 
funnels there is a steel girder construction over 
the two turrets amidships. This structure carries 
the more important boats. For the lifting of these 
a special stump mast has been built, extending into 
the hull of the vessel, and having a height of 
approximately 80 ft. above the upper deck. This 
carries two booms, one stretching forward and one 
aft, for lifting the boats. The main standard of 
this mast is utilised to carry a platform for search- 
lights. 
There are two masts of the tripod tyne, the fore- 
masts carrying a light jib-crane for dealing with 
the lifeboats on each side of the forward funnel. 
The masts also carry searchlight platforms as well 
as gun-control stations for range-finding, &. It 
will be noted further from Figs. 5 and 6, on 
Plate IV., that instead of the additional or bower 
anchor being accommodated on the starboard 
side, as in British ships, it is on the port side. 
This change has been introduced to suit the moor- 
ings in Brazilian harbours, particularly with refer- 
ence to the prevailing winds. 

The launching arrangements for the Rio de 
Janeiro corresronded closely with those which long 
experience at Elswick has proved to be thoroughly 
satisfactory. The keel of the ship had been laid 
upon a declivity of ¥, in. per ft., and the ways were 
Jaid on a declivity of yy in. per ft., with a camber of 
12 in. in 655 ft. The sliding-ways have a length of 
550 ft., and the standing-ways of 638 ft., the width 
being 5 ft. 6in, The launching weight of the ship 
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was 12,400 tons, including the cradle, so that the 
pressure per square foot was only 204 tons. The 
photograph reproduced in Fig. 7, on Plate V., 
shows the form of the bow cradle. It will be 
seen that a built-up steel structure was adopted, 
as in former launches, for housing the tops of 
the poppets. This structure was secured to steel 
plating, which extended under the keel between 
the port and the starboard sides of the ship, 
and into this the bow of the ship was securely 
wedged, obviating the necessity of any attachment 
whatever to the hull. This differs from the practice 
in some yards, where the built-up structure for 
taking the heads of the poppete is bolted to the hull. 

For many years the management at Elswick have 
adopted the principle of hydraulic releasing gear, 
and on this occasion the same gear was applied, 
there being two rams, each holding up a tilting- 
lever, which projected through the standing-ways 
into a casting on the sliding-ways, and thus Tooked 
the latter in position. When pressure was released 
from behind the ram, the lever tilted, dropping 
from the vertical to the horizontal position, and 
allowing the upper ways, and the cradle with 
the ship, to slide down the standing-ways. In 
addition, there were two of the usual dog-shores at 
the forward end of the cradle, but these were only 
stand-bys, and were released preparatory to the 
hydraulic apparatus coming into action. Hydraulic 
rams were also placed on the standing-ways for- 
ward of the sliding-ways, in order, if found neces- 
sary, to give the initial impetus to the vessel: 

The launch on Wednesday was completely suc- 
cessful, although the weather was not propitious, a 
fog hanging over the river. On page 124 we give 
a view of the vessel immediately after she had 
been launched. 





THE WORLD’S NAVAL AND MERCHANT 
SHIPBUILDING. 

Luioyp’s ReGIsTeR have this week published their 
report of shipbuilding at home and abroad during the 
past year, and as the Register, with their many 
surveyors in all countries, have — facilities for 
gaining accurate information regarding the work, and 
——- regarding the tonnage of ships, the 

gures are more accurate than those compiled by 
unofficial statisticians. We have before referred to 
the tendency of shipbuilding firms to include deck 
erections and in other ways to make for themselves as 
good a showing as possible, so that it is not surprising 
that the total output of new tonnage by the ship- 
builders in the United Kingdom, given by the Re- 
gister, is lower than that published in ENGINEERING 
three weeks ago. We include the small craft, 
while Lloyd’s do not reckon vessels under 100 tons. 
Thus the total number of ships for the merchant and 
Royal fleets — by Lloyd’s as launched in this 
country is 742, whereas in our return the total was 
1333. The aggregate tonnage, again, in Lloyd’s return 
is 1,930,251 tons, while in ENGINERRING it is given as 
2,108,230 tons, a difference of 177,979 tons. Part of 
this is due to small craft, and part to the inclusion by 
us of caissons and floating docks. It will be remem- 
bered, for instance, that in our return there were 
reckoned six floating docks, totalling 101,350 tons. 
While we recorded an increase of 20,000 tons as com- 
pared with the previous year, due to the number of 
floating-docks being greater, Lloyd’s Register records 
a decrease of 104,379 tons in the total output, of 
which 65,330 tons is due to merchant vessels, and 
39,049 tons to warships. In other respects Lloyd’s 
return corroborates the facts given in our article, 
notably in respect of the size and s of the mer- 
chant ships and the adoption of turbines and internal- 
combustion engines. 

Special reference is made to some of the important 
vessels now in progress, There is the Cunard liner 
Aquitania, the tonnage of which is given as 45,000 
tons. Two other ocean liners of 16,000 tons, and 
four steamers, of a total tonnage of 4150 tons, 
are also to be fitted with steam-turbines. There are 
nine steamers, with a total tonnage of 194,380 
tons, to be fitted with a combination of steam-turbines 
and reciprocating engines. One of these is the 
Britannic, of 50,000 tons, for the White Star Line ; 
another, of 32,500 tons, for the Holland-Amerika 
Line ; one, of 27,000 tons, for the Red Star Line; 
two Royal Mail liners, of 29,900 tons ; two vessels, of 
31,200 tons, for the Pacific Steam Navigation Company; 
one of 14,980 tons; and another of 8800 tons. As re- 
gards the marine oil-engine, note is made of the fact 
that two vessels, of between 3000 and 4000 tons each, 
along with a number of small craft, are being fitted with 
internal-combustion engines. With forty steamers, 
of a total ton of about 231,000 tons, now being 
built to carry oil in bulk, this number of motor-ships 
seems small; because if marine engineers and ship- 
owners are satisfied with the reliability of the oil- 


engine, oil-carrying ships present a most favourable 
opportunity for the application of the system, as 
commercial conditions are favourable. No better 
scope for the application of the system could be found. 
But our firms are obviously indisposed, with the 
present great demand for tonnage, to risk experiments 
on such a scale. 

The return includes figures to show the surplus 
of new production over wastage. The gross ton- 
nage of the United Kingdom vessels which have 
been lost, broken up, &c., during the past twelve 
months is recorded in this return as 308,000 tons, of 
which 22,000 tons were sail. Our ship owners have 
sold to foreign and colonial lines the record total of 
704,113 tons of shipping, of which 54,745 tons were 
sail. Against this large removal from the British 
register of 1,012,113 tons there has to be placed the 
small tonnage of vessels built abroad and bought from 





the addition to the fleet was 161,873 tons. These 
lean years followed on the fat year of 1907, when the 
additions to our fleet afloat made up the large total 
of 630,706 tons. The addition of new tonnage still 
goes merrily on, the work on hand for the merchant 

eet in British yards being greater than at any pre- 
vious time in history. A time of reckoning must, 
however, inevitably come in the recurrence of de- 
pression after great activity, but we do not propose 
to point the moral of these facts as they affect the 
working classes. 

Lloyd’s Register is practically the only source 
whence come completely accurate and comprehensive 
returns of the work done in foreign as well as in British 
shipyards. The fact that the figures for each country 
are on the same basis affords a means of determining 
the relative progress of the British as compared with 
foreign aed os In Table I. there is given the 


TABLE 1.—TaBL_e SHOWING THE TONNAGE OF VESSELS OF 100 Tons Gross AND UPWARDS (EXCLUDING 








WarsuHips) LAUNCHED IN THE UNITED KinGpomM AND ABROAD DURING THE YEARS 1896-1912. 




















> United Austria- | British Den- | panc Ger- 
¥ and, Kingdom. Hungary. . Colonies. | mark. France. many. 

| tons tons tons tons tons tons 
1896 j 1,159,751 6,246 11,124 11,814 44,565 | 103,295 
1897 | 952,486 6,601 12,431 53! : 139,728 
1898 | 1,367,570 5,432 25,021 153,147 
1899 | 1,416,791 9,248 8,464 211,684 








1900 | 1,442,471 14,889 9,563 204,731 
1901 | 1,524,739 20,013 28,134 . 217,593 
1902 | 1,427,558 15,192 28,819 27,148 192,196 213,961 
1903 | 1,190,618 11,328 34,690 28,609 | 92,768 184,494 
1904 | 1,205,162 16,645 30,965 15,859 | 81,245 202,197 
1905 | 1,623,168 16,402 10,798 17,557 73,124 | 255,423 
1906 | 1,828,343 18,590 26,042 24,712 35,214 318,230 
1907 | 1,607,890 8,717 46,443 28,819 | 61,635 275,003 
1908 929,669 23,502 34,181 19,172 | 83,429 207,777 
1909 991,066 25,006 7,461 7, 42,197 128,696 
1910 , 1,143,169 14,304 26,343 12,154 | 80,751 159,303 
1911 1,803,844 37,836 19,662 18,689 | 125,472 255,532 
1912 | 1,738,514 34,790 38,821 26,103 | 110,734 , 375,317 




















3 | . United Other 

Holland) Italy. Japan Norway States, \Cousteles, Totals. 

tons tons tons tons tons tons No. tons 

12,405 | 6,779 7,849! 12,059 .| 184,175 7,820 1113 1,567,ssz 
20,351 |12,910| 6,740) 17,248 86,838, 13,711 990) 1,331,924 
19,468 |26,530 11,424 | 22,670 | 173,250 8,968 1290 1,893,343 
34,384 |49,472| 6,775 | 27,853 | 224,278 16,382 1269, 2,121,738 
45,074 |67,522| 4,543 32,751 | 333,527 21,174 (1364) 2,304,163 
29,927 |60,526 37,208 36,875 | 433,235 28,890 (1538 2,617,539 
69,101 |46,270 27,181 | 37,878 | 379,174 38,277 1650) 2,502,755 
59,174 |50,089 34,514| 41,599 | 381,820 35,928 1650 2,145,63 
55,636 |30,016 32,969| 50,469 | 238,518 28,254 (1643 1,987,935 
44,135 |61,629 31,725 52,580 | 302,827 25,554 1576) 2,514,922 
66,809 |30,560 '42,489| 60,774 | 441,087 26,913 1836 2,919,763 
68,623 |44,666 66,254 | 57,556 | 474,675 | 37,807 {1788} 2,778,088 
58,604 |26,864 59,725! 52,839 | 304,543 32,981 (1405) 1,833,286 
59,106 |31,217 52,319| 28,601 y 19,276 |1063) 1,602,057 
70,945 |23,019 |30,215| 36,931 | 331,318 29,401 1277) 1,957,853 
93,050 |17,401 44,359 35,435 | 171,569 27,291 1699 2,650,140 
99,439 |25,196 57,755 50,255 | 284,223 60,622 1719, 2,901,769 





| 


TABLE II.—Taste SHOWING THE NUMBER AND DISPLACEMENT OF WARSHIPS OF 100 Tons AND Upwarps 
LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1896 To 1912. 
































| 
American 
Year. British. — a |French. | German. | Italian. Japanese. Russian. Vince Total. 
§ 8). 
tons | tons tons tons | _ tons tons | tons tons tons No. tons 

1896 117,445 | 16,302 6060 | 57,110 11,100 6,500 | 24,780 | 30,281 62,213 92 331,791 
1897 66,740 | 3,000 | 2,250 | 15,185 44,214 35,906 | 18,070 | 2,200 41,335 90 228,900 
1898 140,120 | 57,900 6,380 25,006 | 10,648 2,836 45,275 28,650 49,968 91 366,873 
1899 =©121,140 6,400 2,580 52,912 | 29,240 18,120 | 61,656 37,230 15,482 91 344,760 
1900 35,050 12,330 10,600 40,730 | 45,330 1,280 26,210 61,840 27,094 99 260,464 
1901 200,774 47,903 7,400 40,663 | 59,400 27,833 1,125 54,680 18,769 123 467,547 
1902 92,840 20,449 8,169 44,139 32,324 8,724 8,350 48,485 14,626 102 278,106 
1903 147,813 66,140 17,520 30,760 60,590 - 13,917 38,430 15,930 119 391,100 
1904 126,375 170,185 11,480 43,600 44,970 25,932 | 608 1,750 10,106 102 435,006 
1905 96,505 98,200 11,020 28,611 36,487 14,490 50,633 15,721 11,544 118 363,211 
1906 85,700 | 45,443 2,760 15,183 62,678 3,039 | 41,277 $2,204 24,688 148 362,972 
1907 133,405 11,590 1,594 33,594 | 14,800 25,154 | 57,200 | 96,317 8,557 142 $21,211 
1908 49,560 52,850 16,153 | 21,600 97,660 | 29,400 2,245 8,800 31,421 127 309,689 
1909 | 98,790 48,639 22,217 95,740 | 99,116 | 2,088 875 | 1,246 36,264 151 404,475 
1910 | 133,525 30,287 14,993 24,063 | 49,024 | 19,374 23,100 ad 16,488 122 310,854 
1911 221,480 57,526 20,269 | 53,995 128,340 75,018 37,071 93,260 81,960 169 768,86° 
1912 163,087 62,673 49,361 55,965 99,810 | 14,939 56,035 | 492 32,267 | 174 534,629 





Taste I11.—Number and Tonnage of Warships Launched | Taste 1V.—Showing Tonnage of Merchant and War 


in the United Kingdom and Abroad Respectively. 





United Kingdom. Abroad. 
Year. 

No. Tons. No. Tons. 
806. sf) 163,958 37 167,833 
1897 . 48 95,465 42 133,435 
1898 41 191,555 Mw 175,318 
189 . 35 168,590 iG 176,170 
1900 » 68,364 70 192,100 
1901 .. 41 211,969 sz 255,57. 
1902 .. 23 94,140 79 183,966 
1903 . 41 151,890 78 239,210 
1904 . 37 127,175 65 307,831 
1906 . 28 129,801 90 233,410 
1906 .. 29 108,450 119 254,522 
1907 . 36 134,475 106 186,736 
1908 36 74,186 91 235,503 
1909 42 126,230 109 278,245 
1910 45 134,645 77 176,209 
1911 .. ok 50 230,786 119 538,083 
1912 .. i 30 191,737 141 342,892 


foreign and colonial owners for inclusion in our 
fleet afloat. When allowance is made for this it is 
found that the steam tonnage of the United Kingdom, 
as the result of the year’s operations in building and 
in sale and purchase, has been increased to the extent 
of 420,000 tons, while the sailing tonnage has been 
decreased by about 65,000 tons. ‘The net increase in 
our fleet afloat is thus 355,000 tous, but the steady 
advance in the proportion of steam tonnage, and con- 
sequently in the volume of work done in a given time, 
is, of course, considerably greater. The 355,000 tons 
is a larger increase than in the preceding four years. 
The Board of Trade returns show figures for previous 
years, including all vessels, even those of less than 
100 tons; in 1911 the net addition to our fleet was 
339,564 tons; in 1910 it was only 66,694 tons, due to 
the small amount of work done in the shipyards. In 
1909 it was only 150,686 tons, this year marking 
the lowest point in shipbuilding output for this 





century. In 1908, again, production was very low, and 


| 
| 








Vessels (over 100 Tons) Launched. 








—- 1909. 1910. 1911. 1912, 
Austria-Hungary 47,223 29,297 58,105 88,742 
Belgium a 6,316 6,226 7,563 18,542 
British Colonies 7,941 26,343 19,662 34,790 
China .. 3 - 3,942 2,189 8,681 
Denmark = 7,508 12,371 19,651 26,263 
France .. os .-| 187,987 105,114 184,184 169,889 
Germany | 228,069 210,367 387,477 477,742 
Holland | 65,522 | 71,761 | 93,670 101,642 
Italy | $3,405 | 52,073 92,719 40,060 
Japan | 62,694 | 53,315 81,790 88,731 
Norway 28,601 | 37,481 35,535 50,358 
Russia .. 4,331 | 4,395 | 96,264 | 15,663 
Spain .. 2,174 3,234 6,598 21,580 
Sweden ie | 7,487 9,869 | 9,852 13,968 
United States. . ..| 258,243 361,605 | 287,550 | 349,496 
Other countries re _ 150 | 120 : 

Total foreign and| } 
colonial .. ..| 889,236 990,893 | 1,884,379 | 1,506,147 

Total for the United) 
Kingdom .. .-| 1,117,296 1,277,814 | 2,084,630 | 1,930,251 





Total for world ..| 2,006,532 | 2,268,707 | 3,419,009 | 3,436,398 


tonnage of merchant ships exceeding 100 tons launched 
in all countries for a series of years. The total output 
of the world for last year is 1719 merchant vessels, of 
2,901,769 tons, of which 712 vessels were launched in 
the United Kingdom, representing 1,738,514 tons— 
practically 60 per cent. of the total. Germany takes 
second place with only 165 vessels, representing 375,317 
tons, so that their quota is only 13 per cent. 
The United States include 90,000 tons for ships 
built on the Lakes, making a total of 174 vessels, of 
284,223 tons, launched during the past . This 
proportion is 9.8 per cent. France takes fourth place 
with 80 vessels, of 110,734 tons, a proportion of 3.8 
per cent.; and Holland, with 112 vessels, of 99,439 
tons, contributes 3.43 per cent. of the total ; Japan, 
which comes next, launched 168 vessels, of 57,755 tons. 
Thus it will be seen that we hold a strong position. 
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In 1911, however, our proportion was 68 per cent.; in 
1907, the last year of great activity, the ratio was 
58 per cent., wits 1906, 63 per cent. ; but in years of de- 
pression our percentage has only been 50 percent. Thus 
the proportion of the past — is well up to the average. 
We have already indicated that Germany’s proportion 
for 1912 was 13 per cent. ; in 1911 it was 9.7 per cent. ; 
and in 1906, when also there was great activity, it was 
11 per cent. ; in 1904-8 it was over 10 per cent. In 1912 
Germany considerably improved its relative position. 
In the case of the United States the proportion is 
considerably more than in 1911, when, however, the 
total was abnormally low—namely, 64 per cent. In 
1910, on the other hand, it was 17 per cent. The 
French total is less than in the previous years, their 
3.8 per cent. for 1912 comparing with 4.75 and 4.13 
per cent. in the two previous years. Holland’s pro- 
portion is practically the same as in the previous year, 
when it was 3} per cent., and 3.63 per cent. in 1910. 
Generally the other countries have not made headway 
when consideration is had to the large increase in the 
world’s output. The total increase in the world’s pro- 
duction of merchant ships is 251,629 tons; but 1912 
does not constitute a record, 1906 still holding an 
advantage of 17,994 tons. 

Table II. shows the displacement tonnage of war- 
ships exceeding 100 tons, launched for the various 
navies. It should be noted that the vessels have not 
necessarily been launched in the country in which 
they are owned. The abnormal output of 1911 was 
not maintained during 1912, but the total is still only 
second to the figures then recorded. The decrease, 
it will be seen, is 234,240 tons. This is attributable 
largely to Britain and Germany. The decrease would 
be regarded with some degree of satisfaction were the 
figures indicative of any lessening of the competition 
in armaments, but the present state of affairs does 
not justify any such view. It will be noted that the 
total output is 174 vessels, of 534,629 tons. The 
aggregate for the two past years is therefore over 
1,300,000 tons, equal to an average of 650,000 tons. 
This is nearly 40 per cent. higher than the largest 
total for any previous year. The British proportion of 
the total of the two past years is 30 per cent., which, 
against the proportion of 60 per cent. of the world’s 
merchant tonnagelaunched, constitutes matter for reflec- 
tion. The German total is 18} per cent., which com- 
pares with her proportion of 13 per cent. of the world’s 
merchant shipping output. America, it will be seen, 
has added 5000 tons to the displacement of their war- 
ships launched as compared with the previous year ; 
France, 2000 tons ; Japan, 19,000 tons ; and Austria- 
Hungary, 29,000 tons. The British total is 58,343 
tons less; the Italian total, 60,079 tons less ; and the 
Russian total, 92,768 tons less. No signiticance need 
be attached to such increases or decreases, because 
the figures from year to year must fluctuate. In the 
case of Russia, for instance, there is greater activity 
in the building of warships at the present time than 
in 1911, and in other States the tendency is dis- 
tinctly towards increased production in warships. 

We have said that the figures given in Table II. 
must not be regarded as the warship output in 
the respective countries. In Table III. we give a 
list showing the number and tonnage of warships 
launched in the United Kingdom as compared with the 
output of all other countries, irrespective of the 
navies for which they were intended. In 1912 we 
launched fewer warships than in the previous year, 
although, with this exception, the total is the lar est 
recorded since 1901, the year when very large addi- 
tious were made to the British Fleet. As we have 
already pointed out, there are great fluctuations in 
the production of warships in one year as compared 
with others, but it will be seen that the ratio of 
British to foreign warship output was last year 
1: 1.80; in 191] it was 1 : 2.32; and in 1910 it was 
1: 1.31. It may be taken that, so far as this propor- 
tion is concerned, last year was an average. a ee 

In Table IV. there is given the total production in 
each maritime country, including merchant and war 
ships over 100 tons. In nearly all cases there is 
recorded considerable increase as compared with the 
previous year, and in many instances record totals 
have been achieved. In the case of Germany the 
total is 200 vessels, of 477,742 tons. This includes 
the largest vessel built during the year, the Imperator, 
of about 52,000 tons, launched by the Vulcan Com- 
any at Hamburg, and soon to take her place in the 

amburg-American express line to New York. The 
merchant shipping output shows an increase of near] 
120,000 tons, and the total increase, reckoning a 
ships, is 90,265 tons, the difference, of course, 
being due to the less number of warships built. The 
total, nevertheless, is a record. The figures, however, 


do not take into account the large number of river |0f the Royal Society of Arts, John-street, Adelphi, 
craft launched at yards situa in inland waters. | W-C. (b the kind permission of the Council), on Wed- 
nesday, h 12 next, and the two following days, under 


Five of the vessels built, representing 18,258 tons, 
were fitted with internal-combustion engines, the 
largest being an oil-carrying steamer of 5810 tons. 
There were ten other vessels, averaging 271 tons, 
fitted with oil-engines. There are under construction 


A.M.I.M.E., M.C.L., will 


Vulcan Works at Hamburg, a steamer of about 35,000 
tons, three between 20, and 25,000 tons (one of 
them to be fitted with turbines), two between 10,000 
and 15,000 tons, and thirty other vessels of between 
5000 tons and 10,000 tons, including eleven to carry 
oil in bulk, three of which will be fitted with Diesel 
engines. 

he United States total output, including all 
vessels, as given in Table IV., is 190 vessels, of 349,496 
tons. This isnot the highest reached, as the total was 
exceeded, amongst other years, in 1908 and 1910, but it 
is 61,946 tons greater than in 1911. Taking merchant 
ships only, as in Table I., the increase is 112,000 
tons, due to more work being done in the ship- 
yards on the coast. The tonnage launched on 
the Great Lakes amounts to nearly 90,000 tons, and 
includes six vessels of over 5000 tons, the largest being 
about 8600 tons. On the coast only four sea-going 
merchant ships were launched, these were of between 
5000 and 7 tons, in addition to four colliers, of 
about 10,000 tons, for the United States Navy. To 
these vessels reference has already been made in 
ENGINEERING, as one of them is Bein fitted with 
electrical transmission between the turbines and pro- 
pellers, while another has mechanical gear. There 
are in course of construction 11 merchant steamers of 
between 5000 and 9000 tons. 

The 108 vessels, of 169,889 tons, constitute a larger 
output for France than for several years, except 
1911, when the total was 14,295 tons greater than 
for the past twelve months, as shown in Table IV. 
Regarding the purely merchant work, however 
(Table I.), it is seen that there is a decrease of nearly 
15,000 tons. The output included six vessels of over 
5000 tons; the largest was the Mississippi, of about 
7000 tons, and a turbine Channel steamer Rouen, of 
1656 tons, was designed for a speed of 22 knots. The 
merchant work on hand (175,000 tons) considerably 
exceeds the output of 1912, and four of the vessels 
are between 12,000 tons and 15,000 tons. Two of these 
will be fitted with combination turbines and recipro- 
cating machinery. 

In Holland the total output of all shipping was 
greater than in previous years, the ]17 vessels launched 
making up 101,642 tons. As regards the merchant 
work, the total is 6400 tons above the output of 
1911, and is the largest ever recorded in such return. 
As in the case of Germany, there is not included the 
vessels for river navigation, of which more than 
90,000 tons were launched in 1912. The larger vessels 
launched were three, of between 6000 and 7000 tons. 
Here, again, the internal-combustion engine is making 
headway, two large vessels and 17 sinall vessels having 
been fitted with such machinery, whileon hand there are 
two cargo steamers, each of 4500 tons, to be propelled 
by Diesel engines. In the case of Japan, the total of 
merchant and war tonnage produced included 174 
vessels of 88,731 tons, which is about 7000 tons more 
than in the previous year. The merchant tonnage 
consisted almost entirely of small vessels, with the 
exception of two steamers of about 6500 tons. The 
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is an increase of 30,637 
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increase in merchant work being only 3000 tons. Th 


5000 and 8000 tons. 
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surement of 90 vessels, nearly all small craft. 
nearly 15,000 tons more than in the previous year. 
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terrace, London, W.C., 


increase in the merchant total, it will be seen, is about 
ry there 
Part of this, how- 
ever, is due to activity in warship-building works, the 
e 
output was made up almost entirely of vessels between 
In progress there are new ships 
The Norwegian total, composed en- 
tirely of merchant vessels, with the exception of one 
warship of 103 tons, represents 50,358 tons, a bags 

is is 


The output of the British Colonies, of course, does 
not inelude any warships, and is 15,000 tons more than 
Only a small proportion of the increase 
is due to sea-going tonnage. Denmark shows an 
increase of less than 7000 tons, and there is included in 
the output two vessels of 4934 tons and 3716 tons, 
fitted with Diesel engines. This method of pro- 
pulsion is recorded by Lloyd’s Register as being 
adopted by several cargo vessels of considerable size 


THE ARCHITECTURAL TREATMENT OF REINFORCED Con- 
ORETE.—A special lecture, in connection with the ferro- 
concrete classes conducted by Mr. R. Graham Keevill, 
be given by Professor Lethaby, 
F.R.1.B.A. (Professor of Design, Royal College of Art), 
at the Northern Polytechnic 
N., on the 24th inst., at 7.30 
tural Treatment of Reinforced crete.” 


nstitute, Holloway-road, 
“The Architec- 


Tue InstiTuTION OF NavaL ArcuitTects.—The annual 
meeting of this Institution will be held in the hall 


at 7.30 p.m., in the Grand Hall, Connaught 
reat Queen-street, Kingsway, W.C. Further 
particulars may be obtained from the secretary, 5, Adelphi- 


THE LONDON AND SOUTH-WESTERN AND 
METROPOLITAN DISTRICT RAILWAYS’ 
WIDENING.* 

By Eric ALEXANDER OGILVIE. 


Since the electrification of the Metropolitan District 
Railway Company’s system in 1905, the increase in the 
number of passengers carried has been remarkable. Un- 
fortunately, however, there is a limit to the number of 
trains which can be dealt with on a given length of line, 
and before long it was found that that limit had been 
reached on the portion of the District Railway Company’s 
system between Hammersmith station and the western 
suburbs of Acton, Ealing, Hounslow, &c. 

Between Ravenscourt Park and Turnham Green 
Stations the Metropolitan District Railway trains travelled 
over that portion of the London and South-Western 
Railway Company’s Kensington and Richmond Branch, 
used by the London and South-Western Railway Com- 
pes trains, as well as the Great Western Railway 
¥ ag trains and Midland Railway Company’s coal 
trains. This large traffic caused numerous signal delays 
inseparable from the working of two double junctions, 
and under these conditions the maximum capacity of the 
line was about 400 trains per day. 

A scheme was oe in 1909, and sanctioned by 
Parliament in the following year, for the widening of the 
lines between Acton-lane and Galena-road, which pro- 
vided for a tracks for the two companies, and 
enabled the Metropolitan District lines to pass over the 
London and South-Western lines, thus doing away with 
the existing double junctions. 

The works were carried out departmentally by the 
London and South-Western Railway Company. They 
were commenced in September, 1910, and the scheme was 
— = into use in December, 1911. The works, which 
are described in the paper, comprised the widening of a 
brick viaduct, about 53 chains in length, the erection of 
nine steel-girder bridges, the entire reconstruction of two 
stations and the construction of an additional station, as 
well as large alterations to the earthworks west of Turn- 
ham Green Station.1 
The principal difficulty in carrying out the work was 
the maintenance of an uninterrupted train service of more 
than 400 trains a day, which necessitated many temporary 
diversions of the tracks. ~ 
The expenditure on the improvements has been amply 
justified by the additional facilities obtained, as the Metro- 
politan District Railway Company have been able to 
increase their train service by more than 40 per cent. 








ScHOLARSHIPS AND EXHIBITIONS IN SOIENCR AND 
TECHNOLOGY, 1913.—The London County Council have 
recently issued hand-bills dealing with Scholarships and 
Exhibitions in Science and Technology. They give full 
particulars concerning the applications to be made and 
the courses to be followed, and can be obtained from the 
London County Council Education Offices, Victoria Em- 
bankment, 8. W. 





PERSONAL.—The Electric and Ordnance Accessories 
Company, Limited, Aston, Birmingham, advise us that 
their agency agreement with Messrs. Baxter and Caunter, 
Limited, of 219, Tottenham Court-road, W.C., terminated 
on December 31, 1912, and that as from January 1, 1913, 
all business in the company’s electrical manufactures in 
the London district will be handled at the electrical 
=e at Vickers House, Broadway, Westminster, 
S.W., to which address all inquiries and other com- 
munications should be add . Mr. O. 
M.I1.E.E., is in charge of the electrical department at 
Vickers House.—Messrs. Henry Berry and Co., Limited, 
Hunslet, Leeds, advise us that from January 16 last their 
London business bas been placed in the bands of Messrs. 
Lawler, Ayers, and Co., Limited, No. 1, Broad-street- 
place, Finsbury-Circus, E.C.—The old-established boiler- 
making business which for a long period had been carried 
on by the late Mr. Alfred Farrar, at Newark-on- 
Trent, has recently been converted into a private 
limited company, under the title of the Farrar Boiler 
Works, Limited, Newark-on-Trent, and will continue 
to build the best class of marine, vertical, or any special 
type of boiler. This firm has at the present time a 
considerable amount of work going through the sho; 

under both Admiralty and Lloyd’sSurvey. Further addi- 
tions to a? ag = are contemplated during the next twelve 
months.—Mr. John Coates, M. Inst. C.E., senior partner 
of the firm of John Coates and Co., Limited, 25, Victoria- 
street, S.W., has been appointed by the Commonwealth 
of Australia to oe ! out the inspection of the material 
purchased for the Commonwealth railway construction, 
and of the rolling-stock in connection with the Australian 
trans-continental railway.—Mr. R. Waddington, A.M. 
Inst. C.E., M.I. Mech. E., states that he has removed to 
16, Finsbury Circus, E.C.— We understand that the works 
of eamn taoe Scott and Mountain, Limited, Gates- 
head, have recently been purchased on behalf of Messrs. 
C. A. Parsons and Co., Limited, of Heaton Works, New- 
castle-on-Tyne, together with the more important portions 
of the plant, machinery, and goodwi Owing to the 
large amount of work now occupying the attention of 
Messrs. Parsons, the works will in the first instance be 
called into requisition to aid the firm in their general 
manufactures ; they will, however, be also used in connec- 
tion with the business recently carried on by Messrs. 
Scott and Mountain. 


8S. Thomson, 


* Abstract of a 
the Institution of 
+ Further 
the issue of 


per read at the ordinary meeting of 

ivil Engineers, on Tuesday, January 21. 

iculars, with drawings, will be found in 
NGINEERING dated October 13, 1911. 
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IMPULSE WATER-WHEEL 


CONSTRUCTED BY MR. PERCY PITMAN, ENGINEER, ACTON. 
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We illustrate above a multiple-nozzle impulse- 
wheel constructed by Mr. Percy Pitman, of 3, Willcot- 
road, Acton. The general arrangement of the wheel 
is clearly shown in Figs. 1, 2, and 3. The most 
notable feature about it is, perhaps, the casing, which 
is of unusually stout construction, it having been origi- 
nally the intention to fit a draught pipe to carry 
away the spent water, and run the wheel accordingly 
ina put vacuum. This plan was, however, ulti- 
mately abandoned. There are, it will be seen, five 
nozzles, formed by partitions cast in the nozzle cast- 
ing, as shown. A gate-valve is provided, as indicated 
in Figs. 1 and 3, by wh‘ch these nozzles can be shut 
off in sections, and the power pets varied 
through a correspondingly wide range. is gate is 
operated by the circular rack and the worm gearing, 
best seen in Fig. 4, which represents the turbine wit 
the upper part of the casing removed. 


The buckets are of a simple spoon shape, being | the 


designed to discharge water at the back as well as at 
the sides. To prevent the water discharged at the 
back from falling again on the wheel, a guard, shown 
to the right in Fig. 2 and (in plan) to the right also of 
Fig. 3, is fitted on each side of the wheel. This 
catches the spent water, guiding it away from the 
wheel. The turbine is used as an auxiliary to an 
existing steam-engine, the whole burden of governing 
the speed being thrown on the latter. 


DEVELOPMENT IN AUXILIARY UNITS 
BETWEEN EXHAUST PIPE AND BOILER. 


Mr. WiLt1AM Weir read a paper on the above 
subject at a meeting of the Institution of Engineers 
and Shipbuilders in Scotland on October 22, and 
this was reproduced in abstract in our issue of 
November 8 (page 657 of vol. xciv.). Mr. D. B. Mori- 
son made a contribution to the discussion, which 
we published in our issue of November 22 (page 708 
of vol. xciv.). The consideration of Mr. Weir's 
paper was concluded at the meeting of the Insti- 
tution on the 14th inst., and we now reproduce 
that part of Mr. Weir’s comprehensive reply which 
dealt with Mr. Morison’s contribution :— 


With regard to the question of surface condenser 
design, I am in agreement with one of the speakers that 
an amount of intangible discussion has grown up around 
subject recently, and to comparatively unimportant 
issues there has been devoted an amount of attention 
which might with rage have been applied elsewhere ; 
my spology for adding to the literature on the subject is 
& sincere desire to clarify the position, and to apply the 


and assumptions more or less academic and unrelated to 
natural conditions. 
Mr, D. B. Morison prefaced his remarks by a state- 





relate his experiences in surface-condenser design rather 


touchstone of actual practice as a corrective to theories | g 





ment that it would be of BF compet technical service to| - 








than to eriticise my references to the subject. My refer- 
ences to surface-condenser design differ from those in 
almost all other papers on this subject in their brevity, 
as I give in very concise form all the essentials of correct 
design within the limit of my experience. I then follow 
this by giving a large number of examples of actual con- 
denser practice based on these essentials, together with 
the actual performances of the condensers. To render 
his remarks of real technical service, it is obvious that 
Mr. Morison,should point out wherein the described 
practice is wrong, or if my statements of the essentials 
of design are wrong, he should correct them. As he has 
not done so, Iam put in the position of ‘requiring to 
criticise what constitutes practically a paper by Mr. 
Morison on condenser phenomena. As his remarks are 
not arranged systematically to lead to a definite conclu- 
sion, I am compelled to deal with them in their un- 
related sequence. 9 

Tn the first place, he lays great stress on the importance 
apd vale of Foctaese Weighton’s paper of 1906,* and 
claims that that paper definitely established the correct- 
ness of certain principles. While I have no desire to 
depreciate the cost and elaboration of Professor Weigh- 
ton’s research, I totally disagree with Mr. Morison as to 
its value, and especially as to its effect on present-day 
esign. Paper in question dealt with the compara- 
tive performances of two condensers, one an old-fashioned 
rectangular condenser of small actual size, not represen- 
tative of nractice at that date, and the second a condenser 





* See ENGINEERING, vol, Ixxxi., pages 479, 497, and 532. 
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with certain special features of design. The trials showed 
that the new condenser gave a better performance than 
the old one. Professor Weighton and Mr, Morison attri- 
buted the improvement to :— 

1. Compartmental drainage of the feed water, so that 
the surfaces in the lower compartments are not impeded 
in their condensing action, the importance of this feature 
pm | apparent, and its influence being seen on the 
results. 

2. Abolition of the steam space, and the substitution 
of a passage of such shape and section as will secure 
the distribution of the steam over the whole length of the 


bes. 

3. Tubeless ges connecting the compartments. 
Professor Weighton stated in this paper in at least four 
different instances that the augmented efficiency of the 
surface was due to the early interception and removal of 
the feed water. He also said that the ee hot-well 
temperature and the smaller amount of condensing water 
and surface were both due to the same cause—the compart- 
ment drainage of the condenser. 

In Mr. Morison’s discussion on this paper he stated 
that the novel features of the apparatus consisted of 
sectional drainage, maintenance of parallel-steam lines 
of flow and alteration of direction of flow in tubeless pas- 
sages. He also stated that there was no novel feature 
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on the water side, as the water flowed through the nests 
of tubes in series at speeds adopted in modern practice. 
I took the opportunity ‘in the discussion on this we 
of stating my disbelief in sectional drainage. ith 
reference to the feature concerning the steam flow over 
the surface, I would refer you to my paper, where you 
will find the first enunciation regarding surface-condenser 
design expressed as follows:—‘‘In an efficient surface 
condenser the steam should take such a course that it will 
flow over all the tubes, and at a uniform velocity, and no 
spaces should be left which a of yap emen ony ol 

is feature is essential in design, and is referred to by 
Mr. Morison as contained in his patent of 1904, and in 
the design of the first ‘‘ Contraflo ” condenser he “‘ starts 
off,” as he puts it, by fulfilling this requirement. 

The full and correct value of Professor Weighton’s 
paper can be measured by the extent to which the alleged 
improvements have become embodied in modern designs. 
In the last four years I have personally been associated 
with the design of condensers for about 9,000,000 horse- 
power, embracing the most important examples in 
marine practice, and in not a single case are the condensers 
divided into compartments, nor are they sectionally 
drained ; they have all more or less a steam space, and 
none of them have tubeless 

Further, Mr. Morison, in his own recent practice, 
does not appear to embody these particular features to 
any extent, and I would refer you to the diagrams, 

8. 1 to 5, showing. the development of design of 


are taken from Mr. Morison’s published papers on the 
subject, and they serve to show the gradual of adher- 
ence to the principles which, he claims, Professor Weighton 
established, and clearly demonstrate how the feature of 
sectional drainage dominated the earlier designs. It 
accordingly only remains for me to point out the factor 
which was mainly responsible for the better performance 
of the 1906 condensers, particularly as it was a factor 
barely mentioned either in the Paper or in the discussion ; 
it certainly was not emphasised. This factor was un- 
doubtedly the increase in velocity of flow of the circu- 
lating water through the tubes. ; 

With reference to Mr. Morison’s remark regarding the 
provision for dealing with large quantities of air leakage, 
resulting from accidental leakage into the system, I 
would simply say that I have no experience of accidental 
leakage which a normal air-pump could not handle satis- 
factorily enough under the circumstances until the acci- 
dent was repaired ; and I think it quite unnecessary to 
provide air-pumps to maintain the highest degrees of 
vacua under other accidental conditions. 

We now.come to the most important part of Mr. Mori- 
son’s remarks, wherein he states :—‘‘In practice the 
crucial problem in the attainment of high vacua was how 

t to treat the small quantity of air which normally 
entered the condenser with the steam ;” and he submits a 




















Fig.s. 
CIRCULAR 
CONTRAFLO 
CONDENSER 
4912 


theory whereby a solution might be found along the 
simple lines of elementary first principles. Now, careful 
observation of phenomena is ge y more helpful than 
theory in offering solutions of problems. Mr. Morison’s 
theory occupies much s I will venture to offer a 
solution of the problem in a very few words. The best 
way to treat a quantity of air in a condenser to attain 
high vacua is to fit an air-pump to the condenser capable 
of removing the air, and I am afraid difficulty will be 
found in obtaining any other solution of the problem. 
Dealing now, however, with the theory and its 

Mr. Morison says Mr. J. A. Smith carried out experi- 
ments to determine the effect of air on the heat transmis- 
sion through acondenser-tube, and certain resultsarequoted 
from these experiments. I cannot emphasise too strongly 
that any theory or practice based or affected by these 
experiments will be absolutely valueless, while, generally 
speaking, the results have no bearing whatever on sur- 
face-condenser design or practice. Mr. Morison himself 
confirms the unfortunate effect of these fallacious results 
when he states that a film of air of minute thickness has a 
po omg effect on the heat transmission of a condenser- 
tu Now, in the first _ there are no films of air, 
nor are there any films of steam, in a condenser. There 
is a mixture of air and steam or air and aqueous vapour, 
each occupying the wholé’space. Next, it will be recol- 
lected that one of my essentials of design was that the 
steam path must be such as to maintain the velocity of 
steam flow, and this is a most important factor. e 
relative weights of steam and air play no appreciable 
part in these condenser phenomena. In Mr. Smith’s ex- 
periments the steam conditions were practically static, 
and accordingly have no direct connection with condenser 
phenomena, and the basis flaw of Mr. Morison’s theory, 


denser in a static condition rather than in a working 
condition. 
_ The effect of air in a working surface-condenser is not 
in any way due to a resistance imposed on heat transmis- 
sion by its presence and through being a poor heat-con- 
ductor, but solely and simply to the physical conditions 
of temperature and pressure caused by its admixture with 
aqueous vapour. I totally disagree with Mr. Morison’s 
illustrative hypothetical diagrams showing air distribu- 
tion, and only fear that these may lead to further mis- 
conception of the real conditions. In a working con- 
denser the phenomenon consists of a mass of cooling 
surface working at high transmission rates, with a more 
or less clearly defined air-zone, wherein the total trans- 
mission per square foot (not per degree difference per 
square foot) is impaired, due to the physical conditions of 
pene range and pressure. Accordingly, if the essential 
condition of uniform steam-flow be maintained in a con- 
denser design, the contour of the condenser becomes a 
wedge, and having obtained that all else is dependent on 
the air-pump, assuming fixed circulating water conditions. 
The function of the air-pump is to reduce the air-zone 
level, and to allow the working part of the condenser to 
extend itself, and only the air-pump can perform this 
function. 

Mr. Morison’s remarks regarding eddies and means of 
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any one be accepted as serious when the 
actual velocities are remembe: To understand an air 
particle ‘‘lingering” in a modern condenser with uniform 
steam-flow is an effort of imagination of which I am in- 
capable. The worst eddies in a condenser are those 
caused by the tubes. Any other eddy troubles are caused 
by the presence of baftie-plates or deflectors, as shown in 

r. Morison’s Fig. 4.* 

Having now by means of his theory obtained the highest 
attainable vacua, Mr. Morison goes on to consider its 
value, and therein raises an interesting question, and at 
the same time falls into an unfortunate error. have 
already been subjected to a considerable amount of criti- 
cism by Mr. Morison for pointing out that in reciprocating 
marine installations the highest attainable vacuum is nob 
synonymous with over-all economy. Sir Charles Parsons 
in the early days of the turbine published a diagram show- 
ing the effect of vacua on the steam consumption of the 
turbine, and this di m is practically reproduced by Mr. 
Morison in Fig. 5.* This diagram is probably literally cor- 
rect, but it is used and applied,and inferencesdrawn from it, 
in a dangerous and misleading manner. In the first place, 
I will not consider the part of the diagram below 27 in., 
as lower degrees of vacua need not be considered in asso- 
ciation with turbines. I look on the introduction of these 
into thediagram as perhaps im ive to the uninitiated, 
but of no practical value. e diagram shows, there- 
fore, the effect of a drop of 2 in. in vacuum, from 29 in., 
on the steam consumption of the main turbine. Mr. 
Morison then applies this commercially, but taking a 

wer-station for example, money is not expended on the 

irect purchase of steam ; it is coal which is purchased. 
Now the diagram does not show the effect of vacuum 
drop on the only item which matters—thecoal. The cor- 
rection for the hot-well tem ture and the reduced cost 
for circulating water for the 2in. in question is a very 
important and vital matter, but it is completely ignored 
by Mr. Morison. As the effect of these factors varies 
according to the type of installation I have prepared a 
diagram (Fig. 6) showing the necessary correction for two 


| preventing air particles making multiple appearances in 
peas can hardly 











i 
5 Contraflo ” condensers since 1906. These illustrations 


and his conclusion, is that he always considers a con- 


* ENGINEERING, vol. xciv., page 709. 
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conditions, the first being a power-station condition with 
55 deg. inlet water and electrically-driven circulating 
pumps ; the second condition is a British warship with 
steam-driven circulating pumps whereof the exhaust 
is led to the low-pressure turbine, and not to the feed 
water. As will baseen from the diagram, Mr. Morison’s 
figures, in the sense in which he asks them to be applied, 
are wrong tothe extent of 35 percent. in one case and 
65 per cent. in the other case. Mr. Morison’s statement 
that the highest attainable vacuum is represented on 
a warship by increased military efficiency, and is of 
supreme importance, appears to me to be a pure 
assumption. 

_ In my paper I have pointed out that every condenser 
installation is a compromise, and in warship practice the 
factors governing this compromise are especially varied. 
It may be of interest to say that my firm have recently 
supplied designs fur condensing plant to a foreign nav 
for a very high-speed cruiser, wherein the vacuum at full 
power is 27} in., and, further, I am prepared to demon- 
Strate that that will be the best vacuum for that ship at 
full power. 1 take this opportunity of indicating that 
the value of vacuum over 284 in. for marine turbines is, 
in my opinion, becoming, under many conditions, open to 
question. Almost everything in engineering is a com- 
promise, and while, on the one hand, you may have a fair 
percentage of improvement in the steam consumption, on 
the other hand ycu have to consider the increased circu- 
lating pump consumption, the increased weight and space 
for air and circulating pumps, the increased weight and 
space of the main condensers, the effect of reduced hot- 
well temperature, the increased weight and space of the 
low-pressure turbines satisfactorily to utilise the high 
vacuum, so that in the end we may come perhaps to 
regard, even for turbines, a practical limit in the reduc- 
tion of back pressure as desirable. 








PRECISION SURVEYING INSTRUMENTS FOR MINING Work. 
—At a meeting of the Institution of Mining and Metal- 
lurgy, on January 16, an interesting discussion took place 
ona paper by Mr. L. H. Cooke, on ‘* The Specification of 
Precision Theodolites for Mining Use.” The author of 
the paper, who isa leading authority in these matters, 
contended that British instruments and their makers 
were behind the times, and that they were being out- 
classed by German instruments and makers. This opinion 
was upheld by several well-known engineers who joined 
in the discussion, notably Mr. C. B. Brodigan, late manager 
of Brackpan Mine, who stated that English instruments 
were rarely seen in use on the Rand, owing to their not 
being adapted for mining purposes, German instruments 
taking their place. The contention that it is necossary 
to specialise instruments for mining work, which is very 
different from, and a more difficult branch of surveyi 
than, either civil or railway work, was strongly uphel 
by the meeting, including instrument makers as well as 
engineers and authorities on instruments of precision. 
As Mr. C. P. Ashmore said, “‘ the mine surveyor should 
be provided with every aid that mechanical science can 
afford him.” In the body of the paper the author made 
an astounding statement to the effect that although in 
Germany there are several chairs of mine-surveying and 
properly equipped schools where research can made 
and methods and instruments tested, there is not in this 
country, which has the biggest mining interests in the 
world, a single school whisk is properly ropes and 
in which suitable work is done to further the interests 
of mine-surveying. 





THe Large Ma. Eowarp Manisty.—We regret to hav 
to report the death of Mr. Edward Manisty, M. Inst.C.E., 
which occurred at Woburn Sands, on the 11th inst. Mr. 
Manisty was born on January 10, 1844, and was the 
second son of the late Mr. Justice Manisty. He was 
educated at Corpus Christi College, Cambridge, and after 
taking his degree in Mathematical Honours in 1866 (sixth 
Senior Optime), he was articled for three years to the late 
Mr. T. M. Johnson, M. Inst. C.E., in the office of Sir 
Johu Fowler. In 1870 he went to Ireland as contractor’s 
engineer in the works at Greenore, which were being 
built by the London and North-Western Railway Com- 
pany, being later upon the Newry and Greenore Rail- 
way for the same company, and upon some other narrow- 
gauge railways for different companies. In 1878 he 
bought the Dundalk Iron Works and engaged in 
the designing and the construction of machinery for 
brewers and distillers, and of flax machinery and 
steam-engines. In the autumn of 1887 Mr. Manisty 
temporarily gave up the perso! management of the 
Dundalk Iron Works in order to accept an a 
as engineering agent to the late Mr. T. A. Walker ; in 
this latter capacity he had ch of the construction 
of the Eastham portion of the Manchester Ship 
Canal, including the entrance locks. On the comple- 
tion of this work he lef; the Canal in September, 
1892, and resumed his former position with the Dun- 
dalk Iron Works. Later he travelled several times to 
South Africa and to Australia with a view to report 
on a number of harbour schemes. In 1898 he went 
to Egypt on behalf of the late Sir Benjamin Baker to 
report upon a scheme for the construction of docks at 
Alasedzin. Mr. Manisty was appointed in 1902 agent 
for Messrs. Price and Reeves, the contractors for the 
construction of the Charing Cross to Hampstead Tube 
oe and in 1906 he went to Buenos Aires to report 
for the Western Railway Company of Buenos Aires upon 


an underground railway which is now in course of con- 

struction. On returning to England he was appointed a 

director of Messra. C. H. Walker and Co., 15, Great 

George-street, Westminster, the well-known contractors, 

‘ panes which he held down to the time of his 
eath. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a few data on a number of colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. urther information concerning these 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 


Australia: H.M. Trade Commissioner for Australia 
reports that, according to the local Press, the Town Council 
of Ballarat propose to instal a sewerage system in the 
municipality. ‘The septic tank method of sewage disposal 
is generally favoured, and it is estimated that the instal- 
lation would cost about 80,000/. It is further stated in the 
local Press that the ratepayers of Bendigo have approved 
of the scheme for a sewerage system in that town. 


Italy : The Guzzetta Ufficiaie (Rome) notifies that tenders 
will be opened on February 6 at the offices of the Italian 
State Railways, Rome, for the construction of a further 
7}-mile section of the railway in course of being laid 
between Rome and Naples. The upset price is put at 
3,050,000 lire (122,000/.) The Gazzetta also states that, no 
award having been made in respect of the contract for 
the construction of an outer sea-wall in Palermo Harbour, 
tenders are again invited and will be opened on Febru- 
ary 6, simultaneously at the offices of the Italian Ministry 
of Public Works, Rome, and at the Prefecture of Palermo. 
Although the foregoing two contracts will probably be 
awarded to Italian firms, nevertheless the carrying out 
of the works may involve the purchase of some materials 
outside Italy. 

Venezuela : The Gazeta Oficial publishes the terms of a 
contract entered into between the Venezuelan Ministry 
of Public Works and the Compafiia Anonima Gran Ferro- 
carril del Tachira, whereby the latter engage to extend 
their existing railway as far as Meseta de Carra de Perro. 
This extension must be completed by the end of 1913. 
Exemption from Customs Selle is granted on any 
material which it may be necessary to import for carry- 
ing out the work. 

Brazil: The Diario Oficial publishes a decree authoris- 
ing the Sao Paulo-Rio Grande Railway Company to 
expend 5,620,000 milreis (about 375,000/.) on the purchase 
of 40 passenger coaches, 500 goods wagons, and 20 loco- 
motives. The Diario also contains a decree ear-marking, 
in favour of the Ministry of Justice and Home Affairs, 
an extraordinary credit of 40,000 milreis (about 2770/.) 
for the purchase of a steam-launch intended for the 
Inspector's Department at the Portof Santos. It further 
publishes a decree sanctioning, in favour of the Ministry 
of Communications and Public Works, a credit of 100,000 
milreis (about 6670/.) for the purpose of carrying out 
dredging operations from the Sao Francisco bar to 
Piranhas. 

Uruguay : The Diario Oficial publishes a decree grant- 
ing to the Uruguay Central Railway Company a contract 
to construct, for account of the State, a section of railway, 
75 miles long, from a point near Pampa Station to Cerro 
Papagay. Exemption from customs duty is granted on 
any material which it may be necessary to import for 
carrying out the work. 

Argentine Republic: The Boletin Oficial publishes a 
decree notifying that the contract provisionally entered 
into between the Argentine Harbour Works Department 
and the concessionary company for constructing a com- 
mercial harbour in Arroyo Pareja will be approved pro- 
vided certain amended clauses are agreed to with refer- 
ence to dock and warehouse accommodation, railwa: 
connections, &c. The concessionary company must submit 
revised plans and specifications relative to the first section 
of the work within three months. 








Conrracts.—Among other boats which Messrs. J. W. 
Brooke and Co., Limited, Adrian Works, Lowestoft, 
are now building is a yacht’s tender for His Majesty the 
King of Greece, for use on his Royal yacht the Amphi- 
trite. The boat is being equipped with one of the firm’s 
40-horse-power Brooke motors. Another yacht’s tender 
is being built for Count Stackelburg, and will be sent to 
St. Petersburg. Several other similar boats are on 
hand.—Messrs. Mitchells, Ashworth, Stansfield and Co., 
Limited, 23-24, Old Bailey, London, E.C., inform us 
that they have secured. among other recent orders for 
their ‘‘ Mascolite” specialities, one from Messrs. Alfred 
Motte and Co., Roublaix, for a foundation in Mascolite 
B.U., 1 in. thick, for a pon sea oe Diesel engine, 
the dimensions of the foundation being 16 ft. 6 in. by 
25 ft. 9 in., or 425 sq. ft. 





ILLUMINATING ENGINEERING. — A special course of 
lectures on the above subject is now og Namen in 
connection with the Polytechnic, 309-311. Regent-street, 
London, W. The lectures began on Friday last, the 
17th inst., at 7.30 p.m., and will be continued every 
Friday till February 21. The autumn course of these 
lectures was completed on November 29 last year. The 
present course comprises the following: — “‘Tlumina- 
tion and the Eye,” January 17, by Dr. W. J. Ettles, 
F.R.C.S.E. ; ‘‘The Measurement of Light and Illumina- 
tion,” January 24, by J. S. Dow, B.Sc., A.C.G.L.; 
‘Shades and Reflectors,” January 31; ‘‘Colour in Illu- 
mination,” February 7 ; “‘ Practical Lighting Problems— 
(1) Indoor Lighting,” February 14; and ‘* Practical 
Lighting Problems—(2) Outdoor Lighting.” The last 
five lectures will be given by J. S. Dow, D.Sc., A.C.G.I. 
The fee for the whole course of lectures, including the 
autumn ones, was 12s, 6d., the price for each single 
lecture being 2s. Further particulars may be had from 
the Director of Education at the Polytechnic. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was weak, and the dealings consisted of 
4000 tons of Cleveland warrants at from 653. 11d. to 66s., 
then 65s. 104d. cash, and 66s. 44d. one month. At the 
close sellers quoted 65s. 104d. cash, 66s. 34d. one month, 
and 66s. 11d. three months. In the afternoon Cleveland 
warrants were again easier, and 2000 tons were done at 
653. 84d. cash, 66s. 3d. one month, and 66s. 10d. and 
66s. 9d. three months, with sellers over at 65s. 84d. cash, 
66s. 14d. one month, and 66s. 8d. three months. On 
Friday morning a slump took place in Cleveland 
warrants, partly owing to the failure of the peace 
negotiations over the Balkan crisis, and prices fell 
away sharply. The turnover was 7! tons at from 
65s. 3d. to 64s. 9d. cash, 643. 104d. seventeen days, 65s. 4d. 
and 65s. 24d. one month, and 65s. 11d. three months, and 
at the close sellers quoted as low as 64s. 9d. cash, 65s. 24d. 
one month, and 65s. 94d. three months. Sellers of hema- 
tite quoted 84s. three months. The afternoon session 
opened a shade firmer, but with some unloading taking 
place the prices fell away again. The business consisted of 
12,000 tons at from 64s. 11d. to 64s. 6d. cash, 65s. ten days, 
65s. 5d., 64s. 104d. and 64s. 114d. one month, and from 66s. 
to 65s, 6d. three months. Sellers’ closing rates were called 
64s. 7d. cash, 65s. one month, and 65s. 74d. three months. 
Cash hematite was quo 81s. buyers and 82s. sellers. 
On Monday morning buyers were more in evidence, with 
the result that Cleveland warrants became rather firmer. 
In all about 11,500 tons were done at 64s. 84d., 64s. 104d.. 
and 64s. 10d. cash, 65s. 04d. twenty-five days, 63s. and 
65s. 34d. one month, 65s. 3d. March 3, 65s. 6d. and 65s. 64d. 
April 9, and 65s. 84d. and 65s. 9d. three months. ‘The 
closing quotations were 64s. 104d. cash, 65s. 34d. one 
month and 65s. 1ld. three months sellers. Hematite 
was weaker, at 80s. buyers and 81s. cash sellers. In the 
afternoon there was less doing, and the market was weak. 
The business only amounted to 3000 tons of Cleveland 
warrants at 65s. twenty-one days, from 65s. to 65s. 3d. one 
month, and from 65s. 74d. to 65s. 94d. three months, 
with sellersover at 64s. 10d. cash, 65s. 3d. one month, and 
65s. 10d. three months. On Tuesday morning the tons 
was firm, and some 5000 tons of Cleveland warrants were 
done at 65s. Id. and 65s. 04d. cash, 653. 4d. and 65s. 44d. 
one month, and at 663. 1d. and 663. 0}d. three months. 
Closing sellers quoted 65s. 1d. cash, 65s. 6d. one month, 
and 66s. 1d. three months, marking an advance of 3d, 
A further rise took place in the afternoon, when 3000 tons 
of Cleveland warrants were put through at from 65s. 9d. 
to 65s. 104d. one month, ya at 66s. 44d. three months. 
At the close sellers quoted 65s. 6d. cash, 65s. 11d. 
one month, and 66s. 6d. three months. When the 
market opened to-day (Wednesday) a strong tone 
prevailed, and at the outset Cleveland warrants were 
dealt in at 663, cash and also at 663. 34. and 6%s. 2d. The 
other transactions were at 65s. 9d. five days, from 66s. 5d. 
to 66s. 74d. one month, at 67s. two months, and from 
67s. to 67s. 34d. three months, and sellers’ closing quota- 
tions were 66s. 24d. cash, 66s. 74d. one month, and 67s. 3d. 
three months. ‘he turnover amounted to 12,000 tons. 
In the afternoon Cleveland warrants continued strong, 
and 3500 tons were put through at 66s. = cash, 67s. 
twenty-seven days, 67s. 04d. one month, and 67s. 6d. and 
67s. 7d. three months. The session closed with sellers 
quoting 66s. $d. cash, 67s. 1d. one month, and 67s. 6d. 
three months. Cash buyers of hematite offered 81s. 6d., 
but there were no declared sellers. 


Sulphate of Ammonia.—A steady tone prevails in the 
sulphate of ammonia market, and inquiries are very fair. 
The price continues firm, and is quoted at 14/. 11s. 3d. 
per ton for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—The Scotch steel-makers continue 
very busy, and no falling off is reported in the demand 
for heavy material ; in fact, the pressure for delivery of 
ship-plates is again very urgent. In the export depart- 
ments the inquiries are very satisfactory, and a fairly 
heavy tonnage is going through. Black-sheet makers are 
exceedingly well employed, and orders are so plentiful 
that prices have again firmed up, and a further advance 
has been intimated. In galvanised sheets there is some 
competition for orders at present, but nevertheless there 
is a fair amount of work doing. For structural sections, 
especially for the export market, the demand is good, and 
some respectable lines have lately been secured. Prices 
are firm, and no change has been made in the official list 
of quotations. 


Malleable-Iron Trade.—The malleable-iron makers are 
still very well employed, although the demand for large 
bars is just a shade easier at the moment. Deliveries of 
raw material are not quite so regular a3 producers would 
like, with the result that their output is some days not 
just so heavy as it might be. Prices are still based on 
8/. 10s. per ton, less 5 par cent. for ‘‘ Crown” bars. 


Scotch Pig-lron Trade.—Large deliveries of the ordinary 
qualities of Scotch pig iron are general, but fresh busi 
ness is the turn easier this week. That matters little at 
the moment, as order-books are very full and inquiries 
are fairly plentiful. The number of furnaces in blast has 
been increased by two, making 92 now in full operation. 
The following are the market quotations for makers 
(No. 1) iron :—Clyde, 82s.; Summerlee, 82s. 6d.; Calder 
and Gartsherrie, 83s.; and Langloan, 83s. 6d. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 53s. 6d. ; 
Shotts (at Leith), 82s.; and Carron (at Grangemouth), 
83s. No change has taken place in the hematite post- 
tion, and large deliveries are the order of the day. 
Prices are keeping high and fresh business is slow '2 
consequence 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Future of Ironfownding.—Some interesting remarks 
upon the present position and future prospects of iron- 
founding were made at the annual meeting yesterday of 
the Sheffield and District branch of the British Foundry- 
men’s Association, by Mr. T. H. Firth, the president. 
He did not think, he said, that ironfounders had made 
the rapid improvement that had taken place in other 
trades ; for, although steel castings had to a very large 
extent replaced and superseded the use of cast iron, there 
was still a large field left for the ironfounder. He 
mentioned economy in the use of fuel, careful selec- 
tion of pig iron, and the employment of electric cranes 
as directions in which improvement might be effected. 
In Germany, he said, although there had not been much 
alteration in ironfounding during the last twenty years, 
yet enormous strides had been made in engineering. We, 
like them, should certainly have to wake up. 


South Yorkshire Coal Trade.—The general improve- 
ment in the local coal market has been maintained, and 
although the London demand is still quiet, the local 
inquiries for household coal are on the up-grade. Con- 
cessions that were offered in certain instances last week 
have now been withdrawn, and the tendency of prices is 
all towards an increase. The pits are on full time and 
sending out big deliveries under contract. In many cases 
so great are requirements that excess supplies are being 
taken. There are still some difficulties in the direction of 
railway transport. > ag going for shipment are 
remarkably high for the time of year, a state of things 
largely due to the open weather. The demand for indus- 
trial sorts, particularly loeally, where all the big works 
are consuming every ounce of fuel available, is almost 
greater than can be met, and there are also big takings 
of gas-coal. Slacks and coke area strong market. Quota- 
tions :—Best branch hand-picked, 16s. to 16s. 6d.; Barns- 
ley best Silkstone, 14s. to 15s. ; Derbyshire best es, 
12s. 6d. to 13s. 6d.; Derbyshire house, 11s. to 12s.; large 
nuts, 11s. to 12s. 6d.; small nuts, 9s. to 10s.; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. 6d, to 11s. 64.; 
rough slacks, 7s. to 8s.; seconds, 4s. 6d. to 5s. 6d.; smalls, 
3s. 6d. to 4s. 6d. per ton. 


Tron and Steel.—The iron market continues to maintain 
practically an unchanged appearance. The December lists 
are still bein — and it is not considered that any real 
weakness will be experienced, although a few concessions 
have been made here and there. Generally the makers are 
very independently placed, and as they are pretty full 
engaged for the current quarter, they are not eeb 
affected by the small amount of present buying, and for 
these accommodation quantities they are obtaining the 
full quotations. Their business is only restricted by the 
limitations of output, and it is stated that the manu- 
facturers are supplementing their supplies of raw material 
y importing somewhat freely from the Continent. 

ungsten is very scarce, and it is not easy to obtain early 
delivery. Consequently high prices are ruling. The price 
of vanadium has also advanced. In the general trades it 
may he said that prosperity continues at its recent high 
level. In the armament departments makers are practi- 
cally as busy as 7 can be without calling upon emer- 
gency resources. e orders for armour-plate, for guns 
and projectiles, to mention the biggest items, have oo 
steadily increasing, and, concurrently with this demand, 
a big weight of work is steadily coming forward on 
general shipbuilding account. There is an almost con- 
tinual flow of substantial contracts for the local railway- 
material manufacturers, and notable amongst them are 
South American orders for springs, spring steel, and 
axles. It is doubtful if the makers in this branch ever 
had so much work on their books. The manufacturers of 
tramway material are in a somewhat similar position, and 
are already assured of an exceedingly busy year. The 
trade in special steels on export account alone would be 
very flourishing, but the added value of the home orders 
makesit one of theoutstanding featuresof the present indus- 
trial activity. The edge-tool makers are crowded out, and 
cannot possibly deal with all the work that is coming 
forward. File manufacturers are having something like 
the same experience. Under these conditions it is not 
surprising to find that labour, both skilled and unskilled, 
is at a premium in the city, a fact which was strikingly 
illustrated recently, when the Corporation, in an emer- 
gency, were unable to get anything like the usual supply 
of casual labour. The stove-grate trade is reported to be 
IM & worse position than was expected. With the forma- 
tion of a protective association last year there was a hope 
that things would improve, and, as far as prices are con- 
cerned, this has been the case, for the advances represent 
nearly 20 per cent. Wasteful competition has not by 
any means been eliminated, however, and this, tagatice 
with a serious diminution in buying, places the trade ina 
very unenviable position, and depression is further accen- 
tuated by the quietness in the building trade. 








Works ON AERONAUTIC8 AND CATALOGUE OF AN 
EXHIBITION OF AERONAUTICAL APPARATUS.—A cata- 
logue has recently been issued from the Science Museum, 
South Kensington, entitled ‘‘ List of the Works on Aero- 
hautics in the Science Library.” It is the second edition, 
and includes the works added up to November, 1912. The 
ist contains many works of evden authorship. It is 
published by His Majesty’s Stationery Office, and may be 
rchased, either directly or through any boshagiien 
2m Wyman and Sons, Limited, Fetter-lane, E.C., 
rice 4d. The Board of Education, Science Museum, 
also issued “A Catalogue of Apparatus Illustrating 
the Application of Scientific Principles to Aeronautics, 
-~ al may be procured from the same firm as the above, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—This week the values of 
Cleveland pig iron have shown a not unexpected upward 
movement. Buyers have come forward and have been 
rather anxious to book business for delivery ahead, but 
sellers are inclined to act cautiously. Producers of all 
kinds of pig iron are in no hurry to rush into the market, 
believing that values are likely still further to advance. 
No. 3 g.m.b. Cleveland pig is now selling at 67s. f.0.b., 
which is an advance of 2s. 9d. on the price at which 


early part of the week. No.1 is now 69s. 6d.; No. 4 
foundry, 66s. 10}d.; No. 4 forge, 66s. 9d. ; and mottled 
and white iron each 66s. 3d. Fairly good inquiries are 
reported for East Coast hematite pig iron, but there are 
no stocks, and it is difficult to supply customers. For 
delivery over the first quarter of the year the quotation 
for mixed numbers is fully 83s. Foreign ore fully main- 
tains its value on the basis of 22s. 9d. ex-ship Tees for 
Rubio of 50 per cent. quality. Coke is easier, and there 
are sellers of medium blast-furnave qualities at 26s. 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—In stocks of pig iron 
a decrease has still to be reported. Practically the only 
stock is the 238,500 tons in the public warrant stores at 
Middlesbrough, which is 3345 tons less than at the begin- 
ning of the month. Shipments of pig iron from the 
Tees are ona very satisfactory scale. To date this month 
they average 3572 tons, the total clearances amounting to 
67,881 tons. To thesame date last month the total 5 - 
patches reached 63,623 tons, or a daily average of 3348 
tons, and for the corresponding part of January last year 
the loadings were returned at 59,080 tons, or an average 
of 3109 tons per working day. 


Manufactured Iron and Steel. — Excellent accounts 
continue to be given of the manufactured iron and steel 
industries. In all departments a great amount of work 
is being turned out, and many inquiries are reported. 
Some producers are so well booked up that they do not 
care to entertain offers for further contracts. Principal 
market quotations stand:—Common iron bars, 8J. 15s. ; best 
bars, 9/. 2s. 6d. ; best best bars, 9/. 10s.; iron ship-plates, 
81. 2s. 6d.; iron ship-angles, 8/. 15s. ; iron ship-rivets, 92. 15s. ; 
steel ship-plates, 8/. 5s. ; steel ship-angles, 7/. 17s. 6d.; 
steel joists, 7/. 7s. 6d. to 7/. 10s.; cast-iron railway chairs, 
41. 10s.; light iron rails, 7/. to 7/. 5s, ; heavy steel rails, 
61. 15s.; and steel railway sleepers, 7/. to 7/. 2s. 6d.— 
railway material net at works, and all other descriptions 
less 24 per cent. discount. 





THe Russian Navy.—A large submarine with a dis- 
placement of 500 tons, which has been for some time in 
course of construction at Nicolaieff, has just been launched. 
The Duma has granted 740.090/. for the improvement and 
development of the port of Vladivostock. 





“Reena” Rartway Ticker Printinc-Macuine.—It 
is announced by the A.E.G. Electrical Company of South 
Africa, Limited, Caxton House, Westminster, that 
arrangements have been made to exhibit one of these 
machines at the Westminster Palace Hotel during next 
week, and that a practical demonstration will be given 
on the 28th inst., at 3 p.m. The machine is designed to 
print the tickets as required, and also to record, on con- 
tinuous slips, full particulars of the tickets issued. 





APPRENTICESHIP ADVANCEMENT ScuemMk.—There has 
been in operation for about ten years at the Central 
Marine Engine Works, West Hartlepool (Messrs. W. 
Gray and Co., Limited), a scheme for the encourage- 
ment of engineering apprentices. This scheme has, of 
course, been from time to time subject to modification, 
until in 1908 it took its present form, the results of 
which have, we understand, been excellent. It is as 
follows:—All apprentices who have shown satisfactory 
advancement at their work, and been successful at science- 
class examinations, and kept good time, and whose general 
conduct and ability are reported to be good, benefit 
accordingly. Marks are awarded on the following basis : 
—Science classes, workmanship, conduct, and time-keep- 
ing éach a maximum per annum of 100, making a total of 
400. In addition to the advancement given in wages there 
are, however, other advantages, among them being the 
return by the firm of the amount of the class fees paid by 
the apprentices for each successful examination in an 
approved subject at the school or technical college ap- 
roved by the firm. Marks are awarded by the Board of 
tducation, South Kensington eee! 45 marks ; 
lower pass, 35 marks ; elementary pass, 25 marks; prepa- 
ratory class certificate, 25 marks ; satisfactory attendance 
at approved night school, 10 marks. At the end of every 
uarter the foreman of each department will report on 
the apprentice’s ability and conduct, and will place each 
under the following heads :—Excellent, 100; very good, 
75; good, 50; moderate, 25; bad,0. For each hour up 
to 100 hours’ absence from work without special leave 
one mark is deducted. ‘Te rate of increase in w 
is for 276 marks and above, 1s. a week for twelve 
months; for 259 marks and over, 9d. a week for twelve 
months; and for 230 marks and above, the increase is 
6d. a week for twelve months. For less than 230 marks 
there is no increase. As a result of the working of 
this scheme during 1912, the total number of tices 
who received advancements was fifty-two, twelve of 
whom received an advance of ls. per week, nine an 


fairly large parcels of the ruling quality were sold in the | coal 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal tradehas been rather quiet. 
Tonnage arrivals have been delayed by recent stormy 
weather ; there have, however, been sufficient vessels in 
dock to keep all the loading berths busy, and colliery- 
owners being heavily booked forward for the next few 
weeks have shown no disposition to make concessions. 
There has been a good inquiry for second Admiralty 
qualities for shipment in February. All descriptions of 
Monmouthshire coal have remained firm. House coal 
has shown little change, and recent prices for patent fuel 
have been well supported. The best Admiralty large steam 
has made 19s. 3d. to 19s. 9d.; best secondary 
qualities 1&8. 9d. to 19s., and other secondary and ordinary 
qualities, 17s. 6d. to 18s. 9d. per ton. Best bunker smalls 
have made 15s. to 15s. 6d.; and cargo smalls, 13s. 6d. to 
14s. 3d. per ton. The best household coal has been quoted 
at 19s, to 20s.; good household qualities have made 17s. 
to 18s.; No. 3 Rhondda large, 17s. 6d. to 18s. 6d.; and 
smalls, 14s. to 15s. perton. No. 2 Rhondda large has 
realised 15s. 6d. to 16s. 6d.; and No. 2 smalls 12s. 6d. 
to 13s. 6d. per ton. Special foundry coke has brought 
31s. to 33s.; good foundry coke, 27s. 6d. to 30s. ; and 
furnace ditto, 24s. to 26s. 6d. per ton. As regards iron ore, 
Rubio has made 21s. 6d. to 22s. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Barry.—In addition to new tips, which are in course of 
erection along the western side of the entrance basin at 
Barry Dock, other new dock and siding accommodation 
of an extensive character has been commenced, A con- 
tract for the removal of the portion of Barry Island, run- 
ning the whole length of Clive-road, has been let to 
Messrs. J. Price and Sons, formerly Messrs. Price and 
Wills. It has also been decided to fill up a portion of 
old Barry Harbour extending from the Board of Trade 
shelter embankment to the roadway leading from Barry 
to the Island. When these latter works have been carried 
out, additional siding, coal, and dock accommodation, 
extending over 200 acres, will be secured. 


The Bute Docks.—These important docks beat the record 
in 1912, the imports having amounted to 2,006,392 tons, 
as compared with 1,885,453 tons in 1911. The exports 
from the docks last year were 10,405,579 tons, against 
19,198,614 tons in1911. Last year’s combined imports and 
exports were, accordingly, 12,411,971 tons, as compared 
with 12,084,067 tons. In last year’sexports coal and coke 
figured for 9,601,648 tons, as compared with 9,320,656 tons. 

e little effect upon the docks last year of surrounding 
labour troubles must be considered remarkable. 


Water Supply of Merthyr.—A tender of Messrs. R. 
McAlpine and Uo., of 25, Victoria-street, Westminster, 
has been provisionally accepted by a committee of the 
Merthyr ees Council for the construction of a new 
reservoir at Pontsticill. The reservoir will involve an 
outlay of rather more than 200,000/. It will impound the 
waters of the Taff Fechan and its tributaries, and will 
form a lake, 24 miles long, with a storage capacity of 
3,300,000,000 gallons, at Pontsticill, in the Taff Fechan 
Valley. This valley lies about 4 miles above Merthyr. 
The undertaking includes the construction of a trunk 
main to convey the water to the southern boundary 
of the borough. The reservoir will be nearly large 
enough to equalise the flow of the whole drainage area 
of acres. The earthen embankment or dam of the 
reservoir will be 107 ft. in height, and will cross the 
valley with a comparatively short length of 999 ft. The 
provision for overflow will consist of a shaft 16 ft. in 
diameter. There will be in the embankment 570,000 
cubic yards of earth, besides 40,000 cubic yards of puddle, 
and in the cut-off trenches there will 22,000 cubic 
yards of concrete. Three different draw-off levels are 
provided, the lowest being at 1000 ft. above ordnance 
datum, and the top water-level at 1082ft. The valves 
will be geared, am worked by hand from headstocks in 
the shafts. The new reservoir will be one of the largest 
in Wales, and will be only exceeded _by Caban Coch 
in the Elan Valley, for the supply of Birmingham and 
Lake Vyrnwy, for the supply of Liverpool. 








Premiums To RusstaN MANUFACTURERS OF AGRI- 
CULTURAL MACHINERY AND IMPLEMENTS. — As_ will 
appear from the following particulars, the premiums 
granted by the Russian State to home manufacturers 
of agricultural machinery, &c., are by no means incon- 
siderable, and are of such an order that they must 
materially assist the Russian makers in their compe- 
tition against foreign-made articles, Still the demand 
is so large, and is continually increasing, so that there 
is no doubt that for a long time to come there will be 
plenty of trade for foreign manufacturers. A Russian- 
made reaper contains on an average 21 to 22 poods of 
metallic parts (1 pood being equal to 36 1b.) and about 
4 s of wood. A reaper from the Phenix works in 
Riga is sold at a price of 165 roubles, similar Ameri- 
can machines being sold at 155 to 160 roubles. The 
raw material of the reaper will cost some 2 roubles per 
pood, or altogether about 50 roubles; half the cost of 
the raw material is paid in State premiums, or fully 
15 percent. of the sale price. The — engines used 
in Russia weigh about poods, those from the Mad- 
stewska works, for instance, weigh 465 poods, and are 
sold at 3850 roubles. The premium for this engine is about 
14 or 15 cent. of the sale price. German firm of 
Lanz sells a considerable number of thrashers in Russia ; 
a 12-horse-power thrasher weighs 370 poods, and costs 
2850 roubles, sold by itself. The price may be somewhat 
less if sold ther with an engine. The premium fora 
thrasher of this weight will be 370 roubles, or 13 to 14 





advance of 9d. a week, and thirty-one an advance of 6d. a 





per cent. of the sale price. 
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PLATE VI. ENGINEERING, January 24, 1913 


THE BRAZILIAN BATTLESHIP “RIO DE JANEIRO.” 


CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, ELSWICK, NEWCASTLE-ON-TYNE. 











(For Description, see Page 114.) 
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Fic. 9. View on Forecastite Deck, LOOKING AFT, 

















Fic. 10. View on Uprer Deck, Looxinc Forwarp. 
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BOILERS OF THE BRAZILIAN BATTLESHIP “RIO DE JANEIRO.” 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, BARROW-IN-FURNESS, 


(For Description, see Page 114.) 
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MACHINERY OF THE BRAZILIAN BATTLESHIP ‘RIO DE JANEIRO.” 


CONSTRUCTED ‘BY MESSRS. VICKERS’ LIMITED, ‘BARROW-IN-FURNESS. 






(For Description, see Page 114.) 
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Fic. 13. Low-Pressure TursinE; View FROM ForwarpD Enp. 























Low-PressurE TURBINE; VIEW FROM AFTER Enp. 











(To Face Page 117.) 
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FRIDAY, JANUARY 24, 1913. 


PROGRESS IN POWER PRODUCTION. 


An address by Mr. Ferranti is generally both 
stimulating and suggestive, and the James Watt 
lecture which he delivered at Greenock last week 
was no exception to this rule. A James Watt lecture 
naturally involves some _reference to the great 
pioneer, who may justly be es as the principal 
founder of the art of the mechanical engineer as we 
knowit to-day. The pape of power is not merely 
the main object of the mechanical engineer ; but 
practically the whole of his operations are dependent 
upon a cheap and ample supply of this commodity. 
Whilst paying a just tribute to the genius of Watt, 
however, Mr. Ferranti has done good service in 
calling attention anew to the services rendered 
to humanity by Matthew Boulton, the courageous 
capitalist, without whose aid the inventions of 
Watt would never have survived to the period 
of adolescence. Mr. Ferranti rather suggested 
that,’ in this country, it is nowadays increasingly 
difficult to find men with the faith and courage 
necessary to the financing of important advances 
in the art of directing the powers of Nature to the 
service of man, and tnere is, perhaps, some ground 
for this complaint. For this condition of affairs 
more than one reason may, however, be found. 
Where the rate of profits rules low, as it does 
in this country, experimental work will always 


39 | be carried out under difficulties. 


Whilst we agree with Mr. Ferranti that a greater 
expenditure on experiment would be beneficial to 
this country, it must not be forgotten that no incon- 
siderable amount of work of this kind is carried 
out here sub silentio, nothing being heard of it 





here in the attempt to develop a practical gas- 
turbine, but this work has not: been carried out in 
some research departinent attached to a big works, 
and we are inclined to: believe that the procedure 
is a wise one. . Again, it must not be forgotten 
that: the ‘steam-turbine: and wireless telegraphy 
have both been developed by. British capitalists. 

Coming to matters of a: more directly technical 
character, Mr. Ferranti discussed the prospects of 
the internal-combustion engine and its rival, the 
steam-turbine. Mr. Ferranti: has so often esti- 
mated accurately the probable trend of engineering 
progress that his views on this head are deserving 
of careful consideration. 

He holds very definitely the view that the true 
field of the reciprocating engine is as applied to 
small developments of power, and that the attempt 
to adapt the Diesel engine for the propulsion of 
large a ships is ‘‘against Nature.” The 
larger a turbine is, the easier it is to build, and the 
greater the economy realisable. The: converse is 
the case with the internal-combustion engine. A 
leading maker assures us that a gas-engine of 60 
horse-power will give as good a figure for fuel con- 
sumption as one of 1000 horse-power, but the latter 
is very much more difficult to construct and operate 
with success. 

One eminent engineer, indeed, goes so far as to 
maintain that no engine on the Diesel system 
should be constructed to develop more than 200 
horse-power per cylinder. It is, no doubt, true 
that a premature ignition in a Diesel engine of 
large size would have much the effect of an ex- 
plosive shell ; but whether the risk of this is real 
or imaginary can only be settled by prolonged 
practical experience. 

The mechanical difficulties inherent in the appli- 
cation of the internal-combustion engine to really 
large developments of power are, on the other hand, 
unquestionably great ; but Sir Trevor Dawson, in 
his address to the Junior Institution of’ Engineers, 
stated that it was now possible to build a battleshi 
driven by internal-combustion engines, in which 
the total weight of fuel and machinery combined 
would be less than that of a steam-turbine plant. 

Mr. Ferranti claims that in steam-turbine power- 
station practice a fuel consumption equivalent to 
0.55 Ib. of oil per shaft horse-power is now feasible, 
and we may add that in a recent proposal submitted 
by responsible contractors a consumption of 10.5 1b. 
of steam per kw.-hour was guaranteed. The proposal, 
which was not accepted, involved the adoption ot 
steam at an initial pressure of about 300 lb. per 
sq. in., and a temperature of 815 deg. Fahr., with a 
vacuum of 28in. The unit proposed was rated at 
5000 kw. Mr. Ferranti, in his address, gave some 
results obtained with a turbine of 5000 shaft horse- 
power, working with the system of intermediate 
superheating with which his name is particularly 
associated. At two-thirds full power 1 shaft horse- 
"eget was, he says, obtained for 7 lb. of steam, and 

e estimates that at full load this figure will be re- 
duced to under 6 lb. Taking a boiler and super- 
heater efficiency of 82 per cent., he claims, as men- 
tioned above, that this is equivalent to a consump- 
tion of 0.55 Ib. of oil-fuel per shaft horse-power. 
In this connection. attention should, perhaps, be 
drawn to the experiments now in progress, which 
promise a higher efficiency for the boiler plant than 
the 82 per cent. premised above. 

In connection with the present rivalry between 
the steam-turbine .and the ‘internai-combustion 
engine, it has to be remembered that in actual 
practice it is no longer true that the higher the 
initial temperature in a’ heat engine the greater 
its fuel economy. Gas-engine builders have long 
known that compression carried beyond a certain 
limit, found by experience, led to a lowering of 
the efficiency of the engine. This may no doubt 
be due in part to mechanical causes, ‘but thermo- 
dynamic considerations are’ also involved. With 
low temperatures the heat which passes into 
the cylinder walls is mainly transferred to them 
by conduction ; but at high temperatures, though 
the loss by conduction is increased, it begins to be 
eeees by the loss due to the heat which is trans- 
fe to the walls by radiation. The rate of heat 
transfer by radiation is proportional to the fourth 
power of the absolute temperature, so that it is six- 
teen times as much at 2000 deg. Cent..as it is at 
863 deg. Cent, A limit is thus soon reached at 
which the loss by radiation far exceeds. the gain 





theoretically due to the greater availability of 
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he heat. It is this fact which makes it improbable | 
that the efficiency of ordinary internal-combustion | 
engines can ever be very materially improved. | 
With steam plant, on the other hand, the present | 
limits as to steam temperature are probably dis- | 
tinctly below what will prove quite practicable in | 
the near future. In this connection it is of interest 
to observe that with such degrees of superheat as 
are now usual the gain in economy is substantially 
greater than is theoretically due from the ordinary 
theory. We have suggested recently in ENGINEERING 
that in turbine practice this may be in part due 
to wet steam being ‘‘ supercooled” every time it 
expands through a series of guide-blades. The 
subsequent re-establishment of thermal equilibrium 
must involve a growth of entropy, and a corre- 
sponding loss of available energy. If this view be 
correct, and it is certainly true in part at least, 
the gain effected by superheating will become 
more and more nearly that theoretically due, as 
the temperature is raised, the limit being reached 
when the steam is discharged to the condenser in 
the dry saturated state. Whilst further super- 
heating beyond what is necessary for this may lead 
to increased economy, it appears probable that 
the rate of gain may be expected to be less 
than the theoretical, in place of in excess of the 
latter as is now the case with the usual limits of 
superheat. 








POSITIVE RAYS. 

Tue evening discourses at the Royal Institution 
were opened last Friday, January 17, by Professor 
Sir J. J. Thomson, O.M., F.R.S., who delivered a 
lecture on ‘* Further Applications of the Method of 
Positive Rays.” Referring to his first lecture on this 
subject, given two years ago,* Sir Joseph said that 
he would only indicate the principle of these re- 
searches without entering into technical detail. The 
gas mixture to be experimented with was in a bulb, 
which was provided with a perforated cathode, from 
which an exceedingly fine tube extended to the 
further portion of the glass vessel. The positively 
electrified ticles passed through this fine tube, 
and through strong electric and magnetic fields, the 
electric field consisting of two charged plates within 
the apparatus, and the magnetic field of. two electro- 
magnetic poles outside the apparatus. The unde- 
flected particles would strike the centre of a screen 
at the end of the apparatus ; when the fields were 
turned on, the rticles were deflected in two 
directions at right angles to one another, and 
with the aid of the two fields particles of different 
mass and different velocity could be completely 
separated according to their m/e. There would 
be light and heavy particles, some moving at 
high speed, some slowly, though even the slow 
particles had a velocity of about 60 miles per 
second. All particles of the same mass, differing 
in velocity, would lie on parabolic paths ; two par- 
ticles which lay on the same parabola must have 
the same mass, but might have different velocities. 
In the experiments, he was going to explain, he was 
more concerned with the ditferent masses than with 
the velocities. As each element or particle would 
produce its own parabola, the number of parabolas 
would indicate the number of different kinds of 
particles present. 

The first application which the lecturer dwelt on 
concerned the analysis by the aid of positive rays 
of the residues of liquid air, which Sir James 
Dewar had lent him. They contained the rare gases 
of the atmosphere, and had been separated by 
Professor Dewar into two portions, one of the heavy 
and one of the light gases. Taking the heavy gases 
first, Sir Joseph exhibited the photograph which 
we reproduce in Fig.1. [The photograph shows 
the curves in duplicate as starting more or less 
from the centre, the position of no deflection ; the 
duplication is producec by reversing the magnetic 
field, so that the deflection is first upward and then 
downward.] In the upper half of the figure the 
lowest curve was that of mercury, which was 
found on all the plates when mercury pumps were 
used ; the atomic weight of mercury was 200.6, 
and measurements showed that the curve corre- 
sponded to particles of that mass. The next 
line above was that of xenon, atomic weight = 
128 [130 is the value given in the International 
Table of Atomic Weights]. The strong line above 
that, again, was due to = = 82. Still further 
up argon (40) and neon (20) were to be seen ; the 


* See ENGINEERING, vol. xci., page 489. 


curves of still lighter gases higher up were better 
studied on other photographs. The chief point of 
interest was that all the curves corresponding to 
heavy particles were accounted for, and it was thus 
established that the atmosphere did not contain 
any still unknown heavy gases. 

Passing to the lighter rare gases (Fig. 2), Sir J. J. 
Thomson pointed out that above the mercury line 
were some air lines (presently to be referred to), 
and then the argon and neon lines strong ; above 
those, again, lines corresponding to some nitrogen 
still left in the gas mixture, and high up helium 


be discerned even in these cases. In other words, 
the head of the electrostatic displacement in strong 
fields was only one-eighth of the normal displace- 
ment. Measuring the normal distance of the head 
from the original spot, he found that mercury 
approached the zero within one-eighth of that dis- 
tance, and krypton within one quarter. That 
would indicate that the mercury atom was able to 
carry up to 8 charges (instead of the normal unit 
charge), and krypton 4 charges. Cases of this 
kind were not rare, and Professor Thomson 
showed another photograph on which the discharge 
had been aa through mercury vapour ; seven 





and hydrogen. The novelty of this photograph was 
the faint line, just below the neon line, which indi- 
cated an atomic weight of 22. There was no element 
of that atomic weight known, and there was, 
indeed, no room for it in the periodic table of 
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Mendeleieff. It might possibly be a compound 
between neon and hydrogen ; but none of the rare 
were known to form compounds. Perhaps 
endeleieff's table was sometimes interpreted too 
rigidly ; for iron, nickel, and cobalt (atomic weights 
ranging from 56 to 60) had to be grouped together 
to fit into the table. There was a possibility, how- 
ever, that the curve 22 might belong to particles 


a double charge whose m/e would be 22. He 
had at first thought this view probable, because 
he had also obtained a faint curve 44. But 
cooling his gases once again with liquid air had 
made the curve 44 disappear, while the obscure 
line 22 had remained. On two occasions he had 
also observed, when experimenting with a bulb 
charged with helium, a line corresponding to 
mass 6; that might be regarded as a helium- 
hydrogen compound, He H, (He = 4, H, = 2) ; but 
he had only observed that fine twice and failed to 
discover it four times. 

Going back to the heavy rare gases (Fig. 1), Sir 
Joseph pointed out that most of the curves ended, 
not at the zero ordinate, but at a certain distance 
from that ordinate, whilst the mercury and kryp- 
ton lines extended nearly up to the zero spot, 
though that peculiar ordinate which marked the 





end or head of the curve in most instances could 


of carbon dioxide (molecular weight, 44) carrying | 


(or possibly eight) curves could be distinguished, 
corresponding to mercury atoms with 1 (mass 200), 
|2(m/e 100), 3 (m/e 66), 4, 5, 6, 7, and 8 charges. 
Mercury was the only element with which 8 charges 
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had been observed ; some elements (argon, nitro- 


gen) would acquire 2, or even 3, charges. In the 
case of mercury, however, the atoms which pro- 
duced the head of the curve (near the zero) must 
have eight times the energy possessed by normal 
positive atoms, though there was no other actual 
|evidence of an atom carrying 8 charges. That 
would indicate that these atoms had lost eight 
|corpuscles. Very briefly discussing these features, 
Sir J. J. Thomson remarked that there were only 
two kinds of ionisation ; the one was due to the 
cathode rays when one corpuscle was knocked off ; 
the other was due to the collision of the mercury 
atoms with positive rays, which caused eight cor- 
puscles to be knocked off. Thus only two curves 
should be obtained ; the others (with from two to 
seven charges) were produced by the re-combina- 
tion of the most highly charged atoms with one or 
more corpuscles. These arguments found support 
in the fact that the mercury spectrum could not be 
reduced to one series ; there were three different 
Doppler displacements. : 
he lecturer then turned to the apparent dis- 
covery of a new gas by this method. He had 
occasionally observed a line of atomic weight 3, 
which could only belong to hydrogen (atomic 
| Weight 1, molecular weight 2), because there was 
'no other element of smaller atomic weight than 
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helium (4). Such a line might be due to a body 
H,, analogous to ozone (O,). The number 3 might 
also be explained as due to carbon atoms with four 
charges (12/4 = 3); but the line 3 was seen when 
both the lines 12 and 6 were entirely absent, and it 
was hardly likely that this line C/4 should alone 
appear. But the line 3 was itself as elusive as the 
sea serpent; it might be seen once, and then dis- 
appear for months, and it had taken him a long 
time to find out something about the conditions of 
its occurrence. Yet the study of this line 3 
was most interesting, because it corresponded to 
so small a mass; in the cases of higher values 
(greater masses), many different interpretations 
became possible. 

In his study of this line, he had tried bulbs 
charged with all gases, and finally he had experi- 
mented with the gases given off by metals. Metals, 
metallurgists were quite aware now, retained con- 
siderable amounts of gas with persistency. Iron 
had been heated for six months, and still continued 
to give off some gas. When a metal was heated up 
to a certain temperature, the gas generation would 
finally become very feeble ; but on heating it then 
toa higher temperature, more gas would appear 
just as with water of hydration—and cathode ray 
bombardment would finally bring out more gas still. 
Sir Joseph had made his experiments with the 
apparatus illustrated in Fig. 3, the metal lying on 
the little table in the bulb below the cathode. The 
bulb was joined to a charcoal tube, to a pump, and 
a second bulb for photographing the positive rays, 
through a system of tubes containing a capillary 
glass tube in a shunt, which was supplied with 
two taps. By means of the pump the gas could 
be drawn off, whilst a fresh supply of gas could be 
introduced through the capillary. The object of the 
arrangement was to maintain different pressures in 
different parts of the apparatus. Iron, copper, 
nickel-oxide, &c., in this apparatus, gave the 
line 3 after bombardment, not before, though 
heating liberated plenty of gas. The helium line 
had also appeared, but it would as a rule not sur- 
vive a second bombardment (if withdrawn by the 
pump after the first), whilst the line 3 would come 
out strong after twenty hours’ bombardment and 
removal of the previously liberated gas. Fig. 4 
shows the gas given off by iron, as analysed by 
this method, hefore cathode bombardment of the 
iron (left half of photograph) and after the bom- 
bardment (right half of photograph). On this right 
half the three spots, starting from the top, are due 
to the hydrogen atom (small dot), the hydrogen 
molecule (big spot), and the new gas (smaller spot, 
not visible on the left half). Professor Thomson 
also demonstrated the cathode bombardment of iron; 
the gas given off changed the appearance of the 
glow, and if sufficiently continued would have 
stopped the discharge by spoiling the vacuum. 

During his investigation, Sir Joseph proceeded, 
he had found that lead taken from the roof of 
Trinity College Chapel, at Cambridge, gave off 
enormous quantities of gas when heated in a quartz 
tube, the helium line 4 and the line 3 being just 
visible at first. When the temperature was raised 
so that the quartz almost fused, and two-thirds of 
the lead boiled away, neither of the two lines could 
be found in the gas liberated. But when the one- 
third of the original lead left was bombarded by 
cathode rays, both lines were discerned. These 
various experiments suggested that the gas corre- 
sponding to the new line 3 need not be stored in 
the metal, but might be produced, partly at any rate, 
by the bombardment, somewhat after the manner 
in which ozone was produced from oxygen by the 
silent discharge. But freshly prepared lead (pre- 
cipitated as lead tree by zinc from lead acetate) 
gave no line 3 at all, whilst the purest lead in the 
market (from. Kahlbaum, of Berlin) did give the 
lines 3 and 4, though less distinctly than the lead 
from the chapel roof. Meteoric iron again yielded 
both the lines. 

The nature of the gas of the line 3 was still 
obscure, Sir Joseph concluded. Ozone O, was very 
active oxygen O. But this gas, if modified hydro- 
gen H., was not active ; it would not explode when 
sparked with oxygen. Metals which absorbed 
hydrogen, like palladium, liberated the hydrogen 
on being heated ; he had tried this way, but the 
line 3 could not be traced in this hydrogen. It was 
noteworthy that there was room for an element of 
atomic weight 3 in -Mendeleieff’s table. That 
element should resemble fluorine, the most ener- 
getic element known, which attacked almost all 
bodies, including glass. Now his new gas, Sir Joseph 





remarked, was inert, and could be kept in glass tubes; 
yet that argument was not conclusive, because, Sir 
James Dewar had told him, really dry fluorine would 
likewise be inert. Thus the researches of the last 
months, in which photography had claimed much 
time, had left the question of the origin of the 
line 3 undecided. His store of the obscure gas was 
not much more than 1 cub. mm. altogether, and he 
had been unable to study the spectrum for this 
reason. 

It will yet be granted that the method of analysis 
by positive rays is wonderfully convenient for deal- 
ing with exceedingly small quantities of substance. 
That the difficulties of the apparently simple experi- 
ments must not be underrated is sufticiently marked 


by the fact that besides Sir J. J. Thomson and | 
Professors H. von Dechend and W. Hammer, who | 
simultaneously took up this line of research, no | 


other scientists seem to be working in this field. 








THE TRAINING OF AUTOMOBILE 
ENGINEERS. 

In automobile engineering many radical depar- 
tures have been made from established methods of 
construction, and practically new materials have 
been evolved, in order that the special conditions 
arising could be met. In order that a young 
engineer, desiring to enter this field of engineering, 
may have a full grasp of its details, it follows that 
it is necessary for him to have some special know- 
ledge like the man who takes up any other special- 
ised branch of the profession. 

In accordance with the methods natural to a new 
industry, a radical departure was recently made by 
the Institution of Automobile Engineers, when a 
paper dealing with the training necessary to this 
branch was read by several of its graduate members, 
who succeeded in bringing about an interesting dis- 
cussion on the subject. In the past the subject of 
the training of engineers has been much dis- 
cussed, and it is not surprising, therefore, that no 
new ideas on the subject were forthcoming at the 
hands of the authors, who, however, are to be con- 
gratulated on the manner in which their views were 
put forward. As a result of the paper and its dis- 
cussion, moreover, it is proposed that the Institution 
shall consider the question with the view of, if 
possible, drawing up a scheme for the guidance of 
those entering this branch of the profession. 

As already pointed out, it is obvious that, to a 
certain extent, a specialised form of training is 
necessary ; but to whatever branch of engineering 
the young engineer may become attached, the same 
remark applies, and it must not be lost sight of 
that, above all things, an essential is a good 
general education to serve as a foundation upon 
which to build a successful technical training. 
Many suggestions have been made as to the length 
of this training and the relative importance of 
theoretical and practical instruction, and possibly 
all factors in the case have been considered and 
the opinions of all the interested parties duly 
weighed. There is, however, one factor which is 
the dominating one—namely, the aptitude of 
the lad, and upon this the whole success of 
any scheme must largely depend. It would 
therefore appear that in formulating any scheme 
sight should not be lost of this feature. As regards 
the general training of engineers, reference was 
made in the discussion to the recommendations of 
the joint committee of the Institutions of Civil and 
Mechanical Engineers, which possibly cover the 
ground sufficiently in this direction. The question, 
however, of the point at which the period of 


specialisation should commence is again one which | 


depends upon the ‘‘ aptitude” factor. It is very 
much open to doubt if during the earlier part of 
his training the young engineer has any idea of the 
particular branch to which he will devote himself, 
and possibly in the majority of cases the final choice 
is the result of accident rather than design. In 


this connection it is essential that in its initial | 
stages the training should be carried out on} 


broad lines, and early specialisation should not be 
attempted. In any case the training received, before 
the special branch is taken up, should be such 
that any particular course is open according to 
the inclination of the student, or the opportunity 
afforded. 

Regarding the aptitude of the youth, in some 
quarters it has been suggested that this in large 
measure is a question of heredity, but the effect of 
early training must not be lost sight of, and in any 
case success in life must depend upon the extent 











to which the faculty of ‘‘ thinking things out ” has 
been developed. In this respect it is more than 
doubtful if the greater part of the teaching in both 
our public and technical schools is a success, though 
there are notable exceptions, and hopeful views 
are expressed that a happier state of affairs will 
ultimately exist. The great difticulty in this 
connection is to obtain the most suitable 
class of teacher. As regards the technical college, 
the present demand would appear to be more in the 
direction of the equipment of the laboratories with 
elaborate apparatus than in the direction of the 
actual teaching of the student, and by ‘‘ teaching” 
is meant the training of the student in habits 
of thought. Though the possession of specially- 
arranged plant is undoubtedly of assistance to the 
prosecution of research work by those having a 
clear conception ot the object in view, the effect 


|on the student, who mechanically follows the de- 


monstrations, set out on certain defined lines, 
cannot be but a narrowing one. 








NOTES. 
Roap ConsTRUCTION AND MAINTENANCE. 

Ir will be remembered that in 1911 the Road 
Board arranged for a comparative test of different 
methods of road construction, to be carried out at 
Sidcup, on a road traversed by a somewhat heavy 
traffic. Similar and contiguous lengths of the road 
in question were laid with different materials, and 
an interim report* has now been issued showing 
the results so far ascertained. As a_ standard 
of comparison two lengths were laid with water- 
bound macadam laid to the standard specifications 
of the Kent County Council. Of these two lengths 
one had its surface painted with tar. The non- 
tarred surface was laid in June, 1911, and the report 
states that it was practically worn out in June, 1912. 
During winter the surface was very muddy, and 
in summer dusty, though treated with calcium 
chloride. The tar-painted macadam gave somewhat 
better results; though very muddy in winter, it 
was comparatively free from dust in summer. The 
expense of scavenging was, however, considerable, 
especially when the tarred surface began to break 
up. Its total cost during its life was distinctly 
less than that of the untarred surface, the total 
cost of which was 29.65d. per square yard, 
the life being 15 months. Of the he surfaces 
those which appear to have given the best results 
are as follow :—Tarmac, tar macadam, pitch-mac 
and Trinidad asphalte macadam. It is not yet 
possible to estimate the true relative cost of these 
different systems, as they are, as yet, far from worn 
out. Incidentally, it is of interest to note the 
rapid increase in the intensity of the traflic carried 
on this road. A census taken on September 13, 
1910, showed that the traffic amounted to 2518 tons 
per day. A similar enumeration in August, 1912, 
gave the traflic as 3547 tons per day. 


Tue Strate Rarways in JAPAN, 


The pares which is at the bottom of the 
political troubles in Japan at the present time is 
the adjustment of the demands of the army and 
navy with those which arise in connection with the 
development of industry and commerce. What may 
be called the military party have been asking a 
large increase in the estimates, so that two new 
divisions may be added to the army, and that con- 
siderable additions be made to the navy, while the 
business men are opposed to the spending of the 
national resources on unproductive schemes, and 
wish them to be used for developing the industry 
and commerce of the country. We do not believe 
that the Japanese are an aggressive nation, or that 
even the military party wish increased forces for 


| purposes of offence, but they are of opinion that, in 


the present state of international politics, and 
especially on account of the unsettled condition 
of China, they must be prepared to meet any 
emergency which may arise. The development of 
the State railways is one of the chief objects on 
which the business men have set their hearts. Un- 
fortunately, the heavy debt incurred in the war with 
Russia has placed on the country a very heavy 
burden, and crippled its available resources ; the 
late Ministry had, therefore, resolved to follow a 
very cautious policy in the matter of railway construc- 
tion. The State railways are placed to a separate 


* “The Road Board: Trial of Road Materials at 
Sidcup, Kent, and in the Boroughs of Wandsworth and 
Fulham, in the County of London.” Waterlow and 
Sons, Limited. [Price 2s. 
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account, the idea being that they should not be 
considered as a source of revenue to the State, but 
that all the profits should be allotted to their ex- 
tension and improvement. Although there has 
been great progress in the construction of railways 
in Japan, still, taken in relation to the whole 
country, the mileage is not very large, and natu- 
rally the profits from the railways already con- 
structed, amounting to some ten million yen a 
year, have not proved sufficient to meet the new 
undertakings which the Government thought advis- 
able, and which require an annual appropriation of 
some fifty million yen. Severe economists wished 
to restrict the expenditure to the profits of the 
existing railways, but, if report be correct, the late 
Government merely proposed to reduce the amount 
to be expended by 30 per cent.—that is, to thirty-five 
million yen. The Government r ised that the 
construction of railways was a profitable investment 
for any country, and they believed that there was 
room in Japan for a very considerable develop- 
ment. The advocates of railway construction point 
out that during the forty years that have ela 
since the opening of the Tokyo-Yokohama line, 
Japan has constructed 5355 miles of track, as 
compared with 15,537 miles of track constructed in 
the United Kingdom from 1830 to. 1870—that is, 
during the first forty years of railway building— 
that is, Japan orily accomplished about a third of 
what was done in the United Kingdom in the same 
interval of time; but the comparison is scarcely fair 
to Japan, when we consider her industrial and 
commercial position as compared with that of the 
United Kingdom. It is further pointed out that 
to-day, after 82 years of work, the United King- 
dom, with an area of some 20,000 square miles less 
than Japan proper, has 23,280 miles of railway. 
As regards mileage, the United Kingdom has con- 
structed 284 miles per annum since the new means 
of communication were started, while Japan has 
barely accomplished 134 miles a year. 


INTERNATIONAL RADIOTELEGRAPHIC TiIME-SIGNALS. 


The International Radiotelegraphy Conference, 
which met in London last summer, was soon fol- 
lowed by an International Time-Signal Conference, 
which deliberated at Paris from October 15 to 23, 
by invitation of the French Government, on 
the organisation of a radiotelegraphic time-signal 
service. At that time regular time-signals were 
being transmitted from the Eiffel Tower, Halifax 
(Nova Scotia), Norddeich, North Germany, near 
the Island of Norderney, and Washington. The 
signals from these stations are under the con- 
trol of the neighbouring observatories, the Hiffel 
Tower being controlled from the Paris Obser- 
vatory, and by request of the Earthquake Com- 
mission the International Geodetic Institute at 
Potsdam takes part in the control of the Norddeich 
station, the signals of which are started from the 
Marine Observatory at Wilhelmshaven. Intended 
primarily for the interests of navigation, these 
signals are utilised also by meteorologists, and in 
Paris watchmakers set their standard watches by 
the Eiffel Tower signal, although this is expressly 
forbidden ; the simplest form of receiving instru- 
ment will, of course, suffice near the tower. The 
special object of the Conference, we see from a 
contribution by B. Wanach to the Zeitschrift fiir 
Instrumentenkunde, was to arrange for a distribu- 
tion of stations, such that every spot in the ocean 
should be able to receive at least two signals in 
the course of 24 hours. One of the first points to 
be considered in this connection was the preven- 
tion of interference of signals coming from stations 
not sufficiently distant from one another. For 
this reason the list of new stations at present 
ae og does not include any stations in the 

ritish Isles and in Italy. Several of the new 
stations first to be built are to be situated in places 
which are generally considered to be rather out 
of the world. Thus, Africa is to have stations at 
Massauah, in Erythrea (Italian Red Sea district), 
Mogadiscio (Somaliland), Timbuctoo (Sahara) ; 
America, in Arlington (State of Washington), San 
Francisco, San Fernando (Brazil), and far out in 
the ocean on Honolulu (Sandwich Islands) ; other 
stations in the Pacific are to be erected in Samoa, 
on Guam (Marian Islands), and Manila (Philippine 
Islands). The control of the service is to 
placed under an international bureau at Paris. 
At present it might happen, under unfavour- 
able circumstances, that the Paris and Nord- 
deich signals, which are of chief importance 
for this side of the Atlantic, should differ by 


as much as one second, and it is hoped that this 
difference will materially be reduced. As regards 
the reception of the time-signals, two methods are 
in use, apart from the rough method of observing 
the second-hand of the watch while listening to the 
signal. Either the signal is automatically recorded, 
together with the chronometer time, or the vernier 
method of comparing two watches is applied. The 
first method is probably the most exact; but it 
requires rather complex apparatus, and a good deal 
depends upon the time-constants of the apparatus 
itself ; the Conference would prefer this method if 
it could be simplified. The second method is based 
upon the acoustic coincidences of the beats of two 
pendulums or hair-springs of slightly different 
periods. For this purpose a pendulum of a period of 
0.98second emits, on the Eiffel Tower, series of radio- 
signals which coincide about every 50 seconds with 
the beat of a watch ; these coincidences are very 
sharp, because each signal is produced by a single 
mom not by a train of sparks. In future such 
coincidence signals will be given every night for a 
short time before the time-signal proper, so that 
the observatories within reach can check each other. 
Storm and iceberg notices are also to be trans- 
mitted. The international service is to commence 
in July this year, provided that the representatives 
of the sixteen States which took part in the Con- 
ference find the necessary official support. The 
Conference was also informed by Dr. Robert Gold- 
schmidt, of Brussels, that he intended, on the 
suggestion of Dr. K. Schmidt, of Halle, to equip 
a large experimental station at Laeken, near 
Brussels, for the special purpose of investigating 
the meteorological and cosmic influences on the 
range of radiotelegraphy ; several governments will 
co-operate in these investigations. 
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Studies in Terrestrial Magnetism. By C. Curer, M.A., 
F.R.S., Sc.D. (Camb.), LL.D. (Aberdeen), Superin- 
tendent of Kew Observatory. London: Macmillan 
and Co., Limited. [Price 5s. net. ] 
Tus treatise belongs to the ‘‘ Macmillan Science 
Monographs,”’ a series designed to enable the 
author aan work to describe his own contribu- 
tions to the advance of specific subjects, and to 
display the position won by the most recent investi- 
gation. The plan possesses the advantage that 
each recognised authority can interpret his own 
work and indicate what has been his object and 
what he has accomplished. From this point of 
view Dr. Chree is entitled to write on terrestrial 
magnetism, for he has laboured long and success- 
fully to advance our knowledge of this science ; but 
he is not writing a treatise on that subject ; he is 
dealing only with such portions of the science as his 
own researches have tended to advance, and these 
inquiries, interesting in themselves, are made 
more so by his masterly presentation. From his 
official position as Superintendent of the Kew 
Observatory, these researches are likely to take 
the form of discussing those records of the auto- 
matic observations that have been collecting at 
Kew for many years. It is necessary to appre- 
ciate the difference between collection and discus- 
sion. Automatic registers of varying phenomena 
have a tendency to increase and be neglected. ‘Daily 
routine requires that the indications should be read 
off and possibly translated into a convenient form 
for recording, but the dissection of the results, 
the derivation of a few facts from the mass of 
monotonous repetition, is a wearying task that 
requires great technical skill, untiring perseverance, 
and it may be a keen sense of duty. Oftentimes, 
he who undertakes this service has to forego bril- 
liancy, he must be willing to sow that others may 
reap. His work is dreary and unattractive and 
often forgotten, while the plausible suggestive 
theory, even if incorrect, receives the applause and 
reward of men. Dr. Chree the necessary 
qualifications for handling enormous masses of 
observations, and making clear the deductions 
sifted out from the heap of concealing detail. The 
accumulated hourly readings from various instru- 
ments, day after day, through months and years, 
might frighten the most ardent inquirers, the 





be| necessary comparison with similar results from 


other observatories might make the boldest quake, 
but such processes have no terrors for the author. 
A hopeful clue is followed to the end: eagerness 
for a result will not cause him to anticipate a con- 





clusion or prevent him from searching for further 





evidence. This cautious frame of mind does not 
allow Dr. Chree to put forward crude theories, 
probably prevents him forming any ; he is content 
with the humbler task of sifting the long-con- 
tinued series of observations at his command, 
knowing that in the present state of science we 
must look to observation, not theory, for detailed 
knowledge, and that, for many years to come, 
observation must be the touchstone by which to 
try theory. ‘‘ This book,” he says, ‘‘deals with 
facts, or supposed facts. The absence of a definite 
theory as to the origin of the .several magnetic 
changes is due to no lack of curiosity as to the 
causes of things, but to a belief that at the present 
stage theorising is less likely to be of substantial 
advantage than the extension of positive knowledge.” 
We are quite sure that this is the correct attitude 
in which to approach a progressive science such as 
magnetism. Sn remains unbiassed by the desire to 
support any working hypothesis, and one’s atten- 
tion is equally alert in every direction by which 
knowledge can approach. 

The opportunities for theorising are abundant 
and inviting. In the first subject discussed, that of 
secular change in the magnetic elements, there is 
much that is puzzling and might tempt a less self- 
denying student to give rein to imagination. We 
all know that the elements on any spot of the 
earth’s surface undergo continual change, and we 
do not know why. Since the earliest observations, 
for example, we have seen the declination vary 
from the t to the West of the true meridian, 
and during the last century gradually retrace its 
steps. This slow sweep has~ not been accom- 
plished without many irregularities being im- 
pressed upon the movement. Between 1860 and 
1880, at Kew, the western declination dimi- 
nished at a very uniform rate, averaging 8.3 minutes 
per annum. But if anyone misled . that seeming 
uniformity had ventured to forecast the declination 
for 1900, he would have been 47’ in error, for the 
rate of decrease suddenly changed between 1880 
and 1895, stil# more between 1895 and 1905, and 
recovered somewhat between 1905 and 1910. The 
other elements behaved equally irregularly, so that 
it is impossible to predict what will be the position 
of the magnet ten or fifty years hence. There are 
unexplained residual phenomena, .whose origin has 
not yet been traced. One may invoke sun-spots, 
radioactivity, orbital motion of the moon, the varia- 
tion of latitude, earthquake waves, or a score of 
fanciful suggestions, but the problem remains 
unsolved. r. Chree will tell us objections to 
certain hypotheses, but he will hazard none of his 
own. He has but one line of advice, in this as in 
subsequent difficulties connected with diurnal in- 
equality, magnetic storms, or variation, and that is, 
to observe, to select some station where local 
sources of disturbance will interfere as little as 
possible with :the records, and observe. 

Owing to Dr. Chree’s experience, he has been 
invited on more than one occasion to reduce and dis- 
cuss the magnetic observations made under unusual 
conditions, such as during Arctic and Antarctic 
oe The conclusions drawn from these 
reductions are set out in detail, and the comparison 
of results obtained in extreme latitudes with those 
derived in mid-latitudes is exceedingly interesting, 
but the evidence gained is not of such a definite 
character as to point with certainty to an intimate 
connection between the phenomena observed at 
either pole. It is unfortunate in this respect that 
no really large disturbance occurred in temperate 
latitudes while the Discovery magnetographs were 
in operation. The effect of such a disturbance 
would probably be magnified at the poles, but we 
are left without precise indications of what happens 
when tem te and equatorial regions are dis- 
turbed. ere is some evidence from the simul- 
taneous records that ordinary small disturbances in 
middle and low latitudes are, at least, usually 
accompanied by larger disturbances in high lati- 
tudes, both north and south, but this seems rather 
a meagre result for such a mass of work, and hardly 
likely to satisfy those to whom subscription te 
some theory is a necessity for intellectual comfort. 

Similarly, with that vaguely floating notion that 
sun-spots are the cause of those magnetic storms 
which on occasions can be sufficiently severe to 
destroy the effectiveness of telegraphic communica 
tion and give rise to great public inconvenience, 
it must be admitted that the evidence in favour 
of direct connection is inconclusive, and, further, 
if there is any connection between the pre 
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storms on the earth, there is still needed a further 
knowledge to explain™the nature of the connec- 
tion. e swarms of electrons that some have 
imagined to be flying past the earth, altering the 
force components on either side of their normal 
value, do not seém capable of effecting the work 
for which they have been invoked. When such a 
disturbance as that of September 25, 1909, occurs, 
the public expects to find a ready and satisfactory 
explanation forthcoming ; but it is likely that, for 
a long time to come, the public will be disappoiuted. 
Dr. Chree traces with great exactness and much 
detail the character of the relation between sun- 
spots and terrestrial magnetism. He shows pre- 
cisely the general features of such connection in 
the mean or average of a large number of obser- 
vations, but the absolute connection between the 
spotted area on the sun on any individual day and 
the irregular behaviour of the magnetic instru- 
ments is not established. Therefore the existence 
of direct relationship between a particular sunspot 
and an observed storm—however much that rela- 
tion may appeal to popular belief—has little support 
from scientific authorities. It is easy to produce 
instances of storms when large spots have been seen 
on the sun, and again easy to point to other 
occasions, when prominent spots have been observed 
without any notable storm following. Individual 
judgment has therefore a tolerably unfettered 
scope ; but Dr. Chree raises a point of some im- 
portance when he suggests that there may be sun- 
spots and sun-spots. ‘Some, originated in a way 
that we do not yet know, may cause storms, while 
others are inoperative. ‘‘ We may, perhaps,” the 
author concludes, ‘‘ be at present in the same posi- 
tion as medical science would be in if no distinction 
were recognised between smallpox, chicken-pox, 
and measles. In such circumstances the death-rate 
from eruptive diseases might well appear arbitrary. 
Astronomers presently may find it possible to recog- 
nise different types of sun-spots, and a magnetic 
relationship may then become conspicuous.” 
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Great CentaaL Wipeninc.—The Great Central Rail- 
way er has placed a contract with Messrs. C. J 
Wills and Sons for widening its line between Wrawby 
Junction and Brocklesby Station, a-distance of 5} miles. 
Barnetby and Brocklesby stations are also to be re- 
modelled, and a level crossing eastward of Barnetby 
Junction is to be dispensed with. The platforms at 

rocklesby are to be considerably lengthened, and the 
Ulceby road is to be carried over the railway by a bridge, 
with approaches having gradients of 1 in 25, 


* | corporation men. 





INDUSTRIAL NOTES. 


Ir has been decided that the national conferences 
of the three great unions of railway men, the Amal- 
— Society of Railway Servants, the General 

ilway Workers’ Union, and the United Pointsmen’s 
and Signalmen’s Society, at which the rules of the 
pro new joint union, to be known as the National 
Society of Railwaymen, are to be discussed, will be held 
in London on February 10, 11, and 12, A draft of the 
proposed rules has already been circulated. All the 
details of the fusion of the above three unions will, it 
is expected, be settled. The new society is to be 
open to all persons employed on or in connection with 
railways, so that every person who draws wages or 
salaries from occupation in railway companies will 
be eligible, and the new organisation will, it is 
thought, have a much wider scope than anything 
that has hitherto existed in the United Kingdom: 
The object of this movement is, of course, clear, 
and it may mean something that is well worth 
the attention of the railway companies, for it ensures 
greatly increased power for the unions in case of a 
strike. It is hoped by the leaders that they will then 
be able to dominate the whole railway service, and call 
every man out. The scheme, however, does not include 
all the unions, as the Associated Society of Locomotive 
Engineers and Firemen is to remain outside, though 
this society can be admitted later on if desired. 
The scheme of amalgamation is an ambitious one, and 
is to extend beyond the usual scope of unions, for it is 
proposed that it shall have power, in addition to giving 
assistance to other unions, to employ funds for the 
support of anv “institution from which members may 
derive benefit.” The promotion of labour representation 
on local government bodies and in Parliament is also 
an object of the movement. Provision for the safety of 
railway working and travelling will also, it is said, be 
looked after, though most people will be convinced that 
this last should be left exclusively to the care of the com- 
panies’ officials. We do not know how the public may 
regard any interference by the unions with the safe run- 
ning of the traffic, but we shall not be surprised if it 
regards it with grave suspicion. The executive com- 
mittee is to have full powers regarding the inaugura- 
tion of strike movements, and it seems that there is 
to be no rule requiring them to ballot the men before 
a strike is declared. This again seems to be a 
dangerous power to place in the hands of the leaders 
if past experience of the actions of these officials is 
any guide. It is expected that the total membership 
of the new organisation will be between 150,000 and 
175,000, the great majority of whom belong to the 
Amalgamated Society of Railway Servants. 





The January report of the United Society of Boiler- 
makers and Iron Ship Builders shows that the number 
of members signing the book at the end of December 
was 2228 ; the number on superannuation, 2581 ; and 
the number on the sick fund, 1312; or a total of 6121, 
as com with 2209, 2592, and 1266 respectively in 
November, or a total for that month of 6067. his 
shows an increase of 54 during the month. The expenses 
for the month of December amounted to 60271. 5s. 6d., 
as compared with November, when they were 
7736/. 4s. O}d.—a decrease of 1708/. 18s. 64d. The 
number of members admitted during the month was 
372, and those who ran out or died numbered 368, 
giving an increase of four. The total membership at 
the end of December was 60,500. 





The agitation among the miners for a five days’ 
working week still goes on, and January 29 and 30 
have been fixed as the voting days on which to take 
the ballot on the proposals of the Miners’ Federation. 
It would almost appear to be superfluous to take this 
trouble, because the miners’ working week at the pre- 
sent time rarely, we believe, exceeds five days a week. 
However, ballot papers are now being distributed. 





On Monday morning last the carters in Glasgow 
struck work, and about thirty of the contractors 
affected conceded the demands made by the men. 
This meant that about 600 men returned to work, 
leaving nearly 3000 still on strike. The men say that 
they are quite prepared to remain out for a consider- 
able time, as their funds are in good condition. What 
they demand is an extra 2s. a week, with the reduction 
of the working week from 624 hours to60 hours. The 
strike is expected to cause considerable inconvenience 
to traders, for about seventy firms are said to be 
without men. On ‘the part of the employers it is 
maintained that the carters in G w are paid very 
well compared with other places. e strike has not, 
up to the present time, affected the railway or the 
At the time of going to press no 
settlement had been reached. 


Nothing particular has hap in connection 
with the strike of the London taxi-cab drivers 
since our last issue. It has been announced by the 
F.1.A.T. Company that drivers who wish to buy 
vehicles on the time-payment system can apply 








to the company when the strike is over. The 
men still seem determined not to give in, but their 
funds are becoming reduced, although they say that 
the drivers still at work are offering voluntarily as 
much as 3s. a day to the strike fund instead of 2s. 
A ‘co-operative scheme” for the ownership of cabs 
has been proposed by the union officials, towards 
which an offer of money at 3 or 34 per cent. interest 
has been made. This would, we suppose, mean that 
cabs would be run independently of the present 
owners. In the meantime, the number of taxi-cabs 
on the streets increases daily. 


The societies in the shipbuilding industry intend 
taking a vote this month on an amended ment 
with the National Employers’ Federation for the fede- 
rated area. The acceptance of the employers’ terms 
as a basis of settlement for all disputes is advocated 
by the leaders of the societies concerned, and it is 
thought that a large majority will probably accept 
the new agreement. That the terms are the best 
obtainable under the present circumstances is thought 
by the leaders to be the case, and this aspect of the 
matter is being brought before the members. A sore 
point with the men has been the delays that have 
taken place in the-settlement of disputes, and the 
speeding-up of the machinery to obviate this will 
help towards arriving at a settlement. The employers 
will not have a neutral chairman, maintaining that 
both sides are fully competent to discuss any question 
which may occur. There appears to be something 
to be said, however, in favour of a moderator being 
present at a final conference in case an open rupture 
is imminent. Friday, the 3lst inst., is the day on 
which the votes are to be returned. 





According to the Manchester Guardian, in spite of the 
willingness expressed by the Newcastle and Gateshead 
men to pay the fines imposed by the North-Eastern 
Railway Company after the strike in December last 
the executive of the Amalgamated Society of Railway 
Servants has thought it right to protest against 
the infliction of these fines, and the general manager 
of the company has received a letter from the union 
conveying this protest and su, ting that the fines 
should be remitted. It is said that the feeling of the 
executive is that the imposition of the fines must be 
resisted with all the pressure they can bring to bear. 
The reply of the general manager has not yet been 
received, and it is thought that the matter will prob- 
ably come up before the new National Uaion of Rail- 
waymen, the formation of which we refer to in another 


paragraph. 





The strike of labourers employed by Messrs. Steiner 
and Co., in the Accrington district, has been termi- 
nated, the firm agreeing to pay another shilling a 
week to all employees over eighteen years of age, 
beginning next month, with a further shilling in 
twelve months time. An equivalent increase will be 
given to the men on piecework, and later on it is 
intended to consider the case of those under eighteen 
years of age. About 800 men have been on strike. 





The conflict between the employer at the Troll- 
hiittan Canal works, in the Swedish State, and the 
men is attracting considerable attention, more espe- 
cially on account of the principles it involves. the 
men demand collective ments, but the Waterfalls 
Board will not grant this, any more than will other 
Swedish State concerns employing a number of hands 
such as the State Railways and jthe State Tele- 
graphs. They all seem decided not to grant collective 
agreements, one reason being the fact that the State 
cannot join the employers’ union and adopt the lock- 
out as 8 countermove against the strike. Their position 
under collective agreements would, in consequence, be 
an undesirable one ; they would simply tie their own 
hands in their dealings with organised labour, and 
thereby give the latter an undue advantage over the 
unorganised labour, which it is understood includes 
about half the number of hands employed at Troll- 
hittan. The question of wages will not, it is thought, 
present any serious difficulties ; all the trouble hangs 
upon the demand for collective agreements. It has 
been predicted that if the difficulties assume more 
serious proportions the inevitable result will be that 
the State, instead of itself carrying out work of this 
and kindred nature, must leave it in the hands of 
private contractors, as has already been done in the 
case of some recent railway construction. 

The matter passed into a second stage when some 
of the men in question refused to sign a contract 
guarantee, which the canal authorities looked upon 
as absolutely necessary. This was for work on the 

rtion of the canal closed during the winter, which 
it is absolutely to have finished at a fixed 
date, so.as to be ready for the reopening of naviga- 
tion. The canal authorities having learned, or being 
under the impression, that the men, particularly at 
this section, would try the effect of a strike, it was 
decided not to commence there until the completion 
of the work at 4 certain date was guaranteed by a con. 
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tract with the men through the foremen of the various 
gangs. This has often been done on previous State 
work, and particulars of the arrangement are found in 
the book every man receives when engaged by the canal 
authorities. The contract is to the effect that the 
gang undertakes to carry out the work in question, 
so as to have it ready by a certain time, and neither 
foremen nor hands can leave the gang without 
the consent of the employer. As a guarantee, 20 
per cent. of the pay is withheld, which sum is for- 
feited if the gang discontinues the work or leaves 
work, or in some obvious way breaks the contract. 
With regard to the actual pay, there appear 
to be no difficulties, but the canal authorities 
are understood to be determined as to this point of 
contract. The Department of Commerce recommends 
the matter to be referred to a special conciliation 
commission, as the Waterfalls Board does not 
wish the question to be treated as a local private 
conflict, for reasons which the department has had 
no opportunities of examining. The department 
proposes this conciliation commission to comprise the 
official conciliators in the three districts where these 
larger sections of the work in question are located. 
The department, however, holds that this step should 
not be taken until the men’s organisations concerned 
have given a definite guarantee against the work being 
discontinued through strike, or other means. 





Watker-on-Tynz.—Sir W. G. Armstrong, Whitworth 
and Oo., Limited, propose to construct at Walker-on-Tyne 
a building berth 1000 ft. long and 100 ft. broad. This, it 
is expected, will accommodate any battleship which is 
likely to be laid down during the next few years. 


Tue Roya. InstiruTion.—On Thursday next (January 
30), at 3 p.m., Professor B. Hopkinson will deliver 
the first im lectures at the Royal Institution on 
** Recent Research on the Gas- Engine ;” and on 
Saturday (February 8), Professor Sir J. J. Thomson 
will commence a course of six lectures on ‘‘ The Pro- 
perties and Constitution of the Atom.” The Friday 
evening discourse on January 31 will be delivered by 
Mr. George M. Trevelyan, on ‘‘The Poetry and 
Philosophy of George Meredith,” and on February 7 by 
Sir John Murray, on *‘ Life in the Great Oceans.” 





Tue Humpurey Pumps at Cuinerorp.—The first of 
the five large Humphrey pumps which Mr. =. 
Bryan, the engineer to the Metropolitan Water Board, has 
installed to feed the new Chingford Reservoir, was 
started up last Sunday with the most complete success, 
there not being the slightest hitch of any nature what- 
ever. The pump, which was rated at 40,000,000 gallons 
per day, is very considerably exceediug this output, the 
discharge being at the rate of fully 50,000,000 gallous per 
day. It works extremely quietly and with very little 
vibration, it being easy to balance a Per on edge on the 
top of the combustion-chamber with the pump at work. 
The combustion-chamber is 7 ft. in diameter, and the 
number of cycles nine per minute. 





Tur Royat AericuituraL Society.—The regulations 
for the exhibition of agricultural implements at the 
Show which is to be opened at Bristol on July 1 next 
have now been issued, and can be obtained on application 
to the offices of the Royal Agricultural Society, 16, 
Bedford-square, W.C. ‘Trials of milking-machines have 
been arranged for, and a prize of 25/. and a gold medal 
will be awarded to the machine placed first, and of 10/. 
and a silver medal to the machine p second. 
Entries will be received up to February 1 next. Hand- 
power machines for applying dry insecticides or fungi- 
cides are to be submit to a competitive trial. 
Entries will be received up to March 20 next. An award 
of 10. will be made to the machine placed first, and of 5/., 
to that placed second. Firms desiring to make exhibits in 
the implement section of the Show must apply for space 
on or before March 20 next. 





** ALL aBouT Screw-GauaeEs.”—This is the title of a 
little pamphlet issued by Messrs. Charles Churchill and 
Co., Limited, 9 to 15, Leonard-street, Finsbury, London, 
E.C., which draws attention to special egg ger oe sup- 
plied by the firm. The great difficulty in obtaining 
accurate hardened renee has been so great that 
gauges of unhardened steel have been used, and conse- 

uently these have soon lost any a degree of accuracy 
they may originally have had. It has been a com- 
paratively easy matter to turn out hardened ordi 

uges, but not so screw-gauges. It is now claimed, 

owever, by Messrs. Charles Churchill and Co. that 

the difficulties previously met with have been overcome, 
and that they can supply @ glass-hard screw-gauge that 
is of an accuracy equal to the finest soft gauges 
offered for sale, the geuges being suitable not only 
for reference purposes, but also for gauging work in 
process of manufacture, as well as for checking the 
accuracy of screwed parts obtained from outside sources. 
The gauges are made to very close limits, as will be seen 
from the following figures :—Pitch, + 0.0007 in. — 0.0007 in. 
per inch in length. Plug, major diameter, + 0.000 in 
—0.0003in. Ring, minor diameter, —0.000 in. + 0.0003 in. 
Thickness of thread, + 0.000 in. —0.0005in. These limits 
hold good for sizes up to and including 2 in. diameter. 
Above 2 in. the limits are ) + node ylarger. Asa 
guarantee for the quality of these gauges. any of them 
may be submitted to the National Physical Laboratory at 
Teddington for checking the above Yienite, and the firm 


are prepared to stand by the decision given. 


THE ANTOKOMPU COPPER - MINES, 
FINLAND. 


Recent researches have given very favourable re- 
sults with regard to the —— in the Antokompu 
Copper-Mines in Finland. These copper-ore deposits 
are situated in Kuusjirvi, Finland, and have been 
examined by the Finnish State Geological Commission ; 
claims have been lodged covering an area of some 
120 acres. 

The ore in some places outcrops on the surface, 
and the first surface shaft has now been carried to 
a depth of 215ft. The ore strata, which at the sur- 
face show a gradient of only 25 deg., slope at twice 
that angle at the bottom of the shaft, and the ore 
is there more mixed with rock and other minerals. 
Although the vein has a width of several metres it 
stops short on the eastern side, and diamond borings 
are now being carried on, so as to ascertain its actual 
extent. The borings so far have proved ore to be 
found as far as 530 ft. east of the shaft. Ore has 
again been come upon 860 ft. east of the surface work- 
ing, also at distances of 1500 ft. and 1800 ft. from the 
latter. At the last-mentioned distance the Kaasila 
shaft has been sunk, and has passed through a layer 
of ore some 6 to 7 metres in thickness. As far as the 
Kaasila ore deposit is concerned, this alone should 
contain some 400,000 tons of ore. The extent of the 
surface ore in the western direction appears to be 
even and regular, it having been proved at distances of 
800 ft. and 1090 ft. from the surface shaft. At the latter 
distance there is another shaft, the Kompu shaft, 
north of the Antokompu Mountain, which shaft went 
through a layer of moraine gravel before reaching the 
ore. From the surface shaft horizontal workings have 
been carried in a western direction, the upper to a dis- 
tance of 330 ft., the lower 66 ft., all the distance in ore, 
which generally is unusually pure. Accepting the 
surmise that this deposit forms an unbroken layer of 
some 1000 ft. length, some 500 ft. breadth, and an 
average thickness of 13 ft., the aggregate capacity here 
comes out at 800,000 tons, or about twice that of the 
Kaasila section. 

Ore has also been come upon, by borings, 1500 ft. 
west of the Kompu shaft, 2600 ft. from the surface 
shaft, and 4400 ft. from the Kaasila shaft. This 
locality is at present being further examined. The 
Antokompu ore is rich in copper and also contains 
some zinc, and reckoning only upon the actual ore in 
sight, the working should prove remunerative ; the 
ore so far broken yields about five times as much copper 
as do older Finnish copper mines, such as Pitkiiranta 
and Orijiirvi. 

It is intended to construct a copper-extraction works 
on the slopes of the Antokompu Mountain, calculated 
to produce 1 ton of copper and 4 ton of zine per day, 
requiring about 10,000 tons of ore a year, and the 
necessary ore for the first year is already broken. 
As the ore deposits in all probability will be found 
to exceed the quantities referred to above, the ex- 
traction works are likely to be materially extended. 
The object of this first installation is more especi- 
ally to ascertain the efficiency of the Hybinette 
method of extraction ; the inventor guarantees a yield 
of at least 90 per cent. of the copper contained in 
the ore. Even with steam power the undertaking is 
looked upon as likely to prove a very remunerative 
one, but the authorities are contemplating an ex- 
ploitation of the falls in the Puntarinkoski River, 
in Kontiolak parish, and those in the Palokki River, 
in Tuusniemi parish, so as to obtain electric energy 
for the copper-extraction works. The latter falls 
belong to a private firm, which also owns part of 
the ore deposits, and is co-operating with the State 
Department. 





UNIVERSITY INTELLIGENCE. — Professor Stephen H. 
Dixon, Professor of Civil Engineering in the University 
of Birmingham, has accepted an invitation to give a 
special course of lectures in municipal engineering at 
canyans 4 College during the current term. The course 

n on Tuesday, January 21, at 4 p.m. 





Vickers Limirep.—We have received from Messrs. 
Vickers Limited a copy of a booklet they have recently 
issued, giving illustrations of their various establishments, 
views in some of their shops, and typical illustrations of 
a few of their numerous specialities, including battleships 
—* warship machinery, guns, forgings, motor- 
cars, &c. 





Russian PerMANENT-Way MANUFACTURE.— According 
to the Zeitw des Vereins Deutscher KEisenbahner- 
waltungen, the Russian State Railways ordered, in the 
commencement of 1912, from eight Russian works 
5274 switches, 6029 crossings, and other material. The 
works were able to deliver in the time stipulated only 
about 85 per cent. of the switches and 70 per cent. of the 
crossings. Owing to the delay in delivery, the railways 





were not in a position to carry out all the renewals they 
had planned. They have decided to order from abroad, 
therefore, the remaining switches and crossings, and are 
seeking powers to order, both from the home works and 
from a , the permanent-way material required in 


‘““THE ELECTRIC PROPULSION OF 
SHIPS.” 


To THE Epiror or ENGINEERING. 

Str,—In your leading article of the 17th inst. you were 
good enough to mention the experiments carried out by 
me in 1911. <A description of these trials, with illustra- 
tions of the vessel and her equipment, was given in your 
issue of June 9, 1911. Will you permit me to point out 
the place which these experiments take in the develop- 
ment of electric propulsion ? 

The Diesel electric ship which is being built by Messrs, 
Swan, Hunter and Wigham Richardson is being built to 
the order of the Electric Marine Propulsion Company, 
Limited, whose work is proceeding on the lines demon- 
strated in 1911. In Messrs. Swan and Hunter we have 
been fortunate in finding sympathetic builders. The risk 
connected with the enterprise has been taken by a small 
group of engineers, naval architects, shipbuilders, and 
shipowners who put up the necessary money for the pur- 

. All of the members of the company are of sufficient 

nowledge and experience to make the results of their 
enterprise of importance in the development of the new 
method of transmission. 

In the United States of America this company has 
associated itself with the General Electric Company who 
are carrying out the contract for the United States collier 
Jupiter. The group of ships now experimentally asso- 
ciated thus consists of a 50-horse-power, a 500-horse- 
power, and a 5000-horse-power vessel. These ships are 
not for the purpose of rebutting arguments to the effect 
that main electric transmission is unsuitable for ocean 
ships, but they are built to demonstrate that electricity 
offers to the marine engineer another useful means of 
oe some of the difficult problems which he has to 
ace. 

No claim can be based upon these experiments until 
the results of them are known, but you will permit me to 
say that no attempt has n made by those associated 
with these experiments to establish a general case for 
electric driving, The argument applies only to certain 
special cases where it is required to perform one of the 
following functions, viz. :— 

In cases where the best speed of revolution of the 

power-generator is different from that of the screw, elec- 
tric transmission forms a means of connecting them 
oe so that the best results may be obtained from 
each. 
2. In cases where the ship has to operate at widely 
different speeds, electricity provides means for changing 
the speed ratio between the generator and propeller, so as 
to permit of the power of the generator being developed 
— the most favourable conditions at all speeds of the 
ship. 

3. In cases where the power-generator is not itself 
readily or conveniently reversible, electric transmission 
provides a connection which is easily reversed in direc- 
tion of rotation. 

4. In cases where it is desired to transmit the power of 
one or more engines to one or more propellers, electric 
transmission provides a convenient means of combining 
and distributing the power. 

5. Where it is necessary or desirable to control 
the machinery from a distance, electricity offers an easy 
solution of the problem, 
It will be seen that there are many ships in which none 
of these conditions exist, and where therefore there is no 
existing demand for electric transmission. 
On the other hand, there is no other method suggested 
by which all of these five conditions can be met. The 
introduction of any new idea into engineering is becoming 
increasingly difficult, and the sympathetic co-operation 
of the engineering press is of very great value to those 
who arestriving to make advances. For that reason you 
will let me thank you for your leading article. 

I am, Sir, yours truly, 

H. A. Mavor. 
Chairman of the Electric Marine Propulsion Co., Ltd. 
January 21, 1913. 





To THE EprTor OF ENGINEERING. ; 
Srr,—My attention has been called to an interesting 
article in your valuable journal of yesterday’s date on the 
above subject. ere are one or two points which I 
would like to refer to, and which are of very great im- 
portance, in view of the ignorance which is shown in 
various directions in the knowledge of the subject. 

The first application of electrical power for marine pro- 
pulsion was made by Professor Jacobi, of St. Petersburg, 
in 1838, but was not a commercial success, owing to the 
adoption of primary batteries for the generation of 
current. Since that period many attempts have been 
made in the commercial propulsion of vessels by electri- 
city, with no satisfactory result ; particular mention may 
be made of the large amount of practical work by Robert 
Hunt and G. E. Deringin in England, in 1856, and by 
Count de Moulins in France, in 1866. The first large- 
powered vessel to be propelled by polyphase alternating 
ourrent—and the first serious attempt at the commercial 
solution of the problem—was that of an American engl- 
neer in Russia, who, in 1899, equipped a large dredger 
with 600-kw. polyphase alternating-current plant, to 
operate the dredging machinery, and for the propulsion 
of the boat. The power was produced by means of & 
steam-engine running at 200 revolutions per minute ; the 
induction motors were of the standard type and were run 
at 400 revolutions per minute, driving the propellers at 
that speed. The A nak ran very satisfactorily, and as the 
work of propulsion was of anal amount, and was required 
only for short periods of time, and as the draught of the 
vessel was light, this combination proved of commercial 
value, owing to the high thermal efficiency of the means 





the course of 1913. 


of generating the current, but the application was not of 
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the order which is meant in the later-day commercial 
propulsion of ships. 

The next application of any commercial importance was 
made by Messrs. Nobel Brothers, of St. Petersburg, who, 
as you say, in 1903 fitted up an installation on the 1100- 
ton tank-ship Vandale, the plant for which consisted of 
three sets of 120 brake horse-power non-reversible Diesel 
engines, each driving continuous-current generators of 
87 kw. output at 240 revolutions per minute, with a 
voltage of 500. This plant supplied current to three 
electric motors, each driving a screw-propeller at a top 
speed of 255 revolutions ~ minute ; the vessel was 246 ft. 
long, 31 ft. 9 in. beam, had a depth of 10 ft. 10in., and a 
loaded draught of 5 ft. 114 in., and carried a cargo of 750 
tons. She attained a speed (loaded) of 7.4 knots, and 
(light) of 8 knots. The total weight of the plant was 
81 tons, and the weight of the engines alone 48 tons. This 
vessel was certainly of great interest to those who took 
the trouble to investigate its performance, but was not 
the commercial success which a similar vessel equipped 
to-day could be made. This is owing to the fact that the 
same power engines (360 brake horse-power) can now be 
had weighing only 8 tons and running at 500 revolutions 
per minute, as compared with 48 tons and 120 revolutions 
per minute in the Vandale, the weight of the prime 
movers therefore being reduced to one-sixth. 

Further, the weight of the dynamos would also be much 
less now owing to the higher revolution speed at which 
they would be run. At the same time, in a modern 
vessel of this low speed and draught the electric motors 
would be run at, say, 180 revolutions per minute, and 
would require less power for the same thrust as was 
produced by the propellers of the Vandale, or for the 
same engine power the vessel’s s would be higher. 

An increased thermal propulsive efficiency would now 
be got by the combination of prime movers running at 
500, and propellers at reduced ratio of 2.8 tol. In the 
case of the Vandale the gear ratio was 1.06 ‘‘up,” or the 
propellers were driven 15 revolutions per minute 
‘‘quicker” than the engines, and such a method of 
driving ships electrically is against both theory and com- 
mercial practice, and it is indeed surprising that the 
scheme was ever put to work. It certainly would have 
been better to have put direct-coupled reversing engines 
in the ship. The ship, however, did not do so very badly 
compared with another vessel which was afterwards built 
on the same lines. 

The Vandale was, however, a very handy ship for the 
navigating officer, and could be handled with great ease 
from the bridge. The propellers could be brought from 
“full speed ahead ” to ‘‘ full speed astern” in 8 seconds, 
so that retarding thrust was very quickly brought on the 
hull for quick stopping or reverse running. 

The engines of the Vandale generated 360 brake horse- 
power, and the electric motors delivered to the propeller 
shafts 290 brake horse-power, so that the power-trans- 
mission efficiency was 81 per cent. For the reasons given 
above, the thermal propulsive efficiency for the shaft 
horse-power was low, and another attempt to solve the 
problem was made by Messrs. Nobel Brothers, to whom 
great credit is due for the practical experiments, at great 
cost, which they have from time to time carried out in the 
interest of internal-combustion engines for use at sea. 

In May, 1905, Messrs. Nobel Brothers equipped the 
tank-ship Sarmat. The Sarmat was identical with the 
Vandale in every detail with the exception of the propel- 
ling machinery ; this differed inasmuch that electricity 
was used only for reversing and slow-speed manceuvring. 
The engines were arranged as twin, and drove two pro- 
pellers (instead of three engines and three propellers, as 
in the case of the Vandale). Each engine ran at only 240 
revolutions per minute, and delivered 180 shaft horse- 
power with four cylinders. Each engine weighed 19 tons, 
and the electrical plant 11.2 tons. The total plant, 
including control gear, weighed 65 tons. Com 
with the total weight of the plant on the Vandale this 
showed a weight saving of 16 tons. It also provided for 
the full engine power of 360 shaft horse-power to be 
delivered to the propeller shafts, which, at full speed, ran 
at 240 revolutions per minute, and a higher propulsive 
efficiency was therefore obtained per shaft horse-power, as 
compared with the Vandale, the propellers of which ran at 
255 revolutions per minute. The weight of the plant per 
shaft horse-power developed in the Vandale was 585 lb. and 
in the case of the Sarmat 396.8 lb., so the weight of the 
machinery was less, and the propulsive efficiency greater. 
Carrying a dead-weight of 750 tons, the same as the 
vandale, the Sarmat fad a speed of 8.1 knots, and when 
light had a speed of 8.6 knots. The control was simple, 
and the arrangement of the plant had the undoubted 
advantage that, on the vessel travelling at, say, half 
speed, both shafts could be driven by the electric motors, 
being sup lied with current from either one of the 
engines, which were then disconnected from the propeller- 
shafts by means of magnetic clutches. The reversing 
power of the Vandale was more powerful than that of 
the Sarmat, but there is no question that the Sarmat was 
& greater commercial success. 

he comparison between these two ships does not show 
that the electrically-driven vessel is not a sound commer- 
cial proposition. It simply shows that the internal- 
combustion engine can be direct-coupled to the propeller- 
shaft, and the necessary reversing and manceuvring power 
obtained by means of electrical plant, and that the adop- 
tion of a direct drive and a lower revolution speed for 
the propellers at given draught and vessel speed were 
better than the previous arrangement tried. The over- 
all thermal propulsive efficiency was in either case very 

» 88 compared with the thrust produced, vessel speed, 
and heat units in the fuel used over a given period of 
time, and a better commercial job could have been done 
in the case of electrical driving. However, the commer- 
#ial results were so satisfactory that the Russian Govern- 


ment ordered in 1907 thirty-two sets of similar plant, of 
an ate of 8000 horse-power, for river patrol-boats. 
The Russians are far ahead of any nation in this great 
economical method of internal combustion of fuel at sea. 
f recent years the coming of the reversible oil-engine 
has led to the ae of direct coupling of these engines 
to propellers, and ships of note are now at work from 
ports in various parts of the Continent of Europe. There 
are also one or two in Great Britain. But in these cases 
there is a t loss of heat taking place, because the 
design of internal-combustion engine and the thermal 
dynamic conditions involved does not permit of the low 
revolution s which is essential if the screw propeller 
is to deliver its highest thrust per shaft horse-power. For 
running dead slow and for reversing compressed air is 
resorted to, which adds to the complication and decreases 
the over-all thermal efficiency of the propulsion. Further, 
a great increase in the fuel consumption per shaft-horse- 
wer hour is evident when such engines are running at 
ow revolutions, and the compression losses are such that 
ignition does not take place, or, if it does, the mixture is 
so poor that complete combustion does not take place, an 
deposits are left in the cylinders of the engines, causing 
wear and tear and other losses which have not so far 
received the searchlight of discussion in public. 

In 1905 I applied for and received sealed patents in 
nineteen countries for a method of applying electrical 
transmission for transport work on both land and water. 
This system is known as the ‘‘ Paragon ” system, and for 
marine propulsion purposes consists of arranging the 
plant so that the prime movers run at a much higher 
revolution speed than the propellers. The real cause of 
the bad commercial efficiency of early boats was that the 
heat losses were too high as compared with the propelling 
efficiency of the boats with given displacementand speed. 
To reduce these losses I pro to run the propellers 
at their proper revolution speed, as established by many 
years at sea on pte je propellers and boats, and to 
reduce the weight and increase the thermal and mecha- 
nical efficiency of the prime movers by running higher 


also makes use of the high-speed superheated steam- 
turbine in certain applications at sea. 

Mr. Henry Mavor, of Glasgow, built, in conjunction 
with Messrs. MacLaren Brothers in 1911, a small boat, 
which you referred to, and although resulting in a fair 
commercial saving in fuel required per displacement ton- 
mile at given vessel speed, owing to the limitation of 
draught, it was not possible or thought advisable to 
make a reduction in speed from the prime mover to the 
propeller of more than 2 to 1; butthe experiment was 
perfectly satisfactory from a mechanical point of view, 
and there is not much doubt that the vessel now being 
equipped for Canadian owners by Messrs. Swan, Hunter 
and Wigham Richardson will be a great commercial 
success, Seonees in her case the reduction in oe mover 
and propeller speed is as much as 5 to 1 at full power. 

The American Government will shortly be running 
trials with the largest electrically-driven vessel in the 
world, the Jupiter, and as the reduction is 18 to 1 in this 
case, because of the higher revolution speed of the turbine 
(which is being used as the prime mover in this applica- 
tion), the results may easily be a saving in steam or fuel 
of from 15 to 25 per cent. with saturated steam, and quite 
30 per cent. when the use of superheated steam is tried. 
American engineers are to be envied for living in a 
country governed by such enlightened methods. The 
next six months will open up to the world methods 
which, in this country, have been kept back by ignorance 
of the higher engineering problems. That the Americans 
will enter the shipping trade again, as they did in the 
days of the sailing ‘‘clippers,” is certain, and the ship- 
owners of this country will be themselves to blame if 
slack British engineering methods are not able to com- 
pete with the progress aiready made in America and on 
the continent of Europe. 

Yours faithfully, 
Wittiam P. Durtnact. 

12, Craven-street, Strand, London, W.C. 

January 18, 1913. 





To THe Eprror oF ENGINEERING. 

Srr,—I have read with interest the article on 
Electric Propulsion of Ships” in your issue of the 17th 
inst. As the matter appears discouraging and too con- 
servative, the a remarks may be of interest. 

If it is true that the present marine turbine was not 
adopted till it was tried on a large scale, this must be 
equally true for the electric system. It is almost certain 
that some form of electric propulsion will save 40 per cent. 
of the present fuel bill. Surely this is a sufficiently striki 
claim, especially in view of the fact that the price of fue 
is high, and will be higher in future. It is therefore 
necessary for some government or firm to encou 
this new departure. We all remember that it took the 
authorities a long time to be convinced that the screw was 
better than the paddle. The reliability of electric machi- 
nery for ships been questioned. It cannot be dis- 

ted that the motors for the Underground Electric 
Ratoun, London, and many of the induction motors in 
mills, &c., have ved most reliable. Moreover, motors 
can now be made rain-proof and explosive-proof; they 
can also be operated under water if necessary. Induction 
motors would be most reliable in a heavy sea, because the 

ropellers would not race if they came out of water. 
With regard to the reliability of the generators, many 
high-speed, large-power turbo-generators have been run for 


years under the most severe conditions without break- 
down, and in the near future a turbo-generator will be 
brought out which will be impervious to breakdown, so 
that it will obviously last the life of the ship. One bar 
r slot being used in the electric machinery, a possible 
reakdown could easily be repaired in a short time. 





piston speeds. Asis well-known, the “‘ Paragon ” system | P’ 


“The ; 


It is well known that with the electric systems the 
efficiency at cruising speed and full speed can be made a 
maximum. This is not the case with present turbine 
plant. Hoping for more encouragement in the future, 

I remain, yours truly, 


January 20, 1913. Go AHEAD. 





**SOME SUGGESTED ERRORS IN NOZZLE 
EXPERIMENTS.” 
To THE Epiror oF ENGINEERING. 

Srr,—In your reply to my letter on the above subject 
in your issue of January 17, you still maintain that if 
the pressure is not uniform over the throat section of a 
nozzle, the disc must be less than if the pressure 
were uniform, and you offer a proof which may mislead 
some of your readers who cannot trace the assumptions 
underlying it. 

The argument is that if the flow be divided into stream - 
tubes, then each stream-tube may be considered to be an 


d | *ndepencdent nozzle, and if all the throats of these nozzles are 


not allin the same transverse section of the main nozzle, 
the flow must be less than if they were all in the same 
transverse section. 

Defining the throat as the first cross-section across 
which the stream-lines are parallel, I see no reason why 
all the throats should not be in the same cross-section of 
the main nozzle. Let p, be the throat pressure which 
gives maximum flow calculated according to the ordinary 
theory of uniform pressure over the throat section. Then, 
if each cemneike be considered as an independent 
nozzle, it is evident that if the pressure at the throat 
section is less than or greater than p,, the flow must be 
diminished. Hence the flow is a maximum when the 

ressure at the throat is uniform and equal to p,. The 
allacy in this argument lies in the supposition that the 
flow can be divided into stream-tubes which are inde- 
pendent of each other. The curvature of the tubes is 
produced by the interaction between them, and the 
roblem necessarily involves the consideration of this 
interaction. It would have to be proved that no-energy 
passes from one tube to another Seles the assumption 
can be justified that the velocity of any particle at any 
instant is simply due to its loss of ‘‘total heat” (I = 
E +p vv). This interchange of energy would form an 
important part of the complete solution. Let me repeat 
that this problem has not nm solved, and that there is 
no evidence of a mathematical nature which would prevent 
the actual flow with varying pressure over the throat 
section, due to the curved stream-lines, from exceeding 
the ordinary maximum flow, calculated on the assumption 
of uniform pressure and parallel stream-lines at the throat 
section. 

The alternative explanation of the excess discharge 
offered in your article of January 10 is that the excess is 
due to delayed condensation of the steam. The assumption 
on which you base the increased discharge is that the 
temperature at the throat, when condensation does not 
take place, is the same as the temperature when condensa- 
tion does take place, an assumption requiring consider- 
able justification. Apart from this assumption, however, 
how can any such explanation of delayed condensation 
explain the excessive discharge in the case of air flowing 
through nozzles, which is cited in my paper’ Are we to 
have one explanation for steam and vapours and another 
for gases? The explanation offered in my paper is the 
only one which meets all cases. 

Yours faithfully, 
J. B. Hexperson. 

Royal Naval College, Greenwich, January 21, 1913. 

[Professor Henderson contends that in stream-line 
motion energy may be transferred from one tube of flow 
to another. ow Rankine, ‘‘ Applied Mechanics,” page 
569, article 622, referring to the motion of fluids without 
friction, states :—‘* In the case of steady motion the total 
energy of each particle is constant.” This is again asserted 
by Cotterill, “‘ Applied Mechanics,” page 455, who, re- 
ferring to frictionless flow, says:—‘‘ Again the equation 
interpreted as in the last article shows that the energy of 
all parts of the fluid is the same, or, as we may otherwise 
express it, the energy is uniformly distributed.” The 
itallion are in the original. In this case Cotterill is 
specifically referring to a case in which the stream-lines 
are curved. Finally, Dunkerley, ‘‘ Hydraulics,” vol. ii., 
page 3, gives an equation showing that along any tube of 
flow the total energy is constant, so that a tube cannot 
receive energy from an adjacent tube. In view of this 
weight of authority, therefore, we are quite unable 
to accept the new view as to the nature of stream-line 
motion which is advocated by our correspondent. If 
Rankine is correct, our demonstration of the fallacy 
involved in the assertion that a non-uniform distribution 
of pressure must result in a lessened flow is complete 
oad unassailable. As for the point touched upon in the 
last paragraph of Professor Henderson’s letter, there 
can & no question but that non-superheated steam 
must be partially supercooled in expanding through a 
nozzle. Phis flows imperatively from the experiments 
of Aitken and Wilson. Whether this is or is not, the 
true explanation of discharges in excess of the theoretical 
remains, of course, to be investigated. The idea as applied 
to the efflux from nozzles is, however, hardly a month old. 
If it can be definitely proved that disc in excess of 
the theoretical do occur with a permanent gas like air, 
then, of course, some other explanation of the pheno- 
menon must be found; but, as we demonstrated last week, 
Professor Henderson’s proposed solution of the problem 
violates the law that in stream-line motion the energy is 
uniformly distributed. We may also point out that the 
assumption that supercooling will not affect the throat 
temperature is distinctly stated as being the lees probable 
of two alternative hypotheses.—Ep, Ed 
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TueXplaning-machine which we illustrate on the | 


present and opposite pages has been made for one of 
the leading engineering firms in the Midlands by 
Messrs. Loudon Brothers, Limited, at their Johnstone 
Works. The machine is shown in side elevation in 
Figs. | and 3, on page 132, and in end elevation in 
Fig. 2, on the same page, while on the present e, 
in Figs. 4 and 5 respectively, are given an elevation 
and « plan of the cross-slide, and in Fig. 6 a reproduc- 
tion of a photograph of the whole machine. 

The machine is a to operate on work 21 ft. 
long by 8 ft. wide by 6 ft. high, with two tool-boxes on 
the cross-slide and one on the front upright, as shown 
in the illustrations. It is driven electrically, the drive 
being arranged to reverse and to give any cutting 
speed from 15 to 75 ft. with a return of 100 to 150 ft. per 
minute. The driving-motor is of 40 brake horse-power, 
and is carried on a sole-plate bolted to the side of 
the upright. It is directly geared to the drivin 
shaft of the machine, with mechanically -opera 
clutch arrangement, so that the longitudinal or trans- 
verse planing motions can be put in gear as required, 
the reversal taking place by separate reversing arrange- 
ment operated by tappets. The motor generator is 
accommodated on a separate foundation plate, as shown 
in our illustrations, and is so placed by means of re- 
pe gearing that the cross-slide can be adjusted 

er. 





Fic. 6, 


The bed and table are provided with lubricatin 
rollers and troughs, so that the lubricant is carri 
back to the reservoirs. The cross-slide is so a 
and is made long enough to carry a cross-planing 
attachment to plane the full width admitted between 
the uprights and to give a lateral travel of 9 in. to the 
tool-box, which is removed from the slide on the front 
upright when required. The slide carrying the cross- 
pa tool-box is made specially long, so that the 

eaviest cross-planing work can be performed without 
undue wear on the slides, and the back upright is 
prepared for the reception of a tool-box if required. 

On account of the high speed at which the machine 
is designed to run, the shafting throughout is made of 
high carbon steel, and the driving pinions of mild 
steel case-hardened and ground. e driving-wheel 
is of bronze, and the racks of special cast iron. 

The electrical equipment was made by the Lanca- 
shire Dynamo end Motor Company, and consists of a 
motor generator driving a motor, and a switch-case 
containing the usual switch- In addition to this 
three control-switches are p at the front, back, 
and cross-slide of the machine, with a safety switch 
on both the longitudinal and transverse motions, these 
—, — esigned to come into operation in - 
event of the ordinary tappets or reversing swi' 
failing to act, and so ovat the table running off the 
bed. An accelerating device is also supplied to enable 











the cutting speed to be increased to that of the return, 
while running between faces. The machine weighs 
approximately 42 tons. 





Tue Corprk Marxet.—In their re 
16th inst., Messrs. James Lewis and state that 
standard copper had experienced a severe fall since the 
quaite of the new year, from 77/. 5s. to 691. for cash. 

latter price was accepted on the 15th, when an 
enormous business was ted on the 
Exchange, amidst great excitement, the total sales 
exceeding 5000 tons. With bears covering freely and 
speculative purchases induced by the comparatively low 
price, a reaction to 70/. 17s. 6d. followed, and on the 16th, 
with the announcement of a considerable diminution in 
the English stocks, although those in France and y 
had increased, the market closed with cash at 71/. 2s. 6d., 
and three months prompt at 71/. 12s. 6d. The sales 
amounted to a total of about 28,500 tons. The rapid 
depreciation that had taken plage was due to the un- 
favourable returns of the American refiners, showing an 
increase of 8550 tons in the stocks held by them, together 
with a falling off of 4857 tons in the home consumption, 
as compared with the previous month, and also to the 
fear of a renewal of the war between the Allies and 
Turkey. The American refiners had at last had to submit 
to the inevitable, and had reduced their price for electro- 
lytic copper to the extent of 1} cents per pound. to 
164 cents, at which considerable business was reported. 


rt, dated the 
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INDICATORS.* 
By James G. Stewart, of Dundee. 


THE indicator even when used with the greatest care 
is, like many other instruments, subject to systematic 
errors, the presence of all of which has not yet been 
fully recognised. This paper describes some experiments 
carried out to determine these errors; it discusses the 
defects of indicators, and, in order to give a concrete 
conception of the errors, both in mean pressure and in the 
shape of the diagram, it gives the correction of the dia- 
grams of Professor Burstall’s Crosby-Hopkinson com- 
parison tests, a paper on which was read before the Insti- 
tution of Mechanical Engineers in 1909.t These were 
chosen as it was generally agreed that the indicating was 
of the highest order ible with the given instruments. 

The research n carried out in the laboratories 
of the Mechanical Engineering Department of the Uni- 
versity of Birmingham. The author wishes to acknow- 
ledge his indebtedness to Professor F. W. Burstall for 
permission to use the indicators and for facilities to 
prosecute his research; he is indebted to Mr. A. W. 

one for his assistance in those experiments which could 
not conveniently be done by one experimenter. ; 

A consideration of the uses to which some of the most 
eminent engineers have put the indicator, and of the 
far-reaching deductions made by them, led to this inves- 
tigation of its behaviour. As it will give a clearer 
conception of the problem, some of these uses will be 
briefly stated. Professors Callendar and Nicolson,} in 
their classic experiments on the temperatures in the 
steam-engine, found a discrepancy between the bo 
ture of the steam as measu directly and as calculated 
from the indicator oo The discrepancy, although 
small, they explained by a theory of instability of state 
of steam during expansion ; it could be explained very 
satisfactorily by an error in their indicated pressures if 
such could be proved to exist. Professor Burstall, in his 

-engine work, has made much use of the indicator; he 
Ge caeaed from its diagrams the temperatures of the 
throughout the expansion stroke and compared 
ion with actual measurements of these temperatures. § 
He has enunciated a law of cooling in the a 
cylinder, and ———_ it by theagreement of deductions 
made from it with the indicated form of the expansion 
line.|| Mr. Dugald Clerk, in his well-known work on the 
sific heat of gases, has depended almost entirely on 
his indicator diagrams. {] 

Professor Bertram Hopkinson has also used his indicator 
to determine the specific heats of gases, and has found 
unexplained peculiarities towards the end of compression 
and beginning of expansion. The problem of the behaviour 
of ina Fecnene cylinder would be much simplified 
if these could be explained by errors in the indicator. 

In steam-engine work an almost absolute reliance is 

on the indicator diagram ; from it one deduces 
ryness fractions of the expanding steam and draws the 
corresponding entropy di ; from which in turn 
various deductions are le of heat interchanges ing 
lace in the cylinder. In the measurement of indica 
orse-power there is not more reason for putting trust in 
the indicator. If through any cause a large amount of 
friction were offered to the motion of the pencil, the 
indicated horse-power would be much in excess of the 
true horse-power for diagrams of the usual shape. 

The author’s experiments lead to the conclusion that 
the errors in indicator diagrams are much greater tl 
= pe en usually ger - Lees Sew | that there is a 

, often very t, of the penc its true posi- 
tion, and that the error so introduced is not a constant 
but generally increases with the stiffness of the spring 
and with the pressure. Of equal importance is it that 
these errors, Phy not readily apparent, are not 
uniform, but vary with different indicators and even with 
different springs of the same scale. These errors and the 
uncertainty of their a are hurtful to the pro- 
gress of engineering. be indicator should either be 
made an accurate instrument, or a ready means of 
measuring its errors should be devised. e methods 
used in these experiments some way towards making 
the latter alternative possible, and the results, in so far 
as they point out the causes of errors, will be useful to 
designers in their search after the former. 

Very few investigations into the behaviour of the indi- 
cator have been made. In 1885 Professor Reynolds read 
& paper on the indicator, in which he discussed its 
errors.** He gave an equation of motion of the pencil, 
which, however, neglected the presence of any damping 
forces ; the equation, unfortunately, is not applicable to 
the correction of the ordinary indicator di . Rey- 
nolds gave a method of determining the friction by the 
use of a light —s It has generally been accepted that 
the friction so determined is the friction resisting motion 
of the pencil, whatever be the epring used and whatever 
be the pressure on the piston ; the friction in use is really 


* Paper read before the Institution of Mechanical 
Engineers, January 17, 19° 3. 

+ Proceedings of the Institution of Mechanical Eagi- 
neers, 1909, page 785; also ENGINEERING. vol. Ixxxvill., 
page 193. 

t Proceedings of the Institution of Civil Eagineers, 
1897-8, vol. cxxxi., page 147. 

§ Procaedings of the Institution of Mechanical Engi- 
neers, 1901, page 1031; also ENGINEERING, vol. lxxi.., 
pages 592, 628, 663. 

Proceedings of the Institution of Mechanical Engi- 
neers. 1908, page 18; also ENGINEERING, vol. lxxxv., 


page 132. 
“ “Limits of Thermal Efficiency.” Proceedings of the 
Institution of Civil Engineers, 1906-7, and later papers. 
** Proceedings of the Institution of Civil Engineers, 
1885, vol. Ixxxtii., page 1. 





much greater. Reynolds’s theory of errors of drum motion 
is satisfactory so far as it goes, but a fuller treatment is 
advisable for present-day needs. Reynolds’s — was 
accompanied by one* by Dr. Brightmore, in which he 
fave the results of experiments which he had made. 

hey went to show the presence of the factors discussed 
by Reynolds, but they did not, quantitatively, except in 
the case of the periodic time of an oscillation of the 
pencil, support Reynolds’s theories. 
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Dr. Meyer, of Berlin, has discussed + an equation of 
motion of the pencil, which differs from Reynolds’s in 
that he introduces a term to represent the damping forces. 
These he assumes to be due to fluid resistances, and pro- 
portional to the velocity of motion of the piston. The 
author’s experiments do not support these assumptions. 
Such equations of motion, if they could be accurately 
applied, would be of value in cases in which changes of 
pressure are so rapid that the inertia of the moving parts 
is a predominating factor, for example, in the case of the 


correction of the diagram of an explosion in a gas-engine | 


cylinder. 

There is in the indicator the possibility of two distinct 
errors:— 

1. The indicated pressure may not be that corre- 
sponding to the pressure in the cylinder, due either to 
friction or to inertia of the moving parts, or to both. 

2. The position of the drum may not be that corre- 
sponding to the position of the piston, due tostretch of the 
string or to straining in other parts of the indicator gear. 
These will be considered separately. 

In the author’s experiments Coetty gas-engine indi- 


* Proceedings of the Institution of Civil Engineers, 
1885, Vol. Ixxxiii., page 20. 
+ “Untersuchungen am Gasmotor,” Berlin, 1903. 





cators, internal-spring type, fitted with heavy-pattern 
ene gear, were am As the only essential ‘ki erence 

tween the Crosby gas-engine indicator and the Crosby 
steam-engine indicator is the diameter of the piston, the 
results are applicable to the steam indicator, ring in 
mind that the scale of the springs must be altered in pro- 

ortion. Some experiments were also made on a Hop. 
inson optical indicator ; this indicator was purchased by 
the Engineering Department of the University of Bir- 
mingham from the makers, Messrs. Dobbie and McInnes, 
Limited. One of the Crosby indicators was the special 
indicator used by Professor Burstall in his gas-engine 
research work (Crosby No. 1) ; the other, and the one on 
which most of the experiments were made, was chosen 
from the remaining indicators in the possession of the 
Department (Crosby No. 2). 

indicator diagrams are subject to error from many 

causes which are really defects of the engine, and not of 
the indicator, it is necessary, in order to determine the 
errors of the indicator, to eliminate errors of the former 
class. In the pencil motion a chief source of error in 
steam-engine work is the presence of water in the indi- 
cator or in its connection with the cylinder ; this has 
been avoided by using compressed air as a working fluid. 
In the drum motion, errors of design of the indicator gear 
were eliminated by a differential method. Further, as 
» ee econ ~ pencil motion could be 
made from a diagram taken from an engine, a special 
method has been used. - a 
_ Motion of the Pencil (or of the Equivalent Pressure- 
indicating Mechanism of the Opticul Indicator).—To 
record the pressure accurately, the pencil must have for 
each pressure a single definite position, and it must take 
this position whenever the pressure in the cylinder is 
that corresponding to the position. This is only 
approximated to in any indicator. Friction and the 
inertia of the moving parts introduce errors; there ma 
also be an error due to slackness in the pins of the pencil- 
gear, which error, however, is one which ought to be 
avoided. A knowledge of the friction and the inertia 
gives the data necessary to calculate the error in the 
motion of the pencil. 

Frict l Resist to the Motion of the Pencil.—If a 


Fig4, DOUBLE-SEATED VALVE. 
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Crosby indicator be subjected to pressures represented 
| by the line ahed, Fig. 1, annexed, it will be unable to 
follow the instantaneous — of pressure represented 
by be, and in consequence oscillations will be set up, and 
the pencil will give some indication as a be fghd, Fig. 1, 
These oscillations will gradually die out, and experiment 
shows that the damping per oscillation (A) for each of the 
oscillations is very nearly constant, Fig. 1. It is slightly 
greater when the oscillations are large, but for general 
purposes this variation may be neglected. This con- 
dition of constant damping per oscillation is an indication 
of the nature of the friction which is damping the motion 
—namely, that it is “‘solid” friction; that is, it is of 
constant amount, and always opposed to -the motion. 


Further, the frictional force is equivalent to = Ib. per 


sq. in. on the piston (see Appendix I., page 138). As 
the successive maximum heights of the pencil above its 
true position can be measured and plotted, A can be 
obtained with considerable accuracy from the slope of the 
| mean curve, Fig. 2. The slope at the point at which 
| the curve cuts the time axis gives the true solid friction. 
Increased slope at other points indicates the addition of 
| @ small amount of fluid damping, (Fig. 2). J 
Experiments to ine Frictional Resistunce to Motion 
| of Pencil.—In these the apparatus shown in Fig. 3 was 
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used. An ordinary high-pressure air-bottle had two 
bosses welded on ; one carried a pounce the other 
a valve of — construction. The indicator was 
attached to the special valve as shown. The valve, 
which is shown separately in Fig. 4, was double-seated. 
When the valve was on the lower seat the indicator was 
open to the atmosphere ; when it was on the upper seat, 
the indicator was open to the bottle, which, in working 
conditions, held air under pressure. This valve was 
operated by a magnet which made possible a very rapid 
switching over of the valve, and therefore subjected the 
indicator to a very rapid change of pressure. This 
sudden change is an approximation to the instantaneous 
change represented by the line b, cin Fig.1. The drum 
was actuated by a falling weight ; the weight, in falling, 
pulled in the fork of a Sane oe switch, thus closing 
the magnet circuit and switching the indicator from the 
pressure air to the atmosphere. By suitably timing this 
switch the valve could be made to act at a suitable time, 
and a record of the movement of the pencil was obtained 
on the diagram. The pressure of the pencil on the paper 
was adjusted by the screw provided, and the screw was 
held against the stop by hanging a small weight to it. 
Fig. 5 is a facsimile of an actual diagram obtained from 
this apparatus. It was originally intended that the 


Fig.5. FACSIMILE OF ORIGINAL OSCILLATION 
DIAGRAM OBTAINED FROM APPARATUS, 
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switch- valve should give a practically instantaneous 
change of pressure in the indicator cylinder. This, how- 
ever, was found impossible, but, fortunately, the very 
satisfactory oscillation diagrams obtained were sufficient 
in themselves to give complete information. 

The frictional damping forces were calculated in terms 
of their equivalent pressures on the piston of the indi- 
cator ; they were found to vary with change of conditions. 
So far pencil pressure is the only recognised variable, but 
other and much more serious causes of variation were 
found. It was only after much work that these variables 
were separated. ariation of the friction may be stated 
to be due to variation in :— 

1. The pressure of the pencil on the paper. 

2. The stiffness of the spring. 

3. Different springs of equal stiffness. 


Maal of Srv n 


4. The pressure of the working fluid in the indicator | and oscillations of the 


cylinder. 
5. Different indicators. 








| 
| 
| 
| 


are avi curves. With these heavy springs much 
vastation te’ the results was found when dierent springs 
were used (see Fig. 9, which has the sume co-ordinates as 
Fig. 6). is shows the presence of the third variable. 
The fourth variable which influences the friction is the 
ee of the working fluid in the indicator cylinder. 
his variable was investigated for one case only—namely, 
Crosby indicator No. 1, fitted with its 400 spring. This 
indicator and spring are those which were used in Pro- 
fessor Burstall’s Crosby- Hopkinson comparison tests. The 
results therefore are directly applicable to the correction 
of his Crosby diagrams. e results are shown in 


Fig. 10. 

The pencil pressure throughout was constant, and was 
that corresponding to three-eighths of a turn of the 
pencil-adjusting screw. is is a very small pao. 
and one at which the friction of the pencil on the paper 
is so small that it mom be neglected. It is about the 
pressure which one would adopt when carefully yg 
an engine. The method of obtaining the results of Fig. 1 
was different from that used in the other experiments. 
In these the indicator was in continual direct connection 
with the air-bottle. The height of the pencil above the 
atmospheric line was therefore that corresponding to the 
pressure of the air in the bottle. The pencil gear was 
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tripped by pulling the piston-rod up and then suddenly 
releasing it. This was done very simply by using the 
box-key supplied with the Crosby indicator. The box- 
key was held in one hand, and with it the pin in the 
iston-rod fork was caught; pulling, the pencil was 
eflected. The key was then allowed to slip off the pin 
cil resulted. The pressure in 
the indicator cylinder during the oscillation was that of 
the air in the bottle, and thus a means of measuring the 





Of these, 1, 2, and 3 were investigated on Crosby indi-| friction at that pressure was obtained. There is the 


cator No, 2. 

Fig. 6 shows the result of variation of pencil pressure 
and of scale of spring. As the pencil pressure was not 
direetly measurable, it is given in terms of the turns of 
the pencil-adjusting 
which the pencil is just touching the drum, no paper 
being on the drum. Fig. 7, which is deduced from Fig. 6, 
gives these results in a more useful form. The ordinates 
corresponding to the points at which the curves of Fig. 7 


screw ; the zero position is that at | 


possibility in this method of the pencil pressure being 
interfered with, but there was nothing to show inter- 
ference. Had it ocourred it would have shown itself in 
the varying blackness of the pencil line. Moreover, if 
it had | on resent in sufficient amount to affect the 
results, it could not have varied systematically wp. 
out, and so could not explain the variation found. e 


| author believes the results to be quite as accurate as those 


cut the vertical axis are plotted in Fig. 8, and for com- | 


Parison the friction, as measured statically with a light 
pene in Reynolds’s manner, is also plotted, It is notice- 
able that the two are in close agreement. Having estab- 
lished this relation, Fig. 7 shows the great excess of the 
friction over that obtained by Reynolds’s method. 

he curves given in Fig. 6 for the 240 and 160 springs 


|of the pressure 


obtained by the other method. } 
The variation found appears to be # iunction not | 
but also of the of the pencil. 

@ experiments which were made on two 240 ings 


show this. Oscillations were made in the us way 
with the apparatus shown in Fig. 3. The re 
inside the indicator cylinder was atmospheric throughout 
the period of oscillation ; the position of the was 








varied by means of the screw in the piston-rod. The 
results in Fig. 11 were obtained. 

In these, as in all experiments with Orosby indicators 
the pencil used was of 5 H Koh-i-Noor pencil lead. The 
paper was a writing paper with asmooth surface. The 
surface of the paper had a tendency to beglossy, in which 
state with small pencil pressures it did not readily show a 
pencil line. As it was important that the behaviour of 
the indicator, when suninel ¢ as little as possible, should 
be known, dried paper was used. In the dried state 
the paj had a smooth mat surface which was easily 
marked by the pencil. 

Friction in the Pressure-Indicating Mechanism of the 
Hopkinson Indicator.—A few oscillation diagrams were 
taken with the Hopkinson indicator, using the apparatus 
shown in Fig. 3, but it was not possible to estimate from 
them the frictional resistance to motion, as the oscilla- 
tion was not a simple one. Fig. 12 shows a facsimile of one 
of these diagrams. It will be noticed that there is super- 
memes on the main oscillation a secon illation 
and that the secondary oscillation is not a harmonic of the 
main one. 

The static tests on this indicator were more valuable. 
The first test was intended to show the presence of 
hysteresis if such were present. To effect this the indi- 
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cator was secured with its axis in a vertical a ag and 
with the spring on the underside of the cylinder. The 


spring was then loaded by hanging weights to the end of 
a stiff wire, the upper end of which was hoo! to the 
ring. No piston was used, so that the only possible 


friction affecting the motion was that of the pivots of the 
mirror spindle or that of the spring in its supports. This 
latter, however, was believed to be negligibly small. 
Care was taken to load and unload the spring without 
_ Plotting the results a diagram with a very large 
oop was obtained showing an error much in excess of 
what was to be expected from hysteresis. The only 
satisfactory explanation was that the friction of the spring 
in its supports, instead of being negligible, was really 
very large. If it was friction it could be eliminated by 
tapping. This was found to be the case, the spot taking 
a single definite position when thus relieved of friction. 


The tapping had to be som, and the final position of 
the spot of light was different with vertical and with 
horizontal tappi In the earlier experiments the load 


had not been applied quite centrally, thus introducing a 
couple which may have caused the error to appear 
greater than should really have been the case. To 
eliminate this possibility a wire was bent which would 
apply the load centrally. This gave the looped diagrams 
given in Fig. 13. 

Discussion of Results of the Experiments on the Pressure- 
Indicating Mechanism of Indicators.*—The Crosby indi- 
cator, despite the accuracy of its workmanship, is very 
sensitive to small defects—that is, small inacouracies in 
workmanship of certain parts lead to large errors in 
indicating. The piston is secured to the ball on the 
indicator spring ; any inaccuracy in manufacture which 
results in deflecting that ball from its true position in the 
axis of the indicator cylinder will, when the piston and 
spring are put in place, result in a side pressure of the 
= on the cylinder wall. Thus friction is introduced. 

f the inaccuracy be in the indicator cylinder or cover, 
the amount of side pressure will greater for stiffer 
springs, and so the friction will be proportional to the 
stiffness of the spring. This effect is seen in Fig. 7. 
If, however, there is any inaccuracy in placing the ball 
of the spring exactly in the axis of the spring, this will 
introduce a side thrust and a co vent error ; such an 
error does exist, as is shown by Fig. 9. 





* In this discussion reference will be made to only the 
Crosby and the Hopkinson indicators. This does not 
mean that other indicators are free from the faults of 
these ; in fact, it is the author’s opinion that there is not 
a mechanical-type indicator superior to the Crosby, nor 
an optical one which, within his knowledge, is superior 
to the Hopkinson. 
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it happens, rors greater in the No. 2| fitted to a Belliss high-speed ine and a weak spring 
Crosby — in oy No. : "The | raed. seadily comparable was put in the indicator. The a was rotated by the 
i indicator gear. The indicator cock was open to atmo- 


b. .in.| sphere throughout. The indicator pencil was deflected 
gern Ge Sie: 8 Kvashy we wened expose! tatiengt o first oe and then below the atmospheric line, as in 


ntly, 


int is that at atmospheric pressure using 400 spri 


friction (Fig. 7, @-turn pencil pressure), whereas 
No. 1 Crosby only sho 
under the same conditions. There can thus 
Fg. 13. DIAGRAM SHOWING EFFECT OF FRICTION IN 
SPRING SUPPORTS Of HOPKINSON INDICATOR. 
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we of It is probable that its errors may be considerably lessened 
S f by change in the nature of the rubbing surfaces of the 

Ad supports and spring, but it is not likely to be altogether 

60}12 "A eliminated. A peculiarity of this method of support is 
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differences between two indicators, and 


important to be able to select good ones. A fair clue} P 


to the quality of an indicator can be obtained by testing 
it for friction by Reynolds’s static method, using not only 
the weak spring but springs of all stiffnesses. With stiff 
springs the error should ) oA so small that it cannot be 
measured. Doing this on the No. 2 indicator, the author 


found errors of the same order of magnitude as those found pe 


kinetically ; but by the nature of the case the measure- 
measured statically on the No. 1 indicator was small with 
weak spri and unmeasurable with stiff springs. In 
making such a measurement as this it is essential that 
there should be no play in the — of the pencil-gear, 
or else that its amount should be separately determined 
and a correction made. 

The irregularity in the behaviour of indicators is very 
unsatisfactory ; it means that in any accurate work indi- 


iagrams i the error. 
py poy aay te a mange yey oe ed oscillations occurring between two or three spark intervals 
could easily be measured from the diagrams; a simple 


a statement of the peculiar behaviour of the indicator 
used in taking them. With regard to past work, it would 


be necessary, if its results are to be accepted, that the | C#lculation then ga 
experimenter should get back to his original indicator, wiiaen 


and supplement his work by a statement of its errors. 
That error, which varies with the 
due to the restraining couples, is the most troublesome ; 


icti lb. per sq. in. | Reynolds’s static friction test. On 
a he wu it took a final position which even after many revolutions 
far distant from the atmospheric line as it 
would have been if ithad not been subject to any vibration. 
With heavier —— the 
by vibration is still 


was almost as 


that there is a range corresponding 
loop, seen in Fig. 13, throughout which there is no 
slipping of the beam in its supports. Its stiffness as a 
spring is under these conditions greater, and consequently 
its periodic time is much less, than that corresponding to 
slipping in the supports. Probably this rapid oscillation 
is the secondary oscillation seen superimposed on the 
main oscillation in Fig. 12. That friction was ane 
small, for conditions corresponding to points wit: 

loop, was evident, small oscillations set up within this 
range being very slowly damped. 


i 4 h rictio fully. It was 
ment is inaccurate. On the other hand, the friction Gn anielll babes the te 
the pencil-point and the dru 
some cases almost ;\, in. from the pencil-line. 
nate this error as far as possible a judicious choice of 
diagrams was made and an — taken. 
diagrams those were selected whic’! 
sparks had 
with its maximum velocity ; this minimised the effect of 


d which is} mass M an 
ree ad eich | of oscillations with different springs. (See Appendix II., 


easing it 


to points wi 


Experiments to Determine the Periodic Times of Oscilla- 


208 z tion of the Pencil.—For these experiments the drum of the 

made to pass at 
timed intervals from the pencil point through the paper 
to the drum, piercing in its ar mg a hole in the paper. 
The pencil was set in oscillation, and the drum rotated 
as in the friction experiments. The result was a 
diagram the same as previously obtained, with the addi- 
tion of the small pierced holes caused by the spark. 
To obtain the timed spark, a commutator driven by a 
small motor was put into the low-tension circuit of 
it becomes|@n induction coil, and the trembler of the coil was 
ut out of action. The small motor was a three-phase 
induction one; in these experiments its slip has been 
neglected. 
accurately. The estimation of the time interval between 
sparks was thus fairly accurate. Much 
were involved in the variable resistance offered by the 


ndicator was insulated, and a spark 


The frequency of the supply was known 


r to the passage of the spark. To obtain pierced 
es in the a ad it was found necessary to dry it care- 
ound that due to ee in the paper 

ortest pe between 

the spark-hole being in 
To elimi- 
In choosing 
h showed that the 
at times when the pencil was moving 


The number of oscillations or fractions of 


ve the time of one oscillation. 
The results which were obtained are given in Table I., 
ives the calculated values of the equivalent 
the corresponding calculated peri 


its presence can only be detected by some such method as | Page 138) 


that used in these experiments. The difficulty of detect- 
ing even its presence is no reason for believing it to be 

It is probably not too much to say that the 
indicated horse-power is frequently 10 per cent. or more 


er than the true value. The author’s friend, Dr. ee Ms = 
" Spring., Mass at 
Piston. | 


Fisher, has drawn his attention to an engine test 
which shows the presence of errors of this magnitude. 
With diagrams of the ordinary form the effect of friction 
is to increase the diagram, and when this friction increases 
with the pressure, the increase in the size of the diagram 
will be greater for higher initial and back pressures in the 
cylinder. This effect Dr. Fisher obtained by working a 

illans engine—(1) condensing; (2) non-condensing— 





TaBLe I.—Periodic Times of Oscillations (Crosby 
Indicator). 


Periodic Times. Percentage 
Excess of Ob- 
Calcu- Ob- | Served over 


lated. | served. Calculated. 


Equiva- 
Rate of 
Spring. 








| 


grammes dynes per cm. | sec. | per cent. 
20 58.0 5.27 x 108 | 0.021 | 0.0199 | - 5h 
80 58.7 21.08 x 106 | 0.0105 0.0103 -2 
160 60.3 42.16 x 106 | 0.00752 | 0.00747 | -4 
240 61.0 63.24 x 108 | 0.00618 0.0066 | + 6.4 





maintaining throughout the same brake horse-power. He 
used selected indicstors. He found an increase of indicated 


horse-power between the two cases of 3 per cent. using | experimental result from the calculated. 


The last column gives the percentage divergence of the 
he agreement 


Crosby indicators and an increase of 4.6 per cent. using} generally is very close considering the difficulties of 


McInnes Dobbie indicators. The McInnes Dobbie in-| measuring so very small periods of time and the errors 


dicators throughout gave much larger indicated horse-| involved in the assumptions made in obtaining the calcu- 


wers than the Crosby indicators ; between the indicated | lated 


orse-power (condensing) as obtained by the Crosby indi- | } 
cators and 


values. There is, however, a noticeable progressive 
ening of the period, from experiment compared 


indicated horse-power (non-condensing) | with that from calculation, in advancing from lighter to 


as obtained by the McInnes Dobbie indicator there is as} heavier springs. This is not satisfactorily explained by 
e 


great a difference as 10 per cent. 


If to this be added | any of 


causes of error mentioned above. Despite 


error in the Crosby, we obtain the| these variations the calculated values are so near the 


the percentage 
result that the indicated horse-power as obtained by the] e 
8 


McInnes Dobbie indicator is greater than the true horse- 
power by more than 10 per cent. In this experiment 
the assumption i 


cient to take them as accurate. 
Other Sources of Error in Pressure Indication.—Men- 


— that for most practical cases it will be 
u 


on is made that the mechanical efficiency | tion should, perhaps, be made of some of these. They 


of the engine is constant when the brake horse-power | are, however, better known than errors due to friction, 
is maintained constant, an assumption which there is} and are consequently guarded against by all careful 


much reason to believe is true or very nearly so. 


r ne pees — 
Tt has been assumed that the friction, as measured . Errors due to water in the indicator or in its con- 


from the oscillation diagrams, 
indicator when the motion is that of the ordinary indi- 
cator e 

been pointed out in the analysis of the oscillation 
diagram that the friction is 
the velocity; consequently its magnitude is equally 


great, even when drawing constant pressure line. It is} cylinder may be of too small a bore. 


y believed that the vibration of an ine is 


sufficient to relieve the indicator of all solid fiction. which water may possi 
To determine whether this was true, an indicator was | cases oscillations 





is the same as that in the wiice with the cylinder. The effect of a mass of water 


indicator cannot be predicted ; not only does it 


This requires justification. It has already | alter the shape of the diagram but it may introduce a 


error in the measurement of mean pressure, par- 


ically independent of bang in high-s: 


engines. 
The connection between the indicator and the 
‘ is will not 
y introduce any Fay error except in cases in 

ly get into it. In particular 
of the steam or gas may be set up in 















ibility of relieving friction 
ess. © motion of the piston and 
pencil gear may cause additional vibration. But such 
was present in the oscillation ex j 

is therefore included in the friction as obtained 
them. The same result was obtained on the ‘‘ Premier ” 
gas-engine. The particular Hopkinson indicator which 
was tested showed errors much greater than the Crosby. 


iments and its effect 
from 





in the 


in the 


greater errors 


ic times 


] 4 aie is more ome in gas- 
engine work, w a lo Pipe cannot always be 
avoided, and where the a. Be for a large bore fe not 
so evident as in steam-engine work. 

3. The scale of the spring may not be known with 
accuracy. Springs can be calibrated accurately at room 
temperatures or at 212deg. Fahr. Between these two 
temperatures there is a difference in the rate of 2 to 
3 per cent. In steam-engine work no appreciable 
error is involved in assuming that in working conditions 
the pemgenptare of the springs, if internal springs, is 
212 deg. Fahr. In gas-engine work no such assumption 
can be acce as accurate ; all that can be done is to 
form a rough estimate of the probable working tempera- 
ture of the spring when used in the particular way adopted. 

4. Slackness in any of the joints of the pencil gear or in 
the screw of the piston-rod is a more serious trouble, and 
one which it is extremely difficult to avoid ; in fact, the 
best of indicators of the mechanical type readily develo 
looseness of the joints when used. For accurate wak 
this slackness must be taken up or the indicator rejected, 

5. mga of diagrams has scarcely received sufficient 
attention. ithout proper care large errors in the indi- 
cated power may be introduced. The difficulty is greatest 
where the area of the diagrams is subject to large varia- 
tion. In a steam-engine with a good governor sampling is 
comparatively easy, but in a gas-engine the variation in 
diagrams is often large, particularly if it is working on 
power gas. Ina gas-engine test in which cards, each of 
three working cycles, were taken every five minutes 
throughout an hour (that is, thirty-six diagrams in all), a 
difference of 1.7 per cent. was found between the average 
of all the di ms and the average of the first thirty. 
The effect of large or small diagrams in causing such a 
divergence becomes less as the total number of diagrams 
increases. In the particular test instanced, in which the 
load was artificial and of constant amount, the maximum 
variation of one of the sets of three diagrams from the 
mean was about 84 per cent. In one instance two succes- 
sive sets each gave 8! cent. above the mean. Roughly, 
these occurring together, represent an excess of 17 per 
cent. above the mean. In order that two such diagrams 
occurring at the end of a test should not affect the final 
result by more than 4 per cent., it would necessary 
to take thirty-four sets of diagrams, that is, almost three 
times the number actually taken. Mond gas was used 
in the test, and the mixture was weak; with richer 
mixtures the variations are not so large. In a 
test giving a mean pressure of 92 lb. per sq. in., the 
greatest variation from the mean, of any one set of dia- 
grams, was 5 per cent. In order that two such sets occur- 
ring at the end of a test should not affect the results by 
more than 4 per cent., twenty sets of diagrams would 
require to be taken. 

6. In measuring the area of the diagrams inaccuracies 
ae introdu The usual method of planimetering 
each diagram and averaging is probably most accurate as 
chance errors will average out. This car only be done 
when the pressure-scale of the diagram is uniform, a con- 
dition which is found in the Crosby but notin the Hop- 
kinson indicator. 

Mechanism for Recording Position of ine-Piston.— 
In the mechanical type of indicator the drum, with its 
associa parts, records the position of the piston. In 
the optical indicator this is done by that part of the 
mechanism which causes the crossways motion of the 
spot of light. The motion will be true if the indicator 
paper, or the spot of light, moves in exact accordance 
with the motion of the piston. Errors are introduced 
into the motion if the ssaluaios is subjected to variable 
forces and if it yields under these forces. The forces to 
which it is subjected in the case of the drum are : (1) that 
of the nye ; (2) that due to inertia of the movin 
parts; (3) that of frictional resistance. In the case 0! 
the optical indicator there are similar forces, but both 
they and the gy of the mechanism can in general be 
reduced until their effect is negligible. A drum must 
have a cord or flexible wire, yielding of which cannot be 
avoided. 

Errors are often introduced by faulty design of the 

indicator-driving mechanism. They are external to the 
diameter, and, as they are well understood, they will not 
be disoussed here. Geometrical errors are always present 
in the optical indicator when a flat screen is used, but by 
careful design they may be made negligibly small. 
_ The Inertia of the Moving Parts.—The moment of 
inertia about its axis of rotation of the Crosby drum with 
its paper and with part of the drum-spring and cord is 
— 415 g.-cm.2 This was obtained partly by an 
oscillation experiment on the drum and partly by cal- 
culation. For convenience in calculation a mass of 
110 grammes situated on the surface of the paper may be 
taken as giving the same moment of inertia about the 
axis as the drum and its associated parts. This may be 
called the equivalent mass of the drum. 

_ Stretching of the Cord or Wire.—Any cord shows con- 
siderable variation of length under varying load, even 
when precantions have taken to initially stretch the 
cord. In og 14 are shown the results of a test on & 
4 ft. le of Crosby cord, which had previously been 
stretched by hanging a weight of 8} lb. to it for twenty- 
four hours. In use the pull on the cord does not exceed 
half this amount and is usually much less. To measure 
the stretch the indicator was put in place on the engine 
(this was done for convenience but the engine was at rest 
throughout). drum axis in this ition was hori- 
zontal; the cord was attached to the drum in the usual 
way and its lower end was fastened to the lever of the 
indicator gear, which was vertically under the indicator 
and was rigid. Another cord was attached to the drum 
and hung over its other side. To the end of this other 
cord — were hung. As the drum-spring had pre- 
viously removed, these weights gave a measure 


this connecting-pipe. 
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| Sented in the figure by 8S” R”, is ter, by the force re- 


of the oe on the string, corrections pom made a 
uired to overcome friction, than the pull for a frictionless 


for the friction of the drum. As such a cord is not 
perfectly elastic, the test was performed with in-|drum. The forces therefore required to give the drum 
creasing and diminishing loads. To obtain the cor-/ its true motion are represented by R’S’S” R”. Under 
rection for friction both cords were allowed to hang free, | these forces, however, the string stretches, introducing an 
and equal weights were hung to each. Additional weights | error into the motion, and so to some extent modifying 
were bung to one cord until the friction was just over- | the resultant pull on the cord. This is particularly so at 
come. is gave a measure of force required to | the ends of the di m. There can be no sudden transi- 
overcome friction for a load on the drum a to tion from the ne - ell of S’ to those of 8S”, or from 
the weights on the cords. If the indicator had not been | those of R” to those of R’ ; instead some such u 
perfectly rigid under the forces applied to it in measuring changes, as are shown by S’MN and R’KL, would take 
the stretch of the cord, a correction would have to be place. If it were possible for the drum to actually pause 
applied to the above results. No appreciable want of until the tension in the cord rose or fell to that theoretic- 
rigidity was present, for no effect was a it on - | ally required to make the remainder of the motion true, 
ing a heavy weight to the end of the drum-spindle or by | the changes in pull would be represented by S’ P N and 
oking it off. ‘ R” QL; but the conditions required for an actual pause 
The Frict ; to Motion of the Drum and the cannot be attained since the pull exerted by the string is, 
Rate of the Drwm-Spring.—These were measured statically except in exceptional cases, in excess of the friction of 
by securing the indicator in 4» support with the axis of | the drum. The error due to stretch of the cord for the 
its drum horizontal, hanging weights to the cord and! cycle of forces R” K LS’'M NR” has been calculated, 
marking the positions of the drum for each weight for and is plotted in Fig. 16. Throughout, the cord has been 


] Reset, 





16. DRUM ERRORS CAUSED BY YIELDING OF THE 





Fig.14. STRETCH OF INDICATOR CORD. 
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_ INDICATOR CORD. COMPARISON BETWEEN THEORY 8 _ 
i EXPERIMENT. 
é } B. ‘ org mith 
2 A ~. 
— Stretch #A# i ——__ 
_| — True Stretch Corrected a Long 
5 —— for Friction of Drum 7 // > i Ss ih 
‘ff — 
/ Yj / eee 
S SH / Bs ‘sperimental Bay 
3 Ff if f 
3 way é- 
§ 4A V a *5 % v4 Sa - 
44 ff) Ratio-Trawel of Piston from Gover End+ Stroke of Engine. 
3 P Ve 4 (aero! “ 
2 7A/ 7 assumed perfectly elastic. Actually it has an inelastic 
AA 4, stretch of roughly 0.4 cm. (as seen in Fig. 14). This 
y aA will cause an additional Jag of 0.2 cm. for both outward 
F EX = aes om. A Fa. = neh of errors therefore 
py” a ns mes a bcda, obtained theoretically. 
ma Length of Cord ~ 4Ft. Experimental Determination of Drum-Motion Errors-— 
5 As the theoretical estimation of the error can be made 
0 without much trouble, it becomes of value to know 
o2 04 o6 oe +0 +2 | whether it is verified quantitatively by experiment. To 
= Stretch ur Centimetres. this end experiments were made on a Belliss and Morcom 


high-s engine at 540 revolutions per minute. The 
method of passing sparks from the pencil through the 
paper to the drum, at definite positions of the piston, was 
u This method had been used by Dr. Brightmore in 
his experiments. In the author's experiments, for con- 
venience, a circular commutator was used which was bolted 
to the end of the shaft. A brush consisting of a single 
strip of copper pressed against the commutator. e 
commutator had three brass segments on its circum- 
ference, and thus three breaks occurred in each revo- 
lution. This commutator served to make and break 
the current of an induction coil, thus taking the 
— of the trembler which was put out of action. 
parks only passed at the break of the current in the 
pee G under which condition the lag between the time 
of bi and the passage of the spark is so very small that 
it may generally be neglected. The brush could be 
adjusted in position relative to a stationary graduated 
disc. By this adjustment a spark could be timed to pass 
and so pierce the indicator paper at any chosen position 
of the crank. In these experiments the brush was given 
eight different positions. For each position of the 
there were three sparks. In all twenty-four points were 
investigated corresponding to each 15 deg. of crank 
motion. To find the true positions which the drum ought 
to have occupied at the passage of the sparks a static 
experiment was made; this was necessary as the indicator 
gear did not give a motion sufficiently correct to enable 
one to calculate the true positions. In the static experi- 


15. DIAGRAM OF FORCES ON DRUM CORD. 





Ratio. Travel of Piston from lover End + Stroke. 


(a1) 


increasing and diminishing loads. The spring was found 
to have a rate of 0.14 kg. per cm. movement of the 
diagram, and the friction of the drum was found on an 
ave equal to 0.17kg. The friction increased with the 
load, but the variation was not v ». 0.17 kg. cor- 
responds to a pull on the cord of about 14 kg., which 
may be taken as the pull under working conditions. 


Theory of Drum otion.—In this theory it will be | ment the engine was successively set to each position at 
assumed, as a first approximation, that the motion of the | which sparks in the kinetic experiments. A mark 
drum is true, in order to be able to calculate the variation | for each position was made on the indicator diagram 


of pull on the cord due to acceleration of the moving 


by moving the mcil by hand. Each ition was 
Parts; also, in the first instance, the cord will be | th ti i? 


approached in both directions and a mean taken. To 


assumed to be perfectly elastic, its rate of stretch 
being 0.357 em. per kg., which is the rate corresponding 
to the average pull. 

_The case corresponding to the experiments, which are 
given later, is taken. The forces which exert a pull on the 
cord are : (1) that of the drum-spring ; (2) that due to 
the acceleration of the moving parts: (3) the friction of 
the drum. The mean pull on the drum-spring was 
147 kg., and its rate0.14kg. perem. Friction of thedrum 
= 0.17 kg. The forces due to acceleration are obtained by 
calculation from the following data :— Revolutions per 
ia of engine = 540 ; length of diagram = 3.92 cm. 
(1.54 in.) ;equivalent mass of drum, &c., at surface of paper 
= 110g.; ratio of crank to connecting-rod = } ; the ata 
rotation of the crank is assumed to be uniform. As the 
calculation is similar to that of the inertia forces of the 
piston and piston-rod in the determination of the turning 
Teen —e the em it will net be given here. 

torces are shown graphically in the diagram, Fig. 15. 

Ry 8p is the resultant of the inertia forces and the fones 
exerted by the drum-spring for the inward motion of the 
— he effect of friction is to reduce the pull on 
cord by an amount equal to the friction; the resultant 
— Y the cord for inward motion of the drum is there- 
ore R’ 8’. For outward motion the pull of the cord must 


overcome the friction as well as give the drum its proper 
consequently the resultant pull on it, repre- 


Motion, and 





eliminate errors, due to stretch of the cord, the cord was 
replaced by a stranded copper wire. The difference 
between the kinetic and static positions of the drum for any 
one crank position gives the error in the drum position. 
In Fig. 16 these errors have been plotted on a base which 
represents proportion of stroke. As the ordinatesare the 
same as those for the curve of errors which has already 
been plotted on Fig. 16, the two results can readily be 
compared. From a consideration of these it appears that 
the error found experimentally is slightly greater than 
that predicted by theory. ‘Also oscillations about the 
mean position appear in the experimental results. The 
difference to some extent between the experimentally 
found error and the theoretical may be due to errors in 
measurement; the difference is small, and could be 
accounted for partly by a small lag of the spark or by a 
small systematic error in setting the engine to the correct 
position in the static experiments. e latter is more 


. | probable; the brush has been set to that position at 


which it was just leaving the commutator ent. But 
sparking at the brush was apparent in the kinetic experi- 
ment, and, consequently, there would be a lag in the time 
of breaking of the current. This lag could not be calcu- 
lated, and was therefore neglected. Another possible 
source of error lay in the variable nature of the indicator 


mgs | a part of the paper which offered less resist- 
ance. purely chance error of this nature could only 
be eliminated by taking a sufficient number of diagrams 
and averaging, or choosing that ition which was re- 
— oftenest. The latter od was used, and the 
act that a fair curve can be drawn through the experi- 
mental points so obtained is sufficient to warrant one in 
concluding that chance variations were eliminated. 

The theoretical and experimental results show so close 


al | an agreement that it may be taken as demonstrated ex- 


perimentally that the error deduced theoretically, with 
the assumptions made, is v: near the average actual 
error, but that there are in addition secondary oscillation 
errors. These may, in certain cases, become very large. 
The fact that the cord has considerable inelastic stretch 
is — an important factor in damping them. 

n order to obtain errors of measurable magnitude as 
long a cord as possible was used. This was necessary to 
obtain sufficient accuracy to check the theory. The theory, 
however, is equally applicable to other cases. All that is 
necessary io that the rate of elastic stretch and the corre- 





Fig.17. ERRORS iN DRUM MOTION WHEN SPRINGS 
ARE INTRODUCED INTO DRIVE. 
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sponding inelastic strain of the drive should be known 
and their values substituted for the particular values 
in these experiments. The data can be readily obtained 
for any particular case by following the method used 
to obtain the results given in Fig. 14. To improve 
the accuracy of the drum motion it is advisable to gub- 
stitute a wire for the string. Necessity compels that 
a flexible wire be used, at least for that part where 
bending takes place. A wire of stranded copper was 
found to give good results; it, however, also showed 
a small amount of stretch and of inelastic strain. 
The error in the drum motion when flexible wire 
was used was investigated Se 3 it was found 
to be small, Fig. 17 ; it would have been still smaller had 
a stiffer and less elastic wire been used in the straight 
parts of the — = of the drive. In slow-speed engines 
inertia becomes less important and long d become 
possible, with consequent diminution in the t 
error. Some experiments were made with short springs 
in the length of the driving wire. The results are of 
interest in that they show the presence of very large 
oscillations. The errors in the motions were, of course, 
very large, but there was nothing in the appearance of 
any one set of diagrams, unless they were compared with 
another set, which could enable one to detect the pre- 
sence of escillations or errors of any kind. The results are 
shown in Fig. 17, the ordinates being the same as in Fig. 16. 
Mechanism of the Hopkinson Optical Indicator for Re- 
cording the Di of the Engine Piston.—The 
errors of this mechanism with its indicator-gear as fitted 
on the Premier research gas-engine* were found to be so 
little affected by large variation in the forces applied to 
it that errors in it caused by inertia, or yielding of the 
indicator-gear. may be neglected. The very large —— 
of 224 lb. hung to the end of the indicator-lever ca 4 
deflection of the spot of light of less than yj; in. In a 
kinetic experiment a weight of 3} lb. was bolted to the 
end of the indicator-lever. A d of compressi: 
followed by expansion without explosion, was taken, an 
was com with one taken under the same conditions, 
but without the weight on the lever. As weak a spring 
as possible was used, but no difference could be detec 
between the two diagrams. The “‘ displacement” motion, 
however, was not accurate. Two large errors in the optical 
mechanism, which affected the accuracy of both the “* pres- 
sure” motion and the *‘ displacement ” motion, was found. 
One of these was due to too large angular motions of 
the beam of light. The other was more serious; it was 
caused by the mirror being placed too far from the axis of 
rotation, and resulted in lines of constant pressure being 
more open at one end of the plate than at the other. The 
pressure scale was therefore different for different positions 
on the plate. is, coupled with the fact that lines of 
constant pressure were not straight lines, makes correc- 
tion of the diagrams from this particular indicator too 
tedious to be worth the labour involved, even if it had 
not exhibited the defect shown in Fig. 13. 
Correction of the Diagrams of Professor Burstall’s 
Crosby - Hopkinson Comparison Tests.—As the results 
iven in Fig. 10 were obtained from the particular 
by indicator and spring used by Professor Burstall, 


Rato-Travel of Piston from (Cover End + Stroke. 
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paper; the spark did not always pass directly from the 


* Crosby-Hopkinson Comparison Tests. coeceatnaest 
the Institution of Mechanical Engineers, 1909, page 785 ; 


pencil to the drum, but took sometimes a longer path, | also ENGINEERING, vol. lxxxviii., page 193. 
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these results are applicable to the correction of his Conty 
diagrams. Mention y been made of tests whic 

demonstrate that vibration of the engine is ineffective in 
relieving the indicator of its friction even when recording 
a constant pressure. In the case of a rising or falling 
pressure, vibration is still less effective and its reduction 
of the friction becomes negligible. The pencil will there- 
fore lag behind throughout expansion and compression 
by an amount proportional to the friction shown on 


Fig. 10. 

The correction has two effects : (1) it reduces the mean 
pressure ; (2) it alters the form of the ex on line. 

The corrected mean pressures have been worked out, 
and the errors between these and the Crosby and 
Hopkinson values are stated in Table II. Roughly, the 
Hopkinson indicated mean pressures are 6 per cent. too 
high, and the Crosby indicated mean pressures 3 per cent. 
too high. 

Tas.e II.—Zrrors in Mean Pressures. 





. Mean Pressure Percentage Errors in Mean 
Diagram by Crosby ressures. 
Number. Indicator. . . 

Crosby. Hopkinson. 
kg. per sq. cm. 
1 5.375 3.4 6.2 
2 6.84 3.0 | 6.9 
3 6.60 2.9 | 4.4 
4 7.06 2.9 6.2 


The comparison tests showed very clearly a difference 
in form of the two expansion lines. To is the begin- 
ning of expansion there was almost coincidence of the 
two lines, while towards the toe of the diagrams the 
Hopkinson indicator in every case showed a higher pres- 
sure than the Crosby. At the time this peculiarity was 
not explainable, but the author believes that a satisfac- 
tory explanation can be on his experiments. 
There are errors in both indicators. The correction of 
the expansion line of the Crosby diagram, in accordance 
with the results given in Fig. 10, lowers the expansion 
line by an amount which is comparatively large at the 
beginntes of expansion and becomes small towards the 
end. The corrected expansion line is, throughout its 
length, lower than that obtained from the Hopkinson 
indicator, and lower by an almost constant amount, witha 
tendency to be greater at the higher pressures. Although 
the author had not access to the particular Hopkinson 
indicator and spring used in the comparison tests, yet the 
nature of the difference between the two expansion lines 
is an indirect proof of the presence in that indicator, of an 
error of the same nature as that found in the Hopkinson 
indicator which he did investigate, an error caused by 
friction of the spring in its supports. The particular 
indicator used in the comparison tests was one lent by 
Professor Hopkinson, and was certainly a high-class 
instrument of its type. It was undoubtedly much 
superior in all respects to the one which the author tested ; 
in particular, it was free from the optical errors. 

© correction has been made in the Crosby diagrams 
for errors in drum motion. With the care which was 
taken to ensure as accurate a drum-drive as possible 
these were certainly very small, and as the diagrams 
were long, and the engine speed only about 160 revolu- 
tions per minute, their effect may be neglected without 
affecting the accuracy of the above deductions, 

The author believes that the above correction elimi- 
nates indicator errors to within one-fifth of 1 per cent. 
With such a degree of accuracy other sources of error 
become important, particularly errors introduced by 
defective sampling, by inability to measure the area of 
the diagrams to such a degreeof accuracy. Also the rate 
of the spring, since its temperature is not known accu- 
rately, is only known approximately. These sources of 
error have already been discussed. 

The method of calculating the correction was to divide 
the diagram into sixteen parts and to scale off the pres- 
sures, represented by the mid-ordinates of each of these 
parts, and apply the correction to these. Going down the 
expansion line sixteen values of the pressures are obtained ; 
the correction for each is taken from Fig. 10, and the 
average found. As the first one-sixteenth of the stroke is 
roughly a period during which the pencil is in oscillation, 
no correction has been applied to it. If oscillations of 
the pencil occur with change in the direction of motion 
of the pencil, the mean line drawn through the oscilla- 
tions gives an accurate statement of the pressure; if 
there is an oscillation but change in the direction of 
motion of the pencil does not oceur, as is sometimes the case 
during the early part of the expansion stroke, the pencil 
does not oscillate about the true position, but lags behind 
by an amount corresponding te the friction (Fig. 10). For 
these reasons the correction is applied to all parts of the 
stroke except the combustion period of the outward 
stroke (roughly the fi~st one-sixteenth of stroke). The 
average correction to the compression line is calculated 
in the same way, bu‘ here the correction is applied 
throughout the stroke. The sum of the two gives the 
total correction. This method of making the correction 
is the most te, as i acies in measuring the 
pressure ordinates scarcely affect the final result. 

Fig. 18 is diagram C 2 of Professor Burstall’s tests, 
with the corrected di added for comparison. 

The Design of Indscators.—A few principles, which 
should prove of value in the evolution of more perfect 
indicators, are deducible from these experiments :— 

1. The spring must be held securely ; there must be 
no variation in the nature of the support as in the 
Hopkinson indicator. 

2. The piston-rod, or whatever takes the resultant 
push of the piston, must be accurately in the axis of the 








cylinder, otherwise with pressure on the piston a con- 
straining couple is introduced. f 

8. The resisting force of the spring must be a simple 
force acting along a line coincident with the axis of the 
indicator cylinder, and this must be true for all pressures. 
The commonest type of spring is the helical spring. If 
it be compressed, the axis of its end bosses can only be 
kept coincident with the axis of the cylinder by the intro- 
duction of constraining couples. This is a cause of large 
errors in indicators, unless a double-coil spring 
In the double-coil spring, if the spring is uniform, no 
nae is introduced, but it is doubtful whether sufficient 
uniformity can be attained. : 

The design of no indicator ises sufficiently the 
necessity to insure only simple axiai forces throughout 
the whole range of motion of the indicator piston. As 
workmanship can never accepted as absolutely accu- 


4'tg.J3. CORRECTION OF MEA DIAGRAM 
OF PROFESSOR BURSTALLS C2 TRIAL. 
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rate, the design must be such that small inaccuracies in 
workmanship do not introduce large constraining forces 
and consequent large errors. Generally this will be 
secured by leaving the system as free as possible, and in 
particular by arranging that no unnecessary restraint is 
put upon the spring or the piston. 

4. Mechanical link-work is, as has been pointed out by 
Professor Hopkinson, very unsatisfactory. Even when 
used with great care, and with pins adjusted as well as 
possible, looseness in the joints cannot be avoided. This 
defect, fortunately, can be overcome in the optical 
indicator. 

5. The periodic time of an oscillation must be small 
where rapidly-changing pressures have to be recorded. 
This condition is best satisfied by the optical indicator. 

6. The indicator-drum is unsatisfactory for accurate 
work. It requires the use of cord or flexible wire which 
introduces errors in the motion recorded. With the 
optical indicator this source of error need not be pre- 
sent. 

7. On high-speed engines the optical indicator must be 

used, the inertia of the drum and pencil-levers being too 
great ; even if diagrams can be taken, that is no proof of 
their accuracy ; in fact, and more particularly with regard 
to absence of oscillations of the pencil, the more imper- 
fect indicators will give the smoothest and apparently 
best diagrams. 
_ 8. An indicator gear for an optical indicator requires, 
in some respects, special care. the motion at the end 
of the indicator lever is very small, looseness in pins 
must be avoided; the play in them may be a considerable 
fraction of the whole motion. Also, when a short lever 
is used, care should taken to avoid any slackness in 
aed which could result in a change in the effective 
ength of the lever. 





APPENDIX I. 
OscILLATIONS DAMPED BY Forcrs OF CoNsTANT 
AMOUNT. 

Referring to Fig. 19, let O X be the true line of pressure. 
Let the pencil be given an initial deflection O A, and 
then rel The pencil will then oscillate about its 
true position. Let the motion be damped by a frictional 
force of constant amount F acting on the piston. 


F = Oa x scale of spring x area of indicator piston, 
in which Oa = O 6 = indicated friction; area 
of indicator piston = } sq. in. for gas-engine 
indicator. 

Consider the forces acting when the pencil is at the 


point P. 
Force exerted on piston by spring 





_ OP’ x ecale of spring 
4 a 


Net force exerted on piston 
= Seale of spring(g p _ Oa), 
4 


— seale of spring , 
4 , 


—i,é., it is proportional to a P’, and therefore the motion 
is simple harmonic about a position of zero force repre. 


used. | sented b 


aa, 
a® the centre of the motion changes and falls on the 
ine bb. 
Since aA =aB’ and }B’=bC’ and Oa=O0b4, it fol- 
lows that 
OA-OC'’=4.0a; 
-°. Oo2 O0a-OC’ 
4 
Friction in terms of pressure on indicator piston 
= Oa ~ scale of spring. 
° -9A-OC ”" scale of spring. 


Similarly, 
OC’ - OF = 4. Oa. 


Also the periodic time of oscillation is constant, and 


Fig.19. DIAGRAM OF OSCILLATIONS DAMPED ay 
FORCES OF CONSTANT MAGNITUCE 
OPPOSING THE MOTION. 
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consequently the line drawn through ACE will be a 
straight line. 





APPENDIX II. 


Tuk CALCULATION OF THE PERIODIC TIME OF AN 
OSCILLATION OF THE PENCIL. 


In motion problems, when dealing with many parts 
having different Motions, it is customary, for sim- 
plicity, to substitute when possible an equivalent 
system in which a mass concentrated at a chosen point 
has the same effect on the motion as the distributed mass 
of the real system. This ‘“‘equivalent mass” will be 
supposed to be concentrated at the piston; its amount 
may be found in various ways. One convenient way is to 
calculate the kinetic energy of the system in terms of s 
chosen piston velocity, and to make the equivalent mass of 
such amount that its kinetic energy equals that so cal- 
culated. The equivalent mass of the real system is not 
constant for different positions of the pencil, but is suffi- 
ciently nearly so for practical purposes. The value stated 
below is that for the position in which the pencil lever is 
perpendicular to the axis of the indicator cylinder. The 
calculation gives the mass at the piston equivalent to 
piston and pencil gear (Crosby heavy pattern type) = 
55.8 grm. he coils of the spring do not all move with 
the same velocity. Their combined effect is the same as 
that of a mass of one-third of their mass, moving with 
and having the velocity of the piston. Table III. givess 
statement of the equivalent mass. 


Taste III. 
Scale of spring (gas-engine indicator) 20 80 160 | 240 
Equivalent mass of spring... -| 22 | 29) 45; 52 
Equivalent mass of piston and pencil 
gear eee ss Oe ae 
Total equivalent mass .. oe g- 58.0 58.7 | 60.3 | 61.0 


With a knowledge of the equivalent mass it is simple 
to write down the equation of motion of the pencil, 
neglecting friction : 

Let M = equivalent mass at piston (grammes). 

R = rate of spring (dynes). 

q = ratio of pencil travel to piston travel. 

2 = — of pencil from its position of rest 
em.). 

For the Crosby indicator g = 6. 

When the pencil deflection is 2, the spring exerts 
force in excess of that required to balance the pressure 
on the piston 

=R* 
¢ 
The resisting inertia force 


=M< 
q 
Therefure, neglecting friction, 
R2=-mM Z, 
q q 
i.¢., Mz = - Rz, 
which is the equation of a simple harmonic motion, the 
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periodic time of which is : 
M, 

From this equaiion the periodic time of oscillation can 
be calculated when M, R, and gare known. There is no 
change in T if a solid frictional damping force is intro- 
duced. 





APPENDIX III. 
THE THEORETICAL CORRECTION OF AN INDICATOR 
IAGRAM. 
Let M = equivalent mass at piston. : 
x = height of pencil above atmospheric line. 
ratio of motion of pencil to motion of piston. 
x rate of indicator spring. 


p = true pressure in indicator cylinder. 

pi = indicated pressure. 

a = area of indicator piston. 

F = force required at piston to overcome friction. 


The equation of motion of the pencil will be 


Mz _ - Re, pa F, 
q q a 
i.€. ~BS 452Me 2, 
aq aq a 
by dividing by a, ‘: 
4.6.5 P-X= Ms F 
aq a 
since R 
fam 
aq 


the indicated pressure. 
p — pi is the error in the indicated pressure. 
F — the pressure per sq. in. on piston required tu 
a 
overcome friction. Its value has been determined, and is 
given in the paper to which this is an Appendix. 
If Mz 


a q ‘ " 
could be made. Dr. Meyer, of Berlin, has given a similar 
equation to the above, except that, instead of the term 


F he has one Kz, making the resistance to the motion 


could be determined, an accurate correction 


a 

proportional to the velocity (see the author’s discussion of 
the nature of this resistance). Assuming the drum motion 
of his indicators accurate and the rotation of the crank 
uniform, he deduced from his indicator diagrams the 
variation of x with time, and plotted these on a base of 
time. This curve he differentiated graphically, obtaining 
x; asecond graphical differentiation gave him zx. M,q, 
and a were known, and therefore he obtained the value 
of the term M =A 

aq 

of « to time, he took, besides his ordinary diagrams, dia- 
grams in which the drum motion was 90 deg. out of phase 
with relation to its true position. 

Dr. Meyer’s method, however, is not at all satisfac- 

tory. Asecond differential, even if the differentiation 
is accurate, is liable to enormous errors resulting from 
small errors in the original diagram ; but ides this 
source of error the differentiation by graphical methods 
is very far from accurate. 
_ When oscillations occur they are generally the result of 
inertia, and correction is necessary ; but rather than in- 
troduce large errors by attempting to obtain a second 
differential it is better to draw a mean, smooth curve 
through the oscillations, and, accepting this as the 
diagram corrected for inertia, make a further correction 
for friction. This second correction can only be made 
satisfactorily for those parts of the diagram throughout 
which the pencil is either rising or falling. Lines of 
constant pressure cannot be corrected. Fortunately the 
most important constant-pressure line—the atmospheric 
line—is also that in which the errors are least. It will 
be all the more accurate if just before drawing it the 
pencil is lifted momentarily off the paper. 


To obtain more accurately the relation 





Tue Norwecian Nitrate INpustry.—The process for 
the manufacture of nitrate, invented and first exploited 
in Norway, is being adopted in several countries, where 
the necessary water power is available. In Spain a 
factory, under the Norwegian patents, is in course of con- 
struction in the vicinity of Barcelona, and negotiations 
are pending for the exploitation of the invention in 
Canada. In the meantime Mr, Eyde has visited America, 
where there seems to be an excellent field for the working 
of the patents, all conditions being considered favourable. 

ere 1s a sufficiency of water power, an almost unlimited 
market, ample capital, and much interest is evinced in 
the process. The cost of water power is certainly more 
than in Norway, where this power so far has remained 
at a low figure; but by starting factories in America, 
freight, duty, and fees are saved. It is more especially 
in the Southern States that artificial manure is used, but 
the vast corn-growing areas in the west and mid-west 
Will also, it 1s expected, soon be wanting manure of 
this description. The United States import at nt 
some 500,000 tons of Chili nitrates annually. Of Nor- 
a nitrates some 5000 tons were imported during 1911, 
and this went as far as Hawaiiand California. Mr. Eyde 

met with a most satisfactory reception in the United 
States. The authorities of several of the States and 
the universities offered Mr. Eyde every ible assist- 
ance ; the works in America, it is pro’ , will be built 
with American capital, but Norwegian engineers will 
probably ba chiefly employed in its control. 





BRIQUETTING PLANT FOR METAL 
TURNINGS AND BORINGS. 


THE question of the utilisation of iron and metal 
(copper and various alloys) turnings and borings may 
regarded as solved by the high-pressure briquetting 
rocess. Exhaustive melting trials in many leadin 
mtinental foundries have proved that briquettes o 
borings and turnings charged with pig-iron and scrap 
are very suitable for high-class iron castings, such as 
steam-cylinders, &c., and many trials have proved the 
briquettes to be so homogeneous and closely compacted 
as to melt down in the cupola or in the reverberatory 
furnace like pig iron. A description of a method 
of making the briquettes may therefore be interesting. 
The illustrations we publish on pages 140 and 141 
show various briguetting plants designed and erected 


by the Hochdruckbrikettierung Ges. m. b. H., Berlin, 
a firm who are represented in this country by Messrs. 
J. W. Jackman and Co., of Caxton House, West- 


minster, and Vulcan Works, Blackfriars-road, Man- 
chester. Fig. 1, e 140, shows a complete plant at 
Chemnitz. In the foreground may be seen the con- 
veying apparatus for oe the borings to the 
press, and also the air piping for the dust-exhausting 
apparatus. The press of this installation is similar to, 
but larger than, that shown in Fig. 2. The installation 
has a capacity of 12,000 tons of briquettes per annum, 
and is the largest which has yet been built. 

The borings, &c., are discharged from railwa 
wagons into separate bins, according to their class. 
belt-conveyor carries them from the fin to the elevator- 
pit, and the elevator brings them to a conveyor above 
the working-platform, from which, after the dirt and 
dust have been removed, they are carried to the mag- 
netic separator. Very rusty borings cannot be used in 
the briquetting plant, but a light rust can easily be 
pel during the process of manufacture. Great 
care is taken in the cleaning of the borings and turnings, 
this being absolutely necessary, as any foreign matter 
and rust would naturally have a bad influence on the 
melting process. The cleaned borings go from the 
separator into a bin, and thence directly into the feed- 
ing-hop r of the press-mould. 

he design and construction of the press is neces- 
sarily of much importance. The oldest briquetting- 
press is working in the foundry of Messrs. A 
Borsig in Tegel. This press (see Fig. 3) has only one 
mould, while the later types of presses operate entirely 
automatically with several moulds. The illustration, 
Fig. 2, shows the briquetting-press with revolving 
table at Busendorf (Lorraine). This plant is similar 
to that at Chemnitz, but of smaller capacity. It has a 
circular table revolving round the press column, 
and the moulds are built into this table. Under 
each mould there is a press plunger moving with 
the table. The material is filled in from the feeding- 
hopper and pressed on both sides by a top and a 
bottom plunger. The table turns as the pressure 
continues. The finished briquette is pushed out and 
passes alopg to a conveyor-band, which carries it to the 
stock pile. All the movements of the briquetting- 
ress are entirely automatic and regulated by gears. 
he travel and feed are exactly regulated according to 
the number of briquettes required per hour. Only 
one man is sequined to supervise the press, another 
for transferring the borings, and a third for control- 
ling the transport of the finished briquettes. The 
presses are made of capacities varying from one to 
three finished tons of briquettes per hour. In Fig. 4, 
page 141, may be seen a press, feed-hopper, and con- 
veyor, as used at Messrs. Sulzer’s works at Winter- 
thur. 

The press at this plant is like those gaan men- 
tioned. The various details are clearly shown in the 
illustration. In the foreground is the press, and 
behind is the pump for the hydraulic pressure. Above 
the press is the borings hopper, with the borings con- 
veyor and the piping for the dust exhaust. This plant 
mainly handles the Fasten from Messrs. Sulzer’s own 
shops, but also handles some from other large Swiss 
machine works. A briquetting-press and conveyor as 
used in the Imperial German Dockyard at Kiel is 
shown in Fig. 5. This press only treats borings from 
the Imperial dockyard. Steel and bronze briquettes, 
as well as cast iron, are made. 

Steel and wrought-iron chi 
form of long turnings, must 


, being mostly in the 
disintegrated before 


briquetting. For this purpose they pass through a 
disintegrating plant. The disintegrated chips are 
then briquet like cast-iron chips. Metal chips, 


because of their higher value, need more careful treat- 
ment and a strict control of weight. There is less 
dirt and other admixtures than found in wrought-iron 
chips, but considerable moisture, such as soap, water, 
or oil. Though these are easily pressed out during 
the briquetting process, it is advisable to clean the 
chips by a centrifugal ap tus before delivering 
them into the briquetting plants. 

The briquettes have a cylindrical oa as may be 
seen in all the illustrations. Cast-iron briquettes for 
melting in cupolas are usually made with a diameter 
of 150 mm. (6 in.), and weight of about 18 kg. (40 Ib.). 





139 
This —— has proved to be the best for melting in 
the cupola. The specific gravity of these briquettes 


is about 5.2, varying slightly according to the struc- 
ture of the chips. Steel briquettes have the same 
diameter, but are only half the length of cast-iron 
briquettes. Metal briquettes (brass, gun - metal, 
bronze, &c.) when mel in the crucible are made in 
much smaller sizes. 

In consequence of the pressure to which they have 
been subjected, the briquettes are strong enough to bear 
throwing down when being loaded or unloaded, and 
when being piled on the stock pile, though, of course, 
they never have the same tensile strength as solid 
material, and therefore too much throwing should be 
avoided. The strength of the briquettes is increased 
by storing them in the open air. The atmosphere 
causes a surface rust to appear on the briquette which 
protects it and increases its strength. 

In the early experiments there were several difficul- 
ties in using cast-iron briquettes. An excess of slag, 
and sometimes a higher melting loss in the cupola, 
were the chiefdefects. The excess of slag was main! 
due to imperfect briquettes, not having the strength 
required, and the turnings not having been freed from 
impurities ; an excess of slag naturally resulted. In 
large cupolas with high melting zone and without 
receivers, these inconveniences were often observed. 
Sometimes it also happened that half-molten briquettes 
fell through the melting zone. They were then found 
in the slag after emptying the furnace. In 
melting furnaces, in which a perfect combustion of 
the charge takes place, this can hardly happen unless 
the briquette has been added to the last charge, or 
unless the briquette has been by chance protected 
while passing through the melting zone. 

In cupolas with receivers briquettes will melt in 
regular work just like pig-iron and steel scrap, because 
in such furnaces the iron as it melts runs into the 
receiver, and therefore the charges do not fall through 
the melting zone, as may happen in furnaces without 
receivers. Ifthe briquettes, as has happened in some 
cupolas, melt slowly, it is advisable not to use 
briquettes in the first charges, for at the beginning of 
the melt the iron, as a rule, is somewhat less fluid. 

If the briquettes are not used in the right way, an 
excessive soalliines loss follows. In charging briquettes 
with pig-iron and scrap, the loss when up to 30 per 
cent. of briquettes are used averages from 3 per cent. 
to 5 per cent. If, however, briquettes are melted 
without the admixture of pig-iron, there is a loss of 
6 to 10 per cent. But briquettes are only intended 
to be added in proper portion to the different charges 
of pig-iron, so the latter case need not be dealt with. 

he special qualities of the briquette-iron, showin 
its high value in mixtures for special casting of al 
kinds, result from the fact that the briquettes durin 
the melting process lose more oxygen, graphite, an 
silicon than the pig-iron. In consequence, the iron 
has an exceedingly strong texture and a higher strength 
and hardness. The softer or the harder the casting is 
to be, the fewer or the more briquettes must be added. 
It is claimed that there is no other material by which 
the strength and hardness of cast-iron can be regulated 
with greater certainty. Chemical control having been 
increasingly adopted during the last few years, the 
qualities of briquettes soon @ recognised, 
continual analytic observations at a hundreds of 
meltings, and by careful balancing of the analyses, it 
has been rendered possible to avoid mistakes, and so 
the new material established iteelf in the mixtures on 
account of its physical and chemical qualities. 

In order to fix the proportion of briquettes to the 
other materials of the charge, it is usually necessary to 
analyse the turnings before briquetting. If they are 
only ordinary foundry pig-iron turnings coming from 
different works, it is sufficient to take an average 
analysis after mixing, but if the turnings are from 
steam-cylinders, chill-rolls, &c., they must be analysed 
and briquetted separately from the other material. 
Most of the leading Continental machine works have 
their own turnings Friquetted for their own foundry ; 
they know the material, and therefore an analysis 
of the turnings is not necessary. 

For the normal commercial briquettes cast-iron 
turnings from large machine works, not having their 
own foundries, are aq ee, Bey By repeated 
analyses an average value has been found, and accord- 
ing to information from the Sachsische Metall Brikett 
Werke in Chemnitz, these commercial briquettes 
average the following analysis :— 


Per Cent. 
Si .. 18 — 2.0 
Mn 0.6 — 08 
BPE sbi 0.10 — 0.14 
 . 06 — 0.7 


When briquettes were first introduced commercially, 
it was the custom for each works to use only the 
briquettes made from their own turnings. But it was 
subsequently found that average briquettes made from 
other turnings were equally suitable, because the 
average test of turnings Cough from different machine 
works showed fewer differences in their contents than 
different parcels of scrap iron, often even fewer dif- 
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Fic, 1. Comptete Briquertinc Piant (CHEmNitz, GERMANY). Fic. 2. Briquertinc Press with Revoivine Tasie, Busenporr 
(LorRAINE). 


ferences than deliveries of one and the same grade of 
ig iron. For instance, the silicon contents of a 
ematite pig iron often differ 1 per cent. and more ; 
therefore there is no reason why briquettes having 
smaller differences should not be used. It is impos- 
sible to fix a definite rule as to the proportion of 
briquettes the charge should contain. This naturally 
varies according to circumstances, but it should be 
reckoned that the silicon contents in the briquette 
mixture is about 0.3 per cent. lower than that of the 
mixture without briquettes. The decrease of carbon 
and silicon in the briquette mixture, and the small 
increase of sulphur, make the castings stronger and 
harder. For cylinder castings, tool castings, and 
other special castings, higher strength and hardness 
are often required ; but for simple machine castings, 
pipes, hollow ware, &c., hardness must be avoided, 
and therefore the admixture of briquettes may be 
higher for special castings than for small machine 
castings and thin castings. 

Practical experience in mixtures with briquettes has 
shown that for cylinder castings, according to the 
thickness, 25 to 30 per cent. of briquettes may be 
added, but for simple machine castings which are to be 
machined only 10 to 15 per cent. can be used. For 
pipes and hollow ware generally less than 10 per cent. 
of briquettes may be added, the amount varying 
aceording to the nature of the pig iron used. 

Some actual sem tests which follow show clearly 
how the influence of the briquettes may be distin- 
guished in the finished product. No. 1 is a mixture 
used in numerous German foundries for ordinary 











machine castings :— Th 
: folloy 
No. 1.—Mizture. I 
Hematite ... eas a .. 75 kg. (165 Ib.) 
Luxembourg 3... a ooo, ee a ee 2D 
Scrap iron ... se a . ea Bee y 
Bought scrap... - — S Pe | Fic. 3. Sryeite-Movutp Press at tHe Works or Messrs. A. Borsic 1x TEGEL. 
In 
Of this mixture some test bars of 30 mm. (1} in.) in | Si. Mn. P. 8. C. mixture No. 1, about 20 per cent. of cast-iron briquettes 
diameter and 600 mm. (24 in.) in length were made.| 235 0.68 = 1.108 += 0.068» 3.70 —| Were added, and the following charge resulted :— os 
When loaded at the centre these bars had on an : : a : 
However, the finished casting showed : No. 2.—Mizture. 
average a strength of about 30 kg. (66 Ib.) at 12.5 mm. d ’ Hematite 75 kg. (165 Ib.) ' 
(4 in.) deflection and a tensile strength of 16 kg. per Si. Mn. P. 8. C. Graphite Luxembourg3 ... ...... 75 55 (165 ») bh 
sq. mm. (22,800 per sq. in.). 2.01 0.65 1,223 0.108 3.69 3.44 Sorap iron ... oe ‘ 75. (165) reeul 
The calculation of the mixture gives the following| The change which the mixture underwent during Bought scrap ~ on 100 ,, (220 ,, ) 
analysis ;— the melting in the cupola will be noted. To the above Cast-iron briquettes ... ...  75,, (165) 
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Fic. 5. Briquettinc Press anp Conveyor 





The test bars of the same size as above gave the 
following results :— 


Load ... .. 32.5 kg. (71.5 lb.) at 
12 mm. (4 in.) de- 
flection. 

Tensile strength 19.5 kg. (12.4 tons 

per sq. in.). 


In comparison to No. 1 the strength of the finished 
product increased. The calculated analysis is :— 


Si. Mn. Sf Ss. C. 
2.29 0.68 0.058 0.071 3.680 
The finished product, however, gave the following 
results :— 
Si. Mn. P. 8. C. Graphite. 
182 0.48 1.126 1.107 3.549 2.90 


A third charge was melted with the admixture of 
per cent. cast-iron briquettes in the same cupola :— 
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Gel Me AP ne 


AT THE ImpeRIAL GERMAN DockyarpD, Kret. 


No. 3.—Mizture. 


Hematite ... 75 kg. (165 Ib.) 
Scrap iron ... ” 100 ,, (220,, ) 
Bought scrap ne 100 ,, (220,, ) 
Cast-iron briquette 125 ,, (275 ,, ) 


The test bars of the same size as No. 1 and No. 2 
had a strength of about 44.5 kg. pe sq. mm. (28 tons 
per sq. in.) at 11.5 mm. (}$in.) deflection and a ten- 
sile strength of about 32.5 kg. per sq. mm. = 45,000 Ib. 
per sq. in. 

These figures, compared with the results of the first 
two meltings, show a considerable increase of strength. 
The calculated analysis was as follows :— 

Si. Mn. P. 8. C. 
2.23 0.68 0.928 0.101 3.67 
the finished product had the following analysis :— 
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Si Mn P. 8 ©. Graphite. 
1.65 0.66 0887 0.123 398 242 


Comparing the calculated analyses with those of the 
Quiched cxaliogn, it ig found that by the admixture of 
briquettes a decrease of silicon and carbon (graphite) 
and an increase of sulphur has taken place. The cast- 
ings made from iron and briquettes did not present 
any difficulties in treatment in excess of those 
without briquettes, but the iron cast with briquettes 
was much more fine-grained and dense. The above 
examples are not cited as an argument that a definite 
fixed admixture of briquettes must be used in all 
cases, but with each kind of casting, according to the 
pig iron in use, a small admixture of briquettes should 
tirst be tried, and the mixture varied until the required 
result is obtained. 

Whilst cast-iron briquettes, with a few exceptions, 
may be used for all iron castings, steel briquettes can 
only be used ina limited degree for iron castings. Steel 
briquettes are used like steel scrap (broken rails, &c.), 
for the composition of special casting mixtures. An 
admixture of 5 per cent. to 10 per cent. is sufficient 
to influence considerably the contents of carbon of the 
mixture, and this admixture of steel briquettes gives 
the required high strength and denseness in the cast- 
ing. Special casting, however, entails analyses and 
tensile tests, for, as is well known, a higher strength 
is often accompanied by an increased brittleness, and 
in such a case information by analysis must be 
obtained. It must be admitted, however, that analysis 
often fails, for it happens that test-bars with the same 
qualities of strength have quite different analyses, and 
vice versed. 

It follows that steel briquettes are less suitable 
for cupola melting, but they are eminently suitable 
for melting in the steel furnace and also for malleable 
iron in the cupola. It is advantageous to use, instead 
of irregular and bulky steel and wrought-iron scrap, 
which is difficult to charge into the furnace, the cally 
manageable steel briquettes. Especially is this the 
case if mechanical charging is used, toe then steel 
briquettes are most convenient. 

There are also considerable advantages in briquetting 
the more valuable metal turnings—such as brass, 
gun-metal, bronze, &c. The melting of these turnings 
entails, as is well known, very great melting losses. 
By briquetting, the loss is considerably decreased, 
and the time of melting much reduced. 








Tora. Heat-Entropy (Moir) Diacram.—A Mol- 
lier diagram, based on tables of the properties of steam, 
drawn up by Mr. J. B. Peace, has been pouenes by Mr. 
J. Case, B.A., of 23, Trinity-street, Cambridge, from 
whom copies can be obtained at 6d. each, or 8d. if sent 
post free, packed in cardboard. The diagram has an open 
scale, British units being adopted for weights and pres- 
sures, whilst temperatures re given in deg: ees Centigrade. 





THE TRAINING OF APPRENTICES.—An important re- 
port on the training of apprentices, prepared by a 
joint committee appointed by a conference of repre- 
sentatives of educational bodies and of commercial 
associations in Edinburgh, held in June, 1911, has 
been issued by the Edinburgh Merchant Company. 
The committee formulated the following preliminary 
proposals :—(1) That each trade should appoint an 
apprentice training committee for the Edinburgh dis- 
trict, to supervise the proper training of apprentices ; 
that this committee should contain representatives of 
the employers, representatives of the workmen, and 
representatives of the educational authorities at present 
engaged in technical instruction; that there should be 
prepared a list of firms who were willing to work in 
conjunction with this apprentice training committee ; 
and that the committee should draw up a list of all the 
apprentices employed by these firms, with full informa- 
tion as to the number of years of apprenticeship, the 
classes, if any, being attended, and the certificates gained. 
(2) That this apprentice training committee should con- 
sider as to framing a systematic scheme of education for 
the apprentices, and what course should be followed to 
induce them to pass through such a course of training. 
(3) That this apprentice training committee should 
also consider what steps, if any, should be taken 
with a view to developing further the methods of 
education at present in vogue. Complete success 
has so far attended the labours of the joint com- 
mittee as regards the house - painting, carpenter- 
ing, and joinering trades. Apprentice training com- 
mittees, composed of an equal number of employers and 
workmen, were appointed, and a general ment was 
come to on the following lines :—(1) That the apprentice 
training comraittees, as at present constituted, should for 
the ensuing year control apprentices in all matters re- 
lating to their training ; (2) that the expenses of manage- 
ment, apart from any voluntary grants which ar be 
received, should be borne mutually by the masters’ and 
workmen’s associations ; (3) that lists of employers and 
apprentices should be got from the masters’ associations ; 
(4) that all apprentices should be registered by cards in a 
form nent by Principal Laurie; and (5) that a 
certificate by the apprentice training committee should 
be granted to each apprentice on the completion of his 
term of service. The committee further report that it 
would be difficult to revive the system of indenture in 
trades where it has been wholly or partially abandoned, 
and they do not think the time is ripe for embodying 





any proposed reforms in a legislative measure. 
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ELECTRICAL APPARATUS. 

28.610/11. W. Hamilton and Ferranti, 
Hollinwood. Time - Switches. 
December 19, 1911.—This invention relates :o electrical time- 
switches, as described in Specification No. 13,704/10, and has for 
its object to provide modifications therein to enable them to 
be —_— to means for Fates | the making or breaking of 
elect: contacts at letermined times. The invention con- 
sists in switch mechanism as referred to above, modified by the 
substitution for the additional lever of a projection on the con- 
necting piece communicating the tripping motion to the link. In 
carrying this invention into effect in the form illustrated by way 
of example, mechanism comprising clock-mechanism, switch- 
mechanism, and interference-mechanism is provided. As re 
the first of these, a suitable clock-spindle a carries thereon and at 
the back of a dial an arm L bent over the face of the clock-dial 
and cart ying a roller at the back, herein referred to as the “ off” 
arm, a double arm d, one part ¢ of which is bent over as with 
the other arm, and the other part / of which carriesa roller. This 
arm is referred to as the ‘‘on” arm. The ‘‘off” and ‘‘on” arms 
can be set at practically any time, except for some small interval. 
Certain of the parts of the arms are cut away in the present 
drawings for clearness. The switch mechanism is substantially 
similar to that shown and described in the first form of the inven- 
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tion in the prior specification, except that the lever h which the 
“ off” arm operates is not gyre but is formed as a projection 
or catch mounted on its link i which is extended to form at one 
extremity a further catch j, it being provided with a slot near this 
extremity, through which a pin passes for permitting a certain 
amount of vertical travel. The interfering mechanism is formed 
of a train of wheels conn the “‘on” arm with a dial plate. 
The first member m of the n is mounted on a sleeve on which 
the ‘‘on” arm / is also mounted and the last member of the 
train is formed of the toothed periphery of a plate o tap; with 
seven holes co nding to the days of the week, into one 
or more of which holes a roller jection or projections can be 
screwed. } Ri 0 is 80 with relation to the long 
vertical link i that the projection can interfere with the catch j 
and raise the link. Attention may here be drawn to the con- 
nection between the twenty-four hours’ dial and the seven-days’ 
dial, which latter is geared to the ‘‘on” arm f. This “on” arm f 
Pm take any position on the 24 heurs’ dial, so that the seven days’ 
dial has no reference to the time of day. What is really fixed 
about the seven days’ dial is that when the “on” arm is just on 
che point of operating on a certain day, then the catch j points 
> — day of the seven days’ dial. (Accepted Decem- 
4, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
12,856/12. KE. Schneider, Le Creusot, Fran 
Atomiser for uid Fuel. (2 Figs.) May 31, 1912 This 


invention has for its object an atomiser for liquid fuel utilisable in 
all internal-combustion motors, and more particularly in those 





which compress either the air or other suitable gas without fuel. 
liquid delivered by Une compressed gas has to pase fs constituted 
vi iy com Kas to itu 
yy a box with a perforated bottom, 


Limited, 
(5 Figs.}) described 


bodiment of the invention is illustrated in the accompanying 
drawing. _ the cylinder end there is fixed a cage 1, — 
as a seat for admission valve 2. This valve; which is coni 
at its lower part, obturates the orifice for the admission of fuel = 
ber 1 


of the driving shaft is excessive. Upon the driven shaft a is 
sleeve b provided with two oppositely extending arms !, on which 
two bell-crank levers ¢ forming the governor are pivoted. One 
end of the sleeve is furnished with a ball-bearing, whereon ig 

ted a pulley d having a drum portion d! extending over the 





the driving cylinder. The liquid fuel enters the ch 

through orifices in a cylindrical ring 8, and is thus distributed all 
around the atomiser proper, which is constituted by an annular 
box 6 in which balls are arranged. The valve 2 is guided by a 


sleeve 4, which also centres the annular cylindrical box 6. A 
notched nut 5 presses the box 6 containing the balls inst a 
washer which bears upon the sleeve 4. This washer fixes the balls 


9 stacked in the annular cylindrical box 6. On its bottom this 
box 6 comprises radial slots 8. The balls are arranged in such a 
manner that the axes of the slots are located in the radial planes 
— the nts of contact between the balls of the 

wer row. number and width of these slots 8, of course, 
varies in accordance with the number and diameter of the balls. 
The compressed gas and the fuel are conducted into the chamber 
10, and when, under the influence of some appropriate kinematic 
device, the valve 2 is opened, the fuel is injected by the com- 
pressed in the known manner into the combustion-chamber 
after it h the special resistance formed by the 
balls 9. The fuel deposited on the outer surface of the balls is 
thus perfectly mixed with the compressed gas which passes over 
the surfaces without striking them abruptly. The arrangement 
presente the following advantages as compared with 
the known atomisers :—(a) It divides the fuel more complet+ly, 
because it presents to it a moistened surface of much greater 
extent, and it consequently saturates more completely the com- 
pressed gas serving for the introduction of the fuel. (b) It avoids 
condensation of the fuel by successive shocks, the spherical sur- 
faces of the balls presenting no ridges. As a consequence of these 
advantages, the novel atomiser permits of reducing the pressure 
of the com gas serving for the introduction of the fuel. 
(c) Finally, from the practical point of view, the construction of 
this atomiser is very simple. The increase or reduction of its 
resistance is readily effected, as it is only necessary to vary the 
number and the diameter of the halls contained in the cylindrical 
box. (Accepted December 4, 1912.) 


gS Willans and Robinson, Limited, and 
Kyrle William W: ° -Combus- 
tion Engines. (9 Figs.) November 28, 1911 —It has before 
been proposed to cause one end of the eccentric rod to pass 
through a pivoted block, the position of which is adjustable so 
that the rod can be moved sideways. According to this invention, 
the licants ve eg J a rod, one point of which is actuated 
directly or indirectly by an eccentric or crank, and another poin* 
of which actuates the valve whilst the pivoted block a 
which the rod slides is situated between these two points. e 
end of the rod (or preferably a roller carried by it) bears — 
a cam- lever by which the valve is worked, the nt of 
contact with the cam and the range of movement upon it being 
capable of variation as above described. The rod can also be 
moved sideways clear of the first cam-lever and into contact with 
a@ second cam-lever so as to operate another valve, such, for 
example, as the starting-valve of a Diesel engine. In Fig. 1, a is 
an eccentric keyed on to the crank shaft b. The eccentric strap 
—- an up-and-down and also an oscillating motion to the 
rod d. This rod extends through a block pivoted to a slide- 
block e and at its upper end carries a roller. Above the roller is 
a lever g having a cam projection on its underside for the roller 





to act upon. 2 isa lever by which the slide-block e can be moved 
sidewise in a direction parallel with the lever g. In Fig. 1 it is 
Fu. t Fig 
e 


san, 

shown to be thus moved sidewise in a position in which the 
roller as it rises upwards is not brought against the cam-surface. 
For normal working the block e would be moved to the left by the 
lever z to bring the roller into a position in which as it rises it 
strikes against the cam-surface and gives an upward movement 
to the lever g. The cam-surface is arranged to give a required lift 
to the valve for which it is designed. In the drawing it is shown 
ad: to a fuel-valve of a motor of the Diesel type. By moving 
the block ¢ more or less to the left a greater or less lift may 
obtained to suit the ditions of r g. A isa second lever at 
right angles to the lever g and resting at its end on the top of 
this lever, as shown in Fig. 2,80 that the upward movement of 
the lever g imparts an upward movement to the lever h, which, 
in turn, is a to lift a fuel-valve and needle—say, of a 
Diesel engine. mn by a further movement of the lever z the 
roller on the rod d is moved still further to the right the 
tion in which it is shown in . 1, a verticaily ng cam- 
lever k is, by suitably yt ae nterposed mechanism, then 
brought into position for its cam-surface to be acted upon by the 
roller, whilst the other arm of the lever is brought into a position 
Hig’ the it can actuate a starting-valve, as shown in Fig. 3. In 





. 3 the axis of the bell-crank lever k is shown to be carried by a 

@, to which an endwise sliding movement can be given to 
carry the bell-crank lever into or out of acting position. (Accepted 
December 4, 1912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
2125/12. Radford, , and H. M. Genese, 

Clutch. [2 Figs.) Jan 26, 1912.—This inven- 
tion relates to clutching de’ for use in con’ the trans- 
of rotary motion, and has for its object to enable a driven 





in which balls are stacked, 





mission 
shaft to be maintained at a predetermined speed when the 





arms bl, to which the bell-crank levers ¢ are pivoted, and the 
opposite end of the sleeve} is furnished with a compression spring 
e, one end of which abuts against a collar screwed upon the sleeve 
b, and capable of adjust t thereon, while the other end of the 
spring bears against a collar which engages with the inner arms 
of the bell-crank levers, the latter collar being free to slide longi- 
tudinally on the sleeve. On opposite sides of the pivot of cach 
bell-crank lever ¢ are pivoted to the lever two links. and these 
links are respectively connected to two friction discs 7), g!, which 
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bear against opposite faces of the drum portion of the pulley. The 
—— of the spring é upon the inner arms of the bell-crank 
levers c normally holds the discs f1, g! in contact with the drum 
d', but upon the pulley d being rotated and attaining a predeter- 
mined speed, the inner arms of the levers c tend to overcome the 
——— of the spring e owing to the outer arms of the bell-crank 
ever, which are weighted, being forced open by centrifugal action. 
In thie manner slip is permitted to take place between the driven 
pulley and the friction discs which connect it to the driven shaf-. 
The drum portion of the pulley comprises the member d!, which is 
attached by means of screws toa flange formed on the pulley d, and 
a cap d? which is screwed toa flange formed on the member (. 
In this manner a casing is formed which encloses the controlling 
mechanism, and also serves as a receptacle for lubricating oil. 
(Accept: d December 4, 1912.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &r, 


8141/12. J. G. Robinson, Manchester. Steam 
Superheaters. (3 Figs.) April 4, 1912.—This invention bas 
reference to improvements in and relating to steam superheaters 
for locomotive and like tubular boilers. According to this inven- 
tion, a header ane an upper steam space or chamber running 
longitudinally of the header, and separated by its horizontal base 
wall from a lower steam space, which consists of a series of inter- 
connected chambers arranged at intervals on the under side of the 
base wall, the saturated steam-pipe being connected to the upper 
longitudinal chamber and the superheated steam-pipes which lead 
to the engine cylinder valve-chests, to the lower steam space or 
chambers, or vice vers, and one or a number of removable front 
covers are provided for closing openings in the front of the header, 
by means of which access may be had to the steam-chambers, the 
inlet and outlet ends of the surerheater elements, or superheating 
pipes being connected to holes in the base-wall of the upper 
chamber and in the bottom walls of the Jower steam space or 
chamber respectively, or vice versd, preferably by expanding the 
ends of such elements or pipes into such holes. In the form of 
header shown, the upper compartment 1 extending the length of 
the header is the saturated steam compartment, and the lower 
compartments 2, 3, 4, and 5 are the superheated steam compart- 
menta, the rear wall 6 of the upper compartment 1 being pro- 
provided with a tubular flanged Poss 7, to which the saturated. 
steam pire from the engine regulator-valve is connected. The 
top wall 8 of this upper chamber 1 is parallel for most of its 
length with the horizontal base-wall 9. A number of openings 1l— 
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for instance, three—are provided in the front wall 12 of this upper 
chamber or compartment 1, so that access may be obtained to the 
interior of such chamber when desired, and preferably separate 
closing or covering plates 13 are provided for each opening 1l. 
The base wall 9 of the upper chamber 1 of the header also con- 
stitutes the upper wall of the several lower or depending steam- 
chambers 2, 3, 4, and 5, the fronts of which latter chambers are 
open, as at 16, and are adapted to be closed by preferably separate 
removable covering plates 17. The lower steam spaces or chambers 
2, 3, 4, and 5 are the superheated-steam chambers, and the 
chambers 2 and 5 at the ends of the header are not closed by the 
covers, but are open to the steam-pi 18, 18 to the engine valve- 
chest, the flanges 19 of such steam-pipes being bolted to the fronts 
of thechambers2and 5. The lower steam-chambers 2, 3, 4, and 5are 
interconnected,:and such interconnection is preferably provided 


for by a port or 20 running lengthwise of the header at 
the rear of such chambers, and communicating with each chamber. 
One end 22 of each superheater element is connected to the bottom 


wall of a lower or depending chamber 2, 3, 4, or 5, and opens 
thereinto, and the other end 23 of the element passes up at the 
side of the lower chamber, and is connected to the horizontal 
base-wall 9 of the upper chamber 1, and opens thereinto, such 
connections being preferably effected by expanding the ends 

the element into holes in the bottom walls of the depending 
chambers and base-wall of the upper chamber by means of a suit- 
able expander introduced through one of the openings in the front 











of the header. (Accepted December 4, 1912. ) 
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THE DEFLECTION OF ARMATURE 
SHAFTS. 


By H. Eptnerton. 


One of the most important problems involved in 
the mechanical design of electrical machines is the 
determination of the size of shaft necessary to keep 
the deflection at the armature within very narrow 
limits. That the problem is one of considerable 
importance will be fully conceded when it is 
remembered that, owing to the air-gap of a gene- 
rator being very small, and the reluctance of the 
magnetic circuit being mainly due to the air-gap, 
a very small variation in the uniformity of the 
latter produces a considerable variation in the in- 
duction density, which not only tends to disturb 
the electrical balance of the machine, but also 
gives rise to an unbalanced magnetic pull, which 
may act in such a direction as to throw an addi- 
tional load upon the bearings. 

It might be contended that even if a very flexible 
shaft were employed, the effect of the deflection 


Fig.2. 





Values of 2. 
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due to the dead loads could be neutralised by 
raising the bearings by an amount equal to the 
deflection at the armature ; but a little considera- 
tion will show that there are very substantial 
reasons why such a shaft is inadmissible. 

For instance, owing to its being practically im- 
possible to exactly centre the rotating parts, some 
lack of uniformity in the air-gap exists, and as a 
consequence an unbalanced magnetic pull, the 
effect of which on a very flexible shaft is to pro- 
duce great deflection. And even if by chance an 
armature is correctly centred when the machine is 
built, it gradually becomes decentralised by the 
wear of the bearings, which produces the same 
effect. Another reason is that such a shaft renders 
the rotating parts liable to vibrations due to un- 

nced masses, which, of course, have a more 
marked effect at high speeds than at low. 

A stiff shaft, then, facilitates the attainment of 
good mechanical and magnetic balance. 

The problem is analogous to the case of a beam 
loaded with several concentrated loads irregularly 
disposed along the span ; and as very little informa- 
tion on the subject of the deflection of irregularly- 
loaded beams is to be found, +o far as the writer is 
aware, in the standard text-books and books of 


formule, the following discussion may be of inte- 
rest, not only to those readers of this journal who 
are interested in the mechanical design of electrical 
machines, but also to others who are engaged in 
other branches of engineering in which problems 
of.a similar nature frequently arise. 

The general formula for the deflection, 3, at any 
point of the span of a shaft supported on two 
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bearings and loaded with a single concentrated 
load may be stated thus :— 
Te 
EI 
where 
a is a factor depending for its value on the position 
of the load, and the particular point of the span at 
which the deflection is to be found. 
1 is the span in inches. ; 
E is the modulus of elasticity of the material. 
I is the moment of inertia of the section of the shaft. 


The factor a will be referred to as the deflection 
factor. 

Fig. 1 represents a shaft supported by two bear- 
ings, A and B, and loaded with a single concen- 
trated load W, not in the centre of the span, and 
the dotted line represents roughly and much 
exaggerated the curve which the shaft would 
assume. The maximum deflection does not occur 
at the point of application of the load, but at some 
point near the centre of the span, the exact. posi- 
tion of which for any position of the load will be 
determined hereafter. 

Let the load be distant « from the left-hand 
bearing, and for convenience let the span be of 





The reaction of the left-hand bearing = W (1-«), 
and the bending moment M at any point distant x 
from that bearing = W (1-—«) x for all values of 
x less than or equal to «. 

Now, according to the theories of curvature and 
elasticity, the following relation (the truth of which, 
for the purpose of this article, will be taken for 
granted) exists :— 

M=EI?”, 
dx 
where x and y are co-ordinates of the deflection 
curve. Hence 


EI®?” = wi - «)z. 
d x 
On integrating, we get 
(1) 


where A is a constant of integration, the value of 
which can be determined by substituting some 


»yay a2 
EI-—% =Wii - + 
dz ( ”9 4 


value for ° ¥, as follows :— 


a 

Referring to Fig. 1, EF is a tangent to the 
deflection curve at the point D, where the vertical 
line passing through the load intersects the curve. 
The conditions will not be altered if, instead of 
regarding A Bas a beam supported at both ends 
and loaded at C, we treat the portions A C and 
B C as cantilevers fixed at C and loaded at the 
ends with loads corresponding to their respective 
reactions. The lines A E and B F drawn perpen- 
dicular to the tangent E F will then be proportional 
to the deflections at the free ends of the portions 
A Cand BC respectively. 

As stated above, the load on the free end of the 
portion A C is W (1 — x). 

Therefore A E is proportional to 


W (1—«) «* 
3EI 
Similarly, B F is proportional to 
W (l-KPK 
3EI 
Let the angle between E F and AB be denoted 
by @. 
Then 
on 0 a Difference — A Fand BF 
_ WB xt—-n-208 
= set EF ) 


Since 6 ia small, we can, without involving any 
appreciable error, regard EF as being equal to 
A B--i.e., unity. 

Therefore 


w (3 «2- dw 


tan 0 =~ K-23) = , when « = x. 


3K1L 


dy 


By substituting this value for, , and « for x in 
x 


equation (1), we get 


A=w(=-5 -*} 
» 8 @ 
Hence equation (1) becomes __ 

»zdau \ 2 x2 x 38 

Bia = Wi-« 9 + w(5 ~~ -<)- (2) 
On integrating again, we get 

x3 x2 ok x3 
Ely=Wi(1 oG+wls-s -e)e+B, 


where B is a constant of integration, the value of 
which in this case is zero, because y = 0 when 
ct 


‘)*] 


Therefore 
Ww x 
y* KI [a ad vis ( 

This is the equation to the deflection curve on 
the left-hand side of the load. 
The curve on the right-hand side of the load 
follows a different law from that on the left-hand 
side, but there is one condition common to both 
curves—viz., they must have a common tangent at 
the point where the vertical line through the load 
intersects the curve. 
The equation to the curve on the right-hand side 
may be determined in the following manner. 
The bending moment at any point distant x from 
the left-hand bearing = Wx (1—<) for all values 
of x greater than or equal to «x. 


As before, we equate to EI 


K 


2 
«2 
« 


2 ¢$ 


(3) 


ay 


- and on in- 
& 


tegrating, we get 
EI dy _ Wx 





unit length, then « will be expressed as a fraction. 


(4) 


(=- ~)+e 
va 


ds 
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ay WW 


As demonstrated above, de SEI (3x? - « 


—2 n®) when « = x. 
Substituting this value for “¥ , and «x for « in 
x 


equation (4), we get 
x2 


C= W (32-4248) We K- *) 


ecwites «3 
( 3 6 ) 
Therefore 5 
du a’ ac , 
t £=Ws[2- —-W q 
we 35 «(« z) (3*6) 
On integrating again, we get 


(2 2# K «3 
EIy=We(5 - ¢)- (5 + 6 )e+ D. 

Now the deflection is zero at the right-hand 
bearing—i.e., = 0, when x = 1 
Therefore 
We 

6° 

On substituting this value for D the equation to 
the curve on the right-hand side of the load 
becomes 


v= ny o(3#@-2-22)-g@-0| (5) 


The expressions in brackets in equations (3) and 
(5) correspond to the factor a in the general 
formula. 

With the aid of these equations the curves shown 
in Fig. 2 have been plotted. By putting 0.5 for « 
and «in both equations we get a = 0.0208, which 
is the deflection factor for the centre of the span 
when the load is at the centre, and, accordingly, 
appears in the centre of the diagram. The curve 


D= 





nearest the centre is marked 0.020, which is the 
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Way 


value of a for all x and x co-ordinates whose points 
of intersection lie on that curve. Similarly, the 
curve marked 0.019 represents the value of a for 
all co-ordinates that intersect on that curve, and 
so on, the values of the curves decreasing by 0.001. 

Before proceeding to describe a convenient 
method of plotting the curves it will be advan- 
tageous to know at what point of the span the 
maximum deflection occurs for any position of the 
load, 

The maximum deflection occurs where the tan- 
gent to the deflection curve is horizontal—i.e., 


qd y =0. Let this point be distant \ from 


the left-hand bearing (vide Fig. 1); then from 
equation (2) by substituting \ for «, and equating 


to 0, we get 
raa/ Be — ——— 


for all values of « greater than half the span. 

A convenient method of plotting the curves is to 
first determine trom the above equation the values 
of X for successive values of x, say 0.55, 0.6, 
0.65, &c., and to substitute the values so obtained 
for « in equation (3) so as to determine the maxima 
values of a for those values of «. For instance, 
the value of A for x = 0.6 is 0.529, and the corres- 
ponding value of a is 0.0197, which shows that 
there are no points on the curve marked 0.020 that 
lie on the ordinate through 0.6. 

The next step is t> find the greatest value of « 
for which the maximum deflection factor is 0.020. 


By substituting, / S« = ©" for x in equation (3) 


where 


and equating the expression in brackets to a, we 


get 
i - #(2K - ay / 2k ou-«. 
On squaring, we get 
(1 - cP (2x _ x2 = 243 a?, 
Writing y for 2 « — «*, and 1 — y for (1 — x), 


we get 
y — yt = 243 a2, 





By trial we find, on substituting 0.020 for a, 
that y = 0 83. Hence «x = 0.59. 

Substituting this value for « in equation (6), 
we get 

A = 0.526. 

The point of intersection of the vertical ordinate 
through 0.59, and the horizontal ordinate through 
0.526, gives us the most extreme point on the 
curve to the right of the vertical line through the 
centre of the diagram. 

Before proceeding to show how other points on 
the curve can be obtained, it would be well to 
point out that for any particular value of « there 
are two values of «—one less than x, and the other 
greater, or both less or greater than x—that have 
a common value of a, which is tantamount to 
saying that for any position of the load there are 
two points of the span at which the deflections are 
the same, except, of course, where the deflection 
is @ maximum. 

On referring to equation (3) it will be seen that 
the expression in brackets, when equated to a, 
becomes a cubic equation, from which the smaller 
or both values of x (according as a is less or greater 
than the value corresponding to a = x) can be 
found by trial. 

The value of a for «x = «x = 0.55 is 0.0204, which 
shows that the larger value of « is greater than x. 


4. 
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On substituting 0.55 and 0.02 for «x and a respec- 
tively, we find that the smaller value of x is 0.444. 

In order to obtain the other value we refer to 
equation (5). This equation also contains an ex- 
pression which when equated to a becomes a cubic, 
the root of which for any particular values of « 
and a can also be found by trial. On substituting 
the above values for « and a we find that the 
larger value of x is 0.586. 

The points of intersection of the vertical ordinate 
through 0.55 and the horizontal ordinates through 
0,444 and 0.586 give us two more points on the 
curve. 

By proceeding in this way the whole of the 
curves can be plotted, and by observing that the 
value of a for any particular values of «x and «x is 
the same for 1 — « and 1 — x, much labour can be 
avoided. 

It is interesting to notice that if « be substi- 
tuted for « and « for x in equation (3), the result- 
ing equation is the same as equation (5), which 
shows that when finding from the diagram the 
value of a corresponding to any particular values 
of «x and x it is immaterial whether OA be re- 
garded as the ‘‘«” axis, and O B as the ‘‘x”’ axis, 
or vice versd. This fact is of considerable value, as 
it is of great assistance in plotting the curves. 

We have now to consider the deflection due to 
the weight of the shaft, which is, of course, eqiva- 
lent to considering the deflection of a weightless 
beam carrying a distributed load. Let Fig. 3 
represent such a shaft supported by two bearings 
distant | apart, and loaded with a uniformly dis- 
tributed load w per unit of length. The reaction 


of each support is as and the bending moment at 


any point distant « from the left-hand bearing is 
wle w- 
2 * 
2 
On equating to E I s 4 and integrating, we get 
a x 





EI¢@y vir _we# 
dx 4 6 


Since the shaft is symmetrically loaded, the maxi- 





mum deflection occurs at the centre of the span, 
and therefore the tangent to the deflection curve 


will be horizontal at that point—i.c., : 
€ 
l 


z= 3 
On substituting this value for x in the cquation, 
we find that 


' 
Y =0, when 
4 


se 
F= 7 
Hence the equation becomes 
w 78 


dy_wilas wz _ 
EI-’ = a" 


dz 2 6 
Integrating again we get 


Ely=¥l@ _wet whe 
12 24 24 


+G. 


The deflection is zero at the support—i.e., when 
x=0. ThereforeG = 0. 
Hence the equation to the curve becomes 
y=.” (Ge a ee. si) 
K1\12 24 60a J 
If we assume the span of the shaft to be of unit 
jlength, x will be expressed as a fraction, and the 
equation becomes 








y= 


w (ts Po = Me 
EI \12 24 oa) 


It will be observed that throughout 


these 
investigations it has been assumed that the 
moment of inertia of the section of the shaft is 
constant ; that is to say, that the shaft is of uniform 
diameter throughout, which, in the majority of 
cases, is not strictly so, but in order to avoid 
mathematical complications it is customary in 
practice to make that assumption. 

We are now in a position to plot another curve 
by means of which we can readily obtain the 
deflection factor for any point of the span of a 
uniformly loaded beam. Fig 4 represents such a 
curve in which values of x are plotted as abscissw, 
and values of a as ordinates. By substituting 0.1, 
0.15, 0.2, and so on, for « we obtain a series of 
points through which a curve can be drawn. ‘ 

Returning to the general formula, we see une 
EI 
—the first of which has just been considered, and 
the third will now receive attention. 17 

When making calculations in actual cases it 1s 
usual in practice to first find the section of shaft 
that will eee the stresses within certain limits, 


then to find the value of the ratio eT and sub- 


is made up of three factors—viz., a, W, and 


stitute in the general formula to see if the deflee- 
tion is within the limits which experience has 
prescribed. If not, a larger diameter must be 


3 
assumed and the corresponding value of : . found, 


and so on, until the conditions to be fulfilled are 
satisfied. 

In order to facilitate the process, a series of 
curves may be plotted by means of which any value 


of the ratio <; within reasonable limits can readily 


be found. Fig. 5 represents such a series in which 
values of 2, in inches, have been taken as absciss, 
and diameters, also in inches, as ordinates, and 
the value of E has been taken at 30,000,000 |b. per 
square inch. It will be observed that for a spat 
of 50 in., diameters ranging roughly from 3 in. © 
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10 in. are considered, and as diameters out of that 
range are not likely to occur in practice, it is 
unnecessary to consider them. 

The value of the ratio when | = 50 and diameter 
= 3 is 0.00106 ; but for convenience of reading it 
is advisable to plot a curve whose value is 0.001. 
For the upper jimit of diameters—viz., 10 in.—the 
value of the ratio is 0.00000848, and for the reason 
just given the curve for this limit has the value 
0.00001. To facilitate reading still further inter- 
mediate curves are plotted, differing in value by 
definite amounts. . 

The most convenient method of plotting the 
curves is to take diameters represen by integral 
numbers, find from a table of moments of inertia 
the corresponding values of I, and thef calculate 
the values of | that will give the ratio the value of 
the curve that is being plotted. By proceeding in 
this manner series of points are obtained through 
which smooth curves can be drawn. 

The plotting of the curves described in this 
article is a somewhat tedious task, but when 


plotted we are in possession of valuable labour- | 


gd. 


Diameters im Inches. 
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fore represented by the expression 
B 3 
EI = 53.65 EL 

In the case of the commutator the value of « is 
still 0.619, but the value of x is 0.33, and the corre- 
apie value of a is 0.0156. The deflection at 
the armature due to the commutator is therefore 
represented by the expression 


B 


3 
dp = 0.0156 x 300 x — = 4.68 


5, = 0.0185 x 2900 x 


B 
Er 

As already stated, the shaft is usually assumed 
to be a uniformly-distributed load, and for the 
value of a we must refer to the curves shown in 
Fig. 4. The point at which we require to know 
the deflection is at the armature—viz., 0.619 of 
the span, and the corresponding value of a is 


0.0122. The deflection is expressed by 
; B 2B 
5; = 0.0122 x 315 x hI = 3.84 5 c 


The total deflection, A, at the armature is the 








sum of these deflections—i.e., 


700 40 150 60 


Lengths in Inches 


saving devices, which give results that are 
sufficiently accurate for most practical purposes, 
and should therefore readily commend themselves 
to all practical men, 

In order to demonstrate the utility of the curves 
one or two examples will now be worked out. For 
the first we will take the case of a 100-kw. belt- 
driven generator, running at 750 revolutions per 
minute. We will assume that the armature weighs 
%0 lb., the commutator 300 Ib., the centres of the 
bearings are 5 ft. 3 in. apart, the loads are dis- 
tributed as shown in Fig. 6, and that there is a 
calculated unbalanced magnetic pull of 2000 Ib., 
due to a displacement of the armature of ;}; in. 

What we want to know is the diameter of shaft 
required to keep the deflection at the armature 
within 0.02 in., which is an arbitrary limit adopted 
by one prominent firm of electrical engineers for a 
generator of that size and speed. 

Expressing the spacings.in fractions of the span, 
we see that the commutator is located at a point 
0.33 of the span from the left-hand bearing, and 
the armature at a point 0.619 of the span from the 
same bearing. 

In order to take into account the deflection due 
to the weight of the shaft, we must assume a figure 
for the diameter. If we assume the mean diameter 
to be 43 in., the weight works out to 315 Ib. 

We have now to find the deflection at the arma- 
ture due to the weight of the armature, the com- 
mutator, and the shaft. Dealing with the arma- 

first, we see that the value of « is also the 
value of «—viz., 0.619, and on referring to the 
curves shown in Fig. 2 we find that the corre- 
‘ponding value of a is 0.0185. The deflection due 





armature plus the magnetic pull is there- 


5, + 4, + 4s, 
or 
ee ee ae 
A= EI (53.65 + 4.68 + 3.84). 
3 
The value of wr that will keep the deflection 


within the specified limit can be found tentatively. 
As a first attempt we will take a diameter of 4} in. 
The value of the ratio found from the curves shown 
in Fig. 5 is 0.000333, which gives a deflection 
of 0.0207 in. This is too great, so we will take 
5} in. The value of the ratio is 0.000223, and the 
deflection is 0.0138 in., which is satisfactory ; but 
before accepting this dimension as final, it should 
be confirmed by calculating the bending stresses 
induced in the shaft to see if they are within the 
usual working limits for an alternating stress of 
such a frequency as of the machine under -con- 
sideration, as it sometimes happens that when the 
calculated deflection is satisfactory the bending 
stresses are too high, although more frequently the 
reverse is the case. 

The effect of the pull of the belt is usually’ left 
out of account, as it is generally close to the bear- 
ing: but if the overhang of the pulley and the belt- 
pull are so considerable that they cannot be 
neglected, their effect on the deflection may be 
determined in the following way. 

Fig. 7 represents a plan of the shaft taken on a 
plane passing through the line of action of the belt 
which is assumed to be horizontal. We will 
assume the pull on the shaft due to the belt to be 
3000 lb., and the overhang 16in. Then the load 
on the right-hand bearing is 3760lb. Without 
altering the conditions of the problem we can 


ported at each end and loaded at B. The deflec- 
tion at B, which is 0.797 of the span from A, = 
0.0088 x 3760 x 0.00044 = 0.0145, and the deflec- 
tion at the armature due tothe load at B = 0.011 x 
3760 x 0.00044 =0.0182. 

What we want to know is, how much of the 
deflection at the armature comes below the line 
joining the centres of the bearings—i.e., the 
line AC. It is equal to the difference between 
the deflection at the armature, just determined, and 


the amount pq (which is equal to ‘S times the 
deflection at B)—i.e., 0.0107 in. 

The resultant deflection at the armature is that 
compounded of the deflections due to the weights of 
the revolving parts plus the magnetic pull, and the 
pull of the belt, as shown in Fig. 4a. 

For the second example we will take the case of a 
500-kw. two-bearing induction motor-generator set 
running at 300 revolutions per minute. We will 
assume that the weights and spacings are as shown 
in Fig. 8, and that the calculated magnetic pulls 
of the generator and the motor are Ib. and 
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3000 Ib. respectively; and in order to take the 
weight of the shaft into account we will assume a 
mean diameter of 7 in., which corresponds to a 
weight of 1000 lb. 

We want to know the diameters of the shaft 
that will keep the deflections at the generator and 
the motor within 0.03 in. 

We will consider the former first. 

The deflection due to the commutator 


B /3 
= 0.0133 «x 500 x EI™ 6.65 Kr’ 

The deflection due to the weight of the armature 
plus the magnetic pull 


= 0.0197 x 5200 x . 


ce 
The deflection due to the weight of the rotor plus 
the magnetic pull 
= 0.0136 x 4000 x 


B 
os 102.44 


B Ls 3 

Ei= 54.4 Er 

The detiection due to the weight of the shaft 
B B 


= 0.013 x 1000 x Ei= ae 
The total deflection 


= 176.49 
= 176.49. 


Assuming a diameter of 7} in. at the armature, we 





regard the shaft as being of the span A C, sup- 


find from the curves that the corresponding value of 
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3 
I is 0.000151, and that the deflection is 0.0267, 
which is satisfactory, provided the condition men- 
tioned in connection with the first example is 
fulfilled—viz., that the bending stresses are within 
the usual working limits. 
We have now to consider the deflection at the 
motor. 
The deflection due to the commutator 
2B B 
= 0.0085 x 500 x Bb17?™ gr 
The deflection due to the armature plus the 
magnetic pull 
= 0.0136 x 5200 x ” — 70.72". 
EI EI 
The deflection due to the rotor plus the mag- 
netic pull 
= 0.0123 x 4000 x " = 492". 
EI El 
The deflection due to the weight of the shaft 
= 0.0095 x 1000 x ” =95_" 


EI ET 

The total deflection 

— 
133.67 Er 

Assuming the diameter of the shaft at the motor 
to be 7} in., the deflection works out to 0.026, 
which is also satisfactory. 

Another interesting use to which these curves 
may be put is the approximate determination of 
the load that comes on each of the bearings of a 
three or four-bearing machine. We will consider 
the former only. 

Let Fig. 9 represent the shaft of a three-bearing 
motor-generator set having loads spaced as shown. 
In order to find the load on the middle bearing the 
deflection at the point B must be calculated on the 
assumption that the shaft is supported on the end 
bearings only, and then by calculating the load that 


Fig. 








| 


will neutralise that deflection we obtain the reaction 
of the bearing. By taking moments about bearing A, 
and regarding the load on bearing B as an upward 
force, we can determine the load on bearing C. The 
difference between the total weight of the revolving 
parts and the loads on bearings B and C gives us 
the load on bearing A. 

The results thus obtained should not be religi- 
ously adhered to, as the assumption is made that 
the bearings are in true alignment—a condition of 
things not easy to attain in practice ; further, the 
fact that the shaft is considerably reduced at the 
middle bearing greatly enhances the difficulties of 
approaching strict accuracy. 
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THE BEAVER BRIDGE OVER THE 


OHIO RIVER. 
By Franx W. Skinner, M. Am. Soc. C.E. 
(Continued from page 82.) 

Tue anchorage, which is shown diagrammatically 
on page 79 ante, is designed for 2165 tons reversal 
of stress. Lateral stresses are also transmitted to 
the masonry pier, wig” tne: is made for tem- 

rature movements. The anchor-barsare put under 
initial tension, the truss-bearing is made on a high 
rocker, and there is a sliding crosshead to take up 
the horizontal coraplement of an oblique resultant. 
The nine lines of track-stringers are provided with 
expansion joints, two and three panels apart, to pre- 
vent the possibility of transmission of chord stresses 
through them. The top chord connections are made 
to the main vertical posts through steel castings 
bolted to widecaps integral with theriveted members. 
The centre span is suspended from the cantilever- 
arms by riveted vertical members with independent 
pin connections. Its top chords are connected to 
the cantilever top cho by false chords, which 
form members of the orstn | system, but cannot 
transmit chord stresses. The bottom chords have 
telescopic connections with the bottom chords of 





the cantilevers. The topand bottom lateral systems 
in the centre span are connected to those in the 
cantilever-arms through vertical pins free to move 
longitudinally to conform to temperature move- 
ments. The end floor-beams of the anchor-arms 
have sliding bottom flange connections to horizontal 
longitudinal guides in massive riveted pedestals 
anchored to the pier masonry, and proportioned to 
resist the heavy shear and bending moments, and 
transmit the stresses from the superstructure to the 
substructure. The main bottom chord sections in 
the cantilever arms were made separate from the 
connections at panel points to facilitate fabrication 
and shipment, and the short pin-connected sections 
were sometimes shop-riveted and sometimes field- 
riveted to the main sections. The maximum weight 
of the chord sections was thus reduced from about 86 
to 45 tons, effecting a great convenience in ship- 
ment and reducing the erection stresses due to the 
weight of the traveller, which would have to have 
been of much heavier construction to handle the 
larger pieces. 

All compression joints were fully spliced, except 
that those for the main vertical posts were only 
half spliced, such provision being considered 
adequate in these members, which, on account of 
their vertical ition, find a natural bearing on 
the planed surfaces, Nearly all of the joints are 
at right angles to the axes of the members, and all 
were finished with great accuracy by rotary planers, 
providing bearing surfaces which are believed to be 
in full contact. The heaviest single member in 
the bridge weighs 84 tons, and the longest one had 
a length of about 95 ft. Some members had lateral 
dimensions too large for shipment on ordinary 
freight cars, and were sent by water or were sus- 
pended from special cars, so as to secure the neces- 
sary clearance. The dimensions of some of the con- 
nection-plates were limited by the capacity of the 
rolling-mills, and where this was exceeded the 
plates were in some cases spliced. The eye-bars 
are of the maximum size manufactured in America, 
the largest used having a section measuring 16 in. 
by 24 in., the length being 62 ft. long on centres 
of pins. The heads are 37} in. in diameter to receive 
pins 16 in. in diameter. 

Compression Chords.—The cantilever and anchor- 
arm bottom chords, 5 ft. deep, have an approxi- 
mately |} -shape cross-section, made with two 
built I-beams 42 in. apart on centres. A typical 
example is illustrated in Figs. 36 to 38, Plate IX. 
The top and bottom flanges are latticed, and the 
webs are connected on the centre longitudinal line 
by 7-in. by 34-in. by 4-in. lattice-angles connected 
to pairs of flange-angles riveted back to back, and 
making with them a horizontal I-shape diaphragm, 
as shown in the various cross-sections, Figs. 39 to 
43. The maximum stresses provided for, including 
impact and wind stresses, are 7,860,000 lb. and 
8,795,000 ib. in the anchor and cantilever-arms 
respectively. At twelve panel points, at the main 
pier and in the cantilever-arm, the panel connections 
were made separate from the main bottom chord 
pieces, as shown at BB, Fig. 37. This involved 
two splices at each panel, but greatly facilitating 
the machine-work in the shops, as well as the 
shipment and assembling during erection. A 
typical diagonal member is illustrated in Figs. 44 
to 46, Plate IX. The heaviest bottom chord 
L 10—L 12 weighs 84 tons, and is about 71 ft. long 
over all. It hasa cross-sectional area of 4664 sq. in., 
made up of eight 8-in. by 8-in. by {-in. flange 
angles, four 8-in. by 8-in. by }-in. diaphragm angles 
and six 6-in. by {-in. web-plates connected by 
twelve longitudinal rows of stitch-rivets. At inter- 
vals of about 6 ft. the chord-webs are connected 
by solid-web vertical transverse diaphragms, calcu- 
lated to give a special rigidity and prevent defor- 
mation in fabrication and shipment. 

The connections to the vertical and inclined 
truss members are made with jaws, each member 
of which consists of three thicknesses of very large 
vertical plates, each one of which forms part of the 
regular section of the 60-in. chord web-plates 
which were cut out and were spliced to them at 
panel and sub-panel points. The largest gusset- 
plate procurable was { in. thick and 132 in. wide, 
dimensions which in one case did not suffice, so that 
the gusset-plate was spliced. The dimensions of 
these plates were so great that some of them had to 
be straightened in the armour - plate presses, as 
the requirements for flatness and uniformity of 
thickness were so exacting that it was feared they 
would not be met by ordinary rolling, and that the 
tendency to thicken in the middle of large plates 








would seriously diminish the floor-beam clearance, 
Allowance was therefore made for ?-in. fillers at 
each end of the floor-beams, and it was intended, 
if necessary, to finish one face of each filler concaye 
to fit the swelled plates, an operation which fortu. 
nately proved unnecessary. The allowance of .\ in, 
made for each plate where several were packed 
together in a riveted member proved unnecessarily 
great. Where very accurate packing was neces 

on account of the absolutely fixed dimensions of 
the clearance, the diaphragms were not planed and 
punched until the last of the plates was finished, 
and exact measurements made. The holes, some 
of them 7 in. long, for the field-riveted connections 
to the floor-beams were reamed through iron tem. 
plates. The bottom flange cover-plates are providd 
with drainage holes, and at panel points are made 
narrower than the whole width of the chord, to 
afford clearance for horizontal connection plates 
riveted to the inner lower flange angles, and spliced 
to the cover-plates to receive the field-riveted con. 
nections to the bottom lateral members and to the 
floor-beams. All chord-rivets are 1 in. in dia- 
meter, and all open holes were 1,'; in. in diameter, 
All rivet-holes for tie-plates, latticing, and dia. 
phragms were punched full size. All other holes 
were punched and reamed or were drilled from the 
solid. At the truss-connections field rivet-holes, indi- 
cated by double circles, were sub-punched through, 
all of the different thicknesses of the metal in order 
to receive service bolts for the preliminary assem. 
bling of the truss members. All other rivet-holes 
at these points were sub-punched only in the outer. 
most metal for the outside face of one web and the 
inside face of the other web, and after the members 
were assembled in a horizontal position in the bridge 
shop-yard, these holes served as template holes for 
the location of drills, by which they were continued 
through the other solid plates. After these holes 
were completed the punched holes were reamed to 
finished size. 

The panel-point section L 14 of the bottom chord 
is 16 ft. 10 in. long and about 174 ft. high, and 
weighs 40 tons. For convenience in erection the 
lower end of its vertical post was shop-riveted to 
the gusset-plates and projected above their upper 
edge to provide convenient and accessible field- 
rivets. The piece was shipped from the bridge 
shop to the site by water. 

Some of the heaviest bottom chord-splices are 
made where the web-plates have triple thicknesses 
plus a pair of longitudinal angles on the centre of 
the inner face. In order to get a cover-plate under 
these angles the reinforcement was fillered out with 
a }-in. plate, cut to clear the splice at the joint and 
leave a vacant space between itself and the splice- 
plate long enough to permit the latter to be backed 
up into it, so that the extremity would not project 
beyond the end of the chord during erection. 
After erection a movable splice-plate was set out 
to position to engage the second section of the 
chord, and the cavity thus left behind it was 
filled with short plates. When the web was made 
with three thicknes-es of plates the centre plate was 
cut about 3 ft. short, allowing the two outside 
plates to project like jaws, and the spaces between 
them were filled with short sections of centre-plates 
inserted after erection. The joints were eventually 
spliced by two outside cover-plates on each side, 
which were lengthened to receive an additional row 
of rivets for each intermediate plate, to which the 
stresses were transmitted. All angles were fully 
spliced with cover-angles. 

The Main Vertical Post.—The main vertical posts 
L>—U jp on the river piers between the anchor and 
cantilever - arms are 145 ft. 2} in. long on pin- 
centres and 34} ft. apart transversely, connect 
together with transverse struts and cross-bracing 0 
the panels between them, thus making bents about 
161 ft. high over all above the top of the masonry; 
these, with their pedestals, weighed 660 tons. A 
section of one of these posts is illustrated ™ 
Figs. 58 to 63, page 147, whilst Figs. 47 to dl, 
Plate IX., show the method of construction adopted 
at its base. 

The posts alone weigh 240 tons each, and are the 
largest members in the bridge. They have a 60-0 
by 66-in. H-shape cross-section (see Figs. 60, 61, 
and 63, page 147), made up of three built I-beams 
with 8-in. by 8-in. flange angles. For convemienc 
in fabrication and handling the posts were ship} 
from the bridge shop in four sections and 4 “P; 
and assembled in the field with butt joints hslf 
spliced by cover-plates. The maximum stres* © 
9,392,000 lb., aa the corresponding cross-secl 
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area is 640 sq. in. The lower end of the vertical 
post (Figs. 47 to 51, Plate IX.) and the adjacent 
ends of the bottom chords are riveted together, 
making a single joint-piece, L 10, 15 ft. 10 in. long 
and 20 ft. high, which receives the pin connec- 
tions of the principal inclined posts L10—U 8 and 
L10—U 12. It weighs 54 tons, and is of such shape 
that it could not be shipped in the ordinary manner, 
but was suspended from plate-girders on two un- 
coupled flat cars. 

e lower ends of the L 10 webs are shop-riveted 
to two pairs of gussets, each having four very large 
and thick plates of different dimensions, the out- 
side and largest one being spliced on the centre 
line because it exceeded the capacity of the rolling- 
mill. The bottom chord and vertical post connec- 
tions are made to themwith a large number of 1-in. 
field rivets through multiple-splice plates, while the 
connections for the inclined posts are made with 
14-in. pins having half-hole bearings, except in the 
outside reinforcement plates, which have full-hole 
bearings to lock the members together. The floor- 
beam, with a maximum shear of 504,000 lb., is 
connected to the vertical post by fifty-five 1-in. 
field-driven rivets in double shear. The bottom 
lateral diagonals with stresses of 283,000 lb. and 
264,000 lb. have thirty {-in. double shear field- 
rivets in a }-in. horizontal connection-plate. 

The second and third sections of the vertical 
posts have a cross-sectional area of 639 sq. in., 
made up of eight 8-in. by 8-in, and two 8-in. by 
6-in. angles, and six 66-in. and two 36-in. plates, 
fin, or jin. thick. The second section of the 
post marked L10—M 10 is 50 ft. lin. long and 
weighs 66 tons. The ends are milled with great 
precision, which is believed to ensure perfect bearing 
at the joints, which are additionally spliced by cover- 

lates with 310 1l-in. rivets on each side of the 
joints, having a value of about one-half of the 
compressive strength of the posts. ‘The third 
section M10—N 10 is about 45 ft. long, weighs 
59 tons, and, like the second section, is entirely 
regular except for the vertical jaw-plates shop- 
riveted to it, to receive the field-riveted connections 
of the tranverse braces, and differs from the second 
section chiefly in the heavy jaw-plates, which form 
short sections of the webs, and are riveted 


entirely across the post and project beyond it to 
form jaws to receive field-riveted connections of 
the inclined posts M 10—M 9 and M 10—M 11. 





In designing the splices for the different sections 
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of this unusually massive member, great care 
was taken in the arrangement of materials and the 
location of rivets so as to facilitate fabrication, 
erection, and field-riveting. The upper section of 
the vertical post, 29 ft. long, weighs 43 tons, 
and has no connections to transverse members. At 
the upper end the webs are reinforced by short 
vertical angles planed to bearing against the 62-in. 
by 1{-in. by 86-in. planed cap-plate. The 33-ton cast- 
steel cap (see Figs. 64 to 67, page 147) is about 
8 ft. square and 9 ft. high, is made with -metal 
from 3in, to 4$ in. thick, and has 4 horizontal 
bottom flange secured to the cap of the vertical 





post by twenty-four 14-in. turned bolts, and has 
tive vertical longitudinal webs bored for a pin 16 in. 
in diameter and over 8 ft. long, with a total bear- 
ing of 168 sq. in. The pin engages sixteen 16-in. by 
1f-in. eye-bars in each of tne adjacent panels of 
the top chord, which are proportioned for a total 
stress of 8,087,000 Ib. The cap also receives the 
bolted connections of the top lateral struts, and 
thus relieves the vertical post of all complicated 
connections, thus facilitating the shop work, and 
reducing the erection weight of the member. 
Inclined and Vertical Posts.—The pin-connected 
main diagonal member U 8--L 10 is 1244 ft. long, 
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and has a rectangular cross-section made of two 
built I-beams, 3} ft. deep, and about the same 
distance apart on centres, with both flanges latticed 
by flat bars. It is made in two sections spliced at 
M9 by heavy field-riveted gusset-plates, which 
project on both sides to form jaws for the field- 
riveted connections of the sub-diagonals, vertical and 
horizontal members. The upper section, 68 ft. long 
over all and weighing 34 tons, is proportioned for a 
maximum stress of 2,316,600 lb., and has a cross- 
sectional area of 169 sq. in., the radii of gyration 


being 15.46 in. and 19.70 in., and a value of 


equal to 46. The webs are connected by transverse 
diaphragms about 6 ft. apart, and at the upper ends 
have special short sections projecting beyond the 
flanges to form jaws for the field-riveted connec- 
tions of horizontal and diagonal struts. 

The hottom section, M 9—L10, Figs. 44 to 46, 
Plate IX., is 64 ft. long, and weighs 36 tons. It 
carries a maximum stress of 2,538,400 lb. It hasa 
cross-sectional area of 210,000 sq. in., and a slightly 
larger radius of gyration, but is otherwise similar to 
the upper section, except that the gusset-plates are 
single instead of double, and that the pin-bearing 
has a half hole instead of a full hole. All of the other 
diagonal members in the anchor and cantilever- 
arms are made with two sections, field-spliced at 
the centre point, or in single sections, according to 
shipping weight, and have seme mpe only 
where they receive eye-bars, all connections subject 
to reversal of stress being fully riveted. 

_ Some details of the abutment and the anchor are 
illustrated in Figs. 52 to 57, Plate IX. The eye- 
bars connecting the end of the truss to the anchor 
below, are carried down in a shaft formed for the 
— in the masonry, as shown. The anchor is 

uilt up of steel plates and abuts against an I-beam 
grillage. 

(To be continued.) 
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No. VII. 

By Ernest R. Marruews, A.M. Inst. C.E., 
F.R.S. (Ed.), F.R.G.S., F.G.S., Borough 
Engineer of Bridlington. 

GROYNES. 


Tue protection of coasts by sea-walls alone, 
whether of masonry or timber construction, is not 
sufficient. In addition an efficient system of groyn- 
mg is necessary, and groynes form a necessary 
complement to sea-walls. Their purpose is to raise 
the beach level by the accumulation of shingle. 
Whether high or low, short or long, they tend to 
retard the travel of shingle along a coast. It 


naturally follows that the higher the groyne the 
greater the accumulation on the windward side ; 








also, that the further seaward the groyne is car- 


AND PROTECTION. 








Tyrer Groynes at Morecamse. 


ried the more effective will it be, as shingle will 
not then escape around its extremity. To build a 
sea-wall first, and thus set up scour, and subse- 
quently to build groynes, is putting the cart before 
the horse. The groynes should erected first. 
A uniform pattern, suitable for all foreshores, is an 
impossibility. A high groyne may be most effec- 
tive on one foreshore, a low one on another. What 
would be entirely successful on the East Coast 
might be unsuitable for the South. There are 
four methods of groyne construction in use in this 
country—viz., timber ; concrete block ; reinforced 
concrete ; chain-cable. 


Timber GROYNES. 

Timber groynes may be divided into (1) high 
timber groynes ; (2) low timber groynes. 

High Timber Groynes.—Good examples of high 
timber groynes may be seen at Cromer on the East 
Coast, and at Hastings, Eastbourne, and Folke- 
stone on the South. Figs. 92 and 93, page 148, 
illustrate one of the groynes at Eastbourne. This 
type of groyne is not altogether satisfactory, for the 
following reasons :—(a) The beach is raised to a 
considerable height on the windward side, while 
on the leeward side there is very little shingle. 
This is well illustrated in Fig. 96, which represents 
the lee side of a high timber groyne at Eastbourne, 
taken after a storm. Groynes of this type have 
frequently to be lowered for this reason ; (b) they 
are unsightly ; (c) dangerous to children using the 
foreshore during the summer months ; (d) costly to 
construct and expensive to maintain ; (e) they can- 
not be raised gradually as the beach accumulates ; 
(f) owing to the scarcity of shingle or sand on the 
leeward side, and the consequent greater depth of 
water, wave action is more severe, and erosion 
frequently occurs on that side, while high-water 
mark is driven back on the windward side ; (q) the 
large land-ties standing up above the foreshore 
tend to create a scour. 

Eastbourne faces south-east, and the sea-defence 
works of this town consist of about two miles of 
sea-walls and 74 timber groynes ; seven additional 
groynes protect the outfall of the Commissioners 
of Pevensey Levels. Many of the groynes are of 
the old-fashioned high timber type, to which refer- 
ence has been made above, but some of these have 
been improved considerably by the present borough 
engineer, Mr. A. E. Prescott. Previous to these 
alterations the sea was advancing upon the land, 
causing considerable alarm. The travel of beach 
on this coast is from west to east, the range of the 
tides being 22 ft. 10 in. spring tides, and 16 ft. 
neap tides. The prevailing wind is south-west. 
A south-west gale occurring at the time of spring 
tides causes the heaviest seas. 

The Eastbourne groynes, illustrated in Figs. 


from 14 ft., with iron pile-shoes, are driven into the 
foreshore bottom underlying the shingle to a depth 
of about 9ft. They are set 4 ft. 6 in. apart, centre 
to centre, with walings 8 in. by 6 in. and 6 in. by 
6in. Planks 9 in. by 2 in. are spiked to the piles 
in lengths of 20 ft. and over, so as to span four 
bays and break joint. Large oak land-ties are 
fixed at right angles to the piles. When erected, 
these groynes were laid to the contour of the 
foreshore, and extended from beyond high-water 
mark, where possible, well towards low-water 
mark, an average length of 300 ft. They are at 
right angles to the foreshore, and on an average 
about 70 yards apart. The majority of them are 
high groynes, and, when originally constructed, 
varied from 8 ft. to 10 ft. high at the shore end 
and about 4 ft. at the low end, and did not extend 
to low-water mark. Large quantities of beach 
collected on the windward side, but in some in- 
stances there was a difference of 6 ft. to 8 ft. in the 
level on the leeward side. In order to avoid 
this unequal building up, the groynes have been 
scuttled where necessary—i.e., the height has been 
reduced by dispensing with 2 ft. or 3 ft. of con- 
tinuous boarding in order to allow the beach to 
pass through to the other side, and low groynes 
were continued from the end of the old groynes 
to low-water mark. The height of the more 
recently constructed groynes varied from 4 ft. at 
the land end to about 2 ft. at low-water mark. 

In the year 1886 the central wall to the west of 
the pier at Eastbourne had its face exposed 8 ft. 
vertically from the coping for a considerable dis- 
tance. After the erection of the groynes, the beach 
gradually accumulated, and at the present time it 
is level with the lower parade. To the east of the 
pier, about the same date, the sea-wall then com- 
pleted was exposed vertically to a depth of 18 ft. to 
20 ft. The shingle is now level in some places with 
the coping. Seven Case groynes were erected to 
the east of the pier in 1897. Most of these were 
continued from the toe of the old high groynes, as 
shown in Fig. 92, and extended to low-water mark. 
These have been most successful in accumulating 
the sand and raising the shore level. As the sand 
accumulated, the groynes have been raised by adding 
more planks, and most of them are now only just 
visible above the sand. The cost of the Eastbourne 
groynes may be taken as follows :—One of the 
ordinary groynes, 100 yards long, costs 375l., or 
25s. per lineal foot ; the Case groynes, 100 yards 
long, cost 681. 15s., or 4s. 7d. per lineal foot. 

At Folkestone the Karl of Radnor has erected 
eighteen groynes. Thirteen of these are as shown 
in Figs. 97 and 98, while five are of the old type 
with iron piles. The type of groyne shown in 
Fig. 97 was formerly used ; since 1907 that shown 
in Fig. 98 has been adopted ; the only difference 
between the two types is in the bracing and key- 
_ The newer pattern is the cheaper to build. 
ix or seven braces are fixed to each groyne and are 
npr on every fourth pile. A waling-piece runs 
‘or about 100 ft. down the groyne. Piles are 
driven at 4-ft. centres. The two top planks are 
fixed with coach-screws ; this has been found most 
convenient for removal or replacing, according to 
the level of the beach. At the sea-end of some of 
the longer groynes, sea-worms have necessitated 
occasional repairs, but the upkeep so fax has not 
been excessive. These groynes are easier to repair 
than the old type with iron piles. The first cost is 
certainly greater, but this is more than made up 
for by the difference in length of life of the two 
types aud the facility with which repairs are 
executed. 
Low Timber Groynes.—There are various types 
of low timber groynes, one of the most effective 
being the Case groyne. This groyne is the invention 
of Mr. Edward Case, who first put down groynes of 
this type at Dymchurch in 1894. Similar groynes 
have now been erected in many places around our 
coasts, and they are to be strongly recommended. 
Their chief advantages are :—(a) That they can be 
adapted to any foreshore, whether flat or steep ; 
(b) they can be erected very expeditiously ; (c) are 
economical ; (d) no special plant or skilled labour 
is required in their construction; (e) they can 
be built up as the beach accumulates; (/) they 
cost practically nothing in maintenance. This type 
should in every case be continued to low-water 
mark of spring tides. They should be not more 
than 2 ft. in height above the foreshore level 
when first put down. The system is extremely 





94 and 95, are of the following construction :—9 in. 
by 9 in., pitch-pine and oak piles, varying in length 





simple, and very effective, as is proved from the 
results oltained at Dymchurch, Southwold, Deal, 





















150 


ENGINEERING. 


[JAN. 31, 1913. 





Eastbourne, Morecambe, Lowestoft, Sheringham, 
and many other places. The short Case groynes 
constructed by Mr. Prescott at the ends of the high 
groynes at Eastbourne are shown in Fig. 92, and 
may be briefly described as follows :—Pairs of piles 
are § at 7-ft. 6-in. centres ; they are of 9-in. 
by 3-in. pitch-pine, and have 9-in. by 3-in. planking 
inserted between them. The feet of the piles are 
secured by being embedded in a large block of 
8 to 1 cement concrete. The piles have usually 
sole key-pieces about 18 in. long at the bottom em- 
bedded in the concrete block. The groynes erected 
at Dymchurch are twenty in number, and vary in 
length from 300 ft. to over 1000 ft. They have 
resulted in the accumulation of large quantities of 
sand. 

The disadvantage of this system, if there be one, 
is that the work of constructing a groyne of this 
type is a lengthy process. It is impossible to 
know for some considerable time what the groyne 
is actually going to cost. Figs. 99 and 100 repre- 
sent one of a number of groynes of the Case type 
erected at Morecambe. The special feature about 
these is the addition of concrete buttresses, which, 
it is claimed, are very useful. Four Case groynes 
were put down upon the foreshore at Blackpool, 
at the north end of the borough, in 1898-99. They 
are about 500 yards in length, and spaced about 
70 yards apart, and at right angles to the foreshore. 
It is understood that in this instance their erection 
has little or no influence on the conditions of the 
foreshore, either favourable or unfavourable. It 
is desirable in some cases to extend Case groynes 
below low-water mark ; in this connection it may be 
remarked that excellent results have been obtained 
at Weymouth by putting down the Case submerged 
groynes. It is not advisable to construct such 
groynes in a greater depth of water than 3 ft., 
the cost of doing so being very heavy, and the 
results not being commensurate with the additional 
expenditure. 


LITERATURE. 


——>——_ 
. Industrial Chemistry : A Manual for the Student and 
Manufacturer. Edited by ALLEN Rocers, in charge of 
Industrial Chemistry, Pratt Institute, Brooklyn, and 
Aurrep B. Auprrt, formerly Professor of Chemistry, 
University of Maine. London: Constable and Co., 

Limited. Peay 24s. net. 

WE must admit our inability to decide for what class 
of readers this volume of 854 pages, large octavo, 
which is illustrated by 340 figures, is intended to 
appeal. The volume has been prepared, we see from 
the preface, ‘‘ to assemble the ideas of a large num- 
ber of men who are recognised authorities in their 
respective lines, and thus produce a volume which 
would represent modern American methods and 
processes.” When a manual of industrial chemistry 
is compiled by two editors and thirty-four collabo- 
rators, each dealing with one or several chapters 
in his own way, we may expect to be provided 
with a series of articles of unequal merit. The 
criticisms which we have to make are, therefore, 
not intended for all the forty-three chapters. But 
in many cases the information offered will certainly 
satisfy neither the student nor the manufacturer, 
and sometimes even the general reader may have 
cause to complain. 

We admit that we should not ourselves like to 
undertake a treatise of this kind. If we did, how- 
ever, we should take special pains to supplement 
every article with a large number of references to 
sources of further information. In this respect the 
book is deplorably weak. There is not a single 
reference in many chapters. Oskar Nagel puts at 
the end of his article on ‘‘ Producer Gas” (which 
does not mention Mond gas), under the heading of 
‘* Bibliography,” the titles of four books (two by 
himself) and of three journals! That an otherwise 
good article on ‘‘ Sulphuric Acid,” by W. M. Gros- 
venor merely refers to Lunge’s excellent book may 
possibly be allowed to pass. But the chapter on 
** Nitric Acid,” by the same author, is devoid of any 
references, and so is the chapter on ‘‘ Commercial 
Chemicals,” by A. B. Aubert (one of the editors), 
which deals with alkalies, chromates, vitriols, borax, 
phosphorus, cyanides, carbon tetrachloride, matches, 
&c., all in the space of twenty-seven pages. The 
three lines on ozone area real gem: ‘‘ This gas is pro- 
duced on a fairly scale for bleaching p 
by passing air through an electrical machine, which 
is provided with a series of vacuum tubes, such as 
used for X-ray production,” The next two chapters 
on ‘‘ Chlorine and Allied Products,” by Mr. w. F. 








Doerflinger, which describes also some electrolytic 
and some chemical processes, and on ‘‘ Electro- 
chemical Industries,” by Mr. W. F. Landis, again 
do not tell the reader where he should look for 
additional information ; the notes on ozone (these 
are apparently the only two places in which ozone 
is mentioned) and on the electric fixation of nitro- 
gen cover less than two pages. What is given in 
this chapter is good, but it is altogether insuffi- 
cient. 

The same may be said of Mr. James Gillinder’s 
article on ‘‘Glass,” to which a short bibliography is 
appended. Mr. Bradley Stroughton has added a 
really good literature list to his chapter on ‘‘ The 
Metallurgy of Iron and Steel.” The only chapter in 
which we have noticed many references to volume 
and page, instead of mere statements of the titles of 
works to be consulted, is Mr. W. H. Fulweiler’s on 
‘*Tiluminating Gas ;” unfortunately he has for- 
gotten to explain what he means by G.W., L.J., 
P.A., P.R.S., and other abbreviations, which may 
stand for the names of several journals ; moreover, 
the editors have not corrected this oversight, which 
impairs the value of a good contribution. Mr. A. G. 
Stillwell on ‘‘ Fertilisers,” Mr. A. L. Dodge on 
‘Coal Tar and Distillation,” Mr. W. P. Harper 
on ‘* Destructive Distillation of Wood,” Mr. Allen 
Rogers on *‘Oils, Fats, and Waxes,” the same author 
on ‘‘ Resins and Gums ” (including some very poor 
notes on *‘ Rubber”), Mr. A. H. Sabin on “‘ Var- 
nishes,” Mr. O. W. Willcox on ‘‘ Explosives,” and 
Mr. A. von Ivakovics on ‘‘ Essential Oils and 
Synthetic Perfumes,” do not assist the reader to 
obtain further information about these matters. 
The defect may be excused in the last-mentioned 
case, however, because the literature may be very 
scattered. - 

Some chapters, those on ‘‘ The Petroleum In- 
dustry,” by Mr. T. T. Gray; on ‘‘ Brewing and 
Malting,” by R. Wahl; on ‘‘ Sugar,” by G. L. 
Spencer, &c., are probably as good as they could 
be in the limited s which the authors had at 
their disposal. ere are other praiseworthy 
sections, and a certain breadth of treatment is a 
commendable feature of most of the contributions. 
Space might have been gained by leaving out Pro- 
fessor W. K. Ganong’s thirty-one pages on ‘‘ Power 
and Power Transmission,” though they make quite 
an acceptable short treatise on ‘‘ Electricity.’’ On the 
whole, however, we can only repeat that we do not 
see to whom we should recommend this publication. 
It is hardly suitable for study, and the editors and 
several of the authors have done little to make it 
useful for consultation. A careful revision would 
have eliminated some misprints. 





The D ics of Mechanical Flight. Lectures delivered 
at the Imperial College of Science and Technology, 

March, 1910, and 1911. By Sir G. GREENHILL. 

London : Constable and Co. [Price 8s. 6d. net. ] 
Str Georce GREENHILL has done well to publish 
the course of lectures given at the Imperial College 
of Science, for it is not everyone who is sufficiently 
familiar with mathematical formulz to comprehend 
their full meaning at sight, and those who possess 
the necessary facility of translation may very well 
wish to have an opportunity for further examina- 
tion. Moreover, considering the rapid strides made 
in aviation, it is desirable that the theory of stream- 
lines, so far as this theory applies to aeroplanes, 
should be brought under the notice of all who are 
interested in this form of locomotion. The matter 
discussed is not of a simple character, and much 
compression has had to be employed to cover the 
ground. The author looks with envy on the fortu- 
nate position in which M. Marchis, professor of 
aeronautics at the Sorbonne, is placed, who can 
devote a whole lecture to the consideration of a 
single integral, and occupy some twenty or thirty 
lectures in explaining a theory which Sir George 
had to compass in six. But though expansion 
may have some advantages in promoting lucidity, 
such an increase of detail may make the subject 
forbidding, and prove a deterrent to the student. 
To the mechanician, elliptical integrals are not 
very inviting, and may convey but little informa- 
tion. The absence of a theory did not discourage 
the early experimenters. For just as one can 
navigate the ocean without delving into the mys- 
teries of the lunar theory, so one may construct 
and use an aeroplane without a profound know- 
ledge of the theory of waves or of the principles of 
conformal representation. 

In the first lecture, which treats of the general 








principles of flight, of lift and drift, we are allowed 
a rather leisurely view of the scope of the inquiry, 
and of the character of the mathematical detail 
required. We can see why so long an interval of 
time has separated the dreams of fanciful aerial 
locomotion, in which poets and artists indulged, 
from their realisation by a prosaic generation. Enci- 
neers and aeronauts have been awaiting the con- 
struction of an engine combining great efficiency 
with moderate weight. The ratio of horse-power 
to weight had to be very materially reduced if men 
were to fly. The advent and development of the 
internal -combustion engine, together with the 
evolution of the motor-car, have been the real causes 
of success, and theoretical discussion seems to be 
only an ornamental fringe affording very little sub- 
stantial support to those who boldly trusted them- 
selves to venturesome experiment. 

The main problem considered in the lectures 
is the formation of stream - lines by a plane 
barrier, such as produced by an aeroplane placed 
at an angle across a current of fluid, moving when 
undisturbed with constant velocity. Subsequently 
the theory is extended to the more general case of 
a stream of finite breadth. The method of treat- 
ment is that known as conformal representation, 
a method due to Schwarz-Christoffel and applied 
by Helmholtz and Kirchhoff to this particular case, 
Though the connection may not be evident, a 
simple form of this theory occurs in the problem 
of mapping, and the first application of conformal 
representation on a large scale is found in the con- 
struction of a map of the earth’s surface on a given 
system of projection. The general discussion, fol- 
lowing well-known lines, does not lend itself to 
popular treatment, but interest is obtained where 

ible by the introduction of explanatory parallels 
tween the problem under discussion and similar 
problems which occur in mechanics or other 
scientific inquiries. For instance, the theory may 
be applied in ballistics for determining on gyro- 
scopic principles the stability of an ellipsoidal shot 
fired from a rifled cannon; for explaining Hele 
Shaw’s experiments on stream-lines in a viscous 
fluid; and in various electrical problems. One 
lecture is devoted to the study of gyroscopic action, 
and the effect on the machinery employed is con- 
sidered in the case of the Blériot and Santos 
Dumont monoplanes, and of the Wright, Cody, and 
Farman biplanes. The former has a single tractor 
screw in front, and when this is carried on a 
‘*Gnome ” motor with cylinders revolving, the effect 
of gyroscopic action on the steering must be notice- 
able. In some of the latter the gyroscopic effect is 
minimised by having two screws actuated in opposite 
directions by chains from the motor. The gyro- 
scopic apparatus arranged as a lecture experiment 
possesses very considerable ingenuity. Sir George 
Greenhill uses a bicycle-wheel, the axle screwed 
into a short length of rifle-barrel suspended from a 
lug and bicycle-hub. The hub is fixed to an iron 
bracket, bolted to the under side of 1 heavy beam 
resting on two step-ladders. The wheel is spun 
by hand, and any desired gyroscopic motion can be 
roduced. When the wheel is detached, it can 
used as a spinning-top ; and if put out of balance 
by a bar through the spokes, it can be used as 8 
pendulum, making oscillations, however large, or 
complete revolutions ; and the effect of varying the 
angle of the axle with the vertical can be investi- 
gated. If the bicycle-wheel, when spinning, is 
held in the hand, the sensation of gyroscopic action 
on the muscles realises the influence of the rota- 
tion of the motor and screw on the steering of 4 
flying-machine. 

In the lectures on the screw propeller, the theory 
of Rankine, which meets with the general approval 
of naval architects, is submitted to examination. 
Interesting applications of the theory are made tc 
the results obtained in the case of the Mauretania, 
and _to forms of windmills running on the ordinary 
construction of four narrow sails and of the newer 
form, frequently seen in Canada, where numerous 
vanes, each screening the other, are used. The 
last lecture has reference to lighter-than-air 
machines, in which, as a relief,we are allowed a few 
historical details. The author anticipates that the 
aeroplane will displace the dirigible balloon pro- 
vided with a large gas-bag to give the ascensional 
force, and this view seems to be justified by 
numerical calculation of the powers necessary to 
drive the dirigible under particular conditions of 
speed. A hydrogen-filled airship, 500 ft. long, of 
the ordinary elliptical shape and weighing 25 tons 
all told, would require approximately 360 indicated 
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horse-power to obtain a speed of from 30 to 36 
miles an hour with engines working at 75 per cent. 
efficiency. 
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Tae French Instirvure oF AERIAL NAvIGATION.— 
This Institute held its monthly meeting on Thursday, 
the 23rd inst., when Mr. Breguet read a paper on ‘ The 
Flying Qualities of Aeroplanes,” in which he dealt with 
the shape given to the wings of his machines in order to 
obtain a maximum aerodynamic vertical force. Lieut.- 
Colonel Renard then dealt with ‘‘The Works of Mr. 
Teisserenc de Bort,” as applied to the study of meteoro- 
logy, and Mr. Durand-Greville put forward theories on 
alr-currents. 





French Dock ror SuBMARINES.—We read in the 
Moniteur de la Flotte that the trials of the dock for sub- 
marines, built by the Chantiers de la Loire, have been 
Postponed for a period of two months owing to repairs 
to the change-speed gear of its winch. The utility of 
this dock is now very much questioned. Its lifti 
capacity, 1000 tons, is sufficient, but the speed at whic’ 

chains are worked is very slow; it takes one hour to 
lower the chain 30 metres, the winding-up being three 
as slow. It is doubtful whether the dock will 


ever be put intoservice, owing to the difficulty with which 
i 18 maneuvred and 


the damage it has undergone 


THE ODDIE ‘“‘SIMPLEX” FEED-PUMPS 
AND AIR-PUMPS. 


THE pumps which we illustrate on pages 152 and 153 
are fitted with Oddie’s patent ‘“‘Simplex” valve-gear, a 
gear that has come largely into use during late years 
in connection with marine work. As is well known, 
the requirements of marine pumps vary considerably, 
but it will not be necessary for us to do more than 
describe this gear as fitted to one or two types of 
pump. 

The action of the Oddie ‘‘ Simplex” pump is, in 
reality, based on the same principles as that of the 
‘‘Duplex” pump, for the single valve of the Oddie pump, 
it is claimed, takes the place of the second piston of 
the ‘“‘Duplex” pump, with the important difference that 
with the Oddie pump the reversing of the piston can 
only take place after the stroke has been completely 
finished. Another advan is that the gear posi- 
tively controls the working of the steam by mechanical 
means throughout the whole length of the stroke. 
The control of the piston is so regulated during the 
stroke that a motion very like that of a crank-moved 
piston is obtained. This is quite independent of the 
reversing movement at the end of the stroke, and is 
peculiar to the Oddie pump. It is, moreover, the 
cause of the working of the pump being very quiet 
and smooth, even at the highest speeds. 

The two types of pump that we shall describe are the 
feed-pump and the air-pump. ery are shown respec- 
tively in perspective in Figs. 1 and 8, pages 152 and 153, 
the former boing reproduced froma ee of pum 
supplied to the Imperator, of the Hambur Ameria 
Line, now building, which is a vessel of 50,000tons. A 
general idea of the external arrangement of these water 

umps is given in Fig. 1, a transverse vertical section 

ing shown in Fig. 2, and a sectional plan in Fig. 3. 
The valve-gear, which is really the important feature 
of these pumps, is shown in elevation only in Figs. 1 
and 2, and in order to make its construction clear we 
must refer to the details, Figs. 4 to 7 and Figs. 13 
to 19. Before describing the action of the valve-gear 
we will refer to the different parts of this gear. 

Referring to Figs. 4, 13, 14, 15, and 17, the circular 
valve is shown at A. This valve is free to move back- 
wards and forwards in a horizontal direction, and also, 
to a certain extent, in a circular direction, being actu- 
ated in a manner to be presently described. In Fig. 19 
only half of the valve can be seen, as the view is only a 
half section. It must, however, be understood t 
the right-hand ~ of the valve, not seen, is similar 
to the left-hand end in the description to follow. 
In the valve, at each end, is a chamber B, in which 
there are openings C and channels D on each side of the 
centre exhaust-chamber E (Figs. 4, 13, and 19). There 
are also two small channels F and G, which may be seen 
in Figs. 13 and 17, leading to each end of the valve oa 
tively. In the Oddie pump there is only this one valve, 
which combines the functions of an auxiliary distribut- 
ing expansion and reversing valve. On each end of the 
valve is a cap H (see Figs. 4, 14, 15, and 16), and in 
these caps the valve A works easily, but is at the same 
time steam-tight. In the walls of these caps are 
the channels J. These channels in the left-hand cap 
correspond with the channels C when the valve has 
<a reached its right-hand stroke, and vice 
versa. The valve-chest is shown at K. In it are three 
ports L, M, and N, Figs. 4, 6, and 16, of which L commu- 
nicates with the top end of the steam-cylinder, and N is 
in communication with the bottom of the cylinder (see 
Fig. 2). The steam enters at O, Fig. 17, and passes 
right and left to each end of the valve for water 
pumps, where the work to be done by the up-and- 
down strokes is equal, while in air-pumps the arrange- 
ment is rather different, as will be described presently. 
The steam does not go directly into the middle of 
the valve-chest, but only as throttled steam through 
the small regulating hole P, Fig. 17. This is for the 
purpose of relieving the valve from the full pressure 
of steam, which might cause severe wear between the 
valve and the valve-face, followed by leakage and other 
troubles. In the Oddie gear the valve is directly over 
the valve-face, and is loaded with sufficient steam to 
hold it tight on the face. As will be seen by Fig. 19, the 
valve-chest is closed by the covers Q, and to these is 
attached the regulating gear for the caps, as may be 
seen in Figs. 2 and 19. By turning the handles R 
the relative positions of the channels in the caps 
and valves can be altered, and the length of the steam 
admission regulated. 

We will now describe the way in which the gear 
operates. Assuming that the piston of the pump is 
at the end of the downward stroke, though in Fig. 2 
it is shown only at mid-point of the stroke, the valve 
Awill be on the left-hand side of the valve-chest, as 
shown in Fig. 4, and the main channel (seen in Fig. 2), 
which leads to the top of the steam-cylinder, will be 
in communication with the exhaust-port M, Figs. 4 and 
16. The right-hand port N in the valve-case, which leads 
to the bottom end of the steam-cylinder, is in commu- 
nication with the right-hand chamber B of the valve A 


of the valve in the right-hand side, with relation to 
the holes J in the right-hand cap H, is shown in 
Fig. 7. The steam enters at first gradually under 
the piston, which then begins to move upwards. At 
the beginning of the stroke the valve receives a slow 
turning motion by means of the tappet T, the valve- 
rod U, and the fork and roller of hardened steel V, as 
shown in Figs. 2, 5, and 17. 

At a certain point shortly before the middle of the 
stroke the channels in the ca the valve are 
fully open and the piston attains its high~st velocity. 
Afterwards, owing to further turning movement, the 
channels in to close until the steam admission is 
ee cut off, the piston slows down, and the 
stroke is finished through expansion. Just before the 
end of the stroke the tappet W (Fig. 2) comes into 
action, which gives a somewhat increased velocity to the 
turning movement of the valve, and opens the small 
channel G (Fig. 17), and causes the valve to shoot over 
from left to right. The channel N is now in communi- 
cation with the exhaust channel M, and the channel L, 
which leads to the top of the cylinder, is in communica- 
tion with the inner chamber B, on the left-hand side 
of the valve. The down stroke then commences, and 
continues in exactly the same way as described for the 
up stroke, and the steam is positively controlled 
throughout the whole of the stroke. 

This mechanical distribution of steam is peculiar to 
the Oddie system, and forms the characteristic differ- 
ence between this system and others. It ses 
the important advantage that the piston motion starts 
slowly and without shock, is accelerated to the middle, 
and then gradually slows down towards the end of the 
stroke. Guiet running at the maximum speed, as well 
as high steam economy, can be obtained by simply 
regulating the position of the caps from outside, while 
the pump is running. It is also claimed that the valve 
will never become hung up, whether saturated or 
superheated steam is used. 

e pump shown in our illustration (Fig. 1) is a 
type used in large steamers in the mercantile marine. 
It is double, each pump working independently of the 


other. These pumps can deal with water over 
212 deg. Fahr. in temperature, and run as quietly as 
if they were dealing with cold water. The valves 


are made of forged bronze. 

Leaving the feed-pump, we will now describe the 
Oddie air-pump, which is illustrated in perspective in 
Fig. 8, and in vertical section and in plan respec- 
tively in Figs. 9 and 10. Since the steam-turbine 
came into use in the Navy and in the mercantile marine 
a great demand has arisen for high vacuum, with a 
direct-acting air-pump combining lightness with small 
amount of space required. It was found that a 
very reliable type of pump for marine work was what 
is known as the three-valve type. The application of 
the three-valve type of pump, when coupled to a 
single-cylinder steam cylinder, however, is attended 
with difficulties. It is claimed, however, that the 
Oddie air-pump surmounts these difficulties entirely. 
The steam distribution gear on these feed-pumps is 
slightly modified when applied to air-pumps. The 
steam enters the right side of the valve-chest without 
throttling, while for the downward stroke it is regu- 
lated by a valve. Given that 1501b. pressure be 
necessary for the up stroke, and for the down stroke 
only 15 lb. per sq. in., it is possible, by the regula- 
tion of this valve, to control the steam pressure 
exactly to those two very different conditions of work. 
The arrangement is shown in Fig. 9. It is on 
account of the possibility of this regulation that the 
piston velocities of the up and the down strokes are 
so equal in the Oddie single-cylinder air-pump. 

Interesting as the Oddie steam-distributing gear is, 
however, the pump portion is also well worthy of atten- 
tion, and its construction may be underst on refer- 
ence to the illustrations, Figs. 9 and 10. The pump 
belongs to the class known as the three-valve type, and 
is fitted with foot-valves a, bucket-valves b, aiiiend. 
valves c. It differs from this, however, in that in 
the Oddie air-pump air and water are not only drawn 
in on the up stroke, but are also drawn in for a large 
portion of the down stroke, this being accomplished 
without any complications. The bucket-valves b are 
loaded with the springs d, in order that the valves 
may not open until a pressure of about 5 lb. per sq. in. 
has been reached under them. The foot-valves a, on 
the other hand, are very light, and require very little 
pressure to open them. In addition to these foot- 
valves which lead into the suction-chamber, there are 
one or more auxiliary suction-valves ¢, which control 
the channel /, leading from the suction-chamber to 
that part of the air-cylinder above the bucket. 
These additional suction-valves ¢ are so constructed 
that they open with the smallest pressure. 

The action of the pump is as follows:—As the 
bucket g rises the pressure in the pump cylinder 
between the bucket and the foot-valves is dimi- 
nished and the foot-valves open, water and air being 
drawn into the cylinder from the suction-chamber, 
the contents of the cylinder above the bucket being 





by means of the right-hand channel D (see Fig. 4). 





during the trials, 





The position of the small channels C in the periphery 


forced through the head-valve c. On the down stroke, 
the pressure between the head-valves and the bucket 
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being diminished, and that between the bucket 
and the foot-valves increased, the bucket valves 
would, with the ordinary type of pump, open 
at the commencement of the down stroke, In 
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the Oddie pump, however, the bucket valves } 


being loaded with springs, do not open until the | of the cylinder bein 
contents of the cylinder under the bucket are | 600 mm. (24 in.). 
sufficiently compressed to overcome the pressure of | is a very large increase in displacement obtained by 
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the springs, while the smallest reduction of pressure 
above the bucket is sufficient to open the auxiliary 
valve e, air from the suction-chamber or condenser 
being at once admitted to the upper part of the sir- 
cylinder, and drawn in until the contents under the 
bucket are sufficiently compressed to cause the 
| bucket-valves to open. In this way @ large increase 

| in volume is obtained. 
In Fig. 12 we reproduce a diagram taken from 80 
» | Oddie single-cylinder pump of this type, the diameter 
mm. (36 in.) with a stroke of 
t will be seen from this that there 
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DIAGRAM OF A DOUBLE ACTING ODDIE SIMPLEX 
1g. 12 AIR PUMP. 
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the pump we have described over that of an ordinary | Oddie pump, however, the efficiency is equal to /' and /*, | the pressure-valves was compressed to 14 atmospheres 
three-valve pump. In the latter the maximum dis-| where /' is the suction period during the up stroke | absolute and had to expand again on the down stroke 
Placement per double stroke must always be some-| and 7 the suction period during the down stroke. | to the pressure of the condenser. 
We understand that numerous teste have been 
the length of stroke /. Supposing / to equal 100, then | time the diagram was taken the pump had to deliver| made with the Oddie pumps, first working as an 
the efficiency of a well-construc pump of the three- | the condenser water 5 metres (164 ft.) above the head- | Oddie pump with loaded bucket-valves and auxiliary 
valve type, working under the same conditions as the | valves—a condition unfavourable for the pumps, as | suction-valves, and then as a pump of the ordinary 

© pump, would be about 95 per cent. In the’ the air in the clearance space between the bucket and | three-valve type, the auxiliary suction-valves being 


what less than the area of the piston multiplied by | Thus the efficiency is 172 per double stroke. At the 
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blocked, and the springs on the valves in the piston 
being removed. The results of the tests are shown 
in the curves x and y respectively, Fig. 11. In these 
curves the ordinates are per cent., and the abscissi :— 


Length of stroke in mm. x number of strokes per min. 
Weight of condensed water in kg. per hour. 

This shows that to obtain the same vacuum under 
precisely the same conditions of work, the tests being 
made during the trials of a large marine steam-turbine, 
the pump had to run far quicker as an ordinary pump 
of the three-valve type than as an Oddie pump, or, in 
other words, that the displacement per double stroke 
is far higher in an Oddie pump than in one of the 
ordinary three-valve type. Another advan claimed 
for this pump is that the work is better divided between 
the upward and downward strokes, and the pump can 
therefore be run quicker and pg than a pump of 
the three-valve type. These Oddie pumps are manu- 
factured by the Maschinenfabrik Oddesse G.m.b.H., 
Oschersleben, Germany. 





INDUSTRIAL NOTES. 

TuE monthly report of the Society of Amalgamated 
Toolmakers for January records that while the member- 
ship at the end of "Seceniien. 1911, was 6006, it 
was at the end of 1912, 7756—an increase of 1750. 
There was also an improvement in employment during 
1912, for at the end of December last year there were 
only 68 men unemployed, against 92 at the end of the 
corresponding month in 1911. There was a satis- 
factory growth in the reserve funds, the figures for 
the end of 1911 and the end of 1912 being respectively 
24,5001. and 32,500/. 

According to the report trade-unionism has been 
causing trouble in China, for, to quote the words 
of the report, ‘‘it has been left to the Republic to 
introduce trade-unionism, a strike, repression of 
blacklegs, and picketing, all on the most approved 
Western methods.” From the way the matter is 
alluded to in the report the impression might be 
given that trade-unionism is a new thing in China, 
which is, of course, far from the case, for the 
‘* guilds,” which are really trade-unions, are among 
the oldest institutions in the country, and are very 
stringent in their rules. It is only quite recently 
that, during the construction of the Canton-Kowloon 
Railway, they gave a great deal of trouble, and by 
their action increased the cost of the line consider- 
ably, particularly in the southern part. Indeed, 
referring to this subject ina r recently read by 
Mr. Graves W. Eves, M. Inst. ‘a f. at the Institution 
of Civil Engineers, on the construction of the British 
section of this line, the author says ‘‘ labour guilds kee 
up the rates of wages and regulate the quantity of wor 
to be done by the various workmen to such an extent 
that in some cases work costs nearly as much as in 
England. This is especially the case in the building 
trades and in d nite work.” The trouble 
alluded to in the report of the Toolmakers’ Society 
appears to have arisen in the carpentry and building 
trade, bat it spread to the silversmiths and jewellers, 
who struck for 1.40 dol. a day—about 3s. in place of 
2s. previously received, an ll-hour day, and two 
hours in which to get all meals. This seems low 

y, but we must remember that the work done 
is correspondingly small, at any rate in railway 
work. We cannot compare the pay of artisans in the 
East with that of artisans in the West, because the 
circumstances and surroundings of their lives are so 
different that no proper comparison can be made. 
The wants of the Chinese workman are, for instance, 
not those of the British workman ; it is wrong to sup- 
pose that the Chinese artisan is badly paid because 
he may only get half what the British mechanic re- 
ceives. He may be quite as well off and quite as happy 
in his own way as the British worker. Over 3000 men 
came out. I. appears that before the strike the men had 
no union, but they formed one after the strike began. 
It is said that the Goldsmiths’ Union is collecting 
levies from its members for strike pay, and that con- 
tributions are being cheerfully given. Considering the 
vast number of com tively poor people in China, 
the country will probably prove fruitful soil on which 
agitators can set to work spreading trade-unionism if 
the Government will allow them. 





The monthly report of the Associated Blacksmiths 
and Ironworkers’ iety for the four weeks ending 
December 31 last contains a note of warning to the 
members to the effect that although the past year has 
been one of great prosperity, it must not be forgotten 
that periods of depression are sure to follow, as recur- 
ring times of slackness are inseparable from our indus- 
trial system. It is therefore wise to provide during 
the days of prosperity for the times of depression. 
The total income for the month was 1140/. 11s. 1d., 
and the total expenditure 1147/. lls. 2d., representing 
a net loss of 7/. 0s. Id. The total number of members 
at the end of the month was 6500, as compared with 
L at the end of the previous month—an increase 
0 








The annual conference of the Labour Party com- 
menced its sittingson Wednesday last at the Lambeth 
Baths, and closes to-day. At the end of last year the 
party had a membership of 1,880,401, as com 
with 1,539,092 at the end of 1911. The total expendi- 
ture for last year was 10,302/. (including 6000/. invested 
in the Daily Citizen), against an income of nearly 
73051. The balance to credit on December 31 last was 
11,226/. 88. 2d., of which 10,000/. was on deposit 
account when the books closed. A scheme has been 
brought forward for the constitution of a Scottish 
Advisory Council of the Labour Party, which is to 
be composed of delegates from the several organisa- 
tions affiliated to the party, and is to meet once a 


ear. 
, At the opening of the conference on Wednesday, 
the President, Mr. George H. Roberts, Labour M.P. 
for Norwich, stated that the political labour move- 
ment during the thirteen years that had passed since 
it commenced had become an integral part of the 
national life, and the Labour Party in Parliament 
had a very creditable record to look back upon. 
Nothing of any particular note happened during 
the first day’s conference. The Canadian offer to 
supply three battleships to this country was criti- 
cised, and the opinion was expressed that the three 
vessels were in excess of our requirements. The 
uestion of woman suffrage also came up, and the 
resident gave it as his opinion that the party desired 
to see women put in possession of the vote, as their 
claim was founded on social justice. 


Although it is perfectly well known in Lancashire 
that the Brookland Agreement has for the last twenty 
years been a great power for peace between the 
masters and men in the cotton trade, the agreement 
has gradually been allowed to lapse. It may appear, 
on a cursory glance, as though this passing away of 
the agreement was regarded by both sides as a good 
thing, but this view does not seem to be the correct 
one, and it is not easy to understand why the parties 
should seem so indifferent. As we have previously 
mentioned, it was decided last month, by an over- 
whelming vote of the operatives, to instruct the 
secretary to take steps to withdraw from the agree- 
ment ; but there are now signs that the men, after 
all, do not want to destroy this famous agreement, 
which has for so long a time helped them to get on 
harmoniously with the employers. On Saturday last 
the operative spinners were released from the agree- 
ment, and it was emphatically reported that the 
card-room workers were likely to withdraw also, but it 
was also said that they had asked for a meeting with 
the Employers’ Federation in order to arrive at 
some amendment of the agreement which would open 
a way out of the difficulty. They are not very keen 
after all to cast away the help of the Brookland Agree- 
ment. It is to be hoped that this move may be 
followed with success, and the spinners may not loose 
the benefit of the agreement. If it can be amended, so 
much the better, and the great majority of the people 
interested in it in Lancashire appear to view the 
matter in this light. Itdoes not seem likely that such 
men as the Lancashire cotton employers and operatives 
will fail to come to some good understanding. 








Another ls. a day is being asked for by about 9000 
men of the Scottish Miners’ Federation. Since last 
April two advances have been agreed to by the 
Scottish Conciliation Board. One of these amounted 
to 12 per cent., and another to 6} per cent., represent- 
ing in all about 9d. a day per man, and bring- 
ing the wages up to 6s. 9d. per shift. The present 
demand is being resisted by the coal-owners, for it 
represents an increase of 25 per cent. on the 
basis of 1888, and they maintain that it is not 
justified by the present selling price of coal. The 
matter was discussed at a meeting of the Conciliation 
Board on Friday last, but no conclusion was come to, 
and there will shortly be another meeting of the 
board. If no agreement should then be arrived 
at, a neutral chairman will be appointed for a third 
meeting, and his decision will be final. 

An increase of 7 a cent. was obtained last week 
by the Cleveland Ironstone Miners owing to the 
present prosperity in the iron and stzel trade. The 
increase was a compromise between the employers’ 
offer of 6.35 per cent. and a demand of 74 per cent. by 
the men. 





Trouble threatens in the printing trade of Glasgow 
and Edinburgh in connection with a proposed agree- 
ment which has been laid before the men by the em- 
ployers respecting working conditions and which the 
men are not inclined to accept. A conference in con- 
nection with the trouble was held in Glasgow on Mon- 
day between the representatives of the masters and the 
men, and it was then intimated by the master printers 
that as the agreement had been rejected by the men 
a lock-out would take place as from Saturday, Feb- 
og te This will affect over 2000 men employed in 
= k and jobbing shops of Glasgow and Edin- 

urgh. 








An important trade-union case was decided in the 
High Court of Justice on Wednesday last, before Mr, 
Justice Neville. The case was that of a miner, g 
member of the Havannah and Southport branch of 
the Lancashire and Cheshire Miners’ Federation of 
Great Britain, who sought to restrain his branch and 
union and the Miners’ Federation of Great Britain 
from enforcing contributions for Parliamentary and 
municipal purposes. In addition to this, he asked for 
an injunction to restrain his branch from expelling 
him from —— . they intended to do, 
without any charge being formulated against him, 
The Havannah branch contended that they had a 
right to exclude the plaintiff on the ground that he had 
assisted people who were against the union, and they 
maintained that they were immune from any action of 
this description under a recent decision of the House of 
Lords on Section 4 of the Trades Disputes Act, 1906. The 
National Federation claimed that they were a non- 
registered association, and could not be sued as a 
trade union. Mr Justice Neville said he could find 
nothing in the rules giving power to expel, and even 
if such power existed, he could find no justification for 
expulsion in this case. Moreover, it was not right to 
expel a member without giving him a chance of 
defending himself. The plaintiff had ot his rights 
in refusing to be a martyr to the mob. Injunctions 
were therefore granted restraining the defendants 
from applying their funds for political purposes, and 
from expelling the plaintiff from the Havannah branch. 
Defendants were ordered to pay the costs. 





On Tuesday last the Industrial Council resumed 
their sittings at Winchester House, St. James’s-square, 
and evidence was given by a deputation from the 
Miners’ Federation of Great Britain. In the absence 
of Sir George Askwith, the chair was taken by Mr. 
C. W. Bowerman, M.P. In giving evidence Mr. 
Harvey, M.P., of Chesterfield, said that there had 
been no difficulty in his area with regard to the em- 
ployers not observing agreements, apart from the 
minimum wage, and the men had, in no case, refused 
to be bound. There was no friction of any kind, and 
he did not know of any employer in the country who 
was not governed by the Conciliation Board. The 
Northumberland and Durham area was represented at 
the Council by Mr. W. Straker, of Newcastle-on- 
Tyne, whose evidence also went to show that the 
methods of dealing with general wages questions by 
the Conciliation Board, and local matters by joint 
committees, had proved very satisfactory to both sides. 
In Scotland general wages questions have been regu- 
lated by a Conciliation Board for thirteen years. 
There is a National Board in Scotland on which the 
owners of all counties in Scotland are represented, 
and this Board regulates wages annually ; evidence to 
this effect was given by Mr. Robertson, who spoke 
on behalf of the Scottish Miners’ Federation. The 
Council adjourned. 





An interesting case in connection with the intro- 
duction of the oxy-acetylene blow-pipe into shipyards, 
for cutting boiler-plates and holes in the sides of 
vessels, is repo’ in the Jimes. It appears that 
work hitherto performed by hand with the aid of 
drills, hammers and chisels, &c., is now done by the 
oxy-acetylene cutting-machine, considerable economy 
in labour being effected thereby. In order to prevent 
the dismissal of the men, however, the Boiler-Makers 
Society has made strict rules respecting the number 
of men that are to be employed before these machines 
are allowed. A report has been sent to the head office 
from the Mersey District Committee of the Society 
that frequent complaints have been made of men using 
this machine in detiance of the rules, and it has con- 
sequently heen found necessary to inflict severe fines 
upon certain members for misuse of the machine, and 
the committee have prevented its further use by 
other members. The words of the report are :—“It 
is hoped that others will take warning, otherwise 
they will be similarly dealt with. No overtime under 
any circumstances will be allowed members working 
the machine, and on all classes of work exvept weld- 
ing there must be twenty-five members engaged before 
the machine is put to work, two machines to fifty 
members, and one machine for every additional fifty 
men employed.” 





Tur Socigty or EnGineers (INcORPORATED).—The 
Council of the Society of Engineers (Incorporated) n- 
nounce that arrangements are being made for holding 
the fellowship examination of the Society during the 
second week of June next. Intending candidates should 
apply for full particulars to the Secretary of the Society 
at 17, Victoria-street, Westminster, S.W. 





Tue MANcHESTER AssociATION or Exorveens.—The 
ninth meeting of the session of this association was d 
on Saturday evening, the 25th inst., at the Grand Hotel, 
Manchester, when t od — an —_ “— a rec 
tion of Engineeri orksho as, ‘lectricity, 
3) Oil,” incoteenl sunpestioly > Mr. Franklin Thorp, 

ir. Haydn Harrison, and Mr. J. E. Evered. 
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‘DEVELOPMENT IN AUXILIARY UNITS 
BETWEEN EXHAUST-PIPE AND BOILER.” 
To THE EpitTor oF ENGINEERING. 

Sir,—You published in your issue of the 24th inst. a 
somewhat lengthy reply by Mr. Weir to certain remarks 
which I made during the discussion on the paper he 
recently read at Glasgow. The tone which the reply has 
taken requires some notice by me. Mr. Weir says that 
he gave in very concise form all the essentials of correct 
design within the limits of his experience. It was the 
very conciseness of his remarks which rendered comment 
on them useless as the basis for a technical discussion. 
With regard to the effect of Professor Weighton’s research 
on present-day design, Mr. Weir is certainly singular in 
his non-appreciation of the value of this research. 

When I first dealt with this problem in 1904, I started 
off to prove the effect of a wedge section, the steam entry 
being at the top, and the air withdrawal from the bottom. 
Appended is a sketch, Figs. 1 and 2, taken from a paper I 
read before the Institution of Naval Architects in 1908,* 
which clearly illustrates whatI mean. But that design has 

iven place to multiple wedge-chambers in parallel, as in 
Fig. 3. Mr. Weir emphatically states in his paper, how- 
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ever, that the performance of an inverted wedge section 
taking steam in at the bottom and delivering the air from 
the top would be quite as good as the reverse position— 
viz., steam entry at the top and air discharge from the 
bottom. We therefore disagree fundamentally, and I 
am content to leave it at that. 

With regard to the value of high vacua, if all the 
engineers who are demanding it to-day are wrong, Mr. 
Weir must be right. In my opinion they are not wrong, 
provided, of course, that the vacuum is not higher than 
the turbine will economically respond to. The di m 
which Mr. Weir criticises affords an excellent example of 
this. It is on the actual results obtained from a 
6257-kw. turbine manufactured by Messrs. Richardsons, 
Westgarth and Co., Limited, for the Tyneside Electric 
Power Company, Newcastle-on-Tyne. The official 
results which have already been published are as 
follows: — Vacuum 29.1 in.; pounds of steam per 
kilowatt - hour, 11.8; pounds of steam per brake 
horse-power, 8.45. When the vacuum was reduced to 
28.1 in. by air, a fall of 1 in., the consumption of steam 
was increased by 6.7 per cent., or, alternatively, for the 
same steam consumption there wasa reduction of approxi- 
mately 394 kw., or 530 brake horse-power. The question 
of hot-well temperature does not arise, as by the use of 
exhaust steam and uptake gases the feed water is delivered 
to the boilers at about 280 deg. It is futile for Mr. Weir 
to question the accuracy of these results, as they are 
authentic, 

With regard to warship problems, Mr. Weir writes 
from an altitude of what has been a monopoly, or practi- 








* This paper was published in ENGINEERING, vol. lxxxv., 
page 532. 


cally so, but that does not necessarily involve technical 


omnipotence. 
Yours faithfully, 
Hartlepool, January 30, 1913. D. B. Morison. 





‘“*SOME SUGGESTED ERRORS IN NOZZLE 
EXPERIMENTS.” 
To THE Eprror oF ENGINEERING. 
Sir,—Your reference to the works of Rankine, Cotte- 
rell and Dunkerley has only a partial bearing on the sub- 
ject we are discussing, which is, the motion of a gas or 
vapour. These text-books prove that no energy is trans- 
mitted across a stream surface by pressure, which is almost 
self-evident, since the pressure is normal to the surface 
and in “steady” motion the stream surface is fixed ; 
hence no work is done by the pressure. In the motion 
of a gas, however, there is a transference of molecules 
across the surface, and of molecular energy, which would 
make a difficult problem in kinetic theory of gases. In 
the molar aspect, as distinguished from the molecular, 
this interchange of energy would be represented by the 
henomena of heat conduction in the gas and viscosity, 
ing complicated, however, by the pressure ient. 
Since writing my last week’s letter I have discussed the 
roblem with ‘my mathematical colleague, Professor 
illiam Burnside, F.R.S., and, as a result, I find that 
there is no necessity to assume a transference of energy 
between stream tubes in order to explain the excess of 
the experimental flow over the ordinary theoretical one, 
which assumes uniform pressure over the throat section. 
The proof is as follows :— 
In the ordinary proof of the formula for the flow 
through nozzles the mass flow is written as a pu, where 





a is the throat section, p the density, and wu the velocity 
across the section assumed uniform ; the maximum value 
of p w is then determined ; it is given by 


y-1 Y 
Pi = Pr _ ( 2 yy 
= , or = |—— fy - 1 
a y+" m \y+il 
and taking y = 1.4, this gives p, = 0.528 py. Denoting 
the maximum value of p u by M, it is given by M? = 


0.469 py pp. Now there is a perfectly definite sur- 
face locus in the moving fluid over which p u has this 
maximum value and the pressure the value p,, and this 
locus depends on the shape of the walls of the nozzle. 
We do not know where it is ; but if it be represented, 
say, by A BC in the diagram, and if 6S be an element 
of it and @ be the angle which the velocity at 5 S makes 


with the normal to 5 S, then M Sf cos 6 6S taken over 


the surface A BC is the mass flow per unit time. The 
ordinary theory assumes that this surface A BC is the 
plane cross-section at the throat of the nozzle, and in 
considering the stream tubes both you and I omitted to 
consider the inclination of the surface 6S to the cross- 


section of the stream tube. The Vi 058 is almost 


certain to be greater than the throat section, hence the 
true theoretical flow is almost certain to exceed the 
ordinary theoretical flow. 

There is no reason for assuming that A B C coincides 
with the throat section, and if we consider the case of 
discharge through a contracting nozzle into the atmos- 

here, it becomes evident that thetwo cannot coincide. 

he pressure must be a continuous function ; hence at 
the circumference of the jet, just where the gas leaves the 
nozzle, the pressure must be very approximately atmos- 
pheric. But the ordinary theory assumes that it is p,= 
0.528 po. 

I feel grateful to you for this discussion, since it has 
drawn from my colleague not _. an expression of 
opinion in agreement with my own, but also an exposi- 
tion of another fallacy in the assumptions on which the 
ordinary theory is based. 

The conclusion in my paper to which you objected was 
the second :—‘‘ No fiom Aw theoretical treatment of the 
problem of the flow of a frictionless, but compressible, 
fluid is possible at present, but there is no evidence primd 
facie for assuming that the maximum flow which such a 
solution would allow would not exceed the maximum, as 
calculated by the general theory.” If I were re-writing 
this now, I should alter it to:—‘*‘ There is strong evidence 
for assuming that the maximum flow which the complete 
theoretical treatment would allow will exceed the maxi- 
mum as calculated by the general theory.” 

Referring te your claim of novelty for the suggestion 
that delayed condensation or super-cooling accounts for 
the differences between theory and experiment, I think 
you have overlooked the fact that Professor Rateau, in 





discussing the accuracy of his experiments in 1905, writes 
as follows :—‘‘ Now if any retardation in the condensation 


occurred, experiment would reveal a deficit amounting to 
0.3 = cent. to 0.35 per cent. in the quantity of steam 
disc — But in place of a defect, a too high value is 
always found, so that it may be concluded that if there is 
any retardation of the condensation it is very small, of 
the order of 0.00001 of a second.” (‘‘Flow of Steam,” 
by Rateau, page 39). 
Yours faithfully, 
J. B. Henperson. 

Royal Naval College, Greenwich, January 27, 1913. 

[Professor Henderson apparently now accepts, in the 
ease of liquids, our contention that there is no transfer of 
energy between adjacent tubes of flow when the motion 
is of a stream-line character, but still maintains that 
such a transfer may take place in the case of compressible 
= Unfortunately for this view, however, Sir A. G. 

reenhill holds a differeat opinion, and in the ‘‘ Encyclo- 
pedia Britannica” (eleventh edition), vol. xiv., page 121, 
shows that there is also no transfer of energy when the 
fluid is a compressible one, the sum of the pressure head, 
potential head, and velocity head being constant along 
each tube of flow. 

We cannot believe that our correspondent has rightly 
apprehended Professor Burnside, or, alternatively, we are 
forced to conclude that that gentleman cannot have 
understood the point at issue. A glance at Professor 
Henderson’s own diagram shows at once the innate im- 
possibility of the kind of flow suggested. He has for- 
gotten that the fluid, which, on his hypothesis, passes the 
convex surface represented by A BO, has ultimately all 
to make its way past the plane section at the mouth. A 
little ‘‘cold arithmetic” puts an immediate end to hypo- 
theses of this kind, and we therefore make the following 
eupyretion to Professor Henderson. Let him prolong his 
tu of flow to the plane section at the mouth, and 
assign to each tube at this section whatever pressure he 
likes. We will then undertake to show by pure arith- 
metic that the total discharge will be less than if the 

ressure here were uniform and equal to its critical value. 

e trust that Professor Henderson will bring the matter 
to a definite issue in this way. 

The remark quoted from Rateau is interesting, but 
wrong; the reason probably being that at the date of 
Rateau’s experiments our information as to the properties 
of steam was seriously defective. Callendar (‘‘ Encyclo- 
pedia Britannica,” article ‘‘ Vaporisation”) has, how- 
ever, now given self-consistent equations for the volume 
and the specific heat of superheated steam. These must 
hold quite “ye for under-cooled steam near 
the saturation limit, and it then appears, on making the 
calculation, that for a given pressure and entropy, the 
volume of under-cooled steam is less than that of the 
equilibrium mixture, so that the discharge will be 
increased, and not diminished, as Rateau thought. 
Thus, using Callendar’s equations, super-cooled steam, at 
a ee of 15.60 lb. per sq. in. and an entropy of 
1.4332, has a specific volume of 25.199 cub. ft. per Ib., 
whilst wet steam, at the same pressure and entropy, has 
a specific volume of 25.282 cub. ft. per lb. Unfortunately, 
Callendar’s equations are only applicable when the under- 
cooling is very slight, but the above is sufficient to prove 
that our suggestion provides at least a vera causa for 
discharges in excess of that calculated by the usual 
formule. It may be mentioned that if the Knoblauch- 
Jakob value for the specific heat is taken instead of 
Callendar’s, the volume of the wet steam will be more 
than the figure given above, and our argument will be 
emphasised. 

We should add that Dr. Losche informs us that in 
the Z.V.D.J. for January 11 and 18 last he advanced a 
very similar explanation of these excessive discharges 
to that we on in our issue of January 10. We hope to 
ts 1 abstract from his research in a later issue. 
—ED. \ 








BrazitiaAn Iron Orng.—According to a report from the 
Norwegian Consul-General at Rio de Janeiro the expor- 
tation of Brazilian iron ore is under contemplation. It 
is to take place via the port of Victoria, in Espirito 
a when the railway is completed, some three years 

ence. 





Sarery or St. Pauu’s CarHepRaL.— Work has recently 
been carried out on an extensive scale for the protection 
of St. Paul’s Cathedral. Twice in our history has the 
Cathedral been burnt to the ground—once in 1086 and 

in in 1666—but in spite of this it was recently discovered 
t it was in danger of again being destroyed by fire at 
any time. In May last an experiment showed that two 
motors of the London Fire Brigade, working in unison, 
could throw a jet of water over the main dome on a 
stili day, but with so little force as to be practically use- 
less. Action was at once taken by the Dean and Chap- 
ter, and Messrs. Merryweather and Sons, Limited, of 
Greenwich, were, after consultation with the architect, 
Mr. Mervyn Macartney, entrusted with the work of 
supplying proper fire protection. The arrangement that 
has been made is a novel one, and includes a dry 
main laid from the outer wall of the Cathedral to a 
height of 60 ft. No water will be kept in this, and in 
case of fire the London Fire Brigade will couple its engines 
to the outside end, and at the same time link hort lines 
of hose to the outlets nearest to the scene of the fire. It 
is expected that this arrangement will give greater 
efficiency, and time will be saved by not ay to la 
long lines of hose direct from the engine, t eac 
corner of the building cast-iron pipes 4 in. in diameter 
have been carried up to the height of 60 ft. on the cornice 
level, and the system has been continued by smaller pipes 
to the top of the dome. As a protection against frost 
the whole of the pipes are being covered with non-con- 
ducting composition. 
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THE WILLIAMS-JANNEY VARIABLE- 
SPEED GEAR. 


THE production of an efficient and compact infinitely 
variable hydraulic speed gear has been attempted by 
many engineers, but the difficulties surrounding the 
solution of this problem are not easily overcome. The 
chief troubles in this class of machine are the preven- 
tion of leakage of the working fluid from the active 
system, provision for taking up wear of the working 
parts, and the devising of a method of control easy to 
operate and positive in its action. As the result of con- 
siderable experiment, however, two well-known Ameri- 
can engineers—Messrs. Harvey D. Williams and Rey- 
nold Janney—have devised a successful gear of this type, 
the machine being universally known to-day as the Wil- 
liams-Janney hydraulic variable-speed gear. In this 
machine leakage from theactive system has beenreduced 
to an amount only sufficient for lubricating the work- 
ing parts; any wear that may take place is taken 
up automatically, but, owing to the film of oil 
maintained between the working parts, theoretically 
there is no wear; and the control, by means of 
which the speed is varied, can be easily operated 
by hand, even in machines transmitting several 
hundred horse-power. As evidence of the absence of 
wear, it may be stated that one of the earliest machines, 
after nearly five years’ work, maintained its initial 
high standard of effictency, and on being dismantled 
and examined, the whole of the working parts were 
found to be in perfect condition. 

The first Williams-Janney gear was brought out in 
1907, and although at that time it was far bean being 
the perfected machine it now is, it was yet so far in 
advance of anything that had previously been devised 
that it was immediately adopted by the United States 
Navy for the control of gun-training gear. Since 
these early days many improvements have been 
made in the design, and it may now be con- 
sidered as perfect and efficient a machine for trans- 
mitting power by hydraulic means as human inge- 
nuity can devise. As evidence of its efficiency 
and reliability, it may be stated that not only has it 
been exclusively ‘adopted by the American Navy, in 
the ships of which alone many hundreds of machines 
are now in use, but it has also been supplied in 
large quantities for the operation of guns, and for a 
variety of other gee to such other of the large 
navies of the world as the Japanese, the French, and 
the Russian, as well as to smaller Powers, the absolute 
uniformity of its motion at very low speeds, and its 
infinite range of speeds, being features which render 
it of unexampled value for the control of ordnance. 

On the present and opposite pages, and also on 
page 160, we reproduce a series of drawings and 
pare ae of this apparatus, which is being intro- 

uced into this country by Messrs. The Variable-S 
Gear, Limited, Broadway-court, Westminster. From 
the illustrations given, and the description which 
follows, the — interesting features of this machine 
will be easily understood. 

The gear consists of two similar hydraulic units, 
each of which comprises a group of cylinders mounted 
upon @ shaft revolving in a fixed casing, one unit 
fulfilling the function of a pump and supplying fluid 
to the other, which acts as a motor. The pump 
is driven at as constant speed, in one direction, 
from the source of power, and means are provided 
whereby the stroke of its pistons may be varied, 
with the consequent result that the rate at which 
fluid is delivered can be adjusted as desired, from 
zero to the full capacity of the pump. The 
motor unit, however, has a fixed stroke; and it 
will therefore be understood that its s will depend 
upon the quantity of fluid delive by the pump. 
Thus by suitably controlling the stroke of the pump 
the motor may be caused to rotate at any speed from 
that of the pump to zero. The stroke-controlling 
mechanism on the pump is further arranged to alter 
the relative positions of the pistons, and consequently 
to reverse the direction of flow of the fluid, with the 
result that the motor can be run in the backward direc- 
tion with the same range of s as in the forward 
direction. From the description which follows it will 
be seen that the change from one speed to another is 
effected without any steps whatsoever, whilst in 
passing from the forward to the reverse direction on 
the motor the pump through the position of no 
stroke, and thus the f= eis made without any shock. 

In the gear illustrated the pump and motor-shafts 
have a common axis, but it will be seen that by 
a simple modification these can be placed at any 
desi angle with one another to suit the require- 
ments of the case. Further, by connecting the pump 
and motor by two pipes they may be placed at any 
distance from each other, the essential construction of 
the gear, however, remaining the same. The genera! 
construction of the apparatus will be gathered from 
the illustrations uced on 160, Fig. 10 being 
a view of the complete gear, 11 to 14 showing 


various portions dismantled ; whilst in Figs. 1 to 9, on 
this and the opposite page, are drawings of the gear. 
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an elevation and plan of the apparatus capable of 
transmitting a power of 30) to 40 horse-power, and, 
together with the view given in Fig. 10, demonstrate 
its compactness. The pump and motor units are 
each contained in ———— casings, connected together 
by means of long bolts, as clearly seen in Fig. 12. 
Referring to Fig. 3, which is a sectional elevation of 
the complete gear, the pump is shown on the left, 
whilst the motor is on the right, the two units being 
separated by te” B in the centre. 
In this valve-plate are fitted two roller bearings which 
support the inner ends of the pump and motor shafts, 
the outer ends of which run in gun-metal bushes fitted 
in the ends of the main casing. These outer bear- 
ings are provided with glands and leather packings, 
which serve to prevent the oil, used as a working fluid, 
from leaking out of the casing at these points. Mounted 
upon each shaft is a ‘‘cylinder barrel” A, in which 
are formed nine cylinders, having their axes parallel 
to that of the shaft, and disposed as shown in detail in 
Figs. 6 and 7. This barrel is driven by means of two 
keys fitted in the shaft, which are a sliding fit in the 
keyways formed in the central bore of the barrel. The 
inner ends of the cylinders are provided with oval- 
shaped ports (seen in Fig. 6), which, as the barrel 
rotates, are successively brought into communication 
with two ports in the valve-plate B, the details of 
which are shown in Figs. 4, 5, and 13. The two workin 
surfaces are case-hardened and accurately ground, 
the difference in area between the ports and the 
cylinders keeping the face of the cylinder barrel in 
contact with that of the valve-plate. A spring, 
bearing upon a flange formed on the shaft, is also 
provided for maintaining this joint when the oil is not 
under pressure. In each cylinder works a grooved 
trunk piston fitted with a connecting-rod having 
spherical ends, one end of which bears ina spherical 
seating on the piston, and the other in one of a series 
of similar bearings in the ‘‘ socket-ring” C which is 
mounted in the shaft. This ring, seen in detail in 
Figs. 8 and 9, is driven from the shaft by means of a 
universal joint, the arrangement of which is described 
later ; it runs in two sets of roller-bearings mounted 
in an inclined housing. In the case of the motor unit 
this housing, D, is me te in the casing, but in the 
case of the pump unit the housing, E, is mounted on 
trunnions which permit of the inclination being varied. 
The back of the socket-ring is fitted with a two-faced 
roller-path, one face of which takes the axial thrust 
on conical rollers, whilst the other deals with the 
radial thrust on cylindrical rollers. The arrangement 
of these bearings will be followed from examination of 
Fig. 3, whilst they are also seen in Fig. 14. As the 
shaft revolves, —<s with it the cylinder barrel and 
socket-ring, it will be understood that a reciprocating 
motion is given to the pistons in their cylinders, causi 
them to travel outwards during half a revolution 

in the reversedirection during the other half. As already 


the ‘‘ valve- 





The drawings given in Figs. 1 and 2 are respectively 


mentioned, the openings in the cylinder faces are succes- 


sively brought into communication with the two ports 
in the valve-plate, and thus the reciprocation of the 
pistons causes oil to be drawn into the cylinders from 
one of these ports and to be discharged into the other. 
With the calied ring in the position shown in Fig. 3, 
when the stroke of the pump is the same as that 
of the motor, a given motion of the pump pistons 
causes corresponding pistons in the motor to move 
at the same rate, but in the _ direction, and 
thus the motor revolves in the reverse direction, 
but at the same speed as the pump. If, however, 
the pump be tilted from the position shown, so 
as to bring it into a vertical position, the reciproca- 
tion of its pistons will cease, and consequently no oil 
will be supplied to the motor, whilst at any inclina- 
tion from the vertical the stroke will vary, so as to 
give a gradually decreasing rate of flow, with corres- 

nding diminution of the speed of the motor, which, 

owever, will continue to run in its original direction. 
Continuing the tilting of the socket ring past the 
vertical position will again set the pump in action, but 
will reverse the direction of the oil, and thus the 
motor will be caused to run in the opposite way, 4 
similar range of speed being again given, whilst the 
pump is still driven in the same direction. 

Having described the general features of the gear 
and its method of operation, we may now proceed to 
consider the construction in more detail. In —_ 
the gear to work the whole casing is filled with oi 
through the reservoir seen in Fig. 10, two plugs 
in the top of the casing being removed to allow air 
to escape. A few turns having been given to the 

ump in order to dislodge any air from the cylinders, 

c., these two plugs are replaced and the reservoir 
half filled with oil. After again running the pump 
any remaining air is removed by means of the two air- 
valves fitted to the top of the valve-plate (at «, a, 
Fig. 4), which are normally closed with cap-nuts, as 
seen in Fig. 13. 

As the whole of the working parts are then entirely 
surrounded with oil, ample lubrication is given ; but 
the spherical bearings of the connecting-rods are 
further lubricated by means of the oil under pressure. 
This is effected by providing a small hole in the piston 
communicating with the spherical bearing at one end, 
whilst the rod, being hollow, delivers oil to the bearing 
at its other end. 

In order to indicate the working pressure in the 
system two gauges are fitted. Since the oil delivered 
by the pump passes into either of the ports in the 
valve-plate, aceording to the position of the tilting- 
ring, the two gauges are connected to these two ports, 
in the position indicated at 5, b in Fig. 4, one gauge, 
however, only registering the pressure. To guard 
against excessive pressure, two relief-valves are 41s0 
fitted to the lower part of the ports at c, ¢, the 
springs of which can be adjusted for any desired 
pressure. In the event of these valves coming into 





action, a certain amount of oil is discharged from the 
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working system, and in order that this shall be 
replaced on the succeeding suction stroke, two inlet- 
valves are also fitted. ese valves, which are 
placed at the lower ends of the rts at d, d, 
also serve to replace any oil lost due to leakage 
past the working faces of the power system. In 
order to ensure that the pump and motor-casings 
are both kept full of oil a hole e is drilled through 
the valve-plate, so that both casings may be in direct 
communication with the oil-reservoir. When the 
two units are not self-contained, but are connected 
by a pipe system, an auxiliary pipe communicating to 
each casing and to an oil-reservoir is fitted, to serve 
the same purpose as this oil-passage. If this were not 
done, it is possible that, in the event of a greater 
leakage taking place on either of the units, the make- 
up oil would be drawn only from one casing. 

The construction of the universal joints from which 
the socket-rings are driven, and which transmit the 
whole of the working torque, are shown in Figs. 3 and 
11. From these illustrations it will be seen that thepor- 
tion of the shaft in the bore of the ring forms a adivw 
yoke, and passing through the sides of this yoke is a 
os (F, Fig. 3). Upon this pin is mounted a block G 

aving two trunnion-pins with their axis at right 
angles to the pin ing through the yoke. These 
trunnions are fitted with two blocks H, which en 
with two forks provided in the bore of the socket- 
ring (see Figs. 8 and 9). By these means a universal 

ive is provided which allows for the continual 
change of inclination of the socket-ring with the shaft 
as it revolves, 

_The details of the tilting gear for the pump socket 
ring will be followed from the drawing, Fig. 3; they are 
also shown in Fig. 14, As already mentioned, the 
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socket-ring housing is mounted on trunnions, the bear- 
ings for which are formed in the sides of the casing 
Two forked projections on the housing engage with 
two blocks carried by a trunnioned nut, which travels | 
on the vertical screw shown. This screw has a coarse | 
, and thus only requires one revolution of the 
hand-wheel to give the fuli range of speed to the motor 
in one direction. 
As mentioned previously, this 
applied to the control of artillery, 


has been largely 
it will be readily 
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understood that a wide field for its adoption exists 
in industrial applications. For example, it has been 
successfully adopted for controlling the various motions 
on cranes, both of the floating and land type, in the 
former the propellers also being operated by its means. 
Other uses for which machines have been supplied 
include ships’ boat-hoists, conveyors, printing presses, 
machine-tools, railway swing-bridges, lifte, &c. It is, 
indeed, applicable to any purpose where a variation 
in speed is required, and the source of power may be 
any — mover running at a constant speed and in 
one direction only. 

In some a the pump unit alone is used in 
combination with either a single-acting or double- 
acting ram, such as may be found on an hydrwulic 
elevator or lift. In other cases only the motor unit 
is used, the power being obtained from an hydraulic 
main, and in such instances water is the operatin 
fluid. This latter furm of installation has been suppli 
in large numbers to operate gun-turrets on deed ships 
on which the hydraulic system is in vogue, and has 
been found to give complete satisfaction. 





University OF Bristou, Facuuty oF ENGINEERING. — 
A report on the work done last session in the Faculty of 
Engineering at Bristol University has just been issued. 
It appears that 74 day students attended the various 


| courses, of which 53 were matriculated students. The 


students taking evening classes numbered 444. A 
short account is given of investigations made in the 
engineering laboratories. In the labora of mecha- 
nieal engineering a comprehensive series of tests bave 
been made on # suction gas- ucer. Amongst the 
researches carried out in the trical laboratories has 
been one having as its object the use of the stroboscope 


as a speed indicator. A new type of electrical chrono- 
meter has also been developed. In the department of 


motor-car engineering a special study has been made of 


paraffin carburettors, 
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THE EXTENSION OF THE BRIGHTON 
RAILWAY ELECTRIFICATION. 


As announced in their half-yearly report, issued at 
the end of last week, the London, Brighton, and 
South Coast Railway Company propose to extend their 
present single-phase electrical system to the whole of 
their suburban lines. This announcement hardly 
comes as a surprise in view of the success which has 
attended the present electrification. The extent of 
this present work is well known, and we need not 
now deal with it, especially in view of the very com- 

lete series of articles describing it, which we pub- 
fished during the first half of last year.* 

The new work which is to be undertaken covers 
the conversion of some 110 miles of single track, so 
that when it is completed the total electrification will 
approach 190 miles of single track, and will thus 
constitute the largest electrical system in this country, 
approaching very closely to the total length of all the 
direct-current railways now operating in the London 
district. The new work which is to be undertaken is 
well shown in the annexed map, in which the existing 
electrification is indicated by heavy full lines, the 
forthcoming electrification by heavy broken lines, and 
the parts of the system still to be worked by steam 
by fine full lines. As will be seen, the electrification 
will extend as far as Coulsdon on the Brighton line, 
and as far as Cheam on the Horsham line. The work 
is to be put in hand at once, and it is expected that it 
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will be completed within the next four years. It is 
probable that the first section to be opened will be 
that from Balham, through Thornton Heath and Sel- 
hurst, to Wallington and Sutton, and that immediately 
after the section from Selhurst to Purley and Coulsdon 
will be completed. These will probably be followed 
first by the section from London Bridge, through 
Forest Hill, and on to Norwood and Coulsdon, and 
afterwards by the section from Tulse Hill, through 
Mitcham Junction and Sutton, to Cheam. It will 
noted from the map that the electrification scheme 
does not touch the loop from Streatham and Mitcham 
Junction to Wimbledon. This loop is, of course, 
joint Brighton and London and South-Western line. 
The new electrification will follow closely on the 
lines of the old. It is not proposed to make any change 
in the type of overhead work, as the existing con- 
struction has proved entirely satisfactory ; while the 
new motor-coaches will be ee with motors of 
practically the same output and arranged much the 
same as those now in use on the Crystal Palace line. 
About 200 new motor-coaches will be required for the 
new system, so that with its existing stock the company 
will have a total of some 250. It is intended that current 
for the operation of the new lines shall be purchased 
from the London Electric Supply Corporation, as is 
done for the present electrification. It is probable 
that this company will have to instal a total of some 
50,000 kw. of plant for supplying the railway. It is 
intended that on the completion of the new work, all 
local stopping trains shall be operated electrically, 
and that the only steam trains left shall be the long- 
distance ones not stopping at local stations. It wok 
seem likely from this that electric locomotives may 
be used to haul long-distance trains which stop at 
Sutton or Croydon from these stations to the termini. 





* See ENGINEERING, vol. xciii., page 105, et seq. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 15, 1913. 

Tue past week has been exceptionally dull in the 
iron and steel market. The tone of the market, of 
course, is strong, and will remain so indefinitely. 
The reason for this statement is that inquiries have 
been already received for steel for delivery in 1914. 
Among recent reported transactions and inquiries is a 
demand for 22,000 tons of structural material and 
plates to be used in the construction of a Panama 
transmission-line which will be 35 miles long. A good 
deal of business is now under consideration for fourth- 
quarter delivery. Much of the new business relates 
to bridge construction for railroad purposes. The 
mills of the country enter the new year under more 
gratifying conditions than ever in the history of 
the trade. Much structural material will be wanted 
during the winter for general construction work 
and buildings in cities. The present lull may ter- 
minate any day, and a renewal of orders set in 
which will absorb the remaining productive capacity 
for the current year. In —7 direction the indica- 
tions point to an expansion of demand and an enlarge- 
ment of productive capacity. One of the curious 
features of the situation is the urgent demand for 
material for water pipe. Two or three concerns are in 
the market this week for 20,000 tons, and the makers 
of these low-grade irons report inquiries for large 
quantities for next summer’s delivery. Independent 
steel manufacturers are about to contract for large 
quantities of Bessemer and basic pig. Coke is still 
seiree, and the production is barely equal to the 
requirements. The bar-mills are sold months ahead. 
General business is maintained at a high level, and the 
railroads are taxed to their capacity to handle freight. 





ConTRACTs.—Messrs. Frederick Braby and Co., 
Glasgow, received on January 11 an order fox a large 
steel-framed building covered with corrugated iron on 
condition that they would have it prepared and ship 
within two weeks. Although exceptionally busy, the firm 
have, we understand, successfully complied with the con- 
ditions laid down. These inc'uded the omg of the 
contract, laying-out for inspection, bundling, marking 
for shipment, and delivery to the steamer for shipment 
to Mexico on the 27th inst.—completed in eleven days from 
the receipt of the order ; a very creditable performance. 





Sree, Twin-Screw Moror-Tuc ror THE Far East.— 
James Pollock, Sons and Co., Limited, London, have 
just booked an order from one of the largest oil combines 
in the world fora steel twin-screw light-draught motor-tug, 
her dimensions being 85 ft. by 17 ft. 6 in. by 5 ft. 6 in. 
draught, and fitted with two sets of Bolinder motors, each 
having a brake horse-power of 80. The speed guaranteed 
is 11 miles, and her initial voyage of 8500 miles will be 
made entirely under the power of the motors. Fuel tanks 
with 10 tons capacity will enable the vessel to navigate 
for over nine days without replenishing. 





Hieu-Speep Moror-Boats.—The most interesting of 
the high-speed boats now being built by Messrs. John I. 
Thornycroft and Co., Limited, Southampton, is a 30-ft. 
boat designed for cruising and pleasure purposes for a 
well-known marine motorist in France. It is to be fitted 
with a Thornycroft XN/6 type 70-brake-horse-power 

trol-motor, and the s is expected to be about 

miles per hour. Another boat of generally the same 
design is being built to the order of Mr. Montague Batting 
fora client in South America. In this case the boat is to 
be fitted with a Thornycroft XN/4 type 40-brake-horse- 
power petrol-motor. A 25-footer, of the well-known 
** Pixie” class, fitted with a motor of the Thornycroft 
N/4 type, developing 35 brake horse-power on petrol, 
with which a speed of 20 miles bg hour is expected, is 
also nearing completion for Mr. J. R. Brooks, of Norfolk ; 
while another boat of the same type—the Ariel—has 
recently been shipped to a client in South America. 
Hydroplanes of Thornycroft type are being constructed 
by various builders, and this year promises to show a 
much greater output of Thornycroft high-speed boats and 
hydroplanes than any previous year. 





PxersonaL.—We are informed by the British Nic- 
lausse Boiler Company, Limited, Caxton House, Tothill- 
street, S.W., that some time ago Mr. William Yorath 
nary >. Am. ae! M.E., ane Inst. a A.M. 

nst. ., Was appointed managing director.—The Selson 
Engineering eae 4 Limited, 85, Queen Victoria- 
street and Lambeth-hill, ask us to state that their tele- 
phone numbers, which by an _ oversight have been 
omitted from the Telephone Directory, remain as 
before: — Bank 341 and Central 11,779. — Mr. Lee 
Murray, M.C.E. (Melb.), M. Inst. C.E., M.LE.E., 
M.I. Mech. E., who recently retired from the position of 
— manager of Messrs. Bruce Peebles and Co., 

imited, engineers, Edinburgh, has started business on 
his own account at 10, Norfolk-street, Strand, London, 
W.C., as angieoiinn representative (buying, inspect- 
ing, &c.) for firms and cor tions in the Colonies and 
abroad.—Mr. E. F. Cox has resigned his position as 
boroughelectrical engineer at Wishaw as from February 15; 
any further communication after that date will reach him 
care of Messrs. Cox and Danks, Buffer Makers, Wishaw. 
He has established this firm with a view to the manufac- 
ture of forgings, and more especially buffers for railway 


wagons, 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened firmly, and Cleveland warrants 
amounting to 8000 tons were dealt in at 66s. 8d. and 
66s. 9d. cash, 66s. 10d. eight days, 67s. l4d. one 
month, and from 67s. 104d. to 67s. 8d. and 67s. 9d. 
three months. Closing sellers quoted 66s. 94d. cash, 
67s. 24d. one month, and 67s. 10d. three months. Cash 
hematite was quoted 82s. sellers, and 81s. 6d. buyers. 
In the afternoon weakness prevailed, and Cleveland 
warrants declined to 66s. 5d. cash, 66s. 10d. one month, 
and 67s. 4d. and 67s. 5d. three months. Included in 
the turnover of 6500 tons was some dealing at 66s. (id. 
twenty-two days, and 66s. 8d. twenty-nine days, and the 
age | prices were 66s. 6d. cash, 66s. 11d. one month, and 
67s. 6d. three months sellers. Hematite was unchanged 
at the morning quotations. On Friday morning the 
market was suffering from the alarming news from Con- 
stantinople, and after opening very weak, Cleveland 
warrants recovered a little, and closed at 65s. 7d. cash, 
66s. one month, and 66s. 7d. three months sellers, or 11d. 
below the previous day’s close. The dealings consisted 
of 7000 tons at 65s. 3d. and 65s. 6d. cash, 65s. 8d. ten days, 
66s., 65s. 10d., and 65s. 104d. one month, and 66s. 3d. and 
66s. 5d. three months. Cash sellers of hematite quoted 
81s. 6d. The market was again weak in the afternoon, 
when 4500 tons of Cleveland warrants were done at 
65s. 4d., 65s. 44d., and 65s. 4d. cash, 65s. 10d. and 
65s. 9d. one month, and 66s. 44d. and 66s. 4d. three 
months, and closing sellers quoted 65s. 44d. cash, 
65s. 9d. one month, and 66s, 44d. three months. 
Cash hematite was easier, with buyers at 80s. 6d., and 
sellers at 81s. 6d. On Monday morning Cleveland 
warrants were dull, and the business consisted of 5000 
tons at 65s. 34d. cash, 65s. 9d. and 65s. 8d. one month, 
and 66s. 5d. three months. At the close the prices were 
65s. 4d. cash, 65s. 9d. one month, and 66s. 4d. three 
months sellers. There was nothing doing in the after- 
noon, and cash sellers of Cleveland warrants were un- 
changed, but for the other positions 4d. more was named. 
On Tuesday morning the market was quiet, and 2000 tons 
of Cleveland warrants were done at 65s. 3d. cash, 65s. 64d. 
twenty-one days, and 65s. 74d. and 65s. 8d. one month, 
and the closing quotations were 65s. 4d. cash, 65s. 9d. one 
month, and 66s. 4d. three months sellers. The afternoon 
session was also quiet, but Cleveland warrants were the 
turn harder. The dealings amounted to 3000 tons at 
65s. - three days, 65s. 8}d. twenty-one days, and 
65s. . one month, and at the close sellers quoted 
65s. 44d. cash, 65s. 94d. one month, and 66s. 4d. 
three months. When the market opened to-day 
(Wednesday) Cleveland warrants were the turn firmer, 
and after changing hands at 65s. 6d. and 65s. 5d. 
cash, 65s. 11d, one month, and 66s. 5d. April 14, 
prices eased off, and closed at 65s. 5d. cash. 65s. 10d. one 
month, and 66s. 4d. three months sellers. The turnover 
was 4500 tons. Cash hematite was quoted 81s. 6d. buyers 
and 82s. sellers. In the afternoon Cleveland warrants 
were rather stronger, but business was confined to 1500 
tons at 65s. 10d. and 65s. 11d. one month, and the session 
closed with sellers at 65s. 74d. cash, 66s. one month, and 
66s. 7d. three months. Hematite was easier, with cash 
—— at $ls., and sellers at 81s. 6d. cash and 82s. one 
month. 


Sulphate of Ammonia.—A firm tone continues te prevail 
in the sulphate of ammonia market, and inquiries are 
satisfactory. Some fairly good parcels have Tntely been 
fixed up at full prices, and the current quotation is un- 
changed at 14/. 11s. 3d. per ton for prompt delivery, 
Glasgow or Leith. 


_ Scotch Steel Trade.—At a time when business all round 
is aT good, and nearly all industries are more or 
less on the ‘‘ hum,” it is extremely annoying to get things 
put out of = by another strike. At the present 
moment the Scotch steel trade is suffering very badly 
through the strike of the Glasgow carting contractors’ 
men. In many instances consignments have missed 
steamers, and will require to lie around until the 
next sailing, four weeks hence. A continuance of the 
strike will cause a serious dislocation of trade, and 
many works will require to close down. A _sheet-roll- 
ing-mill in Glasgow has already suspended opera- 
tions, and other establishments are likely to follow 
suit shortly. Apart from this trouble conditions in the 
various steel works are exceedingly brisk, and the demand 
for supplies is still of a very urgent nature. Of course, 
new business is almost non-existent at the moment, 
owing to the impossibility of sellers being able to promise 
early delivery. That refers both to the home and the 
export market. The position of black-sheet makers has 
not changed, and for the thicker gauges the demand is 
very pressing, although for thin sheets it is easier. For 
ees sheets there has been a falling-off, despite the 
act that some of the Colonies are inquiring for fairly 
respectable quantities. The outlet for structural sections 
shows signs of improvement, and several good lines have 
lately been fixed up for shipment to Australia. Prices 
are firm, but have not yet been changed. 


Malleable-Iron Trade.—The state of affairs in the 
malleable-iron trade of the West of Scotland is still fairly 
good, although the carters’ strike in Glasgow is causing 
some trouble. The demand for unbranded bars is some- 
what easier at present. Prices continue firm. 


Scotch Pig-Iron Trade.—Despite the recent fluctuations 
in the warrant market there has been no weakening in the 
Scotch pig-iron position, and a healthy demand still 
exists. The quantity of iron on offer is limited and high 


| prices continue. Furnaces in blast in Scotland at present 
_ number ninety-two, as against eighty-five for the corre- 


sponding period of last year. The following are the 
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market quotations for makers’ (No. 1) iron :—Clyde, 
82s. ; Gartsherrie and Summerlee, 82s. 6d.; Calder, 83s. 


and Langloan, 83s. 6d. (all shipped at Glasgow); Glen- | 1 


garnock (at Ardrossan), 83s. 6d. ; Shotts (at Leith), 
82s.: and Carron (at Grangemouth), 83s. Hematite iron 
is firm, and a large amount of business has recently been 
done with the local steel makers for delivery over the 
ensuing six months. 


Wages in the Iron Trade.—Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received the following intimation from Mr. John M. 
MacLeod, C.A., Glasgow :—‘‘In terms of the remit, I 
have examined the employers’ books for November and 
December, 1912, and 4 certify the average net selling 
price at works brought out is 7/. 6s. 8.71d. per ton. This 
means no change in the wages of the workmen.” 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Trade-Mark Infringement.—The Rhenania saw and 
tool factory of Cronenberg, Germany, have to pay 
damages for infringement of the trade-mark of Messrs. 
John Kenyon and Co., Limited, Sheffield, saw and tool- 
makers, despite their appeal to the German courts against 
a previous decision in favour of the Sheffield firm. The 
trade-mark infringed was ‘‘ Fulton” over the word 
“ Sheffield,” which the Rhenania Company imitated as 
‘“‘Fulltone ” over the word ‘‘ Rhenania” on their own 
wares. Upholding the original decision, the Appeal 
Court stated that defendants ‘* have purposely caused 
the plaintiffs damages in a manner which violates the 
principles of good morals.” The books of the defendant 
company showed that they had exported to Russia over 
200,000 saws bearing the counterfeit mark, which were of 
inferior quality. Commenting on this the Court stated : 
‘Tt outrages the feelings of decency of all right-thinking 
and just business men.” Damages are being assessed. 


Death of a Prominent Manufacturer.—The death has 
taken place at his home in London, at the age of 74, 
of Mr. Joseph Bramall Ellison, who did much towards 
the development of Sheffield’s steel industry, and who 
was one of the founders of the firm of Messrs. Kayser, 
Ellison and Co., Limited, steel manufacturers. Born in 
America, he came to England early, and after receiving 
his education at Sheffield, took upa position in his father’s 
firm, which was then known as Messrs. Hawksworth, 
Ellison and Co, It was through Mr. Ellison’s devotion 
to American trade that the firm made important — 
ments in that direction, though high taritfs eventually 

roved a barrier to their interests across the Atlantic. 
Two years ago Mr. Ellison retired. 


South Yorkshire Coal Trade.—The feature of most 
importance in the local coal trade has been the improve- 
ment in the position of household sorts, where there 
has been a much brisker demand. The situation was 


strengthened during the week-end by the colder weather | 37 


and London inquiries jumped up. 
position is strong, and prices keep up. 
active, and business at the ports is still very good 
for the time of the year. On industrial account 
very large quantities are going away, and the activity 
at local works will maintain this state of things for 
some time. The gas companies are taking all the 
supplies available, and pressing for excess deliveries. 
Coke and slacks are in very strong request. Quotations 
are :—Best branch hand-picked, 15s. 6d. to 16s. ; Barns- 
ley best Silkstone, 14s. to 15s. ; Derbyshire best a. 
128, 6d. to 13s. 6d.; Derbyshire house, 11s. to 12s.; large 
nuts, 11s. to 12s. 6d.; small nuts, 9s. to 10s.; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. 6d. to 11s. 6d.; 
rough slacks, 7s. to 8s.; seconds, 5s. 6d. to 6s. 6d.; smalls, 
4s. 6d. to 5s. 6d. per ton. 


Iron and Steel.—The present buying of raw material, 
although only of small amount, has produced little or no 
effect on hematite and foundry irons. The advan 
price of Lincolnshire irons is marked; in just over a 
year the increase has been one of 24s., and a further rise 
18 anticipated. Buyers have been favouring Cleveland 
iron in preference to Derbyshire products, but this 
has not Sons so extensive as to cause any falling off 
of the Derbyshire makers’ prices. Hematite maintains 
its firm position, and excess supplies are not possible with 
the present high demand. Makers are in a ruling = 
tion, and are not eager to transact new business. In fact, 
still higher prices are predicted. The supply of billets 
is short, A the price being consequently somewhat 
Betis, the forward buying is not appreciable. 

e healthy tone of the local trades has been maintained, 
and a father slight improvement has to be recorded in 
regard to the volume of business. The amount of work 
is through some of the large firms is in excess of 

t year’s high figures. The British Admiralty are 
keeping the large t End works busy producing war 
materials, and large orders for shell have come from 
Japan. Not only are the armament and railway depart- 
ments participating in the increase, but foundries and 
file manufacturers have more work on hand than can be 
adequately dealt with. Thisstate of things has naturally 
necessitated extension of plant with various firms, yet, 
despite this, stocks are low, almost to exhaustion. he 
general steel trades, including drill, file, and tool steels, 
are in an excellent position, and there is great promise 
for the rest of the year, providing the labour troubles do 
not recur. Some substantial orders for the railway 
material manufacturers have come from both home and 
a , and both theseand the tramway material depart- 
ments are very wel] booked up. Recent home contracts 
include orders for points and crossings and rails for the 


he general colliery 


Steam coal is|f 


the Notts and Derby Tramways. A Turkish order for a 
big jjupply of granite-crushing plant is being executed 
ocally. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market, so far as 
Cleveland pig is concerned, shows slow, but steady, 
improvement. Buyers are once more coming forward, 
and a rather large business is passing. Dealings, how- 
ever, are almost exclusively with merchants, as makers 
are not prepared to do business at the rates named by 
second hands. To meet current needs Cleveland pig 
continues to be taken from the public warrant stores, 
where the stock now stands at 236,000 tons. Shipments 
of pig are on a satisfactory scale, and promise to continue 
Merchants are selling No. 3 g.m.b. Cleveland pig at 
for prompt f.o.b. delivery, and that is regarded as the 
general market quotation, though many makers ask up to 
67s. 6d. No. 4 foundry is about the same price as No. 3, 
whilst No. 1is 68s. 6d. ; No. 4 forge, 65s. 9d. ; and mottled 
and white iron each 65s. 3d.—all for early delivery. East 
Coast hematite pig is said to be obtainable from second 
hands at 82s. 6d., but they have very little iron to offer, 
and makers, as a rule, do not quote below 83s., which is 
the market rate that has ruled for some time past. 
Foreign ore, though still inactive, maintains its value, on 
the basis of 22s. 9d. ex-ship Tees for Rubio of 50 cent. 
quality. As was expected, coke is easing. ere are 
sellers of medium blast-furnace kinds at 26s., delivered at 
Tees-side works, but some consumers state that they can 
purchase at as low as 25s. 


Manufactured Iron and Steel.—Most satisfactory and 
eer me | reports continue to be given of the various 
branches of the manufactured iron and steel industries. 
In all departments work is at full pressure, and notwith- 
standing this, much difficulty is experienced in fully 
satisfying customers. Values tend upward, but there are 
no actual advances to record. Common iron bars are 
82. 15s.; best bars, 9/. 2s. 6d.; best best bars, 9/. 10s.; 
packing iron, 6/. 15s.; iron Son, 82. 2s. 6d.; iron 
ship-angles, 8/. 15s.; iron — 8. 17s. 6d.; steel 
bars (basic), 7/. 17s. 6d.; steel bars (Siemens), 8/. 5s.; 
steel ship-plates, 8/. 5s.; steel ship-angles, 7/. 17s. 6d.; 
steel boiler-plates, 9/. 5s.; steel hoops and steel strip, 
each 8/.; and steel joists, 7/. 7s. 6d.—all less the customary 
24 per cent. discount. Cast-iron columns are 7/. 7s. 6d.; 
cast-iron railway chairs, 4/. 10s. to 4/. 15s.; light iron rails, 
71. to 7l. 5s.; heavy steel rails, 6/. 15s.; and steel railway 
sleepers, 7/.—all net at works. 


Trade Statistics.—Statistics published by the Middles- 
brough Chamber of Commerce for the last quarter of 
1912 show that at the end of that year there were within 
the port of Middlesbrough 77 blast-furnaces, 61 of which 
were in operation. The output of pig iron within the 
port during last quarter was 650,000 tons, of whic 
4,000 tons were Cleveland iron, and 276,000 tons hema- 
tite, spiegel, basic, and other special irons. The make 
or the previous quarter was 590,000 tons, of which 
380,000 tons were Cleveland pig, and 210,000 tons hema- 
tite, &c., and the production for the last three months 
of 1911 was 550,000 tons, of which 360,000 tons were 
Cleveland pig, and 190,000 tons hematite, &c. Imports of 
foreign iron ore into Middlesbrough last quarter amounted 
to 518,813 tons, as compared with 627,851 tons for the 
previous quarter, and 354,197 tons for the fourth quarter 
of 1911. The total value of goods, other than coal and 
coke, exported to foreign and colonial destinations from 
Middlesbrough ome ast quarter reached 2,767,397/., as 
compared with 2,221,577/. for the corresponding period a 
year ago, an increase of 545,820/. 





H.M. Batrie-Cruiser.—The King has been pleased 
to signify his intention of inspecting H.M.S. New 
Zealand, at Portsmouth, on Wednesday next, and will 
also witness the work in progress in the Portsmouth 
Dockyard on the same day, returning to London in the 
afternoon. The High Commissioner for New Zealand is 
arranging a visit to the ship of representative citizens of 
the Dominion, at present in England, for Monday next. 
H.M.S. New Zealand will sail on Thursday, February 6. 





Lectures ON Hycreng AND Sanirary Scrence.—The 
Chadwick Trust, founded in 1895, under the will of the 
late eminent sanitarian, Sir Edwin Chadwick, K.C.B., 
has arranged for a series of public lectures to be delivered 
during this year in London and certain provincial towns. 
The first of the courses of lectures will be given on 
Friday evenings, February 7, 14, and 21 at 8.15 p.m., at 
the Royal Sanitary Institute, Buckingham Palace-road, 
by Mr. H. Percy Boulnois, M. Inst. C.E., on ‘‘ Hygiene 
of the Home.” In April Dr. J. T. C. Nash i 

prepared with three disquisitions on ‘‘The Evolution 
of Epidemics,” to be delivered at the London County 
Hall, Spring ens. In June Dr. F. W. Mott, 
F.R.S., will give a course at the Royal Society of Arts 
under the title of ‘‘Nature and Nurture in Mental 
Development.” Among the lectures in contemplation for 
the provincial cities are those on “‘The Public Milk 
Supply — Some Criticisms and Suggestions from the 
Public Health Standpoint,” by Professor Henry R. Ken- 


wood, at chester; and on “Water Supply,” with 
exhaustive consideration of sources, collecting works, con- 
E. P. Hill, M. Inst. 


veyance, and distribution, by Mr. 
CE. at Birmingham. All the lectures will be free and 
— to the public. The secretary to the trust, to whom 
a 





heffield Corporation, the London County Council, and 


communications should be addressed, is Mrs. Aubrey 
Richardson, 8, Dartmouth-street, Westminster, 


h | better rival, the oil-fired boiler. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown a steadier 
tendency. In view of heavy tonnage arrivals over the 
week end colliery owners a r disposed to adopt a more 
confident attitude ; and, although concessions have been 
made here and there, sellers have been quoting firmly 
for February deliveries. House coal has shown little 
change ; patent fuel and coke have exhibited continued 
strength. The best Admiralty large steam coal has made 
19s. to 19s. 6d. per ton ; secondary qualities, 17s. 6d. to 
19s.; best bunker smalls, 15s. to ibe. 3d. ; and ares 
smalls, 13s. 9d. to 14s. 3d. ton. The best household 
coal has brought 19s. to ; smalls, 17s. to 18s.; No. 3 
Rhondda large, 17s. 6d. to 18s. 6d.; and smalls, 14s. to 
5s. per ton. No. 2 Rhondda large has been quoted 
at 15s. 6d. to 16s.; and No. 2 smalls at 13s. to 14s. 
ton. Special foundry coke has made 32s. 6d. to 33s. 6d.; 
good foundry coke, 29s. to 31s. ; and furnace ditto, 25s. 
to 28s. per ton. As regards iron ore, Rubio has realised 
21s. 6d. to 22s. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

South Western Railway.—The ratio of the workin 
expenses to the traffic re upon the London an 
South-Western Railway in the second half of last year 
was 59.69 per cent., as compared with 57.92 per cent. in 
the second half of 1911, The revenue derived from South- 
ampton Docks showed an increase of 18,652/. in the second 
half of last year ; there was, at the same time, an increase 
of 12,3401. in the working expenses. The steamboat 
receipts were more by 6345/., but the working expenses 
were larger by 14,0087. The alterations which have been 
for some time on hand at the Waterloo terminus are 
making good pi and further sections are being 
brought into use. orks on hand at Southampton Docks 
are well advanced, and are expected to be completed 
during the current half-year. t the close of 1912 the 
company owned 748 locomotives and 440 tenders. An 


expenditure of 11,8897. was made in the past half-year in 
widening lines—viz., from Studland- to Acton-lane, 
North Devon, &c. The enlargement of the Waterloo 


Station involved an outlay of 9971/., and a new dock, 
qure. warehouses, and various improvements on hand at 
Southampton cost 113,316, 


South Wales Engineers.—On Friday, the 24th inst., Dr. 
A. C. Elliott delivered an interesting presidential address 
at Cardiff to the South Wales Institute of Engineers. Dr. 
Elliott said the output of South Wales coal was increasin, 
at an accelerated rate, and there was no foreshadowing o' 
the time when the output would reach its maximum. He 
thought none of the present generation would live to see 
a diminution of industrial activity in South Wales as the 
result of a reduced output of coal. The oil-engine had 
meaty eongunny an enormous territory, and the coal- 
fired boiler was being expelled from the navies of the 
world in favour of its more powerful and strategically 
The result was that the 
consumption of oil had rapidly increased. If oil could be 
obtained at 23s. per ton, it would be on an equality with 
coal at about 15s. per ton. Along with oil the demand 
for petrol had steadily increased, and so also had the 
price. 

Pontypridd and Rhondda Water.—Official estimates, 

pared by the Pontypridd and Rhondda Joint Water 
Bend, for the information of Parliament, show that the 
cost of work proposed for obtaining a supply of water in 
bulk from the Town Council of Merthyr Tydvil, including 
the necessary land, easements, and contingencies, will be 
8877/. In this total, the laying of trunk mains from the 
Taf Fechan Reservoir is estimated to cost 8254 





‘“‘TELEFUNKEN ZEITUNG.”—We have received a copy of 
the December issue of this journal on wireless telegraphy, 
which gives articles on the International on 
Radiotclegraphy ; on the International Time ; 
and illustrated descriptions of a number of wireless tele- 
graphy stations in different parts of the world. 





O_p CrNnTRALIANS.—The fifteenth annual dinner of 
the above association will be held on nee Febru- 
ary 15, at the Trocadero Restaurant, Piccadilly Circus, 
. The chair will be taken at 7.30 p.m. by Sir John 
Wolfe Barry, K.C.B., F.R.S., the President of the Old 
Centralians. The annual general meeting is arranged to 
recede the dinner, and will commence at 6.45 p.m. 
urther information and tickets —_ 6s. yg he be 
obtained from Mr. G. W. Tripp, A.C.G.L., 4, Fairfield- 
road, Charlton, Kent. ‘‘ Old tralians ” is name 
of the association formerly known as Central Technical 
College Old Students’ Association, the ~~ being made 
when the college became the City and Guilds = poeeat 
ing) College, and it is hoped that the new name will serve 
as an effective link with the past. 





CanaDIAN Trapk.—The country with which Canada 
does the largest amount of business is naturally the 
United States of America. The im into Canada 
from the Republic in the last year represented 
a value of 356,358,179 dols., while the exports to the 
United Statesin the same period were valued at 120,534,993 
dols. The value of the trade movement between Canada 
and Germany in 1911-12 was 14,904,919 dols.; between 
Canada and France, 13,868,369 dols.; between Canada 
and Belgium, 7,412,940 dols.; and between Canada and 
Japan, 3,002,603 dols. In the general trade of Canada 
in 1911-12 the British Empire figured for 308,039,917 
dols.; and foreign countries for 554,659,915 dols. In spite 
of every contrary influence Canadian trade is still, accord- 
ingly, emphatically British. 
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THE WILLIAMS-JANNEY HYDRAULIC VARIABLE-SPEED GEAR. 
MESSRS. THE VARIABLE-SPEED GEAR, LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 156.) 
































Fic. 10. 30-H.P. to 40-H.P. Transmission GEAR ComMPLETE. Fic. 11. Swarr wits Socket-Rine in Position. 





























Fie. 12. Pump Unir wirn Cyiinpers, &c., WiTHpRAWN, Fie. 13. CrEnTRAL VALVE-PLATE. 




















Fic. 14. Pump anp Moror Units DismManTLep FRoM CasINes, 
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Tue Instrrure oF Marine ENnoineers.—Monday, February 8, 
at 8 p.m. “The Thermodynamics of Refrigeration, by Mr. 
James Wells, Member. 

Tae Royal Society or Arts.—Monday, February 3, at 8 p.m, 
Cantor Lecture. ‘Liquid Fuel,” by Professor Vivian B. Lewes 
(Lecture IIl.). Wednesday, February 5, at 8 p.m. Ordinary 
ae “The Economic and ~ Value of Good Illumina- 
tion,” by Mr. Leon Gaster, Hon retary of the Illuminating 
Engineering Society. Sir Arthur Whitelegge, K.C.B., M 
F.R.C.P., D.P.H., H.M. Chief Inspector of Factories, Home Office, 
will preside. 
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Aspects of the London Traffic Problem,” by Mr. William Yorath 
Lewis, A M.I. Mech. E., A.M.LE.E., M. Am. Soc. Mech.E. The 
chair will be taken at 7.30 p.m. precisely. 
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8 a. , at the Institution of Mechanical Engineers, Storey’s Gate, 
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Canton-Kowloon Railway : Chinese Section,” by Mr. Frank Grove, 
M. Inst. C.E., and Mr. Basil Tanfield Beridge Boothby, Assoc. 
M. Inst. C.E.; and “‘The Canton- Kowloon Railway: British 
Section,” by Mr Graves William Eves, B.A.I., M. Inst. C.E. 
And, time permitting, the following paper to be read :—“ The 
Erection of the Boucanne River Viaduct, Canada,” by Mr. Philip 
Louis Pratley, M.Eng., Assoc. M. Inst. C.E. ; and ballot for new 
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entitled = Engineer,” will be read 
and discussed. The Preaidentof the Institute, Mr. H. P. Boulnois, 
will occupy the chair. 

Tue Roya Inetrrution or Great Brrrain.—Friday, February 7, 
at 9 p.m., a discourse will be delivered by Sir John Murray, 
K.C.B., LL.D., 8c.D., F.R.S. The subject is: “ Life in the Great 








Oceans.” Afternoon lectures next week at 3 o'clock. Tuesday, 
February 4, ‘‘ The Heredity of Sex and Some © te Problems,” 
by Professor William Bateson, M.A., D.Sc., F.R.8., Fullerian 


Professor of Physiology (Lecture IV.). Thursday, February 6, 
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will be read by Mr E. Kilburn Scott, entitled ‘“‘Cables for the 
Shafts of Mines.” Mr. W. C. Mountain, President of the Associa- 
tion, » oe ences 
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THE COST OF BRITISH AND GERMAN 
WARSHIPS. 


THE competition in the building of warshi 
continues with unabated energy, in spite of the 
growing anxiety to which it gives rise ; but in this 
country, at least, it is accepted with a large mea- 
sure of composure, because it is seen to be inevit- 
able. There is certainly here less hesitancy and 
more general acceptance of the situation than there 
was some time ago. It is interesting, if not grati- 
fying, to reflect on the fact that the cost of this 
heavy task imposed upon Britain is lighter than 
in other countries. The two European countries 
which are building most extensively are Britain 
and Germany, and the figures published in the 
new German Navy estimates afford means of 
comparing the cost of the latest ships. These 
figures, too, are of still wider significance, as they 
may be accepted also as in some measure indica- 
tive of the cost of shipbuilding work generally 
in the two countries. We admit the difficulty of 
ensuring reliability in such comparison, as variants 
enter into the problem ; but itis possible to arrive at 
such a degree of definiteness as to indicate, with- 
out question of grave error, the general conclusion 
that the British Admiralty are getting their shi 
of the line at a much less price than is paid by the 
German naval authorities. 


The figures applicable to the ay aps battle- 
cruisers Goeben and Seydlitz ma soley meg 
with those for the Lion and the Princess 


The designs, of course, differ. The British ships 
are certainly larger, have greater speed, and as 
to their armament, it may at least be said that the 
offensive power of the British ships is not inferior 
ese latter cost, 


D.,/ and a displacement of 26,350 tons. 





the first-named 2,206,0001., and the other, and later, 
vessel, 2,234,000. The cost of the Lion was 
2,068,000/., and of the Princess Royal, 2,013, 8861. 
We have therefore a clear gain of quite 8 per cent. in 
favour of the British ships, without considering the 
differences in design e German cruisers have a 
length of 610} ft., and a displacement of 22,600 
tons ; the British ships have a length of 660 ft., 
There should 
thus be a considerable difference in favour of the 
German ships, for in hull construction increase 
in length involves higher expenditure in construc- 
tion and in armour protection. Again, the designed 
power of each of the German cruisers is 52,000 
horse-power, with which 27 knots was to be 
realised. The two British cruisers, on the other 
hand, were to be fitted with machinery of 70,000 
horse-power, to give a designed speed of 28 knots. 
It is known that in all cases the designed speed 
was exceeded 

In attem empting to compare the eost respectively 
of the 1, propelling machinery, armour, and 
wh. of the four vessels, difficulties arise, as 
it is not ible to make sure that the basis is the 
same. In one or other instance, certain machinery 
applicable to ordnance may be classed under the 
head of propelling machinery. For instance, elgc- 
tric generating or air compression may be common 
to propelling, auxiliary, ordnance, and torpedo work. 

The German prices for ordnance and torpedoes are 
certainly much larger than is the case with the 
British ships, and it may be that they include some 
charges debited in the British system to hull and 
propelling machinery. As a matter of general 
interest, it may be stated that the hull and pro- 

lling machinery are put down as costing for the 

oeben 1,457,5001., and for the Seydlitz 1,482,500. 
Both these vessels were built in the same private 
works in Germany, owned by a firm with great 
experience of this class of ship; all the battle- 
cruisers for the German Navy have so far been 
supplied from the same establishment. The Prin- 
cess Royal was built by one of our foremost naval 
construction firms noted for the efficiency of its 
management. The Lion was constructed in a 
Royal dockyard. The hull and machinery of 
the former is recorded in our Navy Estimates 
as costing 1,555,214/., and in the case of the 
Lion the price is 1,615,422/., including all in- 
cidental dockyard establishment charges. There 
is thus apparently a difference in favour of the 
German ships, but, as we have said, the British 
ships are 49 ft. 9 in. longer. The prices in- 
clude armour, which is a variant of great pos- 
sible difficulty. The British ships have practi- 
cally the broadside completely armoured, 9 in. in 
thickness on the water-line, and 6 in. on the 
upper strake, reduced to 4 in. at the extremities. 
The German ships have 7}-in. armour for the 
full depth, reduced to 4 in. at the ends, with a 
citadel of 5-in. armour for the 5.9-in. guns. In 
the case of the heavy gun hoods, in the German 
shi the armour is 8 in., and for those in 
British ships it is 9in. Again, as we have said, 

t of the ordnance machinery may have been 
included in the case of the Princess Royal, es 
cially as the firm building her supplied everything 
for the vessel. In her case the ‘al an guns, 
and gun-mountings work out at only 458,672I. ; 
the corresponding figure for the Lion is 452, 9151. 
In the case of the German ships, the guns and 
torpedoes are put down as costing 748,7501. for the 
Goeben, and 751,7501. for the Seydlitz. The 
armament of the ships, as we have said, differs, 
but this cannot account for the difference in price. 
The two German ships have ten 11-in., twelve 
5.9-in., and twelve 3.4-in. guns, with four torpedo- 
tubes. The British ships, on the other hand, 
have eight 13.5-in. guns and sixteen 4-in. guns, 
and a number of 12-pounder guns, and two torpedo- 
tubes. 

Opportunity for similar consideration of the rela- 
tive cost of battleships is afforded by the figures 
given in the German Estimates for the Kaiser 
and the Frederick der ( rosse, launched in 1911, 
the former from an Imperial dockyard, and the 
latter from the works of a firm of contractors with 
great experience of this class of work, and also for 
the three sister-ships—the Kaiserin, the Kénig 
Albert, and the Prinz Regent Luitpold, recently 
launched from private works. Here, again, we 
must point out that there are variants, owing to 
differences in the design of the ships, but these by 
no means account for the excess, averaging 18 per 


, cent. for the German ships over corresponding 
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British vessels. The first two German ships named 
are given as costing each 2,377,7501., and the three 
later ships 2,407,2501. each. All five ships are of 
the same general dimensions, the length being 
564} ft., displacement 24,119 tons, and they have 
turbine ine of 28,000 horse-power to give a 
designed speed of 21 knots. For the sake of com- 
parison, we take the King George V., which 
nar ge to be the most expensive of the four 

ritish ships laid down simultaneously and about 
contemporaneously with the German ships named. 
There is only about 2 per cent. difference in all four 
of the British ships. These four British ships are 
555 ft. long and of 23,000 tons displacement. The 
turbine machinery is of 27,000 horse-power, and 
the designed speed is 21 knots. The King George V. 
is thus slightly. smaller, but as regards armament 
she has ten 13.5-in. guns and sixteen 4-in. guns, as 
compared with ten 12-in. guns and fourteen 5.9-in. 

uns in the German ships, the smaller weapons 
arse pretty much the same. The hull and propel- 
ling machinery of the German ships cost between 
1.475,0001. and 1,500,000/., whereas, in the case of 
the British ship, the cost, including even the whole 
of the establishment charges of the dockyard, is only 
1,377,9801. As regards guns and torpedoes, the 
German figure is just over 900,0001. in each case, 
and in the case of the British ship, 638,8161. 
Seemingly our British ordnance firms are working 
for less than the German gun manufacturers. We 
repeat the remark we made about the difficulty of 
making any precise deduction, but the facts clearly 
show that, at the present time, the capital ships 
of Germany are each costing from 10 to 15 per 
cent. more than the corresponding ships built in 
British yards. 





RECENT ADVANCES IN SCIENTIFIC 
STEEL METALLURGY. 

Proressor J. O. Arnotp, D.Met., F.R.S., 
lecturing on ‘‘ Recent Advances in Scientitic Steel 
Metallurgy,” at the Royal Institution, last Friday 
evening, might have added ‘in Sheffield” to 
the title of his discourse. For, apart from a few 
introductory references to the antiquity of steel, 
which, he pointed out, must have been known to 
Homer and to Boadicea, he confined himself to a 
skeleton history of Sheftield steel metallurgy, and 
we need not say that this restriction did not impair 
the interest of his discourse, though he might have 
indicated that some work on steel had been done 
outside Sheffield. 
Arnold stated, proved that the monks of Kirkstead 
Abbey made wrought iron, and probably steely iron, 
at Kimberworth, near Sheffield. Chaucer men- 
tioned Sheffield ‘‘ Thywtels ” in 1386, and Sheffield 
table-knives were then common. Peter Bales recom- 
mended, in 1590, Sheffield razors and penknives for 
cutting quill pens ; but Hunter wrote, in 1615, that 
Sheffield only produced armour fit for the common 
man-at-arms, whilst knights obtained their armour 
from Spain and Italy. 

The growth of a steel industry at Sheffield, 
Professor Arnold continued, had been attributed 
to the juxtaposition of coal and iron. But that 
was quite unconvincing. For charcoal (not coal) was 
used, and the local ore was too rich in phosphorus 
to yield cutting implements. Documents, more- 
over, showed that high prices were being paid 
in 1557 (31. per cwt.) for Spanish and Danish 
(? Swedish) iron. The pure imported iron was 
probably carburised in the dry way by cementation 
in charcoal at yellow heat, and the resulting blister 
bars (being blistered on the surface) were then con- 
verted into ‘‘shear steel.” For this pur 
several blister bars were piled upon one another, 
welded with the aid of a flux, and drawn out to a 
bar of less than half the original thickness ; the 

roduct was called ‘‘ single shear steel,” and when 

nt double and drawn out once more, ‘‘ double 
shear steel.” The name was given because the 
British clothworkers insisted on having this fine 
steel for their cloth-shears, and the material was 
branded with crude representations of one or two 
pairs of shears. This steel did not contain any 
graphite, but it was not made in sizes of more than 
14 in. in diameter, worth 45s. per cwt., though 
inferior steels, 6 in. in diameter, been branded 


as shear steel and scold at 18s. per cwt. 

Owing to its varying temper and its weld-lines 
shear steel did not satisfy the makers of clock 
springs, however, and when Benjamin Huntsman, 
a clock-maker of Doncaster, succeeded in 1740 in 
producing at Sheffield steel ingots by the fluid or 
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crucible process, a new epoch opened for steel 
metallurgy and for Sheffield. But the Huntsman 
steel was not pure, though free from weld-lines. 
The lecturer showed slides of two crucible steels of 
identical composition and weights; the one poured 
in the ‘lively ” condition, the other in the 
‘**killed” condition. The latter was quite solid, 
a from a pipe, whilst the former was full of 
blow-holes ond much larger than the killed speci- 
men. The blow-holes contained hydrogen, nitrogen, 
and carbonic oxide under pressure, and could be 
removed by ‘ killing,” melting the metal with a 
trace (say 0.01 per cent.) of aluminium. Scientific 
explanations of this remarkable effect of aluminium 
could be found in text-books, but Professor Arnold 
himself confessed that he was no nearer a solution 
of this problem than when he had begun his 
observations twenty-five years ago. 

Passing to the correlation between the chemical 
and micrographic analyses of steels as used up to 
1870, the lecturer exhibited slides of pure iron 
(showing the allotrimorphic crystals of iron with 
optically-black boundaries), of iron with 0.4 per 
cent. of carbon (half consisting of pearlite), and of 
iron with 0.89 per cent. of carbon (almost entirely 
consisting of pearlite, which was a mixture of iron 
with 13 per cent. of the normal carbide Fe,C ; the 
abrasion hardness of pearlite was 4.5 on Mohr’s 
scale). When the last-mentioned steel was tem- 
pered, the pearlite (21 Fe + Fe,C) passed— within 
the very small range of 728 deg. to 730 deg. Cent.— 
into the amorphous hardenite (Fe,,C), in which the 
carbide, owing to the quenching, was trapped in 


some molecular association with the whole of the| pea 


iron; this hardenite was as hard as flint (hard- 

ness 7). This thermal transformation had much 

contributed to the advance of civilisation. Un- 

fortunately hardenite was thermally unstable, and 

the heat: of friction reconverted most of it into the 

= pearlite at 250 deg., and especially at 300 deg., 
ent. 

In 1870, then, Robert Forrester Mushet, of the 
Clyde Works, Sheffield, opened another era by pro- 
ducing his self-hardening steels, containing tung- 
sten and chromium. By first adding tungsten 
alone in large quantities, Mushet raised the letting- 
down point of hardenite to 400 deg. Cent. ; smaller 
additions of chromium were afterwards made, be- 
tween 1880 and 1900. Table I. showed the ranges 
of chemical composition of turning-tool steels from 
1740 to 1912 :— 








Element (per Cent.). 
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Tn 1900 a sensation, Professor Arnold proceeded, 
was created at the Paris Exhibition, when the 
Bethlehem Steel Company, of America, showed 
turning tools cutting mild steel while red hot. 
These steel were made to the American patents of 
Messrs. Taylor and White, and did not embody any- 
thing as to composition which had not been in- 
cluded in Mushet’s steels ; the Taylor- White patents 
were indeed declared invalid by the United States 
Circuit Court after protracted litigation, which was 
said to have cost 50,000l. e tent had 
claimed that prior to that specification all tungsten- 
chrome steels containing from 0.8 to 1.8 per cent. 
of carbon (this percentage was alleged to be a 
matter of indifference) had been hardened between 
1500 deg. and 1550 deg. Fahr. ; if hardened at higher 
temperatures—up to 1725 deg. Fahr.—they would 
fail as cutting-tools (this was the ‘‘ breaking-down 
range” of the patentees); whilst above 1725 deg. 
and up to 2000 deg. Fahr. the efficiency rose again 
and continued to increase. The lecturer and his 
colleague, Dr. A. McWilliam, were commissioned 
to investigate these claims at Sheffield University, 
and they found that, in the case of a steel 
containing 18 per cent. of tungsten, 3 per cent. 
of chromium, and 1.3 per cent. of carbon, a maxi- 
mum cutting efficiency of 5000 (represented by 
e =t.s*, where ¢ was the time endurance in 





minutes and s the cutting speed in feet per minute) 
was obtained at the low hardening temperature 
of 830 deg. Cent., whilst the efficiency decreased at 
higher temperatures, being only 500 (twice that of a 

lain steel) at 1300 deg. Cent. (2400 deg. Fahr.). 

ut in a similar steel containing only 0.7 per cent. 
of carbon the efficiency was only 500 at 830 deg. 
Cent., whilst rising to the astonishing value 
of 32,000 at 1300 deg. Cent. There was therefore 
no ‘‘ breaking-down range,” and the carbon per- 
centage was most essential. 

A third epoch—the vanadium era—had been 
inaugurated by the researches of the years 1899 to 
1902, carried out in the experimental steel works 
of Sheffield University. It was an interesting fact 
that the series of copyrighted reports issued from 
Sheffield University during the years 1900 to 1902 
had been ‘‘ unconscious plagiarisms of a series of 
American patents issued during the years 1904 to 
1908.” e studies of the lecturer and Professor 
A. A. Read, of the University of Wales, had 
brought out results of profound importance. 
Vanadium had an almost magically beneficial 
effect on cutting-steels and also on structural steels. 
Vanadium did not seem to form any double car- 
bide with iron, but gradually to wrest the carbon 
from the iron carbide Fe, C, till, when about 5 per 
cent. of vanadium was present, this Fe,C could no 
longer exist, being replaced by V,C;, which was 
constant in tool-steels at any rate, containing 
up to 14 per cent. of vanadium. The micro- 
graphical analysis had resulted in the discovery 
of three new constituents— namely, vanadium 
rlite, vanadium hardenite (hardness 8, like 
topaz), and vanadium cementite. The recales- 
cence curves of these alloys were also instructive 
and seemed to prove that the hardening was not 
due to allotropic change, but to the carbon-change 
only. A plain 0.2 carbon steel showed all the 
Osmond critical points Ar,, Ar, (with a double 
peak), and Ar,, the carbon-change point. In an 
0.89 carbon steel the three points were merged into 
one large heat evolution at 695 deg. Cent. A steel 
containing 1.1 per cent. of carbon and 10.3 per 
cent. of vanadium gave between 1200 and 505 deg.C. 
practically a straight line curve, on which an in- 
conspicuous double-peaked Ar, could alone be 
discerned. When quenched this steel remained 
quite soft to the file all along the full range men- 
tioned ; to harden it (when it turned very hard) 
the steel had to be heated above the carbon-change 
point Ar,, near 1400 deg. Cent., before quenching 
in water. 

With regard to the remarkable general effect of 
adding vanadium to steel, the lecturer stated that 
the addition of 0.6 per cent. of vanadium to a 
1 per cent. carbon steel would raise the yield-point 
from 35 to 65 tons, the maximum stress from 60 
to 86 tons (both per sq. in.), while lowering the 
elongation from 10 to 7 per cent. on 2 in., and the 
reduction of area from 10 to 8 per cent. The addition 
of 0.25 per cent. of vanadium to a nickel steel con- 
taining 0.25 per cent. of C and 3.3 per cent. of Ni 
would raise the yield-point from 33 to 50 tons, 
and the maximum stress from 42 to 68 tons per 
sq. in, while lowering the elongation from 26 to 
17 per cent., and the reduction of area from 53 to 
36 per cent. The addition of 0.25 per cent. of 
vanadium toa chromium steel containing 0.25 per 
cent. of C and 1 per cent. of Cr raised the yield- 

oint from 27 to 40 tons, and the maximum stress 
et 41 to 55 tons, while lowering the elongation 
from 36 to 26 per cent., and the reduction of area 
from 55 to 53 per cent. 


TaBLE II.—Comparative Cutting Powers of Turning- 
Tool Steels from 1740 to 1912. 
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With respect to cutting speed, Professor Arnold 
said in his conclusion, that he had, lecturing in the 
same theatre in 1909, predicted that a new British 
steel would have four times the cutting power then 
realisable. Table II. would show that the skilful 
application of vanadium by Sheffield steel-makers 
had practically fulfilled that forecast, and the 
world-wide sensation and publicity created by the 
announcement had left Great Britain supreme in this 
very important branch of scientific stee metallurgy. 
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slackness on the part of the driver involving, of | and September 30. In this case the provision de- 


THE RAILWAY ACCIDENT AT CALE- 
DONIAN-ROAD STATION. 


Ir will be remembered that an accident occurred 
at the Caledonian-road Station of the Great 
Northern, Piccadilly, and Brompton Railway in 
September last, and happening as it did on one of 
London’s underground network of tube railways, 
controlled by automatic signalling, it caused some 
excitement at the time. The report on this acci- 
dent has now been issued and the circumstances of 
the case appear to have been very thoroughly inves- 
tigated by Lieut.-Colonel Sir H. A. Yorke. It will 
be reassuxing to the public to know that the Board 
of Trade Inspector does not condemn the system 
of automatic signalling and train-stops used on 
these railways; in fact, he considers it the safest 
system that can be adopted at the present time on 
the underground railways, and the only one by 
which the dense traffic could be handled. 

To railway engineers the report will suggest other 

ints, and to two of these we propose to refer 
Priefly.. The report gives, rightly, a good deal of 
attention to the working of the automatic signals 
and train-stops, and the various failures of one 
or the other are gone into at some length. Sir 
H. A. Yorke has concluded that the signal con- 
trolling the section in which the accident happened 
was indicating correctly at the time, but that prob- 
ably the train-stop, which should have acted in 
conjunction with the signal, was not working 
properly. The evidence on which this surmise has 
been built is a statement to the effect that one of the 
bearings of the train-stop lever was loose, causing 
the shaft to bind, so that the stop-arm did not return 

romptly to the vertical, as it should have done. 

e understand that some alterations are being 
made with a view to rendering the support of the 
train-stop arm more rigid and less liable to de- 
rangement. This is as it should be. 

If the signal was indicating correctly, there 
should have been no accident, whatever the position 
of the train-stop ; and, alternatively, if the train- 


stop had worked properly, there should have been | ; 


no accident, whatever the position of the signal. 
These facts certainly point to a remoteness of acci- 
dents on railways so controlled, and the sense of 
confidence is increased by the knowledge that nearly 
all the failures which do occur are on the safety 
side. There have been cases of the signal indi- 
cating wrongly ‘‘Line clear” while the train- 
stop has operated properly. But most of the 
failures have been cases of signals es at 
** Danger ” when they should have gone to ‘‘ Line 
clear.” It was stated at the inquiry that failures 
of this kind amount to no more than 1 in 315,000 
movements, and the trouble, looked at from this 
mary does not appear serious. On the other 
and, there are about 240,000 movements a day on 
the three systems worked on this method, and the 
failures are therefore one in about every 32 hours, 
if the figures are correctly stated in the report. 
This, whether the failures are on the safety side or 
not, cannot be considered quite so satisfactory, and 
is disappointing from the mechanical point of view. 
Doubtless in time many little points which ex- 
rience shows to be liable to cause failure will 
eliminated. Such points may in themselves 
be the veriest trifles—perhaps the alteration of 
the position of an oil-hole, or the design of a 
bracket, or something equally insignificant, as far as 
construction is concerned. Close attention to all 
these details pays, however, especially in the case of 
mechanisms which are intended to be automatic, 
and to work with a minimum of care. 

The second point to which we would refer has regard 
to Sir H. A. Yorke’s conclusion on the behaviour of 
the motorman of the following train, which ran into 
the train standing at the Caledonian-road Station. 
The Inspector is of opinion that the man involved 
was not paying proper attention to his duty, or he 
might have stopped his train in time to render the 
effect of the collision practically negligible. If this 
conclusion be correct, it points in two directions. In 
the first place it shows that the warnings, which 
engineers of the locomotive department have fre- 
quently voiced regarding the danger of introducing 
any system of signalling which may tend to 
lessen the alertness of the driver, have not 
been groundless. This warning has been raised 
in connection more particularly with cab-signal- 
ling, but it applies also to systems embodying 
train-stops. Cab-signalling is regarded by quite a 
considerable school of railway men as tending to 
make a man careless of his position on the line, such 


course, risk of exceeding speed limits, &c., with 
consequent danger to the train. 

In this respect it was unfortunate that, in this 
instance, there was not a clear case against the 
apparatus. That might have been remediable ; the 
behaviour of men is not amenable to treatment 
in the same way. The very thing has apparently 
occurred which railway men f —viz., & ial 
failure of both the apparatus and the man. This 
result of the inquiry cannot be regarded as reassur- 
ing, and it points to the vital importance, if auto- 
matic signalling is to succeed, of eliminating every 

ible cause of failure of the automatic stops For, 
aving introduced a system which may conceivably 
add to the risk of failure of the human machine, 
the mechanical apparatus employed, if it have such 
an effect, must be made as infallible as possible. 





THE PROVISION OF LIFE-BOATS. 
Tue Board of Trade have just issued the revised 
draft rules for life-saving appliances at sea, of which 

the first draft appeared last autumn. Some chan 
have been made, presumably in accordance with 
recommendations by the Boats and Davits Com- 
mittee. The following table shows the requirements 
now made as to the provision of davits, the number 
being regulated by the length of the vessel :— 


Minimum | Minimum Number 
a" Number of Open Boats to 
Length of Vessel in Feet. of Sets of be Attached to 
Davits. | Davits. 
Under 160 ‘a 2 2 
160 and under 190 3 | 3 
_— «4 220 4 4 
220 «,, 245 5 4 
245 270 6 5 
270 ee 300 7 5 
300 Be 330 8 6 
330 ie 360 9 7 
360 ” 390 10 7 
390, 450 12 9 
450 ae 510 14 10 
510 oe 590 16 12 
590 af 670 18 13 
670 pes 750 20 14 
7 i 840 22 15 
840 . 940 24 17 
940 1040 26 18 


The above rules are to apply to home trade boats 
of Class I., and with some exceptions to Class V., 
and to foreign-going passenger steamships. The 
Board of Trade reserve the power to insist upon 
the introduction of some better method of handling 
boats than is provided by davits in cases where 
the height at which the boats are carried is 
great, or in other such circumstances as they 
may think fit. The number of life-boats, or 
approved substitutes therefor, to be carried must 
rovide accommodation for every passenger. The 
ife-boats in davits must be of the open type, 
pointed at both ends, and provided with air- 
chambers. Decked boats may be stowed under- 
neath the boats in davits, in sets of three, and 
where more than four life-boats are carried one or 
two square-ended boats may be substituted for the 
regular pattern. Motor life-boats may be fitted, 
but their use is not encouraged by the Board of 
Trade, the regulation merely providing that if the 
total number of life-boats is between four and ten, 
one may be a motor life-boat ; but this substitu- 
tion is purely optional on the part of the ship- 
owner, who is offered no inducement whatever to 
supply a boat of this type. 

e cubic capacity of the = boats is taken to be 
the product of the length, breadth, and depth by 
0.6, subject to the provision that the depth taken 
for calculation shall never exceed 45 per cent. of the 
breadth ; 10 cub. ft. will in general be required per 
passenger, but each boat will be subjected to an 
actual test before being certificated. 

The regulations provide that where it is not 
practicable or reasonable to fit the davits prescribed 
the number may be reduced at the discretion of the 
Board of Trade, and a similar discretion may be 
exercised with reference to the provision of life-rafts 
and buoyant seats ; but this clause is probably put 
in merely for ‘‘ window-dressing ” purposes, 
satisfy the public that nothing unreasonable will 
be demanded. It is, however, most unlikely that 
the officials concerned will take any more respon- 
sibility than they can help, so that every clause of 
this kind is in practice likely to prove a dead letter. 








Some concession is made with respect to boats en- 


manded in boats and rafts is to be sufticient for 80 
per cent. of the maximum number of the passengers 
carried. For passenger vessels making short runs in 
home waters specially scheduled by the Board of 
Trade, or engaged in excursion traffic between June 1 
and August 31, a reduced number of davits is de- 
manded, anda reduction made inthe life-boatcapacity 
required. Thus ships under 180 ft. in length need 
not have more than two sets of davits, and a vessel 
360 ft. long need not carry more than eight sets 
of davits. The corresponding life-boat capacity is 
300 cub. ft. for vessels of between 100 ft. and 
120 ft. in length, and 2400 cub. ft. in vessels of 
between 330 ft. and 360 ft. in length. 

For boats making, during the summer, short ex- 
cursion trips to sea a further reduction is made in 
the number of davits required, and the total accom- 
modation of boats, rafts, and the like, need not 
suftice for more than 70 per cent. of the passengers. 
If the excursion is confined to partially smooth 
water this figure is further seflnnnlite 60 per cent., 
and if wholly in smooth waters to 40 per cent. 





EXTRAS IN CONSTRUCTION 
CONTRACTS. 

Every contract for the carrying out of large 
works is nearly certain to ‘ane. tom the question of 
extras. In preparing his tender the contractor 
will, of course, provide for most contingencies, but 
it may well be that during the course of construction 
the engineer, or the employer, will discover that 
something has been omitted, or that some better 
material ought to be substituted for that which 
has been specified. In these circumstances the 
question of extras at once becomes important. 

Let us assume that a contractor agrees to erect 
certain plant, according to agreed plans and speci- 
fication, for the sum of 1000l., and, further, that 
there is no ‘‘ extra” clause. When halfway through 
the work the contractor finds, owing to a rise in the 
price of materials, that he is unable to carry out 
the work, except at a loss. In such a case & of 
course, cannot claim the additional cost to him as 
‘‘extra” to the contract price. Again, to take 
another example: if the contract provides that no 
extras shall be allowed for unless they are ordered 
in a particular manner, the contractor can have no 
redress unless the terms of the contract are strictly 
complied with. 

A vexed question may arise in regard to extras 
ordered by the employer himself. Suppose that, 
in the case of a building contract, the building- 
owner is constantly on the job watching all that is 
going forward. In these circumstances, alterations 
and improvements will be constantly occurring to 
his mind, and he may direct the builder to make 
changes without waiting for the approval or written 
authority of the architect. In such circumstances 
it is conceived that he would be liable to pay for 
any extra work ordered by him. But the mere 
fact of the employer having assented to certain 
alterations is not sufficient to make him liable to 
pay for them as extras, unless he is either expressly 
informed, or must necessarily, from the nature of 
the work, be aware that the alterations will in- 
crease the expense (Lovelock ». King, 1 M. and 
R. 69). But if it can be shown that in the pro- 
gress of the building some process more expensive 
than that contracted for was ordered by the archi- 
tect, with the knowledge of the employer, who 
was present at the time, and the builder’s sub- 
contractor was told that it was to be charged as an 
additional work, it may be assumed that there is 
sufficient evidence of a contract to justify the builder 
charging extra for the work, and of authority in the 
architect to make such a contract with him (Wallis 
v. Robinson, 3 F. and F. 307). 

The following is a common form of clause which 
deals with alterations and extras :—‘‘If any part 
of the said materials or work shall be ordered not 
to be used or done respectively under the hand- 
writing of the engineer, the same shall be with- 
drawn, and the difference of expense occasioned 
thereby shall be deducted from the amount hereby 


to|agreed to be paid to the builder; and in like 


manner, if the employer or the engineer shall in 
writing under his hand order any materials or work 
to be used or done, not included in this contract, 
the difference of the expense to be so occasioned 
shall be added to the amount of the sum hereby 
agreed to be paid ; but no account or allowance 





gaged in daylight voyages in home waters and cross- 
Channel passagesduring the period between March 20 | 


shall be had or made in respect of any work 
omitted to be done, nor of any extra walk which 
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shall be done, unless the same be omitted or done 
by an order in writing under the hand of the 
employer or of the engineer ; and all accounts and 
allowances for such omission or extra work respec- 
tively shall be ascertained and settled by the 
engineer from time to time as they shall be made 
or take place, and his decision shall be final and 
binding on both parties. 

The foregoing clause makes it necessary for all 
extras to be sanctioned in writing, either by the 
employer or the engineer. This is of enormous 
importance to both parties, inasmuch as it tends 
to prevent any question arising as to whether 
extras have, or have not, been ordered, But what 
constitutes an order in writing? It has been 
decided that a sketch made by an architect and 
not signed by him, is not such a direction as com- 
plies with a contract containing a clause similar to 
the above (Myers v. Sarl, 30 LJ.Q.B., 9); but 
even apart from that decision, no prudent con- 
tractor would embark upon any extra work without 
a definite order in writing. 

The following cases may serve to illustrate how 
strictly the terms of such a clause must be obeyed. 
In Lorden v. Pryce (‘‘Emden’s Building Con- 
tracts,” fourth edition, page 105) a building con- 
tract provided that orders for extras were to be 
signed by the secretary and treasurer of the em- 

loyers, and countersigned by the architect. The 
Dai der having completed the work, the a:chitect 
issued a final certificate which apparently contained 
certain extras not signed for by the secretary and 
treasurer. It was held that the builder could not 
recover for such extras. 

Works which are indispensable to the perform- 
ance of the contract cannot be regarded as extras. 
This is for the reason that those who employ a 
contractor are entitled to rely upon his skill and 
judgment to put in what is right and proper for 
the pur of making a satisfactory job. Hence, 
although details which were known to be clearl 
necessary for the purpose of carrying out: the wor 
are not expressly mentioned in the specification, 
yet the contractor will not be allowed to charge for 
such evident omissions as extras. For instance, 
when the specification omitted to refer to flooring, 
it was held that flooring could not be charged for 
as an extra to a contract for the building of a 
house. (Williams v. Fitzmaurice, 3 H. and N. 44.) 

No contract of any magnitude is ever signed, 
unless it contains an ‘‘ extra” clause. It will be 
convenient to consider the form which such clause 
usually takes. As a rule, the duty of deciding 
questions relating to extras is left to the architect 
or the engineer, as may be. 

Where a contract provided that no claim should 
be made for extras without the written order of the 
architect, and no such written order as stipulated 
for was given, it was held that the final certificate 
of the architect, including such extra work, was con- 
clusive, and that neither party could raise the ques- 
tion of whether or not there was sufficient order in 
writing (Goodyear v. Weymouth, I.H. and R. 67). 
It is to be observed, however, that although the 
final certificate may be conclusive as to extras for 
which no written order, as stipulated for, has been 
given, this is probably not the case with progress 
certificates. So ina case where acontract provided 
that no alteration or addition should be made with- 
out a written order from the employer's engineer, 
and during the execution of the contract the con- 
tractors were aliowed to erect certain additional 
works, and the particulars were entered in the 
** progress certificate,” the House of Lords held 
that these certificates were not written orders and 
that the claim was therefore excluded by the terms 
of the contract. 

The question whether the architect or engineer 
employed in connection with a contract has power 
to order extras remains to be considered. The 
architect, or engineer, is only the agent of his em- 
ployer to see that the works contemplated by the 
contract are carried out properly ; he cannot with- 
out authority bind his employer to pay for addi- 
tional work. Where, therefore, extra work is done 
by order of the architect, the builder must show an 
authority in the architect to give directions for 
extra work, and when the architect is shown to 
be the employer's agent, to bind him to any devia- 
tion or addition, it will be n to inquire 
whether the agency of the architect to order extras 
is general or is limited toa specified extent (see 
Emden’s ‘Building Contracts,” fourth edition, 
paze 187). 

It is material to notice that there are cases in which 





work in the nature of extra work may be claimed 
for, although the contract contains no ‘‘ extra 
clause.” So where something has been done by 
the builder beyond what he has to perform accord- 
ing to the special contract, and that has been done 
at the instance of the employer, the price of extra 
work, not being under the contract at all, can be 
recovered as for work and labour done, yet the 
contract must be proved in order that it may 
— how much was extra. 

f the builder in completing a contract for a 
stipulated price uses materials of a better kind 
than those contracted for, he is not at liberty 
on that account alone to charge more than the 
stipulated price, nor, of course, can he require the 
materials worked into the building to be returned 
because the employer will not pay an increased 
price on account of the better materials (Wilmot v. 
Smith, 3 C. and P., 453). 

It has been held that where a contract gives the 
engineer power to ‘‘ vary” the work he may order 
the contractor to substitute for what is specified 
its recognised mechanical equivalent. This power 
could not, of course, be arbitrarily used to the 
detriment of the contractor. He could not be com- 
pelled to do work which was more costly than that 
which he had contracted to do; the additional cost 
would be treated as an extra. 





THE REPORT OF THE COMMITTEE 
ON EXPLOSIONS IN MINES. 

WHEN presenting its first report* to the Home 
Secretary, the Explosions in Mines Committee 
—consisting of Sir Henry Cunynghame (chairman), 
Mr. R. A. 8S. Redmayne, Captain A. H. P. Des- 
borough, Professor H. B. Dixon, and Dr. W. C. 
Blackett—described the removal of the experi- 
mental station from Altofts, where the British 
Coal Dust Committee had done excellent work,t 
and its re-erection at Eskmeals, in Cumberland. 
An account of experiments made by Dr. J. M. 
Beattie on the effects on the lungs of various kinds 
of stone dust, which might be added to coal-dust 
in order to prevent explosion, was joined to the 
report. The second report of the Committee deals 
with the relative inflammability of various coal- 
dusts. It was issued quite recently, but bears the 
date 1912—these White Books are numbered, but 
the dates are not stated more precisely. Half 
of this report is taken up by extensive extracts 
from two papers which the chemists to the Com- 
mittee, Dr. R. V. Wheeler and Mr. J. Burgess, 
read before the Chemical Society in 1910 and 1911. 
The report is thus largely chemical ; but the ques- 
tion oF inflammability has, of course, a wide 
interest. 

The degree of inflammability of a combustible 
material, it is pointed out, may be defined as the 
degree of ease with which its oxidation can be 
effected so as to produce flame. The inflamma- 
bility would thus, in the first instance, depend 
upon the chemical affinity of the material for 
oxygen, and, secondly, on its physical condition. 
That all finely-powdered combustible materials are 
explosive has long been recognised. To determine 
the affinity the chemist should know the chemical 
nature and constitution of his material. Engineers 
would expect that chemists would be able to tell 
them all about the constitution of a particular coal, 
if that knowledge were of any real practical advan- 
tage. Asa matter of fact the constitution of coal 
is obscure. It is not difficult to ascertain that 
a certain coal—one of those experimented with 
—contains about 63 per cent. of fixed carbon, 
2 of moisture, 3 of ashes, and 33 of volatile matter, 
and that the further analysis yields about 87 per 
cent. of carbon, 5 of hydrogen, 7 of oxygen, 1.5 
of nitrogen, and nearly 2 of sulphur. The fixed 
carbon, it is well understood, consists chiefly of 
carbon and hydrocarbons ; but the question as to 
which are the real constituents, and in which way 
they are united, is not easily answered. Two 
methods of investigation are possible. In the first 
method the attempt is made to extract different con- 
stituents from the coal as it is, by means of various 
solvents—chloroform, benzene ; the constituents so 
isolated are generally resinous, difficult to identify, 
and they form only a small portion of the coal. 
Bedson introduced pyridine as the solvent, and 
the Committee has made use of it. The 
other method is that of destructive distillation at 


* See ENGINEERING, vol. xciv., page 164. 
+ Ibid., vol, xc,, page 801. 








different temperatures. This method was used by 
Wheeler and Burgess in the already - mentioned 
research with good results, and they arrive at the 
conclusion that all coals contain at least two dif- 
ferent types of compounds, the one of which is 
more easily decomposed than the other, and that 
coal must be regarded as a conglomerate, of which 
the degradation products of the cellulose (in the 
original coal plants) form the base, and the changed 
resins and gums the cement. The gums appear the 
more readily decomposable by heat, and it is they 
essentially which yield the paraffin-hydrocarbons as 
gases—that is to say, methane, ethane, and their 
higher homologues, the paraffins proper, which 
occur in petroleum and ozokerite, and are produced 
by the distillation of shale oils, lignite, &. Now 
these very paraftin-yielding constituents are chiefly 
extracted by pyridine from the coal, and this obser- 
vation promised to furnish a new criterion for the 
inflammability of coal-dust. 

If coal be a mixture of compounds, one kind 
of which readily yields some inflammable gas at 
comparatively low temperature, whilst the other 
kinds have to be heated for longer periods to high 
temperatures to liberate their volatile matter, it 
may be assumed that inflammability will chiefly 
depend upon the proportion of the first compounds, 
For explosions are generally caused, and also propa- 
gated, & instantaneous heat generations, which may 
liberate the readily-generated gas, but which would 
be less influenced by the total amount of volatile 
matter that prolonged heating might produce. 
This was recognised years ago by Muck, of the Prus- 
sian Fire-Damp Commission, which body suggested 
that it was rather the rapidity of the gas evolution 
than its total percentage of volatile matter which 
decided the inflammability. The point has been 
overlooked, however, and the many varied experi- 
ments conducted in Europe and America on the in- 
flammability of coal-dust have mostly paid more 
attention to total percentages of volatile matter, 
ashes and moisture, than to relative volatility of the 
constituents. The report before us now shows that 
the relative ignition temperatures of all coals experi- 
mented with were somewhere near 1000 deg. Cent., 
when the percentage of constituents extracted by 
pyridine amounted to twenty or thirty ; in the 
case of four coals, however, which did not contain 
more than from 4 to 7 per cent. of such paraffin- 
yielding constituents, the relative ignition point 
was above 1400 deg. Cent. This is the chief result 
brought out in the report. 

In their inflammability tests the Committee fol- 
lowed first the method which was introduced about 
1890 by Holtzwart and von Meyer and adopted by 
Bedson, in Newcastle. In the improved appa- 
ratus of the Committee a horizontal glass tube is 
used 8 cm. in diameter, and 140 cm. Jong. A hori- 
zontal quartz capillary tube passes diametrically 
through this main tube 40 cm. from one end, the 
capillary tube being wound with a platinum wire 
coil, which is electrically heated, as a means of 
exploding the dust. The temperature is measured 
by a thermo-couple (of platinum and platinum- 
rhodium) inside the capillary. The coal-dust is 
introduced by means of a blast through a tube, 
2.5 cm. in diameter, introduced into the end of the 
main tube. The blast is produced by allowing 
a weighted piston to drop in a brass cylinder. 
The weight of material for a test is 2 grammes of 
sieved and dried dust. When ignition has been 
obtained, the temperature is lowered by steps of 
10 deg. Cent. until ignition fails. At 1040 deg. 
Cent. a flame might, ¢.7., still propagate rapidly to 
the end of the tube; it would travel slower at 
1020 deg., and no ignition would take place 
at 1000 deg. Cent. ; in this instance the relative 
ignition temperature, at which a few carbon particles 
burnt on the platinum without causing a flame, was 
estimated at 1015 deg. Cent. In general, short 
bright flames travelled faster than long duller 
flames ; the flame was propagated also against the 
direction of the travel of the dust cloud, but 
the ease of ignition was not always a measure 0 
the ease of propagation of the inflammation. 
When the platinum coil was replaced by a narrow 
strip of platinum, with which the dust would 
remain in contact for a longer time, the appearance 
of the flames changed, because then some less 
volatile gases would also be freed ; the temperature 
determination of strips is, however, difficult. 

Over fifty different coal-dusts, and, further, dusts 
of sugar, starch, flour, lycopodium, gunpowder, 
sulphur, and charcoal were tested in this way. 
When the coals were grouped as to their total 
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yolatile matter, no relation was found between igni-! that having reference to the inadequacy of 


tion temperature and percentage of volatile matter. 
When the coals were grouped as to the percentage 
of matter extracted by pyridine (calculated on ash- 
free coal dried at 107 deg. Cent.), the ignition tem- 
perature rose from 995 deg. to 1105 deg. Cent. as 
the amount of pyridine extract decreased from 38.8 
to 20 per cent., witha fairly satisfactory regularity. 
Other factors come in, of course. An increase of 
4per cent. in the ash content raised the ignition 
temperature by 20 deg. Cent., for instance. An ad- 
dition first of 4 per cent. and then of 20 per cent. of 
shale dust to a certain coal raised the ignition point 
from 1005 deg. to 1025 deg. and 1095 deg. Cent.; 
limestone dust had the same effect. The addition of 
2 per cent. of sodium bicarbonate prevented the 
spreading of the flame altogether ; ignition was 
observed at 1075 deg. Cent., but the flame did not 
travel for more than a few centimetres. The 
similarly determined relative ignition temperatures 
of some other substances were :—Sulphur, 340 deg. ; 
gunpowder, 550 deg. ; lycopodium, 940 deg. ; sugar, 
980 deg.; and starch, 980 deg. to 1030 deg. Cent. 
(three kinds). : 
In a second series of experiments the Committee 
tried the arrangement which J. Taffanel and A. 
Durr have adopted at the Liévin station, south of 
Lille, in France, which we have also described in 
our columns.* In this arrangement a vertical porce- 
lain tube has its upper end reduced in diameter 
and bent horizontally. The horizontal portion con- 
tains the coal-dust—only 0.2 gramme as a rule— 
while the vertical portion forms the continuation of 
the hollow core of an electric furnace, consisting of 
a tube surrounded by a platinum coil packed with 
asbestos and magnesia. Just above the upper end of 
the furnace a copper-gauze slip separates the porce- 
lain tube from the furnace, the heat of which is mea- 
sured by a thermo-couple. Taffanel had criticised the 
Altofts experiments because he erroneously believed 
that attention had not, at Altofts, been paid to the 
volatile matter in the coal-dust. He judges the in- 
flammability of the dust from the volume of the flame 
appearing at the lower end of the porcelain tube 
below the furnace. The five experiments which the 
Committee made on these lines gave, however, the 
same order of inflammability as their first experi- 
ments. Much depends with this apparatus, of 
course, on the velocity of the blast and the length 
of the furnace. By introducing a loose spiral of 
copper gauze into the porcelain tube, the heating 
surface was increased, and the ignition temperature 
of a coal (1055 deg. Cent. according to the previous 
method) was reduced to 840 deg. (when the tube 
was empty) and 760 deg. Cent. (copper spiral in the 
tube), when the air-piston took 12 seconds in its 
fall, and to 820 deg. and 890 deg. Cent. when it 
took 35 seconds in its fall. By further introducing 
some oxygen into the furnace-tube the ignition- 
point could considerably be lowered and ignition 
produced in cases in which it would not result in 
ordinary air. Thus the following relative ignition 
temperatures were observed :—Bituminous coal- 
dust, 560deg.Cent.; semi-anthracite, 600 deg. Cent. ; 
anthracite, 780 deg. Cent.; wood charcoal, 750 deg. 
Cent. The hydrocarbons, methane, &., given off 
by the coal would themselves ignite at and below 
690 deg. Cent. The charcoal dust had been purified 
in chlorine gas and in a vacuum at 1100 deg. Cent. 
for five days, and probably did not contain any 
inflammable gas, therefore ; yet it gave a flash in 
the test at the comparatively low temperature of 
750 deg. Cent.; while anthracite dust, contain- 
ing 6 per cent. of volatile matter, had to be 
heated 30 deg. higher. The fineness of the dust, 
the friability of the material, and the close packing 
of its molecular structure are, of course, factors of 
importance, which would explain this and other 
peculiarities. But the further study of these 
eatures is more important for the chemist than 
for the miner, who is convinced by this time that 
all coal-dust is dangerous. 





NOTES. 
ENcINzERS AND CHAMBERS OF COMMERCE. 
AN interesting point was raised incidentally by 
- J. Wemyss Anderson, Dean of the Faculty of 
Engineering of the Liverpool University, in a paper 


read recently at the Liverpool Engineering Society. 
The paper was sonal, oath refrigeration and 
the transport of perishable goods. bably the 


most pregnant among the suggestions made was 





* See ENGINEERING, vol. xci., page 21. 





repre- 
sentation of the engineering industries on Cheinbete 
of Commerce. These organisations are certainly 
doing very useful work in many directions, but 
their direct utility in the development of trade and 
in the guiding of industry would be much enhanced 
were their constitution made more comprehensive. 
There is no need at this time of the day to point to 
the intimate relationship between engineering 
and industry and commerce in the widest ac- 
ceptance of these terms. It seems surprising, 
when the constitution of Chambers of Commerce 
is analysed, to discover the limited extent to which 
the co-operation of engineers is arranged for, and 
yet incalculable good would accrue from their more 
direct and fuller advice and guidance about matters 
affecting commerce—for instance, in the ware 
housing and transporting of perishable goods, both 
on land and sea. At a meeting of the Liverpool 
Engineering Society point was given to Mr. Wemyss 
Anderson’s suggestions by the reference, on the part 
of those taking part in the debate, to the lack of faci- 
lities for handling refrigerated produce at the Liver- 
pool Docks, which, in most respects, are thoroughly 
abreast of the times in regard to design and equip- 
ment. No doubt the point has only to be raised 
by such a body as the Liverpool Chamber of Com- 
merce in order to ensure that such deficiency, if it 
does exist, will be at once remedied, since the 
Mersey Dock Board are undoubtedly progres- 
sive. There was also at the meeting a unanimous 
and decided: feeling that the railway companies 
were not supplying the best type of refrige- 
rator cars, and that, as a consequence, the tem- 
perature, especially in summer, was not sufficiently 
uniform for the transport of chilled meat. It was 
even said that the cars were not cleaned from year’s 
end to year’s end, and that when they were opened 
there were strong evidences of deficiency in sweet 
air. These charges were made by the superintend- 
ing engineers of the firms concerned with the 
transport of chilled meat. It is obviously the 
function of the Chamber of Commerce to stimulate 
the harbour and railway authorities to effect de- 
sired improvements, in order that commerce may 
have every encouragement. The question of a 
fuller representation of eugineers on the Chamber 
of Commerce is, we are glad to note, being 
vigorously taken up by the Liverpool Engineer- 
ing Society, and we are sure that good results 
will ensue. 


AUTOMOBILISM IN JAPAN. 


We have on several occasions directed attention 
to the development of the railway system and its 
important results in the trade and industry of Japan, 
and there, as in other countries, the relation of the 
development of automobilism to railways is being 
discussed. Already the automobile has taken a con- 
siderable hold in Japan, not only for pleasure and 
convenience, but also for commerce, and, in order 
to advance its progress some two years ago the 
Nippon Automobile Club was founded in Tokyo, 
its headquarters being in the Imperial Hotel, with 
a branch in Yokohama. The object of this club, 
according to its statutes, is to promote the deve- 
lopment of social intercourse and acquaintance 
among those interested in motor vehicles, to secure 
the enactment of laws for the better protection of 
the interests of motorists and the public in general, 
and to aid and encourage ‘‘ the cause of good roads.”’ 
This Association has just brought out the first num- 
ber of an illustrated monthly organ called Jidosha, 
the scope of which is intended to cover everything of 
interest pertaining to motor-cars, motor boats, and 
even air-craft, and its aim is to safeguard the 

ublic and maintain the rights of motorists. We 
as it will be successful in this aim, but no doubt 
in Japan, as in Britain, it will be very difficult to 
decide between the rights of the public and of 
motorists. In any case, the journal will do good, 
from this point of view, by showing all sides of the 
questions involved and educating public opinion 
with regard tothem. A very start has been 
made in the first issue of the journal, which con- 
tains a number of interesting articles. The Nippon 
Automobile Club is algo doing good service in dis- 
cussing the wider issues of automobilism, which 
are of special interest in Japan, where the means 
of communication and transportation have made 
so many changes during the past forty years. Up 


to the beginning of that period they were of the 
most primitive nature, andindeed the feudal Govern- 
ment deliberately kept them so, in order that the 
various provinces might be as self-contained as 


possible. Travellers were carried in the Kago, 
and the norimon and goods by pack-horses and 
bullock carts. The jinricksha (man-power-machine) 
drawn by men was the first attempt at Westernising 
the means of travelling, and that soon developed 
into the horse conveyance and omnibus. For a 
good many years the construction of railways was 
slow, but latterly the progress made has, con- 
sidering the conditions of the country, been very 
great, while the applications of electricity to tram- 
ways and railways are being rapidly extended. 
Japan is fortunate in having a water supply 
which gives the necessary motive force for the 
transmission of power and for purposes of lighting. 
The advent of the automobile is having its effect on 
the improvement of the roads, and no doubt it will, 
before long, tell on the traffic of the railways. 
It will be very interesting to watch how the rail- 
ways and the automobiles act and re-act on each 
other, as the advent and development of the 
automobile has raised an entirely new set of 
problems. 


Tae Propvuction or Iron anp STEEL in 1911. 


A memorandum, with statistical tables, has just 
been published by the Board of Trade, showing the 
production of iron and steel in the principal coun- 
tries of the world in 1911. From this it appears 
that the only country producing appreciably more 
iron-ore in 1911 than in previous years was France. 
That country produced some 16,127,000 tons in the 
year in question, or nearly 2 millions more than in 
1910, in which year her output was about 24 millions 
more than in 1909, and 44 millions more than 
in 1908. The production of France has thus ex- 
panded considerably of late years, while that of 
the United Kingdom has remained practically 
stationary, and the output of the United States 
has fluctuated between 36 million and 57 million 
tons in round figures. Between 1908 and 1911 
Germany’s output of iron ore increased from 
23,888,000 tons to 29,399,000 tons, but in 1907 her 
output was 27,252,000 tons, so that the expansion 
of the last few years is not net progress, but partakes 
rather of the nature of a revival. In recent years 
both Russia and Sweden have been developing 
their iron-ore production, the former showing an 
increase from 5.26 million tons in 1907 to 6.8 mil- 
lions in 1911, and the latter from 4.4 millions in 
1907 to 6 millions in 1911. Among the minor pro- 
ducing countries, Newfoundland and India show 
the most interesting results. The former produced 
864,000 tons of ore in 1907 and 1,174,000 tons in 
1911. The output of the latter was 68,000 tons 
in 1907, 55,000 tons in 1910, and 366,000 tons in 
1911, showing that a great impetus was given to 
mining in 1911. In 1911 the pig iron available 
for consumption in the United States amounted to 
23,676,000 tons, in Germany to 14,632,000 tons, and 
in the United Kingdom to 8,498,000 tons. In France 
it was 4,577,000, and in Russia 3,545,000 tons. 
The figures for the output of steel correspond 
fairly closely with those just given. In the United 
States, for instance, 23,676,000 tons of steel were 
produced in 1911, of which 15 million tons were 
open-hearth and 7.9 millions Bessemer, or a total, 
including castings, of 14,686,000 tons of basic, and 
8,861,000 tons of acid steel. In Germany the pro- 
duction of steel amounted to 14,778, tons, of 
which no less than 14,079,000 tons were basic and 
only 562,000 tons acid steel. The Bessemer basic 
process was responsible in Germany in 1911 for the 
—— of 8,501,000 tons, and the open-hearth 

ic system for 5,413,000 tons. In the United 
Kingdom 6,565,000 tons of steel were produced in 
1911, the Bessemer process being responsible for 
1,461,000 tons, and the open-hearth for 5,000,000 
tons. The production in this country of acid steel 
was 4,019,000 tons, against 2,443, tons of basic 
steel. In the two years 1909 and 19]1 the total 
production of steel in the United States : howed little 
variation in amount, but it is noticeable that the 
Bessemer production had decreased frina 9,297,000 
tons to 7,891,000 tons, while open-heaith steel had 
increased from 13,892,000 tons to 15,027,000 tons. 
Germany, however, showed a considerable increase 
in Bessemer steel—viz., from 7,546,000 tons in 
1909 to 8,685,000 tons im 1911, nearly the whole of 
this being in basic steel. The United Kingdom 
again showed a decrease in Bessemer steel, from 
1,733,000 tons in 1909 to 1,461,000 tons in 1911, 
the acid process being responsible for the greatest 
shrinkage, while open-hearth steel showed increases 
in both acid and basic, together amounting to about 
860,000 tons. 
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STABILITY DEVICES FOR AEROPI.ANES.* 
By Mervyn O’GorRMAN. 


Srasi.ity devices are for the most part not concerned 
with stability of air-craft in the strict sense ; they mostly 
pay no heed to the rotational energy stored in the aero- 
mass, or the oscillatien due thereto, or to their 

ecrement, but, still, they strive in a vague way after one 
of the following :— 

(a) Its safety in the air. 

(b) Its staying truly on its path. , 

ich Its steadiness as a gun-platform or view-platform. 

ese three do not flow from one another, nor does 
safety follow from stability. Indeed. the three are in 
some measure mutually exclusive, so we will chiefly dwell 
on the urgent one—the first. The number of inventions 
to such end is so large that only a few can be considered. 

The Essential Speed Limits.—To be in the air at all 
aeroplanes must move through it at a certain minimum 
speed, and, not to break up, they must not go faster than 
a certain maximum. The upper limit concerns the 
strength factor of the construction as a rule. As 
the lower limit, no device gives safety to the flyer unless 
he is protected from unwittingly reaching such limit. 

The Slowest Speed.—The minimum safe speed is the 
speed below which the rudder, elevator, or warp ceases to 
have quick enough control to outvie the gustiness of the 
air at the Se 3 — this =a is + a = 

uantity. any device providing against the undue 
falling off of peti 4 engine failure must be reckoned with, 
and hence potential energy from the height and the pull 
of gravity must be drawn upon by the working scheme 
of thedevice. The effort derived from the organs of con- 
trol falls off as the square of the air speed past them ; 
therefore the lower limit, which is less low in proportion 
as the air is more unsteady, is again less low when the 
engine is stopped. Accor ingly, though some freedom 
from dependence on gusts is achieved when the propeller 
stream is made to pass over the wing-flaps, as in the 
‘* two-propeller” machines, the low limit of slow flying 
must not be based on the speed with engines turning, but 
when the engines are stopped. This is the case in all 
aeroplanes, but is particularly so in wey ller designs, 
since an appreciable strengthening of the lateral control 
is probably obtained with them. 

low flying may be rendered more difficult by the 
inability of particular engines to turn slowly at partial 
throttle, but with this we are not now concerned. More- 
over, the slow flying which can, with skill, be effected 
by the process of setting the main wi ‘*cabré,” keeping 
them there and forcing the aeroplane forward against the 
very high dragt so caused, is so entirely dependent on the 
engine that this is not suitable for an automatic device 
to rely upon as yet, 

We may conclude :— 

(i.) That in examining the merits of a device, the omis- 
sion or provision of a speed-maintainer is of grave im- 


portance. y 

(ii.) That should the aeroplane give a large range 
between the slowest gliding speed and the fast flying 
speed, this adds to safety by moving the danger limits 
further away from each other. 

(iii.) That automaticschemes must not avail themselves 
of this full range, but must needs keep the speed well 
above any of the tricky limits. 

(iv.) That if the extreme limit is approached, praeene 
warp control and light wing loading will be useful. 

Before going any further with the devices themselves it 
is useful to glance at the curves in Figs. 1 and 2, which 


‘**head-on” velocity at the various heights indicated in 
Fig. 1 on the day in question ; but we also assume that the 
size of each air disturbance was e enough to include 
the whole wing or the whole aeroplane, though we only 
know of the disturbance over an area the size of a three- 
penny piece. Experiments are being made as to the size 
of disturbances at one particular locality, and when these 
have been made in many places some better generalisation 
may be possible. 

Vertical Gusts and the Shape of Air Disturbances.— 
The vertical gust is a frequent additional disturber of the 
peace of fiyers. It is certain that we must give it more 
special consideration than it has } on had, and in doing so 
observe that an up current unfortunately results in a 
forward movement of the centre of lift of a wing curve, 
which is precisely what we do not want at that moment. 

It is common knowledge that :— 

(a) Winds high up are speedy, but more uniform. 

(b) Gusts, or variations of speed, occur with all winds 
near the ground. 

(c) The stronger the wind the stronger the gusts, 
broadly speaking. 

This state of affairs receives some explanation if com- 
pared to the flow of water by the side of aship. Towards 
the stern of a ship, the water, not only near the ship’s 
side, but also a few feet out, is seen to be in eddies, with 
vertical axes di in bands slightly inclined to the 
ship’s side. The smaller eddies are near in, and are the 
most violent—the larger are farther out—the speed of 
rotation diminishing in any region in proportion as it is 
farther out. The direction of rotation of the eddies is as 
if they were rolling like wheels on the ship’s side. In the 
air the same thing happens, save that, owing to the 
greater kinematic viscosity, the belts of eddies extend 
farther, and that owing to the immense extent of the 
land the phenomenon is aggravated. A tall chimney, 
smoking in a wide and level country, gives rise to patterns 
which correspond very well with eddies having horizontal 


axes, 

Probably the large extent of land mentioned would, in 
the long run, so retard the air by friction that dwellers 
in a reasonably level country would nearly always live 
in a calm, such as normally occurs every night. It is the 
heat of the day and the different rate of heat absorption, 
with consequent cha: of buoyancy between wet and 
dry nodules of air, which, we surmise, causes a mixing up of 
the lower or calm levels with the upper windy ones, and 
thus a short time after dawn we say that the wind rises, 
whereas the upper winds had never stopped—they are 
merely beginning to penetrate down to us—putting an 
end to those quiet hours of flying, which we associate 
with the early morning. It is the equable temperature 
of the night which allows the skin friction between earth 
and air to establish a steady state unless the winds above 
are unusually violent. 

The upshot of this is that vertical irregularities of air 
movements are to be ex , not only on high (an 
perhaps not so much on high with certain exceptions) but 
close to the ground, and, since an eddy with a horizontal 
axis involves as much vertical as horizontal disturbance, 
occur about as freely as horizontal gusts. There is this 
difference between them to a flyer, that, when near the 
earth, there is no steady vertical wind of which the gusti- 
ness is merely a percentage variation. The vertical 
movement is probably entered into more suddenly, and 
may perhaps be the more difficult to circumvent for this 


reason. 

The Wright Stabiliser, the ‘* Doutre,” and other more 
usual Speed Maintainers.— Among the known devices 
which purport to keep an aeroplane within its safe limits 





give for an average calm day an indication of the problem 






AIR SPEED. 


‘Miles per Hour: 


(3205.4) - 


set to us by the wind in this matter—viz., the horizontal 
air-speed variations measured parallel to the axis of an 
aeroplane when in flight, and partially expressed in the 
same di ms; the vertical pulsations which we also 
have to deal with anc cure by sensitive pitching or other- 
wise. As to the latter, the author is u uainted with 
——— diagrams or measurements. The indications 
of Fig. 2 are approximate only, since they were taken at 
the end of one wing of the aeroplane, and include winds 
other than axial up to15deg. divergence. They probably 
give a general idea of the extent of variation of the 


* Abstract of per read before the Aeronautical 
Society of Great Britain on January 29. 

+ TL adopt ‘‘drag,” the word suggested by Mr. Archibald 
Low, in preference to the word “‘ drift,” to express the 
** resistance to forward motion through the air.” The word 
“drift” is badly wanted in aeronautics in its own time- 
honoured significance, so that the actual travel of an air- 
craft may be compounded of the distance which it travels 
ae and its drift—i.e., the amount it drifts with the 
wind. 
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of speed, we may name :—(1) The Wright Brothers’ auto- 
matic elevator control ; (2) the ‘‘ Doutre” (see Appendix); 
and (3), more important than either, the almost univer- 
sally-used longitudinal Vee ; (4) the duck or ‘‘S” type 
aeroplane ; (5) screw propulsion ; (() small fly-wheelage. 

The Longitudinal V as a Speed-Maintainer.—It is not 
usual to ascribe to the longitudinal V, open upwards 
between main and tail planes, the function of a speed- 
maintainer, but that speed maintenance is one of the 
chief and most valuable effects of this disposition of 
planes has been shown by Mr. Alexander Sée somewhat 
7a) If the peed falls off, th ly of ing ai 

a the s alls off, the supply of supporting air 
fails, and the aeroplane comes downwards. 

(6) Owing to this descent, the angle of incidence on the 
air is inc : 

(c) The increase of angle of incidence causes the centre 
of total pressure of a V’d aeroplane to travel backwards, 
and gives rise to a diving couple. 

(d) This dive having m started, the angle of inci- 
dence is thereby made normal again; but the travel being 
| downwards, the machine accelerates. 





(e) The speed being increased by the acceleration, the 
support derived from the air is increased, and the descent 
ceases. 

. (f) The descent having ceased, the angle of incidence 
is diminished, the centre of pressure of the whole travels 
forward, giving rise to a “‘nose-up” couple, which sets 
the aeroplane level again. * 

If the speed had at first increased instead of falling off, 
as assumed at (a), the converse of all this is true. Thus 
we may state the working of the V between main and tail 
ae by saying that an pe omg is guarded from risky 
ongitudinal movement not when it opposes itself to an 

pitching, but, on the contrary, when it takes on by itseif 
such pitching up or down as shall secure a constancy 
of speed ‘‘ within limits.” We may add that the more 
sensitively it responds, the less time is there for the speed 
change to be felt, the less the amplitude of the move. 
ments, and the less likely are oscillations to occur. 

The *‘ Tail First” or ‘“‘S” Type Aeroplane as an Im. 
proved Speed-Maintainer.—The ‘‘tail first” or ‘“‘S” type 
aeroplane as an improved speed-maintainer has for some 
years been more particularly studied by the makers of 
small models, and the author knows of no effect of scaling 
up which precludes the belief that for large craft also the 
maintenance of air speed automatically is improved b 

the ‘“‘duck” form, at least in horizontal gusts. The wt | 
forward plane is the first to enter the region of altered 
air speed, and if the gust makes the air speed fall off, this 
plane dives in anticipation of the loss of air speed by the 
main wings. It thereby causes the main mass to rotate 
on an axis roughly parallel to, and located somewhere 
near, the main wing spars. This rotation of the main 
mass for a dive is effected the more — because it is 
accompanied by less mapeany | than the downward 
acceleration of the main mass itself. 

In the opposite event of a head-on gust, which increases 
the air speed for the moment, the front plane gets the 
extra lift first and quickly rises, tilting the aeroplane, 
and, speaking colloquially, it checks an increase of air 
speed of the aeroplane by setting it forth for a climb. 
It is probably use so much of the work of a model is 
effected with a small margin of power, and so much 
gliding comes into the performance, that the “‘duck” 
type as had so great a vogue with model-makers. 

e have only dealt above with horizontal gusts, and 
the up and down directions of travel have been treated 
as the only remedies for speed fluctuations. The treat- 
ment is incomplete unless we can reckon with, or utilise, 
the effect of vertical gusts and engine-speed variations. 
Some merit may be found in relation to up-gusts in the 
“3” _— If we refer to the diagrams of “lift and 
drag” of wing shapes, and select the wing shape for best 
efficiency for the main wings, we may so choose the load- 
ing and wing shape of the front plane that it will be 
sensitive to changes of s , but less sensitive to changes 
of angle of attitude. This is possible because we can 


d | select with much freedom theangle of attack of the small 


plane when it is in front, whereas we are restricted to 
narrower limits of positive angle when the smal! plane is 
behind. 

Thus in Figs. 3 and 4 a change, not impossible if we 


Fig.3.FRonr PLANE. FigA. MAIN WINGS. 
f, 








Lift —— 


(ase) Drag —> Drag = 
consider up-gusts, of 9 deg. of attitude, say from 6 deg. 
to 14 deg. for the small plane, makes far less difference 
of lift to it than the same change from 3 deg. to 11 deg. 
for the main wings. This, in the case of up-gusts, 8 
valuable, and apparently can be got without sacrificing 
the normal good effect of the upturned V for speed-main- 
taining. In one example, the Drzcweicki, the curve 
adopted for the front plane (working at 8 deg.) is Fig. 3 
in conjunction with main wings having the characteristics 
of Fig. 4, but working normally at the angle of 5 deg. 

Engine Control.—No ‘‘stability” patentee who has 
sought constant speed by controlling the throttle from 4 
pressure vane, or velometer, is very actual because the 
engine is to be regarded as unreliable, and the mainten- 
ance of speed by diving must, in any case, be resorte 
to when the engine stops. With multiple engines ™ 
the future, such may be a simple and potent remecy 
and not the absurdity which it sounds now. 

Screw Pr won.—Screw propulsion has an inherent 
tendency, though a sluggish one, to favour the com 
stancy of the aeroplane’s air speed, because a screw gives 


* Whether this swing back is accompanied by oooiles 
tions or not, is, it will be observed, entirely overlook 








in this, as was indicated in the first paragraph. 
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jess pull during a head-on fost. and more during a 
following gust, as may be easily appreciated by consider- 
ing the sect of a gust either way on the propeller’s 
slip stream. The situation of the propeller in front has, 
for this reason, an earlier steadying effect, and there- 
fore a more useful one than if placed behind. 

Multi-Blade Propellers for Safety.—The author cannot 
refrain from touching on the terrific vibration caused by the 
breakage of one blade of a two-blade —— with the 
consequent engine-racing. The pounding on the engine- 
fixing endangers the fuselage and with it any wing sup- 

rts referred thereto, and thence the cones The multi- 

lade propeller exercises less thrust per blade, so that the 
engine races less on breakage, the out-of-balance thrust 
is less, and the out-of-balance mass is less. All these make 
for safety. Moreover, the blade width being less, pro- 
ller flutter is less, and so are the pulsations due to the 
Jades passing a fixed object such as the wing spar and 
gyroscopic flutterings on yawing. For these and other 
reasons, the Royal Aircraft Factory stuck to the four- 
blader when it was discountenanced in France and Eng- 
land generally. p 

Flywheelage or Moment of Inertia.—The less the fly- 
wheelage of the aeroplane round the axis parallel to the 
wing spar, and the larger the tail, the less the pitching 
movement will oscillate. It is a pity that very little is 
known or published about the moment of inertia of 
various aeroplanes. A concrete basis of comparison is 
that B.E. 2 has a flywheelage of 42,000 lb.-ft. squared 
and a tail with a moment of inertia of 21,000 lb.-ft. 
squared round the same axis. 7 . 

Man is so constituted that his sensations in regard to 
the speed he is travelling at only inform him of a change 
of acceleration. A quick rate of change is much noticed, 
a slow change nearly escapes his attention. For this and 
other reasons the balance of advantage in favour of 
keeping the external weight as near an axis passing 
through the centre of mass as possible is a strong one, 
and the stronger if the stability is not automatic. It 
is to be observed that the force available for restoring 
balance is limited to that afforded by warping the wing 
or pulling the flap combined with operating the rudder, 
say 30 lb., acting at about 15 ft. in an ordinary case for 
flap movement, while the time allowable for recovery may 
also be limited by the nearness to the ground or to an 
obstacle. Quick response of the aeroplane is therefore 
doubly valuable both in the detection of the disturbance 
and in its remedying, and from this follows the utility of 
concentrating masses near the centre of gravity, especially 
as regards laterally-arranged masses. 

Asymmetry of Wing Resistances.—The inequality of 
drag which exists between a flap warped to lift and a flap 
warped to depress is notorious, and is undesirable, since 
it occurs usually on the wrong wing, and therefore calls 
for a correction by ‘eA with co uent loss of 
speed. In May, 1911, Mr. V. Gregory brought before the 
author two methods of meeting this: one by introducing a 
differential gear in the controls, the other by cross-con- 
necting the wires to the flaps so, as to achieve equality of 
pull upon them. This secures an approach to balance ot 
drag. The balance is more closely exact between the 

lus and minus lift of the two flaps, but the resistance, or 

rag, may for his purpose be taken as proportional to 
the lift, and therefore nced when the plus and minus 
lifts are balanced. Fig. 5 shows the cord connections 
which give the equivalent of a differential. 

If, as may prove to be the case, the future of flight 
depends upon the utmost refinement of balance and the 
minimum call upon the flyer to compensate for imper- 
fection of the machine, a system of connections of some 
such kind may yet find its way into practice. 

Since the aeroplane’s weight is to be considered con- 
stant, the aeroplane must move so that the mean angle of 
incidence of the main wings is appropriate to the speed, 
and it would appear as though the angles of the flaps and 
wings combined must be equal and opposite, thus ren- 
dering the balance of drag impossible in this manner, or 
at least only instantaneous. The flaps controlled by 
Gregory’s wiring would then be expected to become un- 
stable or inoperative. However, during the period when 
the outer wing requires the larger angle of incidence, the 
aeroplane’s mean attitude is not the mean attitude appro- 
priate to its weight and general speed of travel. The 
wings may have an attitude different from that because 
we now have an extra load—the load of giving rotational 
acceleration to the whole aeroplane, not necessarily round 
its centre of gravity. 

The period of giving rotational acceleration is the whole 
period of active warping ; when that is completed, warp- 
ing is no longer needed to give lift to the outer wing, and 
the aeroplane remains banked if travelling straight, or 
tends to overbank with straight wings if on a curved 
path. As a rule, when banking is achieved, the aero- 
plane is moving in a circular path over the ground, and 
we desire that the wings should move at such an air speed 

at they have an equal normal reaction (or lift), fins 
being provided to look after the overbanking ten lency. 

n exemplification of the effect of the Gregory device in 
this direction, when the lever of the model is fixed 
Over to one side and capone’ to fan draught, the model 

ks, and remains banked, without yawing towards what 


Would usually be the wing of greater drag, and the flaps | }, 


are not unstable. If, however, the differential arrange- 
ment be put out of action and the process repeated, the 
model banks, but yaws round to the side of greater drag. 
he pivots are taking care of the fin reactions. 
Asymmetry of Head Resistance.—Many usual aero- 
es, notably monoplanes, and bably water-planes, 
ve an excess of head resistance below the axis of sym- 
metry of the fuselage—supposed to contain the centre of 
gravity—or nearly, owing to the alighting chassis wheels, 
warping gear, &c. When the air speed becomes high, 


bad, and aggravates the diving couple, due to the move- 


ment of the centre of lift towards the trailing edge of the 
wings. A dangerous case may occur when an aeroplane 
descends by diving with a down-current, and eme 
therefrom at the foot of the descent, an incident which 
we are not entitled to say shall not occur in cross-country 
work. If the elevator plane alone deals with this, a 
pressure of 100 Ib. at the extremity of the tail of a 
well-known machine will be requi to counteract the 
upsetting couple, apart from the effort required to 
“straighten out.” If we cannot yet overcome the travel 
of the pressure resultant, we can at least study symmetry 
of head resistance to begin with. resistance above 
the axis might even be invoked to counter the other 
trouble ; it, in fact, acts in the right direction in an aero- 
plane with which the author is familiar. 

Horizontality-Maintainers.—Many of the enthusiasts 
for this particular method of always countering the pull 
of. wage. have concluded that a hanging weight may be 
said to ‘‘ know” better than does the flyer the direction 
of the earth below the aeroplane. They have accord- 
ingly called in the aid of pendulum devices. 


Fig. $. 
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Category A.—The majority of these are of an extreme 
simplicity, and are produced in disregard of the facts :— 

(i.) That when the mass of a pendulum is being accele- 
rated it is no longer only subject to the directive force of 
gravity, and 

(ii.) That the string of a freely suspended mass does not 
hang dowr the vertical when the point of suspension has 
a sideways acceleration or retardation. 
They are not worth a decimal point, and the author’s 
excuse for mentioning them is that they are recurrent 
decimals. . 
Category B.—Where the effects of centripetal accelera. 
tion on turning are recognised, merit for the improved 
device is claimed from the fact that the mass hangs down 
the line of the resultant of the acceleration due to gravity 
and that due to centrifugal force. In certain cases good 
flying is certainly effected with aeroplanes in which this 
——— is given value—machines with an abnormally 
ow centre of gravity intentionally so placed, as in the 
Pischoff, &c., and most water-planes, whose centre of 
gravity is lowered owing to the mass of the floats, are 
examples of the category. In one set of flying conditions 
a low centre of gravity undoubtedly gives an advantage ; 
but not the least of the incidental disabilities introduced 
is the fact that whenever the engine ceases to pull, or 
diminishes its pull, the low weight tends to elevate the 
aeroplane to the ‘‘ nose-upwards” position, precisely that 
which it should not assume, : ; 
Nevertheless, we must beware of condemning devices 
which we my admit to have good points only because 
they are defective in other respects. The question is, 
can we elininate the evil? The longitudinal pendulum, 
for instance, in the event of an up gust, can be made to 
turn the elevator down, and vice versd. It is true that 
in the event of the engine accelerating, the same pendu- 
lum linkage will so turn the elevator as to aggravate the 
tendency to rise ; and if the engine stops, it accentuates 
the declivity of the fall. Both are objectionable, the 
latter to a serious extent. 
Renauld’s Bob- Weight Device.— Aaa cure Major Renauld 
(November 15, 1912) suggests subjecting the pendulum 
b to two forces, the one always proportionai to the 
ropeller thrust and the other to the aeroplane’s total 
oat resistance. These forces are on a reduced scale, so 
that they bear to the weight of the bob the same ratio as 
the real forces bear to the full weight of the aeroplane. 
Then (i.), when the forces are equal, the aeroplane has 
constant d, and therefore a vertical pendulum is 
obtained which is correct. (ii.) When the flight-path is 
inclined to the horizontal, say downwards, and when [for 
constant speed] the engine pull is diminished, the same 





gives rise to an important diving moment, which is 


The pendulum shaft does not now remain vertical. The 
thrust of the propeller is now less than before; the bob 
is pushed backwards by the head resistance plane till the 
pendulum shaft is at right angles to the trajectory, thus 
eliminating the objection above. Such a pendulum 
device is only very partially ‘‘ stabilising ;” it has nothing 
to do with lateral balance, but it has a tendency to correct 
variations in the angle of attack of the wind,since we still 
get the corrective action for an up gust or a down gust. 

Category C. Bob-Weight Devices.—Perhaps the next 
most popular of the pendulum devices is the one which 
causes a centrally suspended weight to pull down directly, 
or through a relay, the pe ap on the side towards 
which the weight has moved (see Fig. 6, in which, for 
simplicity, only one wing control is shown). This gives 
rise to an air reaction, tending to restore to its old level 
the wing which is too low, and this so far is a good inten- 
tion ; indeed, it is good in effect if quick enough. More- 
over, in this case, were the aeroplane to be ek with- 
out banking towards the left hand, the weight would fly 
out towards the right, Fig. 7, and so cause the right flap 
to be pulled down until the banking was sufficient to 
allow the bob-weight’s line to hang more or less perpen- 
dicularly to the wing spar, Fig. 6. At this an approxi- 
mation to the proper condition for a banked turn would 
have been achieved. 

A criticism of this method is that it is either sluggish 
or calls for another device—‘‘the fin”—to do its work. 
Any finless aeroplane when ruddered without banking 
necessarily yaws and side-slips outwards, and the more 
the side-slipping movement the less the pendulum swings 
out, so that the more the aeroplane side-slips the less the 
device acts. In the case where the aeroplane side-slips 
without proper relation to the turn—e.g., if it were not 
following a curved path, but commencing to side-slip in 
any sideways direction, with an increasing side velocity 
—the bob-weight would act as an accelerometer—i.e., it 
would lag bom. due to its inertia, and therefore would 
not introduce any useful pull on the warp-wire which 
banks the aeroplane in the manner for safety. This last 
is the beginning of the typical dangerous side-slip, and 
failure of the device here is failure indeed. Moreover, 
since no change of course on to a circular path is usually 
effected unless the aeroplane offers some fin, or fin 
equivalent, it appears necessary to show that some special 
merit over the prompter-fin method or banking by hand 
is obtained by pendulum control for lateral balance. No 
such proof is available at present, but it does not follow 
a no conceivable pendulum method will be of use here 


Pendulum and Relay.—Gawlet’s device (10,184, April, 
1910) is an exampie of an elaboration in which the pen- 
dulum is in vacuo and operates electric switches, which 
actuate the elevator and warp through a compressed-air 
device. No mention is made of how to overcome the 
difficulty that the same correction is given to the elevator 
in the two cases :—(1) When the aeroplane engine stops 
pulling and gives loss of air speed ; and (2) when a gust 
strikes the aeroplane and slows it as a whole, but giving 
increased air speed ; while these two occurrences require 
opposite elevator correction for speed maintenance. 

terally, similar conundrums are introduced, since 
similar pendulum action results from side movement 
due respectively to a side-gust and due to a side-slip, 
although lateral-control movements desirable in the 
two events are copeeme to one another. Wendtland 
(8326, April 4, 1910) balances laterally by causing a pen- 
dulum to deflect a blast of air under one wing or under 
the other. 

Pendulum without Relay. — Schmitt’s scheme is a 
curious example of the opposite kind, when the sensitive 
relay and its troubles are evaded by introducing others 
incidental to the hinging of all the fundamental parts so 
that they shall constitute a heavy pendulum. His patent 
(11,355, May, 1909) claims that it entitles him to dispense 
with the tail. He hangs the weights of pilot engine, &c., 
in a frame below a hinge which is parallel to the main 
wing spar, and arran; that when the wings are given 
a greater angle of incidence by the flyer, the movement 
of the centre of pressure (which he mistakenly assumes 
to be backwards under these circumstances) is attended 
by such a movement backwards of the chief weights that 
these remain always underneath the centre of pressure, 
and thereby the upsetting couple for which the tail cor- 
rects is not introduced. He forgets that the wind moves 
and varies the centre of lift independently of his inten- 
tions, and very quickly, and he is misinformed as to the 
direction of movement of the C.P. of cambered aero- 
foils. This type of device has benefited the Patent 
Offices of France, England, and the United States in 
various forms, and it seems a pity that the money should 
not have been spent on aviation. ‘ 

Planes, Limited, and Thompson (April 19, 1910) suspend 
the car flexibly from the tp he the adjustmente of 
the planes for steering and ancing are effected by 
movement of the car. This car movement is also con- 
trolled by a lever. Mitchell (4249, February 20, 1911) 
causes his suspended car to bend down two balancing 
flaps which extend beyond the wing tips. The flaps are 
cross-connected. Adam and Stamkort (4408, February 21, 
1911) balance an ueroplane by running electrically a car- 
riage of considerable weight, and ring two accumu- 
lators and motors; the pendulum consists of a mercury 
switch in which the liquid flows over the appropriate 
contacts. 

Dulier’s Advancing Wings as Maintainers of Horizon- 
tality.—Colonel Dulier desires, by the process of ad- 
vancing the wing of his ‘* Aerocar ” when steering, com- 
bined with warping the tail, to secure that it shall main- 
tain perfect horizontality on the turn, both as regards 
the lateral and longitudinal axis. His scheme is based on 


the behaviour of some birds. Such a bird’s method, he 





+ car acceleration acts on the aeroplane and the 





says, for turning sharply to the left is, contrary to the 
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views of aeroplanists, to advance or extend the left wing, 
thus bringing its centre of pressure forward of the main 
weight, ine both a are ws the a eed left, 
wing’s traili HT ively § inning 
at the pn ay witch is thus the fulerum or pivot 
of the turn. These first movements tend to put the 
bird ‘‘cabré,” and a correcting movement is therefore 
made with the right side of the tail, which is accord- 
ingly advanced or extended, and also warped for lift. 
If Colonel Dulier’s bird observations are correct, they 
have this of interest, that just as little birds paddle hard 
and then proceed like a projectile with cloeed wings, 
abandoning all support from the air for a spell, so certain 
other birds, on turning, say, to the left, abandon most of 
the support the air would give, and use their wings and 
tail to produce a large fin effect, mostly top fin. The 
left wing makes a large top fin forward and a front rudder, 
the right wing a large top fin central, thus taking the 
side air pressure, while the tail is used to compensate for 
the disturbance of general attitude and becomes the rear 
tin by the act of being warped. Colonel Dulier says that 
in spite of all these movements the bird is banked in- 
wards. It is quite conceivable that such a fin disposition 
with a balance of forward fin area would make for an 
extremely rapid turn once the slightest commencement of 
a turn had been made. Under these circumstances the 
right wing will get so much air velocity that it will give 
an amount of support equal to or greater than that of the 
left wing when put forward. If the observation is cor- 
rect, the turn will be amazingly rapid and will give the 
defenceless pigeon a chance of escape from its foes. 

The scheme is not necessarily suitable for imitation in 
mechanical air-craft, though the speedy and defenceless 
scouter aeroplane might welcome the ability to perform 
such a manceuvre in war. Horizontality, however, is not 
secured. Colonel Dulier appears not to realise that the 
wings have not even as much as the pendulum any 
** knowledge” of the vertical, yet if we are to remain hori- 
zontal this knowledge must be imported from somewhere. 

Horizontality-Maintainers (Lateral).— Equalising the 
wing pressures. Countless persons have thought that if 
provision were made to prevent the total pressure under 
one wing from exceeding that under the other, the aero- 
plane would always remain laterally in the same hori- 
zontal position. @ moment we consider the side-slip 
inevitably involved by change of course it becomes clear 
that perfect balance of fin area above and below some 
centre of lateral pressure would be necessary also, always 
su ing horizontality to be desirable. 

There are a large number of persons in favour of 
equalising the wing pressures, if we may judge by the 
actual constructions in use, as in Breguet’s and Gaudron’s 
springy wing ribs, R.E.P.’s (Patent No. 10,575, 1909), 
spring-supported wing s &c. We may include in this 
the standard scheme of balancing by cross-connecting 
the warps, &c., though the author does not accuse any of 
these of concentrating their wishes on horizontality. 
Ramel and Bille (No. 28,778, December 11, 1909) pro; 
to equalise wing ures by allowing the air to spill out 
of the wing which has most kifting pressure by letting it 
tilt up, thereby pag Se wing which has least lifting 
pressure to tilt down, while the main mass of the flyer 
and motor and fuselage remain unrotated save through 
the indirect action of springs which connect the wi to 
the main mass. Here we have a vague attempt to keep 
the man’s seat more horizontal, so that there isan element 
of the pendulum in the device. That he would be safer 
thus does not appear. 

An Effect of Equalising Wing Pressures.—There is one 
matter in relation to the equalising of wing pressure 
which must not be lost sight of whether we use springs, 
cross-connected warps, or pneumatic equalisers, &c., and 
that is, the more perfect the equalising the more com- 
pletely the effect of the dihedral angle is wiped out, 
sinee the dihedral angle only acts by reason of the differ- 
ence of pressure established under a descending and a 
rising wing. Accordingly a dihedral angle has none of 
its usually recognised effect if the cross-connection of the 
warps of the two wi is frictionless, if the warp be 
sufficiently ample, if it be not controlled by the 
springiness of the warped spar or otherwise. This has 
been fy seeps pre | proved on BE2. With cross-con- 
nected flaps and rigid wings, as in the Farman aeroplanes, 
this loes of dihedral effect does not hold to anything like 
the same extent. 

It is doubtful if equalisation is ever entirely secured, 
and, therefore, in criticising ‘‘ horizontality-maintainers ” 
lateral, rolling disturbances are to be looked for in spite 
of attempts in this direction. Some of the causes, apart 
from fin pressures, are :— 

1. From the effect of changi 
ample, the swing of the weight = | 
is placed a trifle low. 

. From the flywheel effect of the aeroplane, as a 
whole, by the swing, due to recovering from an inten- 
tional roll or yaw displa-ement. 

3. From difference of wing speed on a turn, banked or 
otherwise. 

4. From minor causes of disturbance, including the 
gyroscopic couple, on elevating or yawing, from the 
movements of the a or from engine reaction on 
starting or stopping, &c. 

Of these the first two are the most important usually. 


the course, as, for ex- 
en the centre of gravity 


Fin Disposition.—Not the slightest im can 
attach to fins except in the case of side and side- 
gusts. Moreover, the effect on fins of vertical gusts when 
the aeroplane is ban! reduces itself eventually to a 


side-gust from the point of view of the ne. 


Although we are not to deal with it, it is right to say 
before concluding that by far the most important feature 
of an aeroplane of supposed average in other 
copes is its fin disposition, and probably next its weight 


tion. 





Horizontality Maintenance by Flaps.—Wildeblood’s 
invention (No. 11,334, May 7, 1910) is an excellent 
example of the difficulty so reeurrent in flying work that 
what is a safeguard against disturbance by side-gusts 
provides a danger in the event of side-slip. The idea is 
original. The flaps face inwards and hinge on their outer 
edges when a side-gust comes as shown in Figs. 8 and 9; 
tending to raise the left wing, it moves ineffectually over 
the left flap, and meeting the right flap, raises it and so 
puts it into an attitude to give a strong lift by suitable 
shaping ; the Ler pressure under the right flap so 
obtained is equal to the extra lift under the left wing, 
and balance is maintained. If, however, side-slip occurs 
towards the left side, the right flap is raised and catches 
the air as before, thereby precipitating the catastrophe 
by increasing the lateral slope. * 

Gyroscopes.—This subject is not suitable for a corner in 
along paper. Wewill only touch on it paces A large gyro- 
—_ rotating [not as the ‘‘Gnome” usually does, axially 
with the aeroplane, but running as if it were a wheel 
running forward] will tend to maintain horizontality 

inst lateral rolling, because it will tend toadvance the 
wing which is lowered ; this tendency, if encouraged, will 
give it extra lift. This applies to. both wi and so far 
we have the germ of a device. It has no effect on pitch- 
ing. If, however, we try to bank, it will oppose itself 
thereto—a matter of no great moment, since we can easily 


Fig. 8. 
“FPaised Flap 






Fig. 9. 
(3285. c) 


overpower it. The chief objection would seem to be that 
it will tend to maintain any banked attitude once it has 
been reached, including dangerous banks on to which we 
we be thrown by a strong gust. 

There are two matters of interest in connection with 
gyroscopes of the dimensions of the 100 ‘‘Gnome” engine : 
one is to know what is the order of magnitude of the 
gyrostatic couple; the other is to realise that the gyro- 
static couple vanishes as soon as the aeroplane begins to 
yield at the rate called for by the precession. This second 
fact is almost always ignored by the vague inventor, 
of whom there are so many, and who count on a con- 
tinuance of the effect until the righting is achieved. For 
all this, it is useful to have the results of calculation and 
experiments which were made for a different purpose, and 
which show the disturbing effect of a 100 ‘‘ Gnome” engine 
and propeller together under legitimate but extreme con- 
ditions of quick diving and quick turning. 

This work showed that :— 

(a) The gyrostatic effect of the propeller alone is a trifle 
greater than that of the ‘‘Gnome” engine which drives 
it—say as 184 Ib.-ft. is to 140 lb.-ft. when the rate of 
diving or turning is one-third of a radian per second. 

(6) It is unnecessary to make the two effects additive, 
since, by the simple expedient of gearing them in oppo- 
site directions, the couple can be reduced to insignificant 
dimensions. 

(c) The gyro effect of even a 100-horse-power ‘‘ Gnome” 
is not nearly as important as often supposed, and can 
be counte’ by elevator and warp movements of small 
dimensions, even when turns and dips of considerable 
sharpness are executed. 

(d} The developing of a large gyro couple can be caused 
only by trick flying of a kind in any case to be dis- 
countenanced. 

(e) The total gyro effect of engine and propeller 
together in the above case is 324 lb.-ft. for turning by 
ruddering one revolution in 20 seconds. 

(f) The total gyro effect of engine and propeller is 
330 lb.-ft. for turning down by elevator at the fast rate 
which would relieve the pilot of any sensation of weight 
on his seat in a 60-miles-per-hour aeroplane. 

Even these maximum couples are well within the con- 
trols. They give just the same sensation, and call for the 
same correction as gusts of moderate force. 

General Methods. — Joussaint and Lepére, having 
evolved a velometer (July, 1912), using a Pitot tube, pro- 
pose to employ the diaphragm of the recorder to control 
the elevator through a relay. This would t their 
device into the class ‘‘speed-maintainers,” but they com- 
bine with it a lateral balance apparatus. They pierce a 
number of holes in the upper and lower of the 

i fit these holes with tubes carrying the algebraic 
totalised pressure difference between one wing and the 
other to a diaphragm, which actuates a lever, which, in 
turn, operates electric relays (or pneumatic relays) to 
warp the wings. The elaboration is very great, and it 
does not appear clearly that the simpler methods of 
balancing wing pressure, &c., are not at least equally 
good—at any rate, what the authors achieve is nob 
“the automatic stabilisation” indicated in the title 

the description. 


——— 





to 
anne the Disturbance.—The author ventures with 
some diffidence upon a device relating to soaring, 
but bearing on this subject. Whatever disturbance an 


aeroplane is suffering from, its rectification inevitably 





* Mr. Wildeblood’s models are o very successful that 
I should like to know more about them than is disclosed 
by his patent before pronouncing on them. 








takes time, during which the machine covers an amount 
of space which may cause a critical situation. Accord. 
ingly, therefore, we must seek for prevention rather than 
cure. The human operation of the controls to outvie the 
effect of ts is never more than a cure. cannot 
feel the velocity of his movements, nor even an accelera- 
tion, but he is extraordinarily sensitive to a change of 
acceleration. It is to this sensitiveness that human flight is 
in large measure due. So long as man control dominates, 
& concentration of the mass to allow this sensitiveness to 
operate is uired, while the conditions of aeroplane 
building inevitably distribute the masses a good deal. 
In the author’s earliest flights he noticed the distinctness 
of the double blow produced by a gust first on the front 
plane and then on the back plane, and from that con- 
cluded that a forward feeler would anticipate the truth. To 
make this anticipation quantitative it seemed that the 
best forecast of the probable effect of the gust would be 
conveyed by a measure of its acceleration. [Note—not 
the acceleration of the aeroplane in relation to the 
air which it is in, but of the gust.] Any air-accelero. 
meter would do. A simple form consists of a light 
ante of good aspect ratio, near which hangs a mass 
duly sheltered from the wind). The amount of separa- 
tion occurring between the vane and the bob measures 
the air acceleration. One feeler is placed forward of 
each wing. A sort of caliper which measures this sepa- 
ration is made to control a pneumatic motor which alters 
the curvature of the a wing negatively for a 
positive acceleration, and vice versd. If both feelers get 
a head-on gust, both act. It will be observed that as 
there is pre-warning of the movement of the centre of 
pressure, this can also be used to inflect the tail so as to 
counteract the upsetting moment due to this movement 
of the centre of pressure. 

A vertical up gust has the effect of separating the vane 
and bob as if it was an acceleration, and so long as the 
vertical gust lasts the aeroplane needs less lift and the 
flattening out of the wings is therefore appropriate. A 
peculiar feature of the device is that it utilises the one 
and, the author believes, only air-difference which exists 
between a side- and a side-slip—viz., that the gust 
strikes first one wing and then the other, whereas a side-slip 
strikes both simultaneously. Thus on a side-slip occur- 
ring, both feelers are equally affected so long as there is 
side acceleration and no out-of-balance warping is intro- 
duced to aggravate the side-slip. Side-slip is cured by 
the action of the top tin, which should provide against 
it. The device, by anticipating the strength of the gust, 
eliminates the objection toa top fin, which is, that it forms 
a target fora gust. It is well to remember that a gust is 
not a gust, as far as the aeroplane is concerned, as soon as 
the aeroplane as a whole has taken up the speed and 
direction which the gust seeks to impose. This is the 
foundation of the use of the air-accelerometer. 

tation of Elevator M t.—Mr. A. Sée has 
advoeated protecting the flyer from his own rashness in 
using his elevator too fiercely for descent. Imbued with 
the fact that a much-depressed elevator gives an inverted 
longitudinal V, he suggests either a stop, presumably 
such that the inver V is not reached ; or a spring 
giving by its stiffness warning to the flyer that he has 
reached this point; or a front elevator convex down- 
wards ; or the automatic operation of the elevator like the 
Doutre. The difficulty of accepting these views outright 
is shown by the fact that the flyer must be allowed to 
determine his course ; and it is a case for tentative trials 
as to how far such restriction can be tolerated. 


a APPENDIX, 

Doutre stabiliser, 1912 model (see Fig. 10) weighs 44 lb. 
The air speed causes a pressure on a plate P which 
then compresses a spring R till the plate-shaft rests 
on an abutment for normal travelling speed. If the 
speed falls off, the spring tends to send back the 











(3288.0) 
plate, and this opens one valve of the pneumatic motor 


in the direction for lowering the elevator. In addition & 
floating mass M slides over the shaft along the line of 
flight, being kept centred by a spring on side. T 


springs are stiff enough not to be appreciably affected by 
e fractional weight of M if the aeroplane travels down 
aslope, but they allow M to travel if there is a more 
appreciable eration of the aeroplane. | / 

t is clear that the valve of the pneumatic motor 1s con- 
trolled by the resultant movement of the plate and mass. 
Example :—If the air speed falls off, the plate takes the 
position shown; this pushes the mass forward as shows, 
and o the valve. ad there been a sirens accelera- 
tion in the direction opposed to the wind, the mass M 
would not have come forward, and therefore the elevator 
would not have been depressed. 








Tue IncorroraTep Municipat ExEgcrricat Assocla- 
tion. — Mr. C. E. C. Shawfield having resign’ 
position as president of this Association, consequent on 

is accepting another appointment, necessitating his 
leaving municipal employ at an early date, the Counc! 
have filled the vacancy by electing as president of the 
Association for the remainder of the term—1.e., until — 
Annual Convention in June next—Mr. J. E. Edgcome, 
Kingston-on-Thames, hon. treasurer and past president. 
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DIRECT-CURRENT GEARED TURBO-GENERATOR SET AT CLEVELAND, OHIO. 


CONSTRUCTED BY 


THE WESTINGHOUSE 
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THE annexed engravings show the largest direct- 
current turbo-generator set yet constructed. It was 
designed and built by the Westinghouse Machine Com- 

ny and the Westinghouse Electric and Manufacturing 

mpany, East Pittsburg, Pa. It is installed in one of 
the stations of the Cleve ind Electric Illuminating Com- 
Cleveland, Ohio, and was put in regular service on 
December 10, 1912. A duplicate set is in course of erec- 
tion in the same station, and is almost, if not quite, 
completed. 

The speed of the turbine is 1800 revolutions per minute, 
and the rated capacity of the generator is 3750 kw. It is 
impossible—at least, in the present state of the art—to 
build so large a direct-current generator to operate ab 
this speed, but by interposing a Westinghouse reduction 
gear with a ratio of 1: 10 between the turbine and the 
generator, the latter is driven at 180 revolutions per 
minute, a 8 which does not in the least hamper the 
designer in laying down a machine of liberal proportions 
and the highest electrical efficiency. 

The reduction gear embodies the hydraulically-sup- 
ae ol ‘ floating” pinion ae invented by Mr. George 

estinghouse, which has already been described in our 
columns.* The dynamometer feature of the floating 
frame constitutes en admirable check - oy the accuracy 
of the electrical instruments measuring the output of the 
generator. In fact, in this very installation a decided 
error in the calibration of the wattmeter was detected 
by comparing its readings with those of the power indi- 
cator on the floating frame. 

The line drawings, Figs. 1 and 2, show thé cone 
dimensions of the unit, A Fig. 3 the eutareel ey 
ance of the gear-casing between the turbine ond the 
generator. 

Fig. 4 shows the large double helical r, which is 
100 in. in diameter, with 259 teeth. The helix angle is 
30 deg., and the width of face of each section is 20 in., @ 
total of 40 in. The pinion has 26 teeth, and the ratio 
26: 259 gives the ‘‘ hunting tooth,” which is universally 

ised as a desirable feature in the design of toothed 
gearing The speed of the gears at the pitch-line is 
almost 54 miles per hour. 

At normal capacity, the generator efficiency being 94 per 
cent., the gear transmits 5350 brake horse-power, but on 
several occasions the load has been in excess of 6000 horse- 
power ; and even during this early period of operation, 
when the teeth have not yet acquired the highly polished 
contact surfaces which result from more extended use, 
the r shows no indication that its ultimate safe capa- 
city Sas been anywhere nearly reached. As the entire 
load is carried on a single pinion, this is by far the largest 
example of high-speed transmission gearing in regular 
commercial service. 

It does not exceed in capacity the experimental set 
tested at the Westinghouse hine Company’s Works 
in 1909, but the reduction ratio is twice as great, and the 
turbine speed is 20 per cent. higher. The operating con- 
ditions are naturally more exacting, and the service more 
continuous, than could obtain inany experimental plant, 
and consequently the performance of this gear will be 
unusually interesting as a practical demonstration of — 
sufficiency and the value of the “‘ floating frame” 
struction. ; 

The Westinghouse Machine Company has been active 
in undertaking installations of this sort on account of 
the direct bearing which they have on the matter of 
turbine reduction gearing for marine pulsion, and the 
convenience and rapidity with which valuable stical 
experience may, so to speak, be manufactu It is 
expected that this plant will demonstrate that two gears 
of this size, each with two pinions driven by separate 
turbines, will be sufficient for the largest battleships of 
the Dreadnought class. 

The plant is unusual as an economic venture, in -_ 
the turbines operate non-condensing against back 

sures of from 10 Jb. to 15 lb. above atmosphere, an 
intended for use during the winter months only. In the 


. * ae ENGINEERING, vol. xcii., page 663, November 17, 
1911. 
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heart of the city of Cleveland there is a compact area in 
which there is a large demand for direct-current, com- 
bined with an equally demand for steam heat em | 


the winters, which, in that latitude, are fairly long 


severe. To care for this special set of conditions, the 
Tiluminating Company maintains an auxiliary omnes 


station in this area of concentrated demand, using 


exhaust from the turbines for heating, so that the cost of 


steam for both eleetric current and heating is not appre- 
ciably greater than the cost of steam for heating alone. 





DEVELOPMENT OF THE HYDROPLANE.* 


By Ing. ALESsANDRO GuIDonI, Capitano del Genio 
Navale, Venice. 


As soon as the aeroplane made its appearance and 


commenced to develop, the possibility of using it for 


flight over the sea, either for sport or as a means of offence 
and scouting, was entertained. The problem of starting 
it from the deck of a ship, to which it would return by 
its own means, was gone into, and successful tests were 
made in this respect. Starting from deck was not specially 
difficult, but re-alighting on the ship required the services 
of a most skilful pilot. Later on the machine was fitted 
with floats to enable it to alight upon the water, the 
starting still taking place on deck; but this method was 
more or less of a makeshift, and it has been abandoned, 
since, as in the case of an ordinary aeroplane, ib rendered 





Ko. Fig.4. MACHINE WITH VANES ON FLOATS. 
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the firing of the guns forward impossible so long as the: 
machine remained on deck, ‘ ; 

The real solution to the problem was to build a machine 
capable of rising from the sea and of remaining afloat 
upon it. The first attempts at this were made by Favre, 
in France, and by Curtiss, in America. The first floats 
of both experimenters had a flat surface, inclined to 
the direction of travel, and the action of the water on 
this surface gave rise to a vertical component, which was 
added to the pe pte power of the wings. In the 
course of time, following upon experiments made by 
the different builders, more suitable shapes for the floats 
were arrived at, which, while they still embodied the 
features of hydroplane surfaces, were more or less hull- 
shaped. The competition held at Monaco in the ping ot 
1912, demonstrated the fact that the construction of hydro 
planes had become a practical possibility. It is not 
absolutely necessary that a hydroplane should have a 
height of flight as great as that of an aeroplane, since the 
former can alight anywhere. Further, the air vortices, 
which over land are felt up to great heights, are less preva- 
lent over the sea, since the homogeneous mass of water 
does not give rise to ascending columns of air. In the 
event of an accident to the engine, the landing of a 
hydroplane is not so risky as that of an aeroplane, the 
only danger be 2 a ducking for the pilot ; whilst if his 
machine is well built, he can await assistance upon the 
one of his floats which has withstood the shock on the 
water. 

The author's object, as stated in his paper, was not to 
compare the hydroplane and the aeroplane for monting 


from the military point of view. It was clear] ths pro 


purposes ‘ : 
that the task of a hydroplane was much simpler and easier 
than thatof anaeroplane. From a normal height of flight 
the pilot commanded a view of a large area of the sea, 
upon which the enemy’s ships were visible at a great 
distance, and these could be seen from the — 
much quicker than the ships could discover the hydro- 
plane. In short, the latter could carry out scouting, and 
in doing so it ran the risks which attended all aerial raids ; 
but whilst these risks were not negligible, they were not 
so great as those which attended an aerial raid on land 
over an enemy’s encampment. In regard to the every- 
day use of the hydroplane from the military point of 
view, it might be stated that it would ve valuable for 
watching the coasts. In Italy a number of hydroplane 

* Translation in abstract from the Italian of ts ped 
read, on December 22, 1912, at the annual meeting at 
Spezia, of the Collegio degli Ingegneri Navali e Mecca- 
nici, in Italia. 





stations were being organised, the first of which would 
high speed at which 
them most suitable 


have its centre at sions, which 
hydroplanes could travel rende 
for scouting purposes, but their limited radius of action, 
and the great demands made upon the pilot, would not 
allow of their extended use for this purpose, while suit- 
able weather was a necessary condition for success. 
The main difficulty, in the designing of a hydroplane, 
» whilst afloat, to cause it 
In this connection it should be 
remembered that the highest speed attained by ships 
hitherto built did not exceed 38 knots, whilst aeroplanes 
hh generally exceeded 40, an 
even reached 80 knots. The hull-shaped floats, besides 
to the weight of the machine as compared with an 
ne, transformed it into a gliding machine, which 
wer of the engine and reduced the 
speed much below that of flight in air. At first sight, it 
ht that by increasin 
4 part of the force of gravity would be balanced by the 
vertical air reaction in the wings, resulting in a gradual 
raising of the floats, and leading to a gradual decrease in 
the resistance they offered. In reality, however, if the 
coefficient of fineness did not correspond to the high speed 
desired, or if the glider was not given an adequate shape, 
the total resistance of the machine increased rapidly until 
it corresponded in value to the propeller thrust, and this 
much below that of flight, which 
the “critical speed.” Referring to the | rising of the machine. 


is to obtain the necessary s' water. 


to rise in the air. 


absorbed the whole 


pick up and d 








FLOATS FITTED 





WITH HYDROPLANE FLOAT. 


a vertical com 
gliding float. 





lained that Fig. 1 showed the 
ift” increased with the speed 
droplane having a coefficient of 
t took place at the point where 
the curve crossed the horizontal line representing the 
weight of the machine. The diagram, Fig. 2, gave 
peller-thrust, and also the resistance off 
the machine both by the water and the air. 
of total resistance had the final ordinate equal to that of 
pao thrust, but also cae the —- oe Ky < 
mediate point corresponding to the critical s » above 
referred to, which could not be surmounted by the 
machine. This could be shown in actual practice by 
increasing the thrust temporarily, 
means, when, on surmounting the 
speed, the machine would reach the flight speed. 
problem could be solved and 


diagrams, the author ex 
manner in which the “ 
in the case of a h 
fineness of 0.60; fli 


ad both advan 
advantages might 





hand, however, the sha: 
sistent with strength ; they had sharp ed 
not easy to maintain water-tight; on 

shock came directly on the floats, and 
long, the vertical com- 


water surface the 
the hydroplane area being ver 
ponent of the water pressure hich was produced during 
gliding had a very limited value, so that the machine 
required more time and a larger space in which to rise than 
in the second method above referred to. In a similar 
manner, as the speed gradually increased, the vertical 
thrust on the aeroplane and hydroplane portions gradually 
increased also until the weight of the machine was com- 
pletely balanced ; from that instant the floats acted solely 
as hydroplane surfaces, and emerged _—~y = as their 
resistance decreased, it being nil when 

— the surface of the water. 
an > ve pro 
which % woul 





by towing or other 


(1) by givi Eoiuder oo. 
8: giving the glider a coeffi- 
t flying speed could be 

ual rising ; (2) by fitting the glider 
y adopting a glider of the hydroplane 
first case there were almost insuperable 

of from 45 to 50 miles per hour 
cient of fineness of less than 0.35 ; 
for example, a float half a cubic metre in volume, having 
normal breadth and immersion, would have to be 15 m. 


solved in different wa 
cient of fineness suc’ 


difficulties, since a s 








(over 49 ft.) in length. Even then, with such dimen- 
‘ were not conducive to a strong and light 
float, it was not certain that the object in view would 
be attained, since at a high speed the wave action might 
have a disturbing effect (see diagram, Fig. 3). 
second method had the advantage of enabling the float 
to be given the most suitable shape as regard 
and hghtness, without considering its resistance in the 
From the diagrams (Figs. 4 and 5) it would be seen 
that the vanes, which had, of course, to be fitted under- 
neath the floats, created a vertical thrust, which assisted 
the ‘‘lift” of the aeroplane, and that the curve of 
“‘lift” met the line of weight at a point corresponding to 
a speed much below that of flight. At this speed the floats 
emerged completely, the water resistance was limited to 
that on the vanes, and decreased rapid 
left the water. The vanes could made of very small 
dimensions (see Figs. 24 and 25), and in flight they did not 
give rise to forces such as would disturb equilibrium to 
any great extent ; the glider could be given the shape which 
offered the least resistance to flight, and at the same time 
it was not necessary to give it the flat-bottom surface 
which obtained in pure hydroplane gliders. The dis- 
advantages of this method were, in the first place, the 
increase in weight due to the vanes ; in the second 
the vanes, which projected below the floats, were liable to 
] rag along seaweed and other substances, 
which tended to decrease the speed and thus impede the 


«3. MACHINE WITH FLOAT ON VERY FINE LINES. 
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| The third method was the one generally followed. It 
| consisted in giving the hull a shape suitable for obtaining 
ment of the water reaction upon the 
n order to obtain this, it was sufficient for 
the bottom of the float to be a plane surface, especially at 
the aft portion, the longitudinal trim being such that the 
lane travelled under a positive incidence. This method 
and disadvantages. Among the 

Ln ta; mentioned a saving in weight ; the 
possibility of the machine rising even in roadsteads which 
were not free from seaweed ; 
ing on land in case of absolute necessity. On the other 
of the floats was hardly con- 
which were 
ighting on the 





strength 


ly as these gradually 


lace, 


and the possibility of alight- 


the machine 
The diagrams, Figs. 6 
ler thrust and resistance curves, from 
be seen that acceleration, due to the 
difference between these two forces, was less than in the 
second method ; hence the time taken, and the distance 
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run by the machine for attaining the speed of flight, were | 


greater. 


It was interesting to consider the equilibrium of the appa- 
ratus from the instant at which it started in motion to that 
at which it commenced flying. Atany moment a state of 


) 








“REP” 


Teally the case. The forces were the following: The pro- | system. (6) The vertical reaction on the hydroplane 
peller thrust which, on the speed increasing, decreased until vanes, the value of which was given in the diagram, 
it reached the constant value which obtained in — Fig. 4, rising up to a maximum figure, then decreas- 
(2) The resistance of the machine in the air, exe’ at'ing to zero, and exerted at their centre of pressure, 
the centre of pressure, which might be taken to vary as the position of which varied. (7) The resistance of 
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Fig.17. “SHORT” 

















Fig. 2 








equilibrium must exist between the mechanical forces and | the square of the speed. (3) The supporting force, or | always zero, since it was 
. . In the case of a/| the vertical reaction of the air against t 
machine having floats fitted with vanes there was an 


€ mass-acceleration of the machine. 
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the floats to forward travel in the water, which might 











7 be taken as proportional to the immersed midship 
section and to the square of the speed. (8) The re- 
sistance of the hydroplane vanes to forward travel in 
the water, which might be taken as proportional to their 














immersed surface, and to the square of the speed. (9) The 
inertia of the machine, equal at any moment to the mass 
multiplied by the acceleration and exerted at the centre 
of gravity. 

There were thus in all nine forces, five being vertical 
im and four horizontal, which at every instant had to balance 





4366.7 





each other. The resultant couples, which varied with the 
8 , Were & maximum at the commencement of travel in 
the case considered (see diagram, Fig. 8), the axis of the 
machine being taken as horizontal ; it became zero ata 
speed of 11.5 metres per second, then rising to the value 
attained in flight, which averaged 60 . Ib was 
interesting to note that the resultant couple in the first 
period tended to tilt the machine astern, but later to 
tilt it forward In reality the resultant couple was 

boleneed by the couple of longi- 
e surface of the | tudinal stability of the glider, the immersion rudders of 








aggre- | aeroplane wings, also exerted at the centre of pressure, |the machine coming into play; owing to this 
wards in 


Bation of forces which varied continuously, their point of | and increasing as the square of the speed. (4) Gravity|the machine had a tendency to incline bac 


lication varying also. It was necessary to ascertain both 


which was constant and exerted at the centre of gravity. | the first period of movement; it then took a horizontal 


He vertical and horizontal components, taking the direc- | (5) The vertical reaction on the floats, due to their im-|turn, and would incline forward were the immersion 


fon of motion to be horizontal, although such was not | mersion, exerted at the centre of buoyancy of the| rudders not to come into play. 
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could be carried out in a Froude tank with the aid of an 
aero-dynamometer ; since, however, there were limits to 
the speed that could be attained, it was not possible from 
tank tests to obtain all the required data, but the curves 

iven were sufficient for arriving at the missing values 
ft was, however, difficult to manufacture an actual 
machine on the basis of the component parts of the model, 
when hypotheses had to be worked to which had not been 
confirmed by tests made in actual practice. 

Tke floats, the author continued, had to meet the 
following conditions:—They should be both light and 
strong, so that whilst not of great weight, they could resist 
both the shocks which occurred on “landing” and the 
wave-action during a lengthy stay afloat. They should 
offer a minimum resistance to travel, both in the air and 
on the water. They should not contain lateral surfaces, 
which, being below the centre of pressure, might 
disturb the equilibrium of the machine in transverse 
gusts of wind. Their volume should be such as to 
ensure a good reserve of buoyancy when the machine 
glided on the water. Whatever their number and 


an inclined plane, made, in some instances (Donnet- 
Lévéque, Nieuport), with a step. Every builder had, of 
course, advocated his own pattern; the parallelopiped 
shape prevailed owing to the ease of construction and 
economy in material. There were also several in which 
the stern was square and the stem pointed, others 
were boat-shaped, and some were cylindrical. The 
latter form gave the least surface for a given volume, and 
in addition to combining strength and lightness, did not 
require longitudinal stiffness. It further the advan- 
tage of creating but little resistance in the air, and of not 
giving rise to yas | pressures which disturbed equili- 

rium in flight, but the disadvantage of offering high 
resistance in the water, rendering n the use of 
—— inclined planes to facilitate the floats rising 
out of the water. The volume of the floats should be at 
least double their displacement with the engine at a 
standstill, and, whatever their shape, it was advisable 
that the reserve of buoyancy be such as to ensure stability 
in the presence of a breeze, and to prevent the stem from 


plunging, especially on starting. 
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PARTICULARS OF HYDROPLANES. 
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Types. No. all Span. Length. Weight. Motor. Speed. System and Location of Floats, 
sq. ft. ft. in. ft. in. Ib. h.-p. statute miles 
per hour | 

Rep .. -, 910 215,28 38 1 24 7 880 77. | Central. 
Ourtiss om -+| 11-12 | 221.74 2 8 27 3 946 85 Curtis 68.3 to 74.5 | Ditto. 
Donnet-Lévéque .. 13-14 182.99 31 2 28 10 726 50 Gnome 68.3 } Ditto. 

” ° ~ | 226.06 34 «6 31 2 836 80 ” 80.8 | Ditto. 
Short .. ..| 15-16; 588.21 | 49 2 41 4 -— ~ - | Lateral and lenticular-shaped. 

aries . 17-18] 441.33 | 41 8! 8210 - | Central, also lenticular - shaped, 
| | lateral. 
Caudron - 19-20) 226.04 27 11 21 4 -- 50 Gnome — | Lateral and lens-shaped. 
Voisin... | 495.15 44 3 27 11 — — Ditto, 
Borel .. oe 193.75 37:9 28 8 — 80 Gnome 68.3 Lateral. 
Sanchez- Besa — | 602.04 64 6 37 9 100 Renault 55.9 } Ditto 
Calderara .. +| — | 7658.60 57 9 52 6 1694 | 100 Gnome _ | Central and lateral, floats pro- 
E | | vided with vanes. 

Nieuport... = 247.57 40 2' 26 8 924 | 190 ‘-. 80.8 Lateral. 
Astra .. os | = 538.21 40 4 36 1 17 | 100 Renault 62.0 } Ditto. 
H. Farman - 21-22) 53821 43 4 7 3 | 70 Gnome 59.9 Ditto. 
M. Farman | — | 602.80 5310 | 42 8 — | — —_ Ditto. 
Train .. — 258.33 42 5 27 8 -- 80 Gnome 62.0 Central. 
Guidoni 23-24 638.21 46 8 39 4 1276 7 am 43.5 Lateral, provided with vanes. 

~ 25-26 301.39 “467 27 11 1100 | TW we 59.0 Ditto. 
shape, the transverse and longitudinal metacentric| In the construction of floats metal was less suitable th: 


height should be sufficient to ensure stability, even 
when the engine was rotrunning. Their number varied 
from two to four; generally three were used, two being 
placed under the main y, and an auxiliary one 
° the tail to maintain the —- in Smee when 
the engine was at a standstill. In the types wrongl 

termed single-float types (Donnet-Lévéque, Curtiss), 
there were, in addition to the central elongated float, two 
small lateral ones, which supported the machine sideways 
when the engine was not running. In order to decrease 
resistance in the air and afloat, the lenticular shape 
adopted for the first Curtiss and Favre hydroplanes had 
been abandoned. It was true that these machines had 
inclined ngs which facilitated rising from the water, 
but in the air the floats offered hi zhly resisting areas 
owing to their inclination, and this led to a lowering of the 
centre of pressure of the machine. The main floats were 
then given a more elongated shape, the bottom forming 








wood, though some builders used brass sheets for making 
the x»uxiliary floats, but with indifferent results. The 
thickness of iron or brass walls could not exceed 0.5 mm., 
and that of aluminium walls 1.2mm. The most suitable 
wood was mahogany or cedar, the walls being made of at 
least two layers, having impregnated canvas between 
them, and joined together by copper rivets. The gliders 
could be separated into water-tight compartments, using 
carefully-varnished canvas partitions, and, with a view to 
increase safety, air-bags might be placed inside the com- 

ents. It was necessary to prevent the machine 
rom “‘landing” at a high vertical speed, when fracture 


of celluloid in acetone and amyl acetate applied hot, 
This mixture caused the wood layers to adhere strongly 
together, and rendered the float perfectly water-tight. 

The author summarised the data of a number of 
hydroplanes in the annexed table. They could be divided 
into two classes—t.e., those having a central float and 
those having lateral floats. To the first belonged the 
Rep, Curtiss, Donnet-Lévéque, and Short machines ; al] 
the others belonged to the second class. 

Successful experiments had been carried out at Spezia 
Arsenal with two floats provided with vanes, the object 
being to arrive at a system suitable for fitting to different 
tyves of aeroplanes. Messrs. Ginocchio and Crocco, 
officers in the Italian navy, had also experimented with 
a hydroplane of great strength, built up of steel and wood, 
which, unfortunately, came to grief in the course of the 
first trials. The experiments were being continued at 
Venice arsenal with a new machine. 

In conclusion, the author said that so far there was no 
real type of hydroplane in existence, since all the large 
French manufacturers had simply, and with more or less 
satisfactory results, adapted floats to their ordinary types 
of aeroplanes. From the very first experiments of Voisin, 
Favre, and Curtiss, however, machines had thus been 
obtained which were able to keep the sea for a certain 
time, to navigate at a reduced speed, to rise from and to 
alight on a slightly rough sea, and to carry out the same 
evolutions as ordinary aeroplanes. It was to be hoped that 
the work still being carried out by the builders would lead 
to further progress in this important branch of aviation. 





Bexcian Biast Furnaces.—The number of furnaces 
in blast in Belgium and the Luxembourg at the com- 
mencement of the new year was 49, as compared with 44 
at the commencement of 1912. The number of furnaces 
out of blast was six in each year. The total of 49 was 
made up as follows :—Hainaut and Brabant, 22; Liége 
group, 21; Luxembourg, 6. The production of pig in 
Belgium and the Luxembourg last year was 2,344,910 
tons, as compared with 2,106,020 tons in 1911. The out- 
put of 1912 was made up as follows :—Puddling pig, 
47,910 tons; casting pig, 97,750 tons; and steel pig, 
2,199,250 tons. 





THe NorTHAMPTON INsTITUTE.—The day students of 
the Northampton Institute have established a monthly 
journal, the first issue of which was made last month. 
Amongst the articles published is one giving an abstract 
of a presidential address delivered to the Engineering 
Society by Dr. R. M. Walmsley, the principal of the 
Institute. In this, Dr. Walmsley laid great emphasis on 
the importance of the students systematically indexing 
the technical journals. The first part of a paper by Mr. 
F. M. Denton, A.C.G.I., on the ‘‘ Homopolar Generator” 
is also published, and in another paper Mr. C. M. Dowse, 
A.M.I.E.E., discusses ‘‘The Rival Systems of Radio- 


telegraphy.” 


AMERICAN PrErro_euM. — Last year’s production of 
petroleum in the United States was 220,200,000 barrels, 
as compared with 220,449,390 barrels in 1911. California 

roduced 87,000,000 barrels last year; Oklahoma, 52,000,000; 

llinois, 28.000,000 ; Louisiana, 10,000,000 ; West Vir- 
ginia, 11,800,000 ; and Texas, 10,500,000. The production 
of American petroleum during the ten years ended with 
1912, inclusive, was as follows :— 





Year. Gallons. Year. Gallons. 

1908... 4,219,376,000 1908. . 7,498, 148,000 
1904... 4,917,400,320 1999... 7,693, 177,000 
1905... 5,658, 138,360 1910.. 8,801,354,000 
1906. . 5,312,745,000 1911.. .. 9,260,893,300 
1907.. 6,976,004,000 1912.. .. 9,248,400,000 


American petroleum stocks are being generally reduced, 
demand having outstripped production. 





Srurtevant’s “TRiPLe-Ducr” Timper-Dryer.—To all 
conversant with the seasoning of timber, the difficulty 
of satisfactorily seasoning and ped hard wood as 
com pai with soft wood is well known. The causes 
of this difficulty are well understood, and they are of 8 
kind not easily overcome. The hard wood does not readily 
part with its moisture on account of the closeness of 
grain, and if dry hot air be applied in order to hasten the 
process the wood invariably warps and splits, for before 
the moisture is evaporated from the interior the skin 
becomes hard and dry; this confines the internal moisture 
and retards the seasoning process. In order to overcome 
these difficulties, the Sturtevant Engineering Company, 
Limited, 147, Queen Victoria-street, ndon, have 
designed and patented what wy 2 call a ‘‘tmple- 
duct” timber-dryer, which, it is claimed, will season 
hard-wood timber quickly and well. It consists of 
a number of compartments, in which the timber 
placed, and in which air under proper control, as far 3 
temperature and humidity are concerned, circulates. 
Large baulks of hard wood are piled in a compartment, 
and are first subjected to the gentle action of moist, 000 
air. The temperature can ually raised as Te 
uired, and the timber warmed up without the outer 
skin becoming dried. The temperature can then 
slowly raised, while the humidity is at the same — 
gradually decreased. When the drying process is nearly 
complete warm dry air is admitted, and the process 18 
fini . In the other compartments of the fa pre 
smaller pieces of hard or soft wood can be treated at | 
same time. The circulation of the air is wholly —— 
and under the control of dampers, and is not dependen 





of the float planking was sure to occur. In this connec- 
tion it was advisable that the sheathing should not be 
continuous from stem to stern, but should have a trans- 
verse line of least resistance, along which fracture can | 
take place, and leave the stern portion intact. The best | 
mixture for impregnating the canvas was a solution 


on the draught of a chimney, which may be affected by 
saneeshene’ conditions. It 2 claimed that all kinds of 
wood can be treated with equal facility. In connection 
with these dryers special recording hydrometers are U nm 
and a registering instrument which automatically in 
cates the readings of the hydrometers is installed. 
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THE CURTIS TURBINES OF THE SCOUTS 
‘*MARSALA” AND “ NINO BIXIO.”* 


By Commr.-Ingr. Virror1o Matratti, Naples. 


Ow1NnG to the forthcoming trials of the scouts Nino 
Bixio and Marsala, the first ships in the Italian Navy to 
be fitted with Curtis turbines, the author thought the 
following notes concerning the application of this type of 
turbine would prove of interest to the meeting. He there- 
fore proposed to give a general description of the Curtis 
turbine. 

The first application of any importance was made on 
the United States cruiser Salem, which has a displacement 





of 3750 tons and a speed of 24 knots. The two turbines 
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sentative of types which had reached a notable degree | 
of perfection owing to numerous former applications. * 

he United States at then adopted Curtis turbines | 
for their battleship North Dakota, of 20,000 tons dis- | 
placement and 21 knots speed. This was fitted with two 
turbines 3.658 m. (12 ft.) in diameter, designed to develop 
each 12,500 shaft horse-power at 245 revolutions. These 
turbines contained marked improvements over the former 
ones, both in the matter of greater facility of manufacture | 
and strength combined with lightness. In actual work- | 
ing they answered all requirements, and with the excep- | 
ticn of a few slight variations, they had served as a type | 
for further ships, including the most recent ones. Those 
of the Marsala and Nino Bixio, built in 1911, are de- 
scribed by the author further on. In regard to the tur- 
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bines of the North Dakota, he 














limited his statements to the fact 
that they had nine ahead stages 
and two astern, the first of the 
latter being provided with five 
rows of moving blades, the second 


having four. At the full-power 
trials, and with a speed of 280 
revolutions, the turoines deve- 
loped 31,826 shaft horse-power on 
the two shafts, as measured by 
a Fiéttinger torsion-meter. The 
steam consumption of the tur- 
bines alone amuunted to 6.169 kg. 
(13,595 lb.) per horse-power hour. 
The North Dakota was followed 
im the course of abouta year by the 
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three destroyers, Sterrett, Perkins, 
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had a mean diameter of 3.050 m. (10 ft.), and were 
designed to develop 16,000 shaft horse-power at 350 revo- 
lutions. They had seven ahead stages and two astern 
stages, contained in a single casing, with a common 
exhaust to the condenser. All the wheels had three 
rows of moving blades each, except the first ahead s 

ch had four. The results of this first installation 
froved satisfactory ; at the full-power trials the two tur- 
ines developed 19,200 shaft horse-power at 378 revolu- 
Hons, with a steam consumption of 6.686 kg. (14.735 Ib.) 
per shaft horse-power hour. In competitive trials with 
Paler ships having either reciprocating engines or 
‘rsons turbines the Salem came out satisfactorily, not- 
withstanding the fact that the rival engines were repre- 


* Translation in abstract from the Italian of a paper 
read on December 22, 1912, at the annual meeting, beld 


Dict, in italia, 


at Spezia. of the Collegio degli Ingegneri Navali e Mecca- 





and Walke, of 742 tons and 29.5 
i knots, each of which was fitted 
! with two Curtis turbines, having 
1.829 m. (6 ft.) mean diameter. 
Those of the Sterrett developed 
| 12,789 shaft horse-power at the 
; trials at a speed of 631 revolutions, 
the steam consumption for the 
main and auxiliary engines being 
| 6.580 kg. (14.5 lb.) per shaft horse- 
power developed by the turbines 
,! alone ; the two other boats gave 
similar results. This constituted 
the first application of Curtis tur- 
bines to small warships; they were 
characterised by a comparativel 
small diameter and by a hig 
speed. The ahead pressure s' 
amounted to fourteen. A further 
application was that on the United 
States destroyer Henley, practically similar to the three 
former ones. 'I'his vescel had twoOurtis turbines, each 1.6m. 
(63 in.) in mean diameter, designed to develop 5500 shaft 
horse-power at 585 revolutions.’ Forward of each turbine 
was fitted a small compound reciprocating engine, con- 
nected to the turbine-shaft by means of a jaw-clutch. The 
diameter of the high-pressure cylinder was 267 mm. 
(10.512 in.); that of the low-pressure cylinder, 559 mm. 
(22 in.) ; the stroke being 254 mm. (10in.). This engine 
ran only for speeds below 16 knots, taking steam directly 
from the boilers and exhausting into the corresponding 
turbine at an approximately atmospheric pressure. The 
results of the trials at sea were not yet known, but the works 
trials had shown that the saving to be derived by the 
| arrangement at low speeds was an important one. A 
| similar arrangement had been selected for two of the eight 
destroyers recently ordered by the United States Navy. 








* See ENGINEERING, vol. lxxxix., page 537. 





One of the two battleships commenced this year (1912) 
by the United States, the Nevada (27,900 tons and 20.5 
knots) was to be provided with propelling machinery of 
26,500 shaft horse-power, the two shafts to be driven each 
by two Curtis turbines, a high-pressure one, 3.353 m. 
(11 ft.) in diameter, and a low-pressure one, 3.305 m. 
(10 ft. 10 in.) in diameter, the astern turbine being in the 
low-pressure turbine — 

The Japanese Navy had in use, at the present time, 
Curtis turbines for a total of 210,000 shaft horse-power, 
including the ships built and now building; all these ships 
had two propellers, except a battleship-cruiser in course 
of construction, in which the total power of 64,000 horse- 
power was to be distributed on four shafts. The Argen- 
tine Dreadnoughts Rivadavia and Moreno, 28,000 tons 
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and 22.5 knots, were each fitted with three Curtis turbines 
on three shafts, each 3.353 m. in mean diameter, with 
eighteen ahead stages, and two astern, developing together 
45,000 shaft horse-power at a speed of 275 revolutions. 

When, in 1910, the question of the machinery for the 
two scouts, Marsala and Nino Bixio, came up for con- 
sideration, it was decided to use the Curtis turbine, this 
being the first application of this type of turbine in the 
Italian Navy. Among the different proposals which were 
put forward that embodying the Curtis turbine was found 
to be the one which best met the conditions for the dis- 
tribution of the machinery on board the two ships in 
question. The latter are sister-ships, of the following 
principal dimensions :— 


Length between perpendiculars 131.40 m. (431 ft.) 


Main breadth : ... 13.04 m. (42 ft. 9 in.) 
Mean draught _... et ; SI Oe CoD 
Corresponding displacement 4576 tons 
Power of engines ... a 22,500 s.h.-p. 

s ie oa 28 knots 


The propelling machinery consists of three turbines, each 
driving a propeller, and all supplied with steam from four- 
teen Blechynden boilers. The arrangement of boilers and 
turbines in the ship is as follows :—-No. 1 compartment 
bas six boilers, exhausting their gases into two funnels; 
No. 2 compartment, one turbine with its auxiliaries ; 
No. 3, four boilers with one funnel; No. 4, one turbine 
with auxiliaries ; No. 5, four boilers ; and No. 6, a turbine. 
Each group of boilers supplies the turbine placed imme- 
diately aft. Thus there are three sets of machinery, which 
may be worked practically independent one of the other. 

A longitudinal section through one of the turbines is 
given in Fig. 1. It shows both the ahead and the astern 
turbines ; both are in the same casing. The former has 
sixteen and the second two pressure stages. The first 
pressure stage of the ahead turbine has four rows of 
moving blades, then follow five pressure stages each with 
three rows, the remaining ten having two rows each. The 
first and second pressure stages of the astern turbine have 
five and four rows of moving blades respectively. The 
mean diameter of the blading in the turbine is 
2.032 m. (6 ft. 8in.). The moving blades of each of the 
five pressure stages in the ahead turbine are mounted on 
five separate wheels, whilst all the moving blades of the 
remaining eleven pressure stages are fitted to a drum. 
The object of this arrangement is to obtain between the 
two ends of the drum a pressure drop te partially balance 
the propeller thrust and to reduce the load on the thrust- 
block. ‘The two stages of the astern turbine consist of two 
wheels separated by a diaphragm. The steam inlet is at 
the top ot the forward end of the ahead turbine, and at 
the top of the aft end of the astern one. 

The casing is of cast iron, divided longitudinally into a 
lower and an upper half, each in three parts, as shown in 
Figs. land 2. ‘the ends are cast in one piece with the 
muin casing, and are bolted to the supports for the bearings 
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TABLE I.—CURTIS TURBINES OF THE SCOUTS “MARSALA” AND “NINO BIXIO.” 
| WHEELS. DRUM. 
Ty lhe eee Gee cc pe Sel j a — 
L 2. 3. 4. 5. | 6. 7 | 8 | Se ee Re ee “m | 16 16, 
= | | } | ee 
tm.| 186 6.4 4.6 38 22 | 16 | 1.08 | 086 | 067 | 0.622/| 0415 | 0.918 | 0950 | 0.193 | 0.152 | O.114 
ne ea ree “a. pet “q. in. ) (73) (94) (67) (48) (83), (23) (15.8) (12.6) (9.8) | (7.6) 6 (4.6) (3.6) (2.8) (2.2) (1.6) 
Corresponding dryness fraction | 0.98 | 0.9705 0.968 | 0.956 0.949 | 0.942 | 0.935 | 0. | 0.9235 | 0.918 | 0.912 | 0,906 0.901 0.5945 | 0.889 0.8835 
Absolute pressure at d .. atm.) 6.4 4.6 $3 | 22% 16 | 108 | 0.86 | 0.67 | 0,592 | 0.415 | 0.318 | 0.250 0.193 0.152 0.114 0.086 
(Ib. per sq. in.) (94) (67) (48) (33) , (23) (15.8) (126) | (8) | (7.6) (6) (4.6) | (8.6) (2.8) (22) | (1.6) | (1.2) 
Velocity of steam at discharge .. m. per sec. 631 345 345 345 | 281 281 | 21 281 281 281 281 281 | 281 28] 
(ft. per sec.) 2070 (1182) | (1182) (1132) (1182) | (1132) (922) (922) (922) (922) (922) (922) | (922) (922) (922) (922) 
Total section at throat of nozzies 8q. decm. —- 1.3863 1.9192 | 2.63 3.9809 | 5.27 7.87 9.98 | 12.61 16.06 20.49 26.20 | 34.39 43.85 56.99 69.22 
(sq. in.) — (21.4) (29.6) (41) (61) (81) (122) (154.5) | (195.5) | (248) (317.5) (406) | (633) | (680) | (868) (1073) 
Diaphragm clearance .. .. .. mm —_ | 0.38 0.5 0.638 «©6«0.76—«| «0.76 «=| «0.88 | O88 | O83 | 0.83 0.83 0.88 0.83 | 0.83 0.83 0.83 
(in.)  — | (0.0149) (0.0196) | (0.0248) (0.0299) (0.0299) (0.0826) (0.0826)| (0.0826)| (0.0826)} (0.0826) (0.0826) (0.0826) | (0.0326) | (0.0326) | (0.0326) 
Net section available for leakage 8q. cm, — 5 96 8.00 10.20 11.80 (1220 | 51. 50.00 49.60 | 49.30 48.70 48.10 47.10 | 46,10 45.30 45.10 
. in.) — (0.920) (1.240) | (1.580) (1.830) | (1.890) | (8.000) | (7.750) | (7.680) (7.640) | (7.550) (7.450) | (7.300) (7.140) | (7 020) (6.990) 
Mean diameter of blading m.| 2,082 2.082 2.082 | 2.032 2.032 | 2082 | 2.082 | 2.032) | 2.082 | 2.032 | 2.045 2.064 | 2.064 | 2073 | 2 2.108 
(6 ft. 8 in.)\(6ft 8in) (6ft. 8in)|(6ft. Sin) (6ft.8in.) (6ft-Sin.) (6ft.8in ) (6ft.Sin.)|(6ft. Sin) |(6ft. Sin) (6 ft. 84 in.) (6ft. Sfin.) (6ft. 9} in.) (6ft. 9} in.) (6ft. 10in.) (64t. 11in.) 
Nozzle angle of discharge ie -. deg. 20 20 20 20 20 20 20 20 > - ae | 20 20 20 | 20 | 8 25 
Radial height of nozzles .. oe +» mm, 88 88 38 38 38 32 43 64 | 8 ss | il 141 io) $61 293 
(in.) (1.496) | 1.496 | (1.496) | (1.496) (1.496) | (1.259) (1.692) | (2.126) | (2.716) | (3.464) | (4.370) (5.551) | (7.244) | (9.212) | (10.275) (11.535) 
Axial width of blades . mm, 26.4 &19 19 19 19 | 9 19 ¢ 19 19 19 19 | 26.4 25.4 25 4 
(in.) (1 & 0.748)| (0.748) | (0.748) | (0.748) (0.748) | (0.748) | (0.748) | (0.748) | (0.743) | (0.748) (0.748) (0.748) (0.748) (1) (1) (1) 
Rows of moving blades per stag’ oe ‘ 4 oa 3 3 8 | 3 #. 2 2 | 2 2 2 2 2 | 2 9 
Arc covered by nozzles .. me -- eg. —- 69 O4 130 197 | 33% | 360 360 360 | 360 | 360 360 360 | 360 | 360 360 




















Tabix II.—Principal Dimensions and Weights of Marine | 
Curtis Turbines. 














Battleships. Scouts. Destroyers 
“ Riva- ‘“*Mar- ‘ Perkins,” 
wae “North davia” | sala” and ‘‘Sterrett” 
Dakota.”| and “Nino | and 
|*Moreno” Bixio.” | ‘‘ Walke.” | 
Number of shafts .. 2 3 } 2 2 
Designed full power, 25,000 45,000 | 22,500 12,000 
total 8.H.P. } | 
Over-all length of 9677m. 9.170m. | 6.623 m. _ 5,994 m. 
turbine (31 ft. 9in.) (80 ft lin.) (21ft. 9in.)| (19ft. Sin.) 
Distance between 6.858 m. 6.706 m. | 4.877 m. | 4.572 m. 
centres of main(22ft. Gin.) (22 ft.) (16 ft.) (15 ft.) 


74m. | 2.845 m. | 2.356 m. 


bearings 
Maximum width .. 5.200m. 4.6 
(17 ft. 1 in) (15ft. 4in.)\(9 ft. 4in )) (7ft. 9in.) 
2 785 m 2 


Maximum height .. 4.550m. 4.242m. 7 . | 2337 m, 
(14ft. Llin) (13ft Llin.) (9 ft. 2in.}) (7ft. 8in.) 
Mean diam. of blading 3.658m. 3.353 m. | 2.032m. | 1.829 m, 
(12 ft. (11 ft.) (6ft. 8in.) (6 ft.) 
R.P.M. at full power 245 275 450 610 
Weight of one turbine 181,500kg. 180,000kg.| 47,500 kg. 30,844 kg. 
complete tns. c. q. tns. c. q. t. c. . & 
(178 12 8) (177 3 i 46 15 | 30 


7 
Weight per S.H.P. at 14.5 5 12kg. | 6.34 kg. 5 15 aia 
designed full power (31.95 lb.) (26.45 Ib.) \(18.95 Ib.) | (11.35 Ib.) 
| } 





of the rotor shaft. The rotor consists of a hollow shaft of 
forged steel, on which are keyed the five wheels and the 
drum of the ahead turbine, and the two wheels of the astern 
turbine. There are at the forward end five thrust-collars. 
The drum is a steel casting having eight arms, fitted with 
a forged-steel rim in four rings; the rim is held to the 
drum by two plates riveted on to the arms and rim. 
The plate fitted at the extreme forward end is entire, 
whilst the one at the aft end has eight large openings cut 
in it. It follows that when running ahead the front 
end of the drum is under the pressure which obtains in 
the sixth pressure stage, and the aft end under the 
pressure in the condenser, the turbine-shaft being by this 
means under an end thrust, which opposes the propeller 
thrust. At all pow above half power the thrust of the 
steam exceeds the propeller thrust, and the residual thrust 
is taken up by the front surfaces of the four thrust-rings 
in front of the turbine. 

The five diaph separating the first six pressure 
stages of the ah turbine, and that which separates 
the two stages of the astern turbine, extend down to the 
shaft, with which they make 
They are — of ~~ + > —— - fi 4. ae 
in Fig. 1. e ten diaphragms which separate the last 
ten —~ of the ahead turbine extend down to the drum 
only. The steam thus has al path of larger section 
than in the case of the five ing diaphragms, but, on 
the other hand, the pressure of the steam has only about 
one-tenth of the value. 

The forward end of the casing has an inlet branch cast 
in one piece with it, which contains the nozzles for the 
first ahead running stage, twenty in number, each nozzle 
being provided with a shut-off valve. By this means it 
is possible to reduce the number of nozzles opened, so 
as to maintain at low the maximum steam pressure 
in the inlet branch, and thus prevent any loss due to 
throttling. The nozzles are made of Monel metal (an 
alloy of nickel and copper) screwed to a brass plate, which 
serves as a port face ior the closing valves. Of the 
twenty nozzles, four are of a special type, and only come 
into operation at cruising speeds, for which, as is well 
known, the conditions of pressure in the various stages 
are uray —_— from those which — at the high 
8) © remaining sixteen, it is only necessary 
to utilise twelve for the development of the normal 
maximum power of 7500 shaft-horse wer at 450 
revolutions. The other four are provided in case it is 
required to overload the turbine, utilising the maximum 
quantity of steam which can be produced with oil-fuel 
combustion added to the ordinary coal combustion. A 
the nozzles are rectangular in section, and of the conver- 

nt-dive t type, since the re ratio is less than 


| reproduced herewith, will be found data on the Curtis 


tically a steam-tight joint. | D 
i tted, as sh 


ll | necessary to introduce more locomotives upon previously 


approximating to the atmospheric in the cruising speed 
aes The total area of the 16 ordinary nozzles at the 
throat is 65 sq. cm. (10 sq. in.), whilst their full section is 
1.145 times greater. The axis of the nozzle makes an 
angle of 20 deg. with the — of the first wheel.* 

Table I., reproduced above, gives a few figures con- 
cerning the details of the construction of the turbines 
for the Marsala and Nino Bixio; whilst in Table II., also 


turbines for three types of ships—battleships, scouts, and 
destroyers. 





Wrrevess TELEGRAPHY INSTALLATION IN BRAziL.—We 
read in the Monitewr Industriel that the Brazilian Govern- 
ment has recently signed an important contract with the 

i aon hy the installation of long-distance 
wireless telegraphy stations at Rio de Janeiro, Santa- 
Martha, Banru, and Ladario, the two latter towns being 
in the States of Sio-Paulo and Matto-Grosso. These 
stations are to form, in the south of Brazil, the nucleus for 
a system of wireless telegraphy to be established through- 
out the country ; the system will require the erection of 
at least thirty stations. This, says our contemporary, is 
a triumph for the Marconi Company, and is the result 
of the excellent working of the existing wireless stations 
put down at Wanaos and Porto- Velho, which con- 
stitute the main stations for the system in the north of 
Brazil. Owing to the vast extent of the country, the 
establishment of an ordinary system of telegraphy, be- 
sides being more eostly, would have encounte almost 
insuperable difficulties, which are overcome by adopting a 
wireless telegraphy system. 





AERIAL CABLE TRANSPORTERS FOR Lock ConsTRUCTION. 
a the a y the Lock I of 4 ue ng oe 
anal, a novel t of t rter, employing inclin 
masts, designed a 9 Adolf Bleichert and Co., is used 
by the contractors, the A.-G. fiir Hoch- und Tiefbau, of 
rankfort. The walls to be built are to have a 
breadth of 6 metres. The t rters are arranged along 
the middle longitudinal axis of the wall, and so fixed in 
their foundations that they can be inclined 3 metres either 
to the right or left. The crabs travel 300 metres, and 
each crane thus commands an afea of 1800 sq. metres. 
The masts are of braced timbers, and are held by an- 
chored ropes, whilst their inclination is altered with the 
aid of winches, rope and tackle, the gearing being 
mounted in cabs on an elevated platform. The descrip- 
tion, by Hubert Hermanns in the Zeitschrift des Vereines 

t Ingenieurc, does not say whether the cranes 
are provided with ball-and-socket joints below, as it 
would appear they must be. The capacity of each crane 
is 3.5 tons, and the arrangements are such that the Ferme 
including the auxiliary rail tracks, can be utilised during 
excavating, &c. 








Britisu Locomotive Exports.—The soy oor of railway 
locomotives from the United Kingdom last year were 
valued at 2,139,036/., as compared with 2,307,620/. in 1911, 
and 1,707,747/. in 1910. uth America took British 
locomotives in 1912 to the value of 774, 288/., as compared 
with 702,555/. in 1911 and 717,380/. in 1910; Argentina in 
these years purchased to the amount of 540,816/., 415,737/., 
and 504,936. respectively. The colonial demand bas been 
represented by the following values in the last three 
years :— 


Colonial Group. a - os 
British South Africa 171,148 91,705 287,452 
British India .. 444,698 569,652 345,654 
Australia .. .. 384,741 179,985 16,056 


| Indian cnet —_ well et ae year, but 
© most gratifyi eature was the deci expansion 
observable in pasoe Arn of locomotives on Australian 
account. The Australian Commonwealth enjoyed last 
year remarkable prosperity, and railway construction 
received a decided impetus accordingly. It has also been 


opened sections of Australian railways. 
* The other details are practically similar to those of 





critical ; from an absolute pressure of 18.6 kg. per 
sq. cm. (273 lb. per 4. in.), the steam expands down to | 
an absolute pressure of 6.3 kg. per sq. om. (94 1b. per sq. in.) 
in the nozzles of the ordinary type, and down toa pressure - 





the destroyers Perkins and Sterrett, which we have 
described in previous issues. See ENGINEERING, vol. 
lxxxviii., page 753, and vol. xcii., page 215. 








FOREIGN ENGINEERING PROJECTS. 


WE give below a few particulars concerning several 
engineering projects taken from the Board of Trade 
Journal. Further information concerning these can be 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 

Spain: The Gaceta de Madrid publishes a notice statin 
that the Sociedad Tranvia del Este de Madrid has applied 
to the Ministry of Fomento for a concession for the con- 
struction of a section of electric tramway in Madrid, from 
the Calle de Alcalé as far as the Diego de Leén. The 
Gaceta also announces that Don Gerardo Vazquez Calvo 
has applied to the Ministry of Fomento for a concession 
for the construction of a railway from Haro to Ezcaray. 
The minimum amount of rolling-stock required for vee: 
ing the line is as follow :—4 locomotives, 17 passenger and 
luggage-vans, and 35 goods wagons of various types. The 
cost of construction is put at 3,571,296 pesetas (about 
132,000/.), and interest on this capital at the rate of 5 per 
cent. is to be teed by the State. 

Mexico: With reference to the call for tenders for the 
construction of an artificial harbour at Mazatlan, State of 
Sinaloa, H.M. tion at Mexico City report that the 
time for the receipt of tenders has been extended, and 
that tenders, drawn up in Spanish, will now be received 
up to 2 p.m. on April 10, at the Department of 
Public Works, Ministry of Communications and Public 
Works, Mexico City. Copies of the plans and specifica- 
tions may be obtained on application to the Department 
of Public Works, Mexico City, provided the application 
is accompanied by a certificate to the effect that the sum 
of 10,000 Mexican dols. (about 10207.) has been placed to 
the order of the Ministry, either at the Federal Treasury, 
at an office of the Stamp Tax, or at a post-office. Exemp- 
tion from Customs duty is granted in respect of any 
material which may have to be imported for carrying out 
the work. 

Brazl: The Diario Official publishes (1) a decree 
(No. 9931) approving the plans and estimate of 4,884,465 
milreis (about 325,600.) for the construction of a 31-mile 
section of the line between Theophilo Ottoni and Tremedal, 
forming t of the Bahia railway system; and (2) 
decree (No. 9948) approving the plans and estimate of 
2,503,669 milreis (about 167,000/.) for the construction of a 
— section of the railway between Uberaba and Villa 

tina. 








Tar Royat Sanrrary InstiruTe.—A meeting of this 
Institute will take place on Tuesday, February 11, at 
7.30 p.m., at 90, Buckingham Palace-road, when 8 dis- 
cussion will take place on ‘The Eighth Report of the 
Royal Commission on Sewage Disposal, on Standards and 
Tests for Sewage, and Sewage Effiuents Discharging into 
_ ie Streams,” by Mr. Samuel Rideal, D.Sc., 





BritisH Rar Exports.—Rail exports from the United 
Kingdom for the past year make a rather indifferent 
showing, although they came out better than in 1911. 
The shipments for the decade ending with 1912 inclusive 
were :— 





Year. Tons. Year. Tons. 
1903 .. .. 604,076 |. 

1904 ad -. 625,371 1909 

1905 se -. 546,569 1910 2 
1906 oa .. 460,328 1911 ab 5,2 
1907 429,161 1912 P 412,12 


The demand for British rails from the Argentine Republic 
year was not so good as in 1911 or 1910; but the 
deliveries to British South Africa inc . Those to 
British India also advanced to 108,179 tons, as compare 
with 103,451 tons and 103,738 tons; and those to Aussrals 
and New Zealand, to 132,235 tons, as compared wl 
108,188 tons and 91,123 tons. The Canadian demand 
was, however, small, having amounted to only 737 tons, 


as com with 1739 tons and 3357 tons. The value of 
our exports in recent years has been :— 
Year. Value. Year. Value. 
£ a 
1906 .. . 2,591,363 1910 2,825,508 
1908 .. -- 2,769,344 1912 2,540,417 


The average value per ton last year was 6!. 3s. 3d., a8 
compared with 62. Qe 8d. per ton hs 1911. 
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THE CANTON-KOWLOON RAILWAY. 


THE following are abstracts of two papers on the 
Canton-Kowloon Railway, read before the Institution of 
Civil Engineers on Tuesday, January 28 :— 


The Canton-Kowloon Railway - Chinese Section. 


By Frank Grove, M. Inst. C.E., and Bast, TANFIELD 
j Brripcr Boorusy, Assoc. M. Inst. C.E. 


This paper is in two parts, the first, by Mr. Grove, 
dealing with the general construction and equipment; 
while the second, by Mr. Boothby, is an account of the 
largest two bridges of the East River Delta. 

he Canton-Kowloon Railway has been constructed in 
two sections—one, 89 miles in length, in Chinese territory, 
from Canton to the Shum-chun River. the northern limit 
of the British leased territory in the Kowloon peninsula ; 
the other, 22 miles long, through the latter territory to 
Kowloon. The former section has been built by the 
British and Chinese Corporation, the latter by the 
Colonial Government. 

The Chinese section of the line crosses the East River 
atSheklung. The first 30 miles from Canton is alluvial 
plain not subject to heavy floods; the next 26 miles 
crosses the East River and its tributaries, and is subject 
to heavy floods ; while the last 33 miles is for the most 
part hilly country with intervening plains. 

The East River Valley, which is about 40 miles in 
width, is deltaic, and in the 10 miles between mile 31 and 
mile 41 there are seven bridges, aggregating 31 spans, 
with a total length of 3248 ft. 

The cultivated ground throughout the East River 
Valley length is 7 ft. to 11 ft. 6 in. below the highest 
known flood. For purposes of cultivation the whole area 
is protected by high bunds or banks. Formation was 
carried 2 ft. 6 in. above the highest flood record for thirty 
years, which gave a bank averaging for many miles 14 ft. 
high, and at approaches 24 ft. or more. hese banks 
have been protected against wave and flood erosion by 
stone-pitching. In times of excessive flood, many miles 
of this portion of the line will be a causeway through 
open water § ft. or 10 ft. deep. Its security will 
aided materially by proper maintenance of the pitching ; 
while the fact that floods rise slowly, and backing up 
takes place evenly on both sides of the bank, gives 
additional security. 

The difficulties of the third section lay principally in 
the provision of easy curves and gradients. A ruling 
gradient of 1 in 150 was secured, with curvature not 
sharper than 3 deg.. Tunnels were avoided. Except 
on the large-bridge section—about six miles—sufficient 
land has been purchased for a double line. The land- 
purchasing department was under the direct control 
of the Chinese nee ge director and his assistant land 
officers. Upwards of 1800 acres were purchased, at an 
average cost of 83/. per acre, and in the face of much oppo- 
sition and obstruction. 

The gauge is 4 ft. 84 in.; the formation width of em- 
bankments is 17 ft. 6 in., and of cuttings 23 ft., including 
side-drains. The slopes of soft banks and cuttings were 
turfed, the turf being pegged down with bamboo stakes. 
Extensive slips occurred in some of the deeper cuttings. A 
description is given of the remedial measures adopted in 
a cutting averaging 15 ft. in depth, in which large sections 
of the bottom, where an 18-ft. stratum of peat was met 
with, heaved up. 

Earthwork and all other works were carried out by 
petty contract. About 350 contracts were entered into 
with Chinese contractors. Day-labour gangs were mostly 
confined to special beligewenk, such as caisson-sinking, 
pumping, &c. The minor bridges and culverts and all 
the large bridges but three were built in cement con- 
crete. Good, cheap cement and good sand were pro- 
curable locally ; but the objection of the Chinese to 
perreg their native hills gave rise to considerable 

ifficulty in obtaining stone, and nite for the larger 
bridges had to be brought from foes Kong, although 
good local stone was plentiful. The steel - work for 
the a was designed by the consulting engineers 
to the British and Chinese Corporation (Sir John 
Wolfe Barry and Mr. A. J. Barry), and was built 
in England under their inspection. It was designed 
generally in accordance with the standard Indian 
practice, but for a standard loading 10 per cent. above 
the Indian standard loading of 1903, having regard 
to the probable requirements of the future. The rails 
and fastenings, except fish-bolts, were supplied by the 
Han Yang Iron and Steel Works, China. he material 
—open-hearth steel—was of excellent quality. The rails 
are 85-lb, flat-footed rails to the British standard section. 
The sleepers are hewn from New South Wales hardwoods, 
40 = cent. being blackbutt. 

here are fourteen stations and thirteen halts. With 
the exception of the Canton terminus, all the stations are 
of the simplest character possible, having regard to exist- 
ing requirements. The platforms, except at Canton, are 
6 in. above rail-level. The countryside is thickly popu- 
lated, but with one or two exceptions there are no well- 
defined centres of traffic, and the provision of stations 
and halts had therefore to be tentative at first. Inter- 
locking semaphore signals, distant and home, have been 
provided at all stations, for main line and loops. Stations 
are equipped with Tyer interlocking electrical permissive 
tablet apparatus, and also with Morse tape recording- 
instruments, 

The engines for both goods and passenger service are 
of the 2-6-0 type, with bogie tender ; the driving-wheels 
are D ft. in diameter, the cylinders 19 in. in diameter and 
24-in. stroke, the greatest axle-load 16} tons, and the 
weight of engine and tender in working order is 108 tons 
with 4500 gallons of water and 54 tons of coal. The pas- 
Senger coaches are on four-wheeled bogies, and have 
central couplers; the wagons, of steel, are chiefly 30-ton 


four-wheeled bogie stock, though 15-ton low-sided wagons 
are also in use. 

The expenditure on works and general charges up to 
the opening of the line for through traffic was 12,625,000 
dols. (the average exchange being 1 dol.==1s. 9}d.). The 
author gives particulars of rates for work by da 
labour and petty contract, and of the unit costs of wor 
of various classes, as well as a statement of the allocation 
of the total cost under various heads. 

The two bridges described in the second part of the 
o~ are those over the East River and the Tung Kun 

iver. Each has two shore spans of 60 ft., consisting of 
plate-girders, while the waterway is bridged in the former 
with three, and in the latter with four, 224-ft. spans of 
Warren girders. The East River at Sheklung has a 
maximum tide of 3 ft., and its low winter level is 7 ft. 
above Admiralty datum at Hong Kong. The highest 
flood recorded during the p of the work was 16 ft. 
above low winter level, the en reputed flood-level 
being about 18 in. above this. The river has a very slight 
current at low level, is almost stagnant at high water, 
and very a has an up-stream flow. At the time of 
an exceptional flood the river rose 5 ft. in one day ; the 
usual rate, however, is about 1 ft. per day. The maxi- 
mum speed of current observed during flood was 6 miles 
per hour. The depth of water at mean level is 20 ft. at 
the East River and 10 ft. to12 ft. at the Tung Kun River. 

Borings showed red marl at 30 ft. to 65 ft. below low 
water ; the overlying material varied between sand and 
mud, coarse sand predominating. It was posed to 
sink caissons 2 ft. or 3 ft. into the marl, but it proved to 
be practically rock, and the depth proposed could not be 
reached. 

A contract for the concrete and masonry was let to 
Mr. Y. T. Chao, a Chinese contractor, and was success- 
fully carried out by him, notwithstanding delays and 
obstruction and serious commotion among the populace, 
caused by the importation of northern coolies and the 
circulation of rumours that, in order to render the —— 
safe, the coolies were to procure children to be buried in 
the foundations. Well-sinking and girder erection was 
carried out departmentally, with ad contracts for 
riveting and other work where possible. 

Double octagonal caissons and curbs, 38 ft. by 21 ft. 9 in., 
were adopted for the piers of the main spans, the steel- 
work being built at Hong Kong and sent up to Sheklung 
in sections. The bottom ring of each caisson was built on 
a cradle on launching-ways, and when riveted and caulked 
was launched. The second and third rings, making a total 
height of 23 ft. (East River caissons), were then added, and 
when concreted to a draught of 16 ft. the caisson was 
towed to the site, its position being adjusted by anchors. 
The caissons for the Tung Kun bridge were 14 ft. deep, 
and of tworingsonly. They were built at the Kast River 
launching-ways and had to be towed and warped 3 miles 
to the Tung Kun bridge, which, owing to the resistance 
offered by each double octagonal caisson in even a moderate 
current, proved to be a very troublesome task. One 
caisson broke loose and fouled the caisson for No. 3 pier 
of the East River bridge, which was in position ready for 
pitching and already concreted to a draught of 16 ft.; two 
days later both caissons were carried down-stream to- 
gether, but were stop by the deeper grounding ona 
sandbank about } mile below the bridge, whence both 
were recovered. 

Concrete was used for steining the walls, and was 
brought up in lifts of 4 ft. to 7 ft., the same shutters 
being used over and over again. On the whole the use 
of concrete proved very satisfactory, especially in giving 
weight for sinking, which, in the author’s opinion, is of 
the utmost importance. The double octagonal caisson- 
walls were 5 ft. 6 in. apart, and this thickness was carried 
up in the well-walls until the pier-footings were reached, 
providing a sinking force of 5 cwt. to 8 cwt. per 
underground surface when the well was nearing founda- 
tion-level. 

In the foundations of two of the Tung Kun re steeply 
sloping sandstone rock was encountered, and the caisson 
of one pier tilted 1 ft, 9in., divers finding that while the 
west side was in the rock, the east side was still in sand. 
The east well was then filled with sand, and by blasting 
around the cutting edge in the west well the pier was 
sunk another 14 ft. As it was found that the east well 
was then on rock all round, the pier was founded thus, the 
masonry having to be partly dismantled and rebuilt owing 
to the tilt of the pier. 

In the spring of 1912, after completion of the bridges, 
soundings were taken to ascertain the scour caused by 
autumn floods. Very little was found at the East River 
bridge, where rubble had been put down during sinking, 
but at two piers of the Tung Kun River bridge, where no 
rubble had been deposited, a maximum scour of 13 ft. was 
found at the up-stream end. All the holes were filled with 
stone. 

The 224-ft. Warren girders have eleven bays, which are 
21 ft. between the centres of triangulation both vertically 
and horizontally. They are for a single line, and are 
decked with §-in. steel plate, the rails being carried on 
longitudinal bardwood sleepers. The complete weight 
of each 224-ft. span is about 350 tons. After being 
erected one behind the other on shore, the s were 
pushed forward, by means of hydraulic jacks, on to 
the ends of launching- jetties, and there lifted on a crib 
of sleepers by 100-ton ship jacks. Docks had been 

repared inside the launching-jetties, and when a span 
had b been raised to the ——_ eight on the jetties, ea 
toons were ae x = ina _ pomenngen ty nt these 

mtoons, when pum out, © spans were fioa' into 
canieh, Each yn took 1} to 3hours. The steel- 
work was painted with bituminous paint (‘* Viaduct 





solution”), after it had been thoroughly cleaned with a 
solution of caustic soda and with wire brushes and 


. ft. of | 39 


Mr. Grove was the engineer-in-chief, Mr. Boothby 
being the district engineer of the second section. 





The Canton - Kowloon Railway; British Section. 
By Graves WILLIAM Eves, B.A.1., M. Inst. O.E. 


This section of the Canton-Kowloon Railway was con- 
structed departmentally by the Colonial Government, the 
author being appointed chief resident engineer, in March, 
1906. The line is of 4-ft. 84-in. gauge, with single-line 
banks 17 ft. 6in. wide on formation, and double-line 
banks 30 ft. wide, giving 12 ft. 6 in. between the centres 
of the tracks. Rock cuttings were 30 ft. wide, and single- 
line cuttings in soft material, when side drains were 

uired, were 20 ft. wide. 

e details of construction do not differ materially from 
those of an ordinary hill railway, and the chief feature of 
the ee pe is the detailed statement and analysis of the 
cost of the line, which was expensive to build, owing to 
two main causes. First, the earthworks, tunnels, and 
bridges were very heavy, and the line is almost a double 
line throughout. Secondly, labour guilds kept up the 
rates of wages and regulated the quantity of work done 
to such an extent that in some cases work cost nearly as 
much as in England. 

The cost of the work under the various headings of 
— was as follows, in Mexican dollars of about 2s. 
each :— 


Dols. 
Survey 42,277 
Land .. ee _ 1,195,879 
Formation, earthwork 2,587,580 
” tunnels - - 3,811,145 
a roads .. ‘ @ ; 120,200 
Bridges, major he * 816,495 
- minor 350,126 
oa culverts .. 72,546 
Fencing, boundaries 39,999 
o signs 400 
me gy + 30,0382 
Track, ballast m 132,066 
- permanent way 732,192 
Stations and buildings : 
Buildings 310,000 
Machinery 40,000 
Furniture 5,000 
Workshops 60,000 
Plant, construction ~ ol 101,884 
» locomotive tools and plant ,000 
»  Carand wagon plant... 10,000 
» locomotive rolling-stock .. 88,000 
» car and wagon rolling-stock 309,540 
General charges :— 
Salaries .. 399,720 
—— 68,495 
rniture ‘ 11,639 
Office expenses. . 82,701 
Medical ° os 22.319 
Home charges 124,498 
Interest, &c. 913,922 
Accounts 42,843 


12,621,498 
150,000 





Less stores on hand at end of construction .. 
12,371,498 

Survey.—Of the total, 42,277 dols., 33,515 dols. was the 
cost of the original survey, which covered two routes, 
with a total Jength of 51 miles surveyed. The accepted 
route was 22} miles long. A realignment of 104 miles, 
made when construction started, cost 8762 dols. 

Land.—This item was very heavy, as land in the 
vicinity of Kowloon was very valuable, some with water- 
frontage being valued at 4.50 dols. per sq. ft. 

Earthwork.—Under this heading was included the cost 
of all banks and cuttings, as well as a reclamation of 
acres in Kowloon for a terminal station site, 
together with a sea-wall. The earthwork in this 
reclamation amounted to nearly 30,000,000 cub. ft., and 
was all taken from a big cutting 4200 ft. long and 
120 ft. deep at the deepest part. The pont was 
4200 ft. long. It was founded ona rubble mound which 
varied from 2 ft. to 25 ft. deep from sea-bed to low-water 
level. A concrete wall was built on this mound. About 
90,000,000 cub. ft. of earthwork was shifted on a total 
length of 22} miles. This large average of 4,200,000 
cub. ft. per mile was accounted for by the very moun- 
tainous nature of the country traversed. All rock cuttings 
were excavated for double line. 

On protection for the slopes of the banks where the 
were exposed to the sea 270,000 dols. were expended. 
This protection consisted of a rubble toe to the bank, 
where the slope extended below low-water level. Above 
this hand-set pitching was placed on the slope, some- 
times set dry and at other times in cement mortar wher- 
ever the waves were likely to be large. Above this again 
the slo were turfed. The unit costs of the earth- 
work, including repairs during construction, which were 
heavy, owing to typhoons, worked out to 8.80 dols., 
16 dols., and 61.60 dols. per 1000 cub. ft. respectively 
for soft, medium, or rock excavation. 

Tunnels.—There were five tunnels on the line, with 
lengths of 150 ft., 7212 ft., 329 ft., 170 ft., and 923 ft. 
tively. The four shorter ones were for double line 
and the longest for —_ line. The costs per lineal foot 
were 507.42 dols., 455.28 dols., 247.48 dols., 400.92 dols., 
and 327.14 dols. respectively. The first tunnel was let by 
contract, and the other four were Luilt by departmental 
labour. No. 2 tunnel was the most important work in the 
line, as on its completion depended the date of opening of 
the whole railway. The cost of this was 3,283,503 
dols.; subdivided into shafts, 87,865 dols. ; headings, 
792,182 dols.; widening, 1,230,598 dols.; lining, 926,128 
dols.; miscellaneous works, 246,730 dols. Three shafts 
were sunk: one at the south face, 90 ft. deep and 300 ft. 





scrapers. 





in from the face ; er at the north face, 50 fp deep; 
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which was never used, as it was flooded and destroyed 
in a typhoon ; and a third, 1300 ft. from the north face, 
which reached a depth of 268 ft. This shaft was started 
on January 1, 1907, and completed on October 21 of the 
same year. It cost 69,696 dols., and from it 500 ft. of 
heading was driven before the heading from the north 
face joined up with the heading running south from 
it. The heading of the long tunnel was a bottom 
heading 8 ft. 9 in. high and 11 ft. wide, outside 
timbering. It was wide enough for a double line of 
2-ft. gauge tracks. Regsing arving was carried on for 
yheagyps ye weeks at four faces, four weeks at three 
faces, and ninety-three weeks at two faces, making an 
average of 23.27 ft. per face per week of seven days. Four 
compressed-air drills in two columns were used for this 
work. The shifts were eight hours each for most of the 
time, but during the last month of heading-driving no 
coolie could work longer than a six-hour shift. Widening- 
out was generally done in 15-ft. lengths, the break-ups 
being about 20 ft. long. In order to make the widening- 
out keep with the heading these break-ups had to be 
placed about 150 ft. apart. The whole length of the 
tunnel had to be lined, owing to the numerous veins of 
ecom age running through the solid granite. 

Bridges.—The expenditure under this head was high. 
Bridges were divided into (a) major, those over 40 ft. span; 
(6) minor, those between 5 ft. and 40 ft. span ; (c) culverts 
under 5 ft. All the masonry was built for double line, 
and as a large number of the bridges were stone arches, 
the line is practically double as far as the bridges are 
concerned. There were nineteen major bridges with a 
waterway of 1480 ft., costing 816,495 \dols.; twenty-nine 
minor bridges, with openings totalling 380 ft., costing 
350,126 dols. ; and sixty-six culverts, having a waterway 
of 147 ft., costing 72,546 dols. 

Plant Construction. — The expenditure under this 
heading represents the value of the plant used in the 
construction after depreciation had been written off 
against the works in which the plant was used. 

General Charges.—All subordinate outdoor staff was 
charged against works. The cost of this supervision 
amounted to 5.21 per cent. of the works carried out in 
China, or 3.50 per cent. of the total cost of the line. 

The following table gives the ratio, to the total cost of 
the railway, of the under-mentioned administration 
charges :— 


Per Cent. 
Salaries of engineers and their indoor office staff .. 2.90 
o storekeeper -s + ~ -- 0.33 
accountant - 9s 9” -- 0.35 
oa medical officer ,, *” ” o Oa 
Cost of quarters and offices for above .. oe -- 0.56 


» furniture a Pm ee os .. 0.09 
Office expenses, stationery, &. .. - ee -- 0.26 
Consulting engineers’ fees and home-odice expenses 1.00 

There is also included in the account for general charges 
about 900,000 dols. for interest on capital during con- 
struction, and loss in exchange. 








NortuH-East Coast INSTITUTION OF ENGINEERS AND 
Surpsuitpers.—A scholarship will be offered for compe- 
tition among graduates of the North-Hast Coast Institu- 
tion of Engineers and Shipbuilders in September next. 
The scholarship is tenable for two years, and is of the 
annual value of 50/. It will be awarded on the results 
of an examination held in Newcastle during the month 
of September, simultaneously with the matriculation 
examination of Durham University, in the following 
subjects :—(a) English ; (6) Mathematics ; and (c) Exper- 
mental Science. Every candidate for the scholarship 
shall be a British subject and a member of the graduate 
section of the Institution of not less than one year’s 
standing ; and shall have served or be serving an appren- 
ticeship on the North-East Coast. Conditions for member- 
ship of the graduate section of the Institution, entry forms 
for the scholarship examination, and detailed syllabus of 
the subjects of the examination may be had on application 
to the secretary, North-East Coast Institution of Engi- 
neers and Shipbuilders, Bolbec Hall, Newcastle-on-Tyne. 





Cuiaim on Fara Acctpent.—A case came before the 
City of London Court, on January 20, before Judge 
Lumley Smith, K.C., in which the British South Africa 
Company, Limited, London Wall Buildings, were pro- 
ceeded against under the Workmen’s Compensation Act 
by Mrs. Gibbs, Palace Parade, Hornsey. It ap 
that the husband of this woman met his death while 
working for the above-mentioned firm, and she brought 
an action to recover 226/. The facts connected with the 
prey whe pa to have been that on October 23, when 
the d man had finished his work for the day, he 
went with a fellow clerk to play a game of billi in 
& recreation-room provided by the direetors for the pur- 
pose. Gibbs, however, found the tables engaged, and 
returned to pick up his rs for the night. Coming to the 
lift he stepped into what he s10 doubt thought was the cage, 
but no cage was there, and he fell to the ground and was 
mg ery or ng — ay paca 

r. Haro randon, who appear or the ents, 
said that Gibbs was attempting to use a lift which he had 
no business to go into, as it was a lift, and was used 
for coals. Moreover, he conten that the deceased was 
not in the ee paar of the company when he was 
killed, and should not have been attempting to use the 
lift. The view taken by Judge Lumley Smith was that 
the cases on the point were rather fine, for at one time they 
went against the master, but now the tide appeared to 
have turned. He was of opinion that the accident to Gibbs 
arose in the course of his employment, but he did not 
consider that it arose out of the es in going up 
to play billiards. A decision was therefore given for the 
employers, 








CATALOGUES. 


Lifts for Steamers.—A booklet to hand from Messrs. R. 
Waygood and Co., Limited, of Falmouth-road, S.E., 
illustrates and describes some of the electric passenger 
and goods lifts they have installed, or are installing, on 
steamers. 


Case - Hardening.—A booklet relating to their case- 
hardening compounds has been issued by Messrs. Kasenit, 
Limited, 8 and 9, Ludgate-square, E.C. Much useful 
information on case-hardening materials, the process of 
carbonising, and the gy <4 heat-treatment of car- 
bonised articles is given. Prices and full particulars are 
given of the firm’s compounds for hardening in the open 
or in cl boxes, and also of hardening furnaces, pyro- 
meters, and other accessory apparatus. 


Paper.—Messrs. Carl Schleicher and Schiill, 
of Diiren, Germany, have sent us a four- circular 
giving prices of squared-paper atimenta The pads 
are ruled in millimetre and inch divisions on linen bank- 
post paper, drawing-paper, tracing-paper, and tracing- 
cloth. Particulars are also given of charts for plotting 
annual records, triangular charts for plotting three vari- 
ables having a constant sum, circular charts for plotting 
polar co-ordinates, and pads of paper with logarithmic 
rulings. These papers are claimed to be very accurately 
ruled, so that they should be of great utility in technical 
and scientific work. 


Locomotive Coaling-Stations.—The T. W. Snow Con- 
struction Company, Ellsworth Building, Chicago, Illinois, 
U.S.A., have issued a catalogue illustrating several 
examples of locomotive coaling-stations. Drawings and 
photographs of timber or steel structures, with storage 
capacities ranging from 100 to 900 tons, are reproduced. 
In most of these plants arrangements are also made for 
the storage of sand, and special telescopic spouts are pro- 
vided, so that it can be delivered to the engines in a per- 
footy dry state in all weathers. These telescopic spouts 
are illustrated and described separately, as also are flexible 
spouts for coal, automatic measuring devices, hoisting 
machinery, and other accessory apparatus. 


Furnaces.—_We have received from the Alldays and 
Onions Pneumatic Engineering Company, Limited, of 
Great Western Works, Birmingham, a catalogue illus- 
trating a very great variety of furnaces using gas, oil, or 
solid fuels, for all kinds of metallurgical operations and 
other work. Included in this catalogue are particulars of 
gas and oil-burners for furnace work, gas blow-pipes, and 
various types of furnaces for hardening, annealing, case- 
aaa tempering, metal-melting, &c., as well as of 
furnaces for heating bare, rivets, tyres, plates, &c. Prices 
are stated for practically all of the furnaces listed, and 
also for accessories, such as nay blowers, oil and 
water-tanks, case-hardening boxes, &c. 


Telephones und Accessories.—Messrs. Siemens Brothers 
and Co., Limited, of Woolwich, Kent, have issued a 
very complete catalogue of telephones and accessories. 
The catalogue deals with various patterns of intercom- 
munication instruments, magneto and central-battery 
sets, as well as with portable telephones, loud-speaking 
telephones, gas-tight and water-tight instruments and 
apparatus, and special instruments for use near high- 
tension power-transmission lines. Particulars are 
given of switchboards for public and private exchanges, 
and of accessories, such as extension bells, protective 
devices, dry cells, &c. The catalogue is well printed and 
very fully illustrated. Prices are stated for practically 
all of the apparatus listed. 


Exhaust-Steam Turbines.—A catalogue of exhaust-steam 
turbines for use on land has come to hand from Messrs. 
C. A. Parsons and Co., Heaton Works, Newcastle-on- 
Tyne. The catalogue first gives some general notes on 
exhaust-steam and mixed-pressure turbines, stating that 
with steam at a pressure of 15 lb. per sq. in. absolute, 
about 27 kw. can be produced for every 1000 lb. of steam 
in moderate-sized plants, the steam being finally exhausted 
to the condenser at an absolute pressure of 1 lb.; with 
larger “pee these results can be greatly improved upon. 
Several examples of exhaust-steam and mixed-pressure 
turbines driving a ranging from 250 kw. 
to 1500 kw., are illustrated; turbo-blowers and centrifugal 
compressors driven by exhaust-steam turbines are 
illustrated. 


Magnetic Chucks.—Mr. H. M. Budgett, of Crown 
Works, Chelmsford, has sent us a copy of his latest cata- 
logue of magnetic chucks, dem tisers, motor-gene- 
rators, &c. The catalogue, after pointing out that mag- 
netic chucks are the most convenient means of holding 
thin iron and steel objects, such as washers, saws, piston- 
rings, &c., during grinding or light machining opera- 
tions, gives prices and particulars of flat rectangular 
chucks for holding work on surface-grinders, planers, 
&c. Chucks of this type made to tilt at a small 
angle are also dealt with; they are very convenient 
for finishing tapered work. Circular chucks for rotary 
work on cylindrical "seas lathes, &c., are also made, 
and iculars of these are included in the catalogue. 
All the chucks are claimed to be perfectly water-tight, 
80 em they can be safely employed for wet pate aw} 
work. 


Drop-Stamps and Accessories.—A catalogue of drop- 
stamps and accessories for Sots work has reached 
us from Messrs. B. and 8. Massey, Limited, of O w, 
Manchester. The catalogue first deals with the firm’s 
op friction lifting mechanism, which it illustrates and 

ully describes, and then gives dimensions and other par- 
ticulars of standard-sized stamps in both self-contained 
and battery form. A later section is devoted to steam- 
stamps, and the firm’s steam lifters and expansion-valve 











gear are treated fully. Full particulars are also given of 
standard sizes. Both friction lifters and steam lifters are 
sold separately for application to existing drop-stamps. 
In other sections particulars are given of board-type drop- 
stamps, peer a Bo wow stamps, trimming-presses, 
oil and coke-fired bar-heating furnaces, and various 
accessories for drop-stamps. The catalogue, which is 
very nicely got up, is provided with a thumb index, so 
that any section can be turned up instantly. 


Pumps.—The Eureka Pump Company, of 53, Bothwell- 
street, Glasgow, have forwarded us a copy of their latest 
catalogue of pumping machinery, which they manufacture 
for all requirements. The first part of the catalogue deals 
with steam-puwps, and includes particulars of horizontal 
and vertical duplex pumps for high and low-pressures, 
vertical simplex boiler-feed pumps, and shaft-sinking 
gomees illustrations of air and circulating pumps, hy- 

raulic pumps, and air-compressors, are also included in 
this section. In the next section pumps arranged for 
driving by belts, or by electric motors, are listed. Full 
particulars are given of single-cylinder, duplex, and triplex 
pumps of all types for boiler feeding and general purposes, 
as well as of special pumps for heavy fluids. sinking 
pumps, hydraulic pumps, air or vacuum pumps, and air- 
compressors. In conclusion, a few pages of useful tables 
and data are given, and the firm’s private telegraph code 
z? printed for the convenience of foreign and colonial 
chents. 


Leather-Link Belting.—Messrs. Thomas Whittle and 
Sons, Limited, of Rose and Crown-street, Warrington, 
have issued a ge oH illustrating the use of their well- 
known V-section belting for driving machine-tools, &c. 
The belting is made up of leather and steel links, so 
arranged that only leather is in contact with the sides of 
the pulley grooves. Among the advantages claimed for 
this belting it is mentioned that no fasteners are required, 
the length is easily adjusted, and that the belts are 
unaffected by wet or dust; the latter characteristic 
renders them very suitable for driving wood-working 
maehinery. The belts are also stated to give a perfect 
grip on the pulley, even when quite slack, and also to be 
very strong and flexible, and practically indestructible. 
Prices are stated for belts varying from @ in. to 1} in. 
width, increasing by steps of 4 in.; but other sizes are 
made. The catalogue contains some hints on the use of 
this belting, and also includes several testimonials from 
users. 


Crude-O1l Engines.—From Messrs. Ruston, Proctor and 
Co., Limited, Sheaf Iron Works, Lincoln, we have re- 
ceived a copy of their latest catalogue of engines for 
running on crude and residual oils. The engines, which 
are of the horig@htal type, are made in seven standard 
sizes, ranging from 20 to 80 brake horse-power ; double- 
cylinder engines are listed in three sizes, from 100 to 160 
ae Their construction is illustrated and de- 
scribed, and a general specification is also included. The 

ines work on what is often termed the semi-Diesel 
principle—that is to say, the fuel is. injected into the 
cylinder during the early part of the working stroke, by 
means of a pump and mechanical atomiser, and is igni 
by the combined effects of the compression and the heat 
of the combustion-chamber. The quantity of fuel admitted 
is varied by the governor, according to the load, so that a 
working stroke is obtained inevery cycle. Special atten- 
tion has been given to the question of lubrication in 
designing these engines, so that they will run for long 
periods with very little attention and with the minimum 
of wear. Several typical installations are illustrated in 
the catalogue. 


Grab- Buckets, «c.—The Brown Hoisting Machinery 
Company, of Cleveland, Ohio, U.S.A., have issued a 
catalogue illustrating and giving particulars of grab- 
buckets, and other appliances of this type, which they 
manufacture for handling ore, coal, coke, crushed stone, 
and other materials, and also for excavation work in suit- 
able soils. The catalogue first deals with grab-buckets, 
illustrating and describing their construction, and giving 
dimensions and general particulars of standard sizes, the 
capacities of which range from 17 cub. ft. to 360 cub. ft. 
Drag-line buckets for excavating and shovel-dumping, 
buckets for handling coal, &c., are next described. These 
appliances are very similar in construction, both types 
being filled by being dragged along the surface of the 
material they are handling. The drag-line buckets are 
made in six sizes, with capacities ranging from 1 cub. yard 
to 34 cub. yards, and the shovel-buckets listed have 
capacities varying between 17 cub. ft. and 160 cub. ft. 
Particulars are also given of automatic dumping-tubs and 
skips, bottom-dump coal-buckets, and buckets for special 
purposes. A large number of photographs, showing all 
the appliances at work under widely-varying conditions, 
are reprodu 





REFRIGERATION AND THE TRANSPORT OF PERISHABLE 
Propucs.—A paper having this title was read at the 
meeting of the Liv 1 Engineering Society, held on 
the 22nd inst., b' MJ. Wemyss Anderson, Member, 
M. Inst. C.E., M.I. Mech. E., who, in introducing the 
subject, stated that the growth of refrigeration during the 
ye of a century was mainly due to three facts :— 
(1) The application of low temperatures for preserving 
perishable produce was scientifically correct and easy of 
practical spplication ; (2) the mechanical production of low 
temperatures wasscientifically correctand offered no serious 
engineering difficulties ; (8) refrigeration installations 
were not unduly costly and the running expenses were 
low. He then reviewed the subject under its various 
aspects, and expressed the opinion that, great as the 
growth of refrigeration had been in the period of time 
stated, the promise of the future seemed to point to & 
much greater rate of growth, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings 
in each case; where none is tioned the Specificati 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics, 

Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the fers gee tee of l. 

The date of the advertisement of the me pe 4 of a Complete 
Specification is, in each case, yiven after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two Srom the date of 
the adverti t of the ti of a Complete Specification, 

ive notice at the Patent O of opposition to the grant of a 

atent on any of the grounds mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


12,379/12. The Firm Robert Bosch, Stuttgart, 
Germany. Internal-Combustion Engines. (2 Figs.) 
July 14, 1911.—This invention relates to the automatic adjust- 
ment, by means of a centrifugal force due to rotating masses, of 
the time of ignition of internal-combustion engines which employ 
electrical ignition devices. According to the present invention, 
the centrifugal force of rotating masses exerts a pressure on an 
elastic band connecting the two halves of the coup! ing connecting 
the driving and armature shafts, so that the relative displacement 
of the two parts of the coupling depends upon the amount of the 
pressure exerted on the ela-tic band, which is pressed outwards 
and tends to lessen the angular distance between the two halves 
of the coupling, so that the relative displ t depends upon 
the speed of the rotating masses. In Fig. 2, A is the armature of 
a magneto-electric ignition-machine, and B the axle-pin of the 
armature. A hollow drum C is keyed to the pin B and represents 
one half-coupling opposite to the pin B, and in the same line with 
itisa second pin D, which is coupled by suitable intermediate 
gearing, not shown in the drawing, with the shaft by which the 
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armature A is driven. On the end of the pin D is fixed a drum E, 
whose outside diameter is somewhat smaller than the inner 
diameter of the drum C and which projects into the drumC. The 
two drums are connected together by a flat spirai spring F. In 
the drum E are a number of radial recesses G, G in which 
balls H. H can move freely. The spiral spring is so proportioned 
and adjusted that it always tends to contract round the peri- 
phery of the inner drum E, in which case the two halves of the 
coupling have a definite relative position, which corresponds to a 
retarded ignition. When the spindle D is set in rotation, the 
balls H exert a pressure on the inner surface of the spiral-spring F, 
and this pressure increases with the velocity of the spindle. The 
balls force the spiral band to expand until it is arrested by the 
wall of the outerdrum. This lessens the angular distance bet weer 
the two points of attachment of the spring band to the outer and 
inner drum respectively, and the outer drum is displaced by a 
certain angular amount with respect to the inner drum, which 
rae to an advanced ignition. (Accepted December 11, 


14,893/12. The Dowson and Mason Gas Plant Com- 
pany, Manchester, and J. W. B. Stokes, Glasgow. 
Gas-Producers. (2 Figs.] June 26, 1912.—This invention relates 
to gas-producers of the type having rotatable water-cooled pokers 
Earns into them for agitating the fuel to prevent the possi 
ility of its coking or clinkering. The invention comprises 
essentially a charging hopper and a central rotatable poker 
member descending coaxially through the charging bell and 
carrying on its lower end pokers projecting into the fuel. The 
\ipper part of the hopper may be movable endwise to act as a 
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charging door, or it may have a charging door formed in it. It 
may also be water-luted and Ache and, in that case, the 
quiral poker me is ted thereto. As shown in the 
Tawing, the gas-producer consists of the usual fire-brick lined 
metal casing A, and has a central charging-hopper A! and an 
outlet A? for the gas produced. According to the invention, an 
Snnular channel B is formed around the upper end of the lower 
part Al of the charging-hopper. The upper B! of the hopper 
s ate from the lower part, being carried on a ball-bearing 


h 





and having a cylindrical web BS extending within the annular 
channel] 


B 


upper t B! of the hopper. This worm-wheel gears with a 
worm C! on a shaft driven through gearing, so that on rotation 
of the shaft the upper part B! of the hopper is made to 
revolve. Webs within the rotatable part B! of the hopper 
carry a central conieal cap D!, within which the upper end 
of a central member projects. This member consists of two 
D-shaped tubes D2, D®, with their flat sides adjacent and secured 
together by bolts passing through extensions of the lower ends of 
the flat sides. The central member D2, D* is secured to and 
suspended from the conical cap D! by flanges on the cap and on 
the tubes bolted together, so that the central ber rotates 


the means employed for the delivery of the gaseous mixture into 
the cylinder being such that the pressure is constant, but the flow 
is not positive. is can be attained by the use of a rotary fan F) 
of the multi-stage type or by a turbine-blower or the like. The 
means employed for the delivery of the air may also be a multi- 
stage rotary F or the like, but this is not obligatory. The 
two inlet-valves B and C are mechanically operated by means of 
cams D and E mounted on shafts driven from and at the same 
8] as the crank-shaft. The cam D for the air-inlet valve is so 

ped that the valve is opened at a predetermined time after the 





with the ty rotating ‘part B! of the hopper. The central 
member D2, D also pass through a guide G within the producer. 
The lower portion of the tubes D?, D3, beyond where they are 
joined together, extend out at an angle towards the sides of the 
producer and form pokera which agitate the fuel as they revolve 
A distance-piece J extends between the two-angled pokers and 
carries auxiliary pokers depending into the fuel in the central 
zone of the producer. The arrangement of pokers thus provided 
insures a thorough agitation of the fuel over practically the 
whole area of the producer. Oentral tu extend within 
the tubes D2, D® so that the main pokers formed by these latter 
tubes may be water-cooled in known manner, the water ing 
as usual down through the central tubes and up again through 
the tubes D2, D8. (Accepted December 4, 1912.) 


4861/12. P.A. Poppe, Coventry. Internal-Combustion 
En es. (7 Figs.) February 27, 1912.—Multi-cylinder internal- 
combustion engines operate uneconomically when not running 
under full load, and when partly throttled down, owing partly to 
the fact that the maximum compression is not maintained, and 
also to the fact that most carburettors supply a comparatively 
rich mixture when the throttle opening is small. To overcome 
this difficulty it has been suggested that a throttle-valve should 
be located between the inlet-pipe and each cylinder, so that one 
or more valves can cl and the corresponding cylinders 
rendered inoperative. The same valve has been used to supply 
pure air to the inoperative cylinder. This, however, does not 
produce the satisfactory results which would be expected, because 
the carburettor is constructed to supply a number of cylinders, 
and gives off too rich a mixture for a less number of cylinders. 
According to the present invention, each throttle device is adapted, 
when in a position which renders any one cylinder inoperative, 
to supply a small amount of air to the induction branch to weaken 
the mixture therein. By providing a leak device of this kind the 
difficulty due to excessive richness of the mixture may be over- 
come. In the construction shown, between the main inlet branch 
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A, which is supplied from the carburettor B, and each cylinder 
C, there is located a barrel throttle D open at the end nearest the 
cylinder, and provided with two openings F and G at right angles 
tooneanother. The opening F is adapted to put the inlet branch 
into communication with the cylinder, as shown in Fig. 2, whilst, 
when the barrel throttle is rotated through a right angle into the 
position shown in Fig. 3, the inlet branch A is cut off from the 
cylinder, and the second opening G allows pure air to enter the 
cylinder. A small hole or slot H is made in the throttle barrel, 
in such a position that when pure air is being admitted to the 
cylinder a small quantity of air is allowed to enter the inlet branch 
A. When the throttle is in its normal position this opening is 
out of communication with the inlet pipe. By this means one 
or more cylinders may be cut off from the carburettor, and the 
mixture adjusted automatically to the remaining cylinders. 
When using the engine as a brake all the throttle-valves may be 
set to completely close the carburettor and admit air to alt the 
cylinders. If desired the induction branch may be made straight, 
and contain one or two sliding pistons adapted to cut off the 
openings to the cylinders from the carburettor-pipe, and to auto- 


exhaust-ports are opened and is closed within about 10 deg. of the 
bottom centre. The cam E for the gas-inlet valve is so mounted 
that it can be moved longitudinally on its shaft, and is so shaped 
that by varying its axial position on its shaft the time at which 


aN 3% 
ASSSSSSSSECZZZZZd 


Be 





the valve C is allowed to return to its seating can be varied with- 
out varying the time at which the valve opens, which is at about 
the time the air-inlet valve closes. This enables the speed of the 
engine to be regulated by varying the position of the cam E on 
its shaft, which may be effected by any convenient mechanism. 
If a reduction of speed and power is required, the inlet-valve cam 
is shifted to cause the gas-inlet valve O to remain _—- for a 
longer period—i.e., during a greater portion of the inward or 
return stroke of the piston. This allows the pressure created by 
the piston to overcome the pressure created by the rotary fan or 
blower, whereby a portion of the charge of gaseous mixture 
delivered into the cylinder is forced back past the inlet-valve into 
the induction-pipe, thereby reducing the volume of the char; 
remaining in the cylinder and consequently the power of the 
engine. (Accepted December 4, 1912.) 


MOTOR ROAD VEHICLES. 


1099/12. The Wolseley Tool and Motor-Car Com- 

my, Limited, A. A. m, and A. J. Row- 

edge, ingham. Lubricating System. [1 Fig} 
January 15, 1912.—In a lubricating system, such, for instance, 
as a trough-gravity lubricating system, or a direct lubricating 
system, a chamber has been used which has a number of small 
holes therefrom through which, respectively, the oil is dis- 
tributed to the various branches which lead to the individual 
troughs, reservoirs, or bearings, where the lubricant is to be deli- 
vered. One or more of these holes is or are liable to be choked up, 
and the supply therethrough thereby cut off, and devices have 
been employed which ensure that only one hole at a time is avail- 
able for the passage of the oil, the holes being opened and closed 
in succession to one another, thereby ensuring that the full force 
of the pump is exerted through a single hole only at a time, with 
the result that any obstruction which may collect ina hole will be 
forced clear. According to this invention, the rotating member or 
a rotating member of a rotary pump is formed with a stem which 
fits and revolves entirely within a distributing chamber which is 
closed at the end which is remote from the pump-chamber, and 
this stem constitutes the sole control device for the distribution of 
the oil from the distributing chamber. Referring to the drawing, 
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matically dilute the mixture as described. (Accepted D ber 4, 


28,741/11. C. R. Garrard, West Ealing. Internal- 
Combustion es. [1 Fig.) December 20, 1911.—This 
invention relates to internal-combustion engines of the two-stroke 
or two-cycle type 7 | one or more exhaust ports at the forward 
end of the cylinder, and adapted to be opened and closed by the 
working piston, and in which the working cylinder is scavenged 
by air, the said cylinder having independent ports and valves 
for the admission of the air and explosive gaseous mixture respec- 
tively, and in which the t oF the g charge admitted 
into the cylinder can be varied. This invention consists in the 
combination with two inlet ports and valves located in the head 
of the cylinder—one for the admission of air for scavenging pur- 
poses, and the other for the admission of the us C , of 
means for delivering the gaseous mixture into the cylinder under 
continuous pressure with a non-positive flow, such as a multi- 
stage iotary fan, of means for delivering the air into the cylinder 
under pressure, and of means for varying the time the gas inlet 
valve closes without varying the time at which it opens. The 
cylinder A is provided, as is usual, with one or more exhaust 

rts a at its forward end adapted tobe uncovered by the piston 
Y as it approaches the end of its working stroke, and at the back 
end of the cylinder are two inlet ports a! and a2, the former 
for the admission of air for scavenging purposes, and the 
latter for the admission of the charge of gas and air, 
hereinafter called the gaseous mixture. The port a! is con- 
trolled by a valve B and the port a2 by a valve ©, and 
both ports are provided with means for delivering the air and 








A worm-wheel is formed on the outer surface of the 








which shows the arrangement chiefly in vertical section, A is the 
ump, B one of the crank-shaft bearings, C, C two of the troughs 
or the splash system of lubrication, and B! a trough or reservoir to 
receive oil for the bearing B. e other crank t bearing and 
the other two troughs are omitted for conveni of illustration, 
but portions of the pipes which lead thereto are shown. The 
pump is of the rotary-gear type, having the member D r 
n diameter than the member Dl, The member D!, which 
drives the member D, is conveniently driven through the 
medium of ye gear. The member is hollow, and has a 
hollow stem d, which is a turning fit within a downward tubular 
extension a of reduced diameter from the pump-case, and this 
extension is closed at its lower end. The distributing pipes ¢, e’, 
@ are in communication with a number of holes formed through 
the wall of the tubular extension a, and a number of holes are 
formed through the wall of the stem d in such positions in relation 
to one another that during each revolution of the stem the holes 
thereof register with the holes through the wall of the extension a, 
but only one at atime. The two pipese, and also the two pipes ¢!. 
are shown to communicate with the distributing-chamber o te 
to one another, in each of which cases asingle hole in the stem d 
may open the communication with both pipes in succession. 








gaseous mixture respectively into the cylinder under pressure, 





While the pump is at work the oil is pumped by the action of the 
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rotating members through a passage-way into a hollow portion a 
of the top of the pump-c we, and thence through an opening into 
the hollow of the pump-member D, such member being formed 
with an opening through ite upper side, which is always in com- 
munication with the opening from the space a¥. A vertical pipe 
is always in communication through the top of the pump case 
with the hollow of the pump-member D, and communicates directly 
with the indicator. (Accepted December 4, 1912.) 


MINING, METALLURGY, & METAL-WORKING. 
26,240/11. B. W. Head, London. Open-Hearth 
Furnaces. [2 Figs.) November 23, 1911.—This invention 
relates to metal-mixers, open-hearth furnaces, and the like, havin 
removable port blocks or burners. Hitherto it has been pro 
to mount the t blocks, or burners. on wheels which run on 
rails parallel with the central line of the mixer, furnace, or the 
like, so that the port blocks, or burners, can be removed in an 
endways direction—that is, parallel with the central line of the 
mixer, furnace, or the like, and instead of this parallel movement 
it has been suggested that the port blocks, or burners, may be 
arranged to be pulled sideways—that is, at right angles to the 
central line of the mixer, furnace, or the like, the dippers being 
either raised out of the seal or detached from the port block, or 
burner, to permit of the aforesaid movement. This invention has 
for its object to provide means whereby the port block, or burner, 
can be removed both sideways and endways. The port Block, or 
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burner, is mounted upon an under-carriage 1, which is provided 
with rails in lines at right angles to the central line of the mixer, 
furnace, or the like (a part of the main body of which is indicated 
at 3), and the port block, or burner, has wheels 4, which will run 
upon the rails carried upon the under-carriage 1. At the lower 
side of the under-carriage 1 are wheels 5 for running parallel 
with the central line of the furnace. Rails are carried on the 
supports 7 for these wheels 5 to run on. When it is desired to 
push the port block, or burner, up against the mixer, furnace, or 
the like, or to withdraw it, the under-carriage 1 is run on its 
wheels 5. When it is desired to draw the port block, or burner, 
ouuee for repairs, or other purpose, it is run on its wheels 4 
upon the rails on the under-carriage 1, and a track is provided 
upon the platform to coincide with the rails on the under- 
carriage 1 at some convenient point in the motion of the 
carriage. (Accepted November 27, 1912.) 


9346/12. Mavor and Coulson, Limited, and S. A. 
Mavor, Glasgow. Coal-Cutting Machines. [8 Fi: 

April 24, 1912.—1ihis invention refers to cutters for cutter-discs 
and cutter-dises of machines for use in mining coal of the type 
in which the cutter-disc is furnished with cutters which project 
from the periphery of the disc, and, if required, d d to 
be st for cutting in either direction of rotation of the disc. In 
machines of this type, the discs have been formed with sockets 
rectangular in cross-section, and the cutters provided with 
shanks corresponding with the sockets in cross-section, each 
adapted to be introduced into a socket and fixed against with- 
drawal, the cutters being thereby supported, and by reason of 
the cross-sectional shape of the shanks prevented from turning 
axially. In consequence of these socketx having been formed 
in the process of casting the disc, the fit obtained for the shanks 
has been imperfect, resulting in the disadvantages attendant 
upon the existence of considerable slackness in the support pro- 
vided for the cutters. According to this invention, the sockets 


- 








in the periphery of the disc and the shanks of the cutters are 
made circular in cross-section and axial rotation of the cutters 
is prevented by each cutter, and a portion of the periphery of 
the disc adjacent to the mouth of each socket being so formed 
as to enter into transverse engagement with one another when 
the cutter is placed in ition. The bores of the sockets are 
circular, and the shanks Bf of the cutters OC are correspondingly 
cylindrical, in order to prevent axial rotation each cutter 
C is formed with lateral shoulders C! extending diametrically 
from opposite sides, and the of the periphery of the 
dise adjacent to the mouth of a socket is formed with a trans- 
verse recess D to receive the shoulders C!. In some cases, 
as shown in the drawings, the shoulder C! may constitute the 

or roots of the tooth or teeth of each cutter O, and the 
shoulder C! and transverse recess D may each present fiat sides. 
whish uuay Gcustst ef e egindrienl yin Marvanged to oupage with 
which may acy n to with 
a tranaverre channel F formed in the periphery of the shank B. 
(Accepted December 4, 1912.) 


PUMPS. 
5122/12. Fleuss, Thatcham. Air-Pumps. 
(2 Figs.) Fe’ 29, 1912.—This invention relates to air- 
—~ in which oil or like liquid and air are delivered past a 


very-valve at the end of Gopene tane into a receiving 


chamber, and, ing thereto, chamber is both at 
top and bottom to a bath of oil or like liquid vo that the air and 





, liquid ejected past the delivery-valve create an upward current 





through the interior of the receiving chamber and a downward 
return current on its exterior. a is the pump-barrel or cylinder, 
b the delivery-valve at its upper end. An inlet is provided for air 
to pass to the interior of the pump-barrel from a chamber d@ from 
which a pipe extends to the vessel to be exhausted. / is the 
receiving chamber above the top of the pump-barrel. Openings 
are provided through the lower end of the sides of this chamber 
and through the upper end, ¢ is an outer chamber containing oil 
by which the receiving chamber / is surr d. kis the piston 
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and / the piston-rod extending as usual through the centre of the 
delivery-valve b and through the cover of the receiving chamber /. 
A coiled spring presses the delivery-valve downwards. In Fig. 2 
the parts corresponding to those shown in Fig. 1 are marked with 
similar letters of reference. In this example the receiving 
chamber /, in place of being secured to the cover of the pump- 
barrel as shown in Fig. 1, is held up to the cover of the outer 
chamber i ; the outlet from the upper end of this chamber is 
adapted to have a pipe led away from it to the suction inlet of a 
second pump. (Accepted December 11, 1912.) 


RAILWAYS AND TRAMWAYS. 


6643/12. R. S. Pilcher, Aberdeen. Tram-Cars. 
{7 Figs.) March 18, 1912. —The present invention relates to a con- 
struction and arrangement of the end platforms and staircases of 
double-deck tram-cars, whereby such cars may be made applicable 
for the pay-as-you-enter system of fare collection. According to 
this invention, the end staircases are approximately of half-turn 
helix formation, with their bases resting centrally on the lower 
end platforms, the upper ends of the staircases debouching on the 
upper end platforms centrally opposite the end partitions of the 
upper deck, or opposite the sides of the upper platforms remote 
from the main entrance steps, with a clear passage-way extending 
entirely round the bases of the staircases. In the illustration, the 
lower entrance to the staircase 1 is di approximately 
between the two side doors 2 and 3 (Fig. 3) and facing the e 
partition 4 of the saloon 10, the upper exit from the staircase 
opening on to the top platform 5 at the side remote from the 
entrance step 6, the ngers entering the upper deck by a 
central door (Fig. 2), and leaving by a corresponding central door 


1. 








at the front end of the car. All the passengers entering the car, 
whether for the lower saloon or the upper deck, pass from the 
entering step 6 round the exterior of the staircase 1 along the 
outer end 6a of the lower car platform, the conductor being 
stationed inside the staircase at about the point a between the 
side doors of the lower saloon 10, and consequently near the 
entrance to the staircase 1 and the entrance 2 to the saloon, so 
that all entering passengers for saloon or upper deck pass him. 
He is also in close proximity to the exit 3 from the lower saloon. 
The position of the driver being right in front of the staircase at 
about the point b, he has an unimpeded view on all sides. A seat 
12 to accommodate three persons can also be arranged on the 
upper platform 5 on the same side as the entrance step, and back- 
ing on the staircase wall. The path of the entering passengers is 
indicated by the tailless arrows. All ngers enter by the rear 
ee e saloon passengers also jeave by the rear platform, 

ut the upper-deck passengers leave by the front platform and 
staircase. (Accepted December 4, 1912.) 


SHIPS AND NAUTICAL APPLIANCES. 


2166/12. W. Weir, G ‘ow. Steamships. {1 Fig. 
January 27, 1912.—This inven relates to the condensing a] 
steam on steamships when the latter are in port, and comprises 
the combination with an elevated feed-heater, of an elevated 





condenser with pipe connections to receive the exhaust from the 





deck auxiliaries, or a substantial portion of these, and also the 
exhaust from the engine-room auxiliaries, or a substantial portion 
of these, the condenser being adapted to discharge by gravity 
into the well or reservoir of the feed-heater, a pipe connection 
adapted to lead the exhaust from the engine-room auxiliaries, or 
a substantial jon of these, to the feed-heater, a main feed. 
pump and auxiliary feed-pump, and a float-actuated steam-control 
device serving for both of the pumps, and situated in the well or 
reservoir of the heater. a represents the main ——, b the main 
feed-pump, c the auxiliary feed-pump, d the auxiliary condenser, 
and e the direct-contact feed-heater, which latter is elevated 
above the level of the engine-room floor. The auxiliary con. 
denser d is situated above the level of the bottom of the direct. 
contact feed-heater e, so that the condensed auxiliary steam can 
gravitate from the condenser into the heater—preferably into the 
well or water-space in the latter. The exhaust from the deck 
auxiliaries is conveyed to the auxiliary condenser d; and the 
exhaust from the engine- room auxiliaries is conveyed to the 
auxiliary condenser by way of the pipe » and the pipe m. The 
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feed-pumps discharge their exhaust into the pipe 7, while the 
exhaust from the other engine-room auxiliaries is discharged into 
the pipe n by way of the pipe 14. A pipe connects the pipe n 
with the feed-heater, so that the exhaust from the engine-room 
auxiliaries can, when desired, and in whole or in part, be taken 
to the heater instead of to the auxiliary condenser. The water- 
delivery pipe r from the feed-heater is, according to the present 
invention, Ted down to near the engine-room floor and is there 
branched, one branch being led to the main feed-pump /. and the 
other branch to the auxiliary or harbour feed-pump c, both these 
pumps being placed on or near the engine-room floor. w isa 
steam-pipe which conveys live steam from the boiler to the 
pumps and c. A valve on the pipe u is controlled by a float 
within the feed-heater by means of a lever and link, and one float 
device controls the live steam to both the main and auxiliary 
pumps, and, by providing hand-controlled valves, either pump 
can be used. Live-steam connectione, uncontrolled by the float, 
but controlled by hand-operated valves, may also be provided to 
both pumps. (Accepted December 11, 1912.) 

12,761/12. Sir W. G. Armstrong, Whitworth and 
Com: , Limited, and R, Wright, Newcastle- 
on-Tyne._ Boat Hoists. (2 Figs.) ay 30, 1912.—This 
invention relates to electric boat-hoists, and its object is to pro- 
vide means whereby when the boat is water-borne the slings may 
be kept taut though the boat be rising and falling on the waves. 
In apparatus made in accordance with this invention, the hoisting- 
drum is positively rotated for lifting by ratchet and pawl, or 
equivalent mechanism driven by an electric motor, and between 
the drum and the motor-shaft, on which is the usual brake, is s 
friction-coupling and a second set of gearing. The coupling is 
controlled by a solenoid, so connected to the lifting and lowering 
controller that during lifting the coupling is out of action, but 
when lowering it is in action. a isan electric motor which drives, 
through itsshaft b, a worm and worm-wheel, a shaft e on which is 
a pinion f gearing with a ring g carrying pawls engaging.ratchet 
teeth on the hoisting-drum j. The ehaft b, which is fitted with a 
hand-brake and a magnetic-brake, also drives through bevel-gear 
a shaft n, on which is a friction-clutch capable of clutching tothe 
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shaft n a pinion p meshing with a ring of teeth on the drum. = 
clutch is actuated by a fork on a shaft, fast with which ~ 
weighted arm which can be raised by a sclenoid connected to a 
lifting and lowering controller. When current is supplied to = 
motor to lift, the ring g is rotated anti-clockwise, and the ted 
drive the drum, the friction-clutch being held out by the weg’ ‘s 
arm. When the controller is reversed, however, the ring Sy. 
rotated clockwise, and the drum is therefore free to rotate cio 
wise under the pull of the slings; at the same time, a 
the solenold od = ut the clutch in, the motor is tending. he 
drive the drum anti-clockwise through the clutch, but only 

a force of, say, one-tenth of the load, so that when oy hen 
weight of the boat will easily over the tendency to li a 
as soon as the boat is water-borne, the slings will be kept tau 4 
this tendency, the drum being free to move anti-clockwise = 
the pawis as long as the handle of the controller is kept by the 
driver in the lowering position. When it is desired to = “ 
the slings, the current is switched off the solenoid by an indepen, 
dent switch, and the controller han¢le is moved to the ‘stop 
position, (Accepted December 11, 1912, 
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HANKOW WATER WORKS. 


by Mr. C. A. St. George Moore, A.M. Inst..C.E., | of pump expensive. The intakes and air-lift pump 
and the works are the largest of their kind in are illustrated in Figs. 3 to 14, Plate X., and in 


Tre Hankow Water Works constitute an inter- | China carried out in this manner. It may be inte- | Fig. 40, page 196. There are two intakes in posi- 


esting example of the manner in which improve-| resting, therefore, to give some particulars as | tions shown in Fig. 1. 
ments are gradually finding their way into China, | regards labour conditions. 


not primarily due, as formerly, to European enter- 


| em 


The wells are carried down 


Day labour is seldom to 40 ft. below.the local Customs House zero. 
loyed in China, nearly all work being executed | The lowest river level known is recorded as 4 ft. 6 in. 


rise, but to an increasing desire on the part of | under the system of piece-work or small contracts. | below that datum. The wells consist of cast-iron 


fhe better-class native population to enjoy similar | The following prices were paid on these works :— 


benefits to those of which Western countries now | 
commonly boast. The Hankow Water Works and | 
Electric Light Company is a a native under- | 
taking. The first —_ in this direction of a good | 
water supply were taken in 1905, when His Excel- 
lency Chang-Ching-Tung, then Viceroy of the 
Provinces of Hunan and Hupeh, engaged Mr. R. 
St. George Moore, M. Inst. C.E., to report on the 
possibility of securing water for Wuchang, Hankow, 
and Hanyang. 

On Mr. St. George Moore proceeding to China 
and investigating the matter it was found that 
the conditions under which such a supply was 
feasible were somewhat complex. There was 





Excavation 600 cash per cub. fong. 


cylinders 6 ft. 6in. in diameter, in lengths of 
| 3 ft. 3 in. 
|datum, giving a total well depth of 102 ft. 


The top‘of each well is 62 ft. above the 
The 


Carrying 1000 Chinese ft. 700 - o : : : ~ : . 
Stone-breaking by hand... 800 a a |intake is 18 in. in diameter. It runs (Fig. 3) 
Concrete-mixing ... ... 1950 ‘es is | horizontally through the river wall, at a level of 
ee oe 5000 ” ” |+ 10 ft., and then on to a timber em down 
es a ee which it can be extended if the river should fall 
Dressing and setting j 1000 cash per lineal foot of | t° 8” exceptionally low level. Figs. 4 and 5 give 
granite vn 1 by 0.8 Chinese foot details of the end of the intake and its carriage. 
Granite 505 cash per lineal foot of | In each well there are two 12-in. air - lift pumps 
| with 3-in. air-pipes. Various details of these are 


1 by 0.8 Chinese foot 


Sandstone, dressed andset 170 cash per lineal foot of | shown in Figs. 9 to 14. Figs. 6 and 7 show the 


1 by 0.8 Chinese foot 
10 cash per picul per 
10 Chinese feet 
160 cash per day | 


Carrying 


Coolie hire, men or women 


bottom section and cutting edge of one of the 
wells, and Fig. 8 one of the sections fitted with 


supporting girders, &c., for the pump-pipes. The 

































































































































Horizontal Scale for Figs.1& 2. 
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abundance of water, as the three cities are 
situated on the Yangtse River, at a point where 
the Han River debouches into it. Though this 
point is some 600 miles from the mouth of the 
Yangtse, it has there a width of 4800 ft. and 
a depth varying from 40 ft. to 50 ft. in winter, 
to 80 ft. to 90 ft. in summer. The River Han is 
also a comparatively large stream, having never 
been known to be less than 300 ft. to 400 ft. wide 
and 10 ft. deep in winter, at a point some short 
distance above Hankow, and being about 600 ft. 
wide at its point of junction with the Yangtse. 
It was found that the water of both these rivers 
was of excellent quality, while no other suitable 
Sources were available. 


At the close of 1906 Mr. St. George Moore was 


appointed engineer to the Water Works Company, 


which contemplated laying down works capable of 


supplying 5,000,000 gallons per diem, of 16 hours, 
for Hankow only. The 
bg that suggested in Mr. 
Plans were com 
April, 1907. 


native execution and labour throughout, actin 
under the direction of Mr. Moore, who was acaisted 








enetal scheme followed 
Moore’s first’ report. 
ork was actually commenced long before the 
lete, the first sod being turned in 
e undertaking was carried out by 








SECTION ON LINE A.B. 


The value of cash varies. There are nominally 
1000 cash to the silver dollar. Actually at the 
time the works were executed there were 1140 cash 
to the dollar, which itself varied in value from 
1s. 6$d. to 2s. 24d. during the progress of the 
undertaking. The fong, when used as a measure 
of area, is equal to 100sq. ft. (Chinese) ; when used 
as a measure of volume it is equal to 100 sq. ft. by 
1 ft. deep. The Chinese foot is equal to 14.1 
English inches. It is divided into ten parts. The 
picul has a weight of about 133 Ib. 

We give on the present page, pages 180 and 196, 
and on Plate X., with this week’s issue, illustrations 
of these works. In Fig. 1] a general plan is given, 
and in Fig. 2 is shown a diagram of levels of the 
reservoirs, tanks, &c. The installation, in brief, | 
consists of air-lift pumps and intakes, settling- | 
tanks, filters, a covered reservoir, pumping-station, | 
&c., with a water-tower 5 miles away. There is| 
room for considerable extensions at the site. 

For the intake, air-lift pumps were decided upon, 
because of the great difference in water-level, 
already referred to, between the summer and winter 
levels of the river. In addition, the large amount 
of silt brought down, especially in the summer, 
would have rendered the upkeep of any other type 














Ground Level tobe made up to 4-63 or 48 Feet aboveCastomsHoaseZro 
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balanced intake-valve is illustrated in Figs. 9 end 10. 
Figs. 12 to 14 show the cover and upper connections. 

The construction of the intake works presented 
some difficulties, as the Chinese on the works had 
no knowledge of timbering. A pit 14 ft. by 20 ft. 
was sunk to a level just below the intake, and 
the well cylinders were sunk from the bottom of 
this pit. At 5 ft. below Customs datum the stiff 
clay changed to fine sand, completely water-logged, 
and air-pressure had to be resorted to. Well No.1 
weighed about 65 tons, and was loaded with an 
additional weight of 70 tons during sinking. The 
maximum air-pressure necessary was 30 Ib. per 
sq. in. The bottom of the well was sealed, under 
pressure, with 3-in. planking extending beyond the 
cutting edges of the cylinder, 8 ft. by 4 ft. rolled 
joists fitted under the flange 1 ft. 6 in. above the 
cutting edge, and 4 ft. of concrete. The use of 
the sinking pit above referred to was resorted to 
in order to ensure the work being set up and 
wedged absolutely plumb, and also to ensure 
getting the intake section into the right position. 
The sinking was carried out by two Chinamen. 
These men worked well under pressure, which 
appeared to have no ill effects on them whatever, 
in spite of their refusal to take precautions. The 
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it for the second well gave a good deal of 
ouble, as it was commenced on Chinese methods 
—i.e., by the construction of a large pit, measuring 
at a depth of 35 ft., 14 ft. by 20 ft. at the bottom, 
and 114 ft. by 120 ft. at the top. As it was com- 
pleted, rains caused the sides to slip, and piles and 
sheet piling had to be driven to support the 
timbering necessary for the sinking. The well was 
then sunk as in the previous case, but took an 
additional load of about 100 tons, owing to friction 
against broken timbers. 

The water has to be raised to + 62 ft. in order 
to make it flow to the settling-tanks, and the 
average submergence and lift during the various 
months of the year are as follow :— 














Average Submer- : 
rei Water Level.| gence. Lift. | Proportion. 
feet feet 

January + 6 45 57 0.79 
February + 8 48 54 0.89 
March.. +16 BY 47 1.16 
April . +18 58 44 1.32 
May . + 25 65 37 1.76 
June . + 28 68 34 1.99 
July .. + 37 77 25 3.08 
August + 37 77 25 3.08 
September + 37 77 25 3 08 
October + 35 75 27 2.78 
‘November + 29 69 33 2.08 

mber + 8 48 54 0.89 





The air-lifts deliver into a tank 29 ft. 6in. by 
6 ft. by 6 ft., fitted with baffle-plates and a weir. 
On the weir a signal-arm is provided, so that the 
engineman may control the delivery of water to the 
settling-tanks and avoid flooding. The least favour- 
able conditions for pumping obtain during the cold 
season, when the draw-off is a minimum. The 
arrangement of the well-cover, Figs. 12 to 14, make 
it possible to blow through the intakes with com- 
pressed air. If this be done, and the water allowed 
to rush in again, any deposit at the bottom of the 
well can be stirred up and removed by a repetition 
of the process. 

There are fifty-three settling-tanks, 279 ft. long 
by 15 ft. wide, and of a mean depth of 5 ft. 6 in. 
Their situation with respect to the works is shown 
in Figs. 1 and 2, and they are illustrated to a larger 
scale in Figs. 15, 16, and 19. There are seven baffle- 
walls across the tanks at various points, to make the 
water rise and fall, to encourage the deposit of silt, 
&c. The water is admitted to the tank through the 
troughs shown in Figs. 31 to 33, on the present page. 
The settling-tanks have a capacity of 7,500,000 
gallons, and the velocity of the water passing through 
them is .); in. per second. At the end of the 
settling-tanks the water passes up through a broken- 
stone filter. Fig. 17 gives a cross-section of the 
channel between the settling-tanks and the filter- 


beds. 

The filter-beds are 22 in number. They are 
shown in Figs. 15, 16, and 20. The water is 
supplied to them from cast-iron troughs (Figs. 34 to 
Wi catenin half the length of the bed, and sus- 
pended from — shown in detail in Figs. 21 to 
24). Each filter is 203 ft. by 45 ft. wide. They 
are of the usual sand type. The rate of filtering 
is 1.5 gallons per sq. ft. per hour. Fig. 18 is 
a cross-section of the discharge channel from the 


filters. Figs. 38 and 39, page 196, show two views | pyra 


of the filter-beds with the pumping station beyond. 
From the filter-beds the water es to a covered 
reservoir, shown in Figs. 1 and 2. page 179, and in 
detail in Figs. 25 to 30, on Plate X. This reservoir 
is of brick and concrete, with arched brick roofing. 
It is divided into two sections, each of a capacity of 
24 million gallons. 

A view of the interior of the pumping station is 
shown in Fig. 42, page 196. e plant includes 
three Babcock and Wilcox boilers, each capable 
of evaporating per hour 10,000 Ib. of water at 
100 lb. pressure, equipped with superheaters giving 
150 deg. Fahr. superneat. The coal used a 
calorific value of abeut 12,000 B.Th.U. The 
boilers are also fitted with economisers, chain-grate 
stokers, and induced-draught fans. There are 
three air-compressing sets, constructed by Messrs. 
Hughes and Lancaster, of Acrefair, North Wales, 
each having a capacity of 1675 cub. ft. of free air 

r minute, and EE | to 44 lb. pressure. 
These sets take about 16 Ib. of steam per indicated- 
horse-power hour at full load. The engines are hori- 
zontal compounds with the air and steam-cylinders 
in tandem. The three main delivering pumping 
sets are by Messrs. James Simpson and Co., Fimbted. 
London, and are of the Worthington type, consum- 


ing about 18} lb. of steam per pump horse-power 





hour. Anytw6 of these pumps together are capable of 
delivering 312,000 gallons of water per hour against 
a head of 250 ft. The electrical plant for lighting 
the works, driving the air and circulating pumps, 


sets constructed by Messrs. W. H. Allen, Son and 
Co. The three condenser sets were supplied by 
Messrs. James Simpson and Co., and have each 
1000 sq. ft. of cooling surface. The circulating 
pumps, electrically driven, deliver 750 gallons per 
minute against a head of 25 ft. 

The three air-compressor sets weigh about 97 tons. 
They were completely erected by Chinese fitters 
under the direction of representatives of the firm 


supplying them. 


Fig. 32 Fig. 


i 


&c., consists of two vertical direct-coupled 150-kw. square wi 





squares were given values according to the density 
found, and the number of squares multiplied by 
these values, divided into the amount of water 
available, — the allowance per unit value. A 
th small population was valued as 1; 

with rather more, as 2; andsoon. The allowance 
worked out at 10,000 gallons per diem for the No. 1 
uares ; 20,000 gallons for the Ne. 2 squares, <c. 
The pipe sizes were worked out on this basis. The 
present requirements are estimated at about 16 
gallons per head. The difficulty of carrying out 
any systematic distribution scheme in a Chinese 
town will be palpable to all who have even the 
faintest acquaintance with that country. Two 


They were completed in two |20-in. mains have been laid down, aggregating 
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months, though the time stipulated by the makers 
for this work was three months. The pumps and 
condenser sets, weighing about 120 tons, were 
erected on the same system, in two months, against 
the stipulated time of eighteen weeks. The boiler 

lant, &c., was installed by Chinese labour directed 
by a Chinese foreman fitter with occasional instruc- 
tion by the resident engineer. 

At the end of the pumping mains there is a 
300,000-gallon water-tower tank, the bottom of 
which is 100 ft. above the ground level. The tower 
(see Fig. 41, e 196) is 152 ft. high to the top of 
the turret, which is used as a fire-signal station. 
The tank is of steel plates, and is 56 ft. in diameter 
and 21 ft. 4 in. in depth. The structural iron-work 
yg the tank consists of a central cast-iron 
column -3 ft. in diameter, and sixteen columns built 
into the brickwork walls. At distances 18 ft. 6 in. 
apart there are radial horizontal tie-rods from the 
central column to those in the brickwork. At the 
top there are eight radial plate girders 32 ft. by 
4 ft. deep and weighing each 5.35 tons. At 
13 ft. 14 in. from the centre there is a complete 
ring of cross-girders carrying the inner ends of the 
intermediate girders. The fluor is of rolled joists 
varying from 5 in. by 3in. to 8 in. by 5in., 1 ft. 9in. 
apart. The roof is supported on light radial 
lattice girders carried on an extension of the central 
column. The weight of the tower is 5391 tons, 
made up as follows :— Water, 1340 tons ; steel and 
ironwork, 230 tons; brickwork, 1761 tons; and 
concrete, 2010 tons. The foundations are of mono- 
lithic concrete, 3 ft. thick, on which stand truncated 
mids, supporting the columns and walls, so 
that the load is distributed evenly over the whole 
surface ; the area being 7386 sq. ft., the weight works 
out to 0.72 tons per sq. ft. Although the results 
of an experiment in which a load of 2 tons per 
sq. ft. showed no settlement after 21 days, the 
tower actually settled 8? in. Great care was taken 
to prevent uneven loading during construction, and 
the settlement was practically level. The tank 
bottom was riveted up in position, but raised 14 ft. 
above its true level, and after the first ring had 
been completed it was tested with 1 ft. of water 
before being lowered to its proper place. The 
work on the sides was tested as it proceeded, a 
small pump filling the tank during this time. The 
pump was kept going for about three weeks for 
this ana so that the load was brought on to the 
foundations throughout the building operations 
very gradually indeed. The iron-work of the tower 
was supplied by the Vulcan Iron Works of Shanghai, 
and the tower was constructed by native labour under 
native foremen without any serious difficulties. 

In order to arrive at a basis of calculation for 
the system of mains in the city, a plan of the city 
of Hankow was divided into squares, 200 metres 
by 200 metres, and a careful inspection made in 
order to ascertain as nearly as practicable the 
density of population in the various districts. The 
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10 miles in length, with 22 miles of sizes varying 
from 15 in. to 4 in. in diameter. 6744 tons of cast- 
iron pipes were used, supplied by the Stanton 
Iron Company. Loops have been employed wher- 
ever possible in order to avoid blank ends. 








COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 


I. Inrropvuction. 


THE necessity of having a competent estimating 
branch as part of the establishment is forcing itself 
upon the notice of the members of the engineering 
trade in an increasingly insistent manner. They 
realise that, to obtain profitable employment for 
their workshops, they must set their houses in order, 
and not be. satisfied with a mere rule-of-thumb 
procedure. For them to compete with the world 
their equipment, both as regards plant, organisa- 
tion, and personnel, should be of the best obtain- 
able. Their establishments, to be complete, should 
also include a branch whose function would be to 
assist in directing the efforts of staff and workmen 
in such a manner that none is wasted ; also to assist 
in obtaining from the plant the greatest possible 
output. 

The fundamental principle underlying all esti- 
mating is generally admitted to be that the esti- 
mate given shall be based on the cost of labour 
required to produce the article from the raw or 
semi-manufactured material ; to this must be added 
the cost of material, also a certain percentage of 
the cost of upkeep of the factory. The cost of an 
article can always be ascertained subsequent to 
manufacture by abstracting the wages paid from the 
ledger, also the material used, as the basis of caleu- 
lations. To estimate the wages cost of an article 
concerning which no data are available should, with 
an adequate staff, be an easy matter. Various 
methods have been adopted for doing this. Small 
concerns, employing a limited number of men, can 
deal with this question without an elaborate 
staff; the estimating of the wages costs being 
done by the foremen in addition to their shop 
duties, in many cases one man doing the whole 
of the work. 

The operations of the larger engineering con- 
cerns, however, embrace so many trades that to 
have only a superficial knowledge of their practical 
working would be quite enough for the average 
man ; while to have an intimate aquaintance with 
but one section of mechanical engineering—such as 
fitting and erecting or machining—suflicient to 
estimate the cost of operations with any degree 
success, it would be necessary for a man to devote 
himself whole-heartedly to making studies of the 
various conditions under which the several opera 
tions are performed. He would also need to keep 
in touch with all the improvements in methods of 
production, both in the factory under his immediate 
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notice and in other directions, especially in the 
technical Press. : 
Estimating costs has been in too many cases a 


mere guess, without sufficient ground-work for the |i 


uess to be in any sense a forecast of the cost of 
the work. In some concerns the estimating is a 
purely commercial function, the only bases being 
records of work which has already been done, and 
material which has been used. The estimator 
himself has no actual contact with the produc- 
tive side of the factory, so that the function as per- 
formed by him is, in many cases, the collection of 
statistics of very little use to any one, except to 
record the actual cost of the article, as against the 
charge made to the customer. Under certain 
circumstances, these statistics may possess a real 
value, but this seldom happens unless the concern 
is manufacturing a single line of articles with very 
little difference in dimensions or design, when the 
repetition of manufacture goes on uninterruptedly, | 
in much the same way as the production of flour or 
other similar commercial commodity. In any case, 
this collection of data will be found of very little 
value outside the particular classes of articles to 
which it relates, unless there is also some means 
of connecting the costs with the various components. 
This can be done by including with the data par- 
ticulars of the drawings—for reference purposes— 
of the articles dealt with. In the event of the cost 
of similar articles being required, comparisons may 
then be made. Even here great care should be 
exercised, so that, in the event of slight differences 
occurring in dimension or design, due allowance can 
be made to cover the varying cost of manufacture. 
The number of articles required should also be 
taken into account, as it is clear that the number 
to be made at one time will affect the cost to a great 
extent. In some cases it will be found that an 
article will, when made singly, cost four or five 
times the amount incurred in making it in quan- 
tities. 

If the request for an estimate is treated by the 
staff responsible for it in the same manner as an 
order for certain articles is treated by the work- 
shops, it will be found that the function of esti- 
mating can be performed nearly as accurately as a 
machine operation. That is tosay, in the workshop, 
if a spindle or similar article is required to be 
turned, it will be given to a turner or lathe hand ; 
80 if in the office we desire to know the cost of the 
operation on the article specified, we should require 
the services of one whose workshop experience 
would enable him to estimate within reasonable 
limits the time required for the performance of the 
operation. 

To obtain satisfactory results in this direction, 
the actual estimate of the wages cost should be the 
work of those who are actively engaged in the 
economic production of the various articles manu- 
factured. In very few of the larger concerns can 
this work be done by the foremen of the workshops; 
they cannot, as a rule, be spared from their duties 
for the length of time necessary for estimating the 
detailed wages cost required; also, estimating 
done under these conditions would be liable to 
so much interruption that, although valuable in 
detail, the results would in many cases frag- 
mentary. A study of the drawings for a length- 
ened period being impossible, it is almost certain 
that some operations would be missed, especially on 
complicated articles consisting of a large number 
of components. So that while the shop foremen are 
the best fitted by actual experience for the work of 
estimating, their time is usually so taken up with 
their shop duties that they must either neglect 
these duties or estimating can only receive very 
perfunctory consideration from them. 

To overeome these difficulties, some concerns 
have established branches or departments whose 
functions bring their members into direct contact 
with the wages cost of the articles manufactured. 
When the workshops are run on piecework lines the 
value of such persons as estimators is considerably 
enhanced by making them responsible for the times 
allowed for the performance of the various opera- 
tions upon which the piece rate or the allowance 
for premium or bonus is based, thus keeping the 
branches, as a whole, in constant touch with the 
various methods of manufacture. This renders 
them cognisant of the improvements introduced 
into the workshops for the purpose of cheapening 
productions in various directions, and results in 
their perceptions being kept fully alive to the 


by the same members who fix the rates for the 
variousoperations of the several sectionsof the trades 
— , a considerable amount of the guesswork 
is eliminated from the estimate. 

The principal gain to the concern running a 
branch or branches of this description is that in the 
event of the request for an estimate of the cost of 
manufacture of a certain article, a detailed list of the 
various components can be prepared, and each com- 
ponent subjected to analysis by the various sections 
of the trades concerned, so that the full value for 
the several operations to be performed will be 
obtained ; also, the members responsible for the 
primary operations will be able to estimate the 
amount of material required to produce the article. 

Having made provision for dealing with the 
fundamental portion of the estimate, there remains 
the incidence of the various items, under the head 
of ‘‘ indirect expenditure,” to be dealt with. The 
addition of this, after it has been decided in what 
manner it shall be allocated, is purely a commercial 
function. Various methods are arranged by different 
concerns for charging the net cost of production with 
its proportion of indirect expenditure. Broadly 
speaking, the latter can be divided into three sec- 
tions : First, expenses which can be apportioned in 
relation to the wages paid in the several workshops, 
and which differ from each other in various sections 
of the same trade, including wages of foremen, liners- 
out, operation - examiners, labourers and_store- 
keepers ; the sum total of these shop expenses can 
be averaged over a certain period, and apportioned 
shop expenses 
jbl daanabae equals percentage to 
be added to piece-rates to give shop cost in wages. 
Second, salary of office staff, managers, cost of 
cashiers, time-keepers, and store departments, 
cost of maintenance of yard plant, transport and 
wages of yard staff, rent of premises, and rates. 
These are the principal items which can be sum- 
marised under the head of *‘ establishment charges,” 
and proportioned so that they can be added as a per- 
centage of shop-wages cost, the whole of the wages 
paid in the shops bearing a portion of this expendi- 
ture. Third, machine rates, including depreciation 
and maintenance of machines—i.e., total cost of 
power delivered to machines, which will include de- 
preciation and maintenance of plant necessary for 
generating purposes—rent of floor space, including 
pro rtion of depreciation and maintenance of the 

uilding and cranes, with wages of crane-men— 
proportion of shop stores, including belting, oil, 
tools, and cotton-waste used by machinists, specia 
tools for machines, also a percentage of the perma- 
nent capital charges on idle machines during slack 
periods, this percentage varying in proportion to 
the number not in use. 
The remaining item, initial expenditure, should 
be calculated separately, the charges in this respect, 
including total cost of drawings, patterns, jigs, 
tools, and gauges, being made up in the same 
manner as the major portion of the estimate, and 
distributed pro rata over the number of articles 
to be manufactured. 
Basing the cost of the article on the piece rates 
for production, the estimate of the total expenditure 
can be made up as follows :— 
Piece rates = 
Shop expense i 


as follows : 





j shop-wages cost. 
Shop-wages cost of all sections 
Establishment charges ... - 
Machine rates proportioned to 

wages on various machines ... 
Cost of material ... - rs 
Proportion of initial expendi- 

ture eee ose oe ood 

This method may not be suitable to all establish- 

ments, but it is at least approximately fair for a 

large engineering concern to base its charges in this 

way, perfection of system giving way to compara- 
tive simplicity of the computation of cost. 


= total cost. 


II.—ReELaATION TO ORGANISATION. 


The productive side of an engineering concern is 
often placed at a disadvantage owing to the lack 
of co-ordination between the various sections of 
the trades employed. This at times causes delay 
in the early stages of the manufacture of new types 
of articles. To obviate this, the whole of the 
initial work, relating to the receipt of orders and 
distribution of the necessary information, should 
be dealt with by a central body. This should also 
arrange, for those running the workshops, the 





question of cost. If the function of a branch in 
telation to estimating the wages cost is performed 





principles governing the production of those com- 


method is a debatable quantity. The introduction 
of a system of this type may at first be viewed with 
suspicion or dislike by those who have formerly 
carried out part of the work. Generally speaking, 
if those affected by its operations—involving new 
methods or the change of existing methods—and 
whose co-operation is necessary for the success of 
the system are consulted, friction will be avoided, 
and the system will be of real value to all concerned. 

A system which would provide for the perform- 
ance of much the same function in relation to pro- 
duction as that performed by the drawing-oftice in 
relation to design is quite possible. Rot only 
would the drawings be supplied to the various sec- 
tions, but also the information as to which section 
shall perform the first or primary operation on the 
component, the supply of material available in the 
store, and generally the method of production to 
be followed. 

The advantages accruing from the adoption of 
such a system are numerous. There can be no 
question for the foremen as to which section shall 
perform the primary operation or any component, 
all this having been decided by a staff whose mem- 
bers, recruited from, and representative of, the 
various sections of the trades employed, discuss the 
pros and cons of the several different methods pos- 
sible. They go also into the economic question, in 
reference to machining from stock or forging, and 
after this has been decided, the type of forging (if 
any), whether it shall be rough and left for machin- 
ing, or a finished article with as little machining as 
possible. In the case of castings the particular form 
the casting shall take, or if the article shall be 
machined from bars; whether cast bars from the 
foundry or rolled bars from stock shall be used. 
These are only a few of the debatable ints 
which arise in the working of a large factory Puild. 
ing anything within its capacity, and having very 
little in the way of what might be termed speciality 
production, all sorts of work being tendered for, 
and offers of work accepted. 

The formation of a general staff, as it were, in 
relation to production, responsible for the cost of 
the different operations performed by the various 
sections of the trade, renders possible the running 
of the concern on piece-work lines. This will, as 
before stated, give a consistency to the estimating 
performed by them; and although they would 
issue rates for operations to the workshops, their 
functions should not interfere in any way with 
the duties of the shop foremen. These would still 


] | be responsible for production, from a shop-economy 


point of view, as before, none of their responsibility 
or authority being delegated to those whose func- 
tion is primarily to assist, and not to supersede in 
any way. Inthe event of any method laid down 
not being in accordance with the views of the fore- 
man concerned, he is not deprived of the right to 
make a suggestion. In actual working it has been 
found better to run the risk of having too many 
advisers than to act in too conservative a manner, 
the result being that the whole of the staff work 
harmoniously together. The estimating rate-fixer 
solves, as far as possible, the debatable questions 
before the drawings are passed to the workshops, 
thus giving assistance to all those who formerly 
wrestled with what were really knotty problems 
when tackled bythe blacksmith, moulder, machinist, 
or fitter single-handed. These, when considered 
by a round-table conference of the trades, with the 
various sections of each represented, present few, 
if any, difficulties incapable of solution. Even in 
the event of the conference not being able to decide, 
owing to questions of expediency, or in relation 
to the plant available at the time, they can always 
consult the foremen concerned. The load-factor 
must also be taken into consideration when arrang- 
ing machine operations, as real economy in the way 
of time can often be effected by the employment of 
machines which, while not the most suitable, assist 
materially in keeping the machining, &c., of the 
components in question, in such a sequence that 
the manufacture of the article as a whole will not be 
retarded. 

The material question is one which can be dealt 
with by the estimating and rate-fixing staff through 
its stores-demand section, in such a way that all 
the necessary information can be conveyed to the 
section of trade concérned, the description supplied 
of the material to be used forming the basis of the 
original estimate, the rate of the primary operation 
on the component, and the cost to be c to 
the customer. 





ponents where the most economical or convenient 


One important factor in workshop organisation, 
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which is not always readily ascertainable when run 
on the day-work system, is the shop-load. This 
should be based on the amount of work to be per- 
formed on the orders in hand, and, provided the 
orders are repeat orders, the clerical staff can 
supply this ; but in the case of new work it is im- 
possible for them to do so. If, however, the work- 
shops are run on a system of piecework, the opera- 
tion-cards can be passed a a tracking or 
routing section, connected with the estimating and 
rate-fixing staff. The shop-load can then, if re- 
quired, be made up week by week, as the rate value 
of the operations on the cards is totalled up for the 
various machines in the section, giving load to type 
machine ; while in the fitting sections it could 
taken in bulk. In the case of the moulding-shop 
it would be sufficient to separate the machine from 
hand-work, and in the blacksmith section to divide 
the work into about three groups. The results would 
be best shown in the form of a diagram (see Fig. 1), 
the amount added each week for the section con- 
cerned being the total rate value issued on operation- 
cards, less the average piece-work wages per week. 
This would be best done by the tracking section, 
as their function commences with the issue of the 
order, tracing the various components from incep- 
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tion to completion. The passing through their 
hands of all operation-cards would enable them to 
gp a component from being held up through 
ack of information concerning operations. 

Summarising the effect on organisation, by the 
adoption of a system based on the foregoing or 
similar lines, the result will be that, ins of 
incoherent individual action, the whole of the 
factory will work together in unison. All infor- 
mation relating to sequence of, and rates for, opera- 
tions would be supplied by the estimating and rate- 
fixing staff to the workshops, with a description of 
the material required for each component, which 
would be also suppiied to the stores-demand section. 
Failing a supply of the material specified, arrange- 
ments for the next best available can be made to 
prevent delay. Thus, as soon as the information 
relating to an order for certain articles to be 
made is received, it is distributed at once to all 
concerned. 

The shop-load can be easily ascertained by the 
tracking section, as can the state of manufacture of 
any particular series of somponents. If it be desired 
to do this in a factory engaged on a general class 
of work, and employing a considerable number of 
workmen of various trades, it would be found to be a 
task of considerable magnitude, without some data, 
supplied preferably by a central organisation, for 
the purpose of computing the wages, which remain, 
as it were, unspent. 


III.—-Retation to PRopuction, 

From the time an order is received till the finished 
product is delivered every effort should be made to 
avoid delay, from whatever cause it may arise. The 
functions of the estimating and rate-fixing staff 
enable them to remove most of the hitches likely 


to occur in a modern general shop. Following the 
ordinary course of manufacture from the receipt 
of an order, a copy of the order, with its serial 
number, giving authority for the manufacture of 
certain articles, is issued to all sections of the 
trades employed. Each person responsible will 
thus be acquainted with the type and number of 
articles to be produced. 

The first to commence operations will be the 

designer, and closely following him the detail 
draughtsman. As soon as the design has been de- 
veloped sufficiently to give the dimensions of the 
principal components, the designer should forward 
to the estimating and rate-fixing staff the par- 
ticulars of any special sections of steel or other 
semi-manufactured material which may be required. 
This will, in turn, be handed to the stores-demand 
section, to enable them to place an order or con- 
tract for the supply of those materials not kept in 
stock. It is not possible, as a rule, for a general 
shop to carry a large quantity of special material in 
stock, in anticipation of orders ; this means the 
locking up of capital, with no adequate return. On 
some classes of work, ingots of steel for forging, 
also tubes or other specialities, may be required 
which are not likely to be kept in stock ; these 
should be ordered as expeditiously as possible. A 
considerable gain can be effected in this way, the 
time saved being that which would elapse between 
the drawing of the design and the issue of the detail 
drawings, from which all sections—other than the 
designer—calculate the material required. 
The issue to the workshops of detail drawings 
should be carried out as early as possible. These 
should be ed first to the estimating and rate- 
fixing staff, in order that the method of operating 
may be arranged, and the rates decided for the 
various operations. The special tools and jigs, 
without which the components cannot be produced, 
can now be arranged for, with the tool section of 
the drawing-office responsible for them. The tools 
required for drop-hammers and machines in the 
forging section, the patterns for machine or plate- 
moulding, and other metal patterns where large 
numbers are required, are of primary importance. 
These should be put in hand as soon as particulars 
are available for issue to the tool section. A note 
of the material available when machined from stock, 
also all tools and jigs arranged for by the estimat- 
ing and rate-fixing staff, should appear on the 
detailed drawings issued to the workshops. 

The attention of the foremen concerned should 
be drawn to those components which require special 
jigs or tools to facilitate production, or to obtain 
the accuracy necessary for interchangeability. It 
would not be advisable or desirable for the estimat- 
ing and rate-fixing staff to attempt to arrange for 
these in all cases; the plant available must be 
studied, and often tools and jigs must be designed 
for special machines. Also some machines may be 
particularly adapted to perform a certain operation, 
and, as a consequence, the cost of special appliances 
may be considerably reduced, compared with that 
involved by the use of other machines, which might 
be employed to perform the same operation. 

Having made provision for supplying the neces- 
sary information to the workshops, the question of 
the rate of production can now be studied. In 
arranging this, several factors will present them- 
selves for consideration. The first of these to be 
taken into account will be the existing shop-load ; 
the effect this will have on the capacity of the 
plant for dealing with the order is considerable, 
and allowance must be made for it. Another 
equally important factor is the total value of the 
piece rates on the largest or costliest components, 
which must be spent end on, and the plant avail- 
able for the operations. 

If it be found that it will be difficult or impos- 
sible to meet the demands of the customer in this 
respect without recourse to overtime, it may be 
possible to arrange for operations to be performed 
on machines which might be unsuitable from an 
economic point of view, but which it will be advis- 
able to use to ease the load on the overloaded sec- 
tion of the plant. This will generally increase the 
rates paid for the respective operations ; but in 
practice it will be found better to make the best 
use of the whole of the plant than to pay the extra 
time of the staff necessary to run the shops on 
overtime. The shop-load diagram will be found a 
ate aid in this respect ; not only can the over- 

oaded group be located at once, but also those 
groups which it might be possible to call upon to 





If the turret section should 


assist in reducing it. 








be overloaded, some of the operations can be trans- 
ferred to the engine lathe, or vice versd; or the 
milling section may be similarly situated, in which 
case the planing, shaping, or slotting-machines may 
assist, and in an emergency even the boring and 
drilling-machines may be pressed into the service 
of the milling section with success. 

In the case of components, where the operations 
are performed by automatic or similar machines, 
the whole number required for the order will be 
produced, if possible, without a break, depending 
upon the plant available, and whether the machines 
required can be spared for the necessary time ; the 
drop-hammers and machines in the forging section 
being worked on similar lines. 

The weekly—or some convenient period—rate of 
production on an order should, if possible, be made 
the basis of most of the machine-operation rates, 
where the number operated upon at one time will 
affect the cost of production. In some cases, the 
value of the rates of the total number required may 
be so small as to allow of the whole number being 
produced with one setting of the machine, the 
time being only a small fraction of that required 
for fulfilling the order, while at the other extreme 
will be the components where the value of the 
costliest operation is so great that manufacture 
must be continuous. With many medium sized 
components which are easily handled, it is some- 
times found inadvisable to operate on less than a 
certain number at one time. It is often more 
convenient to shift or remove the component from 
the machine than to change the tools ; especially 
does this apply to components which are fixed in 
jigs, or which can be readily set with a minimum 
of trouble. Should the number of the weekly 
output required be insufficient for economic pro- 
duction, and arrangements cannot be made with 
the workshops to remedy this, the rate must be 
made to suit the number operated upon. 

One result when a concern is run on these lines 
will be that the foremen in the great majority of 
cases will have all the debatable questions settled 
beforehand. The question of economic production 
need not trouble them outside the particular series 
of operations performed in their section, except 
that these must not interfere with the economic 
performance of subsequent operations. Produc- 
tion will thus be facilitated all along the line, the 
initial work of the estimating and rate-fixing 
staff enabling manufacture to commence at the 
earliest possible moment, all difficulties arising in 
the course of production being dealt with at once, 
the net gain being that production will be advanced, 
so that early delivery will be possible, and regular 
supplies available till the order is completed. 


(To be continued.) 








FOUNDRY PLANT AND MACHINERY 
No. LVI. 
By JoserH Horner. 

THE magnetic separators used in brass and iron- 
foundries have grown from insignificant beginnings 
inte important sources of economy, and along with 
or without the help of preliminary cinder-crushers. 
The amount of metal lost, if crushing and separating 
are not practised, appears to be very large if the 
statement be correct—and there seems no reason to 
doubt it—that such machines will pay for them- 
selves in three months or less. The subject has 
several aspects. It is associated with mixtures of 
brass and iron from the turnery and connorcedingas 
which occasioned the first forms of separators. It 
is also concerned with the separation of brass and 
iron from furnace slag and dross, and, again, of 
particles of iron of all sorts, such as become mixed 
with the sand and detached in the fettling-shop, and 
of the nails and rods which are inserted in moulds. 

Whatever care is exercised in the machine-shop, 
iron and brass turnings and borings inevitably be- 
come mixed. If the brass forms the staple, the 
iron must be taken out to prevent contamination 
of the brass. If the iron be the staple, the brass 
must be removed because of its much higher value 
as metal. Much waste occurs when the cinders of 
brass-melting furnaces and the sand of the boxes 
and the floor are thrown out unsorted. Splashings 
of metal from crucibles, pieces of metal from fins, 
and sprays of runners, are unavoidable, as well as 
the dross that is detached from heads of runners 
and risers. In the iron-foundry the slag from the 
cupola, the débris of the last melting, dropped or 
raked out, contains a large quantity of free iron, 
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which can only be separated by crushing. This is 
lost permanently if it is dumped on a waste heap. 
use iron is cheap, the recovery of such waste may 

not be thought worth the cost of the installation of a 
machine to deal with it. In the foundry the spil- 
lings from the ladles, cold shots which fly about, 
loose nails, &c., are riddled, otherwise the sand 
could not be used again. But the riddle does not 
retain the smallest particles. There may often be 
enough shots to pass through a coarse riddle which 
might be worth recovery by a magnetic separator. 
All these matters are worth considering, and the 
conditions in a good many foundries would be 
such as to justify the installation of a crushing and 
Separating-machine. Though the operations may 
’ppear to be of an extremely elementary character, 
being merely crushing and magnetic separating, yet 
the variations in the designs which are constructed 
are considerable and rather vital. Thus crushing 
may be done wet or dry, and separation may be 
done by permanent or by electro-magnets, while in 
the mere details of feeding, different firms adopt 
erent methods. In brass-foundries the practice 
ormerly was to throw the turnings and cuttings 
m the machine-shop into a large open tray, and 

& labourer, provided with a long row of magnets 
attached to a wooden bar, moved them about among 








the cuttings, and brushed off the iron particles 
which clung to the magnets. This was repeated a 
number of times, and, though slow, was efficient, 
but only moderate quantities could be dealt with at 
one time. 

We illustrate by photographs, with diagrams of 
the magnet arrangements, two machines, both being 
by the Rapid gnetting Machine Company, 
Limited, of Birmingham. One is for brass-founders, 
the other for iron-founders. The photograph, 
reproduced in Fig. 864, and the diagram, Fig. 865, 
annexed, illustrate the firm’s standard type for the 
brass-foundry. No preliminary sifting is necessary, 
except to get rid of — curly turnings, because the 
hopper into which the material is fed is being shaken 
or Jigged sideways constantly, breaking up and sepa- 
rating the material and distributing it over the 
drum. The distributing action is assisted by the 
serrations of the edge. The drum is of brass, pro- 
vided with ridges (compare with the diagram, 
Fig. 865), which push the iron forward in its 
rotation. Inside the drum, radiating from the 
centre, and occupying the front half of the drum, 
are electro-magnets. The iron, as it falls, being 
attracted by these, is held and carried round by 
the ridges to the termination of the magnetic field, 
when it drops away by gravity. Under the action 





Fie. 866. 


of the magnets of opposite polarity the iron jumps 
constantly from one to another, which has the 
effect of releasing every particle of non-magnetic 
material. The firm state that the machine will 
separate a mixture of 99 per cent. of iron from 
1 per cent. of brass and copper. A dynamo is used 
for energising the electro-magnets ; or when a con- 
tinuous current is already available the dynamo is 
not required. The standard voltage is 100, but the 
separator can be wound to suit other voltages, not 
exceeding 250 volts. Continuous current only is 
suitable. The machine is built in four sizes. The 
smallest will handle from 2 cwt. to 4 cwt. of brass 
turnings per day, using ,;, horse-power, the 
magnetic drum being 12 in. in diameter by 5 in. 
wide. The largest deals with from 14 to 2 tons per 
day, requiring 4 horse-power, and having a drum 
14 in. in diameter by 22 in. wide. 

For the iron-foundry the construction is diffe- 
rent, as shown in Figs. 866 and 867, on the 
present page. The raw magnets are disposed on 
the outside of a drum, and energised by electro- 
magnets within the drum. Compare with the dia- 
gram, Fig. 867. The magnets, of alternate polarity, 
are arranged horizontally, having brass strips be- 
tween the pvles. The iron is attracted by the 
magnets and carried round to the rear, where, by 
a device which dispenses with the ordinary auto- 
matic cut-off, the magnets are demagnetised, and 
the iron is released, as indicated in the diagram. 
A separation is made between the heaps of iron, 
and sand and slag, the latter falling from one side 
of the drum while the iron is carried farther round. 

These machines will give a sufficient idea of the 
principle of operation of magnetic separators. But 
the method of construction is not crystallised in 
this form. An American machine, the Dings, by 
the Dings Electro-Magnetic Separator Company, of 
Milwaukee, Wis., employs a rotating disc, the face 
of which is inclined a few degrees from the hori- 
zontal. It carries a number of secondary magnets 
of Swedish iron arranged around it near the edge, 
these being magnetised by a large primary magnet 
body held solidly above. The latter has its coils 
and cores, and pole-pieces project downwards to 
meet the circle of magnets on the disc, which they 
energise byinduction. As they become demagnetised 
when they leave the primary poles, these magnets 
discharge any iron which they have attfacted, 
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allowing it to drop at the sides to a conveyor, leav- 
ing non-magnetic material to pass away at the end. 
The electro-magnet comes into proximity to the disc 
at two opposite sides, so producing two magnetic 
fields, which is in effect that of two se te treat- 
ments by an ordinary separator. e materials 
are fed through a oy po! above which is provided 
with two shafts, one of which feeds while the other 
stirs the mass, so preventing choking. The sand 
and dust are separated and discharged away from 
the iron; and both separate from the coke, slag, and 
other non-magnetic material. 

The Hill cinder-crusher, manufactured by the 
Eastern Machinery Company, of New Haven, 
Conn., is used for both dry and wet crushing and 
for brass and iron. In this machine a cylinder, 
which is rotated by a belt-pulley through gears, 
contains a single massive crushing-roll, which lies 
loosely in the cylinder and rotates in it. The 
longitudinal section of the cylinder and the roll is 
that of double-truncated cones set base to base, and 
the crushing is produced by the dead-weight of the 
rolls, which weigh 525 lb., facilitated by diagonal- 

iooved pockets cast along it. The roll is cast of 
ard white iron. The barrel is 3 ft. in diameter at 
the largest part by 4 ft. long by 2 in. thick. 

In the wet process a considerable stream ef water 
is driven through the barrel, entering through a 
}-in. pipe inserted at one end. The material to be 
crushed is shovelled in at the end opposite, and, 
sliding between the roll and the barrel, is crushed. 
The barrel makes from 40 to 60 revolutions per 
minute. The flow of water carries away with it 
out of the feeding end all cinders, dirt, and refuse, 
leaving the iron in the bottom. After a sufficient 
quantity of the latter has collected, the barrel is 
stopped a cover on the side removed, and the iron 
is discharged into a space below the barrel. 

In the dry process an exhaust-fan is attaehed to 
the end of the barrel, which sucks the light refuse 
into a receiving-chamber, where it strikes a vertical 
bafile-plate, by which the coarser icles are 


thrown to the bottom, leaving the dust to be 
sucked by the fan into another receiving-chamber. 
The chambers are cleaned out periodically. These 
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machines require from 5 to 8 horse-power to drive 
them. 

For small brass-foundries a modified type is 
buiit, in which crushing-rolls having convex faces 
are used. They are grooved across, with pockets 
for picking up and carrying the material round. In 
this machine the crushing-roll weighs 250 lb. The 
barrel is 30 in. in diameter by 10 in. wide inside, 
and requires from 1 to 14 horse-power to drive it. 
It can be fitted for wet or dry grinding. 

The fettling, cleaning, or trimming of castings is 
done now by methods wholly different from those 
which were once thought to be sufficiently econo- 
mical. All this work, without exception, was once 
done—is done still in some small foundries—by men 
without any assistance of any kind from machi- 
nery. Incontrast with these we have the present- 
day fettling plant which leaves but little prelimi- 

work even for the hand labourer. 
Taking average castings as they are turned out 
of their moulds, fettling entails the removal of 
runners or ingates, of fins, of sand, and of cores, 
and more or less the partial smoothing of surfaces. 
Some preliminary work must be done by hand. 
Runners and fins are knocked off with hammers. 
Sand is knocked or scra off with hammers, or 
shovels, or scratch brushes. Cores and core-rods 
are poked out with bars, and bent rods are pulled 
out with pincers. The casting is thus left exposed 
and ready to be dealt with by hand or by machine. 
Even if fettling is done with machines the after 
treatment by these depends much on the sizes and 
shapes of castings. Vou large castings can only 
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be fettled by the help of portable tools ; those of 
small and medium size, and now those of rather 
considerable dimensions, can be dealt with in 
quantities in machines of various kinds. As in 
moulding-machines, capacity is always being in- 
creased, and the largest machines now have reci- 
procating tables similar to those of planing- 
machines. But with the help of portable tools 
there is no limit to the dimensions of castings 
which can be fettled. Fins, runner marks, and 
scabs can be removed with portable eae 
chisels, and surfaces can be finished with portable 
grinding-wheels. ; 
Remembering that the operations of fettling do 
not extend beyond those just now stated, the 
numbers of machine types and of individual 
machines which are available is very remarkable. 
This fact is largely due to the introduction of the 
sand blast into the service. The result has often 
been either the abandonment of the simple 
tumbling-barrel, or else the combination of sand 
blasting with tumbling. The sand blast is supe 
rior to the mere tumbling-barrel when castings are 
of intricate forms. But plain articles—those, 
namely, without internal recessed portions such as 
would be made with cores, and without delicate and 
weak projecting portions—can be done well enough 
by mere tumbling. The action is usually helped 
by the inclusion of burrs or punchings from the 
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Figs. 883 anp 884. TumBLING-BARREL 
ToTreNHAM, 


boiler-shop, or of chilled star-shaped castings But 
the effect always is to polish the projecting sur- 
faces more than the recesses, since only the 
exposed portions can be thrown into mutual con- 
tact. But as small plain articles often form a large 
Proportion of the output of iron and brass foundries, 
© tumbling-barrel is a very valuable machine, 
especially when it is contrasted with the work of 
the hand -fettlers; and, further, by comparison 
with the sand-blasting plant the tumbling-barrel 
the advantage of low cost of installation, an 
economical consideration which .has much weight 
in the smaller iron and brass foundries. Sand- 
t cleaning has, however, a result that is not 
secured by tumbling. It takes the place of pickling, 
if sufficiently prolonged, removing the cathe which 
'8 present on the faces of all casti: This is a 
a which prolongs the durability of the edges 
of the cutting tools in the machine-shop. And of 
equal importance in some industries is the fact 
t castings properly cleaned by sand blast can be 
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; THe Lonpon Emery Works Company, 
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| tinned, galvanised, plated, or enamelled without 
treatment by acids. 

The runners, ingates, gits, gates, or jets, as they 
are variously termed, have to be knocked off or cut 
off castings before any fettling is done. They are 
often knocked off with a hammer, but with the 
risk, in the case of those of large sizes especially, 
of the metal breaking away underneath the surface 
of the casting. This can be prevented by nicki 
round the runner in the first place with a col 
chisel. Thin flat runners need not be nicked. 
After the removal of the git, the surface is levelled 
with a cold chisel or an emery grinding-wheel. 
A good many machines are now used for cutting 
off the gits and doing nothing else. For brass the 
cutting is done with chisels in a machine similarly 
designed, in regard to the method of operation, to 
some stamping presses. For cast iron, circular and 
band-saws are employed. 

We illustrate two git-cutting machines, of light 








Brothers, of Dukinfield, Manchester. The first will 
cut gun-metal up to j-in. in diameter, the second 
up to 14 in. in diameter. There is practically no 
risk to the hands in using these machines, since 
the normal state is that of separation of the cutters, 
the depression of the foot-lever being necessary to 
bring them into action. 

The light machine illustrated in Figs. 868 
to 870, on e 184, is driven by a single pulley, 
which fulfilé also the function of a fly-wheel. The 
depression of the foot-lever moves a bell-crank 
lever which is pivoted at a, and this thrusts 
along a collar A, having a bevelled edge, which is 
feather-keyed on to and rotates with a sleeve 
keyed on the pulley-shaft. The sliding action 
brings the bevelled face on the collar into con- 
tact with the bevelled end on the spring-driving 
dog or plunger B enclosed in the fly-wheel boss. 
The rotation of the latter is thus communicated to 
the shaft. This causes the descent of the upper 
chisel, following which the collar is thrust back by 
cam-faces on it and on the fly-wheel, assisted by 
the action of the balance-weight on the treadle. 
The chisel thus remains at the top of the stroke 
until the treadle is again depressed. The brake 
checks momentum of the shaft. The amount of 
lift is controlled by the throw of the eccentric, the 
strap C of which actuates the connecting-rod to 
which the top chisel is attached. When setting 
the cutters they must be placed so closely that 
they will indent a piece of thin cardboard. The 
standard is open at the back, and the slope given 
behind the cutter allows the gits to fall away, and 
permits bars to be passed through, so that the 
machine can also be used for cutting off bars. 

The larger machine shown in Figs. 871 and 872, 
page 184, is a geared one, and is driven by fast and 
oose pulleys, with a separate fly-wheel. The method 
of operation is different from that of the lighter one. 
The treadle operates a sliding clutch A on the pinion- 
shaft, which puts the pinion B into action, and 
thence the wheel C keyed on the shaft which drives 
the eccentric, which is coupled by the connecting- 
rod D to the top chisel. e same movement lifts 
the shaft-brake E, which, when the clutch comes out 
of engagement, brings the shaft to rest. 

The drawings reproduced in Figs. 873 to 877, 
on page 184, illustrate the gate sawing-machine 
by Messrs. Edward G. Herbert, Limited, of 

anchester, for cutting gun-metal and similar 
alloys. The advantage of using a saw is that a 
clean cut can be made close to the casting, leav- 
ing little to be removed by the grinding-wheel. 
The machine is belted from the counter-shaft, 
located on the foot, Fig. 873, whence the circular- 
saw is driven by a belt that passes over guide- 
pulleys to the pulley at the top of the vertical 
spindle, thence through the mitre gears seen in 
detail in Fig. 875. The saw A is rotated at a high 
8 . The gears are enclosed, and the saw is pro- 
tected by a guard. The belt is thrown on and off 
the tight pulley by the movement of the treadle. 
The same movement causes the down-feed of the 
saw to take place by gravity. A cord over 
pulleys within the standard. The lowering of the 

] loosens the cord, allowing the slide to descend. 
hen the pedal is released the saw rises, and the 
belt goes on the loose pulley, stopping the saw. 

Tumbling-barrels are made in a very large 





and heavy type respectively, by Messrs. Roberts | ments of both iron and brass, but also in modified 


number of designs, not only to suit the require- 
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forms of construction for a single class of castings. 
Within the spheres for which these barrels are 
eminently adapted, many different kinds of con- 
structions and several different methods of working 
are adopted. Their spheres of action extend 
beyond mere cleaning of castings into the opera- 
tions of polishing, brightening, and drying pre- 
paratory to plating. In brass work the castings 
are tumbled in water. In many designs a tilting 
tumbler is embodied. Methods of driving differ. 
Usually the belt drive is adopted, but transmission 
may be through spur - gears, or bevel - gears, 
or through rollers. The drum may be mounted 
on journals, or on rollers in contact with rings 
encircling the drum, thus leaving the ends abso- 
lutely open when the covers are removed, instead 
of charging and discharging through a hinged door. 
Small drums are often driven from one end only, 
instead of being supported at both ends. Drums 
are usually of cylindrical form, but some have an 
octagonal section, others a rectangular section. 
The materials used in their construction include 
cast iron, cast steel, mild steel, and wood, built up 
in different fashions. 

A good design of cast-iron fettling-drum is shown 
by Figs. 878 to 880, page 185, by Messrs. George 
Green and Co., of Keighley. One of the longitu- 
dinal staves A is removable bodily, to allow of the 
insertion and removal of castings, and is provided 
with handles for the ——- The staves are all 
double-ribbed, and are bolted to flanges on the 
ends, extensions of which ends form the journals, 
which also are hollow (see Fig. 880). The hexagonal 
shape of the drum, Fig. 879, is more favourable to 
tumbling than a circular — would be. The 
driving is by pulleys, fast and loose, with striking 
gear, as shown. Seven sizes of these machines 
are built, ranging from 18in. to 36 in. across 
corners, by from 30 in. to 60 in. long. 

A powerful design of tumbling-barrel by the 
Badische Maschinenfabrik, which revolves on rollers, 
is shown by Figs. 881 and 882, on pe e185. The 
drum is built up of steel plates encircled by cast-iron 
rings A, A, fitted concentrically with adjusting 
screws. The end to the left, Fig. 882, is riveted 
solidly, the other to the right farthest from the 
driving pulleys is removable by means of cottered 
bolts for the ready charging and removal of castings. 
The driving is by belt-pulleys, fast and loose, 
on the same shaft which carries one pair of rollers. 
The rollers on the other shaft rotate by their 
friction with the rings that embrace the drum. 
Four sizes of the machine are built, that illustrated 
being the largest. The smallest has a barrel 
1 ft. 102 in. in diameter by 3 ft. long, the largest 
3 ft. 3$in. in diameter by either 5 ft. 14 in. or 
6 ft. 7 in. long. The speeds of rotation are 50 
revolutions per minute in the smallest to 60 revolu- 
tions per minute in the largest. 

Figs. 883 and 884, on page 185, show a tumbling- 
barrel by the London Emery Works Company. It 
is of the wobbling ‘yp consequent on the eccentric 
position of the axis. The wobbling or rocking motion 
in addition to the rotary increases the efficiency of 
the tumbling action. At the right-hand end, Fig. 
883, a flanged branch, around which the branch on 
the barrel rotates, receives a pipe for exhausting 
the dust. The barrel is rotated on rollers, the 
pair on the left-hand side, Fig. 884, being belt- 
driven by the fast and loose pulleys. The barrel 
is built up of steel channels, seen in section in 
Fig. 884, with tho flanges set outermost. Each 
one is secured to the grooved friction-rings B, B, 
which run on the rollers, by means of angle 
brackets attached to the internal faces of the rings. 
The rings are also tied together with distance-rods, 
as shown in Fig. 883. The end of the drum nearest 
the pulleys is a permanent fitting. The one at the 
opposite end is detachable and held with cotter 
bolts, to be readily removable for the insertion 
and removal of castings. Two sizes of these 
machines are made, the drum in one measuring 
234 in. inside diameter by 354 in. long; in the 
other, 35} in. in diameter by 55 in. long. 





Tue Swepish TrLtepHonge.—The Swedish State tele- 
phone continues to extend on a most satisfactory scale, 
the number of apparatus having risen from 109,939, at 
the end of 1908, to 147,200, at the end of last year. e 
increase in the inter-urban conversations on the 
amounts to about 124 percent. The Stockholm tele 
likewise shows a rapid continuous growth, last year 
a record year, the increase in subscribers being 
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On trequent occasions in recent years our own 
columns have testified to the numerous improve- 
ments that have been effected in the manner of 
measuring and recording temperatures, and have 
indicated the advantages accruing from the employ- 
ment of ingenious devices depending upon the 
related sciences of electricity, optics, he. Modern 
inquiries have demanded that the range of measure- 
ment should be increased at both ends of the 
thermometric scale. The experiments instituted 
by Dewar have made the measurement of low 
temperatures necessary, while ambitious attempts 
to determine the temperature of the sun and stars, 
on the other, have given increased importance to 
the highest readings. A book was needed, there- 
fore, that should sum up the position reached, and 
demonstrate the scope and accuracy attainable by 
the adoption of particular devices. This want Mr. 
Burgess has supplied for high temperatures—we say 
Mr. Burgess, for M. Le Chatelier, whose classical 
work of twelve years ago has been the foundation of 
this volume, withdraws all claim to authorship and 
declares that the present work is essentially original. 
The author is well equipped for the task he has 
undertaken. He was a pupil of M. le Chatelier, 
who gave so great an impetus to exact temperature 
measurement thirty years ago, and he has ever been 
in the forefront of experimenters. The object of 
the book is easily perceived. It is to show to the 
student the historical aspect of the fundamental 
principles underlying heat measurements, to con- 
vince the engineer of the technical success attained 
and of the value of pyrometry in the industries, 
and to point out to the physicist the opportunities 
for theoretical investigation. 

Starting from first principles, which require the 
student to emietend what is meant by tempera- 
ture measurement, or thermal equilibrium, we have 
a very good description of the gas thermometer and 
of the standardisation of instruments, more portable 
and more convenient, for practical purposes. It 
may be well to remember that the author, writing 
for Americans, has not thought it necessary to 
refer to the Kew scale, which is really the one 
in use in this country. The Bureau Inter- 
national des Poids et Mesures has adopted, 
asa definition of the normal thermometric scale, 
the Centigrade scale of the hydrogen thermo- 
meter, having as fixed points of temperature the 
melting of ice and the vapour of distilled water, 
the hydrogen being taken under a certain mano- 
metric initial pressure. The man who has had his 
thermometer tested at Kew wants to know whether 
the corrections supplied by the authorities are the 
same as would be furnished by the standard normal 
temperature scale. In other words, has he a copy 
of the hydrogen thermometer? He can reassure 
himself. Exact definition may need to be pro- 
tected by seemingly useless verbiage, but for ordi- 
nary ranges of thermometer readings the tempe- 
rature as given on the Kew certificate may be 
considered as that of the hydrogen thermometer. 
Though for many ordinary purposes one uniform 
thermometer scale obtains throughout the scientific 
world, it must not be supposed that a high tempe- 
rature scale is established on an entirely satis- 
factory basis. Extrapolation always introduces 
uncertainties, and it is one of the main objects of 
the book to show how the adoption of different 
processes limits the errors arising from this source. 
At the temperature of boiling sulphur (445 deg. 
Cent.) an uncertainty of 4 deg. exists, but in this 
case the source of error may be traced to some 
inaccuracy in the assumed expansion of the bulb 
employed. The correction has to be inferred from 
the known linear expansion of the material of 
which the bulb is made. It is not likely that the 
cubical coefficient of expansion of an asymmetrical 
bulb is three times the linear. The accumulation 
of error or discrepancy, whether from extrapolation 
or other sources, sro dh 5 deg. at a temperature of 
1000 deg. Cent. The melting-point of palladium 
varies, according to different observersand methods, 


ear | from 1550 deg. to 1575 deg. Cent., and at 3000 deg. 
one | Cent., the melting-point of tungsten, the range of 
54045 | ae nagueee is 300 ie 


g. The improvement that has 
m made in accuracy is shown by the fact that a 


bringing the total on January 1, 1913, up to 68,163—a | 
very high figure for a city of Stockholm’s size. 


' few years ago the temperature of a steel furnace was 





recorded as anything between 1500 deg. and 
2000 deg. Cent. Measurement was little advanced 


beyond guesswork ; a trained workman would not 
make a larger error than that mentioned, for up to 
800 deg. Cent. many can guess within 25 deg. Cent, 
Of course, it must not be overlooked that enormous 
differences of temperature can exist between neigh- 
bouring parts of the same furnaces ; a source of 
error which perhaps is still insufficiently recognised. 

From the study of the fundamental gas pyro- 
meter, the author proceeds to discuss calorimetric 
pyrometry, a method which has fallen into disuse, 
except for the determination of specific heats at 
high temperatures, and its continuance in labora- 
tory work is maintained only by the introduction 
of devices which eliminate the heat losses during 
manipulation and by the use of resistance thermo. 
meters and thermo-elements of great sensitiveness, 
which measure the rise of temperature with greater 
accuracy than is possible with the mercury thermo- 
meter. 

The two chapters on thermo-electric and elec- 
tric-resistance pyrometers will be found to be very 
thorough and informing, revealing the hand of a 
master. The author is inclined to give preference 
to the platinum-alloy couple for the determination 
of temperatures up to about 1500 deg. Cent., on 
account of ease in calibration and general porta- 
bility of the apparatus, but for comparatively 
moderate temperatures there is a gain in sensi- 
bility in the silver-constantan form of couple, with- 
out any appreciable loss in accuracy. The elec- 
trical resistance pyrometer, in the form adopted by 
Callendar and Griffiths, is susceptible of very great 
sensibility, up to 900 deg. Cent., but is liable to 
injury, and the purity of the platinum isa matter 
of importance. Everyone on a predilection 
for the tool with which he is most familiar; but 
for all ordinary investigators, whether scientific or 
industrial, demanding a wide range of tempera- 
ture, we gather that Mr. Burgess looks with the 
greatest favour on thermo-electric couples of the 
platinum-alloy class. 

On purely scientific grounds radiation and optical 
pyrometers are most interesting. The theoretical 
advantages appeal to the physicist. He is delighted 
with the practical application of Stefan’s law or 
Wien’s distribution oe, and in the prospect of 
determining temperature by measuring the energy 
curve of the spectrum, he perceives a wide field of 
research ; but possibly he hardly appreciates the 
difficulties of instrumental construction and the 
possible sources of errors of observation. The 
author’s discussion of these instruments, both 
theoretically and practically, is illuminating. He 
gives Wien’s equation in a convenient form for 
application, and one which emphasises the import- 
ance of accuracy in the constants. ‘Tables are also 
given to reduce observations to a common standard 
of the Constant of the Law of Radiation. On the 
other hand, in industrial operations, a form of 
thermopile or thermo-electric telescope offers great 
advantages. The engineer finds it possible to have 
continuous indications of an automatic character 
that can be readily made self-registering, and 
there is no limit to the temperature which can be 
measured, supposing calibration to be effective. 
The various forms of Féry’s pyrometer belong to 
this class, and their wide acceptance is a proof of 
their utility and convenience. The optical pyro- 
meter to which Le Chatelier gave a useful form is 
perhaps best known in this country by the Wanner 
type. The author has submitted this pyrometer 
to a searching examination, and points out some 
defects or necessity for caution. It seems by no 
means certain that Wanner increased the accuracy 
or constancy of the instrument by having recourse 
to the a principle, discarded by Le Chate- 
lier. In Zollner’s photometer, where the calori- 
meter is arranged much after the same plan as in 
the Wanner pyrometer, the present writer has 
always found a difficulty in satisfying himself of the 
identity of two colours. To ascribe an error of 
only 1 per cent. to all the sources of error, physio- 
logical and optical, seems decidedly too small. 

A useful feature in the book is the classified 
description of a great variety of instruments, 
similar in principle, but varied in details. The 
author is careful to explain the peculiarities of 
each, so that, with some confidence, one can make 
a selection of the form that will be best suited to 
the requirements. The instrument, in most cases, 
whether of the total radiation or monochromatic 
class, will be arranged to give results identical 
with the platinum-alloy couple, for the method 
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of calibration, usually adopted, secures the same 
indications that would be given by thermo-couples 
whose electromotive forces have been determined 
by observing the known freezing points of 
metals. On this ground we look with some 
suspicion on the excellent agreement in the results 
of different observers in the measurement of 
such high temperatures as those of the carbon arc. 
Modern values cluster very closely round 3500 deg. 
Cent.; but how far these results rest on extra- 
polation, and how far they are absolutely indepen- 
dent observations cannot be so easily decided. 
There is, too, one further point on which we should 
have liked information—the degree of accuracy or 
trustworthiness to be placed on the several terres- 
trial sources, which can be regarded as approxi- 
mating to Kirchhoff's ‘‘ black body.” The elec- 
trically-heated furnace of Herzeus is usually accepted ; 
but some observers, who have used Planck’s and 
Wien’s formul for determining the temperature of a 
“black” body approximating to a particular spectral 
distribution, have found very considerable discre- 
pancies at different places in the spectrum, necessi- 
tating empirical corrections that throw doubt on 
their results. Again, it would seem that in measur- 
ing the energy curve of a spectrum it is valid only 
to employ the radiation formula in the cases of 
pure temperature radiation. When we come to 
the sun’s temperature, where, again, there is excel- 
lent agreement considering the difficulty of the 
investigation, we cannot be certain that this condi- 
tion is fulfilled. Still less confidently can this 
condition be assumed in the case of the fixed stars, 
the effective temperatures of some of which are 
given here. On this account one is not surprised 
to find that two observers give for the temperature 
of Vega respectively 8100 deg. and 12,200 deg. 
Cent. absolute. The ingenuity displayed in such 
inquiries is very great, and the possibilities of pyro- 
metry are well illustrated by the eee but in 
the presence of such discrepancies the author might 
not have been satisfied with quoting, but might also 
have criticised. We are conscious of a reserve of 
force in the author that would certainly have given 
great weight to any criticism he might have felt 
disposed to offer. 





Oil-Finding : An Introduction to the Geological Study of 
Petroleum. By E. H. Cunnincuam Cnralic, B.A., 
F.G.S., late of H.M. Geological Survey. With an 
Introduction by Sir Boverton Repwoop, Bart., illus- 
trated. London: Edward Arnold. [Price 8s. 6d.] 

Tus book would have left a more favourable im- 

pression if the order of the chapters had been 

arranged differently. It is an elementary work, 
intended for young geologists, and the two last 
chapters are avowedly addressed to beginners. It 
would seem that the author expected the student 
to begin at the end, and should he do so he will 
not only avoid a sense of irritation created by the 
controversial character of the earlier portion, but 
will have the satisfaction of finding the author at 
his best. Whether in the field collecting data, or 
in the subsequent construction of geologic maps, 
the hand of the experienced master is conspicuous. 
Acuteness of observation, readiness of resource, 
well-directed assistance, evident in every paragraph, 
create a feeling of confidence and _ trustfulness 
between teacher and pupil, which will not be so 
apparent if at the beginning one is introduced to 
the barren fields of controversy and led to make 
acquaintance with the uncertainties of doubtful 
theories or perplexing hypotheses. In these sterile 
chapters, the author not only does not do himself 
justice, but is likely to defeat his own purposes, 
for he has in view the instruction of another class 
~the investing class—who can be easily frightened 
away by indecisive discussion. The confidence of 
the capitalist in his guide will be shaken, or he will 

gather that science speaks with too uncertain a 

sound to permit the layman to refute the assertions 

of the glib company-promoter, or to warrant him in 
placing his book knowledge against the statements 
of the managing director or field superintendent 

Who 18 acquainted with exact local conditions. 

Let him, however, take confidence and persevere 

to the end, remembering that Sir Boverton Red- 

wood, in a recommendatory preface, states that by 
the aid of this book the intending investor can 

Judge of the value of the technical data supplied, 

and whether these are sufficient to justify an appeal 

ne subscriptions. Moreover, the anxious ess. 
tolder should be able to interpret the reports of 

Progress, which too frequently are purposely ren- 


dered difficult of comprehension. Such a book was 


needed and its appearance is amply justified, but the 
intending investor is in no better position for learn- 
ing the arguments by which rival schools support 
their respective theories concerning the origin of 
troleum, or of the circumstances under which it 
been produced. Neither are we prepared to 
admit that the prospector is placed in a more 
advantageous position, though the author contends 
that without this information, whoever adventures 
on the search for oil has practically one eye ban- 
daged. On the other hand, it is not impossible 
but that by too rigorous an adherence to an imper- 
fect theory he might wilfully close his eyes to 
indications that would prove profitable. Theory is 
not sufficiently exact to furnish unerring rules for 
guidance ; and though the author in these early 
chapters is convinced that he has completely 
refuted certain hypotheses of which he does not 
approve, we cannot regard him as entirely suc- 
cessful. Far more details will be necessary, and 
a much more critical examination of the facts, 
known and suspected, will be necessary before the 
expert chemist or the trained geologist will forego 
their contentions. 

To his entire satisfaction the author succeeds in 
annihilating the theories bas:d upon volcanic 
action, and ridicules those who would trace the 
origin of petroleum to inorganic sources. The 
supporters of an animal origin do not fare much 
better. Driven on the principle of exhaustion to a 
vegetable origin, the author subscribes unhesi- 
tatingly to the theory by which it is suggested that 
petroleum originated from the remains of terres- 
trial vegetation accumulated in clays, sands, or 
actual beds by natural processes which, under cer- 
tain conditions, have given rise to coal or lignite, 
but in others have produced the oil-field phase. 
He is, however, very careful to exclude marine 
vegetation, though really one cannot see why 
fucoids and sea-weed have not contributed their 
quota, more especially as brine is so frequently 
found associated with petroleum. The argument is 
that it is impossible for sea-weed to be accumulated 
in sufficiently vast quantities and entombed in 
sediments as they are deposited. With greater 
force, he asks what has saeco of the bromine 
and iodine, of which we might expect to find very 
distinct traces. 

Mr. Craig’s method of forming petroleum is fairly 
simple—so simple as to make one distrustful, for 
the obvious is usually incorrect. He demands a 
sufficient quantity of vegetable material, a limited 
amount of water, great pressure, and a moderate 
temperature, sufficiently high to carry on destructive 
distillation. These physical conditions are every- 
where present. Sedimentary rocks will always 
contain water, pressure is provided by superin- 
cumbent strata, or from gas arising from decom- 
position, and the internal heat of the earth — 
the temperature. Pressure is regarded as the deter- 
mining factor, other conditions being favourable. 
It is indispensable that the reactions are carried on 
under impermeable strata in what is practically a 
closed retort. If this cover, usually consisting of 
argillaceous strata, be imperfect or imperfectly 
closed, there will be an escape of gaseous products, 
and the distillery will not work. Under such 
conditions, coals or lignite, and carbonaceous shales 
might result, but not crude petroleum. The author’s 
observations in Trinidad and Burma have provided 
him with instances where, on the exposure of large 
thicknesses of strata, itis possible to find the lower 

rt of the series petroliferous, and the upper car- 

naceous, without meeting with any essential 
change in the character of the intercalated sedi- 
ments, associated with the oil-bearing and lignitic 
bands, from which he concludes that a higher 
pressure is necessary for the formation of petroleum 
than for lignite. From actual measurement he 
determined that a pressure of from 140 to 190 
atmospheres is necessary to produce petroleum. 
With a pressure below 100 atmospheres petroleum 
was not formed. This evidence would be more 
conclusive if pressure were the only variable that 
could enter into the problem. The great variety 
of oils between the light paraffins and the heavy 
asphaltic suggests equally large variations in the 
constituents and methods of formation. Moreover, 
owing to the effects of migration, due to varying 
yas and hydrostatic pressure, we are never sure that 
the petroleum is produced where it is found. The 
author’s remarks on this subject, as on filtration 





and subterranean storage, will be found very illu- 
minating, and, indeed, in all the subsequent sec- 
tions, depending in a greater measure on experience 


gained in the field, he will be found a most trust- 
worthy guide. The thoroughness with which his 
surveys are made, his scorn of those who introduce 
** faults”’ and ‘‘ crevices” to conceal their own 
defective work, bespeak the untiring, experienced 
geologist, who conducts his operations in the most 
thorough manner. His fearlessly expressed opinions 
on controversial points are put forward in an un- 
compromising, but by no means overbearing, 
manner, and he is prepared to have them a. 
lenged. The merit of the book, which lies in the 
presentation of a mass of carefully sifted prac- 
tical details, the value of which has Bon tested on 
many oil-fields, is not affected by the author's 
attitude towards some of the unsettled problems 
of petroleum formation. Indeed, in the words of 
Sir B. Redwood, these convictions may be said to 
enhance its value, ‘“‘if, in accordance with the 
avowed intention of the author, the further study 
of these questions is thereby stimulated.” 





Motor-Car Construction. By R. W. A. Brewer. 
London : Crosby Lockwood and Son. [Price 5s. net.) 
Tus book, which is of some 240 pages and has 
78 illustrations, succeeds Mr. Brewer's previous 
book on the motor-car. The history of the gas- 
engine is dealt with, as are also its thermal effi- 
ciency and the methods of testing it. A general 
description is given of the design of the ordinary 
car, illustrated - examples of actual types, and, in 
addition, a brief description is given of the actual 
construction, illustrated by photographs of parts 
in process of being machined. A considerable 
amount of space is devoted to the subject of car- 
buration, and there is a chapter on wind resist- 
ance. Considering the large range of subjects 
reviewed in such a small space, the various points 
are well dealt with, while the illustrations are 

generally of up-to-date types. 





BOOKS RECEIVED. 


Sells Directory of Telegraphic Addresses, 1913. Issued 
annually, with supplement, by Henry Seti. London: 
Business Directories, Limited. [Price, including supple- 
ment, 25s. } 

The Advertisers ABC. The Standard Advertisement 
Directory, 1913. London: T. B. Browne, Limited. 
[Price 10s. 6d. } 

Examinations in Science and Technology, 1912. Examina- 
tion Papers and Reports of the Examining Committees 
on the General Examinations. London: Wyman and 
Sons, Limited. [Price 9d.]} 

Spon’s Architects’ and Builders’ Pocket Price-Book and 
Diary, 1913. Edited by Ciypk Youne and STanrorp 
M. Brooks. Fortieth Edition. London: E. and F. N. 
Spon ; New York: Spon and Chamberlain. 

The Guide to South and East Africa. Edited annually 
by A, SamLeR Brown and G. Gorpon Brown. 1913 
Edition. London: Sampson Low, Marston and Co., 
Limited. [Price 1s. net. 

Driftwood. By KennetrH Werks. London: George 
Allen and Co., Limited. [Price 3s. 6d, net. } 

Coal ; its Origin, Method of Working, and Preparation for 


Market. y Francois H. Witson, M. Inst. M.E. 
London : Sir Isaac Pitman and Son, Limited. [Price 
1s. 6d. net.) 

Spon’s Practical Builders’ Pocket-Book. Edited by Ciypz 
Youne, F.R.I.B.A., and Sranrorp M. Brooks, 
Licentiate R.I.B.A. London: E. and F. N. Spon, 
Limited ; New York: Spon and Chamberlain. [Price 


5s. net. 
The New Steam Tables, together with their Derivation and 
Speaticn. By C. A. M. Smirn, M.Sc., and A. G, 
ARREN, B.Sc. With an introduction by Sir J. ALFRED 
Ewine, K.C.B., F.R.S. London: Constable and Co., 
Limited. [Price 4s. net. ] 

Structural Engineering. By A. W. Bricutmorg, D.Sc., 
M. Inst. CE. New and enlarged Edition. London: 
Cassell and Co., Limited. [Price 10s. 6d. net. ] 

Ainsley’s Engineers’ Manual o) the Local Marine Board 
Examinations for Certificates of Competency as Second 
and First-Class Engineers. Twenty -sixth Edition. 
South Shields: Thomas L, Ainsley ; London: Simp- 
kin, Marshall, Hamilton, Kent and Co., Limited. 


[Price 10s. | 
Hirsch - Wilking : Elektro -Ingeniewr - Kalender, 1913. 
Herau eben von ArTHUR H. Hirsch and Max 


Bartu. XIII. Jahrgang. Berlin: Oscar Coblentz. 
Pratique des Turbines Marines. By L. Javon et A. 
MasméJEAN. Toulon: J. Alte. (Price 8.50 francs. | 
Estimating for Reinforced-Concrete Work : A Hand-Book 


for Measuring and Pricing Reinforced Concrete. By 


T. E. Cotzeman. London: B. T. Batsford. [Price 
4s. net. } 

Taschenbuch der Kriegajlotten, XIV., Jahrgang, 1913. 
By B. Weyer. Munich: J. F, Lehmann. [Price 
5 marks. | 


Practical Physics. By Ancus McLean, B.Sc. (Lond.). 
General Physics and Properties of Matter. London: 
Adam and Charles Black. 

| Hip and Valley Design: Details, Formule, and Graphics ; 

| Roofs, Hoppers, and Pipe-Lines. By H. L. McKippen 

| and L. E. Gray. Ambridge, Pa.: z. E. Banks. [Price, 
| poat paid, 2 dols. } 











188 


ENGINEERING, 


(Fes. 7, 1913 





COMPRESSOR FOR CHARGING COMPRESSED-AIR MINING LOCOMOTIVES. 


CONSTRUCTED BY THE 


BERLINER MASCHINENBAU A.G., 


VORM. L. 


SCHWARTZKOPFF, BERLIN. 














20678, 

WE illustrate in Figs. 1 to 9, on this and on the oppo- 
tite page, the compressor plant and the compressed- | 
air locomotive built by the Berliner Maschinenbau. | 
Actien-Gesellschaft, vorm. L. Schwartzkopff, Berlin, 
for underground haulage in mines. These locomotives 
work on the two-stage expansion principle, in such a 
way that, on leaving the high-pressure cylinder, the 
air is led round a nest of tubes through which the warm | 
air of the mine is drawn, the exhaust of the low-pres- 
sure acting as an ejector, as stated further on. In| 
this manner the air which leaves the high-pressure | 
cylinder at a temperature below 0 deg. Cent., owing | 
to its expansion, is warmed up to approximately the 
temperature of the ambient air prior to expanding 
down further in the low-pressure cylinder. The 
arrangement leads to a saving in air of at least 45 to 
50 per cent., as against the one-stage expansion 
principle. 

The compressed air required for the locomotives is 
produced in an electrically or steam-driven high-pres- 
sure compressor. The pressure in the compressor, 
and, consequently, the number of —_ generally 
depend upon the distance to be covered by the loco- 
motive with one charge of compressed air. For 
example, for pressures up to 125 atmospheres (1837 Ib. 
per sq. in.) compression is effected in four stages ; 
and for pressures ranging between 150 and 200 atmos- 
pheres (2200 Ib. to 2940 lb. per sq. in.) it is effected 
in five stages. With one charge of the main receivers 





















































carried by the locomotive, this latter is capable of 
hauling a train of forty loaded coal-trucks over a dis- 
tance of 3000 m. (3200 yards) on a falling gradient of 
3 mm. per metre (1 in 333), and the same train empty 
over the same distance on the same, rising, gradient 
at an average speed of 3 m. (9 ft. 10 in.) per second. 
An empty truck weighs 350 kg. (770 lb.) ; when full 
the weight is 900 kg. (1980 lb.). In order to be able 
to o the locomotives rapidly, whilst keeping 
within the narrowest possible limits the volume of the 








air stored either in the piping or in vessels, the pres 
the compressor is generally maintain 


sure in rally 
25 atmospheres (367 lb. per sq. in.) in ex 
in the lecomotive. 





at 


The air-compressor plant is pre 


ferably put down at the surface, the compressed 
being supplied by seamless steel pipes having gene iN 
from 30 mm. to 75 mm. (1.18 in. to 2.95 in.) inside 


diameter. 


In the case of the four-stage air-compressor (shown in 


Fig. 1 to 4), compression in the first, secon 


d, and third 
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Stages is effected in a differential cylinder, the fourth 
stage taking place in a separate high-pressure cylinder, 
fitted at the low-pressure end of the differential cylin- 
der. The cylinders for all the four stages are exten- 
sively water-cooled. The pistons are made compara- 
tively light, so as to keep down the inertia stresses. 
The differential piston has a large bearing surface ; it 
1s fitted with spring rings which ensure a perfect 
packing. The cover at the low-pressure end of the 
differential cylinder is fitted with a stuffing-box, 
through which runs the rod connecting the differential 
Piston with the high-pressure piston. The disc-valves 
work without friction ; they can rapidly be inserted 
orremoved. They require but very little attention, 
& very low power suffices to operate them, and they 
work noiselessly. The air-cooler on the first three 
stages is a tubular cooler, made with removable tubes. 
i © water and air flow in the cooler in opposite 
rections, the water flowing inside the tubes, and the 
air round them on the outside ; baffle-plates are pro- 
vided, as shown, and the temperature of the com- 








Fig.9.section a.b. 





outside air. 
at a low limit the temperature of the finally com- 


This effective cooling tends to maintain 


pressed air as it leaves the machine. 
are adjustable for wear. 

The governing of the compressor output, in the case 
of belt-driven compressors, is effected by an automatic 
valve which cuts out the compressor when the maxi- 
mum pressure is exceeded ; the machine runs light 
until the pressure has fallen down to 8 or 10 atmo- 
spheree (117 lb. to 147 lb. per sq. in.). In direct steam- 
driven engines the governor is under the action of the 
compressed air in such a way that when the normal 
pressure is exceeded the steam supply is reduced, and 
when an excessive speed is reached the steam is cut 
off completely. 

In order that the compressor should not start 
running against full air pressure a by-pass and back- 
pressure valve is inserted in the piping to allow a 
portion of the compressed air to flow at first into the 
atmosphere, the valve closing automatically when a 
given pressure is reached in one of the intermediate 


All the bearings 


Pressed air is brought down almost to that of the | stages. 
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The locomotive which we illustrate in Figs. 5 to 9 
is provided with three weldless high-pressure air- 
receivers, which are connected together in the rear by 
a thick end-plate, and near the front end by a strong 
tightening belt, both being strongly bolted down on 
the underframe. For lowering the locomotive down 
into the mine the three receivers can be removed 
bodily from the underframe. ll the fittings and 
valves are yg of the end-plate, and are so 
connected to the high-pressure receivers that the 
shocks which occur in service have no influence upon 
the tightness of the joints. The underframe is made 
heavy to secure the required adhesion ; it is carried 
by springs on the two axles. The mechanical parts 
have no — feature ; they are of ample dimen- 
sions, and special attention has been given to their 
lubrication. The driving gear is outside the frame 
and is easy of access. 

The supply valve for filling the locomotive with 
compressed air at 100 atmospheres (1470 1b. per sq. in.) 
is fitted directly to the lower high-pressure receiver 
on the left-hand side. When the locomotive is in 
service the compressed air flows from the receivers 
through an upper main check-valve, in front of which 
is located a safety-valve, combined with an alarm 
signal, and thence through a reducing valve, which 

uces automatically the pressure of the air supply 
to the cylinders to a constant pressure of 16 atmo- 
spheres (235 lb. per sq. in.). Previous to the air bein 
utilised for driving the locomotive, it passes through 
another receiver located underneath the high-pres- 
sure ones, and on which is fitted the valve which con- 
trols the compressed-air supply to the high-pressure 
cylinder. The engine works compound. The com- 
pressed air is expanded first in the high-pressure 
cylinder ; on leaving the latter cylinder it is warmed 
up by the outside air inside an intermediate tubular 
reheater shown in Figs. 8 and 9,and provided with 
four bafile-plates. In this apparatus the exhaust from 
the low-pressure cylinder acts as an ejector and 
draws the warm outside air through the tubes. The 
air from the high-pressure cylinder flows in the 
apparatus, and is warmed up by contact with the 
tubes to the outside temperature before its further 
expansion in the low-pressure cylinder. 

versing and the regulation of admission are carried 
out by means of a hand-lever provided with a catch. 
For starting, the lever is moved to its extreme posi- 
tion, it then works automatically to the position for 
continuous running. The locomotive is fitted with a 
lever brake, which acts upon all four wheels, and 
with a sanding device for both forward and backward 
running. Two seats are provided, to enable the driver 
to sit to the right or to the left of the engine. The 
principal dimensions of the engine are the following :— 


Gauge... oo 530 mm. (20.87 in.) 
Diameter of wheels 500 ,, (19.69, ) 
Wheel base so eal 1000 ,, (3 ft. 38 in.) 
Height above rail level 1625 ,, (5,,4 » ) 
Extreme breadth pan SS . Be at 
a length ~ 4000 ,, (13 ft.) 

Capacity of main re- 

ceivers ... pis tke 1300 litres (46 cub. ft.) 
Pressure in the main re- 

ceivers... ‘ ... 100 atm. (1470 Ib. per sq. in.) 
Working pressure in 

secon receiver ... 16 ,, (235 ée ) 
Weight in_ running 

order, available for 

adhesion a ... 6900 kg. (6 tons 15 cwt. 3 qr.) 
Maxinaum speed .. 4m. per sec. (13 ft. sec. ) 





Highest draw-bar pull 900 kg. (1980 Ib.) 
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INDUSTRIAL NOTES. 


Tue ‘‘storm in a tea-cup,” raised by the Amalga- 
mated Society of Railway Servants, over what was 
called victimisation of men on the Midland Railway, 
has not redounded to the credit of the society. Serious 
charges have frequently been heard of late against 
the company, in fact, ever since the railway strike in 
1911 ; the victimisation complained of having, it was 
said, taken the form of punishing strikers on points 
of discipline more heavily than the occasion required, 
and also of promoting non-strikers over the heads of 
men who went out. many as twenty cases were 

ut forward by the men, nearly the whole of which 

ave, when carefully examined, proved wanting. 
The matter has for some time n the subject 
of threats offered to the company of what would 
happen if restitution were not made, and in December 
last the Board of Trade agreed to — into 
certain specific charges, Mr. J. R. Atkin, K.C., being 
instructed to hold an inquiry, with the consent of the 
Midland Company. Indeed, the company, who had 
for a long time treated the charges as not worthy of 
their attention, had at length fully decided that it 
would be much more satisfactory to have the whole 
matter publicly cleared up. Mr. Atkin’s report has 
now been issued, and shows clearly the general 
absurdity of the agitation. Originally there were, as 
before stated, twenty cases put forward, but of these 
eleven were withdrawn by the Amalgamated Society of 
Railway Servants as soon as an inquiry was announced. 
Of the remaining nine cases, there was only one in 
which it was decided that penalisation had been 
resorted to. These nine cases were carefully gone 
into, witnesses being examined on both sides. In 
other words, out of twenty original charges made 
against the company by the men, only one was 
found, on careful examination by an independent 
party, to be supported by facts. This will not tend 
to strengthen the _— faith in future statements 
of the Amalgamated Society of Railway Servants. In 
the opinion of the President of the rd of Trade 
the cases do not support a charge of systematic vic- 
timisation against the company. Mr. Atkin, in his 
report, however, draws attention to the fact that 
the name of each striker who came out is recorded in 
red ink on the service-sheet of each striker, and he 
points out that this is bound to create suspicion. To 
remove this it is suggested that such a record should, 
if possible, be kept out of the service-sheet used for 
purposes of discipline and promotion. 

The report has caused a great stir among the 
members of the hasieneatel Society of Railway 
Servants, and a meeting of the Sheffield and Chester- 
field members was held on Sunday night last in order 
to pass a resolution of ‘absolute Sant ” at the 
findings of the Commissioner. 





On November 25 last application was made to the 
Ship-Repairers’ Association, on behalf of the men who 
are members of the union, for time-and-a-quarter pa 
for men engaged in cleaning out ballast-tanks and coal- 
bunkers, and that sixpence a day should be paid as 
‘* dirt money ” to the men engaged along with skilled 
artisans to whom ‘‘dirt money ” is given. The em- 
ployers were at the time prepared to concede time-and- 
a-quarter pay for the work mentioned in the appli- 
cation for that rate, but the extra claim for the men 
engaged in cleaning out coal-bunkers they could not 
grant. They also declined to pay ‘dirt money” to 

laters’ helpers. A meeting of the Sunderland mem- 
es of the National Amalgamated Union of Labour 
was held at the end of last week, in order to report 
the result of negotiations that have been going on 
with respect to the matter, and a resolution was pro- 
posed that the men should accept the offer of the 
employers for the present. In addition to this, 
another resolution was brought forward asking the 
officials to try and get a further advance in wages on 
the ordinary rates for general labourers employed in 
the various ship-repairing yards and urging that the 
previous application regarding the platers’ helpers and 
titters’ labourers should be renewed. A uniform rate 
of pay on the Wear and on the Tyne is what is aimed 
at. At present the men on the Tyne are paid con- 
siderably higher than those on the Wear. The reso- 
lutions were unanimously carried. 





According to the Labour Press Agency, careful 
plans are being laid by the various organisations con- 
cerned for another strike in the transport industry 
early next summer, as soon as the existing agreements 
expire. The idea of the agitators is said to be to get 
something settled regarding the unemployed problem 
before the next wave of industrial depression comes. 
The leaders appear to think that an all-round reduction 
of working hours is the best way to accomplish this. 
In the case of seamen the demand will, it is said, take 
the form of a request for an inc manning scale 
for all vessels. An eight-hour day will be advocated 
by the land-workers. It is intended also to raise the 
ere of the all penalisation of strikers by the 


ort of London Authority. 





Ballot-papers were issued by the Parliamentary 
Committee of the Trade Union Congress on Saturday 
last on the question of amalgamating on a scheme 
prepared by a special committee of representatives of 
the unions catering for workers in the building industry. 
Only trade unions asking for them will receive ballot- 
papers, and the first Monday in July next is the date 
for the papers to be in the hands of Mr. C. W. 
Bowerman, M.P. 

On Saturday last, at a meeting of the South Wales 
Conciliation Board at Cardiff, notice was given by the 
owners and workmen for a revision of the existing 
wage rate. Notice was given by Mr. Thos. Richards, 
M.P., the secretary of the Miners’.Federation, asking 
for an increase of 24 per cent. ; while on behalf of the 
owners a reduction of } per cent. was demanded. It 
is intended further to discuss the matter at a meeting 
of the Conciliation Board on the 10th inst., and if no 
agreement can be come to, Viscount St. Aldwyn, the 
independent chairman, will be asked to adjudicate. 





In accordance with notices given a month ago, a 
thousand men employed at the Great Mountain Col- 
liery, near Llanelly, came out on strike. It is again a 
case of the union men trying to oust the non-unionists, 
of which we have heard so much lately. There 
are about 200 non-unionist workers, with whom the 
unionists refuse to work. It is said that only a few 
weeks ago the non-unionists numbered about 400. 





On Friday last the Government’s Trade Unions Bill 
— its third reading. The reading was not opposed 
y the Unionist Party, and the leader of the Opposi- 
tion stated that the — principles of the Bill had 
never aroused any disagreement. As the Bill now 
stands, it is proviled that if the ballot on political 
action is not fairly taken anyone who feels aggrieved 
has the right to appeal to the Courts. Further than 
that, the non-political minority has the right of appeal 
to the Registrar of Friendly Societies. 





The annual Conference of the Labour Party was 
concluded at the end of last week. The chief decision 
come to on Friday last was a demand for the repeal 
of Part I. of the Insurance Act, and for its re-establish- 
ment on a non-contributory basis. 





According to the Times, it seems probable that 
there may be a general strike in all the mills of the 
Steel Corporation in the Pittsburg district, in spite of 
the recent wage increase and the liberal treatment 
which the workmen are said to have received of late 

ears. If the call of the American Federation of 
bour is obeyed, about 40,000 union men will, it is 
stated, shortly leave work. It is feared that this may 
be the beginning of an organised war on the Steel Cor- 
poration in order to obtain recognition for the union 
and the improvement of working conditions. All 
such recognition has so far been opposed by the Steel 
Corporation, which has expressed its determination to 
run the mills in any event. The remuneration of the 
operatives is at present good and steady, and the 
question appears to be whether the men will throw 
this up for the sake of what may be a hopeless fight 
for the recognition of the union. 





There seems little prospect of a settlement of the 
Yorkshire dyers’ strike at present. A vote of the men 
has been taken in order to find out whether they were 
in favour or not of the union officials reopening the 
negotiations with the employers on a collective piece- 
work basis. Tho result is as follows :—For reopening 
the negotiations, 1760; against, 2023—a majority of 
263 against. Nearly 6500 employees of the Bradford 
Dyers’ Association have now been out for more than 
four weeks on account of a demand they have made for 
7d. an hour. All the dyeing firms at Huddersfield and 
Hebden Bridge have been notified that, unless they 
= similar terms to those accepted by the Yorkshire 

‘ederation of Employers, there will be a strike of all 
the men in those districts. 





It appears that preparations are being made for a 
strike among the Amalgamated Society of Operative 
Bakers. If it comes off, it will be a big affair, and 
may in the end (if it should last) be, in the view of 
many, beneficial to the community, for it may teach 
a the advantage, both from an economical and a 

ealth point of view, of making their own bread, an 
art now fast being forgotten. If confined to the 
Society of Operative Bakers, the strike will mean 
that about 10,000 men will cease work. The main 
demands for the men are a 54-hour week and a 
minimum weekly wage of 30s. In the Employers’ 
Federation there are about 850 members, and they 
are united in determining, as a first condition, that 
each adult baker’s output shall be at the rate of 
not less than ten sacks of flour a week. This con- 
dition the operatives are said absolutely to refuse, the 
reason given being that the varying conditions in 
bakehouses make it impracticable. A joint meeting 





was held on Wednesday last, the result being that 
nothing definite was decided. The determination of 
the men to abide by their demands appears, however, 
to have been strengthened. The secretary of the 
Amalgamated Society of Operative Bakers afterwards 
said that nearly all the co-operative societies had 
expressed their willingness to meet the men’s demands, 


The employees at the Peel Mill, Accrington, have 
been locked out for striking without notice. ‘‘ Bad 
material ” was the cause of the strike, and the stop- 
page was not sanctioned by the ee organ- 
isation. It is thought that this lock-out marks the 
beginning of concerted action on the part of the em- 
ployers against strikes without notice. 








We gather from the 7imes something of what is 
being done in Russia in the way of workmen’s in- 
surance. It appears that the principle of compulsory 
insurance against sickness and accident adopted 
last summer has now come into force. The Accident 
Insurance Law of June 23 (O.8.), 1912, will have 
effect given to it by means of local State Insurance 
offices in towns aun operation will be conducted 
under the general supervision and control of the 
so-called National Council for Workmen’s Insurance. 
The local insurance offices are to be organised by the 
regional and provincial authorities. The system is 
being organised in Riga, and will shortly be organised 
in Warsaw, and it is expected that the organisa- 
tion will be rapid. The matter will be no easy 
one in a country like Kussia, where the various 
industries are as yet so unevenly developed. 

The Insurance Council has already decided to 
include rulings to the effect that workmen on proba- 
tion are to provide themselves with an insurance card 
after a week’s trial, and that a workman who falls ill 
after the termination of his contract or engagement 
cannot claim benefit from the sick fund. It has not 
yet been decided whether — who employ more 
than 100 hands are to be liable for the maternity 
charges of their female employees, and a special com- 
mittee has been appointed to consider the matter. 
The working-class representatives who are entitled to 
seats on the Insurance Council will be nominated by 
the Government, as there is no systematic organisa- 
tion of labour in the country. It appears that this 
has not pleased the Socialist press, which is indignant 
that these delegates were not elected. The bulk of 
the working-class opinion, however, seems to be on the 
side of nomination of delegates by the Government, 
and the system will no doubt go more smoothly after 
a while. The Socialist papers condemn the Insurance 
Law as ‘‘an insurance of capital at the expense of 
labour,” but it encourages the men to comply with the 
law in the hope that such action will facilitate the 
development of a disciplined labour organisation. 

Russian industry appears at present to be in a very 
flourishing condition, due probably to heavy Govern- 
ment contracts, to the increasing mechanical require- 
ments of agriculture, which last year and this year is 
being subsidised to the amount of 25,000,000/., and to 
the readiness of money in the country. One of the 
most prosperous is the textile industry; various 
metal trades are also flourishing. It is, however, 
stated that the influx of the rural population into 
the towns is of such proportions that it will soon 
prove a menace, and bring about unemployment of 4 
serious nature. In the city of Riga in particular the 
menace of this influx is very marked. A readjustment 
of the scale of wages cannot in Russia, any more than 
elsewhere, permanently do away with the necessity 
for making organised provision against unemployment, 
as well as against the infirmities of old age. 





Coal associations are now fairly common in parts of 
the North of England, and one of them—the Stanningly 
and District Working Men’s Coal Association, Limited 
—has recently mame its report. From it we gather 
that the Association now has a membership of 1331, 
which is an increase of 121 on the year. During the 
year 6003 tons of coal were sold, which was an increase 
of 500 tons, and there was an increase in the cash 
income of 800/. Before the great strike the price of 
coal went up by as much as 5s. a ton, but in spite 
of this, the society was able to keep their prices down 
to the members, by reason of having large contracts 
running till July 31. The contract prices have been 
raised since then by about 2s. a ton, but the members 
have been saved the difference by reducing the margin 
for working expenses. This Association has for 
its object, of course, the counteracting 0! the 
tendency of coal merchants to raise prices. Its 
operation has kept down the price of coal to the 
members by several shillings a ton below the prices 
prevailing in districts where there is no such com bina- 
tion, and where coal produced by the colliery is con- 
sumed. The members were, during the great 
strike, supplied with coal at summer prices. 


The German Works Unions endeavour to improve 
the position of their members by means which are not 
likely to injure the State and the community, and are 
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in this way @ contrast to the Social-Democratic trade 
unions. Their object is to advance the industrial and 
social development of their members in peaceful co- 
operation with the employers. They do not belong toa 
political party, they are absolutely patriotic and strive 
for the advancement of the German nation, and they 
oppose the view that the industrial and social elevation 
oF the men can only be brought about in conflict with 
the samy They look to co-operation between 
master and man as the only true means of benefiting 
the latter. They confine their labours to the 
employees of the concern in question, and they 
never interfere with the views or organisations of 
other hands. It isa mistake to suppose that these 
unions owe their origin to the masters: they are the 
outeome of the terrorism of the Social-Democratic 
organisations, and of the conviction that the ever- 
increasing conflicts between employers and employees 
did not serve the true interest of the latter. These 
unions have naturally found it uphill work to establish 
themselves, but there are now in Germany 287 
works unions, with an aggregate of 180,000 members, 
and 134 of these unions belong to the central union 
formed in 1910. Amongst their definite practical 
aims are the creation of various funds, sick, pension, 
&c., but to a considerable extent they each go their 
own way, and do not follow any stringent rule. It is 
only natural that the employers view such unions with 
favour, and often give them their support; but this 
is not by any means always the case, and in many 
instances such aid has only come after a considerable 
time. In spite of their peaceful tendency, members of 
works unions have not given up their right to strike ; 
they have never given any such undertaking, and, of 
course, retain their right as an extreme measure ; but 
theydo not immediately threaten to strike when they 
put forward their wishes. 








BRITISH ENGINEERS IN CHINA. 
To THE Eprron OF ENGINEERING. 

Sin,—The mail has just brought out the issue of Enet- 
NEERING in which a cogent leading article is devoted to 
the problem of British engineering interests in China. 
As particular stress is laid upon the fact that technical 
colleges in China should be supported by British engi- 
neers, a few words concerning the Applied Science Depart- 
ment of the newly created University of Hong Kong may 
be of interest. 

It is necessary to state, at the outset, that although 
Hong Kong is geographically a portion of China, it is a 
British colony. It is also the largest port in the world. 
It has probably the most magnificent harbour in the 
world—certainly one of the best. That harbour always 
teems with shipping. The reason isa perfectly natural 
one : it is the result of British enterprise and admirable 

raphical conditions. It has been recently stated in 
ndon newspaper—and the statement has not, so far as 
we in Hong Kong know, been contradicted—that if Great 
Britain lost Hong Kong, London would become bankrupt. 
Thestatement is startling. If ex rated, it, atany rate, 
will enable the reader to realise that Hong Kong is, of 
all the British Colonies, one of the most, if not actually 
the most, important. 

About seventy years ago the island, which is now 
one of the most beautiful places in the world—there is 
nothing in the way of scenery either in America or Ja 
to excel it—was a granite rock inhabited only by a oe 

irates. Then the British ‘‘blundered upon it,” as a 
riendly nor critic once remarked. The result has 
been a transformation impossible to describe. About 
twenty years ago an enthusiastic doctor named Cantlie 
came to Hong Kong. He founded the College of 
Medicine. Dr. Sun Yat Sen, first President of the 
Repahlic of China, was one of the first students at that 
col ee. Years afterwards Dr. Cantlie rescued him from 
the Chinese Embassy in London, and from death. 

In March, 1910, the Governor of the Colony of Hong 
Kong (Sir Frederick Lugard, G.C.M.G.) laid the founda- 
tion stone of the local university. The Taikoo firms (all 
British enterprise, and man by Mr. J. H Scott, a 
member of the shipbuilding firm of Scotts of Greenock) 
subscribed 40,000/.; it was agreed that the chair of engi- 
neering should be named after their ‘‘ Hong,” or business 
name, “‘Taikoo.” In March, 1912, Sir Charles Eliot, 
Vice-Chancellor of the University of Sheffield, was ap- 
ne Vice-Chancellor of the University of Hong Kong. 
_ aetical men will note with interest that the first pro- 
€ssor appointed in the University was to occupy the 
Taikoo Chair of Engineering. 

In October, 1912, the University of Hong Kong com- 
menced work with no equipment for science or engineering 
Pen a few machines which the writer had borrowed 
rom local engineers. There was practically no staff for 
aon & professor of engineering and a lecturer on 
i ysics were the total complement of our full-time staff. 

\ local Government analytical chemist was engaged to 
give 100 lectures on chemistry. The practical work 
Th left to the full-time staff of two science men. 

ree weeks before the term commenced the tiles had 
a been laid on the floors of the physics, engineering, 
Se etry laboratories ; there was absolutely nothing 
im the rooms, not even gas or water pipes. The session 
‘ymmenced with an entry of 53 new students. Of 

37 selected engineering, 11 arts, and 5 medical 

a, They all passed an entrance examination of a 

ag hy aie below on A the London matricu- 
‘" instruction in thi iti iversity i 

in English. ritish university is, of 








So much for the past. To-day, after three months’ 
work, we can show p: Not an hour of instruction 
has been lost to the engineering students. Appeals have 
been sent ‘‘home” for equipment, and the technical Press 
has supported our pioneer work in no uncertain fashion. 
The British Engineers’ Association has earned the eternal 
—> of every patriotic Britisher for the splendid 
ashion in which they have co-operated with us. 

The University has a London committee, of which Sir 
Thomas Jackson, 31, Lombard-street, London, is chair- 
man. The University Council has caused letters to be 
written to the British Engineers’ Association and the 
Institutions of Mechanical and Electrical Engineers, 
asking them to nominate members for the London com- 
mittee. It is — as our work develops, to have 
representatives of other institutions on the London 
committee. 

As a result of the appeal for equipment, the following 
patriotic firms have presented apparatus. They are :— 


1. Storage battery, 60 cells, 480 ampere-hours (The Chloride 
Electrical Storage Company, Limited, Manchester). 

2. Experimental steam-engine, complete, with condensing 
plant (Messrs. Marshall, Limited, Gainsborough). 

3. Ten-horse-power vertical oil-engine, coupled direct to a 
direct -current 110-volt dynamo, mounted on base complete 
(Messrs. L. Gardner and Sons, Limited, Patricroft, Manchester). 

4. Semi-Diesel oil-engine (Mr. Locke). 

5. Water-tube boiler, oil-fired heater, filters, burners, &c., com- 
aed _— J. Samuel White and Co., Limited, Cowes, Isle of 

igi 

6. Water tube boiler, complete (Messrs. Babcock and Wilcox). 

7. Hot-air engine, with i. attached, water meters, &c. 
(Messrs. Hayward, Tyler and Co., Limited). 

8. Marine motor-engine (Messrs. John I. Thornycroft and Co., 
Limited, Chiswick). 

9. Wood-working lathe and circular saw (Messrs. A. Ransome 
and Co., Limited). 

10. Motor starters, circuit breakers, 
Limited, Hollinwood). 

ll. Various meters, electrical instruments, &c. (The Walleall 
Electrical Company, Limited). 

12. Large assortment of electrical switches and gear (The 
= — —ueene, Contee, P 

1 7 ean twist. ls, turning and planing tools (Messrs. 
Turton Bro ers and Matthews, Limited 4 . 

14. Water-meters and fittings (Messrs. Glenfield and Kennedy, 
Limited). 

15. One 14-in. reversible level (Messrs. T. Cooke and Sons, 
Limited). 
wen tools as desired (The Hardy Patent Pick Company, 

ited). 

17. Electrical machinery, telephone gear, &c. (The General 
Electric Company of China, Limited). 

18. Fery spiral radiation pyrometer (The Cambridge Scientific 
Instrument oe Limited, Cambridge). 

19. Photo arc-lamp (The Westminster Engineering Company, 
Limited, aera, ot (mh 

20. Case of stee tures e le and Globe Steel Company, 
Limited, Shanghai). gn = 

In addition to the above, Messrs. William Jack and Co., Limited, 
Hong Kong, have promised a valuable collection of electrical 
machinery, instruments, &c., to selected when offers from 
England are complete. 


&c. (Messrs. Ferranti, 


As to the future. We want more engineering equip- 
ment, and we want more money. We must have a larger 
scientific staff. 

The technical papers have hinted at the offers of assist- 
ance from Britain’s trade rivals which have been politely 
refused. Is it too much to believe that some patriotic 
Britisher will reward the centre of learning of this British 
colony in the right fashion? The wars of to-day are 
commercial wars. The story of the development of China 
is no myth—it is a certainty. Time was when Britain 
held the trade of the China coast in the hollow of ber 
hand. To-day there is a fierce struggle for trade; the 
time has come for the home firms to help. 

We ask all engineers to do something to hel 
latest and most practical University of the British 
Empire. If any further information is wanted, the 
Secretary of the British Engineers’ Association will 
wpply it. If = stimulant to action is needed, the 
leading article which appeared in ENGINEERING, De- 
cember 6, 1912, will furnish it. 

I amt, yours truly, 
C. A. M. Smiru, M.Sc. 
(Taikoo Professor of Engineering in the 
University of Hong anak 


this 





THE FIRE PROTECTION OF ST. PAUL’S 
CATHEDRAL. 
To THE EpiTor oF ENGINEERING. 

S1r,—It is with great pleasure one reads in your current 
issue that the Dean and Chapter of St. Paul’s have at last 
awakened to the fact that something ought to be done to 
minimise the risk of the present cathedral sharing the fate 
of its two predecessors. It issurprising that some serious 
scheme for aes a fire in the building from spread- 
ing has not been adopted vane a 

About four or five yearsago there were agood many letters 
in a London ar pointing out the risks that were being 
run, the Cathedral being by no means of fireproof con- 
struction, and, being surrounded by warehouses filled with 
inflammable fabrics, a bad fire in any one of which would 
be capable of throwing sparks which could start a fire 
in St. Paul’s in such a position as to be quite out of 
reach of the ordinary fire-engine. 

It is obvious that the ordinary fire-engine, or two in 
series, could not throw a jet over the dome, and to have 
experimented on the matter other than asa drill implies 
an ignorance of the first principles of jets. 

At the time the above correspondence was going on I 
was connected with a concern (with offices not far from 
St. Paul’s) who had done and were doing a considerable 
amount of fire-prevention work on large country houses, 
museums, theatres, &c.; and tly in their interest, but 
more for my own pleasure, endeavoured to get the powers 
at the Cathedral to take an interest in the matter, but 





without success. I am therefore more than glad that 
they have at last realised the importance of the matter. 

It does not appear that the installation at present under 
construction goes anything like far enough unless it is 
very much more elaborate than it seems to be from your 
brief description. But, apart from the question of com- 
pleteness, it appeals to my experience as being in principle 
wrong : a system in which there is a long range of empty 
pipes which will have to be filled—and in a hurry at t 
—seems to be asking for trouble. Then, again, in the 
event of a small fire in some remote corner, instead of 
water being available at once, the fire brigade has to be 
called, hydrant in the street opened, engines coupled to the 
system in the building, and men got to the scene of the 
fire, of which would, under fire conditions, take ten 
minutes or a quarter of an hour. 

The Cathedral lends itself entirely to a full-pipe 
system (not a sprinkler installation) arran with an 
electrically-driven pump direct connected with City water- 
mains on the one side, and the piping in the building on 
the other. The motor would controlled by switches 
fitted at various points about the building, ches 
with couplings and hose would be fixed in such positions 
as would ensure a jet or jets being available at an 
place. Then, in the event of fire being discovered, all 
that would be necessary would be to close the switch 
and open the valve in the branch-pipe, when a supply 
of water under pressure would be at once available, 
the whole taking only a few seconds. This system is 
not uncommon here, and it is almost unive y fitted 
in the large stores and warehouses in America. As the 
mains are only under pressure when the pump is running 
—i.e., at times of fires or fire-drill—there is no danger of 
damage being done by pipes leaking when standing. 

In conclusion, may I say that there is no question with 
me as having an “axe to grind,” as I am in no way 
interested financially in this class of work; but as a 
Cockney am properly proud in what is one of the 
finest buildings in the city, and which should have every 
precaution taken to prevent its coming to harm. 

Yours faithfully 

Paisley, February 4, 1913. R. P. 





Tu Concrete InstrtuTse.—On Thursday, February 13, 
at 7.30 p.m., a paper will be read at Denison House, 296, 
Vauxhall Bridge-road, Westminster, 8.W., by Mr. 8. 
Bylander, M.C.I., entitled ‘‘ Three Steel-Frame Struc- 
tures in London.” 





INTERNAL-CoOMBUSTION ENGings.—In a paper by Mr. 

. Cox, on internal-combustion engines, ae | read 
before the Yorkshire section of the Institution of Elec- 
trical Engineers, the author established comparisons 
between three different classes of plant, as follows :—In 
regard to capital cost, that of a 650-kw. turbo-generating 
plant amounted to 8850/., as against 96407. for a gas- 
engine installation, and 11,080/. for a Diesel-engine instal - 
lation of similar power. The running costs of the three 
plants, under equal conditions, were as follows :—Steam 
plant, 0.232d. per brake-horse-power hour, and 0.348d. 
per kw.-hour; gas-engine plant, 0.195d. and 0.292d. 
respectively; and iesel-engine yum, 0.268d. and 
0.447d. respectively. Owing to the low price of coal, the 
number of stations where Diesel engines showed to the 
best advantage was not so great in this country as in 
many instances abroad. 





Tue SAtvacE or Suips.—The Liverpool Salvage Asso- 
ciation, who held their annual general meeting on 
Friday, January 31, were able to congratulate themselves 
on a very successful year. As Mr. G. E. Martindale (the 
chairman of the Association) pointed out, among the 
most minent work done was that in connection with 
the salvage of bullion — and ivory from the Oceana, 
which sank off the Royal Sovereign lightship on March 16 
last, after collision with a German ue, and having on 

rd cargo, &c., valued at over 750,000/. All the bullion, 
excepting 260/., was recovered, as well as ivory, which 
realised about 4000/. In the salvage of the City of 
Lahore, of 6948 tons, which went ashore on Kearney 
Point, Co. Down, the importance of prompt assistance 
is brought out strongly. Had not the a started 
immediately news of the disaster reached Liverpool, and 
all the necessary appliances been ready and despatched 
at once, not all the skill of the salvor could have saved 
the vessel, which was a in safety just in time to 
escape a storm that would have rendered all subsequent 
efforts unavailing. When an honourable company with 
efficient officers and plant could undertake the case, it 
was ‘‘ penny wise and pound foolish ” to delay authoris- 
ing them to despatch an expedition in order to see if 
some cheaper method could not be found. The time 
wasted in negotiations in an attempt to get a cheap con- 
tract nearly always resulted in a reduction of the value 
of the salved ship and goods that entirely nullified the 
ee gained in the cost of the expedition In the 
Star of New Zealand, of 4417 tons, beached in Holyhead 
Harbour after collision, the problem was the difficulty of 
dealing with the perishable without retarding 
° tions for the refloating of the vessel. The fire on 
the Miguel de ee demonstrated the value of the 
Association’s plant and experience in case of fire on board 
ship, so that damage both to ship and cargo might be mini- 
mised. The Ranger continues to be stationed at Holyhead, 
and an advantage is gained to shipping thereby. There has 
been established at Southampton another yy 
salvage dépét, andthe Linnet is placed at t port as 
her base. Time isso important a factor in most cases of 
salvage that it was considered essential to have a vessel 
nearer the south and south-east coasts than formerly. 
Reference was also made to the experience of the wreck- 
masters of the Association. 
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THE KENNICOTT WATER-SOFTENING PLANT. 
CONSTRUCTED BY THE KENNICOTT WATER-SOFTENER COMPANY, ENGINEERS, WOLVERHAMPTON. 
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THE process adopted in the Kennicott eqgenstan is | tion, Limited, by the Kennicott Water-Softener Com- | adjustable opening in the bottom, to the water-wheel, 
common to many other plants for the softening of | pany, Wolverhampton, is illustrated on this and the | this opening being so regulated as to give 4 definite 
water, and consists of the addition of slaked lime and | opposite page. head of water in the tank. After passing over the 
other reagents to the hard water in predetermined he general arrangement of this plant, which has 4 | wheel it is discharged by the spout (seen in Fig. 1) 
proportions, with subsequent settling and filtering of | capacity of 10,000 gallons per hour, is shown in Figs. 1 | into the central mixing chamber, where it is thoroughly 
the treated water. Although the arrangement of the | to 4, above, whilst in Fig. 10, page 193, is given a per-| mixed with the chemical solution by the agitating 
plant as now built follows the general design of that 2 view. Aswill be seen from these illustrations, | blades A (Fig. 1), mounted on a vertical spindle 
introduced into the country some ten years ago,|the main portion of the plant consists of a vertical | driven from the water-wheel. The resulting sof 
several modifications have been lately made in the | cylindrical tank, on the top of which are placed the | water passes downwards until it reaches the lower 
arrangements for the automatic control of the soften-| chemical tanks, the several regulating devices, and | end of the central tube, when it turns upwards, and 
ing process and for the removal of the precipitated | also a water-wheel for operating the agitators referred | finally leaves the apparatus by the outlet-pipe st the 
ts. One of the more recent plants, embodying | to later. The hard water is delivered, through a float-| upper part of the main tank (seen in Fig. 1). Cums 
ese improvements, which has been installed at the | controlled valve, to a tank, formed in the upper part | to the slow rate of flow through the apparatus, ore 
Whalley Abbey Works of the Calico Printers’ Associa-|of the water-wheel casing, and passes, through an| bulk of the precipitates is deposited at the bottom 
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THE KENNICOTT WATER-SOFTENING PLANT. 


CONSTRUCTED BY THE KENNICOTT WATER-SOFTENER COMPANY, ENGINEERS, WOLVERHAMPTON. 
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of the main tank, but in order to remove any fine 
particles that may be carried to the top of the tank, 
& wood-wool filter is provided. 
_ This filter, which is clearly seen in Fig. 1, is found 
i practice to require very little attention, since the 
water reaching it but a small amount of precipi- 
tate in suspension. It may be of interest to point out 
that in the plant illustrated the rate of flow through 
the main tank isabout 10 ft. per hour, and thus ample 
time for settlement is given. The removal of the 
Frecipitate is effected by means of a sludge-pipe 
tted at the bottom of the main tank and seen in 
Figs. 1 and 4. As will be seen, the valve, mounted 
outside the tank, is connected to an internal pipe 
which terminates, at the centre of the tank, in a 
bend pointing downwards, the lower end of this bend 
ing turned to be an easy fit in the upper branch of 
 T-piece, which carries the two radial pipes B 
is T-piece is supported from the bottom of the 
tank by a ball pivot, and is rotated by the hand-wheel 
ud worm-gear shown in the drawings. The radial 
Pipes, which are closed at the outer ends, are each pro- 
vided with a longitudinal slot on the under side, and 
. us, On opening the sludge-valve and turning the 
and-wheel, the precipitate is drawn from the bottom 
of the tank, 
In order to ensure the uniform treatment of the 
water, the plant is so arranged as always to work at 





ite full rated capacity, whilst the chemical solution 
* automatically added in the due proportion required, | 


during the operation of the plant, in a continuous 
stream. The arrangement of the gear for controlling 
the hard-water inlet-valve is shown in Fig. 5. As will 
be seen, the float operating the opening and closing of 
the valve is placed in a small tank fixed inside the 
main tank and above the normal water-level. The 
fluctuation of water-level, due to variations in the 
demand for softened water, thus do not affect the float. 
If, however, the level should rise to the row of holes 
in the side of the float-chamber, this latter is instantly 
filled, and thus causes the float to close the valve, 
whilst the consequent stoppage of the hard-water 
supply also stops the further supply of chemical solu- 
tion in the manner described below. On the lowerin 

of the water-level in the main tank to its norma 
position, the ball-cock, fitted at the bottom of the 
float-chamber, is opened, and thus drains out the 
water, and thus causes the float again to descend and 
open the main valve. 

The lime solution is prepared in the tank C, and 
allowed to pass into the chemical tank E (see Figs. 1 
and 3), where any other necessary reagent, such as 
soda ash, is added, and the tank filled with water to a 
given point. During the working of the plant the 
ig fitted in this tank, and driven by the water- 
wheel, keep the solution in motion, and prevent the 
chemicals from settling. The chemical tank contains 
sufficient solution for treating a definite quantity of 
hard water, and since the ra‘e of working is constant, 
it is sufficient for a given period of time. It is only 
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necessary therefore to ensure that the solution shall 
be discharged at a constant rate, such that the tank 
shall be emptied in this given time, and also that the 
discharge shall cease when the hard-water supply is 
cut off. in order that the treatment of the water shall 
be uniform. 

The arrangements for regulating the supply of 
solution are as follow :—In the chemical tank is fitted 
a swivelling pipe F (Figs. 1 and 3), provided at its 
outer end with a T-shaped head, having slots on the 
upper side. Adjoining the chemical tank is a float- 
tank D, in which is placed the float G, connected to 
the chemical pipe by a light chain passing over pulleys. 
Thus by suitably adjusting the admission of water to 
this tank the float is am | and the chemical pipe con- 
sequently lowered, at the desired rate, resulting in the 
solution being discharged in the correct proportion. 

The water supply to the float-tank is taken from the 
small tank above the water-wheel, in which, as has 
already been mentioned, a constant head is maintained. 
To this tank a pipe is connected, having at its upper 
end an orifice suitably proportioned to give the 
maximum flow of water to the float-tank. e lower 
end of the pipe discharges the water into a device 
termed a ‘‘ dividing-box,’’ mounted on the float-tank at 
H. This device is shown in detail in Figs. 6, 7, 
and 8, whilst in Fig. 9 is given a view of the 
chemical tanks showing the apparatus in position. 
As will be seen from these illustrations, the device 
consists of a circular box, in the centre of 
which is an annular chamber divided into two 
portions, each fitted with a pipe, one discharging into 
the float-tank, and the other direct to the main tank. 
The upper face of this central portion is machined and 
is set truly level by the adjusting-screws seen in Fig. 9, 
and thus, if it were left uncovered, the water entering 
the device would be divided, half only passing into the 
float-tank. In order, however, that the quantity pass- 
ing to this tank can be adjusted so as to fill it in the 
required time a ‘‘ ag pene slide ” (Fig. 8) is fitted, 
the handle of which is provided with a pointer working 
on a graduated scale on the outer circumference of the 
box. This scale indicates the time taken to fill the 
tank for various positions of the slide, and the posi- 
tion chosen corresponds to the quantity of chemical 
placed in the chemical tank. As al mentioned, 
the water supply to the float-tank is taken from the 
tank into which the hard water is delivered, and thus 
the stoppage of this latter supply automatically stops 
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the discharge of chemical, whilst as soon as the main 
supply is again started the softening process continues 
as 2» he In order to give warning that the chemical 
solution is becoming exhausted, the float may be fitted 
with an electrical contact, which comes into opera- 
tion at any desired time before it reaches its upper 
position, and thus allows the attendant to prepare a 
further charge. 

As will be gathered from the description given, the 
lant is quite automatic in action, requiring very 
ittle attention to ensure a continuous supply ot 

softened water of uniform character. number 
of installations are in satisfactory operation in this 
country, whilst the makers claim that the two largest 
softening plants in the world, each having a capacity 
of 150,000 gallons per hour, are of their construction. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 23, 1913. 

Tuer week’s developments in iron and steel have been 
unimportant as compared with those of the previous 
weeks, because of the withdrawal of larger concerns, 
who feel safe in holding back from the placing of 
additional contracts for the present. This tendency 
developed & week or twoago. The inclination to hold 
up the placing of large orders may grow in the near 
future. Consumers of iron and steel products are in 
an observing frame of mind. They note the increasing 
producing capacity on the one hand, and the largely 
oversold condition on the other. The prediction 
that we are to have a few quiet weeks is based upon 
the fact that mills have from four to seven months’ 
work in hand; but this fact does not alter the 
strong probability of a heavy demand setting in at 
any time. The Bethlehem Steel Company is pre- 
paring plans for ten ships, of 20,000 tons capacity 





each, to carry ore from Chili, and this will call 
for at least 100,000 tons of plates. Work on 
this project will be pushed rapidly. The orders 


for structural material placed last week equalled 
23,800 tons ; one order was for 3000 tons for trans- 
mission towers for delivery in Spain. A local news- 
paper enterprise is contracting for 10,000 tons of struc- 
tural material, and other local and near-by enterprises 
will take probably as much more. The large New 
York subway order, amounting to several hundred 
thousand tons of steel, will, it is thought, be announced 
in a few days. There is still a great clamour in that 
city for more subways. Messrs. Jones and Laughlin, 
Pittsburg, contracted for 40,000 tons of Bessemer 
steel. Nearly all the pipe-founders are still buying 
iron for casting, and @ recent estimate of pendin, 

—— puts the amount at 120,000 tons. e stee 
industry is in a very vigorous condition, and atten- 
tion is being given to the enlargement of capacity, 
which will be made on a large scale. 





Messrs. W. BearpMoRE AND Co.—At a meeting in 
London, on Tuesday, of the directors of Messrs. William 
Beardmore and Co., shipbuilders, engineers, steelmakers, 
and ordnance manufacturers, Glasgow, Colonel J. Smith 
Park, M.V.O., late managing director of the Allan Line, 
was appointed a member of the Colonel Smith 
Park retired from the Allan Line in August of last year. 
He is the managing owner of the Park Line of steam- 
ships. The vacancy in the directorate of Messrs. William 

more and Co. was caused by the retirement from the 
board of Colonel O. C. Armstrong, D.S.O. 


Tue CLASSIFICATION OF CruIsERS.—The Secretary of 
the Admiralty announces that it has been decided to 
discontinue the use of the terms ‘‘armoured cruiser,” 
**protected cruiser, Ist class,” ‘‘ protected cruiser, 2nd 
class,” ‘‘ protected cruiser, 3rd class,” ‘‘ unarmoured 
cruiser,” and “scout.” In future, cruisers will be offi- 
cially divided into three classes—viz., ‘‘ battle-cruisers,” 
“cruisers,” and ‘‘light cruisers.” The term ‘“ battle- 
cruiser ” will continue to be used as at present. The 
term “cruiser,” will be used to designate all vessels at 
present classified as ‘‘armoured cruisers” and ‘‘ protected 
cruisers, 1st class.” The term ‘‘light cruiser” will be 
used to designate the remaining cruisers and the vessels 
hitherto classed as ‘‘ scouts.” 


PersonaL.—The Council of the University of Sheffield, 
at its last meeting, appointed Mr. F. E. Armstrong, 
M.Sc., M.Eng., A. nst. C.E., to the Professorship of 
Mining in the University, in suceession to Professor 
Hardwick.—The Maschinenfabrik Augsburg-Niirnberg 
A.-G. have moved from their present offices in the east 
block of Caxton House to offices on the first floor 
of the west block in Caxton House.—Messrs. Markham 
and Prance, consulting engineers, Dudley House, South- 
ampton-street, Strand, London, pro shortly to open 
an office at Southampton. This office will be under the 
direct al rs of Mr. R. G. Law Markham, 
M.I. Mech. E., M.I.A.E., late Engineer-Lieut. R.N., 
who also holds a certificate from the Board of Trade as 
first-class engineer.—Mr. John A. Cook, 20, Claremont- 
road, Bishopston, Bristol, states that, commencing 
March 1 next, he will restrict the work previously 
done by him on behalf of Messrs. R. Hornsby and 
Son, Limited, for the sale of their oil, gas and_petrol- 
engines, and will deal only with the counties of Wilts, 
Somerset, and Gloucester, for which counties he will hold 
their sole agency. This step has been taken to enable 
him to take up consulting work, machinery valuing, &c. 








THE ROTOPLUNGE PUMP. 


A DEMONSTRATION of the rotoplunge pump was given 
at the offices of Mr. R. Middleton, of 24, Broad- 
way, Westminster, 8.W., on the 30th ult., when the 
pump was shown both dismantled and in operation. 
The appliance was described and illustrated in our 
columns some eighteen months ago.* but we may 
say that it consists of a cylindrical casing having 
inlet and outlet passages, and containing a rotor, 
in which a series of radial cylinders are formed. 
The cylinders are fitted with single-acting pistons, 
which are pivoted to a common crosshead which runs 
on roller-bearings carried inside the end cheeks of the 
main casing. The roller-bearings are set eccentrically 
with reference to the rotor-shaft, and the effect of 
the arrangement is such that as the rotor revolves the 
pistons are caused to make a reciprocating motion, each 
with reference to its own cylinder. The main casing 
is divided int» two parts by shoes, which bear on the 
outside of the rotor. These two parts constitute 
the suction and delivery sides of the pump, and the 
piston travels are so arranged that when the pistons 
are in communication with the suction side they have 
inward motions, and so draw in liquid from the suction 
pipe. When in communication with the delivery side, 
they move outward, and expel the liquid through the 
outlet pipe. 

It will be seen that the pump may be spoken 
of as a form of reversed rotary engine. It is of very 
compact form, a number of cylinders, up to as many 
as twelve, being neatly arranged in a comparatively 
small casing. The pump has a positive action and no 
valves. Priming is not required, and as the pump gives 
a continuous delivery, it does not necessitate an air 
vessel. It may be driven in any convenient way, and, 
over a considerable speed range, does not alter its effi- 
ciency. In a record of some tests made by Mr. J. G. 
Walliker, which will be found in our previous descrip- 
tion already referred to, the volumetric efficiency varied 
between 80 per cent. and 95.75 per cent., the average of 
five tests being 91.49. In some other tests carried out 
by Messrs. Stothert and Pitt the volumetric efficiency 
came out at 96 per cent., and the over-all efficiency 
at 72.1 per cent., as the mean of five tests. Apar 
from ordinary uses, the pump is stated to be very 
suitable for pumping semi-liquids, such as molasses, or 
for'use in breweries, creameries, &c., for dealing with 
liquids which have to be transported without being 
agitated. It is manufactured by the Rotoplunge 
Pump Company, Limited, of Albert Chambers, High- 
street, Cardiff 








New ENGINEER OF THE Mersey Dooxs.—Mr. Thomas 
Monk Newell, M. Inst. C.E., of Hull, has been appointed 
engineer-in-chief to the Mersey Docks and Harbour 
Board, at a commencing salary of 3500/., in succession to 
Mr. Anthony G. Lyster, resigned. Mr. Newell, who is 
a native of oe a and forty-nine years of age, was a 
pupil under the late Mr. F. G. Lyster, for many years 
chief engineer to the Dock Board. In 1889 he was 
appointed chief assistant engineer at the Hull Docks, 
later was made chief engineer, and became the North- 
Kastern cig Company’s chief dock engineer for the 
docks at Hull, the Hartlepools, and Middlesbrough. 





Contracts.—The latest consignment of motor fire 
appliances, recently shipped from England to Sydney, 
comprises three a of the Merryweather 
‘Hatfield ” type, each driven by 

motor, and capable of delivering 400 gallons per minute. 
These engines constitute a further repeat order for this 
type of motor-pump, and supplement three machines of 
the same design which were placed in commission in 1905, 
1908, and 1911 respectively. The Sydney Brigade also 
possess two other Merryweather motor appliances, the 
first being a chemical-engine supplied in 1904, and the 
second a salvage-van supplied in 1907.—The Consolidated 
Diesel Engine Manufacturers, Limited, General Buildings, 
Aldwych, W.C., state that many important contracts 
have been booked of late, both by the company and its 
associates, Messrs. Carels Freres, Ghent. The contrasts 
apply to a total of over 12,600 brake horse-power, sup- 
plied to this country, the Colonies, and ab a 


NorTHERN Nicer1a.—On the 28th ult. Mr. J. Astley 
Cooper read a paper before the Royal Colonial Institute, 
giving an account of a recent journey through Northern 

igeria. He took a very hopeful view of the prospects of 
the country, stating that the difficulty caused by the dis- 
inclination of the natives to engage in steady work 
could ly reduced if the white men in charge 
would treat them tactfully and sympathetically. Freights 
on the Gold Coast railway are being lowered, to the 
i advantage of the traders and the gold - mines. 

hese latter are steadily increasing their output, which 
rose from 969,875/. in 1910 to 1,352,797/. in 1911. Coal 
has been discovered in Northern Nigeria at Udi on 
the Niger, the calorific value is nearly equal to that 
of Wi coal. The whole output of tin for 1912 in 
Northern Nigeria was over 3000 tons—just double of 
what it was in 1911. Mr. Cooper considered that the 
prospects for the future were most encouraging, and that 
when the pioneering difficulties had been surmounted, 
the country would produce a large and steady amount of 
tin. 











* See ENGINEERING, vol. xci., page 742. 
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NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was rather irregular, and 7000 tons of 
Cleveland warrants were done at 65s. 74d. cash, from 
65s. 114d. to 66s. 1d., 65s. 11d., and 66s. one month, and 
from 663. 6d. to 66s. three months. Closing sellers quoted 
65s. 74d. cash, 66s. 04d. one month, and 66s. 5d. three 
months. In the afternoon Cleveland warrants were 
firmer, and one lot was dealt in at 65s. . cash, 
there were sellers over at 65s. 9d. cash, 14d. one 
month, and 66s. 74d. three months. Cash hematite was 
quoted 81s. buyers and 81s. 9d. sellers. On Friday morning 
the market was dead idle, and no dealings of any kind were 
recorded. The quotations for Cleveland warrants were 
nominally firmer with sellers at 65s. 10d. cash, 66s. 24d, 
one month, and 66s. 74d. three months. Sellers of hema- 
tite were 3d. up at 82s. cash, but buyers’ quotation was 
unchanged at 81s. There was again nothing doing in the 
afternoon, and Cleveland warrants were quoted without 
change, except for the three months position, for which 
sellers were easier, at 66s. 5d. On Monday morning 
weakness prevailed. and 1500 tons of Cleveland warrants 
were done at 65s. 7d. cash, and from 65s. 84d. to 65s. 74d. 
eleven days. At the close sellers quoted 65s. 7d, 
cash, 65s. 11d. one month, and 66s. 5d. three months, 
The afternoon session was also weak, and the dealings 
consisted of 1500 tons of Cleveland warrants at 65s. 3d. 
cash, and from 65s. 114d. to 65s. 7d.*three months, with 
sellers over at 65s. 3d. cash, 65s. 7d. one month, and 
65s. 74d. three months. On Tuesday morning the tone 
had not improved, and business was limited to one Cleve- 
land warrant at 65s. 14d. cash. Closing sellers quoted 
65s. 2d. cash, 65s. 44d. one month, and 65s. 84d. three 
months. In the afternoon Cleveland warrants were the 
turn better, but only 1000 tons were done at 65s. 9d. 
April 23, and 65s. 74d. three months, and at the close 
sellers named 65s. 4d. cash, 65s. 7d. one month, and 
65s. 8d. three months. When the market opened to-day 
(Wednesday) the tone was irregular, and the turnover 
was 2000 tons of Cleveland warrants at 65s. 2}d. cash, 
from 65s 84d. to 65s. 64d. one month. Sellers’ closing 
quotations were 65s. 24d. cash, 65s. 7d. one month, and 
65s. 9d. three months. The afternoon session was dull, 
and Cleveland warrants were weaker. The business con- 
sisted of 3500 tons at 64s. 11d. and 65s. cash, 65s. five days, 
and at 65s. 3d. and 65s. 2d. three months, and the market 
closed with sellers at 65s. cash, 65s. 4d. one month, and 
65s. 34d. three months. 


Scotch Steel Trade.—No one has taken place in con- 
nection with the strike of Glasgow carters, with the 
result that business is being hampered in no uncertain 
manner. Consumers who can get their various supplies 
all the way by rail are getting along nicely, but those who 
require to depend on carting facilities are suffering very 
esq The attempt of the Glasgow steel and iron 
masters to get the differences bridged over has completely 
failed in the meantime, but other influences are now at 
work, and a change may be expected at an early date. 
The steel trade is, nevertheless, very well employed, and 
the demand ‘from shipbuilders for plates, &c., continues 
to be of an urgent nature. Boiler-plates are not so active, 
but for black sheets of the heavier gauges a strong 
demand exists. Thin sheets, on the other hand, are very 
quiet. The outlet for structural sections at the present 
time is exceedingly good, both for home requirements 
and for the export market. Indeed, the export inquiry 
all round is very promising. Prices are firm ; no official 
change has yet been made. 


Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland must be considered 
very satisfactory at the moment when the difficulties of 
carting in Glasgow are taken into account. Large-sized 
rs are the turn easier, but the demand for smaller 
sizes is very healthy. Prices are steady. 

Scotch Pig-Iron Trade.—During the past week con- 
sumers of the ordinary qualities of Scotch pig iron have 
again m buying fairly freely, and contracts amounting 
to a considerable tonnage have been fixed up. The 

resent production is going out almost as fast. As the 
seconds can make it, and full running is assured for many 
months to come. The prices are firm, the following being 
the current quotation for makers’ (No. 1) iron :—Clyde, 
823.; Gartsherrie and Summerlee, 82s. 6d.; Calder, 83s.; 
and Langloan, 83s. 6d. (all shipped at Glasgow) ; Glen- 
garnock (at Ardrossan), 83s. 6d.; Shotts (at Leith), 828.5 
and Carron (at Grangemouth), 83s. Hematite is firm, 
but business is being somewhat checked owing to the 
carters’ strike in Glasgow. 

Blastfurnacemen’s Wages Advanced.—As a result of the 
report by Mr. John M. MacLeod, C.A., Glasgow, t 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners 
of blast furnaces in Scotland and the blastfurnacemen, #6 
to the price of Scotch pig-iron warrants in the Glasgow 
market for the months of November and December, = 
there is a rise of 2) per cent. in the wages of the 
workmen. 





Tue Curtis Patents 1x America.—In an — 
initiated by the International Curtis Marine Tur i 
Company and the Curtis Marine Turbine Company 
the United States against the William Cramp and — 
Ship and Engine-Building Company for infringement © 

tents, the United States Circuit Court of Appesls 


eld valid the claim made on the Curtis patent for 
combination of velocity compounding 
compounding. A wide claim for varying 
a turbine 
| tion was d 


with pressure 
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it out of oper 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The coal trade generall 
is in a satisfactory position, and collieries are easily able 
to dispose of their full outputs. The demand for hard 
steams is so great, indeed, 
taken on contracts, for which the collieries have no 
difficulty in mgen yf advanced prices. There are no 
stocks at the pits, and the effect of the new demurrage rates 
has been materially to uce the quantities usually 
stored up in sidings. Although shipments are not of 
such weight now as a tew weeks ogo. the heavy require- 
ments of manufacturers ensure no falling off in the takings 
of industrial hards. The London demand for house 
coal is not so active, but there are good local in- 
quiries, and whatever surplus is left is being readily 
taken by the gas companies, who find it necessary to 
extend their contract requirements. The position of 
slack and coke remains a strong oae. Prices are un- 
changed, and ruling quotations are :—Best branch hand- 
picked, 15s. 6d. to 16s. ; Barnsley best Silkstone, 14s. to 
15s. ; Derbyshire best brights, 12s. 6d. to 13s. 6d. ; Derby- 
shire house, lls. to 12s.; large nuts, 11s. to 12s. 6d.; 
small nuts, 9s. to 10s.; Yorkshire hards, lls. to 12s. ; 
Derbyshire hards, 10s. 6d. to 11s. 6d.; rough slack, 7s. to 
&s. ; seconds, 5s. 6d to 6s. ; smalls, 4s. 6d. to 5s. 6d. 


Tron and Steel.—Again there has been an almost blank 
week in the iron market so far as new business is con- 
cerned. Throughout the past month things have been 
quiet, but with such heavy deliveries being taken on con- 
tracts, makers have been able to maintain an indepen- 
dent position, ard there has been practically no relaxa- 
tion of prices. In spite of this absence of forward buying, 
the iron producers are not accumulating stocks. In 
many instances their supplies are not equal to the 
demand. Very large quantities of hematite are being 
consumed, and the common irons remain in about 
the same position, with Lincolnshire quotations at a 
high figure. The billet makers are similarly well 
placed, and there is a price variation in Bessemer 
and Siemens qualities, between 8/. 10s. and 9. 5s. 
Trade in bars is excellent, and the displacement 
of steel by iron in various classes of work, notably in 
wagon construction, is responsible for a steady growth in 
this demand. The general appearance of the staple 
trades suggests that the present prosperity is likely to 
last for an appreciable period. eports are not unani- 
mously favourable, but to balance those cases of a decline 
in ordering can be quoted a number of instances where 
firms have experienced an increase in the volume of work. 
In support of the contention that the amount of trade in 
the city is greater than before Christmas, there are 
the railway traffic returns, which have recently shown 
substantial increases. The armament and heavy engi- 
neering departments show no change, except perhaps 
in the way of even greater pressure. The Ennate 
of the home Government, particularly for shells, are 
exceptionally heavy. Still more orders have come forward 
on behalf of the home railway companies, including some 
important Irish contracts. ore orders are also to hand 
for Australian and Indian railways. General engineering 
work ison an extensive scale, and there has been no check 
in the exports of special steels, notwithstanding price 
etn The makers of contractors’ tools are very well 
occupied. 





Mork NorTHUMBERLAND Coat.—For some time boring 
operations for coal have been in progress in the neighbour- 
hood of Swarland, near Felton, North Northumberland, 
with the result that a seam of coal 2 ft. 9 in. in thickness 
has been reached at 174 fathoms. The operations have 
been conducted on the estate of the late Mr. J. C. Riddell, 
Felton Park, by Mr. E. Robinson, of Longframlington. 
It is thought that the seam will prove t of seams 
worked at Shilbottle, Longframlington, and for a time at 
Newton-on-the-Moor. 





Tue Coprer Marxet.—In their monthly report, dated 
the 3rd inst., Messrs. James Lewis and Son state that 
during the first half of the _ month standard copper 
fell rapidly from 771. 5s. to 691. for cash. On the 16th ult. 
it recovered to 71/. 2s. 6d., but fell away again to 68/. on 
the 20th, when 68/. 5s. was accepted for three months 
prompt. After recovering once more to 71/. 5s. on the 
28rd, it declined to 68/. 2s. 6d. on the 28th, and advanced 
to 69/. on the 31st. On the 3rd inst. the closing values 
were 68/. 12s. 6d. for cash and 68/. 10s. for three months. 
Sales for the month amounted to about 56,000 tons. This 
material depreciation was due to the failure of American 
refiners to market their accumulating stocks at the price 
maintained for over six months—17# cents per pound for 
electrolytic. Manufacturers and consumers realising 
that the production of copper was in excess of the con- 
sumption, declined to hold more stock than was abso- 
lutely necessary or to buy for forward delivery, except at 
a considerable reduction in price. In order to effect sales 
on any scale the refiners had been compelled to accept a 
reduction of 14 cents per pound, ond had sold for ship- 
ment to Europe and to home consumers about 50,000 tons 
of electrolytic copper at 164 cents to 16} cents, second- 
hand parcels selling down to 16 cents. Sales of wire 
bars had been made to English wire-drawers at 76/. 10s. 
to 741. per ton, 75/. being now quoted for forward delivery. 
A large business had transacted in manufactured 
copper for India and for electrical purposes, the con- 
sumption for the latter promising to show considerable 


expansion with the electrification of several railway lines 
and the substitution of electric current for steam power 
now generally taking place in most of the works in this 


country. Ameri hi J P; 
hn 24.60 ican shipments for January were advised 


t excess supplies are being | ward. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.LEsBRoucH, Wednesday. 

The Cleveland Iron Trade.—Once more there is extreme 
quietness in the pig-iron trade. Buyers are again back- 
, and are p ing only what they need to meet 
early requirements. Values of Cleveland pig show a 
downward movement, and the position is less satisfactory 
than it has been. At the same time producers are busy, 
and they incline to the belief that improvement will be 
experienced before long. Output is inadequate to meet 
current needs. Cleveland pig continues to be steadily taken 
from the public warrant stores. Merchants are now offering 
No. 3 g.m.b. Cleveland pig at 65s. 6d. f.o.b., which price 
also rules for No. 4 foundry and No. 4 forge, whilst No. 1 
is 68s., and mottled and white iron each 65s.—all for early 
delivery. East Coast hematite pig is very scarce. There 
are no stocks, and the make is insufficient to satisfy 
requirements. Shippers complain that they cannot 
obtain supplies for vessels waiting to load cargoes of 
hematite. The general market quotation for early 
delivery of Nos. 1, 2, and 3 stands at 83s.; and makers, 
all of whom are well sold, adhere firmly to that figure. 
Some second hands name as low as 82s. 6d. for mixed 
numbers of hematite, but they have next to none to 
— of except for forward delivery. Foreign ore is 
still inactive, but values are upheld on a basis of 22s. 9d. 
ex-ship Tees for Rubio of 50 per cent. a. Coke is a 
little easier, rates now being something like normal. 
Medium blast-furnace coke is now obtainable at 25s., 
delivered at Tees-side works. 


Manufactured Iron and Steel.—Very accounts 
continue to be given of the manufactured iron and steel 
industries. Producers of all descriptions are working at 
full pressure, and several firms haveso much on hand that 
they find it impossible to fully meet uirements of 
customers. Quotations all round are firm. mmon iron 
bars are 8/. 15s.; best bars, 9/. 2s. 6d.; best best bars, 
91. 10s.; packing iron, 6/. 15s.; iron ship-plates, 8/. 2s. 6d. ; 
iron ship-afgles, 8/. 15s.; iron ship-rivets, 9/. 15s.; iron 
boiler-plates, 8/. 17s. 6d.; steel bars (basic), 7/. 17s. 6d.; 
steel bars (Siemens), 8/. 5s.; steel ship-plates, 8/. 5s.; 
steel ship-angles, 7/. 17s. 6d.; steel aeaggt a my 91. 5s.; 
steel joists, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 10s.; 
heavy steel rails, 6/. 15s.; steel railway sleepers, 7/.; and 
iron and steel galvanised eorrugated sheets, 12/. 15s. to 
13/.—sheets less 4 per cent. f.o.b., railway material net, 
and all other descriptions less 24 per cent. 


Manufactured Ironworkers’ Wages.—The average net 
selling price of iron rails, plates, bars, and angles for the 
two months ending December 31 last has been certified 
at 7/. 1s. 9.38d., as against 6/. 19s, 7.03d. for the previous 
two months, and, in accordance with sliding-scale arrange- 
ments, wages for February and March will be the same 
as prevailed during the preceding two months. 


Messrs. W. Richards and Sons, Limited.—Messrs. W. 
Richards and Sons, Limited, of the Britannia Foundry, 
Middlesbrough, have purchased the Atlas Works, adjoin- 
ing their premises, which have been standing idle for 
the past six years. The firm intend starting them as 
soon as the necessary plant can be put down, and will 
manufacture iron —- pile shoes, switches, and 
cross-bars. Messrs. Richards also propose to extend 
their bolt and rivet-making plant. 





THE RoyaL AGRICULTURAL Socrety.—It has now been 
arranged that the trials of milking-machines, for which 
prizes are to he awarded this year, shall be carried out 
at Grange Hill, Bishop Auckland, Co. Durham, on 
April 22 next. The hand-power insecticide-distributin 
machines, for which medals are also to be awarded, will 
a in the neighbourhood of Bristol during the month 
re) y- 





Roya Nava ARTIFICER ENGINEERS.—The Corps of 
Royal Naval Artificer Engineers and Magine theem 
Artificers has issued an appeal similar to that submitted 
to the Admiralty for public support in connection with 
their claim for an increase of pay, an increase of pension, 
openings to rise to the higher ranks in the engineering 
branch of the Service, the opening of the Royal Naval 

rve to members of the corps, and the retention of the 
engine-room watchkeeping. he present rate of pay on 
entering is 5s. 6d. a day, and was fixed in 1882. t that 
time, it was stated, it was naturally superior to that 
received in civilian employ. The character and import- 
ance of the duties performed, and the great risks taken, 
always call for a highrate of pay. At the present time 
this pay is much inferior to that received in civilian em- 
ployment. Overtime, instead of being exceptional, is now 
almost the rule. It is submitted that the starting pay of 
the corps should be at least 7s. _ om and the subse- 
quent increases graded accordingly; and further, that the 
increments of pay to artificer engineers be granted every 
two years ins of five years as at present. It is also 
submitted that the scale of pensions should be relatively 
raised, and that the minimum pension of chief artificer 
engineers should be 100/. At present members of this 
corps cannot rise beyond engineer-lieutenant. (Only a ve 
few of ae my are provided—viz., twenty-three). 
It is submit that the higher ranks in the engineering 
de ent should be accessible to members of the corps 
either by examination or for longand meritorious service. 
As pensioned chief engine-room artificers are liable for 
service in case of war, it is submitted that the Royal 
Naval Reserve should be opened to such, as it would 
provide an opportunity annually for keeping up to date 
with the rapid growth of the Navy and the changes in 
engineering practice, 





NOTES FROM THE SOUTH-WEST. 
re if.—The ay trade has sp _ same wee 
ty in uence of serious tonnage 8 whi 

Ge occasioned difficulties with respect to ween clear- 
ances. There have, however, been a sufficient number of 
ready vessels in dock to keep loading berths occupied. 
House coal and patent fuel have shown little change. 
The best Admiralty large steam coal has made 18s. 9d. 
to 19s. 3d.; the best secondary qualities, 18s. 3d. 
to 18s. 6d.; and ordinary qualities, 17s. 6d. to 17s. 9d. 
per ton. Best bunker smalls have brought 15s. to 15s. 6d.; 
ordinary ditto, 14s. 6d. to 15s.; and smalls, 
13s. 9d. to 14s. 6d. per ton. The best household 
coal has maintained a quotation of 19s. to 20s.; good 
households have made 17s. to 18s.; No. 3 Rhondda large, 
17s. to17s. 6d.; and smalls, 15s. to 15s. 6d. per ton. No. 2 
Rhondda large has brought 15s. to 16s.; and No. 2 
smalls, 13s. 6d. to 14s. 3d. per ton. Special foundry coke 
has been quoted at 32s. 6d. to 33s. 6d.; good foundr 
coke at 29s. to 3ls.; and furnace ditto at 27s. to 28s. 6d. 
per ton. As regards iron ore, Rubio has realised 21s. 6d. 
to 22s. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

German Coke.—German coke has been imported some- 
what paely of late into South Wales. The steamship 
Snowdon brought 2100 tons and the steamship Eric 
Petersen 2130 tons from Rotterdam to Cardiff for Messrs. 
Guest, Keen and Nettlefolds, Limited. The reason wh 
mom coke is being thus brought into South Wales is 
found in a shortage occasioned by a greatly increased 
demand. During the miners’ strike in March, last year, 
a = deal of damage was done to coke-ovens, and their 
rebuilding is a somewhat lengthy process. 


Patent Fuel at Swansea.—New “‘ Pheenix” patent fuel 
works at the King’s Dock, Swansea, which are being 
established with local capital, will involve an expenditure 
of about 50,000. The promoters expect to turn out 
20,000 to 25,000 tons per month. 

Swindon.—Employment has been rather slack of late 
at Swindon, the head-quarters of the Great Western 
locomotive industry. In one department—boiler-making 
—200 men have been dispe with—it is hoped only 
temporarily. 

More Welsh Coal.—A new colliery at Glyncorrwg in the 
Afon Valley has commenced operations. It has a fine 
seam of No. 2 Rhondda coal. About 100 men are now 
employed. 





Cuemistry 1n Gas Worxs.—The second of two lec- 
tures on this subject was delivered by Mr. W. J. A. 
Butterfield, M.A., F.1.C., on the 3ist ult., in the 
Chemical Lecture Theatre of University College, the 
chair having been taken by Professor Raphael Meldola, 
D.Se., LL-D., F.R.S. The first lecture, delivered on 
December 18 last, dealt chiefly with the requirements of 
a public gas supply. the magnitude of operations in the 
gas industry, and the manufacture of gas by the carbonisa- 
tion of coal and by the carburetted water-gas process. In 
his second lecture Mr. Butterfield first referred to the 
principles underlying the condensation of crude gas, the 
extraction of tar from it, ammonia recovery, the extrac- 
tion of cyanogen from coal-gas, and so forth. 





Om-Enerngs 1n Sartine Sarps.—Reference has _re- 
peatedly been made to the advantage of fitting oil-engines 
as an auxiliary propelling agent in sailing ships for use 
in calms and when adverse winds prevail. A convincing 
object-lesson of the benefits of such installation has been 
provided in the case of the Earlshall, of 900 tons, fitted 
with a set of Bolinder engines of 120 brake horse-power, 
which recently arrived at Queenstown as a direet result 
of this power installation. ithout the engineshe would 
probably have been lost. She was thirty days overdue 
on the Atlantic voyage from Newfoun d, and twenty 

ineas had been paid at Lloyds for re-insurance. She 
Fad experienced the full force of the recent gales and had 
her masts carried away, so that she was dependent on 
the 120-brake-horse-power oil-engine, which enabled her 
to make Queenstown. The Bolinder engine continues to 
be largely adopted, and Messrs. James Pollock, Sons and 
Co., Limited, 3, Lloyd’s Avenue, London, E.C., have 
——_ for a second oil-tank steamer for coasting service, 
of 105ft. in length, with two sets of this type of engine, 
each of 120 brake horse-power. 


ApMIRAL OF THE Figer Sir Wittiam May.—All 
interested in the Navy have been gratified with the 
official announcement of the promotion of Admiral Sir 
William May, G.C.B., G.C.V.O., to the rank of Admiral 
of the Fleet, consequent upon the retirement of Sir 
Charles F. Hotham, G.C.B., G.C.V.O. Sir William 
May, who at present occupies the post of Commander-in- 
Chief at Devonport, will shortly vacate this position, 
where he will be succeeded by Vice-Admiral Sir George 
Le O. Egerton, K.C.B. Sir William May has filled many 
important appointments at the Admiralty and in the 
Fleet, and has always been recognised not only as highly 
gifted as an administrator, but of great ability as a 
strategist and tactician. The directors responsible for 
the materiel of the Navy found in him an ideal controller 
of the Navy—a position he occupied from 1901 to 1904— 
when he left the Admiralty to take command of the 
Atlantic Fleet, becoming a vice-admiral. He returned 
to the Admiralty in 1907 as Second Sea Lord, being pro- 
moted to admiral’s rank in the following year. In March, 
1909, he became Uommander-in-Chief of the Fl and 
occupied that position when ing reviewed the Fleet 
at Torbay in June, 1910. In July, when he was Com- 
mander-in Chicf -t Devonport, he was umpire-in-chief 
of the naval mance uvres, 
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NOTICES OF MEETINGS. 


Tue JuNion INSTITUTION OF ENGINERRS,—Friday evening meet- 
ings at 39, Victoria-street. February 7. ‘‘ The Variety of a Gas 


Engineer’s Duties,” by Mr. T. 8. D. Gibson. February 14. 
* Electrical Installations in Metal Conduits, with ial Refer- 
ence to Earthing,” by Mr. F. H. Taylor. Wednesday, February 12, 


at 8 p.m., at the Institution of Electrical Engineers, Victoria Em- 
bankment. Combined meeting with the Architectural Associa- 
tion. Paperon “ Engineering and Architectural Features of the 
New Station at Birmingham (Snow Hill) of the Great Western 
Railway Company.” by Mr. R. P. Mears. Thursday afternoon, 
February 13, at 2.30 p.m., visit the works of the Osram Lamp 
Works, Limited, at Hammersmith. Saturday evening, Febru- 
arv 15, at 6.30 p m., annual dinner at the Hotel Cecil. 

NortH or ENGLAND INSTITUTE OF MINING AND MECHANICAL 
ENGINEBRS.—Saturday, February 8, in the Wood Memorial Hall, 
Newcastle-upon-Tyne, at 2 o’clock. The following papers will be 
open for discussion :—‘‘ A Photographic Method of idly Copy- 
ing Out Pay-Notes, in Use at Throckley Collieries,” by Messrs. 
T. V. Simpson and G. W. Bell; “‘The Effects of Deficiency of 
Oxygen on the Light of a Safety-Lamp,” by Drs. J. 8. Haldane 
and T. Lister Llewellyn ; ‘Illumination at the Coal-Face, with 
Special Reference to the Incidence of Miners’ Nystagmus,” by Dr. 
T. Lister Llewellyn; ‘*The Hailwood Gas-Cap Observation 
Machine,” by Mr. E. A. Hailwood. The following papers will be read 
or taken as read :—‘‘ The Jherria Coal-Field (India) and its Future 
Development,” by Mr. George Harold Greenwell; ‘‘ Memoir of 
Thomas Walter Benson,” by Mr. Walter John Benson ; ‘‘ Memoir 
of Cuthbert Berkley,” by Mr. Richard William Berkley. The 
“ Bohres,” “‘ Oldham,” and ‘‘ Tharos” miners’ electric safety-lamps 
will be exhibited.and described. 

«THe Srarrorpsuire Iron anp Sree. Instirure.—Saturday, 
February 8, in the Institute, Wolverhampton-street, Dudley, at 
7.15 p.m.. Mr. Geo. Hailstone will read a paper on ‘Testing 
——= as Applied to Modern Works Practice.” 

B Surveyors’ InstiruTIoN.—Monday, February 10, at 8 p.m. 
Papers will be read by Mr. William Woodwai (Fellow), on 
“ Building By-Laws and Regulations as Affecting the Housing of 
the Working Classes,” and by Mr. M. Price Holmes (Fellow), on 
**Some Urban Housing Problems.” 

Tue InstirvuTION OF MecHaNnicaL ENGINgERS.—GRADUABES’ Asso- 
ctaTion.—Monday, February 10, at 8 p.m., a special lecture will 
be given by Professor E. G. Coker, D.Sc., F.R.S.E., upon “‘ The 
Applications of Polarised Light to Mechanical Engineerin, 
Problems of Stress Distribution.” Mr. E. B. Ellington, Presi- 
dent of the Institution, in the chair. 

Tue Roya Society or Arts.—Monday, February 10, at 8 p.m. 
Cantor Lecture. ‘‘The Art of Miniature Painting,” by Mr. Ori 
Davenport, V.D., F.8.A. (Lecture 1.). Wednesday, February 12, 
at 8 p.m. Ordinary meeting. ‘‘ New Sources of Supply for the 
Manufacture of Paper,” by Mr. Clayton Beadle and Mr. Henry P. 
Stevens, M.A., Ph.D., F.1.C. Mr. Charles Frederick Cross, 
B.Sc, F.1.C., will preside. Thursday, February 13, at 4.30 p.m. 
Indian Section. ‘‘ Kathiawar,” by Sir William Lee-Warner, 
G.C.8.L, LL.D., Vice-President of the Society. 

Tue LxstiTUTION oF CiviL Enoinsmes.—Tuesday, February 11, at 
8 a=. at the Institution of Mechanical Engineers, Storey’s Gate, 
8.W. Papers to be read :—‘“‘ Durban Harbour, South Africa,” by 
Mr. Cathcart William Methven, M. Inst. O.E. ; and “ Natal Har- 
bour Works,” by Mr. Charles James Crofts, M. Inst. C. E. 

Tue Roya Sanirary Instirure.—Sessional Meeting, Tuesday, 
February 11, at 7.30 p.m., at 90, Buckingham Palace-road. Dis- 
vussion on “ Eighth Report of the Royal Commission on Sewage 
Disposal on Standards and Tests for Sewage and Sewage Effiuents 
Discharging into Rivers and Streams,” to be opened by Mr. Samuel 
Rideal, D.Sc., F.1.0., J.P. Colonel T. Walter Harding, D.L., J.P., 
LL.D., in the chair. 

Tae INstITUTION OF AUTOMOBILE ENGINEERS. — Wednesday, 
February 12, at 8 ee at the Institution of Mechanical Engineers, 
Storey’s Gate, S.W., a paper will be read on ‘‘ Worm-Gearing ; 
Generating, Cutting, and Testing,” by Mr. F. W. Lanchester, 
M, Inst. 0. E. 

InsTITUTION OF EL&cTRICAL ENGINEERS (BIRMINGHAM LOCAL 
SxcTion).— Wednesday, February 12, at 7.30 p.m., at the Univer- 
sity, Edmund-street. Mr. A. R. Everest, M.1.E.E., will read a 
paper entitled “‘ Parallel Operation of Alternators.” 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Wednesday, Feb- 
ruary 12, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C., a paper will be read by Mr. John T. Mould, on ** The 
Control of Alternating-Current Motors.” 

Tue InstiruTiIon oF ELecrricaAL Eneingers.—Thursday, Febru- 
ary 13, ordinary meeting at 8 p.m. Paper to be read by Mr. A. R. 
Everest (Member), ‘‘ Notes on Parallel Operation.” 

Tue Puysicau Society or Lonpon.—Friday, February 14, at 
8 p.m., annual general meeting, at the Imperial College of Science 
and Technology, Imperial Institute-road, South Kensington, 8. W. 
After the election of officers and cil for the i year, 
Professor G. H. Bryan, F.R.3., will read a paper entitled “ The 
Dynamics of Pianoforte Touch,” with experimental illustrations. 

Tue InstiTuTION OF MECHANICAL EnoInggeRs.—Friday, Febru- 
ary 14, at 8 p.m. Sixty-sixth annual general meeting. e annual 
report of the Council will be presented. Paper to be and 
discussed :—‘‘ Modern Condensing Systems,” by Mr. A. E. Leigh 
Scanes, M.A., of Manchester. 

Tue Roya. Institution oF Great Brirain.—Friday, February 14, 
at 9 p.m., a discourse will be delivered by Professor Andrew 
Gray, M.A., LL.D., F.R.S. The subject is: “ New Gyroscopes and 
their Applications” Afternoon lectures next week at 3 o'clock. 
Tuesday, February 11, “‘ The Heredity of Sex and Some oe 
Problems,” by Professor William Bateson, M.A., D.Sc., F.R.S., 
Fullerian Professor of Physiology (Lecture V.). Thursday, Feb- 
ruary 18, “The Dawn of Empire in Shakespeare's Era,” by 
Sidney Lee, D.Litt., LL.D. (Lecture L.). Saturday, February 15. 
“The Properties and Constitution of the Atom,” by Professor 
Sir J. J. Thomson, O.M., LL.D., D.Sc., F.R.8., M.R.1., Professor of 
Natural Philosophy (Lecture IL). 
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FACTORY LIGHTING. 

THE week before last a Departmental Committee 
was appointed by the Home Secretary to inquire 
into the natural and artificial lighting of factories 
and workshops. The Committee, which is under 
the chairmanship of Dr. Glazebrook, is to report 
on the conditions necessary for adequate and suit- 
able lighting, having regard to the nature of the 
work carried on, the protection of the eyesight of 
the persons employed, and the various forms of 
illuminant, This appointment suggests in a very 





definite way that the ideas underlying the work 
carried on during the last few years by those in- 
terested in illuminating engineering are inning 
to influence public opinion, and that a realisation 
of the inefficiency and unsatisfactory nature of 
much present lighting is becoming more common. 
This movement of public opinion is all to the good, 
and credit is undoubtedly due to the work which 
has been done by the Illuminating Engineering 
Society. 

Natural lighting is in general a simpler problem 
than artificial lighting, and we doubt if architects 
and designers, or the general public for that 
matter, can be said to require any great amount 
of tuition in the management of the natural light- 
ing of buildings. It is true that a good deal of 
criticism has been levelled against the natural light- 
ing of many school-rooms, but this matter is rather 
outside our present subject, and it may be said 
that if the natural lighting of buildings is not 
always perfect, and could frequently be improved 
on, it is in general carried out in a fairly com- 
petent way. 

Artificial lighting, however, is in a different case. 
It is true that one may easily find excellent 
examples of artificial lighting, but it is also true 
that one may more easily find execrable examples. 
The artificial lighting of buildings, as a general 
problem, suffers from tle disability that within 
very wide limits each particular case must 
treated on its merits. General rules and data are 
possible, but they must always be used with much 
discretion. This particularly applies to factory 
lighting. The special conditions of a dwelling- 
house may be reproduced with fair accuracy in a 
thousand other houses, and the special conditions 
of a concert-hall or a theatre do not greatly differ 
from the conditions of hundreds of other such 
buildings. The conditions existing in a factory 
may, however, be strictly special, and demand 
treatment which may be applicable nowhere else. 

It is not clear that the Departmental Committee 
will be able to make any very considerable 
recommendations in reference to factory lighting, 
and it will naturally be necessary to have rd 
to the great variations in the conditions to which 
its recommendations must apply. The most obvious 
matter on which definite ruling is possible is in 
regard to the foot-candle intensity demanded by 
ditferent classes of work. If it is laid down, for 
example, that the foot-candles at machine-tools, 
or on the benches of an engineering factory, are to be 
at least four, and that the general illumination of 
the shops is to be at least 1.5, one will have definite 
recommendations which it will be possible to work 
to. It is difficult to see, however, that any further 
definite recommendations beyond this can be made. 
One of the instructions of the Committee has regard 
to ‘‘the protection of the eyesight of the persons 
pall aed 4 This is an important matter; but 
while it is clear that it can be dealt with precisely in 
as far as it is affected by light intensity on the work 
being carried out, it is difficult to see that definite 
ruling is possible on questions concerning the effect 
of exposure to bright naked lights. In spite of 
difficulties, however, it is probable that the Com- 
mittee may be able to do much good, even if it is 
only in an educative way. 

The Committee, appointed as it is by the Home 
Office, will naturally be mainly concerned with 
matters of eyesight and the workers’ health ; but 
the case for adequate lighting rests by no means 
only on these questions. They are very important 
in themselves, but in addition to them the lighting 
question is closely bound up with the economics 
of production. Poor lighting is likely to lead to 
either a lower standard or a lower rate of manu- 
facture. In a paper on ‘‘ Industrial Lighting,” 
read before the American Institute of Hlectrical 
Engineers last October, Mr. C. L. Eshleman gave 
an example illustrating this. He had been engaged 
on winding coils for electrical machinery on a 

iece-work basis in a factory in which the artificial 
fighting was unsatisfactory. In the daytime he 
could earn 2 dols. a day at this work ; but later, 
when changed over to a night shift, he could only 
earn 1,10 dols. in the same time. In addition to 
this it was found that while only 5 per cent. 
of the coils wound on day shift failed under 
insulation test, 10 to 15 per cent. of those 
made at night so failed. These figures may y 
be explained by the physiological or psychological 
effects which render night work, as a rule, lees 
efficient than day work, but, apart from any such 
explanation, there can be no doubt but that 
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Mr. Eshleman’s attribution of the results to in- 


efficient lighting is, in the main, sound. In an 
extreme case no one would be di to dispute 
the bad effects of poor lighting, but it is to be 


feared that, so long as the lighting is moderately 
good, or even passable, too many factory managers 
are inclined to give it little attention, and to over- 
look the improvements in output and quality which 
might follow from the installation of a really good 
system. 

There is a further aspect of the lighting question, 
which we have not yet mentioned, which may well 
come within the scope of Dr. Glazebrook’s Com- 
mittee. This is its relation to accidents. It is 
fairly clear that poor general lighting in a machine- 
shop may cause, or help towards, accidents which 
better lighting would have prevented. Mr. Eshle- 
man, in the paper we have already quoted, points 
out that statistics of industrial accidents occurring 
on 80,000 plants in New York City during three 
years show that the death rate is practically twice 
as great during the dark days of December and 
January as it is during the light days of June and 
July. Part of this inc rate may certainly be 
attributed to poor artificial lighting. The Fidelity 
and Casualty Company, of New York, states that 
‘* statistics show that the greatest number of 
accidents occur during the months of diminishing 
light.” It must not be forgotten that these days 
are also the days of increasing cold, but the arti- 
ficial lighting question must a function of the 
matter. Some lighting authorities hold that 
there is peculiar liability of accident in the 
time during which daylight is failing, and 
during which the eyes and senses of the work- 
people are not properly adjusted to the new 
conditions. If there is any effect of this sort, it 
will natually be accentuated by inefficient artificial 
lighting. It is possible that this effect may be less 
important in this country than in New York, 
owing to our longer twilight. In passing it may 
be said that the effect of poor lighting in increasing 
the number of industrial accidents was prominently 
brought forward by Mr. Leon Gaster in a we 
read before the Royal Society of Arts last Wed- 
nesday. 

It is not possible in the limits of a short article 
to deal in any detail with the various methods of 
shop-lighting and the various conditions which arise. 
Even with abundant space the matter could only be 
treated in a general way, since, as we have said, 
each case in practice must be considered on its 
merits. There are, however, some problems which 
arise in many different factories which may be 
touched on. The most obvious of these has re- 
ference to the relative values of general and 
special illumination for particular classes of work. 
In the average case it is probable that a general 
illumination system will be cheaper to instal, 
since the special illumination of particular ma- 
chines or benches will demand a greater amount 
of piping or wiring to be run than will be 
necessary if a shop is to be more or less uni- 
formly lighted as a whole. A general lighting 
system will usually allow a fairly straightforward 
run of the mains, while a special lighting system 
will very frequently involve much complication. 
Again, with general illumination the lighting units 
can, as a rule, be larger in capacity, and so smaller 
in number, which will again tend to economy in 
installation, as also in maintenance. Quite apart 
from figures based on the number of lights, it 
is also probable that the lamps for a general illumi- 
nation scheme can be put in such positions that 
breakages are less likely than with special lights 
for special machines. On the whole, it is probable 
that, where it is possible to use it, general illumi- 
nation will come out the cheaper system, but a 
moment’s reflection will show that it is quite 
unsuited for a very large amount of the work 
carried out in engineer‘ng shops. Small machines 
on small work, or fine bench-work, will very gene- 
rally require the installation of special lights, but 
in general it is probably advisable to keep this 
class of lighting down to the minimum. 

Another question which arises in connection 
with factory lighting was dealt with in an interest- 
ing way in a cae We Mr. C. E. Clewell, also read 
before the American Institute of Electrical Engi- 
neers last year. This question concerns the effect 
of dust and dirt accumulations on lamps from the 

int of view of efficiency. Mr. Clewell dealt with 
the matter mainly with respect to incandescent 
electric lamps, but obviously the question may be 


of importance no matter which type of lighting is! 








used. The investigation undertaken by Mr. Clewell 
had for its object to determine the economical 
interval for cleaning the lamps and reflectors in a 
specific case. Obviously, if the lamps were allowed 
to get too dirty, the efficiency of the lighting 
will fall off; but, again, if they were cleaned 
more often than was necessary, the cost of cleaning 
might come out greater than the cost of the light 
which was lost. Taking electric energy at a cost 
of 2 cents per kilowatt-hour and the cost of clean- 
ing a lamp and reflector as 3 cents, it was found 
that, in the particular case considered, the 
economical interval for cleaning was sixteen days. 
Obviously the light would fall off to some extent 
in less than sixteen days, but such falling off could 
be more economically made up by installing a 
greater candle-power of lamps than by more fre- 
quent cleaning. It is not suggested that this 
example is capable of any general application, but 
it is interesting as directing attention to one aspect 
of the lighting question. The relation between 
the cost of cleaning and the location of the lamps, 
which comes in in this connection, is such an 
obvious matter that it need be no more than 
referred to. 

It is difficult to deal with the more specific 
aspects of lighting in a general way. For instance, 
in certain cases a diffused light, such as is fre- 
quently used in drawing-offices, will be more satis- 
factory than a direct one, but it is not possible to 
indicate in general what these cases well be. As 
one common example, however, and as pointed 
out by Mr. Clewell, it may be taken that diffused 
light is very suitable for shops in which there are a 
great many vertical belts. Diffused light in such a 
shop does much to eliminate the shadows which many 
belts cast. Again, where ceilings are high, lamps 
of greater candle-power, and as arule of greater 
efficiency, can be used than where ceilings are low, 
and yet a satisfactory light distribution be main- 
tained. In many cases, however, a high ceiling 
is broken up by girders or cranes, so that a simple 
arrangement of large units may not be possible. 
In such cases a combination of general and special 
lighting is necessary. Indeed, it may be said 
that in most cases some form of such a combina- 
tion is necessary, but no general rules are pos- 
sible. As we have said more than once, each case 
must be treated on its merits. 





HIGH-SPEED BEARINGS. 

Ir has been estimated that in the case of the 
20,000-kw. turbine which Messrs. C. A. Parsons 
and Co. are building for Chicago, some 400 horse- 
power will be wasted in overcoming the bearing 
friction alone. The total no doubt seems large, but 
it is only about 1} per cent. of the total capacity of 
the unit, and not more than would be absorbed 
in the bearing friction of a reciprocating engine 
having a very much smaller maximum output. It 
is not long since the standard speed for a 3000-kw. 
turbine was 750 turns per minute, but units of 
double this capacity are now being built to run 
at 3000 revolutions per minute. It is nota little 
noteworthy that this combination of high outputs 
and high speeds of rotation is being effected with 
practically no trouble from the bearings. The 
various devices at one time deemed essential to 
safe and steady running have one by one been 
discarded, and plain bearings of simple form are 
now used for all turbines of any considerable output. 
The possibility of simplifying in this way the 
construction of bearings has arisen in part from 
improvements in workmanship, owing to which 
rotors are more accurately balanced than they used 
to be, and in part to the greater attention paid to 
securing stiff rotors, thus ge the par pom 
well above normal running limits. The fact that 
this increase in stiffness has been an important 
factor in enabling vibration dampers to dis- 
pensed with is well illustrated by the practice of 
the British Thomson-Houston Company. This 
firm, whilst adopting rigid bearings for their tur- 
bines in which the rotor speed is kept below the 
critical, fix a flexible bearing to the generator, the 
shaft of which is designed to be run above its 
critical speed. 

The success with which the speed of large ma- 
chines has been so greatly increased of late years 
would seem to indicate that the bearings have in 
the past been designed with an unnecessarily large 
margin of safety ; a view which is in accord with 
theoretical considerations. In a properly operated 
high-speed bearing the opposing surfaces never 








come into physical contact, but are always separated 
by a film of oil. Hence, if opened up after some 
years’ running, the original tool-marks are stil] 
visible, and no wear can be detected by a micro- 
meter. This perfection of running is dependent 
solely on the maintenance of an unbroken film of 
oil between the journal and its brass. In fact, 
were the supply of oil to the bearings of a turbine 
and the steam supply to be cut off simultaneously, 
the white metal would probably be melted out 
before the rotor sto , owing to the rapidity 
with which heat oa then be developed by the 
friction. 

In a paper recently read before the Rugby Engi- 
neering Society, Mr. J. C. K. Balfry has collected 
together some useful data on the present design of 
high-speed bearings, and these afford further evi- 
dence that designers have in the past been unneces- 
sarily cautious in the loads they have allowed per 
square inch on the projected surface of such bear- 
ings. In the early days there was only one rule 
to work by—viz., that of making a guess at the 
size and then doubling it. Sir C. A. Parsons and 
his associates did, it is true, conduct some very 
instructive experiments on bearing friction, and 
his example was followed later on a somewhat 
larger scale by Dr. Lasche, but it is not always 
safe to assume that results realisable under test 
conditions can be practically maintained in prolonged 
service. Hence very ample factors of safety were 
adopted, and an empirical rule has been somewhat 
extensively followed by which the product of the 
pressure, in pounds per square inch, on the pro- 
jected area of the journal and the velocity of 
rubbing, in feet per second, was made a constant. 
So far as we know, the only justification for this 
rule is the fact that it has been successfully used in 
practice. The constant, which was originally 2500, 
has, however, been steadily increased, and is now, 
even in this country, often 5000 or more. In 
America, where risks are more easily taken than 
here, competition being less keen and a mishap of 
less importance as a talking point for a competitor, 
matters have progressed still further, and Mr. 
Balfry gave the following figures as representing 
the practice of the General Electric Company :— 


Velocity of Rubbing Pressure 
urfaces. Admitted. 
Ft. per Sec. Lb. per Sq. In. 
20 167 
30 190 
40 208 
60 229 
73.5 235 


Hence the constant in the formula quoted above 
has gone up to over 17,000, as compared with the 
2500 usual some seven or eight years ago. This 
would suffice in itself to indicate that the formula is 
defective in form, or so great a variation in the 
so-called ‘‘constant” would be impossible. In 
fact, the genesis of this formula must be traced 
back to the days of low speeds of rotation and 
imperfect lubrication, and working rules legiti- 
mate enough in such conditions are not fairly 
applicable to high-speed bearings furnished with 
an ample supply of oil. The formula makes the 
permissible pressure diminish with the speed, and 
this is quite a reasonable precaution with imper- 
fectly lubricated slow-speed bearings. The effi- 
ciency of a high-speed bearing, on the other hand, 
is primarily connected with its efficiency as a pump. 
The higher the surface speed the more effectively 
is the lubricant dragged in against the hydraulic 
pressure due to the load carried, and the greater 
accordingly should be the permissible -—~ in 

unds per sq. in. The practice of the General 

lectric Company, as indicated by the above figures, 
is, it will be seen, in accord with this theoretical 
conclusion. 

From Mr. Balfry’s paper it would further 
appear that another time-honoured practice 18 

being abandoned by some firms when design 
high-speed bearings. It has been the unive 
practice to cut oil grooves in the brasses. The 
theory of the ae bearing, however, 4% 
developed by Osborne Reynolds, robs these grooves 
of any obvious pu , and, in fact, it might not 
unfairly be argued that they are actually detr' 
mental. It is therefore of interest to note Mr. 
Balfry’s statement that some makers now consider 
rooving of this kind unnecessary, it being, they 
hold, sufficient to supply oil along the whole length 
of the bearing at about the horizontal centre line. 

The temperature attained by the oil is practically 

independent of the load on the bearing, but is 4 
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function almost wholly of the viscosity of the oil 
and the rate at which it is being shea Artificial 
cooling of the spent oil is generally necessary, as 
with high speeds and large bearings heat is 
generated faster than it can be conducted away 
from the metal. Heat thus conducted off finally 
passes away to the surrounding air, and is generally 
said to be lost by radiation. The term is a very 
convenient one, but unfortunately it has, by the 
progress of science, ceased to be strictly applicable. 
In whatever way the heat is dissipated, it is per- 
fectly certain that but a small fraction of it escapes 
by radiation, using the word in its strictly tech- 
nical sense, to which it is becoming increasingly 
desirable to contine it. There is no question but 
that if the so-called ‘‘radiating” surfaces were 
surrounded by a vacuum in place of by air, the 
heat loss would be insignificant, and some con- 
venient term is badly needed for losses of heat 
by convection, as distinguished from losses by 
radiation, properly so-called. The heat generated 
in a bearing for a given rate of revolution increases 
as the square of its dimensions, and the surface 
from which it may be dissipated increases at 
practically the same rate. Since, however, the 
length of the path over which heat is conducted 
from the brasses to the exterior is longer in the 
case of a large than a small bearing, the necessity 
for artificial cooling arises sooner in the case of 
a large bearing. Hence, ring-oiling without the 
use of artificial cooling may be practicable in 
small bearings at surface speeds which would 
be impracticable in the case of large bearings. 
Even with arrangements for cooling the oil, the 
ring system of lubrication becomes unreliable 
when the surface speed reaches a certain limit. 
Dr. de Laval has used the system with bearings 
having a surface speed of some 50 ft. per second, 
but even below this limit Dr. Lasche found that 
the supply of oil was being affected, as the centri- 
fugal forces developed threw off a substantial pro- 
portion of the oil raised before it actually reached the 
journal. Hence for the highest surface speeds it 
will always be necessary to have recourse to forced 
lubrication, which necessitates the provision of an 
oil-pump and its more or less costly accessories. 





THE STERILISATION OF POTABLE 
WATER WITH CHLORINE. 

THERE are many cities in America in which careful 
people always buy their drinking water in bottles, 
and there are others in which no one, however fool- 
hardy, thinks of drinking tap water unless it is boiled. 
This is a condition of affairs scarcely intelligible to 
us in this country, where sanitary practice is so 
far advanced that the distribution of a dangerous 
supply only occurs by accident, and is immediately 
remedied. Less than two years ago (June 9, 1911) 
we published a chart showing that the typhoid 
death-rate per 100,000 of the population varied 
in the United States from 10.5 in Boston to 
130.8 in Pittsburg, while in Europe it varied from 
lin Stockholm to 10 in Paris—a very different 
state of affairs. The better condition in Europe 
has generally been attained either by the replace- 
ment of polluted supplies by others of greater 
purity, or by the installation of slow-acting sand 
filters. In the case of Hamburg, which draws its 
water from the polluted River Elbe, the average 
death rate from typhoid (per 100,000) was 37 before 
filtration was adopted, and it has been 5.51 since, 
while the average death rate (per 1000) was 26.9 
before, and now it is 17.1. There could be no 
more striking evidence of the value of efficient 
filtration, especially when we remember that 
typhoid may be disseminated by other means than 
public water supplies. 

_ In London the typhoid death rate (per 100,000) 
is about 4, and when we consider that a large pro- 
portion of the water is pumped out of the Thames, 
which receives the sewage, more or less purified, 
of all the communities that lie on its banks, and on 
those of its affluents, the result is a wonderful 
testimonial not only to the efficacy of filtration, but 
also to the excellent management of the officials of 
the Metropolitan Water Board. Sand filters are 
only a safeguard when they are used conscientiously, 
and a careless or an unskilful foreman might easily 
allow millions of gallons of polluted water to pass 
- gg the mains through the filters. This necessity 
ne extreme care in the use of filters has often 

een used as an argument for their supersession by 
other means, especially by those which aim at 
sterilisation. Sand filters do not usually turn 


out sterile water. Koch’s original standard of 
purity was 100 bacilli per cubic centimetre of 
water after two days’ incubation, and when we 
remember that a cubic centimetre holds only 
fifteen or sixteen drops, this seems a fairly 
large supply of bacterial life to the pint. This 
standard has, however, been largely improved upon, 
and the bacilli which are found are of a perfectly 
innocent kind, the pathogenic varieties perishing 
much more rapidly than those which are quite at 
home in water. The bacillus typhosus has been found 
to be distinctly less robust than the bacillus com- 
munis coli, which is the evidence of fcecal con- 
tamination, and hence it is generally assumed that 
if none of the latter is present on the incubation 
plates there is also none of the former. B. coli is 
very distinctive in form, and its absence can be 
determined with much certainty. 

Still it would be assuring to timid minds if really 
sterile water could be distributed, although there is 
no reason to think that any appreciable reduction 
of the death rate would follow. It is quite unlikely 
that any process of sterilisation could be devised 
that would not fail at times if not watched with 
unceasing care, just as filters may fail. There are 
now quite a number of such processes struggling 
for recognition, and in our issues of January 27, 
1911, page 106, and February 3, 1911, page 139, 
we gave an account of a competitive trial of 
several at Marseilles. In addition to the promise 
of greater security, a promise which, however, 
has yet to be verified in practice, sterilisation 
plants are always more compact and manageable 
than filers. Whether they are based on the 
use of ultra-violet rays or of ozone, or of 
chlorine or other chemicals, they can be installed 
under cover, and run on the lines of a factory. 
This is, undoubtedly, a great advantage, as it 
removes them from the influence of the weather. 
Filters, on the other hand, occupy a large amount 
of space, which, in some cases, cannot be found, 
and are liable to be frozen up if not carefully 
managed. In places where the climate is severe 
this is a serious detriment to their use, and has 
been to some extent the cause of their not being 
adopted in America as largely as desirable. Further, 
as pointed out by Dr. Adolph Kemna, in a paper 
read before the Institution of Water Engineers last 
December, no one has any patent rights in sand 
filters, and hence there is no one with a pecuniary 
interest in pushing them, while several other pro- 
cesses promise good profits to manufacturers if they 
can be introduced on large scale. 

If it be assumed that a sterilisation process will 
actually sterilise water, then the non-technical man 
is certain to be attracted by it and to press for its 
use. But it has yet to be shown such a result can 
be attained under commercial conditions, and, 
indeed, most biologists and water-works engineers 
deny that it can be done. But, even if it were 
almost possible, there would still remain the chance 
of secondary infection. No sterilisation process, 
so far as we are aware, reduces the organic im- 
purity of water, while some of them increase it. 
On the other hand, filtration effects a great change 
in the organic matter present in water. Certain of 
the microbes that exist in the covering membrane 
on the sand are of the nitrifying species, similar to 
those to which the purifying action of sewage 
filters is due, and they convert much of the 
organic matter into a form in which it affords no 
sustenance to bacteria. In such a water bacilli find it 
difficult to live and more difficult to propagate, and 
since there is good reason to believe that the human 
organisation can deal successfully with infinitesimal 
doses of pathogenic germs, we need not greatly 
trouble ourselves that our water cannot be demon- 
strated to be absolutely sterile, provided that it 
does not afford a really nutrient medium to any 
chance microbe it may contain. 

There are, however, occasions when sterilisation 
must be resorted to. The installation and maturi 
of sand filters is a fairly long and costly operation, an 
if a water supply be suddenly polluted, or if a bear- 
able degree of pollution be increased, then recourse 
must be had to some method which can be applied 
quickly and easily. Under these conditions there is 
nomore convenientand effectual agent than chlorine. 
It was used with success some years ago in epidemics 
at Maidstone and Lincoln; in Paris, the year before 
last, it was tried with good results. Since December, 
1910, ithas been used constantly at the Luythcgen 
auxiliary pumping station of the Antwerp Water 
Works to reduce still further the number of 


exactly ten days after the application of chlorine 
an — of typhoid was suddenly and com- 
pletely arrested. In some parts of America portable 
plants are provided, and are let out to munici- 
palities with the happiest results. The one objec- 
tion to the process is that if its use is published 
in the papers the inhabitants of the place begin to 
complain of the taste of chlorine in the water. If the 
matter is kept secret, however, there is not usually 
much trouble. Three parts per million of chloride 
of lime represent only one part, or 1 milligramme 
of chlorine, per litre of water, a quantity which falls 
within the limits of error of ordinary chemical 
analyses. 

A practical illustration of what can be done for 
the purification of water by chlorine, and of the 
difficulties which occur in its use, is to be found in 
an account of the measures adopted in Toronto in 
1910 and 1911, which was laid before the Canadian 
Section of the Society of Chemical ee year 
by Mr. Joseph Race, F.I.C., of Toronto. The water 
supply of the city is derived from Lake Ontario, which 
also receives the sewage from all the places on its 
banks. The intake is at a point 900 yards south of 
the south shore of Toronto Island, and the water 
passes through a 6-ft. steel conduit to the north 
shore of the island, where it descends a shaft 
100 ft. deep; thence under the Bay through a 
tunnel 8 ft. in diameter to the main pumping- 
station, where it enters the distributing mains. 
Under normal conditions the chlorine treatment 
presents no serious difficulties; the turbidity is 
small, colouring matter is absent, and the organic 
content is a low. The treatment 
takes place at the north end of the island, the 
bleach solution being added to the water as it 
descends the shaft to the Bay tunnel. With a 
normal consumption of 43 million gallons of water 
per day, the period of contact before reaching the 
main pumping-station is 50 minutes. Successful 
treatment depends upon perfect admixture and 
sufficient time-contact ; and the operation of the 
last factor is shown in Table I. The bacterial 
count is per cub. cm. gelatin after three days at 
20 deg. Cent. 


TaBLE I.—Showing Effect of Prolongation of Contact. 


mo Point 
in Thousands 


Date of Test in 1911. of Feet 1 

from Pumping oun. 
Station. 

0 34,000 
{ D 8,400 
April 27 J 18 4,520 
| 19 3,810 
14" 2,340 
0 5,800 
2 5,680 
’ 8 2,380 
May 11... 4 “ Her} 
| 20 2,260 
24 1,980 
( 5 300 
October, Average of : = 
Series of Samples. \ 12 4 
14 87 


* Been partially stored in a high-pressure service reservoir. 


The application of chlorine to unfiltered water 
brought down the typhoid mortality rate in the City 
of Toronto from 43 in 1910 to 20 in 1911; never- 
theless, as an increase of turbidity is usually accom- 
panied by increased pollution, the treatment of the 
raw lake water could only be regarded as a temporary 
expedient. A death-rate of 20 per 100,000 is very 
far from being a satisfactory state of affairs, espe- 
cially when it is remembered that this corresponds 
to an incidence rate of about 120. 

Chlorine treatment was commenced in May, 1910, 
but no bacteria on gelatin counts were made until 
April, 1911. From this date there wasa steady in- 
crease in efficiency, as shown in Table II., overleaf, 
and this can only be attributed to a gradual removal 
of organic growths in the large distributing mains. 
No evidence of revival was found within the period 
the water remained in the system, as the count 
decreased with increased time contact, the best water 
being invariably found at the points farthest from 
the pumping station. 

That result is the reverse of experience gained at 
Cincinnati with chlorine treatment of filter effluents, 
where, although the water at the reservoir appeared 
practically sterile, very much larger counts were 
obtained from city tap samples, attributed to dis- 
turbances of the bacterial flora and to secondary 
growths. The efficiency was found to be inversely 
proportional to the amount of easily oxidisable 








microbes in the water. In one case, elsewhere, 


matter present, and large inereases of bacteria were 
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common in such samples, following a temporary 
reduction. 


TaBiE II.—Showing Improvement Effected upon Raw 
Water by Treatment with Chlorine, at Toronto. 





| | Percentage of 
| 3 Bacteria 
= : Samples Showing Typical 
\é per 0,0. | S| B. Coli. 
| - a a 7 
s 
Monthin ~ onenene | . Raw Chlorined 
1911 when 3 90 deg. Cent. a Water. Water. 
Tanwar Ss. | | 
Made. <§ e Y 
a 3 3 | Cee oe 
Be es 53 2igis gis|sl|¢ 
S*\aF/6F' 2 isisifieisls 
April ..| 0.25 10,910) 6421, 65 | 3) 2| o| 8/ 1/0 
May . 0.26 4,818) 1645 4 =~ 8 5 0 0|0 
June .| 0.26 16,821) 2437 6 17 3 0 0 0|;0 
July 0 28 864 310 5 2214 0 3 1/0 
August ..| 0.31 1,018) 74 4 19 | 12 2 0 0/0 
Sept. --| 0.88 725' 104 12 11 10 0 0 0|;0 
October ..| 0.42 1,256 81 8 18 17 2 0 09; 0 
November 038 7,140, 132 8 2 9] 1; 0; 0/0 
December | 0.33 11, 900) 84 138 | 34 | 16 9/10 4/0 
| 











A system of slow sand filters was brought into 
operation on January 4, 1912, in the city of 
Toronto. These beds had not matured in the 
period covered by Table III., and hence the chlorine 
was added to their effluents. But their efficiency 
was rapidly increasing, despite the high rate of 
filtration per acre per day—viz., 5.3 millions of 
gallons per acre per day. 


TasiE III.—Showing Effect of Filtration and Chlorination 
on Water from Lake Ontario. 





3 Percentage of 

* Bacteria p. C.C. Samples ane Typical 

a - Bacterium Coli. 

ss Gelatin 3 D: id Fil Chl 

elatin ays of | u- \0- 
ai Z at 20deg. Cent. MF ered rined 
b- S¢ * | Water. Water 
slea| le. 

] . es . . | 
ge" S ESES FFF oe siecle ce 
= 25 Bs SS eseS sso sig Sisisig ae g 
a (65 a EFS AF ce iselcgige sess 

Jan 0.88 2,163 47323.0 6 2 16 9 6 018 6.1410 
Feb. 0.31 19,232 222414.0 10 1 (2011/5 216 61000 
March 0.28 17,264 1629 43.0 9 0.6 (2316 4 021'9'1 1/0 0 

4 2.0 2417/10 82011'2 200 


April | 0.27 18,524 815 5.3 4 





In the spring of 1911 the Health Department 
decided upon the treatment of the island supply, 
which is separate from the city supply, and the 
chief engineer of the island pumping-station devised 
a mechanical appliance b vhich a constant admix- 
ture of disinfectant could be ensured. The apparatus 
consisted of a small plunger-pump, the piston of 
which was connected with the piston of the main- 
supply pump, and was fed with bleach from one of 
two storage vessels. Samples of water were taken a 
few yards away from the pump, and although the 
time elapsing between treatment and examination 
never exceeded 15 minutes, and was usually much 
less, almost sterile water was obtained throughout 
the whole season. The results were as in Table IV. 


TasLe I1V.—TZoronto Island Results in 1911. 








Availabl Bacteria per Percentage of Samples of 
Chiorine | Cubic Centi- | Treated Water, Showing 
Year. | in Parts | metre. Bacterium Coli in 


per { 
Million of Raw Treated 


Water. Water. Water. 50cc. lec lee. 








1911. | 
July a6 0.20 | 864 27 nil nil nil 








August .. 0.20 | 1018 12 nil nil bil 
Rept. ..| O34 | 725 | 98 80 nil nil 
October... 050 1256 1 son nil nil 
November 0,50 6098 4 | nil nil nil 


Contrary to the experience in Toronto City, 
samples taken at various points in the distribution 
mains showed greater numbers of bacteria than 
were found immediate'y after treatment, and an 
increase in the amount of chlorine used had no 
— effect on these increases. Blowing out 
the mains effected a slight reduction, but only of a 
temporary nature, and several hours’ treatment 
with a strong solution of chlorine—viz., 4 parts per 
million—also gave but little relief. As B. coli was 
almost invariably removed, even when 100 cub. cm. 
were tested, the phenomenon must be ascribed to 
the growths existing in the mains, and not to a 
revival of the original flora. The period of time 


required for the water to reach the points where 
increases were found was almost invariably under 
one hour, and as revival could not take place in 
such a short time, additional evidence is furnished 


dary growths. On Toronto Island 1,000,000 gallons 
per diem were treated during the summer season, 
and since it was started. in May, 1911, the process 
has been adopted at West Toronto and Sarnia, 
Ontario, with equal success. 

The point of application of chlorine used with 
filtration systems varies, the English practice being 
to effluents only, and American usually to the raw 
water. In mechanical plants where coagulants are 
used it is convenient and economical to add the 
bleach prior to sedimentation ; but the full advan- 
tage of the bleach is not realised in this method, 
as the chlorine is acted upon by the full organic 
content of the water. The Lawrence, a 
experiments have shown that when small quanti- 
ties of chlorine are used, less than three per million, 
along with coagulants, the action is soon complete, 
and that subsequent storage increased the bacterial 
count from 100 to 670 percent. There is an increase 
when chlorine is not used with coagulants, but much 
less than these figures ; and undoubtedly the best 
results can be obtained by the treatment of the 
filtrates. 

Any excess of chlorine is considered by many to 
be removed by filtration, but this is not proved. 
Such chlorine exists as (a) free chlorine, (b) hypo- 
chlorous acid, and (c) combined with organic matter. 
The two former can only be removed by special 
methods, such as the ‘‘ Dechlor” and ‘‘ Ferrochlor ” 
processes ; and although a portion of the latter is 
undoubtedly removed by sand filters, filtrates are 
obtained that give a chlorine reaction after acidifi- 
cation. Experience with slow sand filters shows 
that chlorine interferes with their efficiency by 
reducing the formation of the ‘‘ blanket” layer and 
retarding the biological processes taking place in 
the lower layers. This is exactly what one would 
expect. There are many points of resemblance 
between a water filter and a sewage filter, and any- 
thing which tends to depress or inhibit bacterial 


;| action in either must have a detrimental effect. 


No doubt a water filter acts to a certain extent 
mechanically, but, as already explained, a nitrifying 
action also goes on, and is most valuable in reducing 
the food supplies in the effluent water. 

Having thus related the experience with chlorine 
sterilisation of water in one or two places in 
America, we may turn to some instances in Europe. 

In the Comptes Rendus of 1912, E. Rouquette says 
that the best form in which to use active chlorine 
for water sterilisation is as a mixture of one part 
of the salt Na,S,O,, and two parts of the compound 
Na,O.Cl. The mixture is added in the proportion of 
0.2 to 1 per million, according to the extent of bac- 
terial contamination. It is more rapid and intense 
in action than sodium hypochlorite, and the water 
thus treated is odourless, tasteless, and contains 
no chlorine, hydrochloric or sulphuric acid. The 
Na,8,0, is obtained by mixing hydrogen peroxide 
(H,O.) and sodium hydrogen sulphate (NaHSO,) ; 
and the Na,0.Cl is prepared by the addition of 
sodium sulphate (Na,SO,) to calcium hypochlorite 
solution, the calcium sulphate being removed by 
filtration. 

Herr H. Bruns, in the Journal fur Gasbeleuchtung, 
1912, gives an account of work done by others and 
by himself in the disinfection of drinking-water in 
pipes by means of bleaching-powder. Experiments 
were made on the Ruhr water supply—an unfiltered 
river water. The bleaching-powder was dissolved in 
large tubs, and added daily to several thousands 
of cubic metres of the unfiltered water in the 
ne ge of about 2 per million; but it was 

ound that either the bacteria were not com- 
pletely killed, or a taste of chlorine remained 
in the water. In consequence of an outbreak 
of typhoid fever, the treatment of the Ruhr water 
had to be resumed, and this time greater precau- 
tions were used to have the bleach of constant 
strength, and to add it accurately to the flowing 
river water, suitable mechanical devices being em- 
ployed. About 30,000 cub. metres to 40,000 cub. 
metres of water were treated daily by the addition 
of 1.5 to 2 grammes of bleaching-powder per cubic 
metre (220 gallons), equal to 0.5 to 0.66 gramme 
of available chlorine. After thirty minutes’ action, 
sodium thiosulphate was added, corresponding to 
one-half the weight of bleaching-powder used. This 
process was continued for fifteen weeks, and the 
B. coli test in the treated water usually resulted 
negatively in 100c.c., and thermophile bacteria 
were reduced to one-fifth. The typhoid epidemic 
rapidly abated after starting the treatment, and 
no complaints were made by consumers. The cost 





in favour of the theory of contamination with secon- 


of the process, as ascertained at Ruhr and other 





places, for treating 10,000 cub. metres of water 
daily, was from 1 to 2 pfennig per 10 cub. metres 
(0.06d. to 0.12d. per 1000 gallons). 

Thus, in many parts of the world chlorine has been 
used in drinking-water with excellent results, the 
number of bacteria being reduced to safe figures and 
sometimes even to zero, and the B. communis coli 
being almost entirely removed, as far as plate tests 
on large quantities of water could determine. It is 
satisfactory to know that we have such a process 
which can easily be applied at very short notice to 
stamp out a water-borne epidemic, should accidental 
contamination of a supply occur. At the same 
time it is not clear that a British community would 
accept it except as a remedy in an emergency. 
The evidence as to taste is conflicting, and even 
if some of the complaints are due to imagination, 
an outcry would soon be raised here against water 
which had been treated with strong chemicals, first 
to sterilise it and then to remove the taste. As far 
as we can see, the slow filter is likely to remain the 
sheet-anchor of the water engineer, either alone or 
in conjunction with roughing filters of the Puech- 
Chabal type, although mechanical filters using a 
precipitant such as sulphate of alumina are exceed- 
ingly useful in some places, particularly where the 
water is highly coloured with humic, crenic, and 
apocrenic acids, as often occurs when it is derived 
from the peat of the upland moors found in the 
North of England. As to processes depending on 
ozone and ultra-violet rays, further practical ex- 
perience is needed before their exact commercial 
value can be determined, although the former type 
is in use in several places on the Continent. 








GAS-ENGINE RESEARCH. 
On Thursday, the 30th ult., Professor B. Hop- 
kinson delivered the first of two afternoon lectures 
at the Royal Institution, on ‘‘ Recent Research on 


Hopkinson pointed out that during the last thirty 
years, though expectations had been realised with 
regard to the economy secured in the gas-engine as 
compared with the steam-engine, as regards de- 
velopment in the way of size, anticipations had not 
been realised owing to limiting factors which were 
not foreseen many years ago. The Selandia had 
engines of 2500 horse-power, but that was developed 
in sixteen small cylinders. On that scale large 
modern vessels would require from 200 to 250 
cylinders, which was altogether out of the question. 
The rapid progress made by the steam-turbine, 
which was now being made in 40,000 horse-power 
units, was in great contrast to the development of 
the gas-engine, which engineers found to be 
hampered by serious difficulties. It was the pro- 
vince of engineering science to investigate such 
conditions as these, and it was to the credit of this 
country that it had contributed largely to the 
advance in gas-engine research in recent years. 
That had largely been the result of the work of 
the British Association Committee on Gaseous 
Explosions. ol 

In order to explain the nature of the diffi- 
culties encountered, Professor Hopkinson described 
the ordinary gas-engine cycle, and pointed out 
how, in it, waste might be saved by increasing 
the expansion. In order that that might be 
accomplished, it was necessary to compress to 4 
greater extent, with resultant increase of pres- 
sures on firing. That, however, necessitated 
much more heavily built engine. The flame of 
gas in the cylinder parted with its heat at a great 
rate, and the metal bad to be kept reasonably cool 
to ensure satisfactory working. In order to demon- 
strate what went on inside a gas-engine cylinder 
Professor Hopkinson fired, inside a closed vessel 
provided with a glass window, a mixture of gas 
and air identical with that consumed in a Bunsen 
burner. Whereas the Bunsen flame was practi- 
cally non-luminous, the flame in the closed vessel 
was seen to be luminous. The pressure in the 
vessel rose rapidly and fell off quickly, but more 
slowly than it rose. 

To determine the extent of the heat-tlow to 
the walls of a vessel in which an explosion took 
place, a vessel lined with a continuous spiral 
of insulated copper strip had been employed, 
and the varying electrical resistance of the 
strip of copper had been recorded, the pressures 
resulting from the explosion being recorded simul- 
taneously. The heat-flow was found to be about 
10 calories per sq. cm. per second, which was about 
the rate of radiation from molten steel, That flow 





the Gas-Engine.” In his opening remarks Professor © 
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of heat caused the chief troubles in the gas-engine. 
To deal with it the water-s had to exceed- 
ingly large compared with the working space, while 
they were also extremely complicated. The exi- 
gencies of design further rendered a uniform heat- 
flow an impossibility, so that some parts were 
much hotter than others, with the result that bad 
stresses were set up, and castings often broken. 
Although large differences of temperature were thus 
most undesirable, they were essential to the 
maintenance of the nevessary heat-flow. Unless 
this was sustained some part might become sufli- 
ciently hot to ignite the gas prematurely. 

Till recently it was imagined that the heat-flow 
was due chiefly to convection and conduction. It 
had now been shown to be greatly due to radiation. 
Gaseous molecules were in constant vibration, and 
when, in the combustion of the gas mixture, chemical 
combinations took place, the vibrations were inten- 
sified, with resulting increase of radiation. Explo- 
sion experiments had been made in closed vessels with 
black interiors, absorbing radiant heat, and again 
in vessels polished inside. The effect in the latter 
case was to retard the heat-flow, and consequently 
the rate at which the pressure fell. Cooling was 
roughly only two-thirds as fast with the polished 
as with the black surface. Radiation during com- 
bustion had been measured by 4 platinum grid 
placed outside a fluorite window in the wall 
of a closed vessel, and it was found that about 
half the heat of combustion in the vessel was 
radiant heat. As the volume increased the 
radiant heat increased. That had been proved by 
David, who got twice the amount of radiation at 
the window of a vessel polished inside that he 
did when black, the polishing being equivalent to 
an enlargement of the volume. 

The difficulties were therefore cumulative as 
regards large gas-engines. In the larger sizes, 
owing to the increased dimensions, large differences 
of temperature were necessary in the castings, in 
order that the heat flow should be sustained ; and 
as the increase of the volume of the flame added 
further to the heat to be dealt with, still greater 
temperature differences had to be employed. 








THE PRUSSIAN MATERIALPRU- 
FUNGSAMT IN 1911-12. 

Tue annual report on the work of the Prussian 
Materialpriifungsamt, at Lichtorfelde, near Berlin, 
for the year ended March, 1912, was issued by the 
director of the Institution, Professor A. Martens, 
last December. The report is, as we have pointed 
out on previous occasions, rather a brief summary 
of the work done than an account of notable obser- 
vations and experiments, and is, in many instances, 
not sutticiently detailed to be of general interest, 
except for specialists. Special researches con- 
ducted by the Amt are published in the Mittei- 
lungen aus dem kgl. Materialpriifungsamt zu Berlin- 
Lichterfelde West, which appear monthly or at longer 
intervals, and in other journals. It would be advan- 
tageous if there were more references to the list of 
these publications which is added to the report. A 
good deal of the work of the Amt is done for the 
authorities, for Courts of Justice, and the Customs 
houses, and one appreciates the beauties of a fully 
developed tariff system, when one reads that certain 
wool-curls contained only 7 instead of 15 per cent. 
of human hair, in addition to some goat hair and 
about 1 per cent. of some other animal fibre, not 
subject to duty ; that certain silk collar guards were 
to be classed as worsted, and not as lace, and that 
the classification of yarns and textiles in general 
caused much litigation and investigation. 

The work, the income, and the expenditure of 
the Amt again increased in the year 1911, while 
the Government grant has kept nearly at the 
same level for the last two years. The staff, of 
altogether 227 persons, comprised 74 academically- 
trained officials. Though the Amt is, of course, 
fully entitled to reply to its critics, it looks a little 
strange to find in the report quotations from eulo- 
gistic newspaper notices, even if they are attributed 
to an eminent English metallurgist. 

Passing to details we notice, in the first instance, 
the experiments on the strength of riveted joints, 
which were conducted at the Amt in conjunction 
with the Deutsche Briickenbau-Verein (Bridge- 
Building Association) and official bodies. These 
experiments were described by B. Stock in the Zeit- 
schrift des Vereines Deutscher Ingenieure, 1912, page 
1101. The rivet-heads were of the ordi snap or 
dome shape, and the riveting was effected by hand and 





by pneumatic or by hydraulic tools ; the strength 
curves of these last-mentioned joints did not run 
so smoothly as those of the two others, but under 
strong stress all the curves approached one another. 
The influence of the reduction of the cross-section 
by the insertion of many rivets, and the distortion 
of angle-irons riveted with or without intervening 
pieces, were alsoinvestigated; itwas further observed 
that the state of the riveted surface, whether 
etched, greased, or painted with lead oxide, had 
hardly any influence on the strength of the joint. 

Insufficient elongation in the metal was found to be 
the cause of many failures of chains, crank-shafts, &. 
German and British steel balls supplied by notable 
firms proved of equal value ; three balls, ? in. and 
§ in. in diameter, were piled upon one another for 
the strength and the hardness tests. A new kind 
of composite packing-rings of wood, for keeping 
the dust out of axle-boxes, gave a much higher 
strength than solid beech-wvod rings; the new 
rings consisted of several layers of wood glued 
together. The account of impregnation tests of 
ditferent timbers should be more explicit to be 
of value. Timber for lock-gates was tested by 
being rubbed on polished granite while wetted. 

As to building materials, we learn that the 
strength of cement and mortars was consider- 
ably decreased by their being kept under oil or 
petroleum. The Paper and Textile Department was 
unable to decide whether or not a certain paper and 
ink had been manufactured before 1878, and the 
brown spots on the document, supposed to indicate 
considerable age, seemed to be due to brick-dust. 
The preservation of old manuscripts by the cellite 
process appears promising ; the researches are con- 
tinued. arious cases of the corrosion of silk 
wares were traced to the addition of artificial 
silk in which sulphuric acid had been liberated. 
Whether or not tussah silk for telephone-wire 
insulation may cause trouble, owing to the chlorine 
left in it, on the other hand, is not clear from the 
report. Silk goods for the tropics should not 
be heavily weighted. Oil rags, it was found, can 
absorb 3.6 times their weight of oil. 

The Department for Metallography has further 
studied the problem of rusting, as we have men- 
tioned on other occasions. The local corrosion of 
steam and condenser coils would sometimes appear 
to be due to the fact that distilled water eagerly 
absorbs oxygen, which, when the pressure is 
released, is liberated in the shape of bubbles, at 
which the corrosion sets in; the Amt, therefore, 
repeats its warning against feeding clean boilers with 
distilled water. The Amt had to declare to several 
inquirers that they knew of no generally reliable 
test to distinguish between Thomas and Siemens- 
Martin steel. As regards the efficacy of the Harmet 
method of fluid ingot compression, E. Heyn and 
O. Bauer have conducted some searching experi- 
ments with 3-ton ingots of iron containing about 
0.3 per cent. of carbon, about 0.7 of manganese, 
and 1.8 of nickel. Longitudinal sections were 

repared and examined, as obtained or annealed, 
or pipes, segregation, &c., rolled to I section and 
tested for strength. It resulted that the mecha- 
nical properties were improved by the treatment, 
and that the compression further prevented the 
formation of pipes which would give rise to rokes 
after rolling. Some high - grade nickel steels 
developed cracks after one year’s use, and were 
sensitive to forging, which they best stood at 1000 
deg. Cent.; the composition of these steels was 
somewhat unusual. 

The Chemical Department found among other 
things that tin-foil might contain 93 per cent. of 
lead and 2.3 of antimony, and that a tracing paper 
which was used ina drawing-office where the people 
suffered from cough with a black expectoration, 
was impregnated with iron salts and was covered 
with a surface layer of tannin. As regards rubber 
testing, rings are now stretched over glass-plates 
with rounded edges, so that they are all subject 
to the same stress when exposed to the influence 
of the atmosphere. Abrasion tests are made by 
fixing the discs, formed when rings are stamped 
out of plates, on a spindle, and turning the spindle 
in emery powder. The vulcanisation process would 
seem, according to Hinrichsen and Kindscher, to 
consist of a very rapid absorption of the agent 
(sulphur or sulphur chloride) and a very slow 
chemical reaction. To a certain extent the reaction 
should be reversible—i.e., the removal of the 
sulphur from vulcanised rubber should be ible. 
But it does not appear that much p been 
made in this direction. With respect to balloon 





fabrics and their penetrability, the report has a 
good deal to say of the superiority of the Heyn 
method over that of Renard Sareout ; but it does 
not explain the former method. 

The spontaneous ignition of lignite bricks has 
been investigated by piling the briquettes up with or 
without air-shafts, in closed sheds or in the open 
air. The piles should not be too high (not above 
4 metres). They were occasionally wetted, and it 
did not appear to make much difference whether 
the briquettes were kept in sheds or out in the 
oy This applied also to loosely-heaped coal. 

e Oil Department devised several new testing 
methods, and observed, e.g., that radium radiations 
did not affect some oils more than ordinary day- 
light. Many materials tested were, of course, 
examined in several departments, and we venture 
to offer the general remark—which is not meant 
for this report in particular, of course—that though 
every department will naturally report on its own 
work, the official publications should facilitate the 
study of a problem as a whole. 








ACCIDENTS TO MONOPLANES. 

THe fact that there have been a considerable 
number of fatal accidents on monoplanes during 
the last year, while biplanes have been free from 
such in Great Bricain, caused the appointment of 
a Committee to investigate the question of accidents 
to monoplanes in conuection with their use in the 
Army. The report of this Committee* has now 
been issued. It consists of twelve pages, the gist 
of the results of the inquiry being contained in the 
**chief conclusions and recommendations,” which 
are as follow :— 


(i.) The accidents to monoplanes specially investigated 
were not due to causes dependent on the class of machine 
to which they occurred, nor to conditions singular to the 
monoplane as such. 

(ii.) After consideration of general questions affecting 
the relative security of monoplanes and biplanes, the 
Committee have found no reason to recommend the pro- 
hibition of the use of monoplanes, provided that certain 

recautions are taken, some of which are applicable to 
th classes of aeroplane. 

(iii.) The wings of aeroplanes can, and should, be so 
designed as to have sufficient strength to resist drift 
without external bracing. 

(iv.) The main wires should not be brought to parts of 
pam always liable to be severely strained on 
landing. 

(v.) Main wires and warping wires should be so secured 
as to minimise the risk of damage in getting off the 
ground, and should be protected from accidental injury. 

(vi.) Main wires and their attachments should be dupli- 
cated. ‘The use of a tautness-indicator, to avoid over- 
straining the wires in ‘“‘ tuning up,” is recommended. 
Quick-release devices should be carefully considered and 
tested before their use is permitted. 

(vii.) In view of the grave consequences which may 
follow fracture of any part of the engine, especially in the 
case of a rotating engine, means should be taken to 
secure that a slight damage to the engine will not wreck 
the machine. Structural parts, the breakage of which 
may involve total collapse of the aeroplane, should, so 
far as possible, be kept clear of the engine. 

(viii.) The fabric, more especially in highly - loaded 
machines, should be more securely fastened to the ribs. 
Devices which will have the effect of preventing tears 
from spreading should be considered. Makers should be 
advised that the top surface alone should be capable of 
supporting the full load. 

ix.) The makers should be required to furnish satis- 
factory evidence as to the strength of construction and 
the factor of safety allowed. In this — attention 
should be paid to the manner in which the engine is 
a oe hould be call 

(x.) Engine ‘es shou systemati investi- 
gated and reported on, and the reports should. be sub- 
mitted to the Advisory Committee for Aéronautics. 

(xi.) No machine should be taken into use until after 
examination and approved test, and all machines should 
be regularly inspected, —— after any serious damage 
or repair. Parts of machines in course of construction 
should be inspected and before being assembled. 

(xii,) Two or three skilled mechanics for each squadron 
should be specially eng for a time to act as in- 
structors and to set a standard of technical workmanship. 

(xiii.) In case of any serious accident, care should 
taken to preserve and identify damaged portions of the 
machine, which may help to account for the cause. It is 
desirable to obtain the assistance of the police authorities 
in this matter. 

The Committee also desire to recommend that the 
following questions be specially referred to the Advisory 
Committee for Aeronautics for further investigation and 
report :— 

a) The general question of the stability of aeroplanes. 
(b) Detatled investigation of the strains and stresses in 
aeroplane wings, especially monoplane wings. Tests on 





° “Report of the Departmental Committee on the 
Accidents to Monoplanes, 1912.” London: Wyman and 
Sons, Limited. [Price 14d.]} 
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the strength of wooden struts and beams as used in aero- 
plane work. 

(c) Aerodynamic investigation of aeroplane wings 
oe ag to have sufficient strength without external 

ing. 

(d) Tavesti tion into the strength of aeroplane fabrics, 
wounded and unwounded, and into the effect of the 
application of dopes and of exposure. 

e) Investigation of engine breakages. 

(f) The methods of pe « complete machine and 
the test conditions to be fulfilled. 

(g) Investigation into the conditions of the vol piqué 
in respect to monoplanes and biplanes. 

The most important point in the report is the 
fact that the Committee do not consider that there 
is any necessary reason why the monoplane should 
be unsafe, provided certain precautions are taken. 
This is very satisfactory, for whatever may be the 
merits of the biplane, it would have been a great 
pity had the monoplane been condemned at this 
stage of progress as being unfit for military use. 
It will be a long time before it can be definitely 
said that either the biplane or the monoplane is 
the better for all classes of work ; in fact, it is quite 
probable that both may be permanent types, for 
a considerable time, at all events. 

With regard to the details given in the body of 
the report, it is to be observed that the = 
accidents specitically investigated are three whic 
happened to Army machines, one of which was 
not attended with any serious results. In two of 
these it is considered that the engine failed; in 
the other, the quick attachment of the wing-stay 
= to have come unfastened. The question 
of a wing collapsing from weakness did not, there- 
fore, arise in connection with these accidents ; never- 
theless, the Committee considered this question, 
and it will be seen that several of the conclusions 
have reference to it. 

With regard to engine failures, there appears to 
be a difference of opinion between the makers of 
the ‘‘Gnome” engine and the Deperdussin Com- 

ny, who built the machine in which Captain 

Iamilton was killed, as to the correct method of 

fixing the engine. The former consider that a 
substantial front bearing is necessary, while the 
latter do not. As the whole of the ‘“‘ Gnome” 
engine revolves, this is a serious matter, for any 
failure which makes the engine unbalanced will 
put a great stress on the mounting. Details are 
given of a considerable number of failures of parts 
of ‘*Gnome” engines, and it is stated that steps are 
being taken to remedy these in future. It would 
have been interesting if the report had stated 
whether other engines have an equal amount of 
breakages. 

The general question of the strength of wings 
is not gone into except to the extent indicated in 
the above conclusions. It is stated, however, that a 
calculation of the stresses in the main spars of the 
Bristol and Deperdussin monoplanes has _ been 
made, and that it gives a factor of safety lower 
than that given by the manufacturers, the 
difference depending principally on the assumed 
strength of the material. The Committee also find 
that the possible stresses in the back spar of the 
Bristol machine are unusually high, and that the 
Bristol monoplane, now at Larkhill, should not be 
used till further investigation has been made. 

It is mentioned in the report that the loading on 
pe of the wings may greatly exceed the average 
oading, and further that this average may be 
greatly increased by sudden gusts, change of 
attitude, &c. It appears to us that it would have 
added greatly to the interest of the report had it 
been stated approximately what average loading in 
excess of the normal should be provided for, and 
further, if some indication had been given of the 
factor of safety which is considered necessary at 
this loading. The whole report is of great interest, 
and contains several other recommendations in 
detail, among others that pilots should be warned 
of the danger of alighting by vol piqué. 
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NOTES. 
THe Baicuton Rartway ELEctTRiFicaTIoN. 


Some particulars in reference to both the existing 
and the projected electrifications were given by 
the chairman, Lord Bessborough, at the general 
meeting of the London, Brighton, and South Coast 
Railway Company on Wednesday. Dealing with 
the justifications for the new work which was 
to be undertaken, Lord Bessborough pointed 
out that each year since electrification the South 
London line had carried over 4} million more 
passengers than during the last year of steam- 
working, while the Crystal Palace line had ob- 
tained an increase of 319,000 passengers in six 
months. At present 739 trains a day are worked 
in and out of Victoria Station, as compared with 
496 in steam days, the corresponding figures 
for London Bridge being 901 and 663. It was 
now practically impossible to deal with more 
trains at these termini on a steam basis, and in 
order to enable the growing traffic from Sutton, 
Purley, &., to be dealt with, the scheme already 
announced, which we dealt with last week, had 
been determined on. Lord Bessborough, continuing, 
said that only on two occasions had there been an 
interruption of the present electrical service of 
more than a few minutes duration, and the 
running and time-keeping had been excellent. A 
large part of the existing overhead equipment had 
been installed over five years, and so far no material 
deterioration had been observed. The maintenance 
of this equipment had come out at the low figure of 
211. a mile a year. The new scheme which was to 
be undertaken would not involve any issue of 
capital for the present. The company had some 
unexpended capital, but, apart from this, arrange- 
ments had been made with the contractors by which 
the cost of the new work would be spread over a sub- 
stantial period. By the time new capital would be 
required the work would be far advanced, if not 
actually completed, so that the new lines would be 
on the point of earning the additional income neces- 
sary to meet the charges of the new capital. Each 
section to be electrified would be opened as soon as 
completed, and it was probable that part of the 
service might be working in eighteen months. Con- 
tracts were to be made with the Metropolitan Car- 
riage, Wagon, and Finance Corporation for the 
supply of the new stock, and with Messrs. Blackwell 
for the new overhead construction. 


Tue Kino, THE Empire, AND THE Navy. 


His Majesty has once more shown his abiding 
interest in the Navy, and has paid a well-merited 
compliment to the dominions over the seas, by his 
visit of inspection, on Wednesday, to the battle- 
cruiser New Zealand. This ship afterwards left for 
the Dominion of New Zealand on a voyage during 
which she will circumnavigate the world. The 
battle-cruiser is the gift to the Navy of the 
Dominion, whose statesmen have further shown 
their grasp of the principles of strategy by agreeing 
that the cruiser shall return to this country, an 
be — at the disposal of the Admiralty, to be 
uti as naval circumstances may demand. 
The cruiser is a handsome gift, being of 18,800 tons 
displacement, adequately armoured, fitted with 
eight 12-in. and sixteen 4-in. guns, and having 
turbine machinery of 44,000 shaft horse-power, 
giving a s of between 25 and 26 knots. She 
was built by the Fairfield Shipbuilding and Engi- 
neering Company, of Govan, Glasgow. More- 
over, the Minister of Defence of the New Zealand 
Government, the Hon. James Allen, is in this 
country, to confer with the Admiralty regard- 
ing further contributions. Such display of 
the duty and loyalty of the Dominions to the 
Empire is at once significant and gratifying. The 
sister-ship Australia, for the Australian Navy, 
built by Messrs. John Brown and Co., Limited, 
of gee is preparing for her steam trials. 
The battleship Malay, of the Queen Elizabeth 
class, has just been ordered from Sir W. G. Arm- 
strong, Whitworth and Co., Limited, and will be 
built in their new yard at Walker, at the expense 
of the Malay States. South Africa is also com- 
pleting a scheme for contributing to the Im- 
_s Navy more liberally than in the past, or 
or building a fleet to protect the sea routes 
to the Union of South Africa, while Canada will 
no doubt soon complete her scheme for the building 
in this country of three battleships for the use of 
the British Admiralty, if not also for the construc- 





tion in Canada of vessels capable of protecting the 





sea routes tothe Dominion. It was therefore fitting 
that this new spirit of empire should be signalised 
by His Majesty’s visit, and it was further 
appropriate that this incident in the history of the 
Navy should be associated with our premier 
dockyard, not only because of its historical associa- 
tions with the Navy, but because of the efficiency 
which has been displayed in recent years in 
connection with the building of new ships and 
the maintenance of the ships of the Fleet in an 
efficient —— condition. His Majesty visited 
also the King George V., the latest completed 
ship of the establishment. She was commissioned 
in one year and ten months from the laying of the 
keel. The cost of the hull has come out at less 
than the estimates, and the total is below that of 
the contract-built ships of the same design, not- 
withstanding the keen competition of builders to 
secure the work. The King also visited the Queen 
Elizabeth, which was laid down on Trafalgar 
Day (October 21) in the same berth as had been 
vacated nine days previously by the Iron Duke. 
Since then over 2060 tons of material have been 
built into the structure. A visit was also paid to 
the Iron Duke, which was laid down on January 15, 
1912, and launched on October 12 ; rapid progress has 
been made with this vessel in the fitting-out basin. 
The King also went on board to inspect the 
submarine-boat E 4, the largest vessel of the class 
yet built, which was only recently delivered at 
Portsmouth by her builders, Messrs. Vickers 
Limited. The visit was thus of very wide signi- 
ficance, and was attended by the complete Board 
of Admiralty, as well as by many representatives 
of the New Zealand and other dominions. 


AERIAL Exvectric Mountain Ropeway. 


The firm of Bleichert and Company, of Leipzig and 
Vienna, have recently built a suspended ropeway 
for taking ngers from the Eisack Valley, near 
Bozen, in Tirol, up the Kohlernberg. The lower 
station lies about 295 metres above sea-level, the 
upper station is at the 1129.4-metre level, and the 
difference in height, about 834 m. (2736 ft.), is 
overcome by a rope railway, 1650 m. (about 5420 ft.) 
in length. A rope-line for goods transport had 
been in existence at the spot for some time ; this 
line was first modified to convey also passengers, 
but the structure was not considered satisfactory, 
and an altogether new line has been built. In 
the new line everything is in duplicate. One 
car ascends, while the other descends; each car 
runs on two_rope-rails and is pulled by two 
ropes, and duplicate braking arrangements are pro- 
vided. The power-station is equipped with con- 
tinuous - current motors, and an accumulator 
battery, capable of maintaining the service for an 
hour, is placed at the high-level station. The rail- 
ropes are anchored at the lower ends and kept taut 
by counterweights above ; the ropes have a diameter 
of 44 mm. (1} in.). Each car can carry fifteen 
passengers, in addition to the driver. The car 
is suspended by a girder of inverted Y shape, built 


d| of nickel steel, from a four-axled truck, running on 


both the rails. A stairway and an observation plat- 
form are attached to the Y so that the track can 
always be inspected from below, while the pull- 
ropes are examined as they pass over the pulleys in 
the power-station. A telephone line has been 
erected on the mountain parallel to the rope track. 
With the aid of a rod the driver or inspector can 
get into telephone communication with the power- 
station ; the current is at once cut off then, and the 
driver may afterwards ask that the car be pulled up 
or down at various speeds, both for conducting tests 
and for directing the service in cases of emergency. 
The lateral vibrations of the car are said to be hardly 
perceptible. The pull-ropes connect the two cars 
over the pulley of the high-level station ; they are 
joined to the central portion of the truck, which 
is built of cast steel, by means of levers and 
spiral springs. These springs actuate brakes if 
a pull-rope or a rail should break or the 
become excessive ; the yielding of a rope also 
uts the brakes in action. Spiral springs have 
mn preferred to fall-weight brakes, because the 
efficiency of the latter depends upon the difference 
in the rate of fall of the weight and of the vertical 
component of the rate of fall of the car, and 
ont therefore fail just when most wanted. The 
brake devices for excessive speed comprise 4 new 
centri detent, which is not described in the 
Zeitschrift des Vereines Deutscher Ingeniewre, from 
which we take our account. All the brakes caD 
also be applied by hand, and whenever they act, the 
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motor is stopped at the power-station, so that the 
system comes to rest. The brakes can then be 
taken off again, and the car pulled into the station, 
by means of the motor, or, if that be inadvisable, 
by means of a winch. In the worst case the pas- 
sengers can descend from the car through a trap- 
door and a kind of shoot, with the aid of a rope. 
All these appliances were first tried in the works 
and then on the line; in both cases the car came 
to a standstill within 2 in. after a pull-rope had 
been cut. There are also automatic devices which 
prevent the cars from overrunning their stops at 
the stations. Signals are given by electricity and 
by light, not by sound. The line rests on one row 
of twelve iron towers ; the steepest gradient is nomi- 
nally 42 per cent., but is in reality considerably 
greater than this on the long spans, owing to the 
sagging of the bos a The suspension of the cars 
is such that a g wagon can easily be substituted 
for the passenger-car in the early morning. The 
advantage of the suspended cars is that the ropes do 
not pass through the car body. The construction 
of the line took about eighteen months. 





THE GYROSCOPIC ACTION OF ROTARY 
MOTORS IN AEROPLANES. 


By Professor Hersert Cuatiry, B.Sc. (Eng.), 
A.F.Aé.S., A.M.I.C.E.I. 


THERE seems to be a very considerable uncer- 
tainty in aeronautical circles as to the intensity of 
gyroscopic action with “Gnome” and similar 
engines. The calculation of the disturbing torques 
isa very simple matter, and its principles will be 
found in any book on advanced dynamics. In 
the writer’s little book, ‘‘ Practical Gyrostatic 
Balancing” (Technical Publishing Company, 1912), 
pages 54 to 56, the question is discussed, but some 
further notes may be useful. When the axis of 
rotation of the motor is parallel (or approximately 
so) to the fuselage and line of flight, gyrostatic 
torque (not force) will appear when the direction 
of the line of flight is altered vertically (ascent or 
descent) or laterally (‘‘steering” or ‘‘ change of 
course”). Its amount is directly proportionate to 
the speed of turning. The torque in pounds-feet 
is equal to the ‘‘moment of momentum ’* of the 
motor multiplied by the angular speed (in radians) 
of the axis of rotation. 

The moment of inertia of a 100-horse-power 
rotary aeroplane motor is rarely more than 30 mass- 
pounds-feet units (weight 320 lb.=10 lb. of mass, 


radius of gyration /3 ft.). At a maximum speed 
of 1800 revolutions per minute (at present a very 
high figure) = 60 7 (= say 190) radians per second, 
the angular momentum (‘‘ moment of momentum ”) 
is 

30 x 190 = 5700 “ whirls ” (see foot-note). 


Travelling round a curve of 100 ft. radius at 
100 ft. per second (100+ 100=1 radian per second), 
there is a disturbing torque of 5700 lb.-ft. If the 
elevator of the machine is 20 ft. behind the centre 
of gravity, this means that an additional pressure 
(upwards or downwards, as the case may be) of 
285 lb is needed on the said elevator. If the area 
of the elevator is 28.5 sq. ft., the angular devia- 
tion necessary to produce this pressure is :— 

285 
28.5 x (100)? x 0.005 

This is a rather excessive case, and will therefore 
give agood idea of the effects likely to occur in 
other cases. 

With regard to *‘ straightening out,” if a machine 
descending at an angle of 1 in 4 is ‘‘trimmed” to 
ruin horizontally within a distance of 100 ft.— 
1 second of time, assuming still air—the angular 
velocity of ‘‘ trimming ” is } radian per second, and 
the now laterally acting gyrostatic torque is, with 
the same motor as above, 71 lb.-ft. On a rudder 
with 14.20 sq. ft. area, this means a deviation of 
tather more than jj; radian, say 6 deg. 

It will of course, be understood that these effects 
“fé superposed on those aerodynamic ones which 
‘re incidental to the cases in question. Thus, on 
‘right-hand turn, with the motor running right- 


= } radian, say 12 deg. 





. . . ° ° 
te This quantity is so important that a new unit would 
«useful for measuring it. I have found the word 

Whirl ” convenient. One whirl is the moment of 
ceanentum of unit moment of inertia (mass-pounds-feet 
—_ with angular velocity of 1 radian per second—e.g., 

Weight of 32.2 1b. at 1 ft. radius revolving through one 
Tevolution in La (= 6,28) seconds. 





| “right” in my book.—H.C. 


handedly (clockwise), as seen from the tail of the 
machine, the gyrostatic torque tends to depress the 
bow.* Hence the pilot will need considerably to 
raise the elevator so as to overcome both the de- 

ression due to banking, and this gyrostatic one. 
With left-hand turn, the two effects tend to neutra- 
lise. If the direction of the motor is the reverse 
of that stated, the gyrostatic torques will be 
reversed. 

When ‘‘straightening out” after a descent (motor 
running clockwise, as seen from tail) the gyrostatic 
torque tends to cause a right-hand turn. When 
commencing to ascend it tends to cause a right- 
hand turn. When commencing to descend (or to 
increase the slope of descent), the torque tends to 
produce a left-hand turn. When “straightening 
out”’ after a rise similarly there is a left-handed 
veer. 

From the numerical results given above it would 
appear that gyrostatic torque is an appreciable 
factor when the heaviest and fastest motors are 
used, and the steering is abrupt ; but even then it 
does not _ to be unmanageably large. Un- 
doubtedly the presence of a high-speed rotary 
engine will cause a certain amount of ‘‘ stiffness ” 
when the machine is struck by gusts, and may even 
reduce the inherent stability of the machine on 
this account. If the axis of rotation is placed 
athwart the fuselage, it cannot constrain the 
elevator control in any way, but will have an 
effect in banking and steering. It should be 
observed that the ‘‘counter-torque” of the engine 
is an appreciable factor, which may be (and has 
been) confused with gyrostatic torque. The differ- 
ence of pressures on the wheels when ‘ taxi-ing” 
arises from this cause, and in the air it may necessi- 
tate a small permanent lack of symmetry in the 
wings. 








THE PROGRESS OF PARSONS TURBINES. 

WHEN it is remembered that the first merchant 
steamer fitted with the Parsons turbine was only 
completed in 1901, and that even then this propelling 


70,000 shaft horse-power of the Lusitania and Maure- 
tania, of 26 knots speed, but the Hamburg-Amerika 
Company have two vessels in process of construction, 
each of which are credited with 60,000 shaft horse- 
power. Asregards British warships, the greatest power 
is that of the Lion and Princess Royal, each with 70,000 
shaft horse-power and a speed of 28 knots, but this 
= is excelled by German ships, the Von der 

‘ann being credited with 80,000 shaft horse-power 
and a speed of 28 knots; no power is 
Moltke, but the speed is put down as 29.50 knots, and 
as the vessel is of tons greater displacement 
than the Von der Tann, obviously the power must 
be much greater. Japan, too, has three cruisers each 
with 60,000 shaft horse-power ; while Russia has four 
cruisers each of which has installations of 66,000 shaft 
horse-power. 

An interesting point is the great power which 
is now fitted in many to o-boat destroyers. 
The Swift, with 30,000 shaft horse-power and a 
speed of 354 knots, takes first place; while the 
second position is taken by the Chilian boats build- 
ing at Cowes, each of which has 25,000 shaft 
horse-power to get 31 knots. This is a remarkable 
result in vessels of only 1500 tons displacement. 
Equally significant is the 23,000 shaft horse-power 
installed in Greek destroyers of 980 tons displace- 
ment. France, too, has destroyers of 680 tons dis- 

lacement with engines of 17,000 shaft horse-power. 
t will be readily understood that but for the advent 
of the Parsons turbine this immense power could not 
have been accommodated in such small vessels, and 
therefore the speeds realisable by practically every 
type of warship has been increased by the new type 
of propelling machinery. 

The great majority of the installations, of course, 
are for working direct on to the propeller-shaft, but it 
is notable that there are ten vessels on the list to be 
fitted with geared turbines. These vessels range in 
speed from 104 up to 194 knots, although obvious] 
one of the vessels for the London, Brighton, and Sout 
Coast Railway is intended to steam at a greater rate, 
the power being 13,750 shaft horse-power. The total 
horse-power of these geared-turbine installations is 
48,145 shaft horse-power. Combinations of turbine 
and reciprocating machinery are installed in twenty 
vessels, the speeds of which range from 15 to 21 knots. 


iven for the 





Parsons-TURBINE-DRIVEN SHIPS, WITH THEIR PROPELLING PowrR, BRLONGING TO THE VARIOUS NATIONS. 














WaARSHtrs, MeERcHAKT SHIPs. YACHTS. TOTALS. 
Country. —_ eens EA 

No 8.H.P. No. 8.H.P. No. 8.H.P. No. 8.H.P. 
Great Britain 194 3,651,000 78 813,135 7 20,700 279 4,484,835 
Australia. 6 124,000 - — - 6 124,000 
New Zealand 4 104,000 - 4 104,000 
Germany 85 1,233,600 5 190,000 40 1,423,60C 
Austria 12 144,000 -- ~ 12 144,000 
Belgium - — 5 64,000 — 5 64,000 
Brazil .. 4 70,400 _ - 4 70,400 
Chili .. 7 188,000 _ -- 7 188,000 
China .. 3 | 19,000 -- —_— 3 19,000 
Denmark 2 9,50 -- | - 2 9,500 
Spain .. - 30 151,500 | 2 7,200 3z 158,700 
United States 29 470,330 7 45,500 4 15,200 40 531,030 
France ws 23 449,750 9 99,000 — 82 548,750 
Greece 4 | 92,000 — — ‘| 92,000 
Italy .. 10 195,600 2 24,000 12 219,600 
Japan.. 5 275,100 9 91,400 — 17 «| 366,500 
Peru .. = — 2 15,000 _— . 3 15,000 
Portugal 1 | 11,000 — —_ _ _ 1 11,000 
Russia 30 =| = 1,183,600 -- - _ 80 1,183,500 
Sweden 1 : — — 1 7,000 
Turkey 1 26,500 = -- 1 26, 

404 8,355,780 119 1,349,235 ll 35,900 534 9,740,915 





engine was only being experimentally tried in war- 
ships—in torpedo-boat destroyers—convincing testi- 
mony to the efficiency of the system is established 
by the fact that there are now 534 vessels, of 
9,740,915 shaft horse-power, in service or in course of 
construction with turbines. This number includes 
398 warships, of 8,110,780 shaft horse-power, and 
11 yachts, of 35,900 shaft horse-power, the remaining 
1} millions of horse-power being due to merchant 
vessels. Great Britain, naturally, takes first place, the 
total number of vessels built in this country with 
turbines being 279, of 4,484,835 shaft horse-power, 
fully four-fifths of which is due to warships. ond 
on the list comes Germany, with 40 vessels, of 
1,423,600 shaft horse-power, and here one-seventh is 
for merchant work. The third place is taken by 
Russia, which has 30 warships fitted with the 
system, representing a collective power of 1,133,500 
shaft horse-power. Then follow France and the 
United States, each with over half a million shaft 
horse-power ; Japan, with 366,500 shaft horse-power ; 
and Chili, with 188,000 shaft horse-power. 


The largest power fitted to any merchant ship is the 





* In computing this direction it must be remembered 
that precession causes a torque opposite to that which 
would cause that precession. The word “‘left” (line 9 
from the bottom of e 55, ‘*P.G.B.”), should be 


The turbines alone in these represent a power of 
| considerably over 100,000 shaft horse-power. 





Yorksuirz Loca, Section oF THE INSTITUTION OF 
E.ecrricaL Enoinegrs.—The fifth general meeting of 
the session will be held at the Leeds University, on 
Wednesday, the 12th inst., when the chair will be taken 
at 7.15 p.m. A lecture will be delivered by Mr. T. 
Harding Churton, Member, on ‘‘Some American Elec- 
tric Plants.” 


ENGINEERING LABORATORY AT OxFORD.—We are glad 
to be able to record that the difficulty in finding a site 
for the Engineering Laboratory at Oxford University has 
at last been overcome, x! as a consequence of the 
munificence of friends of the movement. The Pro- 
fessor of Engineering, Mr. Jenkin, expreseed at the 
| meeting of Convocation on Tuesday last his gratitude 
| to the friends who had made this splendid gift to 
engineering science, including the secretary to the 

Curators of the Park (Mr. Johnson), the Warden of All 
uls, and Mr. Raper, without whose vigorous aid this 
matter could not have been carried through, and all the 
subscribers to the fund. He also wished to say that the 
| site now given was entirely adequate and suitable in 
| every way. It was the corner of Parks-road and Banbu, ;- 
| road, immediately opposite the north-west entrance to 
| the park, and was now in the occupation of a nursery 
gardener. The architect would have full scope to provide 
everything that wes required, and that was not the case 
| im regard vo other sites, 
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THE LATE DR. CARL GUSTAV PATRIK 
DE LAVAL. 


WE regret to have to record the death, which 
occurred on Sunday last, the 2nd inst., of Dr. Carl 
Gustav Patrik de Laval, the well-known engineer. 
Dr. de Laval was born on May 9, 1845, at Blosenberg, 
in the province of Dalarne, Sweden; his father, 
Captain Jacques de Laval, was at the time Surveyor 
of the District. De Laval’s first education was acquired 
in his home circle ; at the age of twelve he was sent 
to the village elementary school, and at the age of 
eighteen he matriculated at the Upsala University. 
Ou leaving the University he decided to follow a 
course at a technical school, since mechanical ques- 
tions and problems had always had for him special 
attraction ; de Laval was, in fact, a born engineer in 
the full meaning. of the term, and when he left this 
latter school in 1866, at the age of twenty-one, he 
carried with him the highest honours in every subject. 

The first position he occupied was that of a draughts- 
man with a copper company, the Stora Koppar- 
berg Company, of Bergslad, and although his work 
in this concern was congenial to him, he was 
compelled to relinquish it for a time owing to con- 
siderations of health, and to take up an occupation 
which would give him more opportunities for outdoor 
exercise. He thereupon decided to return to the 
Upsala University for his final degree ; this he took 
in the year 1872, having selected for the subject of 
his thesis ‘‘ Chloride and Bromide in Wolfram.” 
On leaving the University for the second time, 
he returned to the Stora Kopparberg Company, who 
entrusted him with investigations concerning the 
manufacture of sulphuric acid, the company having 
decided to start this work in a new installation 
which they contemplated putting down in proximity 
to their copper mines. On completing this factory, 
Dr. de Laval resigned his position with the company, 
and established, on a small scale, a glass factory 
of his own, at Falun; this venture, however, soon 
proved a complete failure financially, owing to a 
very general fall in the prices of glassware happening 
just at the time when the factory was able to com- 
mence manufacture. The immediate result for Dr. de 
Laval was a heavy debt, which he set himself reso- 
lutely to pay off. In 1875 he a the position of 
engineer to the Klosterverken Iron Works. 

hilst carrying on his every-day duties as an 
engineer at these works, Dr. de Laval’s inventive 
faculty was constantly on the alert, and his name 
became known throughout the world when his cream- 
separator met with general recognition as a most 
efficient machine. But all commencements are diffi- 
cult, and Dr. de Laval certainly experienced the 
truth of this saying, for he had his share of opposi- 
tion when he commenced trying to get his machine 
taken up. He was first struck with the ibilit 
of separating the cream from the milk by centri- 
fugal force in the late ‘seventies of last century, 
and all the time he had available he devoted to 
carrying out his idea, his pet scheme for the moment. 
Ultimately the cream-separator absorbed his atten- 
tion to such an extent that he resigned his position 
with the Klosterverken, and dealt solely with the 
perfecting of this machine. When it worked to his 
complete satisfaction in a small way, he, with 
his mind full of the future that lay before it, 
started for Stockholm, with the object of finding the 
financial means, which he lacked at the time, for 
developing the invention commercially. In this he 
met at first with much disappointment; the great 
possibilities of the machine as a successful commercial 
venture remained unacknowled for several months, 
and although many found the apparatus a most 
—— and ingenious piece of mechanism, they 
considered it more in the light of a toy. At this period 
of his life, Dr. de Laval’s resoluteness stood him in good 
stead, and by dint of extreme perseverance he managed 
to obtain a small loan. This enabled him to com- 
mence the manufacture of his separator commercially; 
very shortly afterwards the company—the Separator 
Company, Limited—was established on a firm basis, 
and it has since sold both an enormous number of 
cream-separators throughout the world and also the 
patent rights for their manufacture in many different 
countries. 

This machine had the effect of bringing the name of 
Dr. de Laval prominently before the public. It became 
better known still when he designed his highly 
ingenious form of steam-turbine. This embodied two 
devices, of which one has been largely adopted by 
makers of many other types of steam-turbine. It had 
been shown, in the late ‘sixties of the last century, 
by Mr. R. D. Napier, that by the use of a diverging 
nozzle the actual velocity of a jet of steam issuing 
under a great pressure difference might be made not 
very much below its theoretical value. This observa- 
tion remained an isolated and infertile fact until Dr. 
de Laval patented the application of such 1.0zzles to 
the driving of steam-turbines. His other remarkable 
innovation was the mounting of his wheels upon very 
long, slender shafts, and running them at speeds 








greatly in excess of the critical. In such conditions 
the rotors turn with remarkable steadiness. 
striking, but equally felicitous, mechanical concep- 
tions were eek in many of the other details 
of his turbine. His high-speed governor has 
been adopted in principle by more than one 
manufacturer. He also was the first to work out 
forms suitable for discs rotating at very high 
velocities and exposed to correspondingly intense cen- 
trifugal stresses. Perhaps, indeed, the most fertile 
of his departures from established practice was his 
introduction of very high-s tooth-gearing, which, 
in other hands, is now being applied to the trans- 
mission of thousands of horse-power. At a later 
date he made many experiments upon the use of steam 
at very high pressures and temperatures. Thus at the 
Stockholm Exhibition of 1897 he exhibited steam- 
turbines running with steam supplied at an initial 
ressure of some 1500 lb. to 1700 lb. per sq. in. His 
ead in this direction has as yet found no imitators, 
and it will probably be long before extreme figures of 
this kind are seriously considered in power-station 
practice. But it is to be noted that some advance in 
this direction is now advocated by responsible engi- 
neers, and it seems not unlikely that in the course of 
the next few years steam pressures of 300 lb. per 
sq. in. may be far from uncommon. 

Dr. de Laval was interested in several other impor- 
tant industrial concerns in Sweden. He was also a 
member of the Swedish House of Representatives, 


and had been awarded at different times throughout | P° 


his life many home and foreign orders and distinc- 
tions. He was a strenuous worker, and expected 
corresponding industry on the part of those he em- 
ployed, their goodwill and affection he at the same 
time secured most thoroughly by reason of his thought- 
ful consideration and his numerous kindly actions. 








THE LATE MR. ADRIEN DE 
MONTGOLFIER. 

WE regret to have to record the death of Mr. 
Adrien de Montgolfier, one of the directors of the 
Compagnie des Forges et Aciéries de la Marine et 
d’Homécourt, whose works are situated at St. Chamond 
and in other French townships. Mr. de Montgolfier 
was born at Beaujeu, in the South of France, Rhéne 
district, in November, 1831. He was a grand-nephew 
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Walery, Paris, Photographer. 


of the brothers de Montgolfier, who were the first 
to experiment in France, in June, 1783, with bal- 
loons of their manufacture, styled Montgolfiéres. 
Mr. de Montgolfier, whose portrait we give above, 
commenced his studies at Lyons, and entered the 
French Ecole Polytechnique in 1851 ; he then studied 
at the Ecole des Ponts et Chaussées, the French Civil 
Engineering School, and served as a Government 
civil engineer from 1856 to 1893. During this period 
he was responsible for a number of important engi- 
neering works in several districts throughout the 
country. 

The St. Chamond works, above referred to, were 
established in 1850 by Messrs. Petin and Gaudet, who, 
in 1837, had put down works at Rive-de-Gier, in the 
same district. Mr. de Montgolfier took up the 
business of Messrs. Petin and Gaudet in 1874, since 
which date it has gradually developed on a very large 
scale, the latest siidition, @ very important one, being 
that of the Forges of Homécourt, in the year 1903. 
Previous to this, the works had already acquired great 
renown under the name Compagnie des For et 
Aciéries de la Marine et des Chemins de fer, de St. 
Chamond. During Mr. de Montgolfier’s directorship 


and renewed at different times, and they now form 4 
most important national asset for the manufacture of 
ship and boiler-plates, armour-plates, ordnance of all 
calibres, turrets, projectiles, and. other material. 

Mr. de Montgolfier was a Commander of the Legion 
of Honour; a director of the French Paris-Lyons. 
Mediterranean Railway Company, of the Société 
Anonyme des Usines eames Renton of the Krivoi- 
Rog Iron-Mining Company, and of the Loire Collieries 
Company. Since 1900 he has been an honorary 
member of the Iron and Steel Institute. He was 
most courteous and kindly in manner, and had a host 
of friends. 





THE CENTRAL UNION OF GERMAN 
INDUSTRIES. 

ON a recent occasion some interesting particulars 
were given about this vast combine, which, especially 
of late years, has grown at a very rapid rate. It now 
comprises 198 industrial bodies, with an aggregate of 
some 50,000 ‘individual members. Of the above total 
of 198, thirty-eight belong to the mining and iron in. 
dustries, the remainder are unions which guard the 
industrial interests of larger or smaller districts, as, for 
instance, the Kingdom of Bavaria, the provinces of 
Rhineland and Westphalia, &c., and unions of machine 
and metal industries, the stone and earthenware indus. 
tries, the textile industry in all its branches, the chemi- 
cal industry, the paper industry, &c. It has been 
inted out that the work of the Central Union was 
intended to, and did, benefit and advance all branches 
of the German industry. The very fact of such a 
number of heterogeneous bodies having joined and 
remained faithful to the Central Union was proof 
enough that the charge made by their opponents that 
the Central Union was disposed to favour the so-called 
heavy industries as compared with the light or finished 
industries was inaccurate. The two, as a matter of fact, 
cannot be képt strictly apart, but constantly overlap 
each other. ‘The Central Union pays due attention to 
all matters concerning. the home market, as well as 
export, and has always worked energetically and in 
diverse ways for the development of the latter. 

The Central Union’s position in relation to the 
large German-syndicates, more_ especially the Steel 
Union and the Rhenish-Westphalian Coal Syndi- 
cate, has been the subject of no small amount of 
hostile criticism. The creation of the Central Union 
was regarded as an absolute necessity, in order to 
enable the German industry to held its own against 
organised industries abroad ; it was considered that 
the development of Germany’s industries during the 
last 20 to 25 years had proved this. It is more especially 
due to these organisations that the industrial crises 
since the commencement of this century have not 
resulted in unprecedented demoralisation of prices and 
a destructive competition, calamities which formerly 
followed in the wake of such crises. 

It is an unavoidable result of any kartel formation 
in trade that the customers of the syndicate must 
submit to certain rules and put up with the un- 
pleasantness which may ensue from this fact. The 
restraint, as compared with the conditions of free 
competition, may be distasteful ‘to some, more espe- 
cially those who have not known the destructive 
effects of the industrial crises in the ‘seventies ; but 
it is entirely unjust for people to lay the blame for 
unpleasantness upon the Central Union of German 
Industries. Neither the Central Union nor any other 
industrial union can accept the responsibility for the 
doings of each of its members. , 

It has before been stated that the Central Union 
always had advanced industrial combines in syndicates 
and ka -els, because the Union considers that restric- 
tions against unwholesome competition, especially with 
declining markets, are an advantage, not only in the 
interest of the industry itself, but of the entire com- 
munity. Should, however, a temperate and unbi 
investigation of the prevailing conditions prove that 
existing kartels and syndicates abuse their power, nd 
thereby have 4 detrimental influence upon some dis- 
tinct industry or on industry generally, the Central 
Union will assuredly do all in its power to remedy 
matters. 

The Central Union has taken the lead in urging the 
necessity of a more effective protection of those willing 
to work, and its endeavours in this connection have 
since been supported by other influential industrial 
bodies. Recent occurrences in the Ruhr district 
prove that it is high time something was done. 








Campripce Untverstry ENGIngeRING Socisty.—On 
the 30th ult. a paper on ‘“‘ The Commercial Side of Engi- 
neering,” by Mr. J. W. Stannard, was read before about 
120 members of this Society. The paper dealt with the 
—— and difficulties of the technical man in modern 

usiness, and also covered such vital subjects as Factory 
Site Selection, Construction, Handling Cost, Wages # 
Wage Values, Methods of Remuneration, Product 
Cost, Production Control, Charts and Schedules, Scient! 





the establishments have been thoroughly transformed 


Management, Standardisation, Executive Control, and 
Finance. 
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Water-Supply Works : £ 
° In the districts of Country, Beetaloo, Bunda. 
DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS.| 1 the districts of Country, Reetaloo, Bunds- 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) Drainage Works :— : 
oe works in South-Eastern District -_ 60,000 
November, 1912. December, 1912. JaNvAky, 1913. Adelaide sewers, including Port Adelaide and 
Semaphore District - 53 - 50,000 
Jetties and lighthouses .. 60,000 
Buildings :— 
Erection of schoolhouses 50,000 
Explosives magazines - - 2,000 
Produce stores at Port Adelaide .. 20,000 
Parliament buildings al 2 50,C00 
Miscellaneous Works :— 
Irrigation and reclamation of swamp land 250,000 
Land repurchase, &c. es > be 240,000 
Advances to settlers’ and homes’ funds. . 1,250,000 
(1244) 
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In the accompanying dia; 


DECEMBER 'i2. 
each vertical line represents a market day, and each horizontal line 


JANUARY ‘3. 


represente 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in bg te 70 lb. to80lb. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 





COLONIAL AND FOREIGN ENGINEERING , 


PROJECTS. 


We give below a few data on several colonial and 
foreign engineerin 
Trade Journal. urther information concerning these 
meray can be obtained from the Commercial Intelligence 
= Board of Trade, 73, Basinghall-street, London, 

Australia: H.M. Trade Commissioner calls attention 
toa notice in the Mining Standard, from which it appears 
that the Bill for the construction of a railway from 
Condobolin to Broken Hill has been passed by the Legis- 
lative Council of New South Wales. The line will be 372 
miles long, and is to be laid with 80-Ib. rails, the total 
cost being estimated at 1,307,000/. Steam motive power 
is to be used. This new line will shorten by 24 hours 








projects, taken from the Board of 





the journey between Adelaide and Sydney, and will also 

form a link in a trans-continental line from Western 

Australia to Queensland. The Imperial Trade Corre- 

spondent at Adelaide reports that a Loan Bill was recently 

in thé South Australian Parliament for the expen- 

iture of 5,769,000/. for the carrying out of various works 
in South Australia, as follows :— 


Railways :— £ 
Rolling-stock, locomotives, machinery and ap- 
on 1 tive workshops, &. 





p r iv .. 655,000 
Railway construction . 1,770,000 
Harbours :— 
Outer harbour, and deepening and improve- 
ment of harbours at Port Adelaide, Port 
Pirie, and at outports... ae as -- 402,000 
Murray River improvements 120,000 





With reference to the report of the Victorian Royal 
Commission on proposed railways to connect the western 
border of Victoria with the South Australian railway 
system, H.M. Trade Commissioner for Australia has 
forwarded a copy of a report by the South Australian 
Railways Commissioner, and which it appears that a 
Bill is to be introduced into the Parliament of South 
Australia to provide for the construction of (1) a line from 
Pinnaroo to Murrayville, a distance of about 15} miles, at 
an estimated cost of 65,800/., including 50007. for rolling- 
stock ; and (2) a line, about 184 miles long, from Mount 
Gambier to Mumbannar, at an estimated cost of 100,798/., 
including 37982. for rolling-stock. 

South Africa: The general manager of the South 
African Railways and Harbours states, in his report for 
the year 1911, that provision has been made in the 
1912-13 estimates for the reconstruction of No. 2 jetty at 
Table Bay Harbour, and that it was hoped to proceed 
with the completion of No. 6 quay at the end of 1912. A 
scheme is being drafted for the construction of additional 
deep-water quays at Table Bay, the rapidly-increasing 
requirements of modern shipping having rendered this 
imperative. The report also states that provision is 
included in the estimates for a new lighthouse at Cape 
Point to indicate the position of Anvil and Bellows 
Rocks, and for a new lighthouse and fog-signal at 
Slangkop. 

Spain: The Gaceta de Madrid publishes a notice of 
the grant of a concession to the Sociedad Anénima Monte 
igueldo for the construction and working of a funicular 
railway from Ondarreta to Monte Igueldo, in San Sebas- 
tian (Guipuzcoa). The Gaceta also publishes a notice, 
issued by the General Directorate of Public Works, 
—_— to the Compajiia de los Ferrocarriles Subur- 

nos de Malaga a concession for the construction of a 
railway from Granada to Lachar. The rolling-stock 
required for working the line will consist of four locomo- 
tives, eight passenger coaches, four brake vans, and 
twenty-four goods wagons. It further notifies that 
specifications and plans will be received BP to April 24 
at the offices of the Direccién General de Obras Piiblicas, 
Ministerio de Fomento, Madrid, for the construction of a 
** strategic” railway from Gata to Javea. The line must 
be laid so as to be suitable for the transport of heavy 

ieces of artillery. Although this contract will doubtless 

awarded to a Spanish firm, nevertheless there may be 
openings for British firms for the supply of some of the 
materials required. 

Mexico : His Majesty’s Consul-General at Mexico City 
reports the publication, in the Diario Oficial of January 1, 
of a Presidential Decree approving the contract between 
the Mexican Minister of Public Works and the North 
American Dredging Company of Texas, for the dredging 
of the inner harbour and of the canal leading to the 
careening dock of the port of Salina Cruz. 

Ecuador: The Registro Oficial, Quito, publishes a 
decree (No. 457) approving the contract entered into 
between the Minister of the Interior and Public Works 
and Messrs. Charles H. Moore and Walter G. Fox, 
whereby the latter will assume technical responsibility for 
the construction of the railway from Ambato to Bajios. 
The line will be 3 ft. 6 in. gauge. Rails and bridge-work 
must be of best quality steel, and 1700 sleepers per kilo- 
metre must be laid. 

Brazil: The Diario Oficial publishes a decree (No. 9971) 
authori~ing the Ministry of Communications and Public 
Works to arrange for the construction of a 31-mile section 
of line from Itapecerica to Formiga, forming part of the 
Minas Western Railway system. 





Great CentraL Rat.way.—To enable the manage- 
ment of the Great Central Railway to cope more effectively 
with the additional traffic brought upon the system 
through the opening of the great Immingham Dock the 
directors have found it necessary to add considerably to 
the rolling-stock. In the course of the past half-year 
49 tender-engines and two tank-engines were added to 
the locomotive stock, the ag te number of engines 
owned being carried to 1233. The directors have also 
added 485 goods wagons to the general rolling-stock in 
use. The number of vehicles available for the conveyance 
of merchandise and minerals was thus carried, to the close 
of December, to 36,430. The mineral traffic of the Great 
Central system is especially increasing, having yielded a 
revenue of 887,509/. in the second half of last year, as 
compared with 786,890/. in the second half of 1911. Not- 
withstanding the additional rolling-stock brought upon 
the system, a severe economy has enforced in con- 
nection with train-mil , the te number of train- 
miles run in the second half of last year having been 
brought down to 10,846,227 miles, as com with 
10,894,798 miles in the second half of 1911. 
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AMERICAN BOILER PRACTICE; SETTING FOR RETURN-TUBE BOILER. 
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AMERICAN BOILER PRACTICE. 
To THE Eprror oF ENGINEERING. 

Sirn,—Some two years ago your contemporary, The 
Engineer, published letters from Dr. Nicolson, of Man- 
chester, concerning the reformation of boiler practice. 
In those letters advocates of present English practice 
were referred to as ‘‘ The Old Cond x" a the members 
of this column are, I judge, those who adhere to the 
Lancashire boiler. As far as this is concerned, it seems 
to me that this type of boiler is open to severe criticism, 
for it is large for its power, is expensive per unit of heat- 
ing surface or grate area, requires expensive brickwork, 
occupies an immense amount of floor space, and requires 
large and expensive boiler-house. While I have no 
dimensions convenient, I believe that a Lancashire 
boiler 8 ft. in diameter and 30 ft. long contains about 
1000 sq. ft. of heating surface and 36 sq. ft. of grate area. 
In addition to this, the type violates a fundamental law 
of boiler design in not dividing the gases into small 
on and compelling them to be near the heating 
surfaces. 


Some years ago, when I was designing a boiler plant 
for a cotton-mill in Canada, I fin: , es the 
Manager to allow me to substitute for cashire boilers 


some horizontal return tubular boilers, such as are so 
frequently used in the United States. In place of a 
ancashire boiler of about the same size as that men- 
tioned, I installed a horizontal return tubular boiler in 
thesame width, 10 ft. less length, and in the same build- 
ing, having four times the heating surface and about 
double the grate area. 

The horizontal return tubular boilers referred to have 
each 260 3-in. tubes 20 ft. long, and have 4027 sq. ft. of 
heating surface computed on the fire sides. They are 
rated each at 400 horse-power (United States commer- 
cial, equal to the evaporation of 344 1b. of water from 
and at 212 deg. per hour), and cost 2900 dols. each. 

Boilers of the same design were tested in a paper-mill, 
and averaged 742 horse-power for 8} hours. Th results 
re given in Table A, page 208. It will be observed 
Nhat. the efficiency was over 76, and with better com- 

lustion would have been higher. An efficiency of 80 per 
cent. or more is not unknown with such boilers, which is 
what Dr. Nicolson claims for his. He also claims an 
actual evaporation of 9.895 Ib. per pound of coal, 
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which is not much more than this boiler gave (9.41 lb., 
with feed-water at 25.5 deg. Fahr.), and this is not at 
all unusual. 

I shall take this opportunity to say something about 
American boiler practice, and illustrate it with designs 
of a! own. 

I have no doubt that English engineers look with 
scepticism upon the American horizontal return tubular 
boiler, because the fire is in contact with the shell; but 
this boiler when built with the longitudinal joints butted 
has never exploded, and thus is almost unique in boiler 
history. ere have been many explosions of such 
boilers when constructed with lapped longitudinal joints, 
and they are stil! explodi In the State of Massachu- 
setts lap joints are now prohibited by law. 

The merits of the boiler are, that it is cheap, efficient, 
safe, easily inspected inside, can be made of any reason- 
able size—say, up to 5000 sq. ft. of heating surface (rated 
at 500 United States boiler horse-power, or 1000 or more 
compound engine horse-power), and can carry any reason- 
able steam pressure. is type of boiler is constructed 
in various sizes, a 90-in. 400 horse-power being built for 
165 lb. and a 78-in. of 250 horse-power for 140 lb. Figs. 1 to 
25 show an 84-in. boiler of 300 horse-power to carry 
185 lb., the various details being so clearly seen as to n 
no description, whilst Figs. 26 to 32 show the method of 
setting this type of boiler. In this case the boilers are sus- 
pended from above, but the more common way is to support 
them by cast-iron or pressed-steel brackets riveted to the 
sides and resting upon the brickwork. The k com- 
bustion-chamber is shown covered by slabs of fire-brick 
attached to the end of the boiler, these slabs sliding back 


and forth on the brickwork as the boiler expands and con- 
tracts. e brickwork on the sides should be kept i in. 
away from the boiler and the space stuffed with long fibre 


asbestos, so that the boiler can expand and contract in all 
directions without injuring the brickwork. When the 
setting is built in this way it will not crack materially. 
The top and back end are covered with non-conducting 
material. 

I also add Figs. 33 to 36, pegs, 8. showing a Scotch 
boiler that I designed for the Metropolitan Water and 


Sewe' Board of Massachusetts, of which four were 
built. ey have not yet been tested. 
In the New England States vertical fire-tube boilers 


are largely used. At the Amoskeag Mills, Manchester, 


OO0O000 Of OOO0CO 
Brick slab cut away to clear © 


FIRE BRICK ARCH 
BACK OF BOILER. 
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N.H., there are about 160 of them, and many other 
mills and steam plants use them. They have the 
advantages of being internally fired, have no brickwork, 
superheat the steam 20 deg. to 40 deg., take up but little 
floor space, and about twice as much horse-power can be 
pl upon a given floor space as with horizontal fire- 
tube or water-tube boilers. They can be made of any 
size that can be transported, can be made for any steam 
—— and can be forced to any extent. When the 
‘eed-water is good—and most water can be made such b 
treatment—this type of boiler causes no trouble. Wit 
dirt on the lower tube-plate the tubes may leak at the 
bottom, but it will be seen in the designs shown that 
the interior is accessible, so that the tube-plate can be 
cleaned. 

Figs. 37 to 45, page 210, show a boiler of 500 horse- 
power, and Figs. 48 to 50, page 211, a boiler of this ty 
on a setting fitted with a chain-grate stoker, whilst 
Figs. 46 and 47 show the fire-box of a similar type of boiler 
of 300 horse-power, but having a fire-door and grate and 
designed for wy hg hand. 

Table A, page 208, shows the results of several trials of 
the 90-in. horizontal boilers, those of April 4 and 19 bein 
with hand-firing, and those of April 5 and 20 being with 
the chain-grate stoker. It will be seen that the results 
were good, and with better combustion they would have 
been still better. 

Table B, page 208, shows some trials of a 500-horse- 
power vertical boiler, having 24-in. tubes, 20 ft. long, but 
otherwise like Fig. 38. The trial of April 29, 1909, was 
made before it was known how to fire properly, the CO, 
being low. The trials of « | 8 and 9, 1910, were made 
after the difficulties of g gas analysis were over- 
come, and it will seen that the results are among 
the best. In the test of April 29 it will be seen that 
over 39 Ib. of coal were burnt per sq. ft. of grate per 
hour, and the horse-power was more than double the 


rating. 
In Table C, e 208, the results are age of two tests 
of a locomotive boiler which I designed for the New Bed- 
ford, Mass., Water Works. In this case the firemen were 
very skilful, and it is interesting to observe that the results 
of the two tests are almost identical, although the rate 
of combustion im one case was double that in the other. 
It will be seen that the actual evaporation per pound of 
coal with feed at 159 deg. to 154 deg. was over 11 tb. In 
all of these trials the water was weighed. 
me economiser consisted of a copper coil in the smoke- 
x. 
In the case of the horizontal return tubular boiler the 
thick plates in contact with the fire cause no difficulty, 
and this corroborates the experience of Kilvington and 
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Taylor as related in a paper before the North-East Coast 
Institution of Engineers and Shipbuilders in 1890. 

Speaking generally of American boiler practice, the 
nesneatel't return tubular boiler is used more than any 
other all over the country. Water-tube boilers are largely 
used in consequence of the energy of salesmen, and the 
use of sophistry conce! their safety, small quantity 
of water contained, quick - steaming qualities, 
oblivious of the fact that the horizontal tubular boiler 
surpasses them in all of these respecte. 


Yours tru 
ew Dran. 


Exchange Duties. 53, ay siaion Mass. 
November 25, 1912 


Taste A.—Results of Boiler Trials for 8S. D. Warren and 
Co., April, 1900. Kind of Boiler, 90-In. Horizontal 
Return Tubular Boiler. Kind of Fuel, G. C. Cumber- 
land. Kind of Trial, Fresh Wood Fire, April 19. 
Others, Running Start ‘and Stop. 








Hand. | Stoker. Hand. Stoker. 
Date of trial .. .| April 4| April 5 April 19 April 20 
Duration of trial : hr. 9.5 8.75 85 8 
Number of boilersin use... 1 1 1 1 


Dimensions and Proportions 
Grate surface of each boiler 



































TasLe A.—(Continued). 


TaBLe B.—(Continued). 








Commercial Horse- Power 
ler Only). 


On basis of 344 Ib. of water 
from and at 212 deg. Fahr. 
per hour by boiler h.p 

Number of square feet of 
heating surface per horse- 
power .. . 8q. ft. 

Horse-power per square foot 
of grate surface -- bp 

Horse-power, builders’ rating 
at 108q. ft. per horse-power 


h.p. 
Per cent. developed above or 
below rating .. _— per cent. 


Rate of Combustion. 


Dry coal actually burned pe: 
square foot of grate surface 
per hour Ib. 

Dry coal burned per square 
foot of tube opening = 
hour 

Dry coal burned per square 
foot of water-heating sur- 
face per hour.. ee Ib. 


Rate of Evaporation. 


‘Vater evaporated per square 
foot of heating surface per 
hour from and at 212 as * 


| 


Hand. Stoker. 


Hand. 


Stoker. 





6.39 
12.92 


400 


42.2 


Max. 


Shr. 67: 


5.39 


9 


37.6 
Max. 


h.p., b.p., 
Ib. Lhr., 794) t hr.,793 


6.34 


349 


11.54 
7.16 


400 
12.7 b 


23.7 


3.00 





@ = above. 


Fuel, New River Slack. 
and Stop. 


Date of trial 
Duration of trial hr. | 
Number of boilers in use | 


Dimensions and Proportions. 
Grate surface of each boiler! 
sq. ft.) 

Grate surface, total .. ,, 
Water-heating surface of each 
boiler .. .. 8q. ft. 
Water-heating surface, a 
t. 


8q 

 ~ “ees surface of Ang 

ile: t. 
Supehenting surface, 

sq. ft. 

Total heating surface * 

Ratio of total heating surface 
to grate surface ee 


Average Pressures. 
Steam pressure in boiler, by 


gauge, per square inch Ib 
Atmospheric pressure per 
square inch Ib. 


Absolute steam pressure in 

boiler per square inch _ Ib. 
Force of di draught in column 
of water between damper 
and boiler in. 
Force of draught in ‘column 
of water above grate in. 


Average Temperatures. 

Of external air . deg. 
Of fire-room, near lower = 
of stoker 

Of feed-water before catering 
boiler eg. 
of escaping gases after leaving 

boiler .. ee = 


deg. 

Of steam .. - oa” Se 
Fuel. 

Moist coal consumed .. Ib. 
Moisture in coal per cent. 
Dry coalconsumed .. Ib. 
Wood consumed is a 
Total dry refuse - - 
Total dry refuse per cent. 
Total combustible Ib. 


Dry coal consumed per _— 


Combustible ee per 
hour Ib. 
Quality poe Sem. 
Percentage of moisture in 
steam - per _ 
Number of degrees su 
heated . se nod 
British ‘Thermal Units. 
— - a — in a 
und o} coal, ty oxygen 
Siostmeter BTU. 
Number of heat units in a 
ae of combustible, by 
n calorimeter B.T.U. 
pectic heat of ve rename 
San at constant press 
Heat units absorbed by boiler 


cae of steam su. 
Heat units imparted to boiler 
per pound of dry coal B.T.U. 

Heat units imparted to boiler 
per pound of eee IT 











Efficiencies. 
Efficiency of boiler, based 
upon dry coal (item 49 +| 
item 41) -. percent. 
Efficiency of boiler, based) 
upon combustible ae al— 





sq.ft. 48.75 | 61.87 48.75 | 61.87 
Water-heating surface of each | | 
boiler .. . 8q. ft.) 4027 4027 4027 | 4027 
Ratio of water- heating surface 
to grate surface aa 82.61 65.09 2.6L | 65.09 
Average Pressures. 
Steam pressure in boiler, by 
gauge, persquareinch Ib 92.1 94.0 94.5 95.0 
Atmospheric pressure per 
square inch . Ib) 14.7 14.7 14.6 14.80 
Absolute steam pressure in 
boiler, per square inch Ib 106.8 98,7 :109.1— 109.80 
Force of draught in colum: 
of water between damper 
and boiler in.) 0.90 0.91 0.35 0.41 
Average miei geeen’ | 
Of external air . deg. 40 33 4 | 
Of feed-water before entering 
boiler .. leg.| 85.5 85.5 70 «| )6«678 
of comging gases after leaving | | 
boiler .. dey.| 569 645 | 465 | 492 
Fuel. | | 
Moist coal consumed .. Ib.| 20,530 | 21,492 | 10,192 | 11,042 
Moisture in coal percent.| 4.91 | 531 4.46 4.46 
m7 ¢ coal consumed Ib.} 19, sae 20,351 = —_ 
” 0 0 
Oonl'e equivalent of wood 9 — ~ 68 — 
Total dry coal consumed, in- 
cluding wood equivalent Ib. _ —_ 9806 — 
Total dry refuse ° » | 1614 | 1776 1322 2757 
a rz = rceent.| 8.27 8.72 13.48 26.13 
Total combustible. Ib.| 17,008 | | 18,675 | 8484 | 7793 
Dry coal consumed per hour 
Ib.| 2055 2326 1154 1319 
Quality of Steam, | 
Percentage of moisture in | 
steam .. per cent.| 0.45 0.49 | 0.70 | 0.70 
| 
British Thermal Units. 
Number of heat units in a | 
pound of dry coal, by | 
analysis B.T.U.| 13,961 | 13,961 | 13,718 | 13,718 
Number of heat units in a 
pound of Sa by} 
analysis : B.T.U.| 15,258 | 15,268 | 15,768 | 15,768 
Specific heat of "superheated | 
steam at constant pressure| — _ -_ = 
Heat units absorbed by boiler 
per und of steam gene: 
1129.8 1130.1 | 1145.7 | 1137.9 
Heat units im rhe boiler | 
per pound of dry 
on. U.| 10,211 10,630 | 10,073 | 9680 
Heat units imparted to boiler 
per pound o' a 
T.U,} 11,131 | 11,646 | 11,787 | 13,105 
Efficiencies. | 
we y~? of boiler, based upon | | 
coal - . percent.) 73.14 | 76.14 | 78.43 | 70.56 
maiclency of boiler, based upon | 
combustible .. per cent.| 72.95 | 76.33 | 74.44 83.11 
Factors of Evaporation. | 
Factor of evaporation for | 
boiler .. i” ee 1.17 1.17 1.186 1.178 
Water. 
Total water ay into| | 
boiler Ib.| 117,240 | 192,382 | 86,827 | 90,352 
Water actually, ” evaporated, | | | 
corrected for quality ot | | 
steam .. es -- _[b,| 176,442 | 191,439 86,219 | 89,740 
uivalent water from and at) 
12 deg. F., boiler only Ib. 206,437 | 228,988 102,256) 105,724 
Equivalent water from and at | 
212 deg. F., - —_ boiler | 
Gs tas Ib.] 21,783 | 25,5698 12,030 13,215 
Evaporative Performance. | 
Water ame | ooupeetnd, | | 
per pound of dry Ib.} 9.04 | 9.41 8.79 8.51 
Equivalent per ~ be of dry 
coal from and at 212 deg. F., j 
excluding economiser Ib. 10.87 11.06 10.43 | 1002 
ee De pm evaporated per | | 
nd of combustible Ib.| 9.85 | 10.31 10.16 | 11.52 
vivalent oo pound of com-| } | 
sustible tee and at 212) | | 
deg. sed eopading econo: | 
miser -» Ib; 1.58 | 12.06 1205 18.57 


item 42)... vi 


- Apr. 29, | apr. 30, | uly 8, yn 9, 
1909 | 


6081 
79.5 


129.8 
14.7 
144.5 


1.47 


16.68 
17 


14,759 


15,760 
0.61 


1182 
9901 


70.0 


b 


| 


= below. 














| 1910 
1 1 
| 
76.5 765 
76.5 765 
— 4900 
— 4900 
- | we 
— | 181 | 
60st «6081 _— 
79.5 79.5 
124.3 | 1227 
14.7 | 14.67 | 
139.0 | 137.4 
0.28} 065 | 
= 0.33 | 
35.0 | 810 | 
— | sao | 
63.6 | 786 | 
517.3 | 561.0 | 
369.0 | 361.8 
17,030 | 26,609 
145 | 3.71 
16,783 | 25,622 
0 0 
1310 | 3156 
7.8 | 128 
15,473 | 22,466 
1934 | 2329 
— | 2042 
16.71 _— | 
17 | 103 
| | 
14,759 | 14,414 
15,760 | 15,662 | 
0.61 | 0.60 
| 
1174 | 1151.4 | 
10,075 | 10,870 | 
10,929 | 12,892 
68.3 | 75.4 
69.3 79.1 | 


383 


10.53 
6.19 


400 
4b 


21.3 
Av. 


h.p., 
*hr., 421 


_ 8.28 _ 


“me B.—Results of Boiler Trials for 8S. D. Warren and 
at Cumberland Millis, Me., April, 1909, and July, 

1910. Kind of Botler, Vertical Fire- Tube. Kind of 
Kind of Trial, Running Start 


1910 
1 


76.5 
76.5 


4900 
4900 
1181 


1181 
6081 


79.5 


| 115.6 


14.71 
130.3 


0.66 

0.31 
83.0 
89.0 
76.6 
573.0 
364.9 


21,188 
3.61 
20,423 

0 
2276 
11.18 
18,147 
2553 


2268 


17.4 


14,414 


15,662 


| 0.595 


1157.1 
10,880 


12,247 


76.5 


78.2 


Factors of Evaporation. 


Factor of cage Ser 
boiler .. 





Total Me ped int | 
‘oO water pum into 
boiler .. 2 
Water actually evaporated 

corrected for quality ot 
steam 


Equivalent water from and e 
212deg.F., boileronly Ib. 
Equivalent water from and at 
212 deg. F., os =. boiler 
on. Ib. 


Evaporative Suir, 
Water actually evaporated 
per pound of dry coal Ib. 
Equivalent per pound of dry| 
coal from and at 212 deg. F., 
excluding economiser Ib. 
Water actually evaporated 
per pound of combustible, lb 
juivalent per pound of com- 
ustible from and at 212 di 
F., excluding economiser | 


Commercial Horse- Power 


( y)- 

On basis of 34} lb. of water 
from and at 212 deg. F. 
per hour by boiler .. h.p. 

Number of square feet of 
heating surface per horse 
power surface - 8q. ft. 

Liorse-power per square foo! 
of grate surface h.p. 

builders’ rating 


o's orm 
ft. per horse- 


at 1 
power .. - -- Bp 
Per cent. developed above, 
rating .. per cent. | 
Rate of Combustion 
Dry coal actually burned per 
square foot of grate surface 
per hour és Ib.| 
Dry coal burned per ‘equare| 
foot of a per} 
hour .. Ib. 
Dry coal burned per ‘square 
foot of water-heating sur-) 
face per hour Ib. 


Rate of Eva, 
Water eva per square 
foot of heating surface per 
hour from and at 212 & 


ation. 


Water evaporated per ‘square, 
foot of grate surface per) 
hour from and at 212 deg. 


F. 
Water evaporated per ‘square! 
foot of tube-opening area 
per hour from and at 212 
deg. F. .. Ib. 
Maximum horse- -power uring) 
one hour os Ib. | 





TABLE C.—Results of Boiler Trials for New Bedford 
Water Works, May, 1893. Kind of Boiler, Belpaire 
Boiler. Kind of Fuel, Georges Creek Cumberland Coal. 


1.224 | 1215 | 1.186) 1,193 
| 
196,441 | 144,025 | 242,023 | 192,098 
| 
198,185 145,821 | 248,233 193,769 
242,578 | 176,633 | 287,039 229,173 
34,654 22,079 | 26,094 28,647 
8.45 8.66 9.49 9.48 
| 
10.34 | 10.52 | 11.20 11.99 
= — | 12097 100 
11.50 | 11.42 | 12.77 126 
| 
1005 640 757 §30 
4.87 | 7.66 | 646/| 5.90 
13.14 | 836 | 9.90! 10.95 
500 500 500 500 
! 
101 23 | 51 66 
| | 
39.1 | 253 30.5 | 33.4 
_ — 168 | 184 
j | 
0.61 | 0.39 | 0.475 | 0.521 
7.05 | 4.50 | 5.38 | 5.85 
= = 341 374 
= “ 1880 | 2068 
as = 950 | 984 





of steam gene’ 





Date of trial --| May 18 
Duration of trial ‘ hr. 12.3 
Number of boilers in use os 1 
Dimensions and Pr oportions. 
Grate surface of each boiler .. . 8q. ft. 30.5 
~ "ee ears 
Water-heating surface of oom boiler __,, = 
Ratio of water-heating surface to grate sur- 
face - ae Ae - Ke --| 65.5 
Ratio of — atin surface to grate sur- 
face os --| 61.7 
y verage fe. 
Steam pressure in boiler, by gauge, per 
square inch Ib.| 114.05 
Atmospheric pressure per square inch - 14.42 
Absolute steam pressure in boiler per square} 
inch Ib.| 128.47 
Force of draught in column of water be-| 
tween damper and boiler .. . 0.35 
Average Temperatures. | 
Ofexternalair .. leg.| 57.9 
Of fire-room “€ 94.5 
Of feed-water before entering economiser'| 
deg.| 136.3 
Of feed-water before entering boiler » | 158.7 
Of escaping gases after leaving economiser 
deg. | 360.3 
Moisture in coal . 4 cent, 5.15 
Total dry coal consumed, inclu 
equivalent oe 3321 
Total pd refuse. . i 206 
Total dry refuse . per cent.| 6.20 
Total conbuinte. ae wa -- Ib.}| 8115 
Dry coal consumed per hour. . ” 270 
Combustible consumed per hour 9 253 
Quality of Steam. 
Quality of steam, dry steam being taken as| 
unity .. 0.9961 
Percentage of moisture in steam per cent.) 0.39 
British Thermal Units. 
Number of heat units in a pound of ars | 
coal, by oxygen calorimeter B.T.U.| 14,092 
Number of heat units in a pound of com. ; 
bustible, by ae —, B.T. J 14,783 
ler per poun 
Heat units absor y pe gt U.| 1060.1 


Heat units Sbeorbed by boiler and * ee 
pound of steam genera 
ne a Senere'B.T.U.! 1124.9 





May 19 
12.26 


113.35 
14.58 


127.93 

0,54 
62.4 
96.8 


126.56 
154.0 


468.8 
5.15 


0.9962 

0.38 
14,092 
14,783 
1065.1 
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Heat units imparted to boiler per pound of | 
dry coal 4 B.T.U. | 


Heat units imparted to boiler and econo- 
miser per pound of dry coal B.T.U., | 

Heat units imparted to boiler per pound of 
combustible .. - os B.T.U. 

Heat units imparted to boiler and econo- 
miser per pound of combustible B.T.U. | 


Efficiencies. 
Efficiency of boiler, based upon dry coal 
(item 49 -- item 41) .. os r cent. | 
Bificiency of boiler, based upon combustible | 
(tem 51 + item 42) .. -.» percent. | 
Efficiency of boiler and economiser, based 
upon dry coal (item 50 + item 41) p.c. 
Efficiency of boiler and economiser, based 
upon combustible (item 52+ item 42) p.c. 


Factors of Evaporation. 


Factor of evaporation for boiler ee ot 
of evaporation for boiler and econo- 


Water. 


Total water pumped into boiler Ib. 
ater actually evaporated, corrected for | 
quality of steam =. oe os - | 
luivalent water from and at 212 deg. F., | 

only . Ib. | 


Equivalent water from and at 212 deg. F., 
Per hour, boiler only at “oe 


Evaporative Performance. 
Water actually evaporated 
nang pora: per pound a 


Equivalent per pound of dry coal from and 
at 212 deg. F., excluding economiser 1b. 
hivalent per pound of - he coal from and 
<A including economiser Ib. 

ually evaporated 
combustiie os wo hand _— ib. 
uivalent per pound of combustible from 


== 212 deg. F., excluding econo- 
in ee: Bae 
Mauivalent per pound of combustible from 
id at Yi2 dey. F., including econo- 
a ie ok +3 a Ik. | 


11,667 
11,927 
12,459 
13,209 


84.28 
84.64 
89.35 


1.098 
1,165 


36,718 
36,575 
40,122 

3,262 


11.01 
12.08 
12.35 
11.74 


12.88 


13.17 


11,812 
12,121 
12,459 
18,131 


84.28 
86.01 
88.82 


1.108 
1.162 


66,924 
66,663 
73,529 

5,997 


11.09 
12.23 
12.55 
11.70 


12.90 


13.28 





LONG/TUDINAL SECTION OF BOILER. { 


TaBLE C—(Continued). 
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Commercial Horse- Power (Boiler Only). 
On basis of 34} Ib. of water from and at 





| 
| 
| 
94.55 | 
| 





212 deg. F., per hour by boiler .. H P. 173.84 
Number of square feet of heating surface 
per horse-power i + ..8q. ft.| 19.92 10.83 
Horse-power per square foot of grate sur- | 
face nA oe i ie «. Sel 3.10 5.70 
| 
Rate of Combustion. 
Dry coal actually burned per square foot of 
grate surface per hour os ee Ib. | 8.85 16.06 
Dry coal burned per square foot of water- 
heating surface per hour <<. Je 0.148 | 0.260 
Rate of Evaporation. | 
Water evaporated per square foot of heat- 
ing surface per hour from and at 212 deg. 
_ os oe “2 os Ib. 1.78 3.19 
Water evaporated per square foot of grate | | 
surface per hour from and at 212 deg. | 
0... vs o be o -- Ib} 107.0 | 1966 
1N 


SHORTAGE OF ROLLING-STOCK 
GERMANY 
From all directions are heard loud complaints about 
the insufficiency of available rolling-stock ; such com- 
plaints have been going on for several years, and have 
fommee | most serious in Russia and Germany, 
especially in the latter country. Matters have now come 
to such a pass that the present state of affairs has been 
unced as likely to Tesene a direct social danger to 
sections of the industrial population. Asan example 
is mentioned the condition prevailing in the Ruhr district 
on Monday, November 11 last, when 33,777 wagons were 
wanted, and 23,053 were available, the shortage conse- 
quently being 10,724, or 31.7 per cent. On Saturday, the 
same week, 34,357 wagons were ordered, but only 19,989 
turned up, the shortage thus having risen to 14,368 w " 
or 41.8 percent. At the Prosper III. mines of the Ahren- 
berg Company, which require 300 double wagons daily, 
not one single w: come up at noon on a certain 
day recently, and it would also seem that the available 









| director of the Société Cockerill, Seraing, one of t 
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THROUGH COMBUSTION CHAMBER. 


| wagons are unevenly divided amongst the different con- 
|cerns. As a result of this dearth of rolling-stock, several 
| companies have been compelled to stock coal, coke, and 
| briquettes in the open air, in order to keep their men em- 
| ployed, which means additional expenses, and in some 
| cases a risk of spontaneous combustion. Other works 
| have had materially to reduce the hours, and men have 
often had to wait for many hours for lack of wagons, and 
| have had to leave without carrying anything. At many 
mines also the earnings per shift have ed from 3 to 
3.50 marks, without the men, of course, being in the least 
|to blame. Most iron works and blast-furnaces have 

| been compelled to reduce their working, as the uisite 
| quantity of coal could not be delivered, and_sufficient 
| pig iron in consequence was not forthcoming. The indus- 
tries using coal suffer in harmony with the rest, and in 
Siegerland most factories have been reduced to part or 
complete inactivity. Reports from the Hagen and Ruhr 
coal-mining districts are no better, and even factories in 
the vicinity of the coal-mines cannot get coal. 

The railway traffic generally—that is, the goods traffic 
—in the districts affected is much inconvenienced, as is 
the shipping, and there have recently been times when 
in the Duisburg-Ruhrort harbours not a quarter of the 
usual quantity of coal for the time of the year could be 
| shipped. A request by the Mining Union to the autho- 
| rities that a Parliamentary commission of investigation 
| should be sent to the districts in question has been refused. 
| It is urged that upwards of some 2,500,000/. should be 
promptly expended upon railway extensions, and the 
| railway authorities now seem to admit that matters have 
| reached a somewhat critical state. 


| 








Tue Iron anp Srexi InstitvTe.—The annual spring 
meeting of this Institute is to be held in the hall of the 
Institution of Mechanical Engineers, on Thursday and 
Friday, May 1 and 2. The Bessemer Gold Medal will 
this year be awarded to Mr. Adolphe Greiner, general 
vice- 

residents of the Institute. The annual dinner will be 

eld at the Hotel Cecil on May 1. It is proposed to hold 
this year’s annual autamn meeting at Brussels, on a date 
to be announced later. The Institute has met twice previ- 
ously in Belgium, at Liége in 1873, and at Brussels in 1894, 
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AMERICAN BOILER PRACTICE; VERTICAL FIRE-TUBE BOILER. 
(For Description, see Page 207.) 
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AMERICAN BOILER PRACTICE; VERTICAL FIRE-TUBE BOILERS. 


(For Description, see Page 207.) 
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he had been suffering for some time. 
Mr. Kawasaki was born in 1837, in 
Hyogo Prefecture. After the Restora- 
tion, he accumulated a great fortune 
by bringing the products of Sakuma 
into Osaka. Later he connected him- 
self with the Mitsubishi Company, 
and did much in developing its ship- 
ping department: Later, he left the 
company, and purchased, in 1886, from 
the Government, a large piece of 
und in Kobe for business 





yy 3) is was the beginning of the Kawasaki 
~—----6'0¥- 704 ¥-------9'o¥- -—- 6 '40%- oomnpane, ond which has toon much 


. 








7 . extended since then and supplied with the latest 

THE LATE MR. 8. KAWASAKI. appliances, some of which we cove, from time to time, 
tar who are interested in engineering and ship- ilinstrated and described. The output of the estab- 
wding in Japan will be grieved to hear of the death of | lishment last year was 10 vessels, of 20,611 tons, an 
buil Shozo Kawasaki, adviser of the Kawasaki Ship- | 31,080 indicated horse-power, the largest ship built 
Duilding Company, Kobe, which is now one of the mest | being of 620) tons and 5900 indicated horse-power. In 
important establishments of the kind in Japan. The| the death of Mr. Kawasaki, Japan has lost a veteran 
cause of his death was cancer of the stomach, from which | promoter of shipbuilding. He was, moreover, a man of 
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wide culture and varied tastes. He took a delight in 
collecting curios, and his wealth enabled him to gratify 
his taste in this respect. He greatly contributed to 
architecture, some examples of which may be seen in the 
Tokyo Museum of Fine Arts. and in the pagoda which 
he built near the waterfall in Nimobiki. ides being 
adviser to the Kawasaki Shipbuilding Company, Mr. 
Kawasaki was President of the Kawasaki Bank, and a 
director of the Japan Horticultural Company, He was 
elected a member of the House of Peers in 1890, and 
was decorated with the Third Order of the Rising Sun. 
Prior to his death, knowledge of his critical illness having 
reached the Throne, his civil rank was raised one grade— 
to the junior grade of the Fifth Civil Rank. 








GeRMAN SupMarInges.— The German Admiralty is 
applying to the Reichstag for a credit of 1,000,000/. for 
the construction of submarines. 





Tue Royat Navy Listanr Navat Recorper. London: 
Messrs. Witherby and Co., 326, High Holborn. [Price 
10s.]—The 141st number of the Royal Navy List has re- 
cently been issued, dated January, 1913. The list formsa 
reference-book to the personnel of the Navy, in addition 
to which there is an important list of services and honours 
of officers of the Navy, &c. The ‘‘ Naval Recorder” part 
of the volume gives a review of the current history of the 
Royal Navy, divided into two sections, devoted respec- 
tively to the Fleet in commission and to naval adminis- 
tration. The current history of foreign navies is dealt 
with in another article, rm | following this there is a 
section giving the commissions and services of first and 
second-class ships on the active list. Particulars are given 
of the Admiralty Boa d, and a chronological list of naval 
events is also embodied in this part of the volume. 





THe INTERNATIONAL ELECTROTECHNICAL COMMISSION. 
—A preliminary report on the meeting of the small 
international committee, held at Ziirich, Switzerland, on 
January 13 to 18, has just been issued by the central 
office of the International Electrotechnical Commission, 
at 28, Victoria-street, Westminster, S.W. The members 
met in the Ziirich Town Hall, under the presidency of 
Professor W ssling epee). Mr. Ee - Stockar 
(rating), and Dr. H. Zoe ,! me movers). The symbols 
question was the most difficult subject discussed. The 
suggestions of Professor Miles Walker for starting de novo 
on an entirely new method were, after due considera- 
tion, unanimously declared as impossible. The necessity 
of distinguishing between vector and scalar quantities 
was also much discussed, and the committee adopted 
certain modifications in the list of symbols to avoid con- 
fusion in case the German proposal of not using script 
letters for magnetic (as distinct from electric) quantities 
at all should find general favour. In the discussions on 
the rating of electrical machinery the British views were 
u by Dr. Gisbert Kapp, and by Mr. Everest en 
behalf of the B.E.A.M.A. Dr. Glazebrook raised the 
question of the International standard for copper, whizh 
will be considered in conjunction with the National 
Laboratories. ‘The special committee on prime movers 
adopted the Italian suggestion, made after two years’ 
deliberation, as to hydraulical-electrical installations. 
The industrial unit of mechanical power is to be the 
kilowatt; a German suggestion to give the name 
Nenpferd (new horse-power) to this unit is not likely to 
be pressed. The Italian Society of Electricians, it is also 
noteworthy, has decided to adopt the recommendations 
of the International Electrotechnical Commission for all 
specifications of electrical machinery, and to refer dis- 


and | putes as to international contracts to an arbitrator to be 


appointed by the President for the time being of the 
Internati Electrotechnical Commission. The Ziirich 

roposals will come before the meeting to be held at 
Ber in in September next, 
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THE PHYSICAL SOCIETY OF LONDON. 


Art the meeting on January 24, at the Imperial College 
of Science, Professor C. H. hy F.R.S., Vice-President, 
in the chair, a paper entitled ‘‘ The Resistance of Electro- 
lytes,” by Mr. 8S. W. J. Smith and Mr. H. Moss, was 
read by the former. : ae 

Some experiments upon this question were exhibited 
before the Society in 1911. In these a modification of 
Wien’s method was used—the optical telephone being 
replaced by a vibration galvanometer—and the conclusion 
was drawn from them that the resistance of an electrolyte 
varies to an easily perceptible degree with the frequency 
of the alternating currents to which it is subjected. 

The authors point out that the terminal difference of 
potential and the current in a branch of a network con- 
taining capacity and self-induction may be in the same 
phase, although their ratio does not give the resistance 
of that branch. This will an (whether the branch 
contains an electrolyte or not) if there is leakage through 
the condensers, causing the potential differences between 
their plates to be out of quadrature with the current. 
The apparent resistance of the branch will then be a 
function of the frequency of the poe te | currents 
circulating in the | and Wien’s method (as Wien 
himself points out) will give this apparent resistance 
only. It is therefore unsound to use the method to test 
whether the resistivity of an electrolyte depends upon 
the frequency of the currents to which it is subjected, 
unless it is shown that the effects of leakage through the 
electrolytic condensers can be neglected or allowed for. — 

A particular case was indicated by the authors, in 
which the leakage could be made large or small at will. 
The results for this case had been interpreted by Kriiger, 
without assuming any variation of resistance with fre- 

uency, in a manner which seemed satisfactory to them. 

n order, however, to remove or justify any doubt upon 

the question they have performed test experiments by a 
simple and direct method, which was described. It 
depends upon simultaneous measurement of the voltage 
between the ends of a tube containing the electrolyte and 
of the current passing through it. The former was 
measured by means of an Ayrton-Mather electrostatic 
voltmeter, connected to auxiliary electrodes, and the 
latter by means of a Duddell thermo-galvanometer. _ 

In the cases examined it was found that the resistivity 
of the electrolyte was constant within 0.05 per cent., 
whether steady currents or currents of any mo ¢ up 
to 2300 alternations per second were used. Until the 
instruments were calibrated by means of a metallic resist- 
ance there appeared to be a small difference of about 
1 part in 600 between the resistance as measured by 
continuous currents and the values obtained with alter- 
nating currents. 

Some ry pee experiments were made with 
the object of elucidating the uliar behaviour of the 
instruments which this calibration disclosed. On account 
of the smallness of the effect its cause could not be com- 
pletely ascertained; but the fact that the apparent 
contact potential difference within the voltmeter was a 
function of the applied voltage, decreasing as the latter 
was raised, would cause an effect of the same sign as that 
observed. Unallowed-for leakage, greater with steady 
than with alternating currents, might also provide a 
partial explanation of the results. 

A paper on “‘ The Electrical Conductivity and Fluidity 
of Strong Solutions” was read by Mr. W.S. Tucker. In 
adopting Callendar’s association theory of strong solu- 
tions (Proceedings of the Royal Society, A., vol. lxxx., 
page 466), some difficulty is experienced in getting the 
stro t solutions of electrolytes to conform to the laws 
laid oon. This is attributed to the inaccuracy of the 
ionisation data, which are derived from observations on 
electrical conductivity. It may be supposed that the vis- 
cosity of the solution will affect its conductivity, and the 
author carried out a series of experiments to determine if 
there were any definite relation between conductivity and 
fluidity in the case of calcium chloride solutions. The 
feature of these determinations is the simultaneous obser- 
vation of viscosity, electrolytic resistance, and temperature. 
Solutions are contained in an unsilvered Dewar cylinder, 
which permits a slight adjustment of tem ture if 
necessary. A platinum thermometer records the tem- 
perature, and is caused to oscillate in the solution by a 
stirring mechanism. In so doing it drawsa platinum 
scoop through the liquid and thus acts as an efficient 
stirrer. The conductivity cell and the viscometer are 
bound to the thermometer by rubber bands. While the 
thermometer oscillates, the readings of electrical resistance 
are measured by means of the rotating commutator and 
bridge. The viscometer is in the form of a capillary 
pipette, which is immersed in the solution a Caows 
depth. The levels of the inflowing liquid are indicated 
electrically, and hence the rates of inflow can be accurately 
estimated and compared with that of water. Viscosities 
correct to less than 1 pe: cent. are obtained. 

Isothermal Observations.—Perfectly smooth curves for 
conductivity and fluidity are obtained, even when the 
supercooled melted crystals are included. No definite 
connection between conductivity, fluidity, and conven- 
tration can be derived if the latter is expressed in terms 
of volume; but if concentration is expressed as a ratio 
of lecules of solute to 100 molecules of solvent 
—the ratio conductivity C/fluidity F stands in linear 
relation to the concentration n when the latter exceeds 
one-fourth its maximum value. In spite of the enormous 
variations of the quantities in this ratio C/nF has values 
differing at most only 2 per cent. mean. 

Examination of similar results by Bousfield and Lowry 
or sodium _— gives striking agreement with this 
conclusion. Ho lence of C 





wever, owing to the depend 


and F on linear dimensions, this relation is difficult to 
interpret. 





Variations with Tem .—One solution of nearly 
cryohydric strength was examined at temperatures from 
4u deg. to — 50 deg. Cent. The same tube and apparatus 
were employed, and for lower temperatures liquid air was 
used as a cooling agent. The failure of the fluidity 
temperature and conductivity temperature curves to 
exhibit the same variations was clearly shown. 

Conductivities of various solutions were examined from 
40 deg. Cent. to their freezing points, and the curves C/n 
and temperature plotted. The increasing curvature with 
concentration is shown, and the error involved in apply- 
ing the ratio, molecular conductivity to that at infinite 
dilution, obtained at one temperature, to indicate ionisa- 
tion at another temperature, is quiteapparent. Moreover, 
within the limits of accuracy employed, no indication 
is given of the existence of different hydrates. The 
results obtained above suggest that no reliance can be 
placed on ionisation data derived from electrical con- 
ductivity observations. 








CATALOGUES. 

Locomotives.—From Mr. E. C. Amos, M. I. Mech. E., 
22, Martin’s-lane, Cannon-street, E.C., we have received a 
catalogue of locomotives built by the firm of Messrs. A. 
Borsig, of Tegel, Beriin. Photographs of about a hundred 
engines are reproduced, and general particulars of each 
are given in the English, French, German, and Spanish 
languages; a few examples of electric locomotives are 
included among the number. 


Motor-Car Tyres and Accessories. — Messrs. Oylers, 
Limited, of 35, New Cavendish-street, W., have sent us 
copies of their latest price-lists of motor-car tyres and 
accessories. Four different patterns of covers are listed, 
and each is guaranteed to cover a definite minimum 
mileage. Among the accessories included in the lists are 
moulded-rubber security bolts, inflating-pumps, tyre- 
pressure indicating-gauges, tyre-levers, and accumulators 
suitable for car-lighting. 

Oil- Well Supplies.—The Oil-Well Supply Company, of 
Pittsburg, Pa., U.S.A., whose London address  Leab- 
wood House, 9, New Broad-street, E.C., have sent us a 
copy of a little booklet in which a number of interesting 
photographs of oil-fields, oor stores * map &c., in many 
—_ of the world are reproduced. The company manu- 
acture plant for drilling and boring deep wells for oil, gas, 
and water, supply tubes for all systems of well-boring, 
and also engage workmen to carry out the operations for 
elients. 

Electrical Condensers.—We have received from British 
Insulated and Helsby Cables, Limited, of Helsby, near 
Warrington, two pamphlets relating to their patent con- 
densers for use on power circuits and telephone lines 
respectively. The power-condensersare made in units of 
1 microfarad, for use with pressures up to 550 volts. 
They are used on alternating-current circuits for improv- 
ing the power factor, and also for lighting with metal- 
filament lamps. The methods of employing the con- 
densers for these purposes are explained, and their 
advantages pointed out. 

Steel-Castings.—We have received from Mr. Alfred 
Brown, of Barrow-in-Furness, the representative of the 
Skoda Works, Pilsen, Bohemia, a book containing nume- 
rous illustrations of the works and productions of the 
latter firm. Among their most important products are 
steel castings for shipbuilders and for marine, electrical, 
hydraulic, and general engineers. Castings of any weight 
are supplied rough or machined. The examples illus- 
trated mclude stern-frames, propeller-brackets, rudders, 
propellers, &c., for steamers, plates and columns for 
marine engines, dredger-drums and buckets, large gear- 
wheels, flywheels, turbine-casings, parts of hydraulic 
presses, field-magnets for alternators, locomotive-wheel 
centres, and many other articles. It is mentioned that 
the works are capable of turning out 1000 tons of castings 
in each month. 


Electric Drills and Grinders.—A copy of their illus- 
trated price-list of electric drilling-machines and ena 
has reached us from Messrs. Siemens Brothers Dynamo 
Works, Limited, 38 and 39, Upper Thames-street, E.C. 
Particulars are given of single-speed and two-speed hand- 
drills suitable for drilling holes up to 1,% in. in diameter 
continuously. Portable drilling equipments, comprising 
an electric-motor on a two-wheeled i driving a 
drill-head through a telescopic shaft with universal 
joints, are also listed. Bench-drills and grinding-motors 
for use on lathes or planing-machines are also dealt with, 
full particulars being given in each case. All the 
machines are made to work with either direct or alter- 
nating currents; prices for all accessories and spares are 
stated. 

Drilling-Machines.—A sectional catalogue of their high- 
speed drilling-machines has been issued by Messrs. James 
Archdale and Co., Limited, Manchester Works, Ledsam- 
street, Birmingham, who make a speciality of these 
machines. The catalogue, which is a very creditable 
production, first gives illustrations and full particulars of 
radial drills, the radii of which range from 2 ft. 6 in. to 
7 ft.; all these machines are fit with gear-boxes for 
changing speeds and feeds, and with other devices for facili- 
tating rapid work. Combined sensitive and radial drill- 
ing-machines are next dealt with, two sizes having radii 
of 2 ft. 6 in. and 3 ft. 6 in. being listed ; one of the larger 
machines is fitted with ball- i throughout. Parti- 
culars are also given of special radials for drilling plain 
holes in boiler-plates, girders, &c. A somewhat simpler 
machine can be used for this class of work, since there is 
not so much variation in the diameters of holes, and the 





large range of speeds, and reverse gear for tapping, pro- 
yided in the standard machines, are not required. The 


catalogue also includes a pipe-flange drilling and facing. 
machine, all-geared vertical drills, and sensitive drills, 
It is mentioned that all drilling-machines made by the 
firm are fitted with ball-thrust bearings to drilling. 
spindles, and underfeed worms and helical wheels. 


Architectural Models. — We have received from Mr. 
John B. Thorp, of 98, Gray’s Inn-road, W.C., a nicely 
got-up book, illustrating examples of models of buildings, 
works, estates, &c., he has constructed for exhibitions, 
committees, or law cases. The cost of a model neces. 
sarily varies considerably according to the amount of work 
entailed, and the degree of finish required, but, to give 
an approximate idea, it is mentioned that models of 
villas and small houses cost about 4 per cent. of the 
cost of the building, while for larger houses, public 
ee factories, &c., the percen cost is very much 
less. mong the examples illustra are some interest- 
ing models of Old London, including Old London Bridge, 
Old St. Paul’s, &c. These models, which are being 
permanently exhibited at the London Museum, Ken. 
sington Palace, a r to be very fine examples of the 
art of model making, judging from the pacteongls 
reproduced. 

Engraving Machines.— Messrs. Taylor, Taylor and 
Hobson, Limited, of Stoughton-street Works, Leicester, 
have issued a small booklet illustrating and describing 
their engraving machines, and also stating prices. These 
machines, which were illustrated and described in Ey. 
GINEERING, vol. ]xxi., 665, can be used for cuttin 
lettering and desi either sunk or in relief, on me 
or other materials; they can also be used for cutting 
moulds and dies. In these machines the article to be 
engraved is held on an adjustable table, and is operated 
on by a cutter of suitable size rotating at a high speed 
about a vertical axis. The cutter is carried by a steel 
pantograph, the other end of which is provided with a 
style or pointer which is guided by at over the copy. 

@ pantograph arms ean be adjusted so that the 
engraving may be varied in size from one-third to one- 
sixteenth of that of the copy. It is claimed that the 
work is produced on this machine much more rapidly, 
cheaply, and accurately than by hand engraving, and 
also that it is superior in every way. To give an idea of 
the productiveness of the machine it is mentioned that 
sunk c ters, in. high, are engraved on axle-caps at 
the rate of 200 per hour. The machines are made in 
three patterns, one of which is specially designed for 
operating on large heavy circular articles, such as moulds 
for motor-car tyres. 


Portable Electric Tools. —W e have received from Messrs. 
8. Wolf and Co., of 115, Southwark-street, S.E., a cata- 
logue giving prices and full particulars of the various 
types of portable electric drills, grinding-machines, &c., 
manufactured by them. The catalogue first deals with 
hand or breast drills, which are made for working on direct- 
current, single-phase, or polyphase circuits; both single- 
speed and three-speed drills are made. Heavy-servicedrills 
for drilling, reaming, and tapping-work are next listed. 
The continuous-current and polyphase drills in this section 
are capable of drilling holes up to 2 in. in diameter in 
steel, while the single-phase drills will drill holes up to 
1§ in. in diameter ; accessories and spares for both breast- 
drills and heavy-service drills are listed. The next sec- 
tions of the catalogue deal with portable drills having 
holding-on magnets, and with universal-carriage drills in 
which the motor is mounted on a two-wheeled trolley and 
drives the drill-head through a long-slotted shaft. Drills 
of the latter type for direct and three-phase currents, and 
capable of drilling holes up to 3 in. in diameter, are listed; 
particulars are also given of special carriages for vertical 
work. In the last section of the catalogue particulars are 
given of grinding-machines for attachment to lathes, and 
of the portable-carriage type. Machines of the former 
type are made for internal as well as external work, 
and both types are supplied for direct and three-phase 
currents. 





‘* ELEKTRO-INGENIRUR-K ALENDER.”—We have received 
a copy of this handy pocket-book, the full title of which 
is rol ‘“‘Hirsch-Wilking Elektro-Ingenieur-Kalender, 
which is edited by Messrs. Arthur H. Hirsch and Max 
Barth, both of Berlin, and is issued by the Verlag von 
Oscar Coblentz, also of Berlin, at the price of 2.50 marks. 
It contains a large amount of information on electrical 
machinery, prime-movers, electrical fittings, and so forth, 
for the use of German electrical engineers. 





Spon’s ARCHITECTS’ AND BuiLpERs’ Pocket PRICE- 
Book AND Draky, 1913. Edited by Messrs. C. Young 
and S. M. Brooks. ndon: Messrs. E. and F. N. 
Spon, Limited, 57, Haymarket. [Price 2s. 8d. net and 
post free.]—In common with other price-books, this 
excellent little work has to record increases in prices of 
raw materials and of production, and alterations have 
been made in its figures accordingly. At the same time 
additions have been made to the book in the sections 
devoted to the work of the founder and smith, carpenter, 
joiner, and ironmonger, these being -~ = altogether 
for about twenty pages of new material. Prices have also 
been extended to new matter in other sections, while ® 
new section has been added on charges and fees payable. 
The prices are arranged by trades, to which an index 18 
given at the beginning of the book. A general subject 
index is also provided, but it is unfortunately sandwic 
in between the price-book and the diary section. 
have often drawn attention to the desirability of msking 
the whereabouts of the index of such books of referess® 
very readily recognisable, and we think that perhaps . 
otherwise excellent book is capable of some improvemen! 
in this respect. To be able to put one’s hand at once on 





a good index very greatly enhances the value of 4 
reference-book. 
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ELECTRICAL APPARATUS. 


6987/12. A. C. Cossor, Limited, and H. J. Stenning, 
London. Electric Condenser. (3 Figs.) March 21, 
1912.—This invention relates to a new and improved variable con- 
denser, one of the objects being to prod such a d of 
large total capacity, small size and weight, as shall be capable of 

viding a continuous variation of capacity between its limite. 
Be invention consists primarily of adrum ordrums on to which 
alternate layers of conducting material and insulating material 
are wound and unwound. A central drum O, Fig. 1, is made to 
rotate by means of a handle H. Four bobbins A!, B!, A%, B2 
(see Fig. 2, which is a view of the underside of Fig. 1, certain 
being removed), so arran that alternate bobbins are 
wound with strips of conducting material X and insulating 
material Y respectively, are made to revolve at approximately the 
same surface speed as the drum C by means of gear-wheels. One 















































of the ends of the material wound on each of the four bobbins 
is attached, in the order of their positions, to the drum O, 
whilst the other ends are attached to the bobbi bobbi 
wound with conducting material are of metal, and are used to 
lead the current into the condenser from theterminals. A spring 
P, Fig. 3, which is attached to the tube O and the bobbin A! keeps 
the strip of material attached to it taut, and, as the bobbin can 
rotate on the tube O, allows for the variations in the effective 
diameters of the drum and bobbin, as the strip is wound from 
one of the other. When the drum C is rotated in an anti-clockwise 
direction, Fig. 2, through an angle of, roughly, 180 deg., a con- 
denser will be formed, and on continuing to rotate the drum C 
in the same direction, the capacity will be increased. If the 
drum is now rotated in the opposite direction, the capacity will 
be reduced. (Accepted De 18, 1912.) 





28,913/11. R. Rankin and the Chloride Electrical 
Storage Com: y, Limited, Pendlebury. r- 
Battery Plant. [3 Figs.] December 22, 1911.—This invention 


relates to the means employed for controlling booster-battery 
plant of the type in which external automatic devices are utilised 
for regulating the booster field. In such arrangements of a. 
the booster is excited from the regulator or from an exciter having 
its field controlled by the said regulator, the booster field being 
excited from the exciter armature. In the latter case the size of 
the exciter (which is usually designed to give a multiple excitin, 
effect, so as to ensure quick alteration of the booster field) a 
the capacity of the regulator increase rapidly with an increase 
in the size of the booster. The invention comprises the provision, 
in electric regulating or equalising apparatus, of an automatic 
regulator in combination with a variable-voltage reversible exciter 
arranged in series with, and so as to act as, a starting agent or 
booster in a field, the variation of which is the cause of the 
equalising action. In a booster-battery plant the field is that of 
the booster, whilst in a fly-wheel plant the field is that of the 
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driving motor. In the erry illustrated, the armature a of 
€xciter and the field 6 of the booster are in series with one 

+ oad between the main c from the battery and the main d from 
generatore, between which points the booster armature fis con- 
re For the best results, the booster field b should be di ed 
give on the booster armature f a voltage equal to the vo! age 

its own terminals, so that the energy for the excitation of 
field is supplied by the battery g or the main generati 

te, instead of wholly by the exciter, as at present woul 

hs + reer thus serves merely as a starting agent or booster, and 
api to give a multiple effect whenever a change in the 
booster field ls 'y for curr Mei To 
n such effect, and to prevent the occurrence of varia- 
zethe current to be equalised, the applicants provide for the | 
_ ion and control of the exciter field A from the external | 
tomatic regulator i, which is responsive to small variations in 
> = wari _With the aforesaid arrangement the battery is 
charging or discharging in such a way as to keep the 
Senerator load from varying further than the small amount neces- 








sary to commence the equalising action. q is a means for driving 
the booster f and exciter a. (Accepted December 18, 1912.) 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 
27,073/11._ Albion Motor-Car Company, Limi 
and T. B. Murray, Sco’ Carburettors. 
December 4, 1911.—This invention relates to the t 
burrettor in which the gas and air valves are arran in series 
—that is to say, the “~~ at all times of effective area greater 
than the air-valve is the ultimate control of both gas and air to 
the engine, while the air-valve controls the supply of air reaching 
the mixing-chamber, the outlet from which is controlled by the 
gas-valve, the gas being a constant mixture not controllable while 
the carburettor is in operation. The air-valve admits air to the 
mixing-chamber, the discharge of mixture from which to the 
induction-pipe is controlled by the gas-valve. The valve, accord- 
ing to this invention, is of mushroom or tappet type, and com- 
ses essentially the valve-body coacting with two seate—the 
esser seat controlling air, while the greater controls gas. The 
gas-valve A and the air-valve proper B are on one stem or body O, 
and are of the mushroom form. At the upper end of the integer 
is formed a guide-piston C! moving in a chamber D, between the 
cover of which and the piston is a spring tending to keep the 
valves on their seats, There is a A' from the usual 


gas- 
jacketed vapourising chamber A2, in which is the petrol-jet sur- 
rounded by a choke-tube A‘. 


The outlet from this gas-passage A} 

















to a mixture- E, whence the mixture passes to the engine. 
is controlled oS the gas-valve A. Beneath the gas-passage A! is an 
air- e B!. Outlet from this air-passage to the mpm Al 
is controlled by the air-valve proper B. Inlet to the Bl 
is controlled by the speed air-valve F, which is normally kept 
on its seat by a spring acting between it and a cap in a chamber 
F3, to which air has free access. Centrally within the mushroom 

as-and-air-valve in r isa pilot-valve G. The gas-and-air-valve 
integer, the d air-valve F, and the pilot-valve G are all 
operated by the now well-knqwn hand-governor floating-lever 
control, which, in the present instance, consists of a three-armed 
lever pivoted on the casing, one arm H operated by a rod H! from 
the governor or other speed device, a second arm mee 
roller H® engaging the spindle of the speed air-valve F (thus t 
valve is operated directly by the governor), and the third arm 
connected to one end of a floating lever J and other end of which 
is connected by a link J! to a hand-lever J? adjustable around a 
quadrant. A roller on the lever J en the spindle of the 

ilot-valve G and also the stem © of the air-and-gas integer—the 
hret upward movement of the roller, owing to the slightly ater 
this spindle the 
t then raising stem C 


first raisin; 





length of the pilot-valve spindle, 
necessary t, and t dm 
and pilot-valve spindle together. (Accepted December 11, 1912.) 


1429/12. Albion Motor-Car Company, Limited, and 
T. B. Murray, tstoun. Internal - Combustion 
es. [4 8.) January 18, 1912.—The invention relates 
to that type of internal-combustion engine in which the valves are 
of simpie trunk piston form, uncovering the ports they control at 
the ends of their strokes in one direction. According to this 
invention, means for operating the valves comprise a crank or 
equivalent rotatory shaft axially parallel with the engine crank- 
shaft and connecting-rods forming direct operative t 
between the cranks or equivalents and the piston-valves. Liners 
A, B in the head of the main cylinder C form the valve cylinders. 








They are 


axially 
metrically di 


parallel with the main cylinder, and are dia- 
d to one ther, and equidistant from the axis 





rotation of cran . In the liner cylinders A, B are 





tively annular series of inlet and exhaust ports communi- 
with inlet and exhaust passages G, H in the main cylinder- 
the liner cylinders A, B are trunk piston-valves 


head. Within 

J, K provided with usual piston- the inner ends of which 
control the ports in the liners A, B. The inlet and exhaust trunk 
piston-valves J, K are, in this instance, ted from a 
common cranked valve-shaft L by connecting- The valve- 
shaft L is carried in bearings formed for it, half in the lower half 


of the main cylinder. They lie in ‘planes nclined to the plane of | shaft 


R, and half in the — half 8, of a valve-shaft casing secured 
upon the main cylinder heads. The valve-shaft L is driven by 
2 to 1 chain-gearing from the crank-shaft D. It is at once 
apparent that the whole of the combustion-chamber may be 
machined. Moreover, removal of the piston-valves gives very 
convenient access to the whole of the piston-head for the removal 


aa deposits or other operation. (Accepted December 18, 
912.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


715512. H, M. Sepene, hier, and Peto one 
Radford, Limited, London. ve Engagemen 
Clutches. [1 Fig.) March 28, 1912.—This invention relates to 


clutches of the ive-engagement type, and it consists of a con- 
struction, hereinafter particularly described, specially adapted 
for bringing into operation the dynamos employed on mechani- 
cally-propelled motor road-vehicles or boats for producing electric 
current for lighting same, the objects being to reduce the weight 
to a minimum, and to obtain absolute silence in actiou. The 
ae shaft @ is arranged in axial alignment with the armature 
shaft 6 of the dynamo, and kept in alignment by means of a ball 
or other suitable bearing carried by and between the two shafts 
a and b, the bearing preferably being of such a construction as 
will allow a limi relative universal movement between the 
shafts. On the end of the driving shaft a, in juxtaposition to the 
end of the armature shaft b, is mounted a disc d of a saucer or 
equivalent shape, over the hollow face of which is fixed a flexible 
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disc ¢ of leather or other material. In the disc ¢ are a number of 
holes f, which are spaced at equal distances apart and from the 
centre of the shaft. On the adjacent end of the armature shaft ) 
is a disc A or its equivalent, in which are holes in a similar 
manner to the holes f. Behind the disc h, on the armature shaft 
of the dynamo, is a sliding disc m, which carries two pins p, which 
slide in the holes in the disc h on the armature shaft, and are 
adapted to sneage the holes / in the flexible disc ¢ carried by the 
driving shaft. Suitable mechanism, such as a striking fork n, 
adapted to en the boss of the disc m by means of a ball 
bearing is provided for imparting a’ sliding motion to the disc, so 
as to bring the pins p into or out of engagement with the holes / 
in the flexible disc e. The ends of the pins p, adapted to engage 
with the holes / in the flexible disc ¢, are preferably provided with 
shallow circumferential grooves for the edges of the holes to 
en, with. Springs may be employed between the disc h and 
the sliding disc m, to assist in discharging the pins p from the 
holes f. (Accepted December 11, 1912.) 


983/12. Societe Amenpye des Anciens Etablisse- 
anhard and Levasso 





ments r, France, 
Variable-S; Mechanism. [5 Figs.) March 24, 1911.— 
This invention relates to hanism fo ting variable 


r Op 
or reversing gearing of the kind which is connected up with the 
operating lever in such a manner that the operation of said lever 
first. effects the unclutching of the gearing and then the changing 
of the gear ratio, and subsequently the clutching, by one move- 
ment of a lever. In accordance with the present invention, a 
toggle connection is provided between an extension of the operat- 
ing lever and aclutch-operating member, and means also connected 
with the operating lever are provided for altering the gear ratio 
and — same in position after the — has been effected. 
The following description of the invention relates to its applica- 
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tion to the reversal of the direction of rotation of the lier of 

a motor-boat. 1 is th ti ever ted ly wu 





e U4 

the sleeve of a lever 11. It carries a bent lever 7. By 
the lever 1 forward, the bent lever is caused to rotate around the 
18, and, by the intermediary of the rod 8, depresses the 
toggle p= wey the parts 9 and 10: as the pivot of the 

9 is fixed, the 10 the lever 11 rearwards, and this 
ver causes the unclutching fork which is keyed upon the same 
shaft 13 to participate in ite rotation around eame; the fork 12 
bears u) the stop of the clutch and I= unclutches 
the A connected with the motor by a clutch of any 
The lever 11 will reach ite rear limit when the 





cpqregeate type. 
in end 80 ave te lino one with tho ether: at this moment, as 
the lever 1 continues its displacement, the lever 11 and the fork 12 
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will in move forwards, and at the end of their travel the fork 
12 will have returned to its initial position, and the shaft A will 
again be rigidly connected with the motor. In order that the gears 
may always be shifted during the portion of the travel of the lever 
1 corresponding to complete unclutching, the fork 4 which serves 
to d the sli train is conn with the lever 1 in the 
follo manner :—The rod 2 fixed to the lever 1 di t 
rod 8, which slides freely in its guides, but without displacing 
the fork 4 which is locked by the bolt 5 housed in a recess in the 
plate 19. When the lever 1 has described a certain angle corre- 

ding to complete unclutching, the extremity of the recess in 
the rod # bas encountered the t 6; at the same time the recess 
in the rod 8 is located above the bolt 5, enabling the latter to 
leave its recess and to release the fork 4 ; this fork, which at this 
moment is integral with the rod 3, by the intermediary of the 
bolt 6, moves forward, carrying with it the train of gear-wheels. 
Slightly before the lever 1 reaches ite forward position, and as 
soon as the clutching tends to take place, the bolt 6 enters a 
recess in the = 19 and locks the fork 4, and consequently the 
sliding train reached the desired tion. As the movement 
of the -wheels is entirely finished, engagement of the clutch 
will take place progressively, as indica above, by pushing the 
lever 1 to the end of its stroke; by operating the lever from front 
to rear the same operations will be reprod inversely. 
(Accepted December 12, 1912.) 

27,193/11. A. Herbert, Kenilworth, and P. V. 
Vv Coventry. Machine-Tools. (4 Fiys.) Decem- 
ber 5, 1911.—This invention relates to means for rotating the 
shafte of machine-tools by hand, particularly where the shaft ‘s 
also at times rotated by power, as in the case of milling-machines 
&c. To enable delicate adjustments of the shafts to be obtained 
it is desirable that a hand-wheel be fitted to the shaft, and for 
quick winding acrank with a handle is preferable. This invention 
comprises the combination with a hand-wheel fixed to a revolving 
shaft, of a crank loose on the shaft and carrying a grip portion 
which is adapted to be en with the rim of the hand-wheel, 
but is normally held out of engagement by a spring within the 
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grij rtion. To the shaft A is fixed a hand-wheel B, the rim of 
which is provided with a number of notches or holes O. On the 
shaft is loosely mounted a crank E, the outer end of which carries 
a handle F which can be caused to engage with the notches in the 
rim of the hand-wheel by the actuation of any suitable catch 
nst alight spring. For instance, there may be a sliding pin 
contained within the handle-grip, and pushed into place when 
the handle-grip is slid towards the crank. It will be seen that 
directly the p 18 released the catch becomes disengaged, and 
the handle is freed from the wheel, which may continue to revolve 
or not, The wheel is always ready for operation to engage for 
minute adjustments, and the effort required by the operator is 
very small. (Accepted December 11, 191%.) 


RAILWAYS AND TRAMWAYS. 

27,275/11. The Westinghouse Brake Company, 
Limite, and H. G. Brown, London. 5 ling 
Apparatus. (2 Figs.) December 5, 1911.—This inveistion 
relates to signalling apparatus of the kind in which the signal 
indications are conwelied by an electric current which is alter- 
in character, and more particularly 
adapted for use alling devices comprising two or more 
lampe preferably of different colours, or arranged behind dif- 
ferently coloured screens or lenses, the change in the signalling 


indication being effected by supplying one or other of the lam 
or sets of lompe with electric current derived from any suitable 


nating or pulsato 
iz P with 


source, According to the present invention, one or other of the | iq 


lamps or other indicating devices of the ing a) us, pre- 
ferably that required to give a “ Seager” “indlostion’ 

to be permanently connected in circuit with a source of alter- 
nating or pulsatory current, this circuit also including one circuit 
of a controlling device, another circuit of which is so inductively 
related to the first circuit that when supplied with current from 
the same or some other suitable source the action of the first 


LN 








it 
, 7 
(e7278) ih, 


circuit of the controlling device, as regards itting current 
to pass through the nent or other indicating Soceen of ee 

ratus, is neutralised or otherwise ered ineffective. The 
current traversing the second circuit of the controlling device 
may. also, if desired, be to traverse the other lamp or 
indicating device of the a) 
indication 

















. A signalling p adopted to emit a red light so as 
to give a “danger” i ion, as indicated at 1, and a similar 
Jamp adapted to emit a light is indicated at 2. The lam 
land 2 are arran supplied with current from the 


secondary windi of a 
winding of Which fe conn 
nating current. The red signalling lamp 1 is 
to two suitable points in the transformer secondary winding 
in series with the winding of a transformer 7 con- 
stituting the controlling de of the apparatus. The 
winding of the controller 7 is connected in 
signalling-lamp 2 to of 


he | the relay 10, thereby main 


—= 





contacts of a relay device 10 of any well-known type adapted to 


be from a track signalling-circuit 11 arranged in the 
manner. The operation of this form of is as 
follows :—-When the block section of the track to which the 
signalling-lamps 1 and 2 correspond is not occupied by a vehicle 
or train, ing current traversing the track circuit 11 energises 
taining the relay contacts closed, the 
presence of a train or vehicle in the block section in question 
causing the relay 10 to be de-energised, and allowing the contacts 
toopen. Under the latter conditions the red si ling-lamp 1 is 
supplied with current from the portion of the secondary winding 
of the supply transformer 4, across which it is connected, the 
circuit through the primary winding of the controlling device 7 
being broken at the relay contacts. The current supplied from the 
secondary winding of the transformer 4 will thus cause the lamp 1 
to be illuminated, giving a “danger ” signal indication. Assoon, 
ver, ag the train or vehicle has passed out of the block 
section the relay 10 will be energised so as to close the circuit 
through the n signalling-lamp 2 and the primary winding 
of the controlling transformer 7. The latter is so designed 
that under these circumstances the electromotive force induced 
in the winding due to the current traversing the 
nem winding will be equal and opposite to the electromotive 
lorce between those points in the secondary — of the con- 
i ee | transformer 4 to which the current containing the red 
signalling lamp 1 is connected. There will thus be impressed on 
this circuit two equal and opposite elect tive forces—namely, 
one due to the transformer 4 and the other due to the eontrolling 
transformer 7, so that no current will traverse the secon 
winding of the latter, and the red signalling lamp 1 will conse- 
prow d remain unilluminated ; the green signalling lamp 2, on 
e other hand, being traversed by the current on its own circuit, 
will be illuminated and give a corresponding signal indication. 
(Accepted December 11, 1912.) 


SHIPS AND NAUTICAL APPLIANCES. 


5964/12. Kelvin and James White, Limited, and 
M. B. Fie Glasgow. Sounding-Tubes. [7 Figs.) 
March 9, 1912.—This invention relates to sounding-tubes—1.c., 
tubes used for navigational a has special reference 
to that class of sounding-tubes which are coated with a chemical 
pocpenesien. The invention has for its object to provide a means 
lor sealing the end of the tube in suchwise that it can be readily 
opened when uired for use without altering the length of the 
tube, and in such manner that the tube can be reprepared and 
resealed as many times as may be desired. To this end, the 
sounding-tube is prepared of a definite length, closed at the —— 
end and open at the lower end. A destructible or removable 
metallic cup or ferrule is then fitted and cemented to the lower 
end of such a nature that the head of the cap or ferrule can be 
readily cut or stripped off, or perforated, or otherwise sufficiently 
opened when the tube is required for use. After use the whole 
metallic ferrule at the lower end can be removed, the tube re- 
prepared, and again sealed by a new ferrule or cap as before. 





There are, obviously, various ways of making and fitting such 
metallic ferrules or caps. For instance, such a cap may be 

ched out of thin sheet-copper, and may be provided, as shown 
n Fig. 1, with a circumferential corrugation or indentation A. 
This cap may be slipped on the lower end of the sounding-tube B 
until the circumferential indentation abuts against the end of the 
tube, and the cap may be ted in this positi It is evident 
that the top D of the cap can be readily cut off when required by 
a sailor's knife being passed round the corrugation A, the open 
sounding-tube being left of a perfectly definite and known length ; 
or the cap may be removed by means of a pair of flat-nosed pliers 
having V-shaped recesses in their faces to grip the corrugated 
pee of the cap. Alternatively, as shown in Figs. 2 and 3, a cap 

may be attached to an open-ended ferrule F by means of a soft 
solder, or thay be electroplated thereto, there being a slight pro- 
ore lug from the cap itself, so that this may be gripped 
by wera e fi 





nger and thumb, and the head of the cap torn off. 
11, 1912.) 


27,661/11. G. W. Heath, Grayseré. Ships’ Binnacles. 
{3 Figs.) December 9, 1911.—This invention relates to improve- 
ments in means and devices for supporting and regulating the 
compass-bowls of ships’ binnacles, by the employment of which 

ter steadiness and control of the movements of such bowls 
is ensured, and their position regulated with greater ease and 
accuracy than heretofore. In accordance with the present inven- 
tion, the gimbal-ring of the compass-bowl is supported at each 
le thereof on a divided helical spring ted to a bracket 
fitting attached to the side of the binnacle bowl, somewhat in 
the manner described and illustrated in Specification No. 15,882, 
of 1906 ; but in order to obtain r steadiness of the compass 
bowl, a right-handed helical Slerioe employed on one side of the 
point of support, and a left-handed helical spring on the other side 
thereof. And in order still further to regulate the movements of 












Hil fadxwee aint i 
WIA SAE y 





ASS 








the springs and also of the compass-bowl, the inner ad nt ends 
of the he! springs may be coupled by a link, whieh is iteelf 
connected by a screwed eye-bolt and adjustment nut to the 
central portion of a bowed blade spring, which spring spans the 
space between the two bosses or sockets of the bracket fitti 
ter ends of the helical ngs are eccnneshed 
rests with its outer ends on the top of such bosses or sockets, 
receives the knife-edge, — or projection of 
the compass-bowl, and’ which is connected by 
inner bent-over ends of the two 
the bosses 


ts of the com bow] the inner ends of the springs ¢, ¢ 

may be united by a link h engaging with two rings and connected 
centrally by a screwed eye-bolt j and regulating-nut with a bowed 
blade spring m, the outer slotted ends of which are connected by 
the screws to the or sockets f or other supports. By the 
adjustment of the regulating-nut the blade spring 1 may be com. 
pressed to a greater or lesser extent, the action of the helicaj 
a ¢, e* is thereby rendered more steady and regular, and 
 compass-bowl brought to a state of rest in less time thay 
heretofore. The or sockets / are united by a bracket 
fitting or flange, which is clam between a housing fixed to the 
top of the binnacle-bowl 12 a clamping-plate r by means of 
screwed studs which pass through slotted holes in the flange and 
ave furnished with clamping-nuts. (Accepted December 18, 1919) 
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27 A. Bolton, Manchester. Superheaters 
{4 Figs.) December 12, 1911.—This invention tes oom 
superheaters of the Field-tube type, and comprises the combing. 
tion with a jointless header, of diagonally-disposed diaphragms or 
division-plates and cover-plates upon the header for allowing of 
ready access to the superheater tu Each header or box g is 
formed from a pipe or tube of suitable dimensions which has 
been rolled or otherwise worked up to a rectangular formation, 
Within the o<- pipe or tube, one or more diaphragm 
b are , the plates serving to receive and support the ends 
of the inner or smaller tubes c forming part of the Eacue Field. 
tube combination. The outer or larger elements d of the latter 
are secured into the lower side of the finished pipe or tube g 
forming the header. The diaphragm plates b are di y 
dis; therein, the steain entering at one side of the diaphragm 
and leaving at the other side of the latter after passing th: 
the superheater tubes. In the illustrated arrangement, 


S22 on 


: nl 
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steam 
elements or 


in succession through a number of superheati 
‘oups of superheating tubes, the diaph 
Lee | to direct the steam in its e through the 
header. The arrangement of a series of inclined diaphragms 
ensures that no difficulty shall arise due to differences of expan- 
sion between the various diaphragms » and the header a. If 
desired, several superheaters may be employed connected by 
pipes. The inlet to and exit from each header a may be pro- 
ed on the end faces of the latter, or they may be both pro- 
vided on the upper side thereof as shown, or one on the upper 
and one on the end face. If the ends of the headers are not 
utilised for the inlet and outlet connections, they may be closed 
by welding caps thereon, or by riveting or otherwise securing a 
closure-piece thereon. To provide for ready access to the tube. 
like headers, a series of caps or covers¢ are secured in or upon 
the upper side of the header. Each cap may serve to cover the 
sorz) agroup of superheater tubes. (Accepted December 11, 


27,432/11. Caddy and Co. (Nottingham), Limited, 
. G. Daybrook. Furnaces. (2 Figs.) 
December 7, 1911.—This invention relates to steam-generator and 
like furnaces. According to the present invention, the fire-bridge 
is constructed with a sloping front A, which is carried up from 
the level of the fire-bars D to the requisite height, and a vertical 
back-plate C which extends from the top of the front A which it 
serves to support, down to the bottom of the ash-pit. This back- 
oy C may be connected by brackets L to the back bearer-bar J. 
 bridge-front A is provided with a series of air-passages B 
running from the bottom to the top thereof, and these passages B 
gy in number to, and are connected to, those in the fire- 
bars D (see Fig. 1), so that the air which passes — the 
latter, subsequently passes through and is delivered at the top 
of the bridge. The bridge-front A may be constructed in sections, 
and, in order to support them, they are each provided at the 
back with « hook which drops on to the upper edge of the 
back-plate O, or as shown, on to the upper edge of a forwardly- 
projecting rib or extension on the back-plate. In the latter case 
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the parts described are so disposed that a space is left between 
the top of the bridge-front A and the = part of the 
back- C, and air may be admitted into space through 
gaps or openings formed in the back-plate C just above the rib or 
extension. The lower end of each air-passage B is placed in 4 
munication with the air-passage in the corresponding fire-bar D, 





whilst their ends run out at the top of the bridge into the 
space prev bed between the top of the bridge-froat be 
and the upper part of its back C, and the air then passes = 
this nine G in the of the back-plate ©. 
The air which rough the fire-bars D is carried up through 

e bridge-front A, and is 5 
delivered 4 the openings G at the top of the back-plate ©, 
where it can with the prod stion and effect 
more perfect combustion of smoke. At the same time air can 


of the or openings in 

the back-plate C into the spaces previously Slerred to nw 4 
the oy ey A and back-plate Or where it mixes with the 

rough the fire-bars and bridge-front before passing out 








gee the terminals of the 
winding of the transformer 4, this latter circuit also including the 


of the said again by way of the openings G. (Accepted 
tan) y way ope 
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"THE UNSINKABILITY ‘OF MODERN 
SEA-GOING SHIPS. 
By GEHEIMER RecrerunesRat Professor FLAMn, 
Charlottenburg. 

In the great maritime countries committees have 
recently been appointed to deliberate upon a re- 
vision of the rules: relating to the arrangements 

dooney 





The one is that of laying down _hard-and-fast 
rules for the spacing of bulkheads admissible 
in passenger steamers. These rules are embodied 
in the printed bulkhead curves, which have been 
framed on the model of those suggested by the 
British Bulkhead Committee of 1890, but they do 
not take into account the question of stability. 
The other course, often taken by shipbuilders in 
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on the basis of properly-chosen deduction give ‘a 
guarantee against the foundering of a vessel in the 
upright position. As far as this is concerned, 
suitable bulkhead curves may be used. It is also 
well known, however, that these bulkhead curves 
by their nature do not take any account of the 
stability of the vessel when she is open to the sea. 
On the contrary, the ordinate of the bulkhead 
curve increases very considerably with the height 
of the bulkhead deck above the water-line. e 

uestion should therefore be asked, in what way 

ese factors, which are just as important for the 
safety of ships, can or shall be taken into con- 
sideration in the framing of the rules? If, at the 
outset, the initial stability is taken to. satisfy the 
requirements of safety, one must determine in 
which way a detrimental effect is produced upon it 
by the entrance of water through a hole in the 
skin. One must further distinguish, at this point, 
between the rising of the centre of buoyancy and 
the falling of the metacentre, measuring the dis- 
tance of the two points from the centre of gravity 
of the whole ship. 

Generally speaking, the most dangerous effect on 
the stability results from a leak in the broadest 
part of the vessel. If the skin be pierced in that 
place, the ship is more deeply immersed in pro 
portion to the displacement lost by the entrance 
of water, and the centre of buoyancy moves up- 
wards, approaching the centre of gravity. At the 
same time, however, part of the area of the water- 
line and consequently part of its moment of inertia 
about a longitudinal axis are lost, the distance of 
the metacentre from the centre of buoyancy being 
thereby diminished. The deciding factors in these 
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devised for the safety of sea-going ships, and 
especially of those bearing upon the subdivision of 
the hull by means of bulkheads, It is the aim of 
such committees to draw up proposals that may meet 
with general acceptance at an International Con- 
ference to be held shortly. 

Modern shipbuilders and shipowners often go far 
beyond the existing tions in their new vessels 
48 regards the subdivision of the hull by means 


of bulkheads, Thereby very safe ships are built | these 


and employed, but it nev 
visable to fix, if ible, by an international con- 
vention, legal limite for the ing. of bulkheads, 
which may not be Two courses have 
hitherto been taken in order to find such limite, or 
to determine whether the arrangement of bulk- 
heads adopted in 9 design is justifiable or not. 


ertheless, ad- 





their own interest as well as in that of the ship- 
owners, is that of establishing by individual caleu- | 
lation the floating power and the stability of their | 
vessels when compartments of critical dimensions 
are assumed to be open to the sea. 

In the first case, definite percentages of deductions 
evenly distributed over the whole space of the engine 
and boiler-rooms, cargo-holds, and end compart- 
ments are prescribed ; whereas in the second instance 

percentages are examined individually as to 

their amount and their situation within the damaged 
compartments. It is thus of interest to discuss the 
question, which of these two methods of treatment 
is the more appropriate one, and to determine how 
far one may in the first direction, and at 
which point the second must be taken. | 
We know that bulkhead curves properly set off | 








two phenomena are, of course, the size and the 
situation of the displacing volumes, liable to deduc- 
tion, within the damaged com ent. If they 
are completely immersed, so t there is a free 
surface of water in the hold, the metacentric 
height diminishes very considerably with increasing 
deductions. If they are, on the other hand, evenly 
distributed over the whole section of the ship, a 
diminution of the stability also takes place with 
increasing deductions; but this diminution is not 
so considerable as in the first case. Hence it 
follows that it is imperative to determine indi- 
vidually for a given ship the actual situation and 
the amount of the deductions and to take them 
into account as far as possible. : 
The length to draught and length to breadth ratios 
also haye a decisive influence on the stability of a 
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maged smaller the greater th . Th d the | diagrams of Fig. 3 all th ust hrough 
4 — the waberttine that aro lodl'in the point eet of for the initial stability of the intact 


v be en ships recently built are 
marked by the limitation that is placed upon their 
draught the depth of water in harbours and 
channels. This draught nearly always lies at 32.8 ft. 
(10 m.). If, therefore, an advance in the size of 
vessels is desired, only the length and the breadth 
may be increased, the draugiat remaining stationary, 
as is shown in the diagram, Fig. 1, on page 215. 
For this reason the di ent that is lost, when 
compartments of equal are filled with water, 
is in a small vessel of far greater importance than 
in a large one as compared with the total displace- 
ment ; in the former the immersion and the rise of 
the centre of buoyancy are thus greater than in the 
latter. On the other hand, the loss in the moment 
of inertia of the water-line area about a longitudinal 
axis produces a considerably greater effect in the 
large ship than in the small one. The result of 
this is that the stability of a vessel diminishes with 
increasing length to draught and length to breadth 
ratios when compartments of equal length are 
flooded. It will easily be understood that the size 
and the situation of the volumes deducted have a 
decisive influence, as already stated. 

Figs. 2 and 3 show, in diagrams, the metacentric 
heights M G of prismatic bodies with a coefficient of 
fineness for the displacement of 0.75, having lengths 
of 492 ft. (150 m.), 656 ft. (200 m.), 820 ft. (250 m.), 
and 984 ft. (300 m.) respectively, a length to 
breadth ratio of 10, and a draught of 32.8ft. (10m. ). 
The metacentric heights have been calculated and 
set off for deductions ranging from 0 per cent. to 
100 per cent. 

In Fig. 2 the assumption has been made that the 
volume of the deductions is completely immersed, 
so that there is a free surface of water in the 
hold. In Fig. 3 they are supposed to be evenly 
distributed over the whole section, thus pene- 
trating the water-line of the damaged compartment 
and interfering with its movements. The ordinates 
of the curves in all cases show the values for the 
metacentric heights M G grouped together for 
lengths of flooded compartments of 65.6 ft. 
(20 m.), 131.2 ft. (40 m.), and 196.8 ft. (60 m.) 
respectively. Metacentric heights of 2.3 ft. (700 
mm.) and 1.64 ft. (500 mm.) respectively in the 
intact condition have been assumed for all the 
bodies. (Stroke-dot line.) The following conclu- 
sions result from the diagrams of Fig. 2:— 

1. For deductions ranging from 0 per cent. to 
26 per cent. the initial stability increases with the 
length of the flooded compartment in the case of 
the bodies of lengths of 492 ft (150 m.), 656 ft. 
(200 m.), and 820 ft. (250 m.) respectively; it 
diminishes for that of a length of 984 ft. (300 m). 
If a deduction of 50 per cent. is made, the initial 
stability of the bodies of lengths of 492 ft. 
(150 m.) and 656 ft. (200 m.) becomes greater 
when the length of the flooded compartment 
increases. The stability diminishes for all the 
others. At a deduction of 75 per cent. the increase 
of the initial stability in proportion to the length 
of the flooded compartment is restricted to the 
body of a length of 492 ft. (150 m.), whereas the 
reverse takes place in all the larger bodies. The 

int at which the metacentric height begins to 

r an indirect proportion to the length of the 
compartment filled with water thus moves towards 
the smaller percentages of deduction, while the 
size of the body increases. 

2. Within each curve for a given length of bilged 
compartment the metacentric heights Senjaldennihy 
diminish the increasing percentages of deductions, 
and soon attain negative values. 

3 The metacentric heights greatly diminish when 
the length and the breadth of the bodies is increased. 
They are at their smallest in the case of the largest 


y. 

4. A breadth great in proportion to the length of 
a body produces a detrimental effect on the stability 
when its side has jbeen pierced, a fact which is 
demonstrated by a comparison of the last two dia- 
grams of Fig. 2.. The first of these diagrams shows 
the values attained for a body of the principal 
dimensions of L = 984 ft. (300 m.), B = 98.4 ft. 
(30 m.), L.: B thus being = 10, the second with one 
of the dimensions of L = 984 ft. (300 m.) and 
B = 123 ft. (37.5 m.), with L:B = 8. The meta- 
centric heights of the latter attain great negative 
values, even if the flooded compartment is only 
small, a fact which shows that such a body is 


of damaged compartment. the metacentric heights 
diminish with increasing deductions for all bodies 
up to a length of 820 ft. (250 m.), after which they 


draught remaini 
breadth of the 


kept constant, may produce an unfavourable effect 
on the metacentrie heights which, in the case of 
the body with the 1 to breadth ratio of 8, as, 


moment of inertia of the water-line that are lost in 
a bi compartment are the smaller the greater 
the uctions. 

The values for the metacentric heights con- 
cerned have been plotted for the different: bodies in 
the diagrams of Fig. 3. They show the following 
characteristic features :— 

1. As in Fig. 2, the metacentric height becomes 
greater for the bodies of lengths of 492 ft. (150 m.), 
656 ft. (200 m.), and 820 ft. (250 m.), when the 
length of the bilged compartment increases. It 
diminishes in the case of the body of 984 ft. (300 m.). 
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vessel—in this case an MG of 2.3 ft. (700 mm.) 
and 1 64 ft. (500 mm.), whereas those of Fig. 2 do 
not, The explanation of the phenomena discussed 
above will readily be found in the rise of the centre 
of buoyancy in co uence of the deeper immer. 
sion of the ship when she is laid open to the sea, and 
also in the reduction of the area and the transverse 
moment of inertia of her water-line in that condition, 

In order to make clear how the factors concerned 
work out in detail, all the corresponding values for 
the body of the length of 984 ft. (300 m ), the 
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2. Within each curve set off for a given length | 


in to rise again. 

. The metacentric heights become smaller if, the 
the same, the length and the 

ies are increased. 

4. An increase in the breadth, the length being 





seriously endangered by damage amidships. If, on | shown in the last di of Fig. 3, do not attain 
the other hand, the uctions are evenly distri-| positive values until the deductions have been 
buted over the section of the flooded hold, a parallel | greatly in | 





immersion also takes place. It is, however, the 





Tt will not be necessary to explain why in the 


3273-6. 


breadth of 98.4 ft, (30 m.), and the draught of 
32.8 ft. (10 m.) have been set off in Fig. 4, on the 
assumption that the deductions are situated below 
the surface of the water within the hold. In 
Fig. 5 the same values may be found for the body 
of L = 984 ft. (300 m.), B — 193 ft. (37.5. m.), 
and draught = 32.8 ft. (10 m.), whereas in Figs. 6 
and 7 the deductions evenly distributed over the 
sections of the same body have been set off. 

The scale to which each of the curves has been 
drawn will be found on the side of the figure. 
It follows, at all events from these investigations, 
that a careful determination of the stability, 10 4 
damaged condition, of our large modern ships, 
required, and should be carried out for each par 
tieular vessel. It is equally clear, upon a considera- 





tion | 
of the 


in Fig 
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tion of the facts, that the water-tight subdivision | are supposed to be flooded. The side bunkers were 
of these ships, if it is based on the existing bulkhead | to have remained intact, and a deduction of 32 per 


deductions should be made and general conditions 
be assumed, such as can be rded as normal for 


curves, is worthless. How far this goes is shown| cent. of the volume of the bilged compartments|the ship in question. It is probable that these 
in Fig. 8, where the bulkhead curve is set off for | evenly distributed over the section of the vessel fundamental investigations can be carried out with 


Fig. 6. 
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DIAGRAM OF STABILITY 
oF THE GEORGE WASHINGTON” 


2et Fig. 9 








the Titanic, according to the regulations. If the 
bulkheads were to be s in accordance with 
this curve, the vessel would turn turtle as soon as a 
compartment amidships, which might exceed a 
length of 262.4 ft. (80 m.), became filled with water. 
Messrs. Harland and Wolff have for this reason, 
and very wisely so, 8 the bulkheads much 
more closely. The bulkhead curve, however, only 
regulates the spacing of transverse bulkheads, longi- 
tudinal ones not being included ; neither is there 
any reference to the particular situation and size 
of the volumes deducted, and the transverse stabi- 
lity is left out of account altogether. The question 
of subdivision, not only by means of transverse 
bulkheads, but also by longitudinal ones, longitu- 
dinal bunker bulkheads, &c., is of the greatest 
importance in the large modern ships with their 
restricted draught. It would no doubt be neces- 
sary to make an exact and individual calculation of 
the effects produced by the flooding of a — 
compartment amidships—that is to say, in the 
place where the loss of transverse moment of inertia 
would be the greatest. 

In regulations for the unsinkebility of ships—i.e., 
on the arrangement of bulkheads—this calculation 
must be made compulsory ; if not, the regulations 
are incomplete, and no public department can take 
upon itself the responsibility for the proper sub- 
division of vessels not built according to rules 
improved in this direction. The figures that follow 
show the results of such calculations, which have 
been made for three different ships —— 

1. For thé George Washington, belonging to the 
Norddeutscher Lloyd (Fig. 9). The after boiler- 
Tom, as well as the engine-room, are here supposed 
to be filled with water, the calculation having been 
carried out :— 


. For : per cent. deduction in these compartments. 
Bain Bs : - 

4. ” 55 ” »” 

5. ,, the intact vessel (to bulkhead-deck). 


_ It is assumed that the volume of the deductions 
8 evenly distributed over the whole section. 
Fig. 9 shows the five curves of stability. 

In Fig. 10 are presented the results of the same 
calculation as made for the Mauretania, where 
the double bottom and the two forward. boiler- 
rooms between the bunker bulkheads on the sides 
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was assumed ; the change of trim was also taken 
into account. 

Fig. 11 shows the Titanic with her fore part laid 
open to the séa. The first four compartments are 
supposed to be filled with water, the ship remain- 
ing stable. This proves that fine ends, when they 
are damaged, have no influence to speak of on the 
transverse stability. 

Fig. 12 shows the stability curves for the same 
ship constructed on the assumption that the two 
engine-rooms are flooded, the double bottom 
remaining intact, and a deduction—16 per cent.— 
has been made. The vessel is unstable until she 
has taken a list of 4 deg., after which she regains 
her stability. Now for this ship a space equal to 
five compartments might be flooded according to 
the bulkhead curve for deck D. There can be no 
doubt that the ship would in that case be exposed 
to the danger of turning turtle; another proof of 
the fact that the bulk curve leads to gross 
errors, and cannot by itself guarantee the unsinka- 
bility of the large ships of modern times. It is 
therefore advisable, in the event of new regulations 
being framed, to make an. individual tion 
compulsory for certain cases. This calculation 
ought to be made whenever, in a ship that is laid 
open to the sea, the sum of the heights of the 
centre of buoyancy above the keel and that of the 
transverse metacentre above the centre of buoyancy, 
is equal to, or smaller than, the height of the centre 
of gravity of the whole ship above the keel. Proper 








sufficient accuracy in considering a prismatic body 
of the principal dimensions and the coefficient of 
fineness of the vessel itself. 





Tue Unrrep Srates Navy.—We read in the Moniteur 
de lm Flotte that on the 7th inst. the American Navy 
a contract with the Electric Boat Company, New 
ork, for five submarines. Four of these will have 600 
tons displacement, and will cost 110,800/. each ; the fifth 
will have a displacement of about 750 tons, and its cost 
is to be 123,000/. The five boats are to be built by the 
Fore River Shipbuilding Company, Quincy, Massachu- 
setts. The time of delivery is two years. 


Cremznt Synpicates.—The cement syndicate of the 
Weichsel district, known as the Centi Bureau 
for Cement, has dissolved. It was formed in the 
wens 1908 for a period of four years, and comprised seven 
actories. It brought about a rise in cement, with the 
result that cement in the Russian Weichsel district was 
about 100 per cent. dearer than inGermany. The reason 
of the collapse is attributable to an increase in the pro- 
duction of the existing factories and the erection of a 
couple of new factories. As far as the ish- West- 

ian Cement Syndicate is concerned, it has proved 
all cement 





impossible to form a syndicate which comprised 
lime works, and instead endeavours have been made 
to gather the more important cement into a sales 


union, A number of the Beckum cement works had already 
anticipated the dissolution of the existing syndicate by 
making the necessary preliminary arrangements for the 
formation of a sales union, so it is hoped the matter will 
not end in general competition ; and even if some of the 
more efficient works— notably the Wicking works —do not 
join this union, some sort arrangement between them 
can probably be arrived at: 
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COAST EROSION AND PROTECTION. 


No. VIII. 

By Esanest R. Marraews, A.M. Inst. O.E., 
F.R.S. (=. F.R.G.8., F.G.S., Borough 
Engineer of Bridlington. 

Groynes—(continued). 


Low Timber Groynes (continued).-—The foreshore 
and sea-walls at Bridlington, north of the harbour, 
are protected by a system of groynes. Low-water 
mark on this side of the harbour is 250 yards 
further seawards than on the south side, due to 
the harbour projection, which traps the shingle 
as it travels in a southerly direction. The first 
groynes erected on the north foreshore were five 
heavy timber groynes, A-shaped, constructed in 
1868 ; two of these, illustrated in Fig. 101, are still 
in existence ; the other three lasted 29, 30, and 35 
years. The two existing groynes are 135 ft. and 
122 ft. in length respectively ; they are 140 yards 
apart, and at right-angles to the shore. ‘Their 
height above shore at highest part of groyne, is 
12 ft.; at the lowest part (seawards end), 3 ft. 
They consist of 12-in. by 12-in. piles, spaced at 





beach on the foreshore. The higher a groyne is 
constructed above sand-level the ‘less prospect 
there is of any accretion of beach. 

The north foreshore at Bridlington extends 
about 130 to low-water mark of ordinary 
tides, per about 200 yards to ep mark of 
spring tides, at an average slope of about 1 in 40. 
Since the erection of the ry, toe described in a 
previous article, the scour upon the shore has 
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Low Timper GROYNEsS aT BRIDLINGTON. 
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9-ft. centres, and A-shaped frames, planked over 
with block chalk filling, the sides being at an 
angle of 35 deg. 

The planking consists of 11 in. by 4 in., and two 
longitudinal walings, 11 in. by 4 in., are bolted to 
the top of the piles. ‘The width of the groynes 
is 25 ft. 8 ~~ = the shore end and 10 ft. at the 
outer end. is type of groyne is really not at 
all suitable for the Past ‘oast, its chief. defects 
being :—(1) It is too high, with the result that the 
watt Ia is built ap to windward and depleted to 
leeward. (2) To be effective it needs to be carried 
much further seaward than other types. (3) It is 
altogether too expensive, both to erect and main- 
tain ; four ordinary low groynes might easily be 
constructed for the cost of one of these A groynes. 
® Groynes of this type are only breakwaters. 

© full force of the waves strikes them, stripping 
planks off during every heavy sea ; at such times 
tons of chalk are washed out. During one 
gale twenty planks have been stripped off one of 
the nes at Bridlington, and about 30 tons of 


chalk filling washed out. They were apparently 
intended more to break the force of the waves, 
than that they should serve in collecting sand or 








greatly increased, and until a number of long, 
low timber groynes were erected, the sand was 
diminishing to a serious extent, and the foundations 
of some of the sea-walls were rapidly becoming 
quite bare. A system of groynes intended to pre- 
vent this scour, and retain the sand, was therefore 
devised. One of these is illustrated in Fig. 102, 
and details are given in Figs. 103 to 106. They 
somewhat resemble, above sand-level, the Case 
groynes; below sand-level, however, they differ 
altogether from that system. 

Bridlington foreshore consists of sand overlying 
boulder clay. This clay is difficult to excavate, and 
if penser & no matter how well it is filled in again, 
the sea will continually scour out the clay filling ; 
the Case system of excavating for the concrete 
foundation of the uprights, shown in Figs. 107 and 
108, would therefore have been quite unsuitable. 
Originally it was recommended that the new timber 
groynes should extend seaward 300 ft. from the 
sea-walls ; but this distance was subsequently re- 
duced to 200 ft., in order to avoid inconvenience to 
persons driving on the sands, as low-water mark of 
ordinary tides is only 390 ft. from the sea-walls. 
The construction adopted was as follows :—Pitch 











pine piles, shod with 18-lb. wrought-iron pile-shoes, 
were driven 8 ft. into the boulder clay in pairs 
pitched at 7-ft. 6-in. centres. Pitch-pine planking, 
11 in. by 4in., is inserted between the piles, the 
bottom plank being fixed entirely in the clay. At 
every alternate set of piles a bearer is bolted on for 
the bottom plank to rest on ; at the intermediate sets 
of piles the bottom plank itself is holted to the piles 
instead of resting on a bearer, the object being to 
save excavation around the piles as much as pos. 
sible, so that. their stability shall not be impaired, 
The groynes are so arranged that a depth not ex. 
ceeding two planks usually projects above the sand 
level ; as the sand accumulated, which it did mogt 
rapidly when the wind was blowing off-shore, 
additional planks were added. The planks are go 
arranged that one spans two bays, and the next 
three bays, and they are inserted so as to break 
joint. 

One of the great advantages of this type of groyne 
is that the sand accumulates uniformly on both the 
windward and lee sides, and is arrested without 
impeding the flow of the sea. The timber is all 
creosoted, and the groynes are constructed at an 
angle of 10 deg. from the sea-wall in a southerly 
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SECTION 
direction, as the greatest scour upon the shore 
takes place in a south-easterly or on-shore gale. 
The groynes in general are placed at a distance 
cpert not exceeding their length. Some are shorter 
than others, the object of this being to catch the 
sand which escapes around the ends of the longer, 
by the projection of the shorter groynes. This !s 
illustrated in Figs. 105 and 106, where it will 
be seen that they are set out to form 4 series 
of equilateral triangles. The first four new groynes 
cost 7181,, or 18s. per lineal foot, and. most of the 
others 12s, 3d. per lineal foot, but the latter was a0 
exceptionally low tender. A few years ago builders 
and others were allowed to take sand from the 
north foreshore, and about 8000 tons were removed 
annually in this way. This unsatisfactory practice 
has now been stopped by the Town Council. At 
the present time there is probably 2,000,000 tons 
more sand upon the north foreshore than before the 
erection of the seventeen groynes just described, 
the beach-level having been rai as shown 1 
Fig. 104. é 

An inexpensive type of low timber groyne, 
erected by a landowner on the south foreshore of 
Bridlington, consists of a single row of piles, driven 
at about 7-ft. centres. To secure the planking 
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them, a 9-in. by 4-in. upright is spiked to the pile 
above the clay-level. This vertical plank is blocked 
out 3 in. to form a space for the 9-in. by 3-in. 
planking to drop into. 

At Hornsea t timber groynes have been 
erected upon the foreshore. ey are 745 ft., 
430 ft., and 400 ft. in length respectively, and have 
had the desired effect of accumulating a large 
quantity of beach material ; only exceptional tides 
are now able to reach the sea-wall. They consist, 
as shown in Fig. 109, of 10}-in. by 104-in. piles, 
and sheet piling driven from 8 ft. to 42 ft., and 
carried to an average height of 2 ft. or 3 ft. above 
the foreshore ; the sheeting is 5 in. in thickness, 
and above it 9-in. by 3-in. planking is added. 
Land ties are inserted at intervals; they are 
10 in. by 5 in., secured at their lower ends to 
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old groynes it was generally a straight line extend- 
ing at an le from the windward side of one 
groyne to the leeward side of the adjoining groyne to 
the west. These groynes have been found to be 
of great advantage in the case of a gale from due 
south. Right-angled groynes (which run due south 
at Worthing) offer little resistance to the incoming 
waves, and the result is generally that the full force 
of the water is felt, causing a considerable scour and 
loss of shingle. When first constructed, a scour 
took place in some cases about midway between the 
groynes, until the shingle had sufficiently accumu- 
lated ; where this had taken place a faggot breast- 
work was put in, which was sometimes buried with 
shingle in one tide. Loppings, from suitable trees 
planted in the streets of the town, have also been 
used very successfully forthis purpose. Fourgroynes, 
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LONGITUDINAL SECTION. 








10-in. by 10-in. piles, which are driven 9 ft. into 
theforeshore. The distance between the centre of 
the main and toe piles is 5 ft. 

The Worthing Corporation, in carrying out sea- 
defence works during the past sixteen years, 
have constructed a considerable number of timber 
groynes at a south-easterly angle of about 624 deg. 
with the line of foreshore. Groynes at this angle 
were constructed some nineteen years ago in the 
out parish of Lancing, from the designs 
of Mr. R. F. Grantham, M. Inst. C.E., and the 
system had been followed at Worthing. They 
are 300 ft. long and from 300 ft. to 350 ft. apart, 
the angle at which they are constructed being 
practically at right angles to the prevailing south- 
West winds. One or two groynes have been con- 
structed to a length of 400 ft. By this method it 
is found that the shingle is more evenly distributed 
on each side of the groyne. With the groynes at 
an angle, the ridge of the shingle at high-water 
mark is left with a pleasing curve, whereas in the 








Forster, Photographer, Hastings. 
Fie. 113. Sore at Hastings suITABLE FOR CoNCRETE GROYNES. 


constructed at the angle above named in April, 1911, 
caused an accumulation of shingle of over 6 ft. in 
depth in six months, several piles and ties at the 
land end of the groynes being completely buried. 


CoNCRETE AND OTHER GROYNES. 


Concrete-Block Groynes.—Where a foreshore is 
steep, and underlying the beach there is a rocky 
bed, as is, for instance, shown in Fig. 113, 
concrete - block groynes, although somewhat ex- 
pensive, may, with great advantage, be con- 
structed. These may extend to low water of neap 
tides or low water of spring tides—the latter being 
preferable. The height above the foreshore to 
which such a groyne should rise will depend 
upon local circumstances, as will also the decision 
of the point whether the groyne should act also as 
a breakwater. No fixed rule as to the height can 
be given ; but it may be stated that if the groyne 





extends seawards beyond low water of neap 
tides, it should not in that length be of a greater 


height above the beach than 3 ft,—2 ft. would be 
prelecebia: An excellent example of a groyne of 
this type is shown in Figs. 110 to 112, which 
represents one of a number of such groynes erected 
at Hastings by Mr. Philip H. Palmer. Groynes of 
this class cost practically nothing to maintain. For 
long Pree practically no damage has been sus- 
tained by concrete groynes of this type, whereas 
considerablé havoc was wrought from time to time 
during the same period to the high timber groynes. 
In a typical instance at Hastings, the foundations 
are carried down, as will be seen by the cross- 
sections, Figs. 111 and 112, 4 ft. or more into the 
rocky bed of the foreshore. The groyne is 6 ft. in 
width at the base and 4 ft. at the top. These 
groynes have a A-shaped top, which has, among 
others, the advantage of preventing children from 
running along the top, a practice more or less 
dangerous. The sides of the groyne are battered 
1 in 10, and the structure is faced with concrete 
blocks, which again are faced with, basalt, The 
blocks break joint. The longitudinal gradient of 
the groyne is 1 in 10, and the maximum <> 
above the bed-rock of the foreshore is 14 ft. e 
centre of the groyne is filled in with 6 to 1 mass con- 
crete. Though this type of groyne has answered its 
purpose admirably at. Hastings, and can be recom- 
mended for foreshores of a similar character, its 
cost prohibits its general use. The cost of the one 
illustrated and just described was 5101. This, and 
most of the new prornes at Hastings, has been 
erected, very wisely, with an inclination towards 
the direction of the most destructive seas, which 
occur when a south-westerly gale blows on top of 
the spring tides. 

If erected on some parts of our coast, a groyne 
similar to that described might be built of a some- 
what lighter section; those built at Hastings, 
however, have to withstand a 25 ft. range of tide, 
and are none too heavy, 

The Owens-Case Reinforced - Concrete Groyne,— 
The disadvantage of using timber in the construc- 
tion of groynes is that the material is, not durable. 
To overcome this difficulty the Owens-Cuse groyne 
has been introduced, which consists of a low groyne 
somewhat similar to that illustrated in Figs. 102 and 
103, the piles and planking being, however, of rein- 
forced concrete. The following advantages are 
claimed for this construction :—(1) It is durable 
and not liable to decay or attack by the ship- 
worm; (2) capable of being quickly erected, 
either on the dry shore and in shallow water 
below low-water mark ; (3) capable of being easil 
raised as accumulation takes place; (4) self- 
adjusting to the bottom in case of under-runs. 

inforced concrete piles of I section are driven 
or otherwise fixed in the foreshore, and slabs of 
reinforced concrete are fitted in the spaces between 
them, sliding down between them in the grooves. 
The piles can be set in concrete or driven with a 
pile-driver or water-jet, the adoption of one of 
these alternate methods depending upon the nature 
of the shore. These groynes are not easily worn 
away by the attrition of pebbles, or damaged by 
floating objects colliding with them. They can be 
erected economically on a foreshore where shingle 
is plentiful for making the concrete. In construct- 
ing groynes of this type great care has to be exer- 
cised in the driving of the piles, Unless they are 
driven in precisely their right position there will 
be difficulty in getting the reinforced-concrete slabs 
to fit into the rebates of the piles. 

Chain-Cable Groynes.—These are the invention of 
Mr. Allanson- Winn, and their object is to arrest 
the material travelling along the coast below low- 
water mark. They have in a number of instances 
done admirable work. They consist of a heavy chain 
cable, to which is attached trees, bushes, or any 
other material which is likely to offer resistance to 
the passing of drifting sea- weed and detritus. The 
trees, &c., in time become embedded in the drift- 
ing material, and the groyne becomes silted up. 
Economy can undoubtedly be claimed for this type 
of groyne, which can be erected in a few tides. Its 
unsightly appearance prohibits its use on the fore- 
shore in front of a town. In addition to the above 
advantages claimed for it, it cannot be lost, and 
can easily be removed if necessary, and sold at 
approximately the original cost. The total cost is 
doont one-fifth of that of the cheapest timber 
groyne yet devised. It is immune from the attacks 
of the ship-worm, and exceedingly cheap as regards 
maintenance. The flexible chain accommodates 
itself to the inequalities of the sea-bed or shore 
surface, 
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SOME REMINISCENCES OF EARLY 
MARINE ENGINEERING. 


By Sir Atexanpger B. W. Kennepy, 
LL.D., F.R.S. 


THere are some matters of system and construc- 
that have become so 
of common knowledge 
that it is difficult to believe that there has y 
just passed away from us an engineer who was 
concerned with their very beginnings. The use of 


tion in marine engineeri 
much matters of course an 


screws as auxiliary propellers in sailing - ships 
has already long ceased. There must be many 
marine engineers, by no means young, who have 
not even seen a square-sided boiler with a wet 
uptake and flat furnaces, working at 20-lb. pressure. 

e use of surface-condensers has been for many 
years universal on board ship, and twin-screws are 
such a matter of course that nobody thinks of them 
as being other than normal, while it must be many 
years since even the smallest marine engine, before 
the days of turbines, was fitted with anything but 


compound or triple-expansion cylinders. 
There away, however, on the 14th of 
last October, in a ripe old age, and in full and 


happy possession of all his faculties, an engineer 
who was not only familiar with the use of auxiliary 
screws in banjo frames and with the then astonish- 
ing rise of steam pressure from 20 lb. to 30 1b. per 

- in., but who also was personally concerned 
with the earliest twin-screw marine engines which 
were built, and with the earliest, ae 
not the very earliest, marine compounds, surface-con- 
densers, and superheaters. 

Mr. W. G. Hammock was born in February, 
1825, and at the age of fifteen was articled to the 
Blyths, of Limehouse, for seven years, just at the 
time when, having been chiefly concerned with 
sugar-making plant and engines, as well as —_ 
making machinery aud so on, that firm was be- 
ginning marine work. At that time modern 
machine-tools were so little in evidence that, at 
ata large firm like Blyth’s, one old turner worked, 
week in and week out, turning up cast-iron sugar- 
mill rollers in a wooden-bedded lathe with a heel- 
tool! At that time the late Mr. Robert Pollock* 
was the manager at Blyth’s works, and as the 
marine work there develo it gradually came 
exclusively under Hammock as a designer, and he 
remained in charge of it until 1859, when he 
became the manager of the engine works of Messrs. 
J. and W. Dudgeon, at Millwall, a firm of marine 
engineers just rising into prominence and ready to 
tackle and develop new ideas. He held his appoint- 
ment with Dudgeon’s for about eighteen years, 
during which their business increased and pros- 
pered, and a large shipbuilding yard near Poplar 
was added to the engine works. It may be remem- 
bered that later on the firm had a series of mis- 
fortunes which culminated in disaster in the failure 
of an attempted launch of a large ironclad (the 
Independencia), after which both yards were closed 
down—one of the many misfortunes which have 
befallen shipbuilding and engineering in its old 
home on the Thames. 

Mr. Hammock, when I saw him only a few 
weeks before he left us, told me that he written 
out some of his engineering and other reminis- 
cences, and promised to send me a copy of these 
that I might readthem. My own personal interest 
in the matter was naturally very great, as Mr. 
Hammock was my first ‘* chief ’’ when I was appren- 
ticed to Messrs. Dudgeon, and worked in their 
shops and in the office under Hammock from 1863 
to 1868. Asa youngster, therefore, I had personal 
knowledge of the work which was being done under 
his care and to his designs. His son has bean kind 
enough to put at my disposal a copy of his ‘*‘ Remi- 
niscences,” and some of these are so interesting 
feom the engineering point of view that I have no 
hesitation in putting them before a larger circle of 
readers than can ever see the original. 

I remember that in the eighth edition of the 
** Encyclopw lia Britannica” there were particulars 
of the engines of the Thunder, built by Dudgeon’s 
in the year 1859, which were considered very ad- 
vanced at the time, and held up as an example of 
economical working. They were non-compounds, 
working with the high boiler pressure of 20 Ib. per 

* It was through Mr. Pollock, a man greatly respected 
in the East End, that I went as a pupil to odaeee'e. 
Two of Mr. Pollock’s sons © engineers on the 


blockade-runners mentioned below, and the you of 
them was the founder of the present firm of James 
Pollock, Sons and Co., Limited. 


sq. in. (14 Ib. initial in the cylinders), and having 
superheaters in the wet uptakes of the boilers. 
They were said to work with only 2} tb. of coal per 
indicated horse-power ; but those of us who remem- 
ber the marine trials of that time cannot, I fear, 
attach much weight to that figure. During the 
earlier years of Hammock’s time Dudgeon built 
several marine compounds of the annular t 

that is to say, with the high-pressure cylinder 
inside the low-pressure. e thermodynamic 
effect of such an arrangement was not a matter 
which much troubled marine enzineers fifty years 
ago, or about which any of us knew much ; indeed, 
the ‘* Encyclop:edia Britannica”’ praises the use of 
an exhaust balt round the cylinders in the Thunder 
as an economical refinement! In order to get the 
benefit of the compounding, the established steam 
pressure, 101b. or 151b., which had already risen 
to 20 lb. or 25 1b., was further raised to 30 lb., 
but the boilers still remained fiat-sided, and the 
iron boiler-plates, which were generally about 4 in. 
thick, were called ‘‘ extras,” and had to be paid for 
at special rates per ton if they were over 24 sq. ft. 
in area. About this time, and I think actually in 
connection with the compound engines, there were 
fitted in one of Dudgeon's ships tubular surface- 
condensers with gun-metal tube-plates and packed 
glands of what is really a modern type, these con- 
densers being constructed under Davidson’s patent, 
and (I remember) under the personal supervision of 
the patentee. I am afraid that the complication 
and expense of the arrangement must have fright- 
ened a generation not so accustomed to measuring 
steam economy as the present one. 

In many of the blockade-runners mentioned 
below the lower 10 ft. of the funnel was made 
annular and of boiler-plate, and used as a super- 
heater, through which the steam passed on its way 
to the engines. I never heard if the temperature 
was measured, but remember seeing great ‘‘chunks” 
of scale which had been cut out of the superheaters, 
and indicated not a little 4 

The most interesting part of Hammock’s work, 
however, was his connection with twin-screw pro- 
pulsion, and as to this matter I think it will be best 
to let him speak for himself and quote from his 
own reminiscences. He says :— 

In the second half of the nineteenth century screw 
propulsion had a new development, which, in a sense, I 
may claim as my speciality. About 1860 some light- 
draught vessels were fitted with twin-screws as being 
likely to give better results than single-screws in their 
particular case, but they possessed no other special merits, 
as they were driven by gearing from a single set of 
engines, which, of course, gave no inc facilities for 
manceuvring, and they were not particularly successful. 
When, however, Messrs. Dudgeon were called upon for 
a vessel of light draught, having special facility for 
manceuvring, it was determined that she should be fitted 
with twin screws, each screw being driven inde tly 
by its own particular pair of i We designed « 
special type of horizontal engines for the purpose, and in 
September, 1862, the Flora was launched, and ved so 
successful that, as the American War between North and 
South was progressing, her owners transferred her from 
her original purpose as a tug to become a blockade-runner. 
She was the first with independently-driven twin-screws to 
cross 5 Atlantic, gman. 2 hed hanger nine 
tim er superiority in manceuvring faculty, wer 
of ate one screw ieee of disablement of the wien, or 
both in different directions for turning or steering pur- 
poses, apart from the rudder, and many other advantages 
y~came so manifest that almost overwhelming orders 
flowed in immediately, seven at once, with finer li 
speed, but with engines from the same patterns, 
within about two years we built twenty, mostly of con- 
siderably larger size, and also engined for other builders. 
One of the earlier ones was placed by Messrs. Dudgeon at 
the disposal of the British Admiralty for experimental 
purposes, resulting in their ordering a small vessel, 
which we launc in January 1864, and which was 
the first with independently-driven screws (twin) in 
the British or any other Navy. The principle is, 
of course, now practically universally adopted, but the 
solemn warnings to the Admiralty lest they should 


for 


considerably before she approached, and Mr. Dudgeon 
having had his ‘‘revenge,” quietly steamed back int the 
Thames again. 

Many of these twin-screw vessels had very exciting 
adventures while e d in blockade-running ; one was 
chased by several of the Northern ship3, some on each 
side, and succeeded in eluding them all, only to find, that 
night, destruction by running ashore in the darkness 
and being necessarily burnt. crew escaped into the 
swamps, which they traversed for days, carrying the 
captain, who was badly wounded... . 

e built three for trans-Atlantic (Italian) service, one 
for the Panama and New Zealand mail service, the Far 
East, used as-a transport during the Crimean War, one 
for the Japanese a in its very early days. Man 
others quickly followed, and during my engagement wi 
Messrs. Dudgeon the designing and fitting of over 100 
sets of marine engines passed through my hands. . . . 


Mr. Hammock hasa very interesting reminiscence 
in connection with hydraulic propulsion, which, as 
a matter of history, it may also be worth while to 
record in his own words. He says :— 


The Admiralty, after instituting extensive inquiries by 
one of their chief official engineers, Mr. Murray, deter. 
mined to make trial of hydraulic propulsion on the prin. 
ciple of Ruthven’s patent, and in order thoroughly to test 
it, they, in 1866, ordered three gunboats, all practically 
identical, except where different modes of propulsion 
necessitated slight modifications of form in hulls, &c., 
dimensions and power being the same in all three ; two 
were driven by twin screws and the third was hydraulic 
on Ruthven’s system—viz., an immense horizontal turbine 
drawing water through a number of *‘ gills” in the ship’s 
bottom, and having a delivery pipe towards each side of 
the ship, terminating in an arrangement by which the 
rush of water was discharged at will either forward or 
aft, and entirely controlled on deck, the engines going 
continuously without alteration.* The carrying out of 
this was entrus to Messrs. Dudgeon, and was done 
under my superintendence. I must confess to having had 
very little confidence in the scheme, but I did my best to 
make it a success, which, very much to my surprise, it 
ultimately was, as she developed on trial quite as good 
results as the cther two sister ships. I was warmly 
congratulated on the results, and on the conclusion of 
the trial, Mr. Murray, on whose recommendation the 
system was tried by the Admiralty, said to me: ‘You 
will sleep comfortably to-night.” I rather imagined the 
remark would apply at least equally well to him. 

The sister ships to the Water Witch were the 
Viper and the Vixen. Mr. Hammock speaks of 
both as having twin-screws, but my own recollec- 
tion is that one of them was a single-screw boat. 
Oddly enough, Messrs. Dudgeon were not asked to 
build the twin-screw engines. I am afraid that 
neither of the three vessels, which I remember as 
having nearly rectangular midship sections and 
bows almost as bluff as those of a barge, were 
vessels of which any modern constructor would 
have been proud. 

Another feature in connection with marine engi- 
neering with which Mr. Hammock was very early 
connected was the design of light-draught steamers. 
As to this, he writes :— . 

Measrs. Blyth having fitted a large number of engines 
for vessels navigating the Danube, were asked to design 
a vessel capable of navigating the *‘ Iron Gates,” 
which had not then been made practicable for 
navigation, but involved a troublesome tranship- 
ment and land journey for any material which was 
being carried from the Upper to the Lower Danube. 

Mr. Hammock continues :— 

The vessel, which was then constructed in pursuance 
of the requirement, was about 150 ft. long, she was 
extremely light, and, with all on board, drew, I think, 
134 in.; but the special feature as to her propulsion was 
that she had four paddle-wheels, each pair being driven 
by its own separate we of engines ; the wheels were 
small, and, so far as I can remember, the forward pair 
made about 90 revolutions, and the after pair 96 per 
minute. She was such a complete success that another 
rather larger vessel was built for the service, and not 
long afterwards two much larger and similarly fitted 
vessels for service between Vienna and Linz were launched 
with great ceremony, I think, by the Emperor himself. 

Mr. Hammock essed a good many documents 
and other curiosities in connection with his pro- 





be tempted to try it, as given by the public press in 
commenting on our early trials, are most amusing | 
as well as instructive. It happened that on the day the 
Flora was making her trials at the measured mile, a new 
vessel for the is and Dover mail service was also | 


taste, she was put on to make her trials at the same exact | 
time. Of course, as the Flora was built simply as a tug, | 
and the mail boat primarily built for speed, it resulted in | 
see off” the mail boat, though not very con- | 
spicuously. Mr. Dudgeon resolved to retaliate, and soon 
ter built another rather larger twin-screw vessel, with | 
finer lines and a special view to speed. On the first! 
occasion of raising steam on we ran over, intend- | 
ing, if all was found satisfactory, to have a run across | 
Channel against the mail steamer. When she came 
t, we started abou 





ou 
to Calais, leaving her turned, and | 
steamed round her stern and up close to Calais again, 








making her trials there, and, with rather questionable | has made about some of them possess sufficient 


fession of which he was very proud, and whi 

he has shown me on more than one occasion. 
Although I daresay some of these matters have 
been published before, the memoranda which he 


interest to be worth repeating. His notes say :— 
In illustration of early attempts at a apart 
from sails, I much valued facsimiles of some docu- 
ments fi among the papers of the late Mr. David 
Napier, and kindly given to me by his descendant, Mr. 
J. D. Napier, of Ghenow. The following are extracts from 
certificates respecting a propeller fitted on board the trans 





* This boat was called the Water Witch, and formed 


the subject of a somewhat amusing interchange of cont 
tesies EnGingerine and The Engineer in 
year 1866, when both papers were very young. 
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rt Doncaster. 
Mr. Shorter, and was worked 
on deck. : 3 ; : . 

“We, the undermentioned captains of His Majesty’s 
ships Dragon and Superb, have seen the Doncaster moved 
in a calm the distance of 2 miles in Gibraltar Bay, and 
with sufficient velocity, by the sole use of Mr. Shorter’s 


It nee soory was the. invention of a 
y eight men ata capstan 


ller, to give her steerage way. 
Per Signed) . S. Aylmer, Captain of H.M.S. Dragon. 
R: H. Keats, Captain of H.M.S. Superb. 


“Gibraltar Bay, July 4, 1802.” 
Again, from Jno. Shout, master of the Doncaster, 


transport. . 
‘Gibraltar Bay, July 4, 1802. 

“Tt was exhibited to the great surprise and satisfaction 
of every spectactor, at the same time the log was hove, 
and found the ship, —— deep losded, went 14 knots 
through the water entirely by the use of your new invented 
propeller.” 

Again, in a second letter from Captain Shout. 

‘Malta, September 4, 1802. 

“Tt fell calm, and continued so 24 hours, and not likely 
to have wind, and being only about seven leagues, I 
shipped the propeller at 4a.m., and hove away at the 
rate of 14 miles per hour, having eight hands at the 
capstan, one spel]. I arrived in this arbour at 6 p.m. 
to the astonishment of every spectator. Three days after 
my arrival, by desire of Admiral Bickerton, I got the 
ship under way, and went up and down the harbour to 
the greatest satisfaction of all persons who saw the 
exhibition.” 

Then follows a certificate from Admiral Bickerton. 

One more extract from the notes is amusing as 
well as interesting. Mr. Hammock was speaking 
of the old ‘‘gab” reversing gear, which was 
familiar to all of us at one time, but which men 
who are now under fifty can hardly have seen. He 
says :— 

The reversing to ahead or astern was a serious under- 
taking. The eccentric-rod connected to the single eccen- 
tric, which was loose on the main shaft with stops for 
“ahead” or ‘‘astern,” was thrown out of gear with the 
slide-valve, which then had to be reversed by an immense 
lever, which sometimes required ropes with several men 
pulling it to alter the direction of the ship. I remember 
an engineer, who was rather new to the work, and a little 
in doubt as to whether the wheels were revolving the 
right way, shouted up the hatchway, “Is she going ahead 
now, Captain?” 

I owe so much of my knowledge of engineering 
design and of drawing-office work to Mr. Hammock 
that it gives me very special pleasure to be allowed 
to put on record these fragments from his ‘‘ Remi- 
niscences ” and engineering experience. He was a 
man of great personal charm, as well as engineering 
capability, and he happily retained to the last, 
when he was nearly eighty-eight, not only his full 
interest in things engineering—as well as in many 
other matters which do not concern the readers of 
ENGINEERING very closely, though they concerned 
his friends—but also all the kindness and geniality 
which I remember in him when I first knew him 
half a century ago. 





THE HUMPHREY PUMPS AT 
CHINGFORD. 

Wuen Mr. H. A. Humphrey read his paper at 
the Institution of Mechanical Engineers in the 
autumn of 1909 describing his revolutionary inno- 
vation in methods of raising water by gas-power, 
the Metropolitan Water Board had in progress at 
Chingford the construction of a large reservoir, to 
be filled by water pumped up from the Lea. The 
floods in the Lea come down with great rapidity, 
drainage works in the upper valley having reduced 
the flood period to less <a one-third of its value 
in times past. As a consequence the floods are 
higher than formerly, but last for a much shorter 
time, and it was therefore necessary to provide for 
4 very powerful pumping plant, in order to make 
possible the ingens of a fair proportion of such 
flood- waters. e lift being low and the quantity 
great, the use of ordi reciprocating pum 
was barred by considerations of capital cost, which 
would not be in any way compensated for by a 
low cost of operation, since low-lift reciprocati 
pumps have a by no means high efficiency. Cen- 
trifugals could handle easily enough the quantity of 
water to be impounded, but their efficiency again is 
very moderate, the experience of the Metropolitan 
Water Board being that in actual running cuddibienn, 
with low lifts, the ratio of —Pump horse-power 


indicated horse-power 
does not exceed 0.5 to 0.55. 

Struck by the remarkable results recorded in 
Mr. Humphrey's paper, Mr. W. B. Bryan, although 
certain portions of the work had already been 
started on the hypothesis that centrifugal pumps 





P§ | 7 ft. in diameter, whilst the fift 


mg | into which the explosive ch 


were to be used, decided to invite a tender from 
the Pump and Power.Company, Limited, of 38, Vic- 
toria-street, S.W., in competition with builders of 
centrifugal pumping plant. The conditions re- 
quired the set of pumps to have an aggregate capa- 
city of 180,000,000 gallons a day, the lift being 
25 ft. to 30 ft. 

The tenders, when opened, showed that the 
plant proposed by Mr. Humphrey would, inclusive 
of gas plant, buildings, and foundations, cost 
19,0001. o~ than the Tone tender for a triple- 
expansion steam-engine centrifugal pumping plant. 
There was, moreover, an enormous difference in the 
guaranteed fuel cost. The fuel consumption 
of the Humphrey pump was guaranteed not 
to exceed 1.1 lb. of anthracite per actual pump- 
horse-power hour, a penalty of 10001. being 
attached to every ,'5 lb. consumption in excess 
of this figure. Anthracite is, of course, an expen- 
sive fuel, but, even so, it was estimated that the 
fuel for the steam plant would, in practice, cost 
from two to three times as much as that for the 
Humpbrey pumps, and in actual fact there is little 
doubt that the guarantes for these will be very 
substantially bettered on trial. Another clause in 
the contract imposed a penalty of 20,0001. should 
the plant prove a failure. 

It was a somewhat bold step to accept a con- 
tract under such heavy penalties for pumps 7 ft. in 
diameter, and developing each between 200 and 
300 horse-power, on the basis of an experimental 
pump with an output equivalent to about 35 horse- 
power only; but the results have undoubtedly 
thoroughly justified Mr. Humphrey’s confidence in 
the capabilities of his remarkable contribution to 
the progress of mechanical engineering. As already 
announced in our issue of January 24 last, the first 
of the pumps was started up on Saturday and 
Sunday, January 18 and 19, and the third was 
successfully put to work this week, and there is 
little doubt that the two remaining sets will be 
in operation before the official opening of the 
Chingford Reservoir by His Majesty the King 
on March 15 next. Owing to press of other 
work, the Water Board were unable to com- 
plete the buildings for the pumps until nearly a 
year later than had originally been intended, and 
we fear that this delay has occasioned in some 
quarters a suspicion that some defect had been 
found in the pumps. For this there has never 
been the slightest shadow of foundation, and so 
carefully have the designs of these large pumps 
been worked out that the only detail altered, as 
the result of seeing them at work, has been the 
substitution on certain valve-spindles of a solid nut 
instead of the split one originally provided. 

The lift of the valves and the strength of the 
springs fitted to them have proved to have been 
exactly right, having required no adjustment on 
site. This is, we think, a remarkable record, in 
view of the novelty of the plant and the somewhat 
elaborate mathematical analysis required to deter- 
mine the output and periodicity of the pump. In 
one point, indeed, Mr. Humphrey would appear 
to have varied from his contract, since, although no 
accurate tests have yet been made, it is already 
sufficiently obvious that the guaranteed output is 
being very substantially exceeded. 

In our issue of December 13 last we published 
some photographs of the component parts of these 
large pumps ; and weare now, through the courtesy 
of the Pump and Power Company, Limited, 38, 
Victoria-street, S.W., able to give illustrations 
showing in detail the arrangement and construc- 
tion of the plant. 

The general view, Fig. 1, page 222, shows the 
five pumps in plan, whilst Fig. 2 represents in eleva- 
tion one of the 40,000,000 gallons per diem units. 
Of these there are four, having pump cylinders 
pump, rated at 
20,000,000 gallons a day, has a barrel 5 ft, in dia- 
meter. Each pump consists of a cast-steel head A, 
e is compressed and 
fired, a water suction-valve box B from which a es - 
pipe C leads to the base of a water-tower D, uit 
up of riveted plates. From each of these towers a 
4-ft. pipe ] over the top of the reservoir em- 
bankment, and discharges into the uppermost of a 
series of water-cushions extending to the bottom 
of the reservoir. The supply of water is led 
along the back of the pump-house through a 
conduit formed in the concrete, as clearly shown 
in Figs. 1 and 2. From this a cast-iron pipe em- 





bedded in concrete is led into each of the five pump 
pits. Sluice-valves are provided, as indica 


in Fig. 2, by which each pit can be shut off whea 
desired. A working platform is fixed round) the 
pump-head as indicated, giving access to the valves 
and other operating gear. The play-pipe C is, it 
will be seen, also embedded in concrete, into which, 
moreover, it is keyed by its flanges, 

The air-duct for the supply of the pumps is 
arranged below the floor level on the ri ht tt the 
building, as shown in Fig. 2, and the exhaust-duct 
by which the spent gases are passed into the atmos- 
phere on the left. Owing to these gases being 
exhausted at atmospheric pressure the pump works 
practically without noise, and having had the oppor- 
tunity of seeing one of these large pumps in opera- 
tion, we can state that the smooth working, absence 
of shock, and freedom from vibration are truly 
remarkable. 

As the Humphrey pump is still relatively new, it 
may be a convenience to many readers if we repeat 
here a short description of its mode of operation 
before going on to describe in more detail the 
drawings of the pumps supplied to Chingford. 

Fig. 3 represents, then, a diagrammatic view of 
the Humphrey pump in its simplest form. It 
consists merely of a bent pipe terminating at the 
one end in the delivery-tank, and at the other in a 
combustion-chamber, in which the charge of gas 
and air is exploded over the surface of the water. 
Conceive such a charge to have been fired. The 
pressure above the water surface sets in motion 
the whole column of water, the hot gases expand- 
ing above it. Once the column of water is set in 
motion its inertia carries it forward, so that the 
pressure of the gases in the combustion-chamber 
ultimately falls below that of the atmosphere, and 
as a result the exhaust-valve E opens under its own 
weight. The forward motion of the water con- 
tinuing, the level in C finally falls below that of 
the water in the supply-tank S T, and fresh water 
then enters through the valves V. Finally, the 
momentum being exhausted, the water begins to 
flow back along the play-pipe D, and rising in the 
chamber ©, closes the valve E by impact, trappi 
above this level a cushion of the spent gases ined 
with a large proportion of air which was drawn in 
through a scavenger-valve (not shown in the figure) 
during the forward motion of the water. This 
cushion of air is compressed into the head of the 
chamber by the continued return of the water 
column, the latter being thus finally brought to rest, 
in which condition the pressure of the cushiun is 
much above that due to the static head. As 
® consequence the water column begins a second 
forward oscillation, in the course of which the 
pressure in the cushion space falls again below 
that of the atmosphere. By means of interlocking 
gear the exhaust-valve E and the scavenger-valve 
are now prevented from opening, but the valve 
shown at A being simultaneously unlocked, a 
charge of gas and air enters the chamber. When 
the forward momentum of the water column is 
again exhausted, a return flow takes place, which 
compresses the new charge, and fires it auto- 
matically at the proper time, thus starting a fresh 
cycle of operations. This working cycle, it will be 
seen, involves, in the first place, a long out-stroke, 
during which the exploded charge is expanded down 
to and below the atmosphere, the in-drawing of 
scavenging air, and the entrance into the pump of 
a fresh supply of water. This is followed by a return 
stroke, during which the spent gases are driven out 
through the exhaust-valve, after which the latter is 
closed, and a cushion compressed in the head of the 
pump-chamber. Next comes a short out-stroke, 
during which a fresh charge of air and gas enters 
the pump, whilst a return stroke, compressing and 
finally firing this charge, completes the cycle. The 
pump has the thermodynamic advan that the 
charge is expanded down to atmosphere, thus 
utilising the so-called ‘‘ toe of the diagram,” which 
is lost in the case of the ordinary -engine, 
in which the charge before being exha' is only 
expanded down to about 45 Ib. absolute or so. An 
indicator, driven by clockwork at a uniform rate, if 
fitted to the pump, gives a diagram of the type 
shown in Fig. 4. Here from A to B the charge is 
compressed, being fired at B, which causes the 
pressure to rise to O; from © to D the gases 
expand, doing work. The exhaust-valve opens 
at D, and from D to F the pressure in the pump- 
chamber remains atmospheric. At F the exhaust- 
valve closes, and compression of the cushion takes 
place; and it will be seen that the maximum 
pressure attained on this return stroke is in this 





case higher than the explosion pressure. From 
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HUMPHREY INTERNAL-COMBUSTION 


PUMP AT THE 


CHINGFORD RESERVOIR. 


CONSTRUCTED FROM THE DESIGNS OF THE PUMP AND POWER COMPANY, LIMITED, LONDON. 


Fig.t. 









RESERVOIR 






CHINGFORD 





G to H the cushion expands, and at H the air- 
valve opens, closing again at J on the return of 
the water column, to compress the new charge, J 
being the point at which a fresh cycle of operations 
Ta principle’ th ted at Chingford 

n principle the pumps erec at Chingfo 
differ a no respect trom the form illustrated in 
Fig. 3, but in place of single large valves for admit- 
ting, for scavenging, and for exhausting the charge, 
a number of smaller valves are used. A n 
thro the combustion-chamber of one of the 
40,000,000 - gallon gy in given in Fig. 5, 
Plate XI., whilst ig: shows a plan of the to 
of the chamber with the valves in position. 


photograph of this combustion-chamber, repro- 
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48-0 





duced from our issue of December 13 last, is also 
given in Fig. 22, page 223. Sections through the gas 
and scavenger-valves are shown to a somewhat 
larger scale in Fig. 7, and an e view of the 
interlocking-gear is given in Fig. 8, XI. 

will seen from Fig. 5, the top of the 
chamber is surrounded by an annular casting, con- 
stituting the gas-belt whilst below this is a 
similar casting L, forming a belt, into which the 
exhaust-valves di . Referring to Fig. 7, 
when the valve M opens, which it does automati- 
cally on the second out-stroke of the water, gas 
enters from the belt K, and at the same time air 
is drawn in through the valve N, which, as shown in 
Figs. 5 and 6, is provided with a silencer. The air | 
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and being well mixed by passing the non-return 
CS eeibendaed O, pass on into the combustion-cham- 
ber and are exploded in due course. The valve shown 
at P, Fig. 7, is one of the scavenging-valves, and 
is connected up to a central pipe, as is, per! 
best seen in the plan, Fig. 6. As shown in Fig. 2, 
above, this central pipe is connected up to the 
air-duct, which runs along one side of the engine 
house. Provision has been made by which this 
duct can be kept charged with sir at a pressure 

3 Ib. to 1} Ib. per ‘sq. in., a device which endows 
the pump at need with a considerable overload 
capacity. Up to the present, however, the Ching- 
ford pumps have taken in their scavenging air at 
atmospheric pressure, and even so the output 18 80 
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substantially in excess of the requirements of the 
contract that it is porbens doubtful whether the 
need will ever arise for making use of this arrange- 
ment for taking overloads. 

The scavenging-valves P and the gas-valves M 
are interlocked catches operated by rods, of 
which one is shown to an enlarged scale at Q, in 
Fig. 8. These rods are all coupled up to lugs 
on an oscillating ring, as indicated at R, so that all 
move together, being operated by a relay connected 
up to the water in the pump-chamber. On the 
rise of pressure following the first return stroke, 
the relay moves the rods Q in the direction of the 
arrow. This action locks the scavenger valve by 
means of the lever shown at 8S, and simultaneously 
moves out the lever T to unlock the gas-valve. A 
link at the outer end of Q extends down to a latch 
on the exhaust-valve, by which this valve is locked 
or unlocked at the same time as the scavenger- 
valve. Hence, on the second out-stroke, neither 
the scavenger-valve nor the exhaust-valve can open, 
but the gas-valve M is free to do so. Onthe return 
stroke, which com the charge, the relay 
shifts the link Q in a direction opposite to the 
arrow, locking the gas-valve on to its seat, but 
releasing the scavenging and exhaust-valves, which 
are accordingly able to open, when the pressure 
inside the chamber falls sufficiently. 

The exhaust-valve is shown separately in Figs. 9 
to 11, Plate XI. It will be noted that its spring 
is fitted so as to tend to keepthe valve open. In 
practice, therefore, it opens before the scavenger- 
valve, the spring of which tends to keep it closed. 
As a result, were not certain utions taken 
spent gases would be drawn back into the cylinder 
through this valve in place of air through the 
scavenging-valve. To prevent this a light supple- 
mental check-valve is fitted as indicated at V, 
Fig. 10. Any attempt on the part ofthe gases from 
the exhaust belt to flow back into the chamber 
closes this valve, thus compalling the scavenging- 
valves to open and admit air. is air, entering 
at the very top of the chamber, ensures that the 
bulk of the spent gases are expelled on the first 
return stroke of the water column, so that the 
cushion entrapped is mainly pure air. 

The water suction-box is represented in Figs. 12 
and 13, Plate XI., and the valves are shown 
separately in Figs. 14 to 17. The box consists of 
two cast-iron castings bolted together as indicated in 
Fig. 13, It had been originally intended to employ 
Gutermuth valves, but certain difficulties arose 
with these, and the simple flap-valves illustrated 
in Figs. 14 to 17 were substituted accordingly. 
These appear to operate most sxtisfactorily, and 
have proved remarkably tight, the water being 
held up in the water-tower for a full 24 hours. 
Both valves and seats are of manganese bronze, 
and are bolted to the suction-box casting, as best 
seen in Fig. 23, page 223, which shows the water- 
valve box for the 20,000,000-gallon pump. 

The bend which connects the bottom of the 
suction-box to the play-pipe is a steel casting of 
unusually large dimensions, and its bore tapers from 
7 ft. to6ft. It is shown separately in Figs. 18 to 21, 
Plate XI. It serves to anchor the Lge ey oa 
securely to the foundation against the up lift, due 
to the fact that the full pressure of each explosion 
does not reach to the bottom of the bend, a part 
being absorbed in the mass acceleration of the 
intgsveuss pon = SP " = 

he fuel requi or operating pumps is 
supplied from a Dowson _. illustrated in 
Figs. 24 to 30, page 223. is consists of four 
producers, one of which is rated to convert into 

138 lb. of anthracite per hour, and the other 
three 370 lb. each. These are shown in 
a, b, c, and d, Fig. 30, A cooling-pipe | from 
the top of each ucer toa pee coke- 
scrubber. An elevation of one of the larger pro- 
ducers showing this connection is represented in 
Fig. 27, whilst another view of the scrubber is 
given in Fig. 26. Figs. 24 and 25 represent similar 
views of the small t. The steam required is 
supplied by three vertical boilers, shown in plan 
ate, f, and g, . 80, and these boilers are 
also represented in Fig. 28. One boiler is 
In all seven coke-scrubbers are provided, 
being two in series for each of the 
larger producers, whilst one scrubber only is fitted 
for the smaller plant. After ing the coke- 


scrubber the gas is sent through a sawdust scrubber, 
of which one is provided for each producer, and it 
is then led through an underground conduit to a 
gas-holder, 24 ft. in diameter and 12 ft. high. 


by | the Lord Chance 


A governing-gear is fitted by which the rise of 
the gas-holder regulates automatically the rate at 
which steam is admitted to the producers, thus 
keeping the rate of production of gas the same as 
the rate of consumption. 

The simplicity, ingenuity, and high economy of 
the Humphrey pump excited the greatest interest 
amongst engineers on its first introduction, and all 
will join heartily in congratulating its originator, 
and those associated with him, on the now assured 
success of the first large commercial adaptation of 
the system. 








INDUSTRIAL NOTES. 

It has been decided among railwaymen to have a 
fusion of railway trade unions, and with this object 
a conference was held at Holborn Hall early this week. 
Three out of the four existing railway unions sent 
delegates—namely, the Amalgamated Society of Rail- 
way Servants, the General Railway Workers’ Union, 
and the United Pointsmen and Signalmen’s Society. 
The Engine-Drivers’ and Firemen’s Union was not 
represented. It is thought that, when formed, the 
single organisation will include 200,000 men. The 
Amalgamated Society of Railway Servants have at 
present a membership of 130,000; the membership 
of the General Railway Workers’ Union is 24,000; 
and that of the Puintsmen’s and Signalmen’s 
Society, 4000. Tne proposed rules were dealt with 
in detail at the meeting on Monday last by the 
delegates of the three societies, who also met in sepa- 
rats rooms. The rules are said to be of a drastic 
character, particularly where strikes are concerned. 
The executive is to have great power invested 
in it by the new rules. Iu all great industries 
hitherto, before strikes have been declared, it has 
been the Dae apn to put the matter in dispute to the 
ballot, and the decision of the ballot has been carried 
out by the men’s leaders. It is intended now, how- 
ever, to invest the executive with power to start 
and end a strike on terms which in their judgment 
will be in the interests of the members. hese 
rules are now in draft form, and were discussed at 
the meetings on Monday last. At a future meeting 
of the combined union, including sixty representatives, 
the policy of the organisation will be drawn up. The 
executive will consist of a president, general secre- 
tary, and twenty-four representatives of the various 
districts ; but the officials will not be appointed 
until the completion of the amalgamation. We 
believe, however, that it is probable that Mr. J. C. 
Williams, the present secretary of the Amalgamated 
Society of Railway Servants, will be the first general 
secretary. It is reported also that his four assistant- 
secretaries will be Mr. J. H. Thomas, M.P., Mr. 
Walter Hudson, M.P., Mr. Thomas Louth, and Mr. 
Samuel Chorlton. 

The members of the new combine will be expected 
to pay a contribution of from 2d. to 5d. a week, and 
an improved scale of benefits will be offered, one 
feature of which will be substantial pay when any 
member suffers what is called victimisation. Any re- 
resentatives who may be returned to Parliament will 

expected to act with the Labour Party. We under- 
stand the new union, which will be called the National 
Union of Railwaymen, will be open to all workers 
employed on or in connection with railways. 





It appears pretty certain that Parliament will 
ceed with the Trades Unions Bill when it meeis oa 
on March 6; it is intended that a Government 
amendment of some importance will be pro) 
by the Lord Chancellor in relation thereto. It is 
directed by Clause 4 of the Bill that a ballot 
shall be taken by a trade union before its funds 
can be applied in the furtherance of political 
objects, such ballot to be taken in accordance with 
es to be approved by the Registrar of Friendly 
Societies, who has to be satisfied ‘‘ that every member 
has an opportunity of voting, and that the secrecy of 
the ballot is properly secured.” The amendment of 
r takes the following form :—“ If 
the Registrar of Friendly Societies is satisfied, and 
certifies that rules for the purpose of a ballot under 
this Act, or rules made for other purposes of the Act 
which require approval by the Registrar, have been 
eaves by a majority of members of a trade union, 
whether registered or not, voting for the purpose, or by 
a majority of delegates of such a trade union voting at 
& meeting called for the purpose, those rules 
have effect as rules of the union, notwithstanding that 
the provisions of the rules of the union as to the 
alteration of rules or the making of new rules have not 
been complied with.” 


There is now considerable labour trouble in Dublin, 


and there is some anxiety as to what may occur, 
articularly in a oo labourers of the 





strike more than a fortnight without an 
reasons, are stil] out, and choy have since _ bined 





The 
ity of Dublin Steam et Company, who went on | ask 


by carters in the employment of Messrs. Cullen and 
Co., carriers, in the city. It does not appear that 
anything has been done in the direction of negotiation 
with a view to a settlement of the dispute, which it is 
said, concerns non-union foremen. 


It has recently been rumoured that the Thames 
Iron Works may be reopened shortly—next month 
being named as the time—as Mr. Arnold Hill’s efforts 
to raise the necessary capital have been attended with 
more success than was at first expected would be the 
ease. March 12 is the date named at present for the 
reopening. The prospect of the works being again in 
operation has, we understand, been made possible 
through the help of about a dozen personal friends 
who have come to Mr. Hill’s assistance with liberal 
subscriptions; the whole of the capital has been 
found. It is not intended, we believe, to make any 
change in the administration of the works, and the 
old terms will be adhered to, the eight-hour day 
being ranteed. The old employees will, also, so 
far as is practicable, be re-engaged. 








It is expected that on March 17 next Mr. McKenna, 
the Home Secretary, will receive a deputation from 
the Parliamentary Committee of the Trade Union 
Congress, to hear views on the following proposals :— 
1. State maintenance of the blind by means of national 
and municipal workshops established for the employ- 
ment of capable blind workers, the incapable to be pen- 
tioned. 2. Legislation establishing the right of work- 
men to serve on juries. 3. The substitution of twenty 
years’ residential qualification for the present natu- 
ralisation fee. 4. Drastic amendment of the Factory 
Act in respect of extension of particulars clause to 
transport workers. 5, Compulsory stoppage over the 
week-end in textile factories. Prohibition of deduc- 
tions from wages. Prevention of ‘shuttle kissing.” 
Prohibition of tailoring work in private houses, 
Government inspection of offices. The enforcement 
of dock regulations. London traffic problems will also 
be touched upon. 





The taxi-cab strike, which has now been in opera- 
tion for more than six weeks, still shows no signs of 
giving way, and the enthusiasm of the men on strike 
appears to have spread to their wives, who have 
formed processions and marched through the streets 
in order to attract notice to the dispute. The strike 
at present really appears to suit all parties pretty 
well, and will continue to do so for some time, at 
any rate, so long as the drivers who are now on the 
road are doing so well, and while the men out of work 
are being kept by those at work. 


Oa Monday last, at a meeting of the Scottish Coal 
Trade Conciliation Board, held at Glasgow, the com- 
petency of the coalmasters’ claim for a reduction of 
124 per cent. in wages on the 1883 basis was con- 
sidered. The claim was lodged after the miners had 
made an application for an advance of 25 per cent. 
The Ssbatoal chaieenta, Sheriff Glegg, after hearing the 
parties, upheld the coalmasters’ contention that the 
claim was quite competent according to the rules 
governing the Board. 





There was a meeting of the Conciliation Board 
for South Wales and Monmouthshire at Cardiff on 
Monday last, to consider the question of revision in 

mt wage rate. A reduction of 1} per cent. had 
n made by the owners, while on behalf of the work- 
men there was a claim for 24 per cent. advance. 
Figures were produced by both parties to prove the 
claims t forward, but no agreement was arrived 
at, and the meeting was adjourned until Monday next, 
when Lord St. Aldwyn, the independent chairman, 
will be asked to give his decision. 


Trouble has occurred among the men engaged at the 
Fraserburgh Harbour Extension Works, about 300 
navvies coming out on strike on Monday last for an 
increase of wages. At present the rates range from 
44d. to 54d. per hour, and the men demand an all- 
round increase of Id. per hour. The resident harbour 
engineer, Mr. John Davies, received a deputation 
in the evening and told the men that a definite decision 
would be come to on Wednesday. In the meantime 
work was sto The works are very extensive, 
and will add 11 acres of water to the existing docks. 


There has been trouble at Palmer’s Shipyard, Jarrow- 


on-Tyne, a dispute having en out between the 
joiners and the shipwrights on the La Negra, which is 
pletion 


now nearing com in the . On Monday last 
the dispute assumed another The commence- 
ment of the trouble last week owing to 4 


certain class of work being claimed both by the 








joiners and the shipwrights. It ap according to 
the Newcastle Daily Chronicle, that the ee, who are 
mpany, 


emplo: by the Liverpool Refrigerati 
ay ‘d ters to allow a particular piece 0! 
work to remain in abeyance until the line of demarca- 





tion was drawn and the question settled by the Ship- 





Se ae ee ee ee. ee a ee ee 


> » Oo Oe oe. ee oo Oe oe ee 





FEB. 14, 1913-] 


ENGINEERING. 





225 





yards Standing Committee. This request was refused 
by the shipwrights, who contended that they had 
always done suc partioular work. The joiners, there- 
fore, to the number of about a hundred, ceased work 
altogether. The shipwrights continued work, but it is 
stated by some of them that they were requested by the 
ment to leave the particular work 


bi m 

peuding a settlement. This was declined, and on 
Monday the shipwrights on the La a did not go 
to work. On Tuesday a meeting of the shipwrights 


was held, but no definite decision was come to, and the | gases 


meeting was adjourned. 





The cotton-mills at Oldham, at which there have 
recently been disputes, were reopened on Tuesday 
last. A fresh strike is, however, reported at Nelson, 
though it has no connection with the disputes recently 
settled. The trouble at Nelson is the outcome of a 
form of “non-unionism” difficulty, and is connected 
with the Clover mill, where the men came out on 
strike because of the employment of non-union men. 
The practice of stéaming in the weaving-sheds is 
another cause of trouble, and at the annual meeting 
of the Clitheroe Weavers’ Association, on Monday 
last, the complaints about wet walls and floors were 
very great, so much so, in fact, that unless some- 
thing is done to remedy the evil it is probable that 
the abolition of steaming will be pressed for. 





The monthly report of the Steam-Engine Makers’ 
Society for February has recently been published, and 
announces that trade is still good, and there is asteady 
growth in membership. There is a general demand 
all over the country for efficient and competent work- 
men, particularly in the dockyard districts—a condi- 
tion of things that should, it is suggested, be taken full 
advantage of by the younger members of the society 
who wish for a changeorare unemployed. Some of the 
branch secretaries are brought to book for neglecting 
their duty to the society and their unemployed 
members by not forwarding regularly every Monday 
morning, as they should, weekly sheets of the names 
of unemployed to the general secretary. No names 
are, however, mentioned. At the end of last month 
there were out of work seventy-one fitters or erectors, 
twenty turners, four pattern-makers, one millwright, 
one smith, and two sea-going engineers—a total of 
ninety-nine. On the sick fund there were 293. There 
is a decrease of 18 in the number of the unemployed, 
but an increase of 12 in the number of the sick. 
The particulars given relating to the state of the 
society at the end of December, 1912 are :—Member- 
ship, 15,214; total capital, 113,492/., or a value of 
7l. 93. 2d. per member. After deducting the sum of 
70,939/., however, belonging to the superannuation 
benefit and auxiliary funds, the net amount belonging 
to the general fund, and to meet the requirements of 
Rule 7, Clause 1, is 42,553/., equal to 2/. 15s. 11d. per 
member. The sum of 4s. ld. is still required per 
member to be in conformity to rule. 





AMERICAN AND EUROPEAN BOILER 
PRACTICE. 
To THe Eprror oF ENGINEERING. 

Smr,—As Mr. Dean points out in your issue of the 
7th inst., European and American boiler practice is 
fundamentally opposed as regards brick-set fire-tube 
cylindrical boilers. 

Of course, for large-unit boilers there is no choice ; the 
water-tube boiler is the only possible boiler, either here 
or in America, for the large units adopted for large 
surface-condensing turbine-stations. But, tor the medium 
units for industrial service, brick-set fire-tube boilers are 
very suitable, 

e underfired multitubular boiler prevalent in 
America, but rarely found anywhere else, is merely a 
locomotive boiler minus its water-lined fire-box ; so the 
great bulk of the heat is transmitted through the lower 
shell-plates—viz., at the point most liable to collect 
deposits. In practice, it has as much heating surface as 
& water-tube boiler, and still lower water capacity, and it 
18 very expensive to clean. It is selledbteliy danear to 
furnish a given total heating surface in the form of long 
tubes in the shell of a multitubular boiler than it is to 
build a water-tube boiler using shorter tubes. But, as 
two-thirds of the heating surface is dispensed with by 
adopting the correct design of fire-tubes and setting for 
° — boiler - ae capacity and eeoow. 

1s difficult to see why large-water-space or ca- 
shire boiler is not as widely used in America as it is in 

rope. 

Mr. Dean’s plans of a 20-ft. by 7-ft. underfired multi- 


tubular boiler for 185 Ib. re may fairly be com- 
pared with those of a 30-ft ~ 8-ft Lensnshice boiler for 
identical pressure and duty. The comparison is as 








under :— 
oa | ; 
a Shell | Heating! Gas Flues |Furnace 
Dimensions. Surtace.| Number and Size. (Width. 
ft. ft | sq.ft; im ft | ft in. 
Multitubular 2x7 | 
Taatubaler | 20x 7 | S066 192, Sdia., 20 long z 1 


1000 2, 39 dia., 80 long) 








‘ Either boiler is equally capable of the rating of 300 
Ameriean boiler horse-power—viz., 300 by 34}, or 








10,350 Ib. hourly equivalent evaporation from and at 
212 deg. Fahr.; with correct combustion and good coal, 
this involves, say, 1120 Ib., or 4 ton coal hourly, when 
either boiler should give, say, 72 per cent. efficienc 
without, or, say, 78 per cent. efficiency with, economiser. 
‘ The erage oy boiler aes oe about —iee of the 

eat through water-lined large-area furnace fines, so 
its and radiation heat losses are low. This fact 
shows t Mr, Dean’s “‘ fundamental law of boiler 
design” is imaginary ; i 
divide boiler gases into small 
to be near the heating surfaces. 
is mainly a function of temperature difference. The 
two 39-in. flues of the above Lancashire boiler have nearly 
double the area of the 192.3-in. flues of the above multi- 


tubular boiler. 

Should s be very limited, the Lancashire boiler 
can be ie 20 ft. long without any diminution of coal- 
burning capacity, and with very slight loss of efficiency ; 
but the popular 30-ft. boiler has 50 per cent, more water 
capacity, and costs little more to build, than the 20-ft. 
Eaneeabien boiler of the same diameter. 

Nearly all boiler waters can be advantageously heated 
and softened before use, by waste heat and soda, in a 
heater-softener, thus keeping economisers and _ boilers 
free from scale and corrosion. Bust most softened waters 
are dense—viz., high in non-encrusting salts, and there- 
fore large water capacity in boilers is most valuable, 
particularly for mills, collieries, &. Their conditions 
are totally different from those of surface-condensing 
turbine plants. 

No boiler approaches the Lancashire for simplicity, 
durability, large water capacity, or ease of access ; no 
other boiler is so well sui for hard service. Its 
brick-setting is not expensive, and its upkeep is very 
low. It is possible, though unusual, to build an external 
furnace of large area, to compensate for low-grade fuel ; 
otherwise the ca 4 *! the Lancashire boiler varies 
with the class of fuel . Its length of 30 ft. is really 
the only disadvantage ; and this length, as shown above, 
is arbitrary, and can be reduced when desired. It is a 
very convenient boiler for an accessible superheater, 
placed in the downtake. 

Mr. Dean's Table A tests do not refer to the 20-ft. by 
7-ft. high-pressure multitubular boiler shown in his 
but to four brief tests made at a paper-mill nearly 
thirteen years ago, on larger boilers, at only 95 Ib. pres- 
sure saturated steam; the tests refer to two 400-horse- 
power boilers, each with 260 gas flues 20 ft. long, 
4027 sq. ft. total heating surface, rated 13,800 lb. from 
and at 212 deg. Fahr. : one had 48.75 sq. ft. te surface, 
hand-fired, the other a chain-grate stoker of 61.87 sq. ft. 
grate surface ; a good coal was burnt—figures as under :— 





| . em | | 
Test. | mom || of | Elie] gel 
Burnt. =| #5 | [$¢@\p3 (32 
| &| a | §& |g°|ke# gs 
1b per B.T.U hp.| aq. ft. Be fe F} pe. je 
Apr. 4, 1900, | 2065 13,961) 630| 48.75 | 78.14 | 569 | 8.27 \0.45 


| (hand) | 
349 | 48.75 | 73.48 465 | 13.48 0.70 
hand) | 
| 8.72 0.49 


742| 61.87 |76.14| 645 

| (stoker) | } 

61.87 | 70.56 | 492 | 26.18 /0.70 
pe ong 


| | } stoker | 

The great waste of combustible with the chain-grate 
stoker on test below boiler rating is noticeable; while the 
moisture reported in saturated steam, particular 


urs | 
Apr. 19, 1900, 1154 |18,718| 

Shhours | 
Apr. 5, 1900, | 2826 18,961 


Sfhours | 
Apr. 20,1900, | 1319 18,718 | 383 
8 hours 





ly on 
forcing tests, is incredibly low, this error vitiating the 
_ efficiency claimed for the stoker-fired forcing test. 

r. Dean’s Table B tests refer to a multitubular boiler 
of the locomotive type, placed vertically, and having 
6081 sq. ft. heating surface ; the upper part of the tubes 
not being su , this 1181 sq. ft. tube surface is 
claimed to be superheating surface. Mr. Dean’s figures 
show that on these tests one-sixth of the steam reported 
to be superheated 17 deg. Fahr. was really unevaporated 
water. Such results must be extremely unsatisf: . 

It is indeed surprising that the Lancashire boiler is so 
little known in America. Any boiler-maker can build it. 
Tt has survived all attempts to complicate it ; it remains 
much the simplest of all ‘boilers, and is the 
unit of capacity ; it is also a very safe boiler. For indus- 
trial its large water capacity is a virtue, and not a 
defect. Records of evaporation prove that its efficienc 
varies with the combustion efficiency, as is case wit. 
all boilers. With suitable mechanical stokers there is no 
difficulty in maintaining 12 to 14 per cent. CO,, no CO, 
and a smokeless chimney, either with the Lancashire or 
~ other boiler in commercial ue. 

t can hardly be seriously contended that the Lanca- 
shire boiler *‘ violates a fundamental law” by developing 
= equivalent evaporation of 34} Ib. 

ahr.) hourly, with one-third of the 
sq. ft. of heating surface which is provided in American 
pay ee fire-tube and water-tube boilers. What else 
can be urged against it? 

Yours faithfully, 


asin ay rer a eee E. 
’s Engineeri m , Limi Grace- 
cusdinenh, Lewtan, 9 ebruary 10, 1913. 


THE FIRE PROTECTION OF ST. PAUL'S 
CATHEDRAL. 
To tae Eprron or ENGINEERING. 
Sim,—My attention has been drawn to a letter si 





“‘R. P.,” which was published in the last issue of your 


paper with reference to the above subject. 
*R. P.” appears to be under the impression that the 


y | impression from the article 


signed | gases also 





system consists of a number of dry mains at different 
points of the Cathedral, to which the Fire Brigade would 
attach their appliances. He, no doubt, received this 


published by you on 
January 31. 


Ican assure ‘“‘R. P.” that the question of the protec- 
tion of St. Paul’s has had the most careful consideration 
of the foremost ex not only in dealing with actual 
fires, but also in designing installations suitable for the 
perpom. and I have no hesitation in saying that St. Paul’s 

ral is now fitted with a system by means of which 
a powerful jet of water can be concentrated at all times, 
both by day and by night, on to or into any part of the 
building from the pt to the Cross within afew seconds 
of the discovery of a fire, without the assistance of the 
Fire Brigade, and, moreover, provision been made 
to —_ — Fire Brigade to get to work with the least 
possible y: 

In addition to this complete system for dealing with a 
fire, every precaution has been taken to prevent a fire 
occurring—t.¢., all soft wood has been removed, iron 
ladders and gangways being fixed instead of wooden ones. 
The Dome has been divided into four separate rings, 
and stone pillars have been enclosed with brickwork in 
the store-rooms, &c. 

Further evidence of the satisfactory character of the 
installation is afforded by the fact that the insurance 
company have reduced the premium on the policy by 
one-third. 

I might give a full description of everything that has 
been done, but fear I have already ocoupied too much of 
your valuable s . The observations I have already 
made should satisfy not only ‘R. P.,” but also others of 
your readers who are interested in this matter. 
Yours faithfully, 
Mervyn Macarrnry. 
9, Bedford-row, London, W.C., February 12, 1913. 





Tre Use or THe Sream-Encine aS A BRAKE ON A 
VEHICLE.—Ata meeting of the general committee of the 
Commercial Motor-Users’ Association (Incorporated), on 
Wednesday last, it was reported by Mr. E. 8. Shrapnell- 
Smith that he had called on one of the assistant secre- 
taries of the I.ocal Government Board. and he had been 
informed that the Commercial Motor-Users’ Association 
had made out its case for the alteration in the Motor-Cars 
(Use and Construction) Order, so as to allow the engine 
of a steam vehicle to be used as a brake, and that the 
Board would shortly issue an Order on the matter. 





Tue Institution oF Evecrricay Encingers’ VISIT TO 
Paris.—At the Institution dinner on February 6, M. 
Grosselin, President of the Société Internationale des 
Electriciens, conveyed to the members an invitation from 
his Society to visit Paris next May. The invitation has 
been accepted by the Council of the Institution, and as 
soon as sufficient details are available a circular on the 
subject will be sent to the members. At present it is 
propored that.the visit should take place ome Se last 
week in May, and that it should occupy three days, the 
time being given partly to the reading and discussion of 
papers and partly to visits to works and places of in- 
terest, and a banquet. 





Tue Brats or an ATOM ?—Two papers, read before the 
Chemical Society on Thursday, February 6, have called 
forth comments on the “ Birth of an Atom?” in the 
daily Press. The papers were ted by Sir William 
Ramsay, on “The Presence of Helium in the Gas from 
the Interior of an X-Ray Bulb;” and by Dr. J. Norman 


Collie, F.R.S., and Mr. H. Patterson, on ‘‘ The Presence 
of Neon in Hydrogen after the of the Electric 
Discharge through the latter at Low res.” The 


Mr. Patterson November, when 
they ascertained that they were engaged in the same work. 
In all the cases vacuum tubes were with hydro- 
m8 96 Sy ressures, and then ex to the electric 

ischarge. Romany found the hellom lines in the s 
after a certain time in what had been hydrogen. lie 
made the same observation. Patterson found both the 
belium and the neon lines; hé then surrounded his tube 
with a second tube, forming a jacket, and he introduced a 
little oxygen into the space between the two tubes ; the 
neon lines then became distinct, and he pointed out 
that the atomic weights of heliam (4) and of oxygen {16) 
would together make up the atomic weight of neon (20). 
There was no discussion of the papers, and the apparatus 
was not shown. Dr. Collie emphasised the various pre- 
cautions he had taken rather than the results. It will be 
seen that all the evidence is spectroscopic in character, 
though the neon spectrum is, of course, very characteristic. 
It is, perhaps, not quite useless also to point out that 
the three experimenters all work in University 
and that the same tubes may have been used for ex- 


authors first worked independently of one another, but Dr. 
Collie and associated last 


perimenting with various The importance of 
the communications lies, course, in the fact that 
a building-up of an atom of helium (4) or neon (20) 


is clai from hydrogen (1), or possibly also from 
oxygen (16); this is different de the formerly described 
ing down of the atoms of radioactive materials 
with the generation of helium and other substances 
in addition to radiations. We do not wish to express any 
opinion before the full iculars are available, all the 
more so as both Sir J. J. Thomson and Sir Oliver 
Lodge are reported to have their doubts. Sir J 
Thomson t that the gases might come from t 
metallic (which are known to retain gases with 
remarkable istency) and the glass walls (to which 
strongly): he had often noticed the 


of gases after charging the electrodes. Dr. 
Chilie, moreover, mentioned that bubbles were observed 
in his tubes, 
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SHIPBUILDING 


BERTH GANTRIES AT THE NAGASAKI YARD. 


CONSTRUCTED FROM THE DESIGNS OF SIR WILLIAM ARROL AND ©O., LIMITED, BY THE MITSU-BISHI COMPANY, NAGASAKI. 
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Tux illustrations on this and the opposite page and on 
230 afford further evidence of the progress of ship- 
uilding in Japan, which now equals, alike in the 
efficiency of design and satisfactory character of work- 
manship, the work done in Western yards, notwith- 
standing that the industry was only commenced at a 
com tively recent day. Indeed, previous to 1853, 
the Shogun’s Government prohibited the construction 
in Japan of vessels of greater dimensions than 50 tons. 
In that year this law, which had existed for 218 years, 
was repealed, consequent upon the visit of an American 
war fleet to the Japanese coast. About 1854 some 
refugees from a wrecked Russian gunboat were granted 
permission by the Shogun to construct a wooden 
schooner, which was 81 ft. in length over all, 23 ft. in 
breadth, and 10 ft. in moulded depth. This ship was 
the first built in Japan of E construction 
with framed timbers, and it was shortly afterwards 
followed by six similar vessels. The first modern 
shipyard for the repair and construction of war vessels 
was atarted in Nagasaki in 1857 by the Government. 
This yard into the hands of the present pro- 
rietors in 1884, and forms part of the famous Mitsu- 
ishi Works, which now cover over 100 acres, with a 
water frontage of over 14 miles, and are provided with 
seven building-slips ranging from 500 ft. to 800 ft. in 
length. The first modern ship constructed entirely 
by Japanese workmen was built of wood at Ishika- 
bak oye natty iis er 
e@ Shogun’s Government again assis in the 
development of the eveteidins industry by layi 
down another shipyard ai Yokosuka in 1864 for mer- 
cantile work, but this wae transferred to the Imperial 
Navy in 1872. Until 1885 all ships built at this yard 
were constructed of wood, but in that year the first 
composite ship was launched. The forerunner of the 
Dreadnoughts and the first battleship built in Japan, 
the Satsuma, was laid down in Yokosuka in 1904 and 
launched in 1906. The whole of the ing machi- 
and water-tube boilers were constructed in the 
engine works at Yokosuka, This yard covers 116 
acres and employs about 8000 men. It is provided 
with two large building-slips, over one of which there 


is a large gantry of German design and construction, 
with cranes of 5 to 30 tons capacity. 

The ep Japanese Government laid out a eecond 
dockyard for the repair and construction of war vessels 
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at Kure in 1889, in which there are two large build- 
ing-slips, one of which is provided with a shipbuilding 
gantry covering its entire length. The other large 
naval dockyards are one at Sasebo, which was begun 
in 1890, and the other at Maidzuru, opened in 1901. 
There are also some smaller naval yards for the con- 
struction of destroyers and other small craft. 

The Ishikawajima Shipbuilding and Engineering 
Company was the first private yard opened in Japan. 
It was established in 1876, and was followed by the 
Kawasaki Dockyard Company, Osaka Iron Works, 
and other less important shipbuilding yards and 
engineering works. In 1896 the Shipbuilding En- 
couragement Act was passed, allowing a subsidy on 
vessels above certain sizes which were built in Japan. 
This Act of Parliament gave a great impetus to the 
construction of ships of all sizes. 

The subsidies given to mercantile shipbuilding by 


the Imperial Government, and the placing of orders | — 


for naval work with the private shipyards, encouraged 
these companies to enlarge and increase their manu- 
facturing capacity. A new tariff law came into force 
last year, which pont a heavy import duty on manu- 
factured material, and a low duty u imported raw 
materials, such as plates and bars. This law hastened 


the rapid teens gate of the shipyards. Modern 
machine-tools and special lifting and evar rt. 
ws were imported from ab to prepare for the 


jomestic development of the shipbuilding industry 
consequent upon the new condition of affairs, The 
and naval dockyards of Japan now bear 
comparison with first-class yards in Great 
Britain and the Continent. bammer-head cranes 
have been erected at Kure Yokosuka dock 
to deal with loads up to 200 tons, and at the Mitsu- 
Bishi Company’s —_ at Nagasaki to deal with loads 
up to 150 tons. e Imperial Government are having 
erected at the Sasebo dockyard the largest cantilever 
crane yet constructed. It has a ene, of 
250 tons, and is nang, supplied by Sir William Arrol 
and Co., Limited, of Glasgow. 

After considering the methods used in European 
and American shi to deal with the handling 
of material over the ing-slips, the Imperial Govern- 
ment decided to adopt overhead tries to carry 
cranes and to cover the entire | of the ship under 
construction, Two such gantries have been supplied 





and erected from German designs, one at the Kure 
dockyard, and the other at the Yokosuka dockyard. 


Another gantry has been manufactured and erected at 
Kure by the Japanese Government themselves. The 
first gantry to erected in a private yard has just 


been completed at the yard of the Mitsu-Bishi Com- 
pany at Ki agasaki. It is designed for a double berth, 
as shown in the illustrations above and opposite 
(Figs. 1 to 3); but at the present time only one 
berth, with its overhead cranes, has been erected, as 
shown in the perspective views on e 230 (Figs. 4 
and 5). It has a total length of 7 t., with a clear 
width between towers of 116 ft., and a total height 
from the berth to the top of the structure of 186 ft. 
at the water end. The main towers measure 13 ft. 
by 73 ft., and are placed at 924 ft. apart between 
centres longitudinally. 
Particulars of Cranes for Zach Berth. 





Number! | Speed of | Speed of River End 

















Speed of S 
of To Lift ; | Travers- | Travel- | Height 
Cranes. Hoisting. | “ing. ling. _of Lift. 
tons itt. p. min. |ft. p. min. 'ft.p. min. ft. in. 
2 5 70 | | 300 164 ~8 
2 5 70 90 300 156 1 
1 10 50 | 90 250 164 3 
1 10 ; 60 | 9 250 (155 4 
1 30 (main 2 | 2110 200 141 10} 
hook) | | 
— | 7 @uxiliary so | — ~ M43 1 
hook) 
Particulars of Crane Motors. 
| 
Motors .. 5-ton crane 35 b.h.p., 2 b.b.p., 10 b.h.p., 
| 600 r.p.m 700r.p.m.  600r.p.m. 
” 10-ton ,, 60bb.p., | Mbhp,  12bhp, 
500r.p.m 700r. p.m. 600 r. p.m. 
” 60 b.h.p., 10 b.b.p., 35 b.h.p. 
(main hook) 600r.p.m.  600r.p.m. 600 r.p.m. 
” 7-ton crane 85 b.h.p., _ , 
(aux. hook) 600r.p.m 


The crane equipment in each berth consists of one 
30-ton crane on the lower crane-track, four 5-ton 
cranes and two 10-ton cranes on the upper crane- 
track. The lower crane-track is placed at a level of 
114 ft. above the floor of the berth at the water end, 
and the upper crane-track at a level of 138 ft. The 
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SHIPBUILDING BERTH GANTRIES AT THE NAGASAKI YARD. 


CONSTRUCTED FROM THE DESIGNS OF SIR WILLIAM ARROL AND CO., LIMITED, BY THE MITSU:BISHI COMPANY, NAGASAKI. 
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30-ton crane spans across the full width of the berth 
and commands the whole area. The 5-ton and 10-ton 
cranes span from the sides to the centre of the berth, 
where they are supported upon a track-girder, which 
is suspended from the main cross-girders between the 
towers. One-half of these cranes have a cantilever 
projection that extends under the longitudinal centre- 
track girder, so that the crab, which runs inside the 
main girders, can handle materials upon the centre 
line of the ship under construction. A complete 
pera of stairs and gangways is provided throughout 
the structure, so that easy access is had to all parts as 
well as to the cranes. The main towers are erected 
on concrete foundations, which are supported by 
timber piles on account of the low bearing ———y of 
the ground on the site, which has mostly been re- 
claimed. In addition to the dead loads and heavy 
crane loads the structure is designed to resist a wind 
pressure of 60 lb. per square foot. 

_The whole of the structure was manufactured at 
Nagasaki by the Miteti-Bishi Company, and erected by 
them within twelve months of starting to manufacture 
it. The construction of this gantry reflects great 
credit on this company for the expeditious manner in 
which the work was carried out. The design of the 
structure and foundations was placed with Sir William 
Arrol and Co., Limited; of lasgow, on account of 
their large experience in the design and erection of 
this special class of work. Fully detailed drawi 
were supplied to the Mitsu-Bishi Company, as well 
as detailed shop specifications describing the shop 
work on the various pieces, and bills of material. Sir 
William Arrol and Co., Limited, also supplied the 
order sheets for the supply of material from the rolling- 
mills, so that it was properly marked and allocated to 
its specific part of the job betore shipment. The whole, 
of the material was shipped from this country to Japan 
in the form of bars and plates by Messrs. A. R. Brown, 
MacFarlane and Co., Limited, of Glasgow, and all 
labour in connection with its manufacture was done at 
Nagasaki. All the overhead travelling-cranes were 


Teele’ complete by Sir; William Arrol and Co., 
imi . 

The success attending the manufacture and erection 
of this gantry in Japan, and the substantial character 
of the desi; 
Imperial 


» received favourable comment from the 
apanese Government, and they have placed 








an order with the Mitsu-Bishi Company for a similar 
structure at the Yokosuka Naval Dockyard. It is for 
a single berth, and has a total length of 819 ft., with a 
clear width of 116 ft, between the upright towers. The 
crane capacities are the same as on the Nagasaki gantry. 





TRAINING OF APPRENTICES. 

THE encouragement of apprentices in engineering 
works has, eee - the last few years, been attracting 
very considerable interest, and many well-known 
firms have taken the matter up with enthusiasm. 
The object is a very good one, and ought to, create 
sympathy, particularly among those engineers who are 
now no longer young, but who still retain vivid recol- 
lections of their own early years, when little or nothing 
was done in this direction. Among the firms who 
have devoted time and labour to the object we 
have named is that of Messrs. David Brown and 
Sons (H.F.D.), Limited, Park Works, Lockwood, 
Huddersfield, who have organised a scheme in con- 
nection with their works which should prove a great 
help to their ——- and encou them to 
put forth their best efforts. This scheme is s0 
arranged that it is suitable for youths of different ages, 
and is adapted to the needs of those under sixteen 
en pbe of age as well as those over that age, and a 
ist of carefully drawn up rules relating to the scheme 
has been prepared. These rules relate to facilities 
for apprentices over and under sixteen years of age 
at g evening classes. For apprentices over sixteen 
years of age the following rules have been laid down :— 
1. All apprentices are expected to attend evening 
classes and to follow courses approved by the evening 
school officials. 2. Examinations will conducted 
by the evening schools at the end of each session, 
while a special examination, to ascertain the progress 
made by each apprentice at his own particular trade 
or employment, will be conducted by a committee of 
the works staff appointed by the t. The 
questions set at this examination will deal with sub- 
jects such as the following :—The care and working 
of different classes of machinery, the use of various 
micrometers and other instruments and tools, and the 
methods of machining and erecting different classes 

a 





allowed half their school fees. 4. A record will be 
kept by the firm of the conduct of every apprentice 
both at the works and at the classes, each one being 
allowed a certain number of marks, as follows :— 
Home work and general conduct at classes, 100; 
school examination, 100; works examination, 100 ; 
time-keeping at works, 100; general conduct and 
efficiency at trade or employment, 100. 5, Prizes will 
be offered at the end of the session for the highest 
number of marks : First prize, value 20s, ; second prize, 
15s.; third prize, 10s.; all three being for apprentices 
employed in the works. One prize, value lds., will be 
given for those employed in the drawing-office, and 
one of 15s. for those employed in other offices. The 
prizes will be in the form of tools, books, &e. 

The following advantages will be offered in addi- 
tion to the prizes:—6. Apprentices making 80 per 
cent, of the total marks will be offered six months’ 
training in some department of the works (to be de- 
cided on by the management) in which they have not 
previously employed, and will receive an advance 
in wages of ls. a week for each succeeding year. 7. All 
prize-winners will be allowed the full amount of their 
class fees for the year succeeding that in which the 
prize is won. In addition to those who benefit under 
the clause numbered 6, youths under twenty - one 
years of oge employed as machine operators those 
employed in the offices will profit by improved facilities, 
to be granted by the firm. 

The rules for lads under sixteen years of attend- 
ing evening classes are slightly modified in certain 
cases, _ are as follow : ao 

(a) apprentices are e to attend eveni 
classes at the elementary aheein and to follow mee 
approved by the school officials, 

(6) Examinations will be conducted by the evenin 
schools at the énd of each session, and a epeatel 
examination, to ascertain the progress made by each 
apprentice at his own icular trade or employ- 
ment, will be conduc by a committee of the 
works staff appointed by the management, The 
questions set at this examination will deal with 
subjects such as the following :—The care and work- 
ing of different classes of machinery ; the use of 
My micrometers, and other instruments and 
tools. 





of work. 3. All apprentices making an a 
attendance at classes of 90 per cent. or over will 





(c) Under the terms of the prospectus issued by the 
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Hudder: field County Borough Education Committee, 
all those joining the evening classes the same year as 
leaving the day school will be admitted without payment 
of fee, and all those making an ave attendance 
at the classes of 90 per cent. or over will be given a 
free scholarship for the following session. In addi- 
tion to this the firm will give an allowance of 3s. for 


books for each rentice making the above ave 
attendance, provided that his general conduct 
satisfactory. 


(d) A record will be kept by the firm of the conduct 
of every apprentice, both at the works and at the 
classes, wan one being allowed a certain number of 
marks as follow :—Homework and general conduct 
at classes, 100; school examination, 100; works 
examination, 100; time-keeping at works, 100; 
general conduct and efficiency at trade or employ- 
ment, | 

(e) Prizes will be offered at the end of the session 
to the a tices obtaining the highest number of 
marks. e first prize will be of the value of 15s. ; 
the second prize, 12s. ; and the third prize, 8s. ; these 
three prizes are for those oy in the works. 
There will also be one prize of 12s. for those employed 
in the drawing-office, and one of 12s. for those employed 
in other offices. These prizes will be given in the form 
of tools or instruments, according to the choice of the 
winners. 

(f) Apprentices making 80 per cent. of the total 
marks wilh seoclve an advance in wages of ls. a week 
for the succeeding year. 

It should also be noted that the facilities will be 
extended to youths employed as machine operators 
and those employed in the offices. 





Franoo-Brrrish Trave, Unton.—We are informed 
that the Council of this union, whose offices are at 33, 
Craven-street, W.C., are taking the preliminary steps to 
organise in London, in September next, a Franco-British 
Travel Con; It is proposed to hold later a second 
congress ie Paris. The commerce of both countries being 
intimately interested in the progress of travel, the 
as keg ies opinion ee — - sure to derive 

efit e exchange o! ideas at these congresses. 
They hens sent us a y of the first issue of their illus- 
trated review, France, the official organ of the union, con- 





taining in data on several French resorts, and 
other useful information. 
Ciype Gravine-Dock Drsaster.—During a gale on 


Saturday last the prering’Goek at Scotstoun, G Ww, 
owned by Messrs. y, Curle and Co., Limited, was 
suddenly flooded, owing to water forcing its way past the 
caisson, and three workmen engaged on a ship in the dock 
were drowned, another having a miraculous escape. The 
ship was moved from the keei-blocks, and owing to some 
of the shell-plating being off, she partly filled with water. 
There is no authoritative statement as to the cause, but 
it is supposed that the pressure exerted by the abnormally 
high tide forced the caisson upward, that the water 
rushed in underneath it. The dock is closed by three 
transverse caissons. When a ship has entered the dock 
the caissons are floated across the entrance, and sunk, 
one on top of the other, until they form a complete wall. 
The caissons are divided by bulkheads into compartments, 
into which water is pumped or withdrawn respectivel 

for sinking or floating. When the caissons are sun 

across the entrance they are kept in — by their 
own weight and by the pressure of water in the 
river outside. The view is held that if the water had 
come im other than horizontally underneath the cais- 
sons, it is extremely improbable that the gate would 
have righted itself automatically as it did. The dock 
hee now been restored almost to normal working con- 

ition. 





Art ww Sravcrures.— Under this title, Mr. H. B. 
Jenkins, A.M. Inst. C.E., read a paper at a meeting of 
the Bedford Arts Olub, held on February 8 last, in which 
he laid stress on the view that ‘‘a structure correctly 
designed is ing in effect to some such extent as the 
purpose fulfilled allows it to be suggestive of giving 
pleasure.” He drew attention to the circumstance that 
correct design implied fitness to modern be Re 
that it was improper to compare structures built with the 
limitations of the past with those of to-day, in which 
improvements in transport have made’ it inadmissible to 
use indifferent local materials in preference to better 
and more durable qualities imported from a distance. 
Hence, he maintained that a steep-pitched roof, which 

iate when thatch was used 


in making comparisons between engineering 
and oe structures due regard should be paid ~ 
a 


an evolution the past. The Great Western Rail- 
way, he sai use 

were Brunel’s wooden bridges in Devon 

Corn by modern ; but the was 
as a matter of fact imperatively demanded by con- 
siderations of safety, as 's designs were not cal- 
culated to take trains weighing 200 to 300 tons, fitted 
with continuous brakes, travelling often at a mile 


heavy strains, whi 
unfitted to take. 





ENGINEERS IN JAPAN. 


THE engineers of Tokyo, and others interested in 
engineering in one or other of its branches, met on 
January 18 to celebrate the birthday of James Watt. 
There were some seventy guests, fifty of these bein 
Japanese, and twenty ‘‘foreigners.” Dr. Inokuti 
presided, succeeding the presidents of former years, 
who have all been men of note in the engineering 
world. Dr. Inokuti is Professor of Engineering in 
the Tokyo Imperial University, a chair which he has 
now occupied for twenty-five years. Exchange tele- 
rng p aman between Tokyo and Glasgow, the James 

att dinner in pay ed taking place one day earlier 
than the dinner in Tokyo, which was itself one day 
before the actual anniversary. 

The — 5 h of the eveni was that 
made by the ident. It was, as usual, delivered 
in English. Referring to the inauguration of the new 
reign, he spoke of the aspirations of the Japanese 
race, and the effort being made to continue the great 
undertaking initiated by the late Emperor, and to 
assist the new Sovereign in the government of 
his dominions and the advancement of Japan. 
Continuing, he said that the Japan Society of 
Mechanical Engineers now frequently held informal 
meetings of the members, to exchange views on 
various professional topics and also to read short 
papers on mechanical subjects of interest. At one of 
these meetings recently held, a subject entitled 
‘*Furtherance of Mechanical Engineering in Japan,” 
was en forward by certain members and an exceed- 
ingly lively discussion upon it followed. This discussion 
was resumed at a later meeting with undiminished 
enthusiasm, many prominent men taking part in the 
discussion. Speaking broadly, it seemed to point to 
the view that in Japan’s present circumstances prac- 
tical business undertakings must be promoted, and the 
economy of the Empire fostered. Among the many 
suggestions discussed the following may be men- 
tioned :—‘‘ 1. The instituting by the Government of 
a central technical laboratory for research work and 
testing of various kinds. 2. Theestablishing of model 
mechanical workshops in which first-class precision 
work can be taught. 3. The unification of form, 
dimension, king, &c., of manufactured articles. 
4. The pred ice. in of engineering articles of high 
utility forming the elements of ines and struc- 
turer. 5. The necessity of some technical knowledge 
on the part of the m rs of engineering firms.” 
The Society of Mechelen Miaincess have formed a 
committee, consisting of fifteen members, to give 
special attention to the subject under consideration. 





Tue InstrTuTE oF MeTALs.—The annual general meet- 
ing of the Institute of Metals will be held at the Institu- 
tion of Mechanical Engineers, Storey’s Gate, Wesb- 
Serge © eesti rok Mh epany -6 h = pod 12 
next, the ings ning at 3 p.m. on the former 
day, and at 10.30 a.m. on March12. At the Tuesday’s 
rome diya * 5 aed the Council and of the 
treasurer will ted, and the presidential address 
of Professor A. K. Huntington read. In the evening of 
the same day the fourth annual dinner will be held in the 
Criterion Restaurant, at 7.45 for 8 p.m. On Wednesday, 
March 12, papers by the following gentlemen will be read 
in abstract and discussed :—Dr. G. H. Bailey, on ‘‘ Cor- 
rosion of at Pra Le a bg Mes Fae 
Quantitative Effect pi ing in Bina “Ts 
Mr. O. F. Hudson, on ‘* Micro-Structure of Gornan 
Silver ;” Mr. A. ag on ‘*The Corrosion of Distilli 
Condenser Tubes ;’ Messrs. J. S. Glen Primrose 
H. 8. Primose, on ‘‘ Practical Heat Treatment of Admi- 
—_ Gun-Metal;” and Mr. Alexander Siemens, on 
** Metal-Filament Lamps.” 





- Renewa or Grrapers or THE Kivu BRIDGE ON THE 
East Inpran Ratway.—A very smart piece of work 
was completed last March in regirdering the up road of 
the Kiu lew oe mile 261f on the main line the 
Kast Indian Railway within three months of starting 
work, but this fine record has been surpassed in regirder- 
fog the dona send. The old bridge was of nine of 
150-ft. lattice girders, weighing 

footways supported on brackets 
Before the work of erecting 
in hand, the old girders had 
the cutting out of 103,000 
demoli , and new 
ion of the 
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was started on November 14, 1912, and the 
laid the new bridge on January 11 
opened on January 21, 1913. So 

idity with which this work 
ualled in India. For 
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NOTES FROM THE NORTH. 
: Giascow, Wednesday. 
_Hlasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market o with a slightly easy tone, and 
the dealings, which amounted to 5000 tons of Cleveland 


&| warrants, were at 64s. 9d. cash, 64s. 11d. four days, 


= ie two days, 65s. April 22 and 23, and 65s. 14d. 
and three months. 7 sellers quoted 64s. 10id. 
cash, 65s. 24d. one month, 65s. 1d. three months. 
In Cleveland warrants became weaker, 
and only one lot changed hands at 64s. 9d. twenty- 
two days, with sellers over at, that figure for ~ 
and at 65s. one month and 64s. 1ld. three months. 
On Friday morning the market was quiet, and Cleve. 
land warrants were dull. The business consisted 
of 2000 tons at 64s. 8d. and 64s. 84d. cash, and from 
64s. 6d. to 64s. 10d. three months, with closing sellers at 
64s. = i — rA- eng ge Re et ein Bag three 
mon change too in ti when 
Cleveland warrants gai’ in strength. The turnover 
was 8000 tons at 65s. cash and three months, 65s. 1d. 
six days, 65s. 2d. twenty-one days, 65s. a. April 
10 and 14, and 65s. 3d. and 65s. 6d. April 15. At 
the close there were sellers at 65s. 2kd. cash, 
65s. 6d. one and three months. On Monday morning 
Cleveland warrants were again strong, and 5000 tons 
were done at 65s. 2d. and 65s. 3d. cash, 65s. 6d. one 
month, and from 65s. 6d. to 65s. 9d. three months. The 
closing quotations were firm at 65s. 4d. cash, 65s. 84d. one 
month, and 65s. 10d. three months sellers, In the after- 
noon the tone continued good, but the turnover was 
limited to 500 tons of Cleveland warrants at 66s. one 
month, with sellers over at 65s. 10d. cash, 66s. 2d. one 
month, and 66s. 44d. three months. On Tuesday 
morning 4 fall oy. took place in the values of Cleve- 
land warrants, and dealings were recorded at from 
65s. 6d. to 65s. 44d. cash, 65s. 6d. one month, 66s, 
April 15 to 24, and from 65s. 10}d. to 65s. 6d. three 
months. At the close sellers quoted 65s. 3d. cash, 65s. 64d. 
one month, and 65s. 74d. three months, and the turn- 
over amounted to 7500 tons. In the afternoon weakness 
again prevailed, and 2500 tons of Cleveland warrants 
were done at from 65s. 1d. to 64s. 94d. cash and at 
65s. 5d. three months. Closing sellers named 64s. 10d. 
cash, 65s. 3d. one month, and 65s. . three months. 
When the market opened to-day (W: mesday) the tone 
was weak, and Cleveland warrants amounting to 6000 
tons changed hands at 64s. 10d. and 64s. 9d. cash, at 
65s. one month, from 65s. 6d. to 65s. 3d. two months, and 
from 65s. 44d. to 65s. 2d. three months. The session 
closed with sellers at 64s. 84d. cash, 65s. 04d. one month, 
and 65s. 3d. three months. In the afternoon Cleveland 
warrants were dull, and 5000 tons were put through at 
from 65s. to 64s. 8d. cash, at 65s. and 65s. 0}d.one month, 
and at 65s. 2d. three months, Sellers’ closing quotations 
were 64s. 9d. cash, 653. 04d. one month, and 65s. 2d. 
three months. 


Sulphate of Ammonia. —The sulphate of ammonia 
market has not maintained its recent strength, and quota- 
tions are again easier. For prompt lots the current price 
is now 14/, 8s. 6d. per ton, Glasgow or Leith. Inquiries 
are somewhat limited at the moment. 


Scotch Steel Trade.—Scotch steel-makers are still ex- 
periencing « fairly active demand for heavy material, 
ee alth the ae facilities in the Glasgow area 

venot yet improved, they aregettinga way quitearespect- 
able of stuff. A perm na of Slaten of the 
Chamber of Commerce is now endeavouring to arrange a 
conference between the carting contractors and the men on 
strike, and it is eagerly hoped that a satisfactory outcome 
may result. In the meantime the export trade is suffering 
considerably, and a heavy tonnage of. steel material has 
been short-shipped. Inquiries for export lots are very 

and the demand for black sheets has not lessened 
in theslightest. On home account there are fewer general 
orders being placed, but producers have heavy contracts 
to work upon, and consequently they are well employed. 
For sectional stuff there isa healthy inquiry from Canada 
and South America. Prices all round are firm, except in 
the case of galvanised corrugated sheets, which are quoted 
5s. per ton cheaper. 

Malleable-Iron Trade.—Malleable-iron makers in the 
West of Scotland are fairly well employed, but new 

are scarce. The mills rolling strips for the tube trade 
are at present suffering from foreign comp2tition, owing 
to heavy deliveries from America, and in consequence 
several of them have had to cease operations temporarily. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers report 
no change in the position and full employment is general. 
The home demand continues good, but in export connec- 
tions some difficulty is being experienced owing to the 


carters in yer gt still being on strike. Inquiries are 
be satisfactory, and although there are ninety-two furnaces 


in blast, the output is going steadily into consump- 
tion. The idliveing ate the market quotations for makers 
a 1) iron :—Olyde, 82s.; Gartsherrie and Summerlee, 

Gnas re pe ; and Lan nay oe 83s. 6d. a yr 
at Glasgow); Glengarnock = rossan), . 6d.5 
Shotts (at Leith), 82s.; and (at Grangemouth), 
83s. The recent ups and downs in the warrant market 
have made ically no change in prices, which continue 
very firm. 





Over Rats ABROAD.—January was not a particularly 
good month for British rail exports, but the value 
recorded for the rails sent abroad was somewhat higher, 
and this, of course, was an important consideration. The 
movement British rails to the Australian colonies 
continues satisfactory ; this business is, indeed, at pre- 
sent the main support of the trade. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—The market is stagnant just 
now. Buyers are very backward, and speculative opera- 
tions of ** ” have checked business. The downward 
movement in Cleveland pig was not looked for, as the 
statistical situation is so excellent, and other circum- 
stances encourage the opinion that much business should 
rule. The make of pig-iron on the North-East Coast has 
been slightly inc by the blowing-in of a furnace or 
two, and the additional output promises to be not only 
fully absorbed, but to prove inadequate to the spring 
demand. The general Se for early Bol 
delivery of No. 3 g.m.b. Cle pig iron is now put 
at 65s. 3d., and the same figure rules for both No. 4 
foundry and No. 4 forge, the former of which is 
so scarce that No. 3 is being delivered in its 
No. 1 is 67s. 9d.; and mottled and white iron each 9d. 
‘this week fairly good inquiries for East Coast hematite 
pig have been reported, but, so far as can be ascertained, 
they have not resulted in business, ers 
cannot be certain of receiving supplies at times to suit 
them. Producers adhere firmly to 83s. for Nos. 1, 2, and 
3, delivered to the end of next month. ts quote 
82s. 6d., but will not guarantee delivery. Foreign ore 
values are falling. A drop of 9d. is reported, market 
quotations being now on 23s. ex-ship Tees for 
Rubio of 50 per cent. quality, and, in fact, that rate 
might Soc Freights, Bilbao-Middlesbrough, stand 
at 5s. 9d. 


Stocks and Shipments of Pig Iron.—To meet current re- 
quirements Cleveland pig iron continues to be taken from 
the public warrant stores here. So far this month 6872 
tons have been withdrawn, and the. stock now stands at 
229,489 tons. Shipments of Ris from the Tees are on a 
fairly satisfactory scale. 'o date this month they 
average 3518 tons per a day, the total despatches 
amounting to 35,187 tons. To the same date last month 
the loadings reached 56,485 tons, or a daily average of 
5135 tons, and for the corresponding part of February 
last year the clearances were re at 36,998 tons, 
or 3699 tons per working day. 

Manufactured Iron and Steel.— There are no new 
features of moment in the manufactured iron and steel 
industries. All branches are very busily employed, and 
in fact, though works are going at 
facturers experience very great difficulty in folly ery. 
ing customers. otations are stati . incipal 
market rates stand :—Common iron bars, Bi. 15s.; best 
bars, 97. 2s. 6d.; best best bars, 9/. 10s.; packing iron, 
6/. 15s.; iron ship-plates, 8/. 2s. 6d.; iron ship-angles, 
8l. 15s.; iron ship-rivets, 97. 15s.; iron boiler-plates, 
8/. 17s. 6d.; steel bars (basic), 7/. 17s. 6d.; steel bars 
(Siemens), 8/. 5s.; steel a, 81. 5s.; steel ship- 
angles, 7/. 17s. 6d.; steel boiler-plates, 9/. 5s.; steel 
hoops and steel strip, each 8/.; steel joists, 7/. 7s. 6d.— 
all less the customary 24 per cent.; cast-iron columns, 
7l. 7s. 6d.; cast-iron railway chairs, 47. 10s. to 4/. 15s.; 
light iron rails, 7/. to 7l. 5s.; heavy steel rails, 67. 15s. ; 
steel railway sleepers, 7/.—all net at works ; and iron and 
steel galvanised corrugated sheets, 12/. 15s. to 13/. f.o.b.— 
less the usual 4 per cent. . 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Armour - Plate Invention.—Much interest has been 
aroused by the experiments of a young Sheffield en- 
gineer, . William Henley Worrall, who has dis- 
covered a process which he claims will increase the 
resistance of armour-plate for a given thickness and 
weight. Mr. Worrall has approached the Admiralty, 
but has not disclosed the result of his negotiations. 
The invention makes modifications in the whole of the 
processes of armour manufacture, from the ingot to the 
finished plate. Whereas now the plate consists of a soft 
back between a hardened front, Mr. Worrall’s plate com- 
prises a number of sheets of steel hardened and bonded 
together so that there are several layers of hard steel. 
The heat treatment necessary demands a new type of 
furnace from that at t in use. Mr. Worrall states 
that the saving in thickness on a plate of given resist- 
ance is 20 per cent., and on a light plate 10 per cent. 
When ithe plate is in position on the warship, the net 
weight saved will be 15 per cent., a circumstance which 
will, of course, materially add to the speed of the. vescel 
\ish the same engine power. An 8-in. plate made by the 
new process, it is said, resisted attack from a 
J4-in. gun, which would have pierced ordinary armour of 
the same thi A private firm is at present testing 
the invention, but there is not sufficient information 
available either oo See heat Loy epee ape in the 
new process, Or as results tests, to justify any 
opinion being expressed on merits of the system. 

South Yorkshire Coal Trade.—There was a 


has im d since then, and at the present moment, 
curiously @nough, some difficulty is being experienced in 
getting There does not appear to be any 
obvious ion, for anne See 
traffic is going fairly expeditiously. With 
present weather it was an’ that deateiie would 
Rh ay 
very strong tion ideri i 

year, when ipments would tea ta of 
small amount. it is, however, with a pretty 
export a@ continuance of the heavy 


pa on industrial account for home consumption, the 
collieries are working full time without accumulating 
stocks 


quantities of gas coal are still going 


full pressure, manu- | < 





away, and coke and slacks remain in a very strong 


position. Quotations are:—Best branch hand-picked, 


been struck. When sinking operations have been com- 
pleted, it is estimated that 1500 men will be employed in 


Sealipeides bes beigh qos te Ibe Selects boone pine 

rby! t to 3 ire hou . ’ > 

10s. 6d. to lls. 6d. catia nuts, 10s. to lis. 6d; Wireless Telegraph Installation at Fishguard.—A con- 
small nuts, 9s. to 10s.; Yorkshire hards, 11s. to 12s. ; tract recently let by the Great Western Railway y 


Derbyshire hards, 10s. 6d. to 11s. 6d.; rough slack, 7s. to 
8s. ; smalls, 4s. 6d. to 5s. 6d. 
_ Tron and Steel.—The position of the Sheffield industries 
is still favourable, and it is likely that for some time 
ON my aE wy eg A ef 
ing off. © heavy 8 department e stee 
trade will have no cause for worry as to the supply of 
work for an extended period ; business with them has 
been brought to very satisf dimensions by the 
Government’s maintenance of large armament pro- 
gramme, and the heavy demands made by railway com- 
panies and shipbuilders. The Government is keeping 
the projectile departments of Sheffield firms busy, 
and ly not for many years have the orders been so 
heavy. In addition to this, armour plate is being made 
on & cor ingly scale, and as a consequence the 
— staff of the Admiralty has had to be enlarged. 
India, South America, and 
contracts for railway and tramway material with Sheffie 
firms. Messrs. Cammell’s are with heavy castin, 
and forgings for the battleship Valiant and two light 
cruisers, eavy are in process of 
manufacture. At the Grimesthorpe works of Messrs. 


Cammell Laird and Oo. there is beirg constructed what | has been, h 


will probably be the world’s press, for armour- 
late bending, with a strength of 12,000 tons. Messrs. 
me so full of Ray bm in osdiion S this 
press, improvements are being rapidly ied out 
in connection with cranes, furnaces, and steel-melting 
plant. It is stated that the firm sends out per week, at 
_—— upwards of 2500 tons of the highest steel. 
ni eal erlees fer bakcieds Sion, quam, cal taeale 
great, ers for tool-s' § 
are so good that producers oe hale See to the 
utmost. Manufacturers locally are busy fulfilling tenders 
for a 's supply of files and rasps for the Navy; 
18,124 dozens are for. The iron market maintains 
its “slump” condition of the previous week, and neither 
makers nor buyers have moved from the 
stand that has practically ht the market to a stand- 
still. Purchasers persist in withholding their contracts 
in the face of the arbitrary position makers have assumed 
in to prices. During February, at least, the posi- 
tion is not likely to be materially altered. supplies 
of iron are going away, and producers are forward 
for two or three months. Swedish iron cannot be had in 
~ quantity in the districts, and the Swedish works have 
upon their production which they cannot possibly 
satisfy. Despite this there has been no excessive advance 
in quotations. The requirements of users of billets are 
also on a similarly high scale, and makers have difficulty 
> meng them. Bar-iron prices have undergone no 
change. 








NOTES FROM THE SOUTH-WEST. 
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for developing wireless telegraph 
to a wireless station at Penew 
harbour. The station is expected to involve an outlay of 
2000/., and it is to be fini in four months. It will 
communicate over a radius of 200 miles in the day-time 
and 400 miles at night. Some of the Great Western 
cross-Channel turbine steamers are also to be fitted with 
wireless telegraphic apparatus. 

Alexandra Docks.—The directors of the Alexandra 
(Newport and South Wales) Docks and Railway Com- 
pany re that the balance of net revenue for the second 
half of year was 62,002/., as compared with 53,8871. 
in the second half of 1911. The expenditure on capital 
account for the past half-year was 82,744/., and the aggre- 
gate amount expended to the same date on works in = 
gress and at present unproductive was 710,461/. e 
chief item of expenditure on capital account last half-year 
was a new lock entrance. The further capital expendi- 
ture upon the new lock is estimated at 80,000/., and 
15,0002. is also required for sidings. 

Dowlais.—The various departments of the Dowlais 
works have been well employed, and the blast, Bessemer, 
and Siemens furnaces have effected —_ outputs. There 

n the demand for tin 


at Fishguard tes 
eight, overlooking the 


, however, a slight check i 
bar. Steel sleepers and blooms have been run through 
by the Goat Mill. The Big Mill has been engaged upon 
pa ig may and colliery material—angles, curves, gutter- 





Goutpr To Parents, Trapk-Mares, ann Desiens.— 
We have received from Messrs. A oe 
patent agents, i olborn, 

of the sixth edition, 1913, of ir ‘* Guide 
being a pamphlet which contains a large 
tents in 
mefit of 


.C., & copy 
to Patents,’ 
amount of data concerning the taking out of 
every country, and useful information for the 
inventors. 


Surr-Rerarr Work in ALexanpria, Eorrr. — An 
interesting repair job has just been carried out satisfac- 
torily at the works at Alexandria, Egypt, of the 
Khevivial Mail Steamship Company, at a competitive 
price. Thes.s. Star of Australia, bound from 
ag on ee shaft and —— and was “= 
into Aden. amage was of a peculiar nature, the 
stern-tube, which was made of brass, being jammed in 
the frames of the ship, which necessitated heavy cross 
cutting and drilling. work was allotted to the 
Khedivial Company, and the s.s. Star of Australia went 
into dry dock at Alexandria, after discharging cargo, at 
5 p.m., on January 28. The repair work was commenc: d 
at 7 a.m. on January 30. Everything had been made ready 
for disconnection during the discharge of the cargo, and 
therefore the contractors immediately proceeded to take 
off the propeller bladesand remove the boss, The broken 
shafts were then drawn and the damaged stern-tube cut 
and drawn in. This proved to be a very difficult job. 
Sizes were then taken and gauges made to turn down the 
new stern-tube in the Khedivial Company® shops. The 
new stern-tube was fitted complete the new propeller- 
sbaft put in place by February 2. On the same day the 
company fixed the boss and eam om Se, poapeler blades. 
The after- tal for the plummer-block was found to be 
broken and had to be re; Altogether about 50 tons 
of metal was handled. ship undocked on February 3, 
sooner than was expected by underwriters’ surveyor 
owners’ representative. 


ATMOSPHERIC Po.LuTION.—The desirability of sters 
being taken to decide upon and secure the general adop- 
tion of a standard method for the measurement of atmo- 
spheric pollution by smoke and other products of com- 
bustion was brought forward last March at a conference 
of delegates of local authorities and learned societies con- 
vened by the Coal Smoke Abatement Society, and a 
committee was appointed “to draw up details of a 

and dust ing apparatus and methods 

of its use.” The committee was a of some of the 
leading scientific men of the day, and was presided over 
Dr. W. N. Shaw, D.Sc., LL.D., F.R.8, The method 
opted by the committee as most likely 
gi ‘actory results is that used in the inquiry, con- 
ducted in 1911-12 under the auspices of the Lancet, with 


B 


the object of ascertaining the degree of pollution of 
the in and round the Metropolis. This 
4 reamed an enl form ot eer, having a 
area of 4 sq. ft. It receives all rain, soot, and 
other matter that falls on it, and them ina © 
bottle, the contents of which can y analy 
The soqort of Gere ae been submitted 
to all the im cities in the United Kingdom, with 
the result pesca Bradford, Glasgow, Lei- 
cester, Malvern, and Newcastle-on-Tyne have agreed to 


advi : other towns ha 

vice, ve, we 
nd, considered tho eta favourably. Some 
standard system of obtaining reliable informati 
the state of the atmosphere in different parts 
county Se eeeninh Seren WS itis Some poped thet the 
apy ey erooty sasaeoer wledge 
as to the of the in. t localities. 
It is also expected pred ye oe will 
light on the prevalence of chest 
tricts. The hon. secretary to the committee is Dr. John 
Owens, 47, Victoria-street Westminster S.W. 


[F 
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SHIPBUILDING BERTH GANTRIES AT THE NAGASAKI YARD. 


CONSTRUCTED FROM THE DESIGNS OF SIR WILLIAM ARROL AND OO., LIMITED, BY THE MITSU-BISHI COMPANY, NAGASAKI. 
(For Description, see Page 226.) 
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THE HUMPHREY INTERNAL-COMBUSTION PUMP AT THE CHING 


CONSTRUCTED FROM THE DESIGNS OF THE PUMP AND POWER COMPANY, LIMITED BY 


(For Deseription, see 


fig.é, ee ine 


HALF SECTION 
HALF ELEVATION. 

















































































































































































































PLATE XI, 








CHINGFORD RESERVOIR OF THE METROPOLITAN WATER BOARD. 


[MITED, BY MESSRS. SIEMENS BROTHERS DYNAMO WORKS, LIMITED, ENGINEERS, STAFFORD. 


Description, see Page 221.) 
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NOTICES OF MEETINGS. 


tA tht nab: Sinaeaianenehareena eeaten omen 
ary 14, at 8 p.m. Sixty-sixth ann 5 ann 
report of the Council will be presented. Paper to be read and 
discussed :—‘‘ Modern Condensing Systems,” by Mr. A. E. Leigh 
Scanes, M.A., of Manchester. 

Tue Puysica, Society or Lonpox.— y, Febcuary 14, at 
8 p.m., at the Imperial College of Science, Imperial Institute- 
— South Kensington, 8.W. The annual general meeting of the 

lety. 

Tue Roya. Socrmry or Arts.—Monday, February 17, at 8 pea 
Cantor Lecture. ‘The Art of Miniature Painting,” by Mr. Cyril 
Davenport, V.D.,F.8.A. (Lecture I.) Wednesday, Fe 19, 
atSp.m. ‘* The Adulteration of Jam,” by Mr, Ernest Mar: 
Mr. James Oantlie, M.A., M.B., F.R.C.S., D.P.FL, will preside. 

Tue InstirvTe oF SANITARY EN@INeERS.-—Monday, February 17, 
at 7.30 p.m., at Caxton Hall, Caxton-street, Westminster. ‘“‘ A 
Plea for Scientific Research in the Field of Sewage Purification,” 
by Mr. A. J. Martin,-M. Inst. C.E., F.G.8., &e. 

Tux LystiruTe or Marine EN@InesRS.—Monday, February 17, 

** The Manufacture of Steel,” by Mr. Percy P. Dowden 
(Member). 
Tue LxstirvTion or Crvi, Exoinemas.—Tuesday, 
8 p.m., at the Institution of Mechanical i Store. 

Papers to be further discussed :—‘‘ Durban Harbour, South 
Africa,” by Mr. Cathcart William Methven, M. Inst. C.E. ; and 
“ Natal Harbour Works,” by Mr, Charles James Crofts, M. Inst. 
C.E. Students’ meeting, Monday, February 17,at8 p.m. Vernon- 
Harcourt Lectures. Second Lecture on ‘“‘Canals and Canalised 
Rivers,” by Mr. J. A. Saner, M. Inst. O.E. Mr. G. R. Jebb, Vice- 
President, will occupy the chair. 

Tue ILLUMINATING ENGINEERING Socisty.—Tuesday, February 18, 
at 8 p.m., at the Royal Society of Arts. A r entitied “‘ The 
Use of Shades and Reflectors” will be read by Messrs. J, G. Clark 
and V. H. Mackinney. 

Tue RoYAL METEoRoLoaicaL Sociery.— Wednesday, February 19, 
at 7.30 p.m., ‘at the Surveyors’ Institution, 12, Great George- 
street, Westminster, 8.W. Papers to :—** Periodical 
Variations of the Velocity of the Wind at Oxford,” by Mr. W. H. 
Robinson ; “ Rate of Ascent of Pilot Balloons,” by Mr. J. 
Dines, M.A., F.R. Met. S8oc.; “* Meteorological Condi 
Field Crop,” by Mr. W. Lawrence Balls, M.A. 

Tue INSTITUTION OF MINING AND MrTatiurey. — Thuraday, 
February 2u, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed :—‘‘ The Copper Queen Mines and Works, Arizona, 
U.S.A.” Part I. “Historical Sketch,” by Mr. James Douglas, 
Member. Part II. ‘Geology of the Bisbee Ore ts,” by Mr. 
Arthur Notman. Part III. ‘‘ The Power Plant at Bisbee, Arizona,” 
by Mr. Charles d. Part IV. “The Power Plant at Douglas, 
Arizona,” by Mr. Charles Legrand. ee “om at Oneper tenet at 
Douglas, Arizona,” by Mr. George B. fs ting 
Methods at Bogoslowsk, Perm, Russia,” by Mr. Richard Davey, 
Member. 

Tue Nort-East Coast LystituTion OF ENGINEERS AND SHIP- 
BUILDERS.—Friday, February 21, at 7,30 p.m., in the Lecture 
Theatre of the Literary and Philosophical Society, Newcastle-on- 
Tyne. A lecture entitled “‘ Surface bustion” will be delivered 
by Professor William A. Bone, D.Sc., Ph. D., F.R.S., of the Impe- 
rial College of Science and Technology, London, The lecture will 
be illustrated by lantern slides. e President, the Hon. Sir 
Charles A. Parsons, K.C.B., F.R.S., in the chair. 

Tux Royau LystituTion oF Great Brirain.—Friday, February 21, 
at 9 p.m. Mr. Spencer U. Pickering, M.A., F.R.S., will deliver a 
discourse on ‘‘ Horticultural Investigations at the Woburn ——— 
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tions in a 


mental Fruit Farm.” Afternoon lectures next week at 3 o’ 
Tuesday, February 18, ‘‘ The Heredity of Sex and Some © 
Problems,” William Bateson, M.A., D.Sc., F.R.S., 

lerian Professor of Sea VL). Th , Feb- 
ruary 20, pire in Shakespeare’s Era,” by Sir 
Sidney Lee, D.Litt., LL.D. (Lecture IL). Saturday, February 22. 
“The Properties and Constitution of the Atom,” by Professor 
Sir J. J. , O.M., Li, D., D.Se., F.R.8,, M.R.1., essor of 
Natural Philosophy (Lecture IIL). 
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THE VALUE OF FIRE-BOX HEATING 
SURFACE. 


Wirnin the past few years the attention of 
engineers has been directed to possible ene 
ments in boiler practice, from two diametrically 
opposed points. One of the suggestions advanced 
was, it must be admitted, little more than carrying 
to an extreme, principles on which there was 
already considerable knowledge. The other, how- 
ever, was more novel to the engineering world. Dr. 





238 | Nicolson’s propositions were put forward some four 


years ago, but, in the meantime, we have not 
heard of any great developments on the lines he 
suggested. The Bonecourt boiler, on the other 
hand, appears to have made considerable headway 
during the short time it has been before engineers. 

For both systems exceptionally high efficiency 
is claimed, and it is interesting that this should be 


239/80, since they point in different directions. Dr. 


Nicolson would apparently rely wliolly on convec- 
mds entirely 
on the production = radiant en by Mea heeo%i 
theorists adopt hi yon e ace 
as their ident, ‘tad tdhent beat school employ 
only sufficient pressure difference to feed the fuel 
to their incandescent surface where complete com- 
ged for. It is many years since 
Professor Perry sketched an imaginary boiler 


246] based on the principle that heat transmission by 


convection was the most important aspect of steam 
gem ; but little of practical value to engineers 

ever come from the suggestion. The original 
work of Reynolds has also been substantially con- 


* | the steam produced, instead of the usual tem 





firméd in laboratory experiments. A bulletin has 
recently been issued by the Bureau of Mines of 
the United States, drawn up by Messrs. H. Krei- 
si and W. T. Ray, on ‘‘The Transmission of 
Heat into Steam Boilers,” going into the same 
subject. These investigators a worked in terms 
of what they call the “‘ true boiler efficiency,” which, 
they explain as the ratio of the heat absorbed by 
the boiler to the heat available to the boiler, taki 
as the lower limit for the latter the temperature o' 
ture 
of the feed. The results recorded on this basis 
fairly agree with the theory that the heat transfer 
is proportional to the velocity of the gases. In 
their introduction Messrs. Kreisinger and Ray 
state that a boiler is to be studied as a heat- 
absorber, and a furnace as a heat-producer. Their 
laboratory experiments were concerned altogether 
with the transfer of heat by convection, and the 
greatest attention is devoted to this factor through- 
out the report. Nevertheless the authors proceed 
to apply their result to trials on actual locomotive 
and water-tube boilers, and state as a general 
conclusion that the principles of the convection 
theory, are shown, in these cases, to be borne out 
in practice. 

t is rather difficult to see why results based on 
the theory of convection should plied, for in- 
stance, to a locomotive boiler in which the varying 


8./ value of radiation plays so important a part. 


Geoffrey’s experiments, conducted in the ‘sixties of 
last century, showed that ay 5 40 per cent. of the 
evaporation in a locomotive boiler proceeded from 
the neighbourhood of the fire-box. e value of the 
fire-box surface has ever since been r ised. Quite 
recently, in conducting some tests, to which we hope 
to refer at greater length on a future, occasion, on 
the Jacobs-Shupert type of locomotive boiler, Dr. 
Goss took the opportunity to ascertain whar service 
it performed in modern boilers. He found that, 
with oil or long-flamed bituminous coal, the fire- 
box absorbed 42 per cent. of the total heat taken 
up by the boiler, and when short-flamed coal was 
used it took up 35 per cent. The ratio of heat 
absorbed per square foot of fire-box heating surface 
to that taken up per square foot of tube surface 
varied between 7.6 and 6.15 to 1 for different fuels. 

If reference be made to a paper read before the 
Institution of Mechanical avtnsers in 1908 by 
Mr. Lawford H. Fry, it will be found that the 
author there analysed one of the series of the 
St. Louis locomotive ‘trials, and attempted 
to divide the heat utilised in steam perience into 
two portions—viz., the radiant heat, and the 
heat producing evaporation by convection. The 
radiant-heat values were obtained by difference, 
between the heat produced by the coal and that 
accounted for by the known amount of air ing 
through the box at known temperature. . Fry 
did not claim, of course, that his values were more 
than tentative. They suggested that some 40 to 
50 per cent. of the heat produced was radiant heat 

ing direct to the water through the fire-box. 
ubsequently Mr. Fry developed his investigations 
in these columns, and concluded that, varying with 
the conditions of working, up to 44 per cent. of the 
heat produced was probably absorbed by the fire- 
box. The figures are therefore in agreement 
with those recently obtained in actual tests by 
Dr. Goss: It is evident, therefore, that in a loco- 
motive boiler fire-box area is extremely valuable. 
Its value is, moreover, largely due to its absorp- 
tion of radiant heat, since the transfer of heat bh 
convection in the fire-box is comparatively wih | 
the bulk of the gases never coming into contact 
with the walls, before they are drawn through the 
tubes. 

If the convection theory be followed to. its 
logical conclusion, the fire-box would be replaced 
by a brick combustion-chamber. Dr. Nicolson 
designs his furnace to produce complete combus- 
tion, and little else. In a des of boiler 
described by him before the Institution of Civil 
Engineers and Shipbuilders in Scotland, the fur- 
nace was little more than a combustion-chamber, 
though some water-tubes were run across the 
roof under a brick lining. In his design for a 
marine water-tube boiler, the furnace is similarly 
of enclosed brickwork, with only an aperture te 
allow the hot gases to flow to es, containing 
the water-tubes. Instead, however, of abandoning 
fire-box area, the tendency on locomotives is to be 
more liberal in this respect than formerly, and it 
is, without doubt, the most important portion, of 
the boiler as regards steam production. If Dr. 
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Goss’s idea of the locomotive of the future, as he 
sketched it recently before the International Rail- 
way Fuel Association, materialises, we shall some 
day see fire-boxes with grates of 150. sq. ft. 
object of such large areas will primarily be to 
reduce the rate of firing per square foot of grate, 
in order to bring down the present losses in un t 
coal, The effect, however, would also be to increase 
largely the fire-box heating surface, and the total 
iation from bad igs 

On the other Messrs. Kreisinger and Ray, 
as we have pointed out, relegate radiation to the 
background. They state that radiation depends 
only on the extent of the fuel bed, and is inde- 
pendent of heating area, This considers only the 
‘vision ” of the fuel bed, and ignores the fact that 
flame and volume have in recent research been 
shown to play an important part in radiation. An 
increase of volume carries, of course, increase of 
area with it. In increasing the rate of burning coal 
in order to pass an increased weight of gas over 
the tube-heating surface, fire-box temperatures are 
raised and the bux more completely filled with flame, 
with increased radiation. It is quite possibly 
correct to attribute to this latter effect the fact 
that long- flamed coal produces proportionately 
more heat in the fire-box than short-flamed coal, as 
shown by Dr. Goss’s recent report. Dr. Goss, 
however, ey to see the explanation in the soot- 
ing up of the tubes. The value of the brick 
arch, long since adopted in British practice, is 
probably as much due to its effect in promoting the 
phenomena on which the high temperatures attained 
in surface combustion are dependent, as upon its 
more easily appreciated mechanical function of pro- 
moting improved combustion by securing a better 
mixture of the That its value is appreciable 
is undoubted. Itis, however, not even now adopted 
to any extent in America, though of late years con- 
siderable improvement has come about there in this 
respect. To many American tests proving its value, 
Dr. Goss has now added another, having in the 
Jacobs-Shupert boiler trials carried out a series of 
trials which show a saving of 12 per cent. in favour 
of the brick-arch boiler, This figure agrees with 
others found before, but the practical objections 
have formerly appeared to outweigh the advantages, 
and to-day only 11,000 out of some 58,000 loco- 
motives in the United States are fitted with brick- 
arch boilers. 

Dr. Nicolson, in our columns in 1910, held out, 
as an alluring prospect, the possibility of evapo- 
rating 10 1b. to 20 Ib. of water per square foot 
of heating surface per hour if draughts of 11 in. 
to 20 in. of water were adopted. In the locomo- 
tive such rates of evaporation are already secured. 
Dr. Goss, in the report of the Jacobs-Shupert 
boiler trials, records an equivalent evaporation of 
19,13 lb. per sq. ft. of heating surface with coal 
fuel and a draught of 9.3in. In the Altoona and 
St. Louis trials on the Pennsylvania Railroad test- 
ing plant, rates of pds gps rege of from 12.3 lb. to 
16.9 lb. were obtained with draughts of less than 
9 in. The advocates of convection do not appear, 
therefore, to have very much to offer, while Pro- 
fessor Bone has. produced boiler plant, on the sur- 
face-combustion principle, using radiant heat in 
which equivalent evaporation of 20 lb. and 22 Ib. 
of water per square foot of surface has been secured, 
with a the efficiency of 94.3 per cent. It does 
not seem, therefore, that there would be much 
advantage in working in the direction of the com- 
bustion-chamber and convection theory. Judgi 
from results obtained in ice, the fire-box ra 
radiant heat appear to render excellent service. 








THE STRUCTURE OF THE ATOM. 

As the subject of his course of lectures at the 
Royal Institution this year, Sir J. J. Thomson, 
F.R.S., has selected ‘‘ The Structure of the Atom,” 
a topic with which Ft no living physicist is 
more competent to deal than \himself. 

In aman the first lecture of the course, which 
was delivered on Saturday afternoon last, Professor 
Thomson said that the atomic theory of matter 
involved the view that matter was not continuous, 
but was built up of individual particles. The 
theory was indeed as old as ae freon scieuce itself, 
but, in spite of ite antiquity, it was the fact that 
till quite recently the « methods which could be 
woul to investigate it were in character, 
and yielded results difficult to interpret. Within 
the few years, however, other methods had 
bee discovered for dealing experimentally with 





this theory, and these afforded much more direct 
information as to the nature and properties of the 
atom. The improvement thus effected was, he said, 
almost entirely due to the fact that we had elec- 
trified the atom. This generation had electrified 
its railways and electrified its homes. The changes 
thus wrought had been great, but he thought not 
more striking than those which had resulted from 
the electrification of the atom and the molecule. 
In its unelectrified state, the atom was most 
elusive. It required a crowd of a billion (indeed 
this was hardly enough) to make up an amount the 
presence of which could be detected by the chemist. 
Nochemical method could, in point of fact, deal with 
a number smaller than one billion. So soon, how- 
ever, as an atom was electrified it became v 
much more aggressive, pushing its way into each 
prominence that one electrified atom was as useful 
to the investigator as a million of unelectrified. 
As one result of the prominence thus attained, 
there had been an enormous gain in the ease with 
which the atomic theory could be studied, since an 
electrified atom found it difficult to escape obser- 
vation. 

Before going on to study these methods, he 
wished, Sir Joseph said, to draw attention to cer- 
tain characteristics of any atomic theory. The 
chief of these lay in the fact that whether the theory 
related to matter, to electricity, or to energy, it 
implied that the subject of the theory was consti- 
tuted by individual particles, the qualities of which, 
in P po of varying continuously one to the other, 
did so by jerks which could be detected by sufli- 
ciently refined means of observation. Were we able 
to study with sufficient minuteness drops of water, 
we should find that, if unequal, no two approached 
each other in weight by less than a certain value. 
The two would differ by a finite amount, the 
smallest value of which was equal to the weight of 
a molecule. This weight was infinitesimal in com- 
parison with what was detectable by direct weighing, 
and it was not possible, by such a process, to get 
information as to the molecular state. Closely con- 
nected with this there was, however, another method 
—viz., that which enabled Dalton to lay the founda- 
tions of the modern atomic theory. Instead of 
attempting to detect the ‘‘ jumps” in the weight of 
one kind of matter, he considered the ‘‘ jumps” in 
the proportions of different kinds of matter in com- 
pounds. If two systems of individuals were taken— 
viz., A and B—compounds could be formed by unit- 
ing an individual of A with one of B, or one of A with 
two of B, or two of A with one of B, and so on. 
Then, if each A weighed as much as 12 B, the first 
compound, on analysis, would show that the pro- 
portions would be as 12 to 1; in the next the 
proportions as 6 to 1 ; and in the third as 24 to 1. 
In fact, whatever the compound thus formed, the 
proportion of the ingredients would be in the ratio 
of 12 p to q, where p and q were whole numbers. 
Hence the proportions of compounds could not vary 
continuously, but formed series widely separated, 
at any rate for small values of p and q. 

It was thus found that in all compounds of carbon 
with hydrogen the weight of carbon to hydrogen 
was in the proportion of 12 x one integer to another 
integer. ith H and O the proportions were 
always as p to 16 g, with O to N as 16 pto 14 gq. 
Hence it was concluded that there was, in the case 
of carbon, a unit with weight 12, with H a unit of 
weight 1, with oxygen a unit of weight 16, and with 
N a unit of weight 14. All these properties could 
be represented by assuming that chemical com- 
pounds were made up of individuals, each with its 
own weight. This was really the way by which 
Dalton arrived at the atomic theory of matter, and 
made it one of the tools of the chemist and physicist. 

Great help in elucidating the theory had, the 
lecturer proceeded, been derived from investigations 
into the theory of gases on the hypothesis that gases 
consisted of 8 particles moving with very great 
velocities, This idea had been studied by Bernouilli, 
Joule, Clausius, and Maxwell. . A result of special 
interest was that equal volumes of gas (at the same 

ressure and temperature) contained the same num- 
ons of individual systems. This result was known as 
Avogadro's law—viz., that each cubic centimetre of 
each gas contained the same number of molecules 
when the pressure and temperature were the same. 
If this law were accepted, it became n 
have atoms as well as molecules. He could not 
prove this better than by recalling a conversation 
some twenty years ago between Sir George Stokes 
and a distinguished visitor, who was being shown 
over the Cavendish Laboratory. The coaise was 
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at the time engaged in some experiments there, 
and in discussing them spoke of atoms. To this 
the visitor took exception, declaring that whilst he 
admitted the existence of molecules, there were no 
such things as atoms. This assertion proved too 
much for Stokes, who joined in and gave a little 
lecture on the evidence for the existence of atoms 
as wellas molecules. He said to his friend, ‘‘ You 
admit Avogadro’slaw.” ‘‘ Yes,” was the reply, ‘‘ but 
there is nothing about atoms in that.” “‘ Take then,” 
said Stokes, ‘‘a litre of H and a litre of chlorine, 
Each contains the same number of molecules, 
If mixed together in the dark, 2 litres will be 
obtained, containing 2 molecules of the mixed 
gases. Let the mixture next be exposed to diffused 
daylight. The result will be the formation of 
HCl, which is another distinct from either 
H or Cl, but occupies the same volume as the 
uncombined You say that nothing exists 
but molecules ; but if so, the result of the combi- 
nation should have halved the number present, and 
reduced the total volume accordingly to 1 litre 
instead of two. The only way to save Avogadro's 
law is to admit that each molecule of hydrogen and 
of chlorine divides into two, half of each going to 
form a molecule of the combined gas.” 

Admitting, then, Sir Joseph continued, that each 
element was made up of these individual systems, 
what evidence had we that in hydrogen, for example, 
each system was identical, Might it not be that the 
atoms and molecules of H had just an average value, 
some being less heavy, and others heavier than this 
average? It had, indeed, been maintained that in 
all the operations of the chemist, such as weighing, 
&c., the average of the atoms might well be con- 
stant, though the individuals might differ inter se. 
Direct information as to this had, however, now 
been obtained in the following way :— 

By electrifying atoms it was possible to follow 
the paths along which they moved when traversing 
an electric and a magnetic field ; and it was further 
known in what way this path depended upon the 
weight of the atom. If such electrified particles, 
before entering the electric and magnetic fields, 
were passed through a fine tube, a pencil of them 
was obtained, which, if allowed to fall on a photo- 
graphic plate, traced thereon a series of parabolas. 
Each of these parabolas corresponded to a given 
weight of particle. If for a particular element the 
weight was not the same for each and every atom, 
we should get, instead of one parabola, a sheaf of 
parabolas. Actually, by making the sorting-tube 
(before the electric and magnetic fields) fine enough, 
the curves in the photographs could be obtained 
as fine as threads. This eout that the atoms 
of each element had each the same weight. 

The very notion of the atom regarded it as pre- 
serving some kind of individuality throughout its 
whole existence, whatever the combinations into 
which it entered, and however it might change its 

rtners. In short, in such associations it changed 
its habits, but not its nature, though it was diffi- 
cult sometimes to recognise the atom in its various 
partnerships unless the brutal methods of the 
chemist were adopted, and the compound split up 
to see what it was made of. The behaviour of an 
atom depended much on its associates. Prussic acid 
and bread and water were both constituted of the 
same kind of atows, but the properties of, the two 
were by no means identical. : 

Again, oxygen when alone was strongly magnetic, 
but in combination with carbon was practically 
non-magnetic. Iron in many of its compounds was 
still magnetic, but it was non-magnetic in the ferri- 
cyanides, and, he believed, actually diamagnetic in 
iron carbonyl. Tyndall, again, had shown that both 
nitrogen and hydrogen were very transparent to 
heat, but the ammonia formed by their combination 
was very opaque. Hence, when in combination 
atoms might exhibit properties entirely different 
from their character when free. Another instance 
of the remarkable change of properties brought 
about by combination was afforded by sodium. 
Metallic sodium was very sensitive to the action 
of light, under the influence of which it gave 
off negative electricity, and could thus discharge 
a positively electrified body in its neighbour- 
hood. Coupling a rod, immersed in clean metallic 
sodium ed into a glass tube, to a positively 
ld-leaf electroscope, Professor Thomson 
showed that the latter retained its charge until 4 
bright light was allowed to fall on the sodium. 
When this was done negative electricity was 
given off and the electroscope discharged. Next, by 
opening the tube and admitting the air the sodium 
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was superficially oxidised, and he then showed that 
it had lost its property of emitting negative elec- 
tricity when exposed to light. 

Until a few years ago, the lecturer proceeded, 
the sole property which an atom could be said 
to retain permanently was its weight. It was true 
that by Scott's law the volume of a compound 
was the sum of the volume of the elements, but 
to bring this hypothesis into accord with experi- 
ment, it was necessary to ascribe a different volume 
to the element, according to the way in which it 
was combined. Similarly, the ref:active power of 
liquids was said also to be an additive property; 
but here again the value to be attributed to «ach 
element depended upon the character of its chemi- 
cal combination. Hence, until recently, there was 
no property of the atom, save its weight, which 
had been proved to be invariably retained by it. 
Other properties had, however, now been found 
which were absolutely independent of the compound 
in which the atom existed, but only on the atom 
itself, and not at all on the others with which it was 
associated. One of the most remarkable of these 
novel properties was that of giving out characteristic 
Réntgen radiation. So far as ordinary light radia- 
tion was concerned, the radiative power of the 
atom was not independent of its chemical state. 
When, however, Réntgen rays fell on a piece of 
metal, the latter gave out Rontgen rays on its own 
account. Of these, some were the same in quality 
as the incident rays, but these did not constitute 
the characteristic radiation. In addition to these, 
however, each element gave out rays peculiar to 
itself, and this characteristic radiation was un- 
changed whether the element were alone or com- 
bined, and the existence of a given element in a 
compound could be recognised in this way without 
having to split the latter up, it being merely 
necessary to submit the mass to Réntgen radia- 
tion, and to study the characteristic radiation 
then given out. Rontgen rays had very searching 
properties, but were not the only agent by which a 
knowledge of the inner structure of the atom could 
be attained. We could also, he said, use nega- 
tive particles, which, owing to their enormous 
velocities, could be shot through different sub- 
stances. In their passage they experienced certain 
resistances, so that a fine pencil of rays was ren- 
dered fuzzy, just as light was by ing through 
afog. This fuzziness was due to the effect of the 
reflection of the particle from each one of the atoms 
it met with as it went through. Each, in fact, 
produced a certain deflection in the stream, and on 
measuring this for compounds and for simple bodies 
the amount was found to be constant for each kind 
of atom, whether present alone or combined. The 
atom could, in short, be recognised in compounds 
by the obstraction it offered to the passage of the 
8 radiation. Again, compounds absorbed Réntgen 
rays, and this absorption could be accurately calcu- 
lated by assuming that each atom, whether com- 
bined or free, produced the same amount of ab- 
sorption. Radioactivity was another phenomenon 
which was the same, whatever the state of the 
radioactive atom. 

The series of properties set forth above as 
retained by the atom in all conditions had, it would 
be seen, a close relation with agents which travelled 
deeply into the body of the atom, whereas the 
properties which were altered by combination were 
of a superficial character. This led to the concep- 
tion that the atom consisted of an outer shell and 
an inner one. The properties of the shell might 
be very radically changed when the atom passed 
from one compound to auother, but the inner 
core remained wholly unaltered, so far as we knew, 
in all ao and chemical changes. 

Could anything, he continued, be found out 
as to the substances of which an atom was 
built up? With merely chemical processes the 
same elements were obtained at the end as at 
the beginning of an investigation, and from 
this we could therefore learn nothimg as to 
the structure of the atom. If, however, sub- 
stances were ex to certain physical changes, 
as by passing a current of electricity through them, 
+ on peo the current wee tad were 

ound which were rot present at the inning, 
and must have come from the atom. Thos ifs 
current were passed through a highly exhausted 
gas, then a greenish phosphorescence was produced 
on the glass of the bulb opposite the cathode. This 
phosphorescence had mad pared properties ; for 
example, it could be moved about over the surface 
of the bulb by bringing a magnet near it. It 





had been shown that the green patch in question 
was produced where certain very small particles 
shot off from the cathode struck the glass, The 
mass of these particles had been measured b 
methods he had described in previous lectures. _ It 
was found to be very small compared with that 
of any known atom, the best determination making 
it equal to ;74;, the mass of the hydrogen atom. 

These particles must have come from something 
in the tube, and it was found that whatever the 
tube was made of, and whatever it contained, the 
same eee ve were always found. It was thus 
concluded that these particles formed part at least 
of what helped to build up the atom. These 
particles were, as stated, first ised in the 
exhausted tube, but once known, it was easy to find 
them in all sorts of unexpected places, They were 
given off from hot wires, and were liberated from 
metals exposed to the action of light. From radio- 
active matter they were shot out with prodigious 
velocities. There was, in fact, no material known 
which could not furnish them in apparently unlimi- 
ted quantities, and however they were obtained, 
they were always identically the same. This fact 
constituted strong evidence that these negative 
particles formed part of any and every atom. h, 
then, contained some of these, and it remained to 
consider what else the atom contained. 

Before going on to this, however, he would, 
he said, illustrate a method by which the atoms 
in a given space could be counted, and the charge 
on each measured. This was founded on the rate 
at which small particles would fall through air. 
By throwing into a jar of glycerine three balls of 
the same material, but of different sizes, Sir Joseph 
showed that the largest fell the most rapidly, and he 
observed that by noting the rate at which each fell 
it would be possible to determine its weight. Natu- 
rally, with such relatively large masses more direct 
methods would be employed in practice ; but the 
principle in question was applicable to the measure- 
ment of the size of the particles in a cloud, each 
of which was too small to be individually visible in 
the microscope. To illustrate this he exposed 
moist air in a long vertical glass cylinder to the 
action cf radium. On then suddenly expanding 
the air a cloud formed, which settled down at a 
steady rate, and by measuring this rate the lecturer 
said it was possible to deduce the size of the par- 
ticles forming the cloud. 





ELECTRIFICATION OF BENZENE BY 
FRICTION. 

On behalf of the A. G. fiir Anilinfabrikation, 

Professor F. Dolezalek, of Charlottenburg, ae 

in, 


experimented on the danger of electric spar 
arising when benzene and ether are being anal 


through coils and pipes. The general arrangement 
was the same in all the tests, and was bably 
adopted on the suggestion of the firm. e ben- 
zene or ether, we see from the Chemische Industrie of 
January 15, 1913, was contained in a brass cylinder, 
into the bottom of which pipes of various metals 
could be screwed. The outflow took place under 
the pressure of carbon dioxide, and was regulated 
in such a way that the rate of flow of the liquid 
through the pipe could be varied between less 
than 1 m. and more than 4m, per second. From 
the open end of the pipe the liquid jet fell into 
another tank, insulated and joined to an electro- 
static voltmeter, 

The waaay object of the test was to investi- 
gate whether the friction of the liquid in the 
pipe would charge it to such an extent that 
the explosive vapours collecting over the liquid 
in the tank might be ignited by spontaneous 
rai pitomere to measure the potential of 
the liquid in the tank by inserting an expler- 


ing electrode into the tank-liquid were unsuc- |i 


cessful, on account of the friction on. the elec- 
trode. The metallic pipes tested were of iron, 
brass, copper, lead, and aluminium, used as 
supplied by the trade; they were earthed in the 
experiments. It was ex that at slow rates 
of flow no frictional electricity would be generated, 
because a skin of liquid would then adhere to the 
pipe wall; there would thus be internal friction 
only, between liquid and pone of the same kind, 
and hence no generation of electricity.. With more 
rapid flow, however, external friction between 
liquid and metal would arise, and electricity be 
generated. This assumption was proved to be 
tentials set-up gave regular 
against the linear rates of flow. 


correct, and the 
curves when plo 





But there were, of course, differences depending 
upon the different metals and the surface conditions. 
Crude benzene (containing 90 per cent. of pure ben- 
zene) became electro-negative against iron, copper, 
and aluminium, but positive against lead and brass ; 
the highest potentials of more than 3000 volts were 
observed in iron, the lowest in aluminium. That 
brass and copper should differ as to the sign of the 
c is interesting; zinc was not tried “PRS 
rently, but a brass which was unelectric—i.e., did 
not become electrified—was actually  siaronbey 
The peculiarity is not of importance, however, 
though it might be utilised analytically; for it 
was observed that pure benzene took a negative 
charge, both in copper and brass, but that a 
slight addition of impure benzene (1 per mille) 
eteeed the potential in brass again to vom D, 
again, gave the highest ntial to pure benzene. 
Similar resulta outs Sbhained with Piher. Quali- 
tatively dehydrated ether (distilled over sodium 
metal) and moist ether behaved in the same way ; 

uantitatively there were great differences, and 
dry ether took, even at slow rates of motion, very 
much higher potentials than moist ether. 

In all these experiments the pipes were used 
as supplied, and the walls were therefore more or 
less covered with an oxide film. When a copper pi 
was more completely oxidised by heating it while 
an air current were passed through it, the negative 
charge which it imparted to flowing benzene was 
increased ; when the oxide was then reduced by 
means of h n, so that the copper looked 
bright and metallic, the benzene-flow test gave a 

itive ch In use the pipes would always 

slightly oxidised on their surfaces, of course. 
In pi made of insulators, glass and porce- 
lain, the potentials were always very low, about 
100 volts, because the one of the two opposite 
charges produced by the friction could not be 
eliminated by earthing the pipe, which had been 
done in the case of the metals, as mentioned. 
High charges were, however, observed again when 
metallic taps were inserted into glass tubes. In- 
sulation tests of the liquids demonstrated that 
benzene was a much better insulator than ether ; 
there is hence much ter danger with benzene 
than with ether by the spreading of the charged 
layer of liquid. On the other hand, the atomisin 
of ether, produced by pumping the liyuid an 
some air from one aR into another, electrified 
the ether to much higher potentials than benzene, 
so that greater danger would attach to ether in 
that case. The comms conclusion to be drawn 
is that the flow of benzene and ether through pipes, 
and especially also through taps, should be kept at 
a slow rate—say less than half a metre per second in 
iron, at any rate—so that the potentials may not 
much exceed 300 volts ; this is the lowest potential 
at which a spark would cause an explosion. 





GAS-ENGINE RESEARCH. 

On the afternoon of Thursday, the 6th inst., 
Professor B. Hopkinson delivered his second lec- 
ture on ‘‘ Recent Research on the Gas-Engine,” at 
the Royal Institution. This lecture was principally 
devoted to a consideration of the effect of turbu- 
lence on the heat-flow and power of the engine, 
Pro! r Hopkinson commenced by explaining 
that the time allowable for the process of ‘re- 
charging the Kerra with the necessary gas mix- 
ture varied with different engines. In a very lenge 
engine, with 36-in. diameter cylinder, the time avail- 
able was perhaps as much as} second. In small 
engines the time was much less ; in an engine for a 
racing motor-bicycle only ;4, second was available, 


The cylinder had to be filled with gas in that time, 
and for that to be possible high gas-s 8 had to 
valve open- 


be a Jie through the rp ae 
ings. In fact, average speeds of 120 miles our 
through the suction were attained, witha pg eng 
during of the travel of the piston, of about 
180 miles per hour, With such speeds the contents 
of the cylinder were in violent ed motion, which 
continued to the end of the e and on through 
the return Vga rhe stroke, and the firing 
period. That eddying was analogous to what 
would occur in a water-tank filled from underneath, 
only the motion would persist in water fifteen times 
as long as it would in the case of the gas mixtures 
in a cylinder. It had only recently been realised 
how important that eddying was, 

An engine giving one explosion second drew 





in its charge during a quarter of a second. The 
flame was present in the cylinder for about a 
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quarter of a second, and in that time about 30 per 
cent. of the heat produced was given up to the 
walls, If the engine were worked at half the speed, 
the surfaces would be in contact with the flame 
twice as long, and therefore it would be expected 
that about twice the heat would be given up, and 
60 per cent. would be carried away. As there 
would be, however, only half the number of explo- 
sions, the total carried away in the cooling water 
would be expected to be the same as before. That 
resuJt was not realised in the gas-engine. Tur- 
bulence furnished the explanation. Air in motion 
gave or took up heat more rapidly than air 
at rest. The cylinder was a draughty place, 
and the faster the gr ran the more draughty 
it was. It was nat to expect a higher degree 
of motion in the mixture in a fast-running engine 
than in a slow one. An investigation had been 
made to determine whether the turbulent motion 
persisted up to the moment of firing, by means of 
& platinum wire in the clearance space of a gas- 
engine. A current was passed through the wire and 
its temperature measured by its resistance. When 
the engine was motored round, taking in and com- 
pressing, expanding and discharging mixture with- 
out firing, the rise of temperature of the wire 
was found to be only half as great as in still air, 
showing that the charge was in motion inside the 
cylinder. When the engine was motored at 
different speeds the cooling effect was less at the 
lower speeds; the turbulent currents therefore 
diminished in proportion to the speed. That showed 
that the rate at which the gas parted with heat to 
the walls varied with the speed of the engine. 

The flame, after the firing, was also in motion, 
and parted with its heat ata greater rate than when 
there was no motion. That fact had been deter- 
mined by firing a charge in a closed vessel lined 
with a continuous spiral of insulated copper strip, 
and recording the heating up of this strip when 
firing a still charge and comparing the effect 
with that produced by firing one kept in violent 
motion, by means of a revolving fan inside the 
vessel, With no motion, the pressure rose com- 

ratively slowly and the heat developed was small. 

hen the fan was working the pressure rose very 
rapidly, and the heat attained by the copper strip 
was much greater than in the former case, and the 
rate of heating up faster. That effect was present 
in the gas-engine. The faster the speed the greater 
the rate of -heat- flow. Professor Hopkinson 
gave a demonstration of the difference of re 
still and eddying charges in a closed vessel fit 
with a window. In one case the flame spread 
very slowly, but in the other very rapidly, and 
the charge was consumed in a very short time. 
The acceleration of the firing of the gases was im- 

rtant. The flame spread through the mixture 
rom the sparking-point. With weak mixtures, such 
as were used in gas-engines, the spread was ex- 
tremely slow. That had been demonstrated by 
firing charges inside a closed vessel fitted, in dif- 
ferent parts, with wires of which the electrical 
resistance was measured. One loop of wire was 
situated in the centre near the sparking-points, 
another near the side of the vessel, and the change 
in their resistance determined the rate of spread of 
the flame. With strong mixtures in a vessel 1 ft. 
by 1 ft. the flame would take ,), second to spread 
throughout ; with a weak mixture it was slower, 
and the pressure might not reach a maximum for 
} second, 

The time available in gas-engines for firing was 
very short. In large gas-engines it might be 
wy Second, but in a motor-car engine it was more 
nearly ,}5 second. Ina 12-in. gas-engine cylinder 
the flame would spread through the space in 
rhe second, Without turbulence it would be 
impossible to work gas-engines at the high speeds 
used in motor-cars. The discovery of this effect 
was due to Mr. Dugald Cletk, who, in his work on 
the subject, used a 4-cycle gas-engine, of which 
he could throw the sparking gear, and the valves, 
in and out of gear as he wished. After running 
the engine normally for some time, he threw the 
sparking gear out, and allowed it to run on with 
the valves closed, but with a charge in. the 
cylinder. That allowed time for all eddying in the 
gas to die out. On subsequent firing a card show- 
ing @ comparatively low, but sustained, ure 


press 

was obtained, the usual peak being absent. The 

connection of turbulence and speed was rather 
providential. The two were self-adjusting. 

The chief difficulties in the i 


of the flame in the cylinder, and the resulting 
heat-flow. Even with water circulation the prob- 
lems were not completely solved. Though the 
study of this subject was only a few years old, it 
had ‘already influenced design, Heat-flow diffi- 
culties could be diminished by altering the mixture 
and lowering the temperature of the explosion ; 
but that reduced the power developed. Improve- 
ments in design also been introduced, in 
order to get the heat away rapidly from certain 
points, as, for instance, in pistons, where alternate 
paths were now provided for the flow from the head 
to the walls. Professor Hopkinson thought these 
were not the correct ways of dealing with the prob- 
lem, The heat got into the metal from the inside, 
and should be taken away, in his opinion, at the 
point at which it entered. For this to be accom- 
plished he had adopted internal spray cooling. That 
idea was not new, but in the past had been applied 
in a manner which raised practical difficulties. To 
get over these, the engine, in his system, was kept as 
hot as about 150 deg. Cent., and the water injected 
was therefore boiled as soon as it got inside, the 
cooling being effected by this process ; he used no 
jackets. The intermittent dose of water was small, 
and injected at the end of the in-stroke. N-» water 
therefore fell on the sliding surfaces. The spray 
partly played on the valve-head, and also on the 
piston-head. The heat from the walls therefore 
passed through the piston and head to the spray, 
instead of the flow being from the piston-head to the 
walls, and so to the jacket. He had had a small 
engine working quite successfully on this system for 
some time. A er engine, of 1000 horse-power in 
a single cylinder, had also been running satisfactorily 
now for some time on this principle. He hoped 
that by the adoption of this means something might 
be done to accelerate the development of the gas- 
engine. 








INDUSTRIAL DISPUTES IN CANADA. 

ConcrtiaTion schemes between employers and 
employed are now very much in evidence. In 
this country the public have grown a little tired 
of them, although it is known that they are likely 
to prove a great aid towards that peace between 
masters and men which we all wish to see. Unfor- 
tunately, the progress which is made is so slow that 
we often fail to perceive the advance which is made, 
and turn from labour questions in despair. We are 
not alone in our troubles; however, other countries 
having their own problems to solve. In Canada 
the force of circumstances has compelled a very 
earnest and careful consideration of labour ques- 
tions, and has led to legislation of an advanced 
character. To learn whether the methods were 
po to this country Sir George Askwith was 
delegated last year to investigate Canadian labour 
questions on the spot. The result of his efforts is 
a very valuable report that has recently appeared .* 
Canada has made several attempts at legislation, 
with a view of enabling industrial disputes to be 
settled amicably, and with as little suffering and 
loss to the general public as possible. In 1900 
‘*the Conciliation Act” was » and was a 
at voluntary measure, following mainly the 
ines of the 1896 Conciliation Act in this country. 
It provided for the establishment of a Department 
of Labour. A few years later this Department 
made inquiries into methods for the avoidance of 
industrial disputes, these inquiries being mostly 
directed to the conditions existing between railway 
companies and their employees. A dispute that 
took place on the Canadian Pacific Railway in 
1902 was largely instrumental in causing attention 
to be brought to bear on the subject, and in 1903 
an Act, usually known as the Railway Labour Act 
of 1903, was to aid in the settlement of rail- 
way labour disputes. This Act gave power to the 
Government in cases in which a strike or lock-out 
was likely, or in which a strike or lock-out actually 
existed, to refer the differences to a Committee of 
Conciliation, and if a settlement was not then 
obtained by this Committee, to refer the matter to 
a Board of Arbitrators. The Conciliation Com- 
mittee endeavours to adjust matters by means 
of friendly offices, while the Board of Arbitrators 
can compel the production of papers and docu- 
ments, the attendance of witnesses, &c., and can 
recommend terms of settlement. A large measure 


of success followed the passing of the Acts of 1900 
and 1903, so much so, in fact, that no strike of 
any account took place on any railway in Canada 
between the passing of the Act of 1903 and 1907. 
Tn this latter year, a more comprehensive measure, 
commonly known as the ‘‘Lemieux Act,” was 
passed. This Act is, in many ways, the most im- 
Eorpent, for it introduced the public, through the 
tate, as a third party interested, and it was the 
Act with which Sir George Askwith was mainly 
concerned during his visit to the Dominion. 

The machinery created by the Lemieux Act com- 
prises a Board of Conciliation and Investigation, 
the Board being formed of one member nominated 
by each side, with a third nominated by both sides, 
In case the two parties to the dispute fail to nomi- 
nate the third y, this is done by the Govern- 
ment. Thirty days’ notice must be given before a 
strike or a lock-out takes place. oreover, it is 
made unlawful to strike or to lock-out prior to, or 
during, the reference of the dispute to the Board, 
and if either side should break the law, the offenders 
are liable to a fine. The recommendations of the 
Board may be refused by either or both parties, 
and the procedure is therefore different from com- 
pulsory arbitration. Its great scope of usefulness 
appears to be the opportunity it gives for a settle- 
ment before a stoppage actually takes place. 

According to the report, most of the employers 
in Canada seem to be in favour of the Act. Indeed, 
Sir George came across only one exception in 


which the employer preferred fighting out any 
differences between himself and hismen. Public men 
almost without exception favour it. Of course, 


the differences between the condition of things in 
Canada and Great Britain must not be lost sight 
of, though Sir George Askwith thinks that the 
compact nature of the industries in this country, 
compared with Canada, would facilitate the working 
of the Act. On the other hand, ‘the com- 
paratively small number of disputes in Canada 
makes it possible to deal with them with very 
much greater ease than would be ible here.” 
The great advantage of the Act lies in the fact 
that the parties concerned, and also the public, are 
able to obtain full knowledge as to what has really 
caused a dispute, and that it is possible to make im- 
partial suggestions on the basis of such knowledge, 
whether a strike has commenced or not. In addition 
to the Act being regarded with approbation by em- 
loyers in general and by public men, it appears that a 
considerable body of workmen regard it with favour, 
as well as some prominent trade-union officials. 
On the other hand, there remains the fact, which 
is admitted by Sir George Askwith, that in 1911 
it was resolved by the Canadian Trades Union 
Congress to favour the repeal of the Act, and that 
there is a general labour feeling against it. 

It is interesting to note that only a modified form 
of the Act is favoured by Sir George Askwith for 
application in this country, the modification to 
consist of depriving it both of the penalties and the 
restrictive features which aim at delaying stoppage 
until the inquiry has been completed. Sir George, 
moreover, says :—‘‘ Without the restrictive feature 
it would give the right not only to conciliate, but to 
investigate the matters in dispute, with similar 
powers in regard to witnesses, production of docu- 
ments, and inspection as are vested in a Court of 
Record in civil cases, with a view, if concilia- 
tion fails, to recommendations being made as to 
what are believed to be fair terms,” In the 
face of this statement his approval of the Act 
seems to be somewhat ambiguous, for surely 
to remove the restrictive measures would be largely 
to do away with the usefulness of the Act as a 
means of delaying stoppage. His own words go 
to show the great importance of this, for he says : 
‘*Carried to its logical conclusion, the claim to 
cease work at a moment's notice, if acted upon, 
would make business impossible, and in a civilised 
community it is therefore not unreasonable for a 
community to say both to employers and work- 
men : ‘If you desire to engage in this or that busi- 
ness under the protection of our laws, you can only 
do so under certain conditions, one of which is that 
before bringing about a cessation of work, which 
may seriously jeopardise the public well-being, 
certain notice must be given.’” If legislation is 
to be any good at all in labour disputes, surely 
certain restrictions are necessary, otherwise the 
law becomes ically a dead letter. The Act, if 
applied in this country as it now stands, might, we 





_* Report to the Board of Trade on the Industrial 
Disputes Investigation Act 1907 2 Sir 
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grant, be beneficial, but applied as modified in the 
way suggested by Sir George Askwith, it would 
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probably be of little avail in preventing sudden 
strikes, and it is the abrupt cessation of work which 
it is most desirable to avoid. 





NOTES. 
Tue Liverroot Enciseerine Society. 

AuTHouGH one domiciled in London is apt to think 
of the engineering pretension, as an articulate body, 
mainly in terms of the great engineering institu- 
tions whose headquarters lie in and about West- 
minster, itis well to remember that there are many 
independent engineering societies scattered up and 
down the country whose opinions and influence 
must count for much in any consideration of the 
engineering profession as a whole. These societies, 
according to their constitution and scope, repre- 
sent special trades or special districts, with an 
authority which cannot be equalled by any of the 
central institutions in London. Among these pro- 
vincial societies the Liverpool Engineering Society 
is not the least important. As an ex ie of the 
activities of this body, and, at the same time, as an 
illustration of the special work which can be under- 
taken by local a ag pte societies,-we may say that 
the Council of the Liverpool Engineering Society 
is considering applications for gH ape on 
the consulting committee of the of Trade 
iand the technical committee of Lloyds. This 
information was given by the president, Professor 
W. H. Watkinson, at the annual dinner held on 
the 6th inst. The dinner, by the number and 
standing of the members and guests present, served 
to indicate the position which the Society has now 
reached. from its beginning in 1875 with a member- 
ship of 51. The number of members now exceeds 
600. The Society was originally formed by some of 
the junior members of the eering staff of the 
Mersey Docks and Harbour , 80 that it was 
peculiarly Rs ae wry that one of the best speeches 
of the evening should be made by Mr. A. G. Lyster, 
who has just retired from the post of chief engineer 
to that y- Mr. Lyster, in a retrospect of his 
work, stated that he had spent 41 years of his 
professional life in the service of the Port of 
Liverpool. An excellent speech was also made by 
Mr. G. J. , who, as new managing director 
to Messrs. Cammell Laird and Co., spoke, one may 
feel assured, with all sincerity, when proposing 
‘* Prosperity to the Trade and Port of Liverpool.” 
In as far as that prosperity depends on ship- 
building, Mr. Carter’s work in his new sphere is 
likely to be no small aid towards it. 


Roap ConsTRUCTION AND MAINTENANCE 
in Lonpon, 


The Metropolitan Committee on Materials and 
Means of Pavement in London have just issued 
a very valuable report, embodying information 
furnished by the engineers to the different 
boroughs, giving their experience as to the effect 
of motor traffic on the cost of road construction 
and maintenance. As to the effects of the traffic 
on the cost of construction opinion is unanimous : 
the increase in cost is very substantial. The old 
concrete foundation, 6 in. or 7 in. thick, has 
proved in many cases quite inadequate to support 
modern traffic, and is being replaced with founda- 
tions 9 in. to 12 in. thick. Water-bound macadam 
has, moreover, once again been proved to be 
an improper method of road construction. It was 
never tolerated in the old days when road traffic 
was heavy, Macadam’s first principle being that 
water must be excluded from the crust of a road, 
the efficiency of which, for its ostensible pu ¥ 
being, indeed, primarily dependent on its efficiency 
as a roof. The use of water-bound crusts only 
became practicable in the country because road 
traffic had almost wholly disappeared, and in 
London the unavoidable nuisance ensuent on its 
adoption was only maintained within bounds by an 
inordinate expenditure on scavenging. Such roads 
are never good. In winter they are muddy, and 
in dry weather dusty, being ble only when 
lightly damp. In this connection it is interesting 
to note once again the persistency of a fallacy 
once promulgated. One of the surveyors, who has 
reported, repeats the old story that a rubber tyre 
exerts a certain suction on the road material 
below, which is responsible for the forcible extract- 
ing and flinging out of road material. That with 
water-bound roads material is flung out is un- 
deniable ; but, as stated by Sir J. H. A. Mac- 
donald at Dundee last autumn, the phenomenon is 
primarily an hydraulic, and not a pneumatic, one. 


The water in the road is put under pressure by the 
rapid advance of the wheel. Hydraulic friction 
prevents its escape with sufficient rapidity through 
the interstices of the road, and as a consequence 
the material of the latter is loosened and burst up 
by internal pressure. The moral is, of course, the 
necessity of excluding water from the road crust. 
Whilst all the borough engineers report an increase 
in the cost of road construction, opinions differ 
diametrically as to whether the cost of maintenance 
of a well-made road is enhanced or reduced. In 
the boroughs of Fulham, Greenwich, Hammer- 
smith, and Wandsworth it is reported that since 
the adoption of tar-spraying the cost of scavenging, 
watering, and maintaining macadamised roadways 
has been very considerably reduced. As to paved 
roads opinions differ. At Finsbury the me hy ed 
reports that he cannot say that motor traflic 
increased the cost of road maintenance in that 
borough, in which the roads are practically all paved 
with granite, wood, or asphalt. At Hammersmith 
the surveyor thinks that on wood-paved roads the 
cost of maintenance will be loss than formerly. 
At Marylebone the same opinion is expressed, and 
the City Engineer of Westminster, whilst believi 
that the increase of motor traffic prejudicially 
affects macadam roads, and perhaps to some slight 
extent asphalt roads also, is of phe. ye" ye that there 
has’ been no increase in the of maintaini 
wood-paved roads. Diametrically opposing views 
as-‘to the cost of mairtaining paved roads under 
motor traffic are expressed by the engineers at 
Hampstead, Lewisham, and some other boroughs. 


Tus New British Cavatry Macutne-Gun. 


The official announcement has been made by the 
of ‘State for War that, after full con- 
sideration and exhaustive trial, the new Vickers 
rifle-calibre automatic gun has been adopted for 
the use of the cavalry in the British Army. Thig 
decision is most satisfactory from every point of 
view, as all other types of gun were carefull 
considered, and it is to be hoped that the work of 
equipping the troops will be expedited as far as 
org: Already a large number of guns have 
ordered, and more will be soon put in 
tiand. We fully illustrated this gun in Ena1- 
NEERING on April 28, 1911, by means of 
drawings and photographs. At that time it was 
recognised that the weapon constituted a great 
advance on anything that had been done, and 
since then practically every Power having recen' 
war experience has adopted the weapon, while 
others are equipping their forces with it. It may 
be stated that while retaining the dominant prin- 
ciples of the automatic gun which the Vickers 
Company have manufactured for many years, modi- 
fieations have been introduced, with the result that 
higher efficiency has been obtained. The main idea 
of these modifications has been to reduce weight, 
and therefore to increase the mobility, and‘to effect 


such alterations as would enable the gun to continue | j, sions 


firing for enormously greater periods of time with- 
out getting overheated. The weight of the present 
British service automatic rifle-calibre gun is 60 Ib.; 
that of the German army, 40 lb.; and that of the 
Austrian, 38.6 lb. This latest Vickers automatic 
rifle-calibre gun weighs only 27 lb. This reduction is 
the more important, as it has been achieved in asso- 
ciation with great efficiency in cooling appliances. 
The cooling-water jacket allows the water to go 
right back over the bullet-chamber of the barrel. 
The feeding arrangements, too, are much superior 
to those of the Continental guns mentioned. Of 
great importance, also, is the plan adopted to ensure 
the locking of the mechanism during firing. The 
crank is so arranged that it travels 0.02 in. past its 
dead centre, while in the Austrian gun no such 
locking arrangement exists. The closing of the 
mechanism depends on the recoil spring. The 
length of the barrel is the same as formerly— 
namely, 28.4 in. The length of the water-jacket is 
slightly more, 24.1 in. as against 23.5, the addition 
being at the chamber end, where the greatest heat 
is generated. The diameter of the water-jacket is 
the same, 4.28 in. ; but the capacity is higher— 
7.5 pints as against 7 pints. Special arrange- 
ments are introduced in connection with the 
utilieation of the steam generated in the cooling 
jacket, as the result of continuous firing, to 
replenish the water supply for cooling, and thus 
the number of rounds which may be fired with- 
out renewing the supply has been greatly increased. 
The new gun on one trial fired a total of 180,000 





rounds, of which 30,378 rounds were from one 


Yjcountry. When his firm participated in t 
tion! of the 


t Ziirich. 





barrel, and it was only at the end of this excep- 
tionally severe test that there was any indication 
of a falling off in efficiency. It will therefore be 
evident that the new gun is of much greater fight- 
ing efficiency than the existing service weapon, for 


the success of its use depends upon a well-simed 
hail of bullets being directed upon the enemy's 
troops during any short period of their exposure. 
Moreover, there have been great improvements 
in the mounting, so as to fit the gun not only 


‘for rapid movement in the field, but: also for 


ready adaptation for any available position, either 
on a level, or against a parapet wall, or embank- 
ment, without affecting the sighting, elevating, or 
training gear. 





THE LATE DR. EDWARD SULZER-ZIEGLER. 
It is with great regret that we record the death of 
the last of the three brothers Sulzer, sons of the late 


ks, 

Mr. Edward Sulzer joined the firm in 1878 
turned his attention chiefly to commercial 
matters and to questions. the social 
of labour. He was soon elected a member of the Council 
of Winterthur, and into the Councilof the Canton 
of Ziirich and intothe Swiss Parliament, where his know- 
a of industrial problems and his ready intelligence 
made him a leading debater, especially in matters re- 
lating to the social and economical de i 


Simplon Tunnel, it was not only the care 
for the men and commercial problems which 
him ; he had interested himself in tunnel construction 
and boring-machines, and he was thus also technically 
associated with Messrs, Brandt; Brandau and Oo. For 
his share in this great work the ee of 
Doctor of Law was conferred upon him in 1905 by the 
University of Geneva, and the same honour was awarded 
to him eee reas by the Federal Technical High Sehool at 

8 main work was, however, connected with 
social and benevolent institutions, and he owed his 
great popularity chiefly to this feature, though he was 
anxious to keepin touch with his fellow engineers. His 
two brothers predeceased him, as we mentioned ; H. 
Sulzer-Steiner in 1906, and A. Sulzer-Grossmann in 1911. 
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Tux Curtis Tursines or THe Scours “Marsa.” 
anp “ Nrno-Brxio."— steam pres 


ey: 


‘olarised Light 

Mechanical Engineering Problems of Stress Distribu- 
tion.” The lecturer gave a most interesting demonstra- 
tion of the way in which polarised light could be used to 
investigate the distribution of stress in bea hooks, 
and springs formed out of transparent xylonite. He 
also analysed in the same way the distribution of stress 
in thick cylinders under internal and external pressu 

inting out that the colour of the specimen ae it vari 
rom the inner to the outer circumference could be used 
as a direct measure of the stress at each point, A com- 
parison of the stresees determined in this way, with 
the stresses as calculated by theory, showed that the two 
methods gave closely concordant results, Another speci- 
men analysed in the same way was a pair of bevel-wheels 
in gear. As the model was set in motion, the variation 
in the stresses as the teeth gressively came into gear 
was rendered very visible, and it was also shown that the 
drive was distributed over more than one pair of teeth, 
A similar model of a belt-pulley showed that 8 of 
the rim remote from the part immediately under the belt 
were by no means free from stress. Perhaps the most 
instructive models were those of riveted joints. The 
number of rivets varied in different imens from 1 up 
to 16, and it was made very obvious that the stress was 

no means uniformly distributed over the metal between 

jacent holes. The results of a study of the specimen 
with a single hole in it were exhibited, and it was shown 
that at the sides of the hole the stress was about three 
times as great as the aver ® result which is, it may 
be added, in accordance with the mathematical theory of 
elasticity. The chair was taken by Sir F. Donaldson, 
and the attendance was large and enthusiastic. 
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THE LAWS OF SIMILITUDE.* 
By L. Barrstow, A.R.C.Se. 

Tue title of the paper does not immediately suggest 
aeronautics, but the connection is very intimate, as the 
laws of similitude constitute the theory of the use of 
models. Aeronautics, or rather aerodynamics, is almost 
entirely an experimental science at present, and a glance 
backwards through time will show how much of the 
fundamental data of the subject is derived from en we 
ments on models. We have, in the first place, Langley’s 
researches, which showed that sufficient lift could be 
obtained to make models f with such light engines as he 
was able to construct. e development of the petrol 
motor removed the r part of the engine difficulty, 
and with that out of the way, Langley’s figures for model 
planes, modified by Lilienthal’s experiments on cam 
models, provided the initial information from which the 
earliest fiying-machines were constructed. 

It is true that the ing of aeroplanes as introduced 





by the Wright Brothers was a revolutionary achievement, 
carried out in the first instarce on a full-scale glider, but 


Fig. 1. 


looked at from one end, and the streaks are the tracks of 
brightly illuminated oil-drops. The exposure was one 
and during that time each drop had been moving. 
The length of the trail shows the average velocity. Here 
the fluid is still, whilst there it is moving very rapidly. 
Over the back the pressure of eddies is clearly shown. A 
satisfactory of hydrodynamics would be able to 
predict all this for us; as we have not got such a theory, 
the results have to be obtained experimentally by some 
such method as that by which the slide was produced. 
Although we cannot predict the motion in any given 
case, we can have a theory which tells us how to get the 
same results from two models, and that even when we 
cannot see the motion. Thisis the principle of similitude. 
The laws are not always simple, and there are an infinite 
number of them, only one of which is appetite to a 
given experiment. I hope tobe able to show how we decide 
which law will be appropriate to the various motions with 
which aeronavtics is concerned. 
In the allied subject of ship propulsion, as we all know, 
the testing of models of ships has been carried on for 
years, and the law of similitude is there embodied in the 





FiLow or Frum Rounp an AEROFOIL. — 


Fic, 2. Fiow Rounp an Incurinep Square Pate; 


Low Vex.ocrry (Water). 


Fie. 3. Frow Rounp Same Puate as in Fic. 2; 


Hieu VeLocity (WaTER). 


the later considerations of inherent stability were first 
enunciated by Mr. chester from experiments on 
models, whilst the data underlyi Professor Bryan’s 
mathematical investigations of stability’ are obtained 
solely from experiments on models. 

All constructors of aeroplanes are familiar with the 
model researches of Fiffel, and use his results in their 
drawing-office practice. They are also aware that full- 
scale experiments are very difficult to carry out. At the 
present time the recordec! full-scale measurements are 
extremely few in number, and are confined entirely to 
determinations of thrust and a angle. They are 
not nearly advanced enough to for a determination 
of the best form of aerofoil or strut. This being the 
position, it is evident that we must still continue to make 
experiments with models, and in doing so must ask our- 
selves whether the flow round models is like that round 
the flying-machines ; and if not, we must know how to 
find our conversion factors. A true theory of sero- 
dynamics would answer those questions for us completely, 
but, unfortunately for us, the answers to such questions 
are beyond the reach of our present mathematical know- 


led 
Fig. 1, above, illustrates a motion which has defied the 
mathematician. The object in the centre is an aerofoil 


* Lecture delivered before the Aeronautical Society of 
Great Britain on February 12. r 





Fic. 5. Frow Rounp Same Pate as In Fie. 4 ; 


statement that models 
should be tested at a speed 
which is related to the 
speed of the ship in pro- 
portion to the square root 
of the length of the ship 
expressed as a multiple of 
the length of the model. This law is known as Froude’s 
law of corresponding speeds, On investigation it is found 
that this condition 1s necessary in order to make the waves 
of the same shape to scale for both the model and the 
ship. As there are no surface waves in air, it will not be 
surprising that the same law is not ——— to experi- 
ments on the lift and drift of planes. On the other hand, 
it is applicable to some of the problems incidental to the 
study of the stability of aeroplanes, but obviously not 
use of the production of surface waves. 

The theory involved in the laws of similitude is strictly 
accurate, and is just as true as Newton’s laws of motion. 
It is, in fact, an exceedingly direct application of those 
laws to experiment. The data to which the theory applies 
are experimental, and the accuracy of the results is there- 
fore dependent on the truth of the experimental conclu- 
sions. 

A simple illustration will show the whole process of 
reasoning involved from the inning of an experiment 
to the development of the law of similitude co: i 


to it. Suppose, for instance, that we have been making | bigger 


experiments on a simple dulum, and that as a result 
we have found that an slovelen in the le uces 
a@ very iable influence on the time of oscillation ; 
we have found that the forces producing the oscilla- 
tion are due to theattraction of the earth on the pedulum- 
bob. If the experiment is made in air, there are small 





effects due to air resistance ; but when the experiment is 


carried out in a vacuum, as it often is, nothing else 
ap to affect the motion. 
he experimental evidence is now complete, and the 

following theoretical problem can be eee — 

“The time of swing of a simple pendulum depends 
on its length 7, on the value of g at the place, and on 
nothing else. Find law connecting the time of oscil. 
lation with the length and attraction.” The complete 
solution to the problem by means of a differential equa- 
tion is well known to all engineers in the form 


T=2r AJ/ig. 


Except that we cannot say that the constant outside 
the root sign is 27, we can obtain this answer without 
reference to differential equations. To develop this 
method we turn to Newton’s laws of motion, and from 
them we discover that all measurements connected with 
motion can be expressed in terms of the units of mass, 
length and time, this being usually referred to as the 
theory of dimensions. In the above equation we have 


T= .J/L/L/T? = T, 


H 1GH ‘Veocrry (AiR). 


and the dimensions on both sides of the equation agree. 
In fact, any failure to obtain agreement is a certain sign 
of error in the calculation. The important point to 
notice is that it is impossible to find any other combina- 
tion of the two quantities 7 and g, which will have the 
dimensions of T. Hence we can say that because the 
dimensions agree we must have 
T = constant x / Tg. 

The process for finding the laws of similitude is simply 
that of finding the only arrangement of all the quantities 
which matter, so that the dimensions on both sides of an 
equation agree. If we apply the method to dirigibles, 
and ask ourselves, ‘‘If several dirigibles are made to the 
same drawings, but to different scales, which is most 
likely to break, the smallest or the largest?” Then, since 
the design is fixed, the stress depends only on the size/ 
and on the weight of the materials of which it is made w 
pounds per cubio foot, and we write— 

Stress = f (w/).. 

It is required to combine / and w so that the answer 
has the dimensions of stress. The only possible answer 
1s— 

Stress = constant x w /. 
If the materials are the same from one size to another, 
w is constant, and we see that the bigger the cui the 
i the stress, and that doubling the size of an arr- 
ship without altering the drawings or material reduces 1ts 
factor of safety to half. . 

The application to similar aeroplanes which are to travel 
at the same speed is equally easy, and we find that increase 
of size does not produce difficulties due to increased 


stresses. . 
These rules are not new; engineers have acted on 
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similar rules fora long time. Railway bridges of short | ance depends on the speed, the length of the model, th ta better than uced from 
“in which the stresses are mainly due to the train, | velocity, and on the density and viscosity of the fluid. |Smilitude. ss * S08 aut 
follow the lane law. Long-span bridges, like the | As before, we find— 


Forth Bridge, in which the stresses are mainly due to 
the weight of the bridge-girders, and only in a minor 
degree to the train, follow the dirigible law, and it is 
recognised that there isan upper limit to the size of canti- 
lever bridges, just as there must be an upper limit to the 
size of dirigibles. ee 

Interesting as these applications are, they are not so 
important as the application of the principles of simili- 
tude to the motion of fluids, because we have more com- 
plete theories available. Theories of hydrodynamics and 
aerodynamics are, however, very incomplete, and in 
naval architecture are rejected in favour of experiments 
on models. The particular problem is here: find the 
resistance due to waves. Obviously the waves depend on 
the earth’s attraction, on the h of the model, its 
velocity, and the density of the fluid, and, so far as is 
known, on nothing else to any appreciable extent. The 


Fig. 6. FLUID FRICTION IN TWO BRASS PIPES I¥e DIAMETER. 


Resistance = p 2 f(=*) 


is the only ible relationship between the abo: - 
Ss se Feretae mintesete Mocs En chere sme 
matical coefficient of viscosity. The models will now 
produce similar disturbances in the fluid if 
stant. This might be called the law of eerpenpondinng 

for fluid friction, and was first stated by Osborne 

ds. It differs wee Pbimece ods law of . ing 

in one par Y important respect. If we take 
two models of different sizes, the friction law says that 
the velocity the bigger of the two must be the smaller, 


6? is con- 
Vv 








I will conclude by referring to the two other experi- 
sponta. Onn watee'so'cuis iatioay ed 7 
8 e refers to skin fricti a 
on the calculation of the resistance of dirigibles 
aeroplane bodies, and the other refers to the resi 
oo gg i tear pe Ty tne 
in two ways, one of w 
tions oh ee =. a oon the other at 
speeds. simplicit latter is strikingly i 
b ay yy apy For the pi slay 3 
curves have no apparent connection w 
the same speed for air and water eowing eres the same 
pipe. At corresponding speeds they id not be separated 
without the help of distinguishing points (Figs. 6 and 7). 
For wires the lines at the same is have dif- 
ferent inclinations, and do not always pass through the 


E 


i 





whilst Froude’s law says exactly the opposite. Turni 
now to an experiment in which the earth’s attraction, an 


o- 





origin (Fig. 8). On a correspondi spe basis, how- 
ever, all observations fall on ay ie curve without 


Fig.7. FLUID FRICTION IN TWO BRASS PIPES I'/e DIAMETER. 
to of. 
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most general expression for resistance which contains all 
these quantities, and has the right dimensions, is 


Resistance == pert f( 
lg 


_ Now f is a general unknown function, and at first sight 
it might appear to be impossible to make any use of the 
equation. A little analysis, however, shows how to avoid 
the difficulty if only we are in a position to test a model 
of the ship. On the model earth g is constant, and if we 
make v?/l have the same value for the model and ship, 


2 

then f ig) has the same value; this is just the state- 
ment of Froude’s law of corresponding ~. Now go 
further ; we have used g as being the earth value for both 
model and ship. Suppose that the ship was for use on 
and the model test was to be made on the earth, then the 
equation tells us that since the attraction on Mars is less 
than that on the earth the model must be towed faster in 
& given proportion. The reason for this extension of 

roude’s law is easy to see; since the earth attracts the 
water more strongly than does Mars, it requires a greater 
disturbing force, and therefore greater A ans on the earth 
to create waves as big as those on at the lower 
Speed. It has been known for a time that frictional 
resistances do not follow Froude’s law, and these forces 
are calculated separately. Suppose, however, that we 
are deeply submerged, then the surface does not matter, 
and we are left entirely with friction. That is the law 
in this case. Experimental evidence now says the resist- 





Mars, | done at the N.P.L. 
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therefore umably Froude’s law, does not come in, we 
can see (Fig. 2) in a striking way how the mathematical 
conclusions are borne out in fact. The motion of the 
water at the back of the square plate, inclined to a current 
of water, is rendered visible by ing it with Nestle’s 
milk, and the pho ph shows & continuous corkscrew 
sheath in the wake of the plate. Imagine the speed to 


be ually raised. 
‘or some time nothing remarkable hap but even- 
tually the flow changes its character to that represented 


in Fig. 3. Instead of a continuous spiral streak, the eddies 
now come off in definite loops, and there is no resem- 
blance between the new and the old flows. Now, further, 
imagine the small plate removed and one twice its size 
substituted, and the experiment again oe to find 
the velocity at which the flow changes. is has been 
and it is shown that as nearly as it 
can be measured the ——- occurs in accordance with 
the friction law—i.e., doubling the size of the p!ate and 
halving the velocity always produces the same type of 
flow. is observation definitely proves that these eddies 
are produced by friction, and do not obey Froude’s law, 
as they are often supposed to do. Now carry the experi- 
ment further and ci the fluid from water toair. A 
channel was made to take a model twice as big as that 
in the water channel, and the flow was made visible 
smoke. Exactly the same changes were observed (Figs, 
and 5). but the speed at which the flow changed was very 
much higher in the air than in the water. The mathe- 
matics says between six and seven times. We have not 
yet been able to do the experiment so accurately as to 





"7 | Destekee 


DV in Feet and Seconds. 


exception (Fig. 9). In either case we could use the cor- 
res ing speed curves for all sorts of diameters, all 
sorts of speeds, and all sorts of fluids, The question 
which we set ourselves to answer at the beginning of this 
per is solved when we know any one of these curves 
rom the model to the full-scale machine. To do this isa 
somewhat difficult task in some cases, all accurate 
full-scale experiments will be useful in order to establish 
model testing in a firm and unshakable position; until 
then it appears to be Ber ae coon to do anything better 
than the predictions e from models, using a discre- 
tion derived from experience on actual flying-machines. 





ot Spawn Os Semeke, Baowar & to 
TRICAL ENGINEERS. — ursday, Fe! 
annual dinner of the Institution of Electrical Gecineten 
took at the Hotel! Cecil, under the idency of 
Mr. W. Daddell, F.R.S. bi ee eee a¢, 4 ice- Admiral 
H 8.H. Prince Louis of Battenberg, G.C.B., Lord Com- 
missioner of the Admiralty, the guest of the evening, 
was prevented at the last moment from a ing, and 
there were other a’ of guests due Ree. ever- 
theless, there wasa very large Bie? ing Herr 
Geheimrat Christiani, _ President the Verband 

iker, and Presi- 

dent of the Société Internationale des Electriciens. 
The toast list was commendably short, and at 10 p. 
the company moved into an adjoining hall, in which they 
had greater facility for movement conversation. The 
dinner was most successful in every respect, 
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NATAL HARBOURS.* 


By Mr. Caruoart Witu1amM Mertuven, M. Inst. C.E., 
and Mr. Cuagies James Ornorts, M. Inst, C.E. 
Dursan Harsovr. 

Mr. C. W. Meruven referred in his ee 
to the paper on ‘* The Harbours of South Africa,” which 
he ted to the Institution in 1905. He dealt with the 
hi of the harbour works from the early ’fifties of last 
century, and particularly with the operations carried out 
under his superintendence from 1888 to 1895. He described 
the of Durban and the entrance, saying that the 

line of Natal, from the mouth of the Umtam- 
vuna River, = pee to that of _ ich yt the 
north, was about miles in length. though uent 
ou of rock occu it was as a whole exceed- 
ingly sandy, and fringed with extensive wind-blown 
-dunes of heights up to 400 ft. or 500 ft. The older 
portions of these dunes had Me ially 
covered with the thick scrub found along the coast, 
but in many parts they were constantly changing their 
position under varying winds, and extending seaward, 
the coast being a rising one. Of about twenty-five rivers 
intersecting this of coast, none was navigable, and, 
except in times flood, the mouths of the smaller 
rivers were completely blocked with sand, while even the 
ones were encumbered with very shallow bars, be- 
hind which were lagoons extending a short distance inland. 
The only break of importance in the whole coast-line of 
Natal was that formed by the inner bay, or lagoon, of 
Durban, which had for a long period constituted the 
harbour of the Colony, and now served a large trade, in 
connection not only with Natal, but also with the Orange 
Free State and the Transvaal. phically, in fact, 
Port Natal was the natural port for a rtion of the 
Transvaal, the Orange Free State, Basutoland, Griqua- 
land East, and Pondoland. 

The bar was one of the most persistent and difficult to 
deal with known to the author, and Durban Harbour was 
truly described by Sir William Matthews, K.C.M.G., 
Past-President of the Institution of Civil i 
during the discussion on the previous paper, as one of the 
two worst bar-harbours in the world. 

In the course of his historical review of former work 
done he added that all the schemes seemed to have had for 
their main object the utilisation of the tidal volume of 
yo — as a scouring agent to improve the depths on 
the bar. 

The portion of the paper on the observation of currents 
and. sand-movement was confined mainly to the results 
of observations, some of which had already been de- 
scribed, on the sand-travel and littoral current, and on the 
direction of the seas mainly affecting the bar. A number of 
current velocities were also determined by float obser- 
vations. 

The author, after peering in detail to a number of 
local theories concerning tidal conditions, and the various 
works required, stated that he formed the opinion that, 
while the circumstances tending to maintain a in 
front of the entrance could never. be entirely removed, a 

t deal might be done towards improvement by pro- 
jecting the works into dee 
each other as l and width of entrance, and 
by duly conserving and training the scour provided by 
Nature; and that with the assistance of dredging, a 
depth might ultimately be obtained over the region 
of the bar which would render it navigable to vessels of 
deep draught. As regards the effect on the bar of 
weather and scour, the first of these, when bringing 
seas from southerly directions, increased the bar 
under the lee of the southern work and drove the 
deep-water channel more to the north. The only favour- 
able winds and seas, tending to assist the efforts of 
the ebb-tide to break through again in the direction of 
the axis of the Bluff channel, were those from easterly 
and north-easterly directions. The waves were com- 

tively short ; they approached the entrance directly 
rom seaward ins of working obliquely up the coast ; 
and they tended to break oo egg: ce the sand 
in a continual state of disturbance and suspension, while 
the ebb-tide carried it out to sea. It was not legitimate, 
however, to count upon the east wind as an ally in the 
conflict with the bar; its services were acceptable when 
given, but they were uncertain, and were generally absent 
when most wanted. He then entered in detail into the 
various points regarding natural conditions and con- 
structional works carried out under his direction. 


Natat Harsour Works. 


In this paper, the author, Mr. O. J. Crofts, stated that, 
in August, 1895, he was called upon by the Natal Govern- 
ment to take charge of the harbour works at Durban. 
He gave particulars concerning the survey of the bed of 
the entrance-channel, made in order to ascertain whether 
the bottom really consisted) of solid rock, as supposed. 
The survey comprised not only a close examination in 
diving dress, but also systematic probing, the position of 
each probing being accurately laid down on the chart. 
From this survey it was ascertained that what had 
previously been ied’ as rock was nothing more 
than consolidated shingle, with occasional small boulders, 
and, with the exception of some blasting on the south 
side of the out of the fairway, the existing 
depths of 33 ft. and upwards at low water of ordi- 
Dedtgne ted visged i be verman wo ‘e buatory of 

an im: in 
upeen an slain. te a ibe, iaaaaed te te ; 
The only actual set-back in depth occurred in 1901 and 
1902. e extension of the north pier in order to bring 


read before the Institution of 
the 11th inst, 
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water in proper relation t0 | coalin 


it level with the breakwater was fully effective in Nov- 
ember, 1900, and the weather in 1901 was normal, while 
the amount of dredging done outside the heads was 
nearly doubled. In 1 the entrance was dangerous on 
214 + Roo and impassable on 13.66 days, the former being 
15 per cent. below, and the latter 75 per cent. above, 
the ave of the previous three years. It was very 
noticeable how the number of bad-weather days decreased 
as the depths at the entrance increased. sand was 
deposited outside the entrance during bad weather from 
the south and south-west, and in order to prevent. the 
work of the port from being interfered with after such 
weather, the dredgers were employed in deepening 
aree slightly to icyrin of the sommneee sag hes yr tyce 
low the general _ 80) as ‘orm a trap for the 
sand before it resohed thechannel. Theentrance depths 
could undoubtedly have been increased more rapidly had 
the dred; been employed outside the heads whenever 
they could work; it was necessary, however, that the 
depths in the neighbourhood of the wharves should be 
brought into line. In 1904 and 1905 nearly 17 million 
tons of spoil were removed, and a year later it was found 
ible to lay up and afterwards to dispose of several 


gers. 
The necessity of hoving: some means of laying dry 
t 


vessels of larger tonnage than could be handled on the 
patent slip had long been ised. A floating dock 
was therefore ordered capable of aving 


rears: by vessel 

a keel-length of 320 ft. and a dead-weight of 4500 tons. 
This dock was, unfortunately, wrecked off Mossel Bay 
while being towed to its destination, and tenders were 
invited for a larger one, capable of raising a vessel of 


8500 tons. The dock arrived safely after a voyage of 
145 da In 1899 it wis decided to build 700 lineal ft. 
of tim wharf on the harbour side of the Bluff, a 


— 


This work was n in 1900, and the end of that 
year 650 lineal ft. been comple e remaining 
400 ft. were not finished until much later, as the shi 

bringing the necessary timber was wrecked. A on 
shed and three timber-sheds, each 96 ft. by 48 ft., were 
built at the back of this wharf, and two 3-ton loco- 
motive steam-cranes were placed on the wharf for dis- 
charging timber-laden vessels. A ition was selected 
for a coaling-wharf, but the site to be reclaimed, as 


which was subsequently apenas to 1050 ft. 
. Th 


at this point the high-water mark lay at the foot of the 
Bluff. e work was put in hand in 1902, a single line 
of staging, com principally of old timber and rail 


bracings from the breakwater staging, being run out. 
From this staging a rubble mound was deposited to form 
a retaining bank for the sand filling to be pumped in by 
the dredgers, which when employed on this work were 
kept far enough ovt in the 7 obviate any danger 
of undermining the mound. e aggregate length of 
the quay - coextensive with the reclamation is 
1585 ft.; alongside 1005 ft. of this the depth is 30 ft. 
at low water of ordinary spring tides, and alongside 
the remainder the depth is 34 ft. The method of con- 
structing the quay-wall was similar to that adopted by 
the author’s predecessor in the wall on the Point side, 
providing for a 23-ft. depth, so that the existing plant 
could be utilised. As it was very desirable t the 
ing-quay should be finished as soon as possible, an 
approach staging was run out from the reclaimed ground 
to the pro’ quay-line, at each end. The heaviest 
block weighed a little less than 20 tons, and all the blocks 
were built in a yard 1400 ft. by 200 ft., situated on 
levelled o_o at the foot of the ~~ — 
gantry-cranes o tons capacity were used for lifting, 
Section, and loading the blocks. 

As soon as a sufficient | h of work had been built 
in this manner, the joints between the blocks were 
stopped with stiff clay and the work was grouted u 
For grouting, neat cement was used at first, but after 
making careful ———- 14 of sand to 1 of cement 
was eventually substituted, and effected a saving of 
about 55 per cent. The top block, in which the tunnel 
for water-pipes, electric wires, &c., is was built 
in situ. ubble, carefully hand-packed by divers, was 
laid as a toe for the foundation blocks. By working 
from each end with two independent gangs, 700 ft. of 


completed wall were built in twelve months. The} b 


costs of the 30-ft. and 34-ft. sections were not kept 
se tely, but the average price was 59/. per lineal foot. 
n 1905 tenders were invited for the mechanical equi 

ment of the coaling-quay, it ing specified that the 
appliances should be capable of loading coal at the rate 
of 200 tons per hour, the coal being delivered in the 

t wagons used on the Natal Government railways, 
which are about 37 ft. long by 7 ft. 9 in. wide by 5 ft. 6 in. 
deep, and can carry 35 tons of coal. The order was 
placed in August, 1905. The plant is driven electri- 
cally from a sub-station on the Bluff which is fed 
from the main station through a high-tension sub- 
marine cable. The sub-station contains the transformers, 
which have a capacity of 300 kw., and reduce from 
6600 volts alternating to 500-550 volts continuous current, 
the transformed supply feeding the arc-lights as well 
as the motors. The loaded wagons run by gravitation 
to o pes. from which they are picked up by an elec- 
tri -driven ‘‘ pig,” housed under ground, and are 
thus wn on to the apt es. gpedlthe. sa. nga of a 
large hoist. The wagon is then raised, and on reaching 
the required level is tipped sideways into a shoot, whence 
it is discharged into six dump-buckets; each of these 
buckets has a capacity of 6 tons, so that in aggregate they 
take the whole of the 35-ton wagon-load, with a margin 
of 1 ton to spare. These ing loaded, rest 
on trolleys, and when loaded they are taken by a locomo- 
tive under one of the transporters, which lifts the buckets 
one at a time and transfers them on the vessel, 





the being so arranged as to o automaticall 
on tedae lowered’ isi 





the | works at the Point, and stated 


P- | which are 


it, de, nah Ganiend to. seanator Giant. trom. wagen 
can discharge ton d 
in ate whence the coal can fe 


as the outer overhanging arm can be raised into a 
vertical position, there is no necessity to move the ship 
when it is desired to load into another hatch. 

The author then proceeded to five data on the inner 

, that the construction of 
the quay-wall, a considerable length of which was built 
outside the old timber wharves, was carried on under great 
difficulty,.as the constantly-i ing trade prevented a 
long length being given up at a time. 

In it was found necessary to make large additions 
to the central station for electric light and power. In 
1902 further generators were put down, and a year later 
a fourth boiler and a 75-kw. generator were also added, 
In 1904 a 300-kw. direct-coupled machine, generating 
continuous current at 500 volts, was laid down, two up. 
right water-tube boilers with mechanical stokers being 
supplied to provide the requisite steam. 

A seme Byge warehouse was provided, and was 
so de we; ; & a — could be anne later if 
req ° sinking of the concrete cylinder required 
for the ram of a hoist capable of transferring the $5-ton 
wagon floor to floor was surrounded with difficulties; 
at a depth of 33 ft., for example, some hard material 
was encountered which canted and strained the cylinder : 
eventually, however, it was righted, and the sinking was 
com: to the full depth of 54 ft. The hoist worked 
well, the deflection of the tracks inside the warehouse, 
when supporting a loaded wagon, being hardly capable of 
detection. 

In 1904 it was decided in regard @o the works at 
Congella to reclaim a large area near the Albert Park, 
which might be leased to private firms. 

Numerous borings were taken over the site of the pro- 
pone wharf, as in the Esplanade Channel. Stiff clay 

ing found over the whole area, a dredger with a cutter 
working on the end of the suction-pipe was ordered. 
The authorised length of wharfage—1500 ft.—was prac- 
tically completed in December, 1907, and, with the excep- 
tion of the railway reserve, nearly the whole area 
reclaimed (94 acres) was leased to private concerns, who 
erected their own buildings. 

In the matter of the works at Salisbury Island, the 
author added that in 1902 it was decided to construct a 
relief slipway for tugs and other craft not exceeding 200 
tons dead-weight. A small landing-jetty was built near 
the slipway, piles and struts being of double-headed 
rails, and the upper work of pine. Another jetty was 
built at the east end of the island, which proved of great 
service during the time the island was used as a plague- 


camp. 
The author then referred to the lighthouses and to the 
Port Shepstone Harbour. 
The total cost of the works described in the paper, and 
of the general maintenance in the twelve years under 
review, was nearly 3,000,000/. 





Conrracts.—We are informed by Messrs. Ferranti, 
Limited, Central House, Kingsway, London, W.C., that 
they have received the contract for the supply of tram- 
car-meters for Newcastle-on-Tyne.— Messrs. the Ransome- 
ver Mehr Machinery Company, Limited, Brunswick 
House, Westminster, S.W., state that they have been 
favoured with a contract by the Merthyr Tydfil + 4 
tion for the supply of three Ransome continuous filte: 
teed to treat 1,200,000 ons of water 
per day of 24 hours.—Messrs. Gillespie and Beales, 
Amberley House, Norfolk-street, Strand, W.C., bu 
engineers for Messrs. Martin Brothers, Valparaiso, have 
recently placed the following order with Messrs. Lindsay, 
Burnet, and Co,, Govan :—For s.s. Taltal. Two main 
boilers complete, with tanks and oil-burning apparatus 
on the Kérting system, complete with all accessories, 
One donkey boiler fitted for coal or, alternatively, oil- 
urning. 





PrrsonaL.—We are informed that the management of 
Messrs. Peter Brotherhood, Limited, 53, Parliament- 
street, Westminster, will in future be in the hands of 
Mr. J. Kemp-Welch, who is being transferred from the 
firm’s works at Peterborough.—Messrs. Herbert Morris, 
Limited, formerly Morris and Bastert, Limited, Empress 
Works, Loughborough, Leicestershire, have, we under- 
stand, now opened a new office in Birmingham. The 
office will be under the management of Mr. E. H. 5. 
Taylor, and is situated in Norwich Union Chambers, 
Birmingham, telephone 3683 Central, and telegrams 
‘*Comorris, Birmingham.” — Messrs. Nicholson and 
Fieldsend, Resilient Spring Works, Tinsley Park-road, 
Sheffield, manufacturers of helical and volute sprin 
inform us that they have appointed Mr. Sydney H. 
Morden, 11, Tothill-street, Westminster, S.W., as their 
sole London agent.—The works of the Leeds Engineering 
and Hydraulic Company, Limited, Rodley, near Leeds, 
together with the tools, patterns, and goodwill, have been 
meen ge as a going concern by Mr. J. R. Pickering, 

irector of Messrs. Clayton, Son and Co., Limited, also 
director of Messrs. Deighton’s Patent Flue and Tube 
Company, Limited, and Mr. Alfred Towler, M.I. Mech. E., 
late of Messrs. Hathorn, Davey and Co., Limited. They 
will continue manufacturing their predecessors’ various 
specialities and, in addition, all kinds of power-pumps 
for all purposes.—The Consolidated Brake and Engi- 
y, Limited, announce that their offices 


neering Com: 
Prcsene: sven!) from Spencer House, South Place, 





will be : 
E.C., to 41, Moorfields, E.C., on Saturday, the 15th inst. 
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FLOW OF STEAM, THROUGH NOZZLES. AND BLADES. 





Some little time ago Mr. F. Samuelson, of the 
British Thomson-Houston Company, Limited, Rugby, 
carried out a series of experiments made with the 
object of determining accurately the frictional losses 
experienced when a it of steam was passed through a 
nozzle and a series of buckets. Owing to unexpected 
difficulties, the investigation proved abortive so far 
as its main aim was concerned, but it was proved that 
the steam etched in a very striking way the copper 
plates which in effect formed the ‘‘ shrouding” of the 
system of buckets and nozzle. This curious effect is 
very well shown in the illustration above, which is 
reproduced from a photograph of one of these plates 
These plates, as already explained, formed the “‘ sides ” 
of the system of buckets and nozzle. 

The steam was supplied at a pressure of 50 1b. gauge, 
and during the half-hour’s exposure, whivh gave the 
result shown, the superheat varied between 40 deg. 
and 70 deg. Fahr. The etching action is at its maxi- 
mum along the concave face of each bucket, the black 
oxide with which the plate was originally covered 
being washed off there. It is worthy of notice that a 
large fraction of the whole length of the nozzle is also 
washed clean. There seems, therefore, some reason 
for believing that the effect is indirectly due to the 
pressure of the steam. Where this is high, as in the 
nozzle, and along the concave faces of the buckets, a 
considerable weight of steam is brought into intimate 
contact with the metal. Along the convex surfaces of 
the buckets the weight passing is relatively less, since 
the pressure, and consequently the density, is lower 
than on the opposite face. 





Imports OF AGRICULTURAL MACHINERY AND IMPLE- 
MENTS INTO Russ1a.—According to some official statistics 
just made available, although referring to the year 1910, 
the imports into Russia of agricultural machinery and 
implements, from the different countries engaged in this 

e, were as follow::—From Germany, value 15,577,331 
roubles; United States, 12,061,759 roubles; England, 
7,097,028 roubles; Austria, 5,009,799 roubles; Sweden, 
1,895,697 roubles ; other countries, 559,296 roubles. Ger- 
many, it will be seen, heads the list with nearly 37 per 
cent. of the total ; about 284 per cent. coming from the 
United States and upwards of 17 per cent. from England. 





Seii’s Dirgcrory or RecisTerReD TELEGRAPHIC AD- 
DRESSES. London: The Business Directories, Limited, 
166, Fleet-street, E.C. [Price 25s.]—This list is larger 
and more complete than ever. It consists of 2500 pages, 
divided into four prmcipal sections, dealing es 
with firms in London and the provinces, under ¢ own 
names, with telegraphic addresses, classified trades, and 
colonial and foreign addresses. The inland abbreviated 
addresses are given from lists supplied by the Postmaster- 
General. The adoption of indicator words in London 
telegraphic addresses has necessitated some 20,000 changes 
in this year’s edition of the directory. The indicator 
word is not essential to the correct deli of a telegram, 
but if utilised enables delivery to be with greater 
promptitude than would be possible otherwise. By 
arrangement with Pe — Office the = — 
are also given, and as the arrangements for the very 
of telegrams addressed by these numbers are being 
improved, their use will probably become more general. 
The volume is in its twenty-eighth annual edition, and 


no effort seems to have been spared to bring it up to date, | pas 


the information being corrected to January 1 of this year. 





THE ‘“‘ RECORD” STEAM-TRAP. 

WE illustrate below the “‘ Record ” steam-trap, which 
is constructed by the Record Steam-Trap Company, 
20, Bucklersbury, London, E.C. Its action is simp 
and will be understood by reference to our engravings. 
The water entering the trap at d flows into the body 


Fig.t. 









——<$<—o 


ZED G o Yj; Yj LY 








MS 





piu 





itt 


RRnEAA_-_A_-JAFT/JFTA\J3_Q_A\} } 


hye 













WV, V// Stes © 










Vp 


Vdd daaauaaaauaeda 









MY 
j Wy 


V\¥; 
V/ 
=— 
aa 
al 











ela 
Z 


ddd 


WY) 


RVQAAaVQQg A W"\—W@>&Q8§6§Oo 
J SSA AAAI Qa 








of the trap and raises the float c, Fig. 1. This at once 
closes the relay-valve a. The main valve / is held 
hard down on its seat, because above the valve / there 
is a diaphragm ¢, shown by a thick black line, the under- 
side of which is open to the outlet g by slight leakage 
t the valve spindle, and the diaphragm on the top 
side is subjected to the same pressure as the steam-pipe 








and trap, as steam is admitted through a small hole at d. 
There is always a tendency for the main valve / to be 
closed. The relay-valve at ais shown closed in Fig. 1. 
As the trap fills with water the float c is gradually filied 
(as seen in Fig. 1) and sinks (see Fig. 2). This action 
opens the relay-valve a, and water under pressure is ad- 
mitted to the underside of the diaphragm ¢ through the 
hole in the x pa of the main ve, the diaphragm « 
being thereby put into equilibrium, so that it can 
move freely up and down. When this equilibrium 
takes place the pressure of the water on the under- 
side of the main valve oeene the valve, and the water 
in the float is at once discharged through } and out at 
g, #8 shown in Fig. 2. When empty, the float rises and 
closes the relay-valve a, and (owing to the small 
leakage past the main valve spindle) the underside of 
the rt mech is relieved of pressure, and the pressure 
on the top side at once closes the main valve. The 
trap therefore automatically adjusts itself to the 
pressure of the steam, and consequently, it is claimed, 
works well at any pressure. 

It will be seen that as the bucket only controls a 
small relay-valve and the steam pressure within the 
trap opens and closes the main valve, the relay-valve 
need not be so large as the main valve in ordinary traps. 
The bucket has therefore very little work to do, and 
the main valve can be made of large size. A dirt- 
catcher and a flushing-valve can be supplied with the 
trap. By means of the latter the pressure on the top 
of the diaphragm can be released at any time,enabling 
the main valve to lift and the water in the pipes to 
flow through the trap. 








THE REACTIONS OF THE PUDDLING 
PROCESS.* 


fig Foofonnes Tuomas Turner, M.Sc., A.R.S.M., F.I.C., 
‘eeney Professor of Metallurgy in the University of 

Birmingham. 

IT is now more than half a century since the introduction 
of the Bessemer process startled the civilised world and 
threatened the entire extinction of the trade in malleable 
or wrought iron. The successful development of the new 

occupied some years, and taxed the energies and 
the skill of so great an inventor and so keen a iness 
man as Sir Henry Bessemer. For nearly twenty years 
the older process suffered comparatively little from the 
attack of its young and vigorous rival; but the gradual 
introduction of mild steel for rails, plates, wire, and guns 
gave such a shock to the iron trade that when the bad 
times of the later ’seventies came the whole iron industry 
was again threatened with extinction. Today we ree 
a most remarkable change in the relative position of the 
two processes. Bessemer steel is now threatened by its 
newer open-hearth rivals, its annual output is diminishing, 
and its continuation is held by some competent observers 
to be problematical. The wrought-iron trade, on the 
other hand, after having ne to relatively insi; — 
proportions, now shows signs of permanency, even 0 
expansion, which was certainly unexpected onlya few years 
. At the end of 1912 there were in the South Stafford- 
shire and North Worcestershire district thirty-two firms 
engaged in the production of puddled iron. ese firms 
operated 661 paddling-furnaces, and employed a total of 
about 10,000 hands, while the trade was in a very pros- 
condition. Daring the last year or two the 
emand for really capable puddlers has exceeded the 
supply, and there is a call for younger men to train for 
the work. 

It may be well to glance for a few minutes at some of 
the causes which led to these changes. The reasons for 
the adoption of steel are obvious and clear. As com- 

with malleable iron, steel could be produced in 
rger masses, with greater uniformity of texture, with 
lese labour, and at a greatly dimini fuel consumption. 
It also a higher tensile strength and limit of 
elasticity, while its enormously resistance to 
wear ~ 5 Renee cea it Seay we for plioeti wheels, — many 
8 purposes. or su ap) ons no enthusiast 
would be so bold as to dream that wrought iron can ever 
replace steel. 
On ~ 3 hand, it must be aanewenent = 
wrought iron has certain properties which are large 
ible for the aot Geese ae i Z 
jay in increasing de . Among ti properties 
are the readiness with which it can be welded or other- 
wise smithed, its trustworthiness under certain kinds of 
shock, +t and its power of resisting atmospheric action. In 
censequence for chains, nails, wire, sheets, rivets, bolts 
and ae ens and many similar purposes, malleable 
iron is still pre | in many cases. A distinct demand 
has also arisen for ships’ fittings and for Colonial purposes, 
where the loss of value due to corrosion is so serious with 
certain kinds of steel. While it is true that steel can be 
made to weld regularly and ectly, and that sometimes 
it stands the weather as well as wroughtiron, still in such 


* Paper read before the West of Scotland Iron and 
i's Institute at Coatbridge, January 11, 1913. 





Puddled iron and extra-soft steel, which have nearly 
the naan liges xyreot from the “7 py 
manganese, w ranges .4 per cent.), 
and which have also the same mechanical constants, show 
a marked difference as regards the length of time required 
to effect rupture (by vibratory movement); puddled iron 
resists much longer than extra-soft steel ( jouard ; Pro- 
ceedings of the International ion for Testing 
Materials, 1912, page 498). 
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cases it may be pointed out that wrought iron is not said 
to weld as well as steel or to stand the weather as well as 
, it is claimed for a superior piece 
of steel that it welds like wrought iron or rusts as little as 
wrought iron, as the case may be, thus showing that after 
all our standard of comparison for such purposes is not 
malleable iron. For further amplification 
be made to 
Pilkington, 
nd Iron and Steel Institute, 
before the Staffordshire 
udley. These two papers 


steel. Oa the con 


steel but good 
of this branch of the subject, reference ma: 
two excellent rs recently read by Mr. 
one before the West of Sco 
and the other, a few weeks ago, 
Tron and Steel Institute, at ‘ t 
are very su tive and full of useful information. 
Though the continued demand for 


lronmasters nata: 


in the puddling furnace. 
The DC emening thus with us, and with a 


it may be possible to improve u 
cedure and so increase the out 
rove the quality of the product. 
rankly confessed that the ho 


will be obtained. 


There are in all businesses certain commercial considera- 
tions which can only be mentioned, but not discussed, in 
detail here. Questions such as the selection of the site, 
the general design of the establishment, the supply of 
raw materials, the quality, cost, and organisation of 
labour, the facilities for marketing, and the methods 
adopted for keeping in touch with and satisfying cus- 

on a 
large scale, and not less, in these days of competition, to 


tomers, apply to all businesses which are conduc 


the wrought-iron trade. 


The attention of the metallurgist is concentrated rather 
upon what goes on inside the works, and the more com- 
mercial aspects are dealt with by the commercial staff, 
whose training is often less expensive, but whose remu- 
neration is not infrequently on a higher scale. Among 
the questions which confront the metallurgist are the 
quality of the pig iron employed, the quality and con- 
sumption of fuel, the character of the fettling, the most 
suitable size and shape of furnace, the reactions which 
take place while the impurities of the iron are being 
the conversion, and the 
cinder. He 
all its stages 


removed, the losses during 

uantity and mar of the iron and the tap 
then has to follow the puddled ball throug’ sta 
of hammering, rolling, piling, reheating, and finishing, 
until at length it has been tested and is ready for sale. 
The mere enumeration of these questions and 


‘ processes 
indicate how wide a field there is for careful observation 


and discussion, and it is obvious that only a very limited 
portion of the field can be covered in any single paper. 
About twenty years “go I contributed to the Iron and 
Steel Institute and to the Staffordshire Iron and Steel 
Institute certain papers dealing with the theory of the 
puddling process, and these were, with additions and 
alterations, afterwards incor rated in my “ Metallurgy 


of Iron.” At that period the pyrometer and the micro- | pa 


scope were only beginning to be applied to me 
problems, and there was little accurate knowledge of the 
physical constants of the materials by the iron and 
steel maker. It may be well now to place on record some 


of the results which have since been obtained, as these 
preliminaries will be of use for reference, and will be of 
great assistance in our further discussion of the problems 


to which we hope to direct attention. 
Turning first to the metal used, it will be remembered 


that it was formerly customary to give the melti int 
: The mere atte 


of pure iron as being 1690 deg. Cent. 


minations of Carpenter and Keeling gave the lower figure 
of 1505 deg. Cent. on the thermo-couple scale, and that 
On adding carbon to 


figure is now generally ted. 
the iron, it is well known that the metal becomes much 
more readily fusible. The lowest melting point, or 
eutectic, of the series is with about 4.25 per cent. of 
carbon, and is at about 1130 deg. Cent. Such a material can 
only be produced when a very high temperature has been 
employed. In ordinary pig iron the carbon usually 
varies between about 3 3.6 per cent., and the melting 

“tm rhood of 1250 deg. 


po is consequently in the hbou 
nt. The presence of silicon, or of phorus, makes 
the pig iron more readily fusible more fluid when 


melted. But under ordinary circumstances pig iron which 
contains, say, 3 per cent. of silicon, requires a somewhat 
higher temperature in order to melt it than does a rather 
purer material, The reason for this is that when part of 
the total carbon is replaced by silicon the loss of carbon 
raises the melting point somewhat more rapidly than the 
gain in silicon causes it to fall. The net result of the 
addition of silicon is therefore usually not to lower, but to 
raise the melting point of pig iron. If ph is 
present the reagan. Lange is lowered, owing to the forma- 
tion of an iron-carbon-phosphorus eutectic, which melts 
at about 950 deg. Cent. This ph is, however, not 
. uniformly distributed through the whole solid metal, but 
in the case of grey iron is met with in separate enclosures 





ht iron is thus 
due to the qualities of the material itself, there are, of 
course, several other causes which have contributed to 
this result. In the first place, when the greater demand 
for steel arose there were existing mills and forges which 
if stopped were only valued at breaking-up prices. Many 
i — clung to their trade as long as pos- 
sible, and of these the most capable and the most favour- 
ably situated survived. There was also the fact that 
certain kinds of pig iron which were admirably suited for 
puddling are not so well adapted for steel-making by any 
of the larger processes. So long as the argillaceous and 
the brown iron ores of this country are available, so long 
shall we also have pig iron which will be suitable for use 
. probability 
of increased activity, it may be well to consider how far 
m our present pro- 
t, lower the cost, or im- 

It may at once be 
of any revolutionary 
change is remote. The process has been so long with us, 
has stood such fierce competition, and attempts at drastic 
alterations have been so often made, and so often aban- 
doned, that it is probably by careful attention to details 
rather than by changes in principle that the best results 


























































or seggrega 
when slowly melted, has a tendency to 


its phosphorus 
This recalls the we expressed by Dr. Percy, 


no doubt ly true, 
sciaeiaela’ | before a com 
supplied. 


plete ex can 


furnace may be — or our 
recilled that the definition of a refractory 
at present is that it is a substance which 


mi sia melts at 2250 deg., lime at 1900 

1880 deg,, and silica at 1725 deg. Judged by 
the firebricks are refractory, as soften at 
cone 30, or, say, 1700 deg. Cent., 
used for fettling, or making up the sides and 


t., 
1527 deg. 
therefore, comparatively 


of oxidisin 


the application of a num L 
Yy present in ¢ 


the impurities 


rather as a source of waste 
to be encouraged or i 


heated and ultimately fused. A sti 
usually occurs during the balling-up stage of the 


temperature ferric oxide is infusible. 


8 of clearing and boiling. 
or many metallurgical purposes a fluid 


considered to consist of three separate parts 


a solvent or mother liquor. 
2. An active agent which is dissolved b 


or other substance upon which it is required to act. 


portion is reached which prevents the proper p 
the reaction. It corresponds with the waste p 


The three parts of 


1. The solvent is ferrous silicate 2 FeO 


when pure, melts at about 1183 deg. Cent., as determined 

en 
é it gives 
a very distinct arrest at its solidifying point, and crystal- 
lises in dark, semi-vitreous plates which belong to the 
rhombic system, and which occur in nature as the mineral 
Fayalite. It contains 70.6 per cent. of ferrous oxide and 
r cent. of silica. In its pure form itis rather too 


by Mr. Dixon in my laboratory some years ago. 
melted, it is almost as fluid as water ; on cooli 


29.4 
infusible, and much too siliceous to form a good cinder. 


3. The active agent is magnetic oxide of iron, which 
One method of pre- 
etic oxide is by heating ferric oxide to its 
is given off and magnetic 
oxide results. In practice, however, it is very seldom that 


magnetic oxide exactly the composition which 
corresponds with the formula Fe,0, It may still be 


consists of Fe;O,, or FeO. Fe,03. 
ring m 
melting point,t when oxy; 


attracted by a magnet, or even become distinctly polar, 


and show its characteristic crystalline form, while the 
proportion of ferrous oxide varies considerably from that 
required by the formula. We may, therefore, speak of 
the active agent which is dissolved in the ferrous silicate 
e less definite term of ‘‘oxide of iron,” it being 
this name is indicated a more or 


by th 
understood that b 
less altered form of ferric oxide. 


Ferrous silicate can readily dissolve either silica or 


oxide of iron. The addition of silica gradually raises the 
melting point and makes the material viscous when hot, 
and slow-setting like a glass. With sufficient silica a 
dark olive- nm bottle-g is obtained. This has no 
definite melti int, and gives no arrest on the cooling 
curve. The addition of oxide of iron first slightly lowers, 
and then gradually raises the melting point until ulti- 
mately the temperature of 1565 deg. is reached with pure 
ferric oxide. 

It is known from steel- works tice that in order to 
remove phosphorus from the metal the silica in the bath 
of oe ee not exceed 20 per cent., and this limit is 
probably rather too high for safe working. Si 
silicate contains 29.4 per cent. of silica, it is evident that 
it must dissolve half its weight of oxide of iron, at least, 
in order to make a satisf i Puddling cinder 
is thus a very strong solution of oxide of iron. This 
solution coming in contact with iron, when both are in the 





* Dr. J. Percy, F.R.S., ‘‘ Iron and Steel,” page 664. 

+ The dissociation pressure of Pad, i equal to Uns of 
the oxygen in the at 1350 deg. Below that 
temperature FeO, is if heated in air. At 1350 deg. 
magnetic oxide shows no sign of dissociation. (Walden 
American Chem. Soc., 1 30, page 1350.) 





tions, and as a result a phosphoric pig iron, 
t with some of 
@ process of sweating or liquation. 
ore the 
theory of puddling was so fully examined—namely, that 
the phosphorus was removed by liguation.— phe view aa. 
though other things have to 
i be | mined. 


iewing next the infusible oxides with which our 
firebricks made, it may be 
material 


can 
resist a temperature of 1600 deg. to 1650 deg. Cent. Thus 
., alumina at 


the working beela the furnace, is scarcely a true refrac- 
tory. According to Kohlmeyer, ferric oxide (Fe,0O;) melts 
deg ~~ oils a e304) at 
e temperatures of the puddling furnace are, 

Though the puddl prow chemically speakin; 
te) the i are, ys i g, 
m3 om reactions whereby 
moved, the direct effect of the oxygen of the air is 
relatively small. In fact, atmospheric oxidation must be 
an action 
mcreased. During remelting no doubt 
a certain amount of metal is oxidised as it is gradually 
till greater oxidation 


operation, 
and practically the whole of this oxidation leads to loss of 


iron. 
The fettling of the furnace, so long as it remains hard 
and infusible, is also without any important action on the 
metal. The temperature of the furnace when the metal 
melts is probably about 1300 deg. Cent., and during the 
hottest part of the heat, just before the metal is withdrawn, 
is probably very little, if any, above 1400 deg., and at this 
i The most active 
mt in the purification of the iron is the bath of fluid 
cg: or cinder, into which the crude metal trickles as it 
melts, and by which it is covered during the subsequent 


slag may be 


1. A fusible portion, usually a silicate, which takes 
no direct part in the reactions, but may be regarded as 


the solvent 
and thus brought into intimate contact with the metallic 


3. The product of the reaction, which, when non- 

volatile, accumulates in the cinder until at length a =~, 

rs) 

ucts of 

a oes Sagem, which, if not removed, ultimately lead 
to death. 


uddling cinder are “yee — 
102, which, 








fluid state, is practically without action on the metal, 
since a metal cannot reduce its own lower oxide. It does, 
however, rapidly oxidise the non-metallic impurities— 
carbon, silicon, and ph orus, while even sulphur is 
also removed. Puddling cinder doubtless acts as a carrier 
of oxygen from the air to the metal, though the extent to 
which the action takes has not carefully deter- 
l. Puddling r also contains relatively small 
quantities of lime, alumina, man oxide, and other 
impurities derived from the fetling, and these tend to 
Pept ool og int. Actual inations in my 
1075 deg: ent. for tap-cinder. 
8. The product of the reaction which is present in 
the cinder is phosphorus, in the oxidised condition, prob- 
ably as normal triferrous phosphate Fe FO.) Several 
important researches have been pu in reference to 
the condition in which phosphorus exists in the basic s| 
from steel-making. Dr. Stead has isolated and recognised 
& tetra-basic phosphate. Tap-cinder does not appear 
to have received the same careful examination; it is 
found from hoe pes ho hosphoric oxide does not 
usual] ly reach 7 cent., and its presence appears to 
increase the fluidity of the cinder, though exact tnforme- 
tion on this point is lacking. If the pig iron used is high 
in phosphorus it is well to concentrate this as far as 
possible a poe the which is first removed, 
and which usually boils over the fire-plate. The removal 
of the impurities at this stage i 


is economical in fettling, 
uct. 

been assumed in what has hitherto been stated 
that the active oxide of iron is wholly dissolved in the slug. 
There is some e that metallic iron can dissolve 
oxide of iron, though apparently not in large quantity. 
The su 1s now receiving attention at the hands of 
several investigators, and it may be that the reactions 
are in part those which take place between iron carbide, 
silicide, and phosphide, dissolved in the fluid metal, and 
oxide of iron also soluble in the bath of iron. (Compare 

in, Proceedings of the International Association 
for Testing Materials, 1912, page 553.) 

Before considering the reactions further it may be well 
to say a few words as to the composition of the pig iron 
to be employed. Even when the ironmaster has, in his 
own mind, a definite ideal composition, he is not always 
able to get exactly what he wants, and is certainly not 
able always to ensure regularity in character. One 
advantage of the use of three or four brands of pig iron 
in a heat is, no doubt, the greater uniformity thus 
ensured, as it is unlikely that all of them will vary in 
the same way at the same time. Fortunately the puddling 
process lends itself toconsiderable modifications in detail, 
so as to suit different classes of iron ; otherwise it would 
long have away. _ A typical iron may have 
approximately the following composition :— 








































; Per Cent. 
Carbon, chiefly graphitic 3.5 
Silicon _... os ” 1.5 to 2 
Phosphorus = 1 1 
Manganese m sa ue 0.75 


and other impurities as low as possible. 

It is generally a mistake to attempt to puddle with too 
pure an iron, and this for two reasons. In the first place, 
the metal costs more to buy, and yields less weight in 
the furnace. Secondly, it is apt to work “dry,” and to 
be red-short in the su uent processes, while the 
bottom of the furnace is apt to scurf. But the improve- 
ment due to silicon and phosphorus is only obtained 
within certain definite limits. ith too large a propor- 
tion of metalloids the extra time occupied and fettling 
melted may more than compensate for the initial gain. 

Let us’ now imagine our furnace is hot and properly 
fettled, and the pig iron is weighed out and y to be 
charged. The first step usually is to charge in some 
shovelsful of cinder, such as the slag obtained from the 
forge hammer. On this the pig iron is charged, care 
being taken to place any pigs which havea higher melting 
point in a tion in which they will get the most heat, 
so thatas far as possible all may melt down together. 
Since the cinder melts at about 1100 deg. and the pig iron 
usually at over 1200 deg., it will be found that the cinder 
is fluid before the iron 1s melted, and the metal therefore 
trickles down pak uy: ofslag. Possibly the phosphide 
eutectic tends partially to liquate out before the rest of 
the pig iron melts, but in any case the metal at once 
comes in contact with a basic liquid rich in dissolved 
oxide of iron. Much of the phosphorus is at once 
given up to the slag, but the remainder passes away 
slowly during the rest of the process. Silicon and man- 
ganese rapidly pass out of the fluid metal, and are usually 
practically gone within 10 to 15 minutes after the whole 
of the iron 1s melted. Until the whole is well and uni- 
formly fluid and ‘‘cleared,” the carbon is not attacked ; 
but when once clearing is completely finished the object 
is to bring on the ‘ boil ” as quickly as possible. 

Allowing our minds to picture the meeting of an atom 
of carbon with the surrounding fiuid containing oxide of 
iron, we see that several — are possible. It might, 
for example, meet one molecule of ferric oxide, when we 
should have 

(a) Fe, 0, + C = 2FeO + CO, 


and the result would be that one molecule of carbon 
monoxide would be evolved and burn in the blue jets of 
the furnace, while two molecules of ferrous oxide would 
be added to the slag. So far as yield is concerned, there 
would be no gain of iron, but a exactly equal to the 
amount of carbon removed. On the other » our atom 
of carbon might meet a molecule of ferrous oxide, when 
we should get 
(6) FeO + C 
(56 + 16) + 12 


Fe 4+ ©O 
566 + 28 
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Ir thiscase we should still get the same amount of carbon 
monoxide, but nothing would be added to the slag, while 
12 parts of carbon would add 56 parts of iron to the 
yield. But since 12 parts of carbon would be lost, the 
net increase of weight would be 44 parts. Hence each 
part of carbon removed would take from the fettling and 
cinder and add to the charge no less than 3% times its own 
weight of iron. 

These equations represent the worst and the best of 
what may happen. But other actions are also possible, 
such as— 

(c) FeO. Fe.0; + CO 
(d) FeO. FegO; + C =3FeO+ 
(e) FeO. Feng O03; +40 =3Fe + 4CO&ke. 

Similarly for silicon we may have 

(a) FeO. Fe,O; + 2Si = 3Fe + 2Si0, ' 

(}) FeO. Fe.O, + Si = Fe + 2FeO + SiO, 

(c) 2FeO. Fe,0; + Si = 6FeO + SiO,, &. 

From this it will be seen that as the oxide of iron in- 
creases the yield decreases, exactly as was the case with 
bon. 
“The reactions with phosphorus are of the same character 
though slightly more complicated’in form, thus 
(a) 5FeO. Fe,O, + 8P 15 Fe + 4P,0; 
5 x 232 + 8x 3t 15 x 56 + 4 x 142 


hence 248 of phosphorus reduces 840 parts of iron from 
the cinder Sai fettling, or one part reduces 3.4 parts of 
iron. Subtracting the loss of one part of phosphorus we 
have that each 1 per cent. of phosphorus adds 2.4 per 
cent. of iron to the charge. Or we may have 


(b) 5 FeO. Fe,0; + 2P = 15FeO + P.O, 


in which case 62 parts of phosphorus will use up 1160 
parts of oxide of iron, or nearly 19 times its own weight 
and add nothing to the yield. , : 

It will therefore be seen that under certain specified 
and favourable conditions, carbon, silicon, and phos- 
phorus can be removed, and their places taken by a 
greater weight of iron obtained from the fluid bath of 
cinder. The ideal condition is by the reduction of ferrous 
oxide, as this contains least ozone In this case, after 
allowing for the loss due to the removal of the non- 
metallic element itself, 1 part of carbon may add 39 its 
own weight of iron, silicon 3 parts, and phosphorus 
3} parts. Or, conversely, these non-metals may be 
oxidised in such a manner as to use up many times their 
own weight of oxide of iron, and add nothing whatever 
to the charge. In practice it may be assumed that we 
always work under some intermediate conditions, and 
though some metal should be gained, the quantity never 
reaches the theoretical maximum. 4 

From a practical point of view the question naturally 
arises: How far the reactions are under control, and what 
are the conditions which ensure the best results? An exami- 
nation of our equations will show that in all cases where 
there is no iron added to the charge the quantity of oxide 
of iron, and particularly of ferric oxide, is excessive. 
long as other conditions, such as time, remain constant, 
any excess of ferric oxide diminishes the yield. It also 
tends to make the cinder less fusible, and the iron dry 
under the hammer. It may, however, quicken the rate 


Fe + Fe, 05 + CO 


of reaction in many cases. If the total oxide of iron| pro 


which is present in the cinder during the boil oo 
pe estimated as ferrous and ferric oxide respectively, 
it will be found that there are in every 10 parts about 9 of 
ferrous oxide and 1 of ferric oxide. The cinder which is 
tapped out at the end of the process contains about twice 
as much ferric oxide, which is in the proportion of about 
5 parts of ferrous oxide to 2 of ferric oxide. Within t 

two limits we have the usual working composition. 

We have, however, already seen that ferrous silicate 
dissolves about half its own weight of oxide of iron in the 
formation of puddling cinder. We may hence assume 
that, in the first case just mentioned, of the 9 parts of 
ferrous oxide about 6 were present combined with silica, 
and 3 in the free or dissolved condition. The composi- 
tion of the active oxide of iron would therefore be 
opproninateny 6 FeO Fe, 03. Similarly, the composition 
of the active oxide of iron in the second case would be 
approximately 2 FeO Fe,0;. By thus eliminating the 
ferrous silicate from the calculation, the difference in com- 
position of the dissolved oxide in the two cases is made 
more evident, and it will be seen that any explanation, 
such as was formerly in vogue, based merely upon the 
reactions of Fe,03, must be misleading. 

he practical application of these considerations is that 
care should be taken when puddling impure irons to pro- 
vide a sufficiency of ily fusible material rich in 
ferrous oxide, so as to give a fluid bath of cinder early 
in the melting-down and clearing st Such cinder 
assists in the rapid purification of the iron, increases the 
yield, and is the cheapest and readiest means of properly 
working a charge. If thereisa deficiency of cinder in the 
early stages, more has to be made at the expense of 
the iron and of the more infusible fettling. The makin, 
of cinder in this way leads to waste of time, metal, an 
fuel, and should be avoided as far ais possible. 
_ The presence of a reasonable proportion of non-metals 
in the original pig-iron not merely increases the yield of 
puddled iron, for reasons above given, but also improves 
the fluidity of the cinder, and hence the proper vo 
of the cha and the quality of the product. An all- 
hematite charge, for example, is unsatisfactory. The 
metalloids diminish the ferrie oxide in the cinder, while 
the products of the oxidation of silicon and phosphorus 
also tend to give a slag with alower melting point than a 
purer materia would 


Possess. 
It may perhaps be supposed that if it is to have 


1 per cent. of phosphorus and 2 per cent. of silicon, it may 
be still more advanta 
of metalloids. 


us to have yet larger pro ions 
To this there are very definite limits in 








practice. It has been already shown that if the suitable 
fee dat are not preserved as between oxide of iron 
and the metalloids, it is possible to use a great deal of 
fettling without gaining a single particle of iron. Cinder 
is also a slow conductor of hest, and a thick covering of 
slag prevents the iron receiving its proper share of heat. 
Hence too thick a coating of cinder is not good, particu- 
larly if that cinder is being made from the fettling by a 
“hungry” iron. 

A few words may not be out of place in reference to 
the temperatures of puddling furnaces. In steel making 
it is known that phosphorus is removed best at relatively 
low temperatures, and that if the heat becomes too t, 
the removal of phosphorus may practically cease. fi the 
puddling furnace these conditions do not apply. To one 
who stands in front of a puddling furnace on a hot, close 
day and works a heat of iron, it may appear that the 
inside of a puddling furnace is a hot Sa As com 
pared with the heat of a regenerative steel furnace, or 
of an electric furnace, the temperature employed in 
puddling is, even at its maximum, relatively low. The 
result is that, so far as I am aware, the furnace is never 
too hot to allow of the removal of phosphorus. On the 
other hand, it is considered best practice, if good puddled 
bar is to be obtained from rather inferior iron, to charge 
in more hammer scale than usual and to work the charge 
as hot as possible. 

However important the chemical aspects of the 
puddling may be, in order to obtain proper and 
economical purification of the original pig iron, many 


other questions assume equal importance in actual prac- | cons 


tice. Improvements have been ted from time to 
time, and of these some have been of a character which 
would improve the process altogether off the face of the 
earth. The inventor was at his busiest when the com- 
petition of steel me keen, and hence in the ten years 

tween 1867 and 1876 inclusive patents were issued in 
Britain alone at the rate of about one every seven work- 
ing days. en we remember how few of these sug- 
gested alterations survive at the present day, we have a 
sad picture of disappointed hopes as we contemplate the 
efforts which were then being made. 

Attention was naturally directed to ch: in the size 
and shape of the furnace so as to permit of the working 
of larger charges of metal, and to render the work of the 

ddler less onerous and ex i Some of these 

mechanical furnaces met with a measure of suc- 
cess, and the idea of a tilting or oscillating furnace is again 
receiving attention. My own view is not favourable to 
the use of large furnaces for puddling. masses of 
iron require suitable machinery for their manipulation, 
and it is no use to alter the furnace without altering the 
whole of the rest of the works to suit. Where 
masses are to be dealt with, it is so much easier to handle 
fluid metal than large blooms of iron at a welding heat. 
Ingots can be made true to size and shape, and can be 
stored and reheated if required. It is true that these 
ingots are not wrought iron, but steel. But for the world’s 


So | needs steel is ‘‘ just as good,” or even better for many 


purposes than wrought iron. But it is not wrought iron, 
and has properties which are for many pu abso- 
lutely different. I am inclined to think also that wrought 
iron made and worked in these large masses would — 
ve to be ‘‘just as good” as that made in smaller bal 
of less than 1 cwb. in weight by the labour and skill of a 
good puddler. Even when mild-steel scrap has been 
mixed with wrought iron, worked on a ball furnace, and 
subsequently rolled into bars, the result is not a satis- 
factory wrought iron. The tenacity may be higher, and 
for some purposes it may even be better than puddl 
iron. But every piece of steel still retains its own 
characteristics, and can be recognised under the micro- 
scope. The bars do not resist oxidation well, and are 
otherwise unsatisfactory. When Bessemer steel was 
first introduced, it was expected that Sheffield crucible 
steel would soon be a thing of the past. More recently 
crucible steel has been threatened by the electric furnace. 
It seems to be now established that however pure and 
excellent electrically-refined steel may be, and though it 
may in some respects be even superior to crucible steel, 
still it is not quite the same, and Sheffield, rightly or 
wrongly, adheres to its old methods and produces its old 

uality. In the wrought-iron trade I am inclined to 
think that something of the same nature will continue to 
hold good. There is a trustworthiness and quality in 
puddled iron which has been well and skilfully made by 
the ordinary process, such as cannot be exactly reproduced 
either in the best steel or with reguldrity in metal made 
in any large rangg ng gy ohn furnace. The future 
of wrought iron is, I believe, more dependent upon 
quality and uniformity than upon rapidity of output or 
reduction in price. If for special purposes wrought iron 
is the best material and costs more to make, then it 
should command a higher price. 

If it be then assumed that, in the majority of cases at 
all events, small puddling furnaces are to be retained, the 

uestion of fuel consumption is settled to this extent— 

+ regenerative gas furnaces are out of court. Economy 

of fuel is to be looked for rather in the direction of the 
use of cheaper fuel, the complete combustion of its carbon, 
and the utilisation of the waste heat for steam-raising or 
other suitable purposes. For mill furnaces regenerative 
working is advantageously employed, and in such cases 
exces of steam from the waste heat of the forge finds a 
profitable application in the mill. There are us 80 
man ssible applications for waste steam that no heat 
should be was' 
the West of Scotland, I believe, much progress has 
made in the utilisation of small fuel in connection with the 

roduction of malleable iron, and in this direction the 

lasgow district has given a distinct lead to other 
localities. 

My address this evening has been in the nature of a 


which can be profitably oxmuees. In| A 





plea for the fuller recognition of the place which wrought 
or malleable iron holds in the world vorday, and the part 
which it appears destined to play in the future. I have 
also endeavoured to show the importance of some scien- 
tific knowledge in connection with puddling. We want 
such knowl in its simplest and most ical form, 
to be within the reach of thuse by whom it has to be 
applied. In conclusion, I would venture to quote words 
written nearly half-a-century ago by ylis, in the 
partes to his excellent little book, entitled ‘‘On Puddling: 

¥.paiatine hee ‘hithasen, ‘bons sanded process 

** Puddling itherto rega aS & 

‘ depending almost entirely upon brute strength for its 
execution,’ for we ar» told ‘that few men possess at once 
the physical energy ani s of constitution which 
can alone ensble them to puddle iron day after day for 
years together,’ and thyt ‘men who rarely possess a 
greater amount of intelligence than the ordinary navvy, 
cr skill enough to enable them to dig, are represented as 
bey po to puddle iron.’ 

** Looking at puddling in this light, the idea was con- 
ceived that the puddler could be superseded by machi- 
nery ; for this purpose machinery has been erected and 
employed, but the results anticipated and confidently 
predicted have yet to be realiaad. and it now turns up 
that there are many processes in the arts which cannot 
be effected without the very effectual interference of the 
human arm, guided by intelligence, and puddling is pre- 
eminently one of these.’ Such is the conclusion arrived at 
by those who were sanguine that the puddler would be 
igned to oblivion. 

“* If skill be essential to become a puddler, ought 
he not to have the means whereb: can acquire know- 
ledge of such importance? Should he not be su 
with information that will enable him to understand his 
work? and ought not some inducement be given to 
attract his attention to the subject ?” 

The Staffordshire Iron and Steel Institute was founded 
very shortly after the above words were published, and 
the [ron and Steel Institute a few years later. The West 
of Scotland Institute exists for the pu: of assisti 
practical men to get the information they need ; and i 
this paper has helped in the furtherance of so good an 
object, the author will be more than satisfied. 





AmericaN Raitroap Construction.—Last year was 
not a particularly busy one as regards American railroad 
building ; at the same time, 2997 miles of new line were 
completed during the twelve months. The American 
— construction during recent years has nm as 
‘ollows :— 


Year. Miles, Year, Miles. 

1909 3748 1911 3066 

1910 4122 1912 2907 
Last year’s new mileage was divided between 41 States, 
N Dakota leading with 347 miles, while Texas, which 


had been first for the past three was second with 
336 miles, and Oklahoma third with 242 miles. Other 
States which reported the construction of more than 100 
miles last year were Florida, 182 miles; Georgia, 153 
miles; Montana, 130 miles; Kentucky, 119 miles; and 
Washington, Arizona, and Idaho. 105 miles each. No 
new lines were built last year in Connecticut, Delaware, 
New Hampshire, New Jersey, New Mexico, Rhode 
Island, South Dakota, and Alas! Last year witnessed 
the completion of 1073 miles of second track, 67 miles of 
third track, 68 miles of fourth track, 5 miles of fifth track, 


‘ed | 2nd 2 miles of sixth track. Illinois led in the matter of 


second-track mil The extent of the new railroad at 
present in course of construction in the United States is 
about 2500 miles. 





Tue F.iusninc Fortirications.—We read in the 
Rivista di Artiglieria e Genio that of the sum of 
39,000,000 florins (3,250,000/.) which the Dutch Govern- 
ment decided to set apart in 1910 for fortification work 
and equipment, 13,000,000 florins (1,083,000/.) were des- 
tined for the construction of sea-goi torpedo - boats, 

m-boats, and submarines; whi 000,000 florins 
2,167,000/.) were to be expended on land fortifications. 

hese latter were to include armoured works at the 
Helder, Sjmuiden, the Hook of Holland, Hellevoest-sluis, 
and a fort at Flushing, to defend the entrance to the 
Schelet. It is the construction of this latter fort which 
has specially occupied public attention im the various 
countries who are interested in the navigation of the 
Scheldt, more particularly Belgium. The scheme was 
allowed to lapse except in regard to the construction of 
three gun-boats. In July last the question was taken up 
afresh, and the Government has prepared a new scheme 
for coast defence, which or for an expenditure of 
10,850,000 florins (904,164/.) only, this latter scheme 
including the construction of a fort at Flushing. This 
sum, according to the Revue Militaire des Armées Etran- 
géres, is made up as follows :— 


Florins. £ 
Flush- Cupolas, electric plant, lighthouses 3,394,000 = 282,833 
i Guns aid é6 56 de x 791,000 = 665,916 
Ammunition... . 4 .. 1,176,000 = 97,916 
Improvements at Kijkduin fort (Helder) .. 4,760,000 = 396,666 
——s at Hook of Holland, Sjmui- 
en and Harssens - a 730,000 = 60,833 


10,850,000 = 904,164 


According to the Internationale Revue iiber dic gesamten 

rmeen und Flotten, says the Rivista, both at Flushing 
and at Kijkduin, the turrets are to be armed with 28-cm. 
(11-in.) 45-calibre guns. It has been rumoured in other 
quarters that the 1l-in. guns in question are pieces of 
ordnance, a number of which Germany has now available 
and wants to sell, since she has decided to arm her heavy 
ships with a larger calibre gun than the 11-in. 
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EFFICIENT PRODUCTION OF CYLINDRICAL 
WORK.* 


By C. H. Norton, Worcester, Mass. 


Turwinc is one of the oldest of the mechanic arts, and 
the lathe is one of the oldest metal-working machines ; 
bat the lathe has been a yy A inefficient tool until the 
present time. We now have lathes so designed that they 
can be made efficient. I believe, however, that we are 
not as a rule using the modern high-power lathes as we 
should, and are losing what they were designed to save 
—viz., time; that while we use them as roughing 
machines, we also use them as refining machines. 

Most cylindrical work must conform to size within small 
limits and be truly cylindrical within still smaller limits, 
and this led mechanics in the past to study the art 
of refined turning. When this art had reached a high 
degree of refinement, men discovered that it did not 
satisfy them, and cylindrical grinding was introduced to 
give more refinement than could be obtained with the 
lathe. The natural conclusion at that time was that the 
grinding-machine should take up the work of refinement 
after the limit of refinement been reached with the 
lathe, and the early grinding-machines were therefore 
designed with this thought in view. 





than would be necessary if the work were merely roughed, 
roughing, being confused with a certain degree of refine- 
ment. ughing is not refinement of any d and 
refinement does not necessarily mean perfection. ere 
are many degrees of refinement, but never d of 
accuracy or Big nny or Accuracy and perfection are 
final and fixed ; they have no limits. ’ 

Those who would produce cylindrical work efficiently 
must ise the fact that different cases require 
different degrees of refinement, and whether the work 
requires a very low degree of refinement or a degree 
closely approaching accuracy, the lathe work, to be 
efficient, should be the same—viz., as rough and as cheap 
as it is possible to make it. 

The lathe to-day should be a roughing tool only, and 
the grinding-machine a refining tool only, not a perfecting 
tool. Some grinding-machines may produce greater 
refinement than others, but none cin produce literally 
exact and taka cylinders. While it is true that many 
mechanics look upon a high degree of refinement as 
accuracy, and speak of it as such, it is easy to prove 
that it 1s notaccuracy, but simply a high degree of refine- 
ment. en all recognise these facts there will be 


greater efficiency in the production of cylindrical work. 
Because these facts about roughing and refining are not : 
well understood, and men do not combine the lathe and 





and however high the rid Money is lost by allowing 
workmen to measure roughed work elsewhere t. at the 
end ; hours are wasted by operators calipering at several 
points, and then because of spring or tool wear, resetting 
and turning that portion again to secure straight work. 
They forget that the modern grinding-machine was 
designed to do all of the straightening and all of the 
sizing, regardless of what the errors of roughing may be. 
They forget, or have never known, that the art of pro. 
ducing cylindrical work has progressed beyond that stage 
where it was necessary for the lathe to do its best before 
bag gece Fog assumed the work of refinement. 

e@ modern grinding-machine is literally a correcting- 
machine. The roughing can literally be rough, and rough- 
ness does not mean an approximate refinement. It is 
easy to figure the saving in time of turning a piece of 
work 6 in. in diameter by 6 ft. long when the sees cut 
before grinding is made with a feed of six per inch, 
instead of 32 per inch, which is very common. When it 
is considered that the grinding-machine will grind this 
six per inch work to the finished size complete in less 
time than is required to file 32 per inch work, we see the 

t possibilities for saving cost with the lathe, if com- 

ined with a modern grinding-machine. 
In some cases money is lost by roughing at all in the 
lathe. Please note that I say in some cases. Efficient 
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Later, however, it was shown that ground cylindrical 
work could be produced at a cost no greater t the 
turning alone had cost, simply by using the lathe to 
remove a large proportion of the metal necessary to be 
removed, and not at all as a means of refinement. The 
entire responsibility for refinement was transferred to the 
grinding-machine. : 

While some understand this and are producing cylin- 
drical work efficiently, I believe the great mags bray still 
under the spell of tradition, and are turning what they 
call * ryce work ”—work that shows care and skill on the 
part of the operator, and accuracy in the lathe. Such 
care and skill with turned work is even more senseless 
to-day than the old-time practice of shaping acorns on 
all screw-heads, and putting cast-iron eagles on the to 
of machine-tools, because, in the case of the former, the 
grinding-machine removes all trace of the lathe’s accuracy 
and the operator’s skill in a moment of time, while 
latter remained for years to gratify the taste of those 
who had an eye for such artistic embellishment. 

The developments of the lagt few years have demon- 
strated the facts that, except in rare cases, efficiency in the 
production of cylindrical work means (a) the use of the 
lithe asa roughing tool only, and (b) the use of the modern 
grinding-machine for refinement. 

Most lathe operators and most foremen seem to under- 
stand cosas to be simply the turning of work a few 
thousandths over the finished size, when in reality this 
is not roughing at all, but simply turning to a certain 


degree of refinement, Workmen imagine that by so doing 
baer: Aas a) doing a creditable job, and (b) that they are 
elping the 


ae nenen. Is is difficult to secure 
roughed work from lathe operators—é.e., work that is not 
in any sense refined. 

ition impels nearly all turners to consume more time 


* Paper read before the American Society of Mechani- 
cal Engineers, January, 1913. 
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rinting methine in a well-defined and efficient manner, 
the machine industry and railroads are losing large sums 
each year, and I will try to show where some of the loss 
occurs. 

We are losing because we turn closer than about ;\; in. 
above the finished size. I use the word “‘about” because 
we lose by turning carefully. To require lathe work turned 
to thousandths to-day is like burning money for the fun 
of it. We are losing by allowing workmen to use any 
but the coarsest f possible in each case, even to the 
use of the screw-cutting gears to obtain them. 

Feeds as coarse as four to the inch should be used in 
some cases, and six, eight, and ten should be quite 
common. When work is too frail to allow such feeds with 
one cut, then another, or even three cuts, should be made 
at faster cutting speed ; for, while it is true that very 
coarse and imperfect turning will require longer to grind 
than close, careful a the combination of coarse, 
cheap turning with grinding will produce cylindrical 
work more efficiently. The modern grinding-machine 

remove metal most efficiently when that metal is in 
the form of coarse screw-t 8. 

High ridges do not increase the cost of production. 
We lose money when workmen are allowed to caliper 
cylindrical work on the tops of the ridges, as nearly all 
do. This oe + tagged for the ory about coarse 
turning an e allowance for grinding. ipering on 
the tops of the ridges makes it necessary to turn with rela- 
tively fine feed to render possible clean grinding. To avoid 
this some workmen use a broad-nose tool with the coarse 
feed, which necessitates slower cutting speed, because 
more metal is removed with a pointed or grooved 


cutting tool. Ridgee left by a more pointed tool do 
not increase the cost of producing that work, but de- 
crease it. 

It is so simple to feed by hand a slight distance at 
the end of the work, where the calipering can be done 
correctly, 


Fic. 4. Work Grounp witHout TuRNING. 








prone of cylindrical work is usually accomplished 
y roughing first in the lathe ; but there are cases when 
the difference in favour of grinding without first roughing 
in the lathe is very great. 

The most important study for those who would secure 
efficient production of cylindrical work is the rougbing 
of that work. Itis here that the greatest ibilities for 
rane lie. If all would — a — pe yr of —“ 
roughing preparatory to grinding, ins of trying 
improve upon the EB of grinding advocated by 
grinding-machine makers, there would result a more 
efficient poeteaenss of cylindrical work and a clearer 
view of the real reasons why the grinding-machine maker 
advocates certain methods, and why the modern heavy 
grinding-machine was introduced. : : 

At a works where large numbers of cylindrical pieces 
are manufactured, 1} in. in diameter and about 10 in. to 
11 in. long, five minutes were required to turn each, 
removing about 7 in. from the diameter. A high-speed 
steel tool was used, and the work was revolved as rapidly 
as the tool would stand. The plan was to turn close to the 
finished diameter, and care was taken to secure straight, 
smooth and round work to save time when grinding. 
because it was considered that grinding was expensive, and 
that this capone must, of course, be added to the cost of 
turning. grinding in this case took one minute. The 
total time for producing these pieces was six minutes. 
Ach was made in the shape of the tool point and 
the size limit for turning inc’ The traverse feed 
was increased, the cutting speed remained unchanged, 
and the work was turned in 1 minute, while the grinding 
time was doubled—viz., two minutes; the saving was 
three minutes, or one-half of the original time. 

Some idea of what is lost by allowing lathe work to be 
turned straight, smooth, and close to size before grinding 
may be obtained from the following illustration of some 
forgings about 4 ft. 6 in. long, of which a portion was 
turned finish 2 in., plus or minus 0.0005 in., in diameter 





however coarse may be the power feed later, 
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and 3 ft. long. The lathe operator turned these in the 
same manner that the majority of operators are now 
turning such work—viz., as such work was turned before 
grinding-machines were introduced, except that 0.010 in. 
was left on the diameter for grinding. The turning 
required two cuts, as there was more than 4 in. to remove 
and the work was somewhat frail as well as irregular. 
The first cut was considered by the workmen a very coarse, 
heavy cut; thesecond was like the last cut in the majority 
of shops—viz., it gave what the lathemen and most fore- 
men call *‘a job.” The time consumed by turning 
ready for grinding was a total of 254 minutes, This 
appears to be too slow, but the forging was too slim 
to allow any more to be removed with one rough cut, and 
the lathe was an old-time, weak-power, frail machine. The 
grinding time on this was 3 minutes, making a total of 
28} minutes. 

When tradition was ignored and the work was made 
ready for grinding in the proper way, the following 
saving was accomplished : Two roughing cuts were taken, 
because (a) the lathe was not powerful, and (b) the work 
was frail. The feed was ten per inch, cutting dee 
grooves; the time occupied was 9 minutes. The wor 
was not straight, and was what lathe men would style 
“a very poor job.” The grinding time to the exact limits 
was 9 minutes, or three times longer than with the more 
careful turning ; a total of 18 minutes, a saving of 
10} minutes on each forging. : : 

An attempt to rough this work with one cut, instead of 
two, resulted in a loss of 2 minutes. A modern lathe 
having more power with a direct belt would have carried 
the same f and depth of cut at higher cutting speed, 
with a still further reduction of time. This shows what 
may be accomplished with weak, low-power lathes. _ 

To instal high-power lathes and continue to turn just 
as smoothly and accurately as of old, cael ae re 
few thousandths for grinding, would seem height of 
wastefulness. Whether high-power lathes, or old low- 
power lathes, are used, mechanical industries are losing 
an enormous sum each year because of the lack of under- 
standing of the real [pases affecting the efficient pro- 
duction of cylindrical work, which is the proper com- 
bination in each individual case of rough turning and 
grinding. ‘ 

Some idea of what we are losing by not wearing our 
“thinking caps” is shown by the following :—Some plain 
shafts, }4 in. mm diameter, 62 in. long, were to be made to 
ordinary limits of size and finish. Tests were made to 
determine whether it was better first to turn these or 
to grind direct from the rough bars. The turning re- 
quired 6 minutes ready for finish grinding, while to grind 
off the same amount as was turned off required 9 minutes. 
A number of mechanics pronounced it cheaper to turn 
the shafts first. ‘‘Of course.” But in this case, after 
turning for 6 minutes, each shaft required straightening 
before grinding, which consumed 10 minutes, totalling 
16 minutes. When the roughing was done by grinding, 
instead of turning, no straightening was necessary, and 
the roughing cut was removed in 9 minutes. 

In this case, therefore, the turning was actually lost. 
There may be similar cases where the shafts will require 
some little straightening, even if roughed by grinding, so 
that each case should be investigated, instead of making a 
rule that all must or must not be turned first. Usually, 
however, no straightening is necessary when the roughing 
is done by grinding. 9 

Money is being lost because the majority of designers 
have not kept pace with development along these lines, A 
well-known runabout motor-car has a crank-shaft, which, 
if made about 1 in. longer over-all, could be produced 
for 50 cents less on each crank. it is considered 
that about 30,000 of these cranks have been made, repre- 
senting a possible saving of 15,000 dols., we see the im- 
portance of considering the combination of lathe and 
grinding-work. J x 

Fig. 1 shows a design of crank-shaft that is a 
to machine, since it requires carefully-finished lathe 
work. It will be seen that this shaft has a flange that 
must be finished complete with the lathe. Aside from 
the flange, also, the design necessitates lathe-finishing 
of the majority of the work. Grinding is a small part of 
the whole. 

Fig. 2 shows a design that uires no lathe-work 
whatever, there being clearance for the sides of the 
grinding-wheel at all points. The illustrations show 
the six operations necessary to complete the shaft after 
cutting off the ends and centering. 

These shafts are finished to the usual limits directly 
by grinding from the drop-forging. The net labour cost 
for cutting off ends, centering, and machining complete, 
with one keyway and the thread ready for the auto- 
mobile, is 55 cents. The cost for grinding-wheels is 
wm Nee each ; cost for diamonds to true and shape the 
wheel is 2 cents each. f 

Another feature affecting the cost of production is the 
matter of ordinary shoulders. This is overlooked by many 
designers, and by practically all draughtsmen. It is easy 
to draw two sharp lines that cross each other and form & 
sharp corner, and the fact that it costs less to provide 
room for the shoulder fillet on the other member than to 
make a sharp corner in the cylindrical member is lost sight 
of. This, no doubt, is the result of the experience of the 
past, when there were no powerful grinding-machines to 
locate and form such shoulders cheaper than the lathe. 
Shoulders to be made with the grinding-wheel require a 
slight fillet. 

When numbers of duplicate pieces are to be produced, 
and a small fillet is allowed, not only can the cylindrical 

tion be roughed with the lathe and not at all refined, 
but the shoulders can also be roughed, because the grind- 
ing-machine, when required, is provided with a locating- 
bar. By the use of this bar the exact location of 
shoulders can be secured by grinding and without measur- 








ing. At the same time the cylindrical portion can be 
ground with the same grinding-wheel. © roughing in 
the lathe can be done with the same tool that roughs 
the cylindrical portion, because the lathe in this case is 
not required to give to the shoulder any particular shape. 
When it is found best to locate and finish shoulders 
with the lathe, because there is no locating-bar for the 
grinding-machine, it should not be — to neck in 
at the shoulders for grinding. This is an old and out-of- 
date notion, for, with a shoulder cut sharp by the lathe- 
tool, the grinding does not materially change the corner. 

A more efficient method when no locating-bar is at 
hand is to rough the work in the lathe, leaving the 
shoulders about yy in. long, and at whatever angle the 
roughing turning tool may form. Next the cylindrical 
portion is ground, and at the same time the angle is cut at 
the shoulder with the grinding-wheel. The work should 
then go to a lathe where a more skilful operator can locate 
the shoulders exactly ; if a sharp corner is really neces- 
cary it can then be made. 

ig. 3 shows work so slim that turning of the main 
portion is out of the question if it is to be 
efficiently. The main or centre portion should be ground 
direct without turning. 

Fig. 4 shows 37 slim shafts ground direct from the 
black stock. To turn them first would have been a waste 
of time. They were 30 in. long, }4 in. in diameter in 
the rough, ground to 0.625 in. plus or minus 0.0005 in.; 
handled twice and ground complete in 17 minutes each. 
These were tool-steels. 

A lot of 60 counter-shafts, of 0.35 per cent. carbon 
steel, to be finished to 2,5; in., plus or minus 0.0005 in., 
by 66 in. long, were turned &-pitch, leaving about 
vy in. for grinding. They were ground complete at 
the rate of 35 minutes each; cub. in. und off, 278 ; 
cub. in. of steel removed for every cub. in. of wheel 
wear, 20.7; total cost of wheel for 60 shafts, 38 cents ; 
total cost of power, 35 cents ; wheel used, 24 combination 

de L alundum ; radial depth of cut when roughing, 
.001 in.; radial depth of cut, when finishing, 0. in.; 
surface speed of work, roughing, 42 ft. per minute; 
surface speed of work, finishing, 35 ft. per minute; table 
traverse, roughing, 11 ft. per minute; table traverse, 
finishing, 10 ft. per minute; steady-rests, ‘‘ multiple 
system.” 

To produce cylindrical work efficiently we must make 
a study of all that affects the problem in each individual 
case, instead of following tradition, which is costing 
us thousands of dollars each year. Lathe-builders are 
offering some very efficient roughing-lathes, but are we 
eo pee with them? I think not in most cases. The 

roughing-lathe needs a good system of multiple 
steady-rests to enable rapid and deep, coarse cuts. Will 
someone come forward with such a system of steady- 
rests? 

Instead of our lathe departments and ony 
ments being separate, as is common now, there should be 
one department for cylindrical work under one head. This 
would check the tendency of the lathe department to 
treat their work as a finished product, and the ten- 
dency of the grinding department to insist po close, 
careful turning in order to make a better wing of 
the grinding time, regardless of the real cost of produc- 
tion. 

There is much yet to be learned about the preparation 
for grinding of cylindrical work ; no two pieces of work 
require the same lathe treavment. There is a great 
need for thinking men as foremen and operators. Such 
men can effect great savings by working out in each case 
the best combination of turning and grinding of cylin- 
drical work. 





New Sxipyarp tn Rica.—The Riga Chamber of Com- 
merce or Exc Guild has sold an extensive site in Alt 
Miihlgraben, to Commerzienrath Ziese (the Schichau Yard, 


| Elbing), for a sum of about 800,000 roubles. On this land a 


large shipyard is about to be erected, and the work will be 
ed with at an early date, the new establishment 
ing started in the name of the purchaser. 
has, by contract, wu: ken to deliver, in about twenty- 
eight months, the first warship to the Russian Govern- 
ment, which has placed orders. with the new yard for a 
considerable sum. The land purchased lies papeny in 
Miihlgrabener Park, extending in the direction of Stint- 
see, and part of the island of Putnuholm, between Miibl- 
dame 0 and Duhnu-Uppe, is also included in the area 
ught by the German firm, as well as a part of the water 
known as Duhnu-Uppe. 


Lockwoop’s Buriprers’ Price-Boox, 1913. Edited by 
Mr. F. T. W. Miller. London: Messrs. Crosby Lock- 
wood and Son, 7, Stationers’ Hall-court, Ludgate-hill. 
[Price 4s.]—There is little to be said that is new of this 
accepted authority on builders’ prices, &c. Account has 
been taken in this new edition of the marked rise in costs 
in various directions, and prices have been adjusted 
accordingly. The book contains in addition to such 
material other useful information, such as the London 
Building Acts, forms of contract, tables for valuation of 


leases and estates, wages tables, marks and qualities | wh 


of wood, solicitors’ costs, stamp duties, &c. A list of the 
London district surveyors is given, and a list of the 
surveyors of the Metropolitan Councils. 

notes and important judicial decisions also find a place in 
the volume, as well as matter dealing with the Workmen’s 
Compensation Act and other enactments affecting the 
work of builders, architects, or contractors. A good 
index is furnished near the beginning of the volume, but 
we think some step might be taken to make the position 
of this important feature of a book of reference rather 
a —, so that it may be more 

urned 


firm | mine. Against this the 


WORKMEN'S COMPENSATION CASES. 


Scope of Employment.—This case was the outcome of a 
claim on account of an accident that happened to a sack 
foreman, whose duty it was to stack sacks in the mill of the 
Cobden Flour-Mills Company, Limited. It appears that 
along the top of the room where the man worked there ran 
a shaft on which pulleys were fixed and used in driving 
various kinds of machines by means of belting. Tbe day 
before the accident the applicant had for the first time 
hoisted the bundles of to the top of the stack by 
throwing a rope over the ry ae making one end of the 
rope fast to a bundle, and then, by means of the friction 
of the rope on the shaft, hauling the sacks up. On the 
day of the accident, when hoisting bundles in this way, 
his arm became entangled with the shafting, severe 
injuries being the result. The opinion of the County 
Court Judge was that, although the method adopted was 
unwise, and if known to the employer would have been 
stopped, the applicant adopted it with the interests of 
his employer in view, and in order to carry on the work 
expeditiously. It was not done for the greater conveni- 
ence or pleasure of the workman, but the better to dis- 
charge his duty to his employer. The County Court 
Judge therefore gave a verdict for the applicant, in con- 
sequence of which the employer poten te 4 

e case was no doubt difficult to decide, being, as the 
Master of the Rolls said, when it was brought before him, 
one of those really near the line. The question was 
whether the accident arose out of, and in the course of, 
the employment. The Master of the Rolls took the 
view that the County Court Judge had not looked at 
the case in the proper light. If a man were employed 
to oa rabbits, he was employed as a trapper ; but if he 
thought he would like to take a gun and shoot rabbits, 
that was not in the scope of his employment at all. 

In the present case the man was employed to do work 
which had for several years been done efficiently by 
manual labour, and he was not employed to use machi- 
nery. It was altogether outside the scope of his employ- 
eo use ~ 3 shaft for a oe which ° had never 

m designed or erpaned, y since he was not 
familiar with machinery. His Lordship erred to 
decide the case, not so much on the ground of the un- 
reasonableness of the man’s action, as on the ground that 
what he did was altogether outside the scope of his em- 
ployment. He was not employed to pile sacks by any 
method that he thought fit, and there was no justifica- 
tion for using a new method which would substantially 
enlarge the scope of hisemployment. The evidence did 
not show that the accident arose out of, and in the course 
of, the employment, and there was therefore no need for 
sending the case back to the County Court Judge, and 
the appeal must be allowed. 

Average Weekly Earnings.—A case in which a some- 
what curious point as to average weekly earnings was 
raised recently came before the Judge of the Gloucester- 
shire County Court at Bristol. The applicant was a car- 
penter, who for many years had been employed by the 
respondents, but he went to Canada in 1911 and worked 
there for some months and earned high wages. In the late 
autumn of that year, however, he returned to Bristol in 
order to bring back his wife and children to Canada, 
where he intended to settle permanently. Before he 
sailed he thought it wise to take some temporary work 
and 7 to his old employers, who were informed 
as to his intentions. The firm gave him a job which 
lasted him for nine weeks, until F 29, when he 
met with a serious accident, which injured one of his 
eyes and totally incapacitated him for some time. The 
evidence showed that the earnings of a carpenter 
were higher in summer than in winter, and the con- 
tention was that the average weekly i should be 
calculated » amount =“ the wg would have earned 
in a year, a matter of fact, ti apetiennis sramge 

y earnings were computed by the County Court 
Judge by taking the actual sums received by him during 
the nine weeks of his emplo t and dividing them by 

; cant appealed. appeal 

was, however, dismissed by the Master of the Rolls, for 
he held that there was no error in law in the award of the 
County Court Judge. The employment was, and was 
known to be, of a temporary pter, and to have given 
the a t the benefit of the higher w: w are 
by carpenters when the days are longer, and to 

take an average over a full twelve months, would not be 


reasonable, or, at any rate, it was noto tory on the 
part of the County Court Judge to do it. e Man was 
not in the position of an SEOOTT GOPENO he was 
only temporarily in Great Britain, was filling up 
his time before he returned to Canada. Summer 
earnings were not contem by 6 tee The appeal 
was therefore dismissed with costs. The appeal was also 


dismissed by the Lords Justices, 





Laxton’s Burnpers’ Prroz - Book, 1913. London : 
Kelly’s Directories, Limited, 182-4, High Holborn, W.C. 
[Price 4s.)}—This annual is in its ninety-sixth edition, 
ich fact alone testifies to the trust y nature of its 
contents. It is well known, and has long been one of the 
standard hand-books of ‘ite kind. It contains about 
78,000 prices and other information, the volume running 
to about 750 of matter, exclusive of advertisements. 


On the edge is an index which enables one to turn quickly 


to various sections dealing with the work of the several 
trades involved, the more important having to do with 
excavation, bricklaying, the work of masons, slaters, 
carpenters, ar, and so on through all the trades 
which the building of houses necessitates. As prices 
have risen considerably of late, the uew edition containg 





many alterations, 
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THE ARRANGEMENT OF MACHINERY ON WARSHIPS. 
Fig.7. 








Fig.l, ViTTORIO EMANUELE (1858). 
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Fig.2. DUCA OI GENOVA - MARIA ADELAIDE -(1860). fig.8. 
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Fig.4. Venezia (1869). Fig. 10. VITTORIO EMANUELE IIT (1904). 
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SAN GIORGIO (1908). 






fig.5. ourisio (178). 





HIGH SPEED CRUISER(1304). 






Fig.6. ITAatia (1880). 
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THE ARRANGEMENT OF THE MACHINERY | ments followed in the Italian Navy from 1858; they show| There now arise such complex problems on board a 
IN WARSHIPS.* that after the ——- of the Duilio, and with the | modern warship, veri | to the large dimensions adopted, 
B G Rene:Cad llo del Genio Naval exception of the Benedetto Brin and Vittorio Emanuele, | that it becomes advisable to subdivide as much as possible 
y Mg. GiusepPr ‘4, Colonnello mio Navale, |the system of placing boilers and engines in alternate | the internal services, and in this connection the successful 
: sep psei _ | compartments has prevailed very generally. The reference | arrangement of the eagines and boilers forms a most impor- 
WHEN warships were first fitted with steam propelling | letters in the diagrams denote: ©, boilers; ©), locomo- | tant point. Although the boilers be placed in numerous 
machinery no difficulty was experienced in giving the | tive boilers; D, magazines; M, engines; S, auxiliary | compartments, and although these form in themselves a 
ships the required trim, and no derangement was caused | machinery ; and T, turbines. complete entity, there should still be adopted the alterna- 
in the carrying out of engineering services on board ; these| In the Duilio (Fig. 5) a departure was made. The port | tion above referred to. 

latter, it is true, were at the time comparatively simple. | and starboard engine-rooms were not on the same trans-| The ship should be perfectly divided into zones, and 
The limited power of the machinery and the relatively | verse line, the former being forward, and the latter aft. | these zones should be autonomous as far as is practicable, 
large ew Re emi by the low-pressure boilers of the |'This increased safety and conduced to a better distribu-| and should contain engines and boilers for propelling 
~-~ ~pemod to fitting the engines in a compartment at the | tion of the magazines. The 3 of the two engines | the ship, with their auxiliary machinery, and everything 
stern. The engine drove a screw, which could be lifted | on port and starboard side of the longitudinal axis was | which comes into play for satisfactory working of the ship. 
when the ship was proceeding under sail. The boilers | combined with the symmetrical location of the magazines} Such units in separate zones are thus independent, 

were fitted forward. In paddle-ships the machinery had | beneath the mountings for the heavy ordnance, which | although all may be combined. 7 
to be amidships, and in some cases the boilers were then | latter were located, as is well known, in large revolving} In 1904 the author put before the late Minister of 
aft. ‘ turrets carried en echelon, one to the port and the other | Marine (Admiral Mirabello) a design for a high-speed 
The arran t thus briefly outlined was the one |to the starboard side of the deck, on sides opposite to| ship, based upon such independence and interchange- 
generally followed. Builders advocated it, stating that | those occupied by the engine-rooms. ability of the engines and boilers; it contained three 
otherwise, with the long shafts, difficulty would be/| The same princigie, in its main lines, was also followed | sets of engines and three groups of boilers, each group 
experienced in aligning the bearings and also in inspect- | in the case of the Italia (Fig. 6). In this battleship the supplying steam to one of the engine sets. In this 
ing the shafts when were underneath the boiler- | engines were in two groups forward and aft, each | design the three sets of engines were completely indepen- 
rooms. As soon as twin-propellers proved their ad vantages, | served by an by tate mw of boilers, those aft being | dent one of the other in their working, with advan- 


















it became to adopt a different pry irc ved for | of the locomotive ; the large ammunition holds were | tage as regards efficiency, owing to a minimum loss of 
the machinery, one more suited to wide distribution | in the centre of ship, directly underneath the main | heat in the steam-leads, the ahi remaining always on 
of the armament. The machinery was divided into two | armament. an even keel by reason of the uniform coal consump- 





distinct groups, the engines in a transverse com-| On the power of the i 1 ing, in uence | tion. In this, however, two of the engines were in one 
porement emidehipe, having in bot cases a longitudinal | of tho demends sande for inasen inoveaced speed, peed, their installation wae penne but separated by a longitu- 
1 separating port and starboard rooms, The /|on pees pecs panes oe gradually intensifying | dinal bulkhead. The design is shown in the diagram, 
boilers were in two sets, one forward and one aft of the | difficulty. increase in the number of compartment Fig. 12. ; 
engine-rooms. Each engine had its own set of boilers, | for the boilers, for instance, introduced disadvantages,| A few years later—in 1909—the author gave, in the 
I it independent of the other engine and increas- | and at times expedients had to be resorted to in order type, a full extension to the conception referred 
-ing the thermal efficiency, since the travelled by | to maintain a satisfactory arrangement, whilst ensuring| to by making the ement of the engines fit in with 
1 was red to a minimum ;/ the required efficiency for the engi A typical illus-| that of the armament, design fulfilling the principle 
further, the relatively low and gradual consumption of | tration of the problem is afforded by the (Fig. 14), | of placing each one of the three engines ina compartment 
coal did not lead to any variation in the trim of the ship. | in which there are ten consecutive stokeholds, all forward by itself, and by supplying it with steam from amme- 



























these conditions combined resulted in the ship | of the engines, these latter being three in number. diately adjoining group of boilers. The design is repro- 
remaining at all times on a perfectly even keel. With the growth in the sise ships, combined with the Sesod te dhadilanann, aw fs a4 
_ The diagrams, Figs. 1 to 11, on this are of Socsgpnn, tn. Sengentinas set the machinery to meet the} The author completed his exposition by showing the 
interest as illustrating the successive typical arrange- | further for still higher speeds, it a advis-| arrangements that could be carried out in ships of the 
ory : able to abandon the arrangement, whi consisted in| types now in the service, the Benedetto Brin, San 
* Translation in abstract from the Italian of a paper | providing a large number of boilers in groups forward | Giorgio, and Roma, in which the principle of alternation 
rend Paseanes 21, 1943, et, the anneal mee ing held of the sugiee, adopting in its wend one based upon of the boiler and eagine-roome oye age ne de gd 
al Collegio i Navali e Mecea- ign with alternate engi iler- i his i to 17, w applied 
nici TD Italia. ——— ho — et oy cotae tol twin : and shewed the principal 
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THE ARRANGEMENT OF MACHINERY 


Fig.8. MARSALA (1912) 








Fig. 8. 





ON 


WARSHIPS. 
































compartments and holds set apart for the machinery and 
for ammunition. 

Other typical arrangements were illustrated in the 
diagrams, Figs. 18 to 22; these, while maintaining the 
principle aimed at, were made to meet different require- 
ments for the armament. The author added that these 
were simply di which did not take into account 
the calibre of the guns, the number of guns in each 
turret, or any details concerning the engines; no great 
difficulty, however, would be experienced in fitting these 
in with each particular scheme as outlined in the dia- 
grams. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

P Wa give halen oat 20am from the Board of Trade 
ournal, of colonial and forei ineering jects, for 

some of which tenders are as od. Further Setentantion 

regarding these may be obtained from the Commerci 

Intelligence Branch, Board of Trade, 73, Basinghall-street, 

London, E.C, 

Australia : With reference to the scheme involving the 
construction within three years of 210 locomotives required 
for the Victoria State Railways, H.M. Trade Commissioner 
for Australia has forw. an extract from the Mel- 
bourne Age, which states that a contract has been granted 
by the Victorian ilways Commissioners for the con- 
struction of twenty locomotives and tenders of the D.D. 
class. The contract price has been fixed ab 74,000/., or 
3700. for each locomotive. The successful firm have 
arranged to erect new workshops, with the most up-to- 
date machinery, at a cost of 40,000/.; it is expected that 
these workshops will be in operation by September next. 
It is further stated that the Railways Commissioners 
have announced their willin to undertake to enter 
into contracts, subject to public tender, for the manufac- 
turein Victoria of twenty engines and tenders of the D.D. 
‘ype each year for seven years. 

etherlands East Indies: The Nederlandsche Staats- 
courant yyenehen ogy me of the amounts allocated 
in the Netherlands Budget for expenditure in the 
Netherlands East Indies im 1913, from which the fol- 
lowing is extracted :—Department of Public Works: 
6,494,600 gulden for general building operations ; 10,800,900 
gulden for ion and nw works, bridge-build- 
ing, road-making, &c.; 8,658, gulden for harbour 
works, extensions, and improvements at ya, 
Samarang, Macassar, Tandjong-Priok Pantai, Timorbaai, 
Tjilatjap, Belawan, Emmahaven, and Telok Nibong. 
Department of State Enterprises: 5,478,000 gulden 
for railway and tramway construction and extensions. 
The Budget also includes a special increase of 1,324,000 
gulden towards defraying the expenses in connection 
with the construction of a railway from Cheribon to 
Kroja. (Gulden = 1s. 8d.) The etin Commercial, 
Brussels, states, on the authority of the Belgian Con- 
sulate at Batavia, that as soon as the work on the 
construction of the line from Cheribon to Kroja is 
completed it will be possible to do the whole journey 
from Sourabaya to Batavia by rail, and it is stated that 
the Netherlands East Indies Railway Company have 
made arrangements to bring the matter to fruition. With 

















this object in view it will only be necessary to convert 
the present Sourabaya-Goendih tramway into a railway 
and preparations are now being actively pushed forward 
to this end. According to a further notice from the same 
source, the Samarang Joana Steam Tramway Company 
are making arrangements for the electrification of their 
system of tramways in the town of . Particu- 
lars in regard to the contracts to be issued a os 
out the work have been submitted for the approval o! 
the communal authorities. 

Norway : Tenders are invited by the Norwegian State 
Railway authorities for the supply of 650 axles with 
wheels. Sealed tenders, marked ‘‘ Hjul,” will be received 
up to 10 a.m. on February 22 at Styrelsens Expeditions- 
kontor, Statsbanerne, Christiania, whence ies of the 
specification, &c., may be obtained. No special form of 
perch is aera. Se ae tation b Meceamrs| 
agent (not necessarily a Norwegian) is essential. It sho 
be noted that in all No ian Government contracts a 


ercial | preference of from 10 to 15 per cent, (sometimes more) is 


Norwegian manufacturers. 

France (Algeria): The British Vice-Consul at Bona 
reports the publication in the Jowrnal Offciel, Paris, of a 
decree authorising the Chamber of Commerce of Bona to 
establish and work shipping facilities at the port. The 
aes will include two travelling steam-cranes with a 
lifting power of 1500 kg.; a steam floating-crane with a 
lifting power of 4 metric tons ; a 10-metric-ton floating- 

eers ; three warehouses ; and a motor-tug of 65 horse- 
power, —_, equipped and provided with 
_ Spain: The Gaceta de Madrid publishes a notice 
issued by the General Directorate of Public Works, 
inviting plans and specifications for the construction of 
a railway from Soria to Castejon. The said plans 
and specifications must be sent in within three months 
from the date of the publication of the particulars of 
the competition in the Gaceta. The Gaceta also pub- 
lishes a notice, in accordance with which a concession 
is granted to the Sociedad Ferrocarriles Ecvonémicos de 
Cataluiia for the construction of a steam tramway from 
Gerona to Bajiolas, with a branch to Fiassé. 

Italy: The Gazzetta Ufficiale announces that the com- 
munal a_i of Rocea — ay aw feet to lay 
a water main for the purpose of providi inking water 
for the inhabitants of the district. The cost of the 
undertaking rg at 73,523 lire (2941/.). Although 
this contract will probably be awarded to an Italian 
firm, nevertheless the carrying out of the work may 
—- the —- of comes eaten outside Italy. 

e Gazzetta, of Jan 1, ishes a decree approving 
ee capes caters en Fees fo Teun Dott 

or! ent igna- ti for 
the construction and working of a steam tramway from 

San to Demonde. 


Russia: With reference to the bounties on shipbuilding 
in Russia, H.M. Embassy at St. Petersburg report that the 
tions governing the payment of these bounties were 
published in the official Viestnik Finanzov. It appears that 
the use of foreign materials in the construction of the hull 
or machinery of a vessel does not deprive the builder of his 
aged ee ear the yor A Bounties bs not, however, 
id for vessels su to Customs duty on importa- 

thee fidia abroad, or fer vessels built in Finland ; neither 











will bounties be paid for vessels built in those places 
where the material and machi necessary for their 
construction are admitted free of duty. The bounty for 
the installacion of new main or auxiliary engines will 
only be granted if the machinery be of Russian manv- 
facture, though this limitation is not to apply to such 
pests of the machinery as are not manufactured at all in 

ussia. A list of such parts will be published annually 
by the Minister of Commerce, en it is necessary to 
use an article manufactured abroad, and not included in 
this list, or when the Russian article is not of suitable 
quality, or cannot be prepared within the necessary time, 
the shipbuilding firm may apply for a consideration of 
the case, stating at the same time the grounds on which 
the bounty is claimed. 

Brazil: The Diario Official ewe the text of 
the Brazilian Budget Law for 1913 (No. 2738), dated 
January 4, 1913. The total ex iture provided for 
in the Budget amounts to 482,313,812 milreis (currency) 
and 86,544,720 milreis (gold). Among various items 
of interest the following may be noted, “milreis our- 
rency” being implied in every case unless ‘‘ milreis gold ” 
is specially mentioned :—The Mini of Justice and 
Home Affairs is authorised to expend 225,000 milreis 
for the purchase of a steam-launch with tender, required 
for the Inspector's Department at the t of Mandos, 
and for a steam-launch for the port of Fortaleza. The 
Ministry of Marine is quthasionl to expend 600,000 mil- 
reis for naval armaments ; 7,479,189 milreis for artillery 
supplies ; 2,000,000 milreis for naval supplies ; 1,800,000 
milveis for naval construction material ; 1,000,000 milreis 
for Admiralty works ; 1,800,000 milreis for coal; 600,000 
milreis for rebuilding Rio de Janeiro arsenal; 300,000 
milreis for the purchase of a sea-tender for Florianopolis 
and a tug-boat for Natal ; 1,000,000 milreis for the con- 
struction of a floating-dock for the amin rny River ; 
2,000,000 milreis to begin operations on the establishment 
of four naval bases—viz., one at Santa Catharina, another 
in Rio Grande do Sul, and two in the States of Bahia; 
800,000 milreis (gold) for the purchase of armaments and 
pr ay for vessels being built in . The Ministry 
of War is authorised to expend 1,000,000 milreis for army 
works ; 150,000 milreis for the purchase of sero 
the erection of a hangar and repair shops; 2,113,455 
milreis for arsenal and fortress material; 21,500,000 
milreis for the purchase of artillery, guns, and other 
munitions of war; also for the completion of Villa 
Militar, the erection of barracks in Rio Grande do Sul, 
Sao Paulo and Nictheroy, &. The Ministry of Com- 
munications and Public Works is authorised to expend 
732,000 milreis for the establishment of a wireless tele- 
graph system, of which the Acre, Amazonas, and Parad 
stations will form part. The Government is authorised 
(1) to prepare plans for the construction of a railway 

i to link up the capitals of the States of Maranhiio 
and Pard. and (2) to arrange with the Brazilian Federal 
Eeieey Compans for the building of a railway won See 
suitable point on company’s system, to pass throug 
Villa Eloy Mendes, and set Aste at the 227th kilometre. 
The President of the Republic is authorised to enter into 
® contract for (1) the construction of a railway, 83 miles 
long, from Recife to Pedras de Fogo, in Pacshy? ; (2) the 
construction ef a railway from Ayr&o te the Venezuelan 
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frontier, 


ing through the valley of Rio Negro ; (3) an 
extension of the'S 


tate of Parahyba Railway from Picuhy to 
Patos; (") an extension of i oazeiro Rail- 
way to erezina ; (5) the construction of a line from 
the Port of Mossoré, through the States of Rio Grande 
do Norte and Parahyba, and ultimately to join 
Brazilian Northern Railway s at some suitable 
point ; (6) the building of a section of line from a suitable 
oe on the Uberaba-Araguary Railway to the town of 

trella do Sul ; (7) the laying of a line d to _link 
up the Nazareth Railway with the Bahia Central Rail- 
way, and making a conection with the port of Salinas ; 
(8) the construction of the Coroaté Railway in Tocantins, 
State of Maranhio. Milreis, currency = 1s. 4d.; milreis, 
gold = 2s. 3d. ‘pple 

Ecuador : With reference to the pro sanitation 
works at Guayaquil, H.M. Minister at Panama , 
that, as a result of protracted negotiations, the chief sani- 
tary officer of the Panama Canal Zone, Colonel ( 
taken a staff of sanitary experts to Guayaquil to study 
the question and draw up plans for the sanitation of 
port. It is expected that this visit will result in adequate 
measures being taken to put the in a satisfactory 
sanitary condition by the time the Panama Canal is open 
to commerce, 

Mexico: The Diario Oficial notifies that a concession 
has been awarded to Sefior Alonso de Regil to utilise the 
waters of the Los Pescados river for irrigation purposes. 
Exemption from Customs duty is granted on any material 
which may have to be im for carrying out the work. 

Argentine Republic: The Boletin Oficial publishes (1) 
a decree approving the contract entered into between 
the General Directorate of Railways and Sefiores K. R. 
Lédola and Cia., for the construction of a railway from 
Santiago del Estero to Rosario de la Frontera ; and (2) 
a decree approving the plans submitted by the Central 
Argentine Railway Company for the construction of the 
first 62} miles of the proposed line from Peyrano to Rio 
quarts, passing by way of Wheewright and Sancti 

piritus, 





Jupitezg or Mxssrs. A, and T. Burt, Liairen.— 
This firm, whose registered offices are at Stuart-street, 
Dunedin, New Zealand, and Eldon-street House, E.C., 
having recently celebrated their jubilee, have issued an 
interesting booklet to commemorate the event. The 
business, founded in 1862 in a very modest way by two 
brothers, who worked as plumbers, gas-fitters, and zinc- 
workers, has steadily grown, until to-day about 820 hands 
are employed, and some 90,000/. is paid annually in 
salaries and wages. The firm now undertakes all kinds of 
en as well as general engineering and electrical 
work, 





Beioran Briast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of February 
was 49, as compared with 45 at the commencement of 
February, 1912. The number of furnaces out of blast 
was 6, as compared with 5; the whole number of furnaces 
in blast and out of blast was thus 55, as compared with 50. 
The total of 49 furnaces in blast in February was made 
up as follows :—Hainaut and Brabant, 22; Liége group, 
21; and Luxembourg, 6. The production of pig in 
Belgium in January was 212,050 tons, as com with 
187,550 tons in January, 1912, The output of January 
this year was made up as follows :—Puddling pig, 2580 
tons ; casting pig, 8510 tons ; and steel pig, 200,960 tons. 





Borer Insurance. —The International Union of Boiler 
Control Societies now comprises sixty-three societies re- 
presenti 
other kindred installations. Geographically the societies 
are distributed as under :— 


Societies. 
Germany SPT em 


tO 0 Com 7 


The International Union will hold a congress in Moscow in 
June this year, when several questions bearing upon the 
economy and the care of boilers will come up for di ion. 





Ore-Carryinc Steamers.—The ore-carrying steamer 


458 ft. by 63 ft. 3 in. by 34 ft. 6 in., having a dead-weight 
of 11,500 _ which was launched on February 6 
Messrs. R. an 


W. Hawthorn, Leslie and Co., Limited. 
Hebburn-on-Tyne, for Messrs, Rederiaktiebolaget Lulea- 
Ofoten, of Stockholm, is constructed with four double 
and four si ore pockets or holds on the Johnson- 
Wellin self-discharging principle instead of with the 
usual holds. Between there ts or holds, discharg- 
ing compartments are arranged, extending from the deck 
to the bottom of the ship, and poverar-m i the shoots 
which deliver the ore by gravity into iron skips. Eight 
hydraulic cranee are fitted on the deck to manipulate the 
skips, each being capable of dealing with a of 4 tons. 
The holds and li spaces be heated on the 


patent system of heating, this bein 
rer ma ing, & 





the | and Helsby Cables, Limited, of Prescot, Lancash 


about a quarter of a million boilers, besides | bo 


CATALOGUES. 

Joint Boxes for Electric Cables.—A pamphlet giving 
illustrations and full particulars of trifurcating boxes for 
three-core cables has reached us from British Insulated 
ire. 


Machine-Cut Double- Helical Gears.—A booklet relating 
to their machine-cut double-helical gears has reached us 
from the Power Plant Company, Limited, of West 
Drayton, Middlesex. The illustrations show the appli- 
cations of these gears to power-station work, and also 
to the driving of pumps, air-compressors, rubber ma- 
chinery, cranes, mining machinery, rolling-mills, machine- 


tools, &c. Exam of single and double enclosed s - 
reduction gears, bevel-gears, and gears for turbine drives 
are also illustrated. 


Armoured Flexible Cables.—The Armorduct Manufac- 


has | turing Company, Limited, of Farringdon-avenue, E.C., 


have issued a leaflet giving particulars of ‘‘ Guttaflex” 


the | armoured twin flexible cords for conveying electric cur- 


rent to hand-lamps. heating and cooking apparatus, port- 
able tools, and other similar apparatus. Their special 
feature is the armouring, which is composed of whip- 
cords covered with rubber and applied to the conductors 
in the form of a braid. Great mechanical strength and 
flexibility, combined with good appearance, are claimed 
for these flexibles ; it is also mentioned that it is impos- 
sible to kink them. Prices are stated for five different 
sizes in two qualities, both of which can be supplied with 
earthing conductors, in accordance with the Home Office 
Regulations for the use of electricity in factories, &c. 


Aluminiwm.—Several leaflets have reached us from the 
British Aluminium Company, Limited, 109, Queen Vic- 
toria-street, E.C., illustrating the use of aluminium in the 
electrical industry for overhead conductors, bus-bars, 
switch connections, battery connections, field coils, &c. 
Other leaflets dealing with the use of this metal in the 

motor-car, and rubber industries, have also come to 
and. For the latter purpose the company claims that 
aluminium is the only metal that will resist the action of 
the sulphur in vulcanised india-rubber, a fact which 
renders it eminently suitable for making the various 
moulds and mandrels employed in the rubber industry. 
Aluminium vessels are recommended for use on rubber 
estates for collecting the latex, and for other purposes. 
Another recent publication of the company is a little 
booklet giving the standard sizes and weights of aluminium 
rods, bars, strip, sheets, tubes, wires, stranded wires, in- 
sulated electric cables, &c. i 
various alloys, hints on working the metal, and other use- 
ful information in an extremely concise form. The book- 
let, which is contained in blue cloth covers, measures 
about 3 in. by 4 in., and contains 32 so that it can 
easily be carried in the waistcoat pocket. 


Motor-Wagons.—From Messrs. Alley and MacLellan, 
Limited, Sentinel Works, Polmadie, Glasgow, we have 
received a copy of their latest catalogue of ‘Sentinel ” 
steam motor-wagons, of which two types are ie, One 
of them—the standard type—has a vertical water-tube 
boiler in front and the engine situated under the chassis, 
while in the other type a small locomotive boiler, with 
the engine moun on top of it, is employed. The 
standard wagons, which are illustrated and described in 
detail in the catalogue, are capable of carrying a load of 
6 tons, and of ing fea var 4 tons qo py ft the 
over-type wagons are inten to carry a r) tons, 
and ued 3 tons in addition. Prices are stated for both 

is a very creditable production, 
. fully and clearly illustrated, and 
und in strong board covers. The illustrations, some of 
which are printed in colours, show examples of tipping- 
waar street-watering wagons, tar-spraying wagons, as 

as wagons for the ordinary work of manufacturers, 
t iers, &c. The catalogue also contains much 
pe ips pros to enable Joe ty eg mig to compare the 
costs ting y horses, by steam-wagons, 
and by rail, and thus to decide whether or not it would 
be profitable to instal motor-wagons. 

Electrical Testing Instrwments.— What is certainly the 
most complete and comprehensive catalogue of electrical 
testing instruments we have seen has lately been issued by 
i and Co., Limited, of Woolwich, 
] contains about 250 pages, profusely 
illustrated, and gives very full particulars, with prices, of 
all kinds of instruments and apparatus for scientific and 
commercial testing work. It is divided into fifteen sec- 


t The catal 
being well prin 


tions, dealing with moving-coil and dynamometer-type 
measuring instruments, current and potential trans- 
formers, electrostatic voltmeters, special instruments for 

i portable and pocket instruments 


demonstration purposes, 

of all types, galvanometers and accessories, standard 
resistances and condensers, bridges for direct and alter- 
nating currents, yer high-frequency gene- 
rators, oscillographs, insulation -testing sets, magnetic 
testing apparatus, slide rheostats, and accessories such 
as keys, switches, terminals, &c. Many very interesting 
instruments for — purposes are included among the 
number, but we have only space to mention an astatic 
wattmeter, with strip suspension, having great sensitive- 
ness at very low power-factors. This instrument is 


specially suitable for en nents eeeaas tev 
measurements on choking-coils. catalogue concludes 


with a telegraph code a general index to its contents. 
Altogether it isa creditable uction, and it will 
doubtless be found both ieceniieens waaal’ ti all 


engaged in electrical testing-work 





Cleaning Water-Mains.—We have received from the 
Adamson Water - Main ing Company, Limited, 
Arcade Chambers, Wigan, a | 4 telating to their 


> 7 


It also gives particulars of | P®° 


mains up to 30 in. in diameter. The apparatus they 
employ consists essentially of rotary cutters driven by a 
petrol-engine, an process of cleaning a main with it 
18, briefly, as follows :—A trench having been dug, a 9-ft, 
length of the main is removed, and brackets carrying two 
rails and a coarse-pitch screw are attached to both of the 

ends of the pipe. The petrol-engine, which is 
mounted on flanged wheels, is lowered on to the rails, 
along which it can be moved in either direction by means 
of the screw. Two cutters are employed, one in each part 
of the main, both being driven through gearing and 
jointed shafts at a speed of about 80 revolutions per 
minute. It will be seen that as the machine is moved 
along the rails one of the cutters is driven into the main. 
At the end of each traverse a lengthening bar is inserted 
in one of the shafts driving the cutters, so that when the 
travel of the machine is reversed, this cutter operates. In 
this way about 200 yards may be cleaned in each direction, 
or 400 yards from a single excavation, the work proceeding, 
on an average, at about 50 yards per hour. Ordinary 
bends in the road cause no obstruction to the working of 
the machine, as the joints in the cutter-driving reds have 
sufficient play to allow for these. The machine is said to 
remove incrustations without injuring the protective 
coating. The cost of cleaning varies from one-twelfth to 
one-sixth of the cost of laying new mains. 


Blow-Off Valve.—The. Eynon-Evans Manufacturing 
Company, of Fifteenth and Clearfield - streets, Phila- 
delphia, Pa., U.S8.A., have sent us a circular illustrating 
and describing their new blow-off valve for boilers. The 
construction is briefly as follows:—The valve proper 
consists of a hollow bronze cylinder which enters the 
cast-iron body of the fitting through a stuffing-box. 
Part of the outer surface of the cylindrical valve, or 
shield, as it is called, is formed with a screw-thread, 
which passes through a nut in a bridge-piece, and serves 
to open or close the valve when the Jatter is rotated by a 
hand-wheel attached to it. ‘The end of the shield seats 
on to a nickel ring screwed into the valve body, the in- 
ternal diameter of the ring being equal to that of the 
shield, so that when the latter is closed down the 
seating-ring and shield ae form a continuous 
cylinder. Inside the shield is a piston made in two 
separate parts, having between them a ring of packing 
material which is compressed against the cylindrical walls 
of the shield when the two parts of the piston are drawn 
together by means of a bolt and nut; this adjustment 
can be made, and the packing replaced, while the valve 
is under pressure. When the valve is closed the piston 
king comes opposite the joint, between the shield and 
1ts seati , and so keeps the joint quite tight; but 
when it is desired to open the valve the piston is first 
drawn up inside the shield by means of a second screw 
and hand-wheel, so that the packing material is entirely 
protected from the scoring action of the escaping water. 
In closing the valve the shield is first lowered on to its 
seat and the piston is then lowered to cover the joint, as 
above described. These valves are claimed to be excep- 
tionally strong, reliable and durabie, and to remain abso- 
lutely tight under the worst conditions of service. Prices 
and dimensions are given for four sizes, in which the 
inlets and outlets range from 14 in. to 3 in. in diameter. 

Crushing and Grinding Machinery.—We have received 
from the Sturtevant Engineering Company, Limited, 147, 
Queen Victoria-stréet, E.C., several catalogues relating to 
crushing and grinding machinery for various materials. 
One of these catalogues deals with rotary fine crushers for 
moderately hard rocks. Thespecial feature of these crushers 
is that the casing is divided into two parts, which are hinged 
together and fastened by bolts, so that if any uncrushable 
object should become wedged in the machine the casing 
can easily be opened to remove it. Thése machines are 
made in four sizes, with capacities ranging from 4 to 12 
tons per hour: they are called ‘‘ open-door” crushers, on 
account of the above-mentioned feature. Another cata- 
logue relates to Sturtevant-Newaygo inclined vibrating 
screen separators, which were illustrated and described in 
our issue of October 18 last on 538, together with the 
firm’s “‘ ring-roll” —-= . These mills are suitable 
for cement-grinding, and they are therefore illustrated 
and described in a catalogue specially devoted to this sub- 
sie cud tar this paspuess’ The: grioding of nypoum 

as pu © grinding of gypsum 
in the manufacture of plaster-of-paris is dealt with in 
another catalogue, which gives particulars of ‘‘open- 
door” fine crushers, emery-grinding mills, and Newaygo 
screen separators recommended for this material. Two 
other catalogues, dealing respectively with the grinding 
of Lame per and reves fl have also been’ published. 
For of these materials the firm’s ‘‘ring-roll” grind- 
ing-mills, ‘‘open-door” fine crushers, jaw-crushers, and 
Newaygo screens are recommended. Dust-collecting 
apparatus, suitable for use in grinding ts, is also 
made by the company, and particulars fans, piping, 
air-filters, &c., are given in several of the catalogues. 
One other catalogue remains to be mentioned. It deals 
with laboratory apparatus for crushing and grinding 
samples of ore, and gives ticulars of jaw-crushers, 
crushing-rolls, grinders, screens for this purpose. 
All the machines have been designed to treat the ore 
exactly as it would be treated in the mill, as reliable 
results can only be obtained by this means. We under- 
wats that’ these catalogues can be obtained in several dif- 
erent 





RetirEMENT oF Mr. H. F. ParsHatt FROM THE BoarD 
oF THE CENTRAL Lonpon Raitway.—At the half-yearly 
meeting of the Central London Railway, the chairman, 
Mr. H. F. Parsball, announced that he was retiring from 
the board of that railway in order to occupy the position 
of consulting engineer to the whole of the Underground 





Railway interests. 
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ELECTRICAL APPARATUS. 


Limited, and G. V. 
London. Electric tors. (2 Pe) March 13, 1912. 
--This invention relates to an improved of attaching the 
line-wire to electric insulators. According to this invention, the 
insulator of usual construction has two grooves, one extending 
around the top, and the other across the same. In the groove 
extending around the top is secured a metal band or wire, and to 
this is attached by its ends a stirrup, which is thus in the 
groove across the top of the insulator. The line-wire is attached 
to the mg Pyles or more clips situated at the top of the 
insulator. accompanying drawings illustrate this inveation, 
Fig. 1 being a perspective view of part of an insulator wi 
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line-wire secured to it, and . 2 a side view of the means 
securing the wire. a is the in ; b the metal band surround 
the top of the insulator and lying in the groove which it 
to fit ; ¢ is the stirrup, one end of which is riveted 
while the other is turned up to form a loop or 
which and through the outwardly-turned ende 
a on — with Fe ponte crore pa. hon ag the ban 
and secure it u e ° 
top of the inealator and lying in the 

e of stirrup are two clips ¢, 
holte and nuts to pin, tora and hold 
December 18, 1912.) 


21,489/11. C. A. Parsons and 
on - - Electric 
September 29, 1911.—This invention 
machines, and particularly to means for 
ing of the current-collecting means 
contact therewith. The invention 
machine in which a current of coolin 
after passing over the rotating part 
distributing means, to flow = 
least partly bounded by a brush. rane 
effect as applied, for example, to the cooli 
ae the _~ 9 is so “ axially 
machine, brush gear suppo! on an pro. 
member @, which is attached to any suitable part of the machine 
and carries one or more arms b, projecting radially with 
to the commutator, and carrying one or more curren 
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24,030/11. C. H. M London, and P. V. Hunter, 
] ber 80, 1911. 


Pigs. —This invention relates to 
improvements in or con the 


of 
electrical distribution Lng 
in 


, 





é ’ 




















7’ 








24030) 


main core, and 2, 2! switches or circuit-breake: laced one 
each end of the feeder, which are designed to be tripped or 


age. equal amount of current will traverse 
the two balancing strands and the windings upon the balanci 
transformers with which they are connected, and the 
7, 71 will not be actuated. 


will be that, the 
solenoids 7, 7! will be energised, and the switches 
“a 80 as to disconnect the feeder. 


GUNS AND EXPLOSIVES. 
27,613/11. Sir W. G. Armstrong, Whitworth 
Co., Limited, E. W. Li and L. E Davis. Newcastile- 
on-Tyne. bs for 
December 8, 1911.—The object of 


ee ween all be spesialty suttohle for 


out of a bin where there is very little clearance por SD sa ra 
pro: le when the 

The invention relates to that 
ed and is made 


cent projectiles, and for holding the 
is no 


clase 
which one of oe 


| 
Het 


533 
id 





by a bush. Fast with the pin g area handle! and a pair 
m, bearing on flat surfaces on the arch a. pivot 
may be vided with a handle (to facilitate 
the grab), is loosely mounted a catch adapted to engage 
on one of the links / and on one of the cams m respectively. 











cross-hauled in either directi i the holding power 

of the grab, hardened teeth or studs may ay me tly 

from surface of the jaws. The teeth may inserted in a 

slightly red hole or a square or rectangular recess, and the 

metal of - may be slightly riveted over to keep the teeth 

in position. tate the remov: the teeth, a smaller hole 

<> through the metal, so that they may be 

ly knocked out with a it cones. coe core = 

brushe ¢. For the purpose of the nt invention the be be oceans tee peed Se at ae he be lifted, and 

@ is hollow, and the chamber therem communicates by means of | the catch on the pivot i is raised, when the pin d will fall to the 

openings with the interior of the arm 6, which is also hollow. | pottom of the slot. Upon applying the lifting power, the links / 

chamber within the latter opens at its lower end into a suitable | .44 arms h, which act as @ pair of le levers, will rise, giving 

vod tight box e, containing the curren or distributing | motion to the jaw ¢, which will yt in, gripping the ra 

rush c, which projects through the bottom of the box and con-| jectije. The weighted handle | causes the cams m to move into 

wus with the commutator f. The lead by which current passes | their locking position, so that even should the lifting force be 

hor’ from the brushes ¢ passes a in the side of the for any reason, the grab cannot open until the handle is 

x, and is thereafter attached to the At the place where epek wives tbo somes eel mone, allow the links and arms to 
the brush ¢ projects the box e grooves h are cut in the | 7.1) (Accepted December 18, 1912.) 

adjacent metal part of the box. By put air under pressure 
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tomatically- (2 } 
Ape, 191%.—The object of this invention is toproide sap 
can be discharged by simply lowering it on to the 





and 
Projectiles. (6 Fi 
tavecdoate WED. of 








and the pawl with a second tooth of the ratchet. On 
rehoisting the thus becomes a lever with which to = oven 
d d n ng 


s 
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in engages with 

the skip in a vertical posi- 

Should any cause the momentum 

be insufficient, the skip is lowered on to the ground and the bale 

allowed to fall over until the pawl engages with the first tooth, 

and on rel the skip takes an upright position, thus com- 
pleting the eycle of operations. (Accepted December 18, 1912.) 


27,840/11._ The 


tion, thus resetti 


Jandus and Electric 
and A. D. Jones, 


Figs.) December 11, 1911,— 
The object of this —_ is to provide improved mechanism 


in either direction at will, but that 





a can 
unintentional movement in the wrong direction shall be impos- 

ble. Such pp inant te wanes 
and the like, for by it a can y readily 
lowered, but there wil be no of ere running down. 








is not being operated by the d when c ster 
no iy run in either 
direction. (Accepted December 18, 


MINING,’ METALLURGY, & METAL-WORKING. 


oven ‘Magdeb Metal. 
Working Presses. iw. s February 4 1912.—This Taven- 


tion relates to presses for working soft metal capable of becomi 
plastic (under the action of heat while = pees ond bee 
reference to metal- presses as are descri in the 


0. 25,440/02. According to the 
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and everlapping the aperture in the die. In the upper 
part of the die-rest a, which is holiow, is arranged the device for 
metal. it consists of the knife secured in 

h, which is mounted on the hydraulicall 
A slotted m, provided laterally on the knife. { 
y means of a nut on the upper end of the 
On the lower end of this bolt a plate is mounted and is 
: -directed plate 
h 

tal 





provided with a downwardly stop. the 
and the m @ helical surrounding the bolt is in 
The length of the bolt ape be that when the Pet aA Fre 
is in its fully raised position the is above the horizon 
of movement of the die-holder d ; the stop lies in this path, how- 
ever, when the knife-holder is lowered, and takes up its obstruct- 
ing position prior to the knife becoming operative. By providing 
a screw thread on the bolt and rotating the nut the effective 
length of the bolt can be regulated. During the actual pressing 
eo, tne die and die-holder are held in their operative posi- 
on by the sliding member / as already sated. When the press- 
ing has been effected—that is to say, when the metal blank has 
been forced by the press-plunger through the aperture in the die, 
forming the rod v, the press-plunger is first withdrawn and then 





the piston & is lowered until the stop above referred to, 
bat not the plate, extends into the path of the die-holder. 
The slidable member is then withdrawn and then the die-holder d 
and die c are drawn back by means of a handle until the die-holder 
d comes inst the which limite the axial movement of 
the ae 5 ns k is — further, the first 
result being that the plate carrying the is t close uj 
against the die-holder. Susie teetanbentons onan 
of the piston & the ean Cerrernnts Ae earns, een 
causes pressure to be exerted upon the plate ; die-holder is 
thus: held firmly in place during the severing of the residual 
metal of the rod, which severing now takes place by the travel of 
the knife across the face of the die. The severed residue fal 


die c, whereupon the knife-holder is again raised by means of the 
auxiliary piston & Before the knife-holder d has reached ita 
uppermost ition, the lug m strikes — the nut, and thus 
lifts the bolt. In this way the plate is lifted from contact with 
the die-holder d, and the is removed from its path of move- 
ment. The die can now withdrawn from the die-rest. 
(Accepted December 18, 1912.) 


PUMPS. 
7363/12. The British 
Limited (General Electric C 
Centrifugal Com 
In connecting centri 
has been 


ly. U.S.A. 

8 March 26, 1912.— 
compressors for parallel operation it 
filderest oumaprumors into dependence eps the premure tn the 
erent compressors in lependence u re in the 
receiver or conduit into which the fluid Giorefrecs is 4 
The method of regulating a ie of centri compressors 
operating in parallel consists, in accordance with this invention, in 
providing a separate regulating device for each compressor, 
setting each of the devices according to the characteristic of the 
compressor to which it is connected, and providing a common 
actuator, to which all these devices be connected 80 as to be 


operated simultaneously, 1 indicates a ventrifugal Me te ae 
of any suitable type that is air in the 
by means of a 


to di 


receiver or header harge conduit 8, One or 






















































the end of the shaft ie a pinion that meshes with a bevel- 
mounted 


gear wi is on the shaft 16, the latter 

common to all of the that are connected to the same | stru 
header or receiver, The shaft may be operated or auto- 

mai in changes in pressure in the header 2. 

M on the and rigidly connected thereto are as man 
Hanged massbers 17 ea thurs. on6 casupeemcen £0 ba oomthalled 


taining the thickness of the stream of fluid constant during 
ite passage between the blades or vanes. Blades or vanes 80 con- 
icted are inserted in the ring groove, where, after each has 
been in succersion rotated through a right-angle, they are assem- 
bled with the feet of consecutive blades or vanes in tight-pressure 
contact as shown in Fig. 4, the wedge-shaped bet’ 





also of the throttle-valve 7 on each compressor. The flanged 
member 17 and the co-operating hub of the gear form a clutch, 
by means of which the actuating-shaft 16 and the lators of 

compressors may be conneeted and disconn (Decem- 
ber 18, 1912.) 


RAILWAYS AND TRAMWAYS. 


24,152/11. W. R. Preston, Compressed 
Air-Brakes. [1 Fig.) October 31, 1911.—This invention com- 
— impr ts in and ted with com -air brakes 
‘or railway and like vehicles. According to this invention, the rod 
of the e-piston extends th @ suitable gland or king 
a testes peoamosusteienincssvescad eabetnarcostehe 
e possess ive areas no ‘age can take 
Shoce a.0h0-giahenrod ie. guaked at both ends of the brake 
cylinder. 1 is the brake-operating cylinder, the forward end 2 of 
which contains the spring 3, usually Ng for taking off or 
releasing the brakes, and connected to forward end 2 is a 
branch 4 of the main or train 5. The piston-rod 6, to which 
ph ed FO nae ad weeks Het 
cylinder 1 as by a cup-leather pac arranged at the 
inner end of the ‘abaler guide in which the -rod 6 slides. 
Secured to the peed & 0 nena ig acu 
leather disc 9, edge of which is direc towards the rear of 
the cylinder1. The piston-leather disc 9 is retained in position on 
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the rod 6, between two discs 10, 11 through which the piston- 
rod The disc 10, which is located in front of the piston 
leather 9, and is of smaller diameter than the inner diameter 
of the cylinder 1, has a screw-threaded central aperture and is 
to be screwed on to a corre dingly screw-threaded 

a lock nut being employed to merens 


part of the peston.ses, 
j rotation of the plate 10, and it is between this plate 10 


the front end 2 of the cylinder 1 that the spring 2 reacts. The 
plate 11 is arranged to bear upon the forward face of the leather 
disc 9, and is of such a diameter as to allow the periphery of the 
leather disc to turn inwardly 80 as to acquire the so cailed cup 
— The piston-rod 6 extends through the rear end or cover 14 
of the cylinder 1, in which cover there is provided a packing, pre- 
ferably a cup leather, through which the rod slides during the 
procation of the piston. With this construction it will be 
seen that equal effective areas are formed upon the opposite sides 
of the piston. A pipe 16 connects the rear end of the cylinder 1 
to the auxiliary-pressure reservoir 17, which latter is preferably 
provided with a release valve. (Sealed Janwary 16, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 
5155/12. R. K. and Belliss and Morcom 


Limited, Birmingham. fixing Turbine Blades an 
Vanes. [8 Figs.) bruary 29, 191z.—This invention relates to 
improvements in the construction and method of fixing the guide- 


blades and vanes of turbines. According to this invention, a foot 
is formed integrally with the blade or vane, and the conformation 
of the foot is the half of a disc-annulus so proportioned as to be 
adapted to be inserted within a ring-groove formed with undercut 
sides in the rotors or stators respectively, and on rotation, 
through a right angle exactly or imately, to occupy the 
foot of the blade or vane, 


undercut sides of the groove. a is 
and has the conformation of half of a disc-annulus, Formed 
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tegrally therewith is the portion b, having a cylindrical 
from one edge to the other edge, which is 











stantial shrouding and clearance to be adopted on the accom- 
panying adjacent vanes or blades, (Accepted December 18, 1912.) 


17,478/12. T. Guplen, Londen. Steam-Superheaters. 
{5 Figs.] July 27, 1912.—Thie invention relates to superheaters for 
use in connection with steam generators, and in the com- 
bination with a steam box or header divided by a transverse par 
tition or transverse partitions into two or more cham 
suitable steam inlets and outlets of J-shaped superheating tubes 
ar in groupe depending from flanges attached to the header, 
said tubes all lying in one e, and each tube ha 

communicating with an inlet chamber of the header 
end with an outlet chamber. The steam box or header A, sup- 
ported by a plate B at the top of the downtake O, is divided by 
partitions into a central chamber F and two end chambers G 
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and, H, the central chamber F being furnished with an inlet 
pipe J, and the end chambers with outlet pipes K, L. Two sets 
of Yeh superheater tubes M are provided, each tube of one 
set M ha one end communicating with the central chamber F 


and the other end with the end chamber G, and each tube of the 
other set M having one end communicating with the central 
chamber F and the other end with the end chamber H. All the 
e, whieh is parallel to 
within the tube of next 
sara etapianta tet 
el to e sets M, 
chambers F,G, H in like manner to 
sets. (Sealed January 16,1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


1 Tg. Am eer Longridge. Boat Tackle. 
{2 Figs.) June 11, 1912.— This invention relates to pulley- 
blocks, and Ct ge om employed for lowering boats from 
davits. Appreciable delay, often attended ous results, 
frequently occurs owing to the lower blocks of the boat-tackle 
capsizing or toppling over, either when the boat is resting on the 
chocks or directly the blocks are d from the boat, this 
capsizing or toppling of the blocks causing the ropes to jam when 
attrain is put upon them. According to this invention, the 
bottom block has a guide fixed to the top thereof adapted to 
engage the ropes immediately above the block in such a way a8 to 





maintain the block in a vertical tion directly the ropes are 
pulled taut. In the construction illustrated the block A is pro- 
vided with three sheaves, and has connected to its upper surface, 
say by pins or screws, a yoke member C provided with # ring or eye 
. The portion of the rope D which is rove round the 
middle sheave is passed through the e)es, which are at . 

approximately corresponding to that of the d ene 
the sheave. By the vege Veleg poset through the eyes in this 
manner the block is always ntained in a vertical on oa 
span go. ane tonto is put upon the ropes, (Accepted December 2/, 
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USSIAN COPPER.-— production of copper in Russia 
is Seidman ae aggregate production during 
the first six months of 1912 amounting to 1,000,974 — 
inst 709,109 poods for the ng period in 1911, 
i amounting to 41.16 per cent. The greater 

ion of the increase comes from the U 
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THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Continued from page 149.) 

THE anchor-arm end-posts and top chords from 
LO to U 6 are made of two built I-beams 42$ in. 
deep and 41 in. apart on centres, with both flanges 
latticed by flat bars. The top chord U4, U 2, 
which is illustrated in detail in Figs. 68 to 70, 
Plate XII., is proportioned for a maximum stress 
of 2,786,600 lb. It has a cross-sectional area of 
239 sq. in., and the two radii of gyration are respec- 
tively 15.15 in. and 20 in., giving a least value of 


I equal to 28. Special short sections of the web- 
r 


lates at both ends of the member project far 
ocak the flanges, forming jaws for the field- 
riveted connections of intersecting members and 
splice-plates for the member itself. The inclined 
end-post LO, U 2 is of similar construction to the 
adjacent top-chord members U 2, U4, except that 
it has a 14-in. pin connection at the lower end. 
It is about 94 ft. long, and is proportioned for a 





x 
«+s 








Fic. 92. Rocker Bearine For Marin Post. 


maximum stress of 4,161,000 lb. in the lower end, 
where the net sectional area is 262.8 sq. in. 

The intermediate vertical posts at sub-panel 
points have nearly uniform stresses of about 
650,000 lb. in the lower part, where they are built 
up with an J-shape cross section composed of two 
= of 8-in. by 6-in. by 4-in. flange-angles and 

in. by ;s-in. cover-plates latticed with a total 
area of 42.2 sq. in. 

The horizontal struts and sub-diagonals have 
rectangular cross-sections made of pairs of rolled 
or built channels having their flanges turned in and 
latticed. The heaviest stress is 469,000 lb., for 
which the sectional area of 29.8 sq. in. net is made 
up of four 6-in. by 4-in. by ,%-in. flange-angles 
and two 24-in. by ,%-in. web-plates, giving a radius of 


gytation of 8.35 and an ve 82. 
Tr 


Evye-Bars and Pins.—Diagonals U 6—L 4, U 8— 
L6, U12—L 14, and U 14—L 16, and all of the top 
chords from points U 8 to the end of the cantilever- 
arm, are made up entirely of eye-bars. The maxi- 
mum diagonal stress is 3,644,000 lb. in the U 14— 
M15, which is made of eight 16-in, by 1}-in. eye- 
bars with 36-in. heads bored for 14-in. pins, and 
having a cross-sectional area of 224 sq. in. Dia- 
gonal U8—M 7 has six 16-in. by 2}-in. eye-bars 
65 ft. 6 in. long over all, which very nearly reached 
the capacity of the forge-shop. Panel U 10—U 8 at 

anchor-arm top chord, and all of the anchor- 
arm top-chord panels are com: entirely of eye- 
14 in. and 16 in. wide. For a maximum stress 
of 8,088,800 lb. in U9—U10—U 11, there are 
‘ixteen 1{-in, bars, with a combined cross-sectional 


Although the top-chord panel U8—U6 of the 
anchor-arm is subjected to a maximum tensile 
stress of 5,912,500 lb., it was designed as a riveted 
instead of an eye-bar member, in order to be self- 
supporting during the erection of the cantilever 
arm. It has anet cross-sectional area of 364 sq. in., 
made up of four built channels latticed and con- 
nected by transverse diaphragms. At U6 and at 
U8 it has pin connections receiving six diagonal 
eye-bars at the former, and six diagonal and four- 
teen inclined top-chord eye-bars besides riveted 
members at U 8, 

All eye-burs engage pins 12 in., 14 in., or 16 in. 
in diameter turned from solid-steel forgings and 
drilled through the axis to detect piping and to 
receive l-in. horizontal bolts by which cast discs 
are held in position over the ends of the pins. 
The ends have no permanent,. nuts, but were 
shouldered and threaded to engage temporary 
driving-nuts and pilot-nuts for erection. Where 
the eteeney os members are subjected to angular 
displacement, the pins are provided with manga- 
nese-bronze bushings of great toughness and 
ductility. 








area of 480 sq. in. 





The bottom lateral diagonals in both the canti- 





lever and anchor-arms have T-shape cross-sections 
made with a 7-in. by ;;-in. vertical web-plate and 
two 6-in. by 6-in. by tn flange-angles. Both 
diagonals in the same panel are in the same hori- 
zontal plane, and at intersections are cut to clear 
and are spliced through both flanges. They clear 
the bottom flanges of the stringers and are con- 
nected to them by short angle-clips. The maxi- 
mum stress is 283,000 Ib. The portals (see key, 
Fig. 76, Plate XII.) each consist of a top, bottom, 
and intermediate transverse strut, with cross- 
bracing in the panels between them in the planes 
of the inclined end posts. Details of this bracing 
are illustrated in Figs. 72 to 75, Plate XII. The 
top strut has a pentagonal cross-section, latticed 
on one side and with solid plates on the other 
sides, two of which are in the Foy of the top 
chord and inclined end-posts. ey have vertical 
transverse diaphragms about 4 ft. apart, and at the 
ends have solid-web knee-braces forming jaw-con- 
nections for the diagonal struts of the cross-bracing. 

Rocker Bearings.—In order to diminish the 
secondary stresses which might be developed by 
absolutely fixed bearings of the main trusses on 
the river piers, the 12,558,000 lb. maximum pres- 
sure which is transmitted to the masonry at the 
foot of the vertical post is delivered through a 
rocker-bearing device, shown in Fig. 92, above, 
which secures a slight rotary motion that could 
not be expected with an ordinary pin-connection. 
It is computed that this device reduces the 
secondary stress from 19,000 lb. to 3000 1b. per 
sq. in. in the adjacent lower-chord els. e 
special riveted piece, in which all of the converging 
members at the foot of the main post are integrally 


—=z 


casting with a planed convex bottom of 8 ft. 6} in. 
radius, bearing against a nest of 29 segmental 
rockers 11} in. in diameter and 6} ft. long, which 
in turn engage the concave surface of a 47-ton 
cast-steel pedestal on a 12-ft. by 174-ft. grillage, 
and 24-in. I-beams, which distribute the pressure 
on the masonry and reduce it to 400 lb. per sq. in. 
Vertical plates, bolted to and inserted in the ends 
of each rocker, project a little beyond the cylin- 
drical surfaces to engage notches in rack-bars on 
the top and bottom castings, and thus limit the 
displacement of the rockers. The grillage beams 
were accurately levelled on pairs of horizontal 
angles set in the concrete masonry which main- 
tained them in position until they were grouted. 
All other bearings are of finished steel. 

Anchorage Connections.—The maximum positive 
and negative reactions at the shore ends of the 
anchor-arm trusses are respectively 2,071,000 lb. 
and 2,249,000 lb., and to meet these heavy alterna- 
tions, afford direct bearing, provide for uplift, 
prevent hammering, and secure uniform bearings 
under the variations in length and position of 








members due to temperature and stress distortions 
from dead and train loads and wind loads, special 











united, is seated on and bolted to a 17-ton steel 
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construction was devised. The14-in. end lowerchord- 
pin L O engages the upper end of a short vertical 
rocker, pin-connected at the bottom to a fixed 
pedestal (see Figs. 77 to 80, Plate XII.), provides 
positive reaction on the pier masonry, and, through 
vertical eye-bars anchored to a reaction platform in 
the foot of the pier, resists uplift. This was illus- 
trated diagrammatically on page 79 ante. The 
pedestal, which is also illustrated in Fig. 93, 
above, is made in two pieces separated by a wedge, 
by which it was adjusted under maximum test 
loads, thus making sufficient initial tension in the 
eye-bars to ensure under all conditions a positive 
bearing on the pier, and thus prevent hammering 
at the end bearings. 

The elongation and contraction of about @ in. in 
the upper ends of the 60-ft. eye-bars is provided 
for by giving the pin which connects the eye-bars 
and rockers, bearing in a crosshead running in 
vertical guides (see Fig. 78), which prevent lateral 
displacement and afford resistance to thrust 
developed by the oblique position of the rocker. 
In other words, the uplift is transmitted through 
the rocker and rocker-pin, and the main pins of the 
— while the longitudinal forces are trans- 
mitted through the crosshead and to the masonry 
without epee a bending effect upon the anchor- 
bars, e rocker, Figs. 90 and 91, Plate XII, 
has two parallel 44-in. by 6}-in. webs, each made of 
eight plates, riveted together and connected by ver- 
tical transverse diaph 8, making an H-shape 
cross-section.' The pin-holes have steel: bushings 
20 in. in diameter, lined with polished phosphor 
bronze. The adjustment-wedges are locked in 
position by set-screws. The estals are seated 
on j-in. bet filler-plates. e lower ends of 
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each set of anchor-bars were, during erection, 
accessible through a manhole, and engage the 
pin through a heavy riveted shoe, the top of 
which is slotted to clear the eye-bars, and takes 
bearing against the bottom flanges of four 24-in. 
I beams, 17} ft. long, which are built solid into 
the pier masonry (see Figs. 53 to 55, Plate IX., 
ante). After the adjustments were completed the 
manholes, shafts, and all other pier openings were 
filled solid with concrete and grout, thus perma- 
nently sealing the anchorage steel. 

Lateral Anchorage.—The lower lateral diagonals 
transmit maximum stresses of 123,000 lb. to the 
extremities of the end floor-beams, which transfer 
the horizontal shear to the pier masonry through a 
sliding longitudinal bearing at the centre point, 
which has vertical faces 50 in. deep and 3 ft. apart. 
These engage planed bearing surfaces at the top of 
a heavy riveted pedestal, illustrated in Figs. 81 to 
89, having an H-shape cross-section with tapered 
web-plates llel to the floor-beams riveted to 
the webs of a transverse box-girder 15} ft. long, 
30 in. deep, and 4 ft. wide, which is embedded in 
the pier masonry and anchored to it (see Figs. 88 
and 89) by four 3}-in. vertical rods 134 ft. long. 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue annual general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 14th inst., at Storey’s Gate, Westminster, the 
chair being occupied during the earlier of the 

i by Mr. E. B. Ellington, the retiring 
President, and later in the evening by Sir H. 
Frederick Donaldson, K.C.B., now the President 
of the Institution. 

The minutes of the previous meeting having been 
read, and the announcement made of the trans- 
ferences made by the Council, Mr. Ellington sum- 
marised the report of the Council for 1912. 


Tae Annual Report. 


In substance the annual report was to the fol- 
lowing effect. A net addition of 332 names had 
been made to the roll, the increase being dis- 
tributed as follows:—Members, 104; Associate 
Members, 216 ; Graduates, 13. There had been a 
decrease of one in the class of Associates. The total 
membership now amounted to 6160, comprising 
7 hono; members, 2654 members, 2749 asso- 
ciate mem and the balance of associates and 

raduates. On the following members honours had 

m conferred by His Majesty the King :—The 
Right Hon. Lord Merthyr, K.C.V.O., had been 
romoted to be a Knight Grand Cross of the Royal 
ictorian Order; Baronetcies had been conferred 

mn Mr. L. Phillips and Mr. H. L. T e;a 
nighthood on Mr. Sicction Fitzmaurice, C.M.G. ; 
and C.I.E. upon Mr, Alfred Chatterton. Fifty- 
four names had been removed from the roll through 
death, including that of Mr. 8S. W. Johnson, 
Member of Council, 1884, Vice-President, 1885, 
and President, 1898; of Mr. H. Lea, Member of 
Council, 1898-99, and from 1902 onwards; and of 
Mr. T. P. Reay, Member of Council from 1906. 
Mr. T. Andrews, Mr. N. Harrison, and Mr. W. E. 
Hipkins were lost in the wreck of the s.s. Titanic. 
Mr. James 8. Beale, who for thirty-five years had 
acted as the legal adviser to the Institution, also 
died during the year. 

The total revenue for the year 1912 amounted to 
16,949/., and the expenditure was 13,343I., leaving 
a balance of 28961., exclusive of entrance fees, 
6361., and life compositions, 741., carried to capital 
account. The total investments and assets amount 
to 109,1601., and deducting therefrom 34,0251. of 
debentures and other liabilities, the capital of the 
Institution amounts to 64,2371. 

During the year the Institution had joined in the 
movement to erect a memorial in Westminster 
Abbey to the late Lord Kelvin, honorary life 
member. The Willans premium had been awarded 
to Professor Bertram Hopkinson, F.R.S., for his 
pe published in the proceedings of 1907 and 

on ‘** The Indicated Power and Mechanical 
Efficiency of the Gas-Engine,” and ‘‘ The Effect of 
Mixture S and Scavenging upon Thermal 
Efficiency.” e third Water Arbitration Prize 
had been awarded to the late Mr. L. Zodel for his 
peper, in 1911, on ‘‘ High-Pressure Water-Power 
orks.” The second award from the Bryan 
Donkin Fund had been made to Mr. W. Mason, in 


u 


aid of his research on the *‘ Resistance of Mild! 


'Steel to Repeated a of Cycles of 
| Alternate Bending and Torsion.” 

The building of the additions to the Institution 
House had been delayed, but were expected to be 
completed by the coming summer. A benevolent 
fund had been inaugurated, and it was hoped that 
members would help to establish it on a secure basis. 
An examination scheme had been drawn up. This 
was submitted later to the meeting. The tenth report 
of the Alloys Research Committee, dealing with 
alloys of aluminium and zinc, was presented at the 
April and May meetings of last year. Work was 
being continued on an alloy of aluminium, zinc, 
and copper. Papers on the ‘‘Action of Steam in 
Nozzles” and on ‘‘ Refrigerating Machinery ” had 
been submitted for discussion, with a view to 
ascertaining whether useful research on these sub- 
jects could be initiated. The durability of wire 
ropes had also been suggested as a suitable sub- 
ject for research. In response to inquiries made 

y the Council, it did not appear that any drastic 
change in the established practice of the Institution, 
with regard to meetings in provincial centres, was 
advisable. By the consent of Mr. Charles Hawksley, 
his gift to the Institution would be utilised in pro- 
viding an annual ‘‘Thomas Hawksley” lecture which 
would be given in London or elsewhere. 

The Council had been glad to arrange for the 
Institution of Civil Engineers to meet at me 
Gate during the building of their new house. e 
Institution’s summer meeting had been held at 
Belfast in the latter part of July ; 229 members, 37 
visitors, and 90 ladies were present. An account 
of this meeting was given in our columns at the 
time. The ordinary monthly meetings have been 
dealt with as they occurred in our columns. Twelve 
papers had been discussed at meeti during the 

ear and three others had been published in the 

roceedings, without discussion at meetings. The 
Council had recently taken a new step in inviting 
discussion, in writing only, of papers on intricate 
subjects, some of which are not well suited to 
discussion in any other form. 

Considerable additions had been made to the 
library. Some 616 books had been borrowed by 
members and 116 searches for special information 
made by the staff on behalf of members. A 
sum of 50/. had been presented for the purchase 
of books by Mr. S. W. Kershaw, in memory of 
Mr. J. Kershaw, Member. Owing to the small 
response made to the suggestion, it had been de- 
termined not to publish abstracts from the tech- 
nical Press in the Proceedings. Every assistance 
possible would be given to members by the Insti- 
tution staff in connection with obtaining informa- 
tion from current engineering literature. The 
Institution had been represented on eighteen 
bodies during the year, including the Courts of the 
Univerities of Bristol, Liverpool, and Sheffield, 
the Imperial College of Science, the National 
Physical Laboratory, the Engineering Standards 
Committees, the Optical Conveation, Ge Congress 
of en Association of Testing Mate- 


rials, &c. 
The Calcutta Section met to read and discuss 
two papers ; visits were made to works, and a 


dinner was held. The Institution had made a 
further grant of 251. towards the funds of this 
section. The Graduates’ Section had held monthly 
meetings, at which eight papers had been read and 
discussed. The annual graduates’ lecture was 
delivered, in 1912, by Dr. T. E. Stanton, on 
**Recent Researches at the National Physical 
Laboratory,” and various visits to works had 
taken place. Prizes had been awarded to Mr. 
G. R. Dalkin for his paper on ‘‘ Oil-Engines,” and 
to Mr. R. D. McGroarty for his paper on the 
‘* Purification and Softening of Water.” As in 
former years, graduates in provincial centres had 
been privileged to attend engineering societies 
connected with such centres. "Phe next summer 
— would be held in Cambridge at the end of 

y: 

The adoption of the report was moved by Mr. 
Ellington = seconded by Sir H. F. Donaldso i 
It was adopted unanimously. 


ALTERATION oF Byz-Laws. 


Mr. Ellington then referred to the alterations in 
the bye-laws necessary in order to carry out the 
|e scheme of examinations. The matter 

, Mr. Ellington said, been occupying the atten- 
tion of the Council from the commencement of 
his term of office as President, when he had drawn 
attention to it in his Presidential Address. He 








took the opportunity to allude to Dr. Unwin’s very 
valuable assistance in connection with this matter, 
Some people might consider that the scheme sub- 
mitted was not sufficiently drastic, but the desire of 
the Council was to introduce the subject in a ten- 
tativemanner. He would like particularly to direct 
attention to the section marked (A) in the pamphlet 
relating to Bye-law 2, by which graduates who 
were twenty-five by January 1 of this year would 
not be asked to — an examination for associate 
membership, and that no other candidate, who 
had attained twenty-seven years of age on that 
date, would be called upon to pass such examina- 
tion. In future, candidates over thirty years of age 
would not be required to submit to examination. 
Graduates would be able to pass the qualifying 
examination at the age of seventeen. That would 
permit them to take it on leaving school, although 
not immediately eligible then for graduateship. He 
wished to move ‘‘ that the bye-laws, as amended, be 
adopted as the bye-laws of the Institution, in place 
of r revised in February, 1907.” 

Dr. W. Cawthorne Unwin, in seconding the 
motion, observed that in adopting the plan of 
examination the Institution had taken a course 
similar to that taken by other technical societies, 
It was necessary to have some more definite test 
than a mere inspection of the proposal form. It 
was not, however, intended that the examinations 
should supersede practical qualifications. But, as 
the value of the data recorded on the proposal form 
was sometimes difficult to appraise, the need for 
the present scheme had arisen. The Council did not 
intend that in no case should a man become an asso- 
ciate member who had not passed the examination ; 
at a certain age an examination might prove a 
serious obstacle, and a man who had reached thirty 
years of age would not be subjected to examination. 
At such an age an individual had usually acquired 
sufficient experience for the Council to test his 
fitness for membership by that gauge. In the case 
of younger men the examination served to give the 
Council the n means of estimating that 
fitness. A list of exempting examinations had been 
prepared, and a pamphlet would soon be issued 
which would contain this list, complete, as far as it 
went at present, and the rules governing the gra- 
duateship and associate membership examinations. 

The motion was then put to the meeting and 
carried. 

Grapvuates’ Prizes. 

Mr. Ellington then presented these prizes, to 
which reference has already been made in our 
summary of the annual report. 


ELECTION OF OFFICERS. 


It was then announced that the ballot lists for 
the election of officers for the ensuing year had 
been scrutinised, and the following had been found 
duly elected :— As President, Sir H. Frederick 
Donaldson, K.C.B.; as Vice-Presidents, Mr. Henry 
Davey and Sir John Wolfe Barry, K.C.B.; as 
Members of Council, Dr. H. 8. Hele-Shaw, F.R.S., 
Mr. Alfred Herbert, Mr. Rossiter J. Hoyle, Mr. 
Robert Matthews, Mr. Donald B. Morison, and 
Sir Gerard A. Muntz, Bart. 


InpucTIOoN oF New PRESIDENT. 


Mr. E. B. Ellington then vacated the chair in 
favour of Sir H. F. Donaldson. ! 
Sir H. F. Donaldson, on taking the chair, said 
that he felt that.to follow Mr. Ellington, with his 
keen business ability, his unflagging attention to 
the interest and concerns of th Tectieotion, added 
much to the responsibility he assumed on taking 
office. He could only hope to emulate the retiring 
President in his desires for the good of the Insti- 
tution. He would ask Dr. Maw, as senior Past-Pre- 
sident, to move a vote of thanks to Mr. Ellington. 
Dr. Maw said that he gladly availed himself of 
the privilege of asking members to pass 8 most 
cordial vote of thanks to Mr. Ellington, for his con- 
duct in the chair during the past two years. 
These years had, for several reasons, been rather 
trying times for the Institution, and had made 
t demands upon the time and energy of the 
President, demands which Mr. Ellington had met 
with the utmost thoroughness and conscientious- 
ness. Large additions were being made to the 
Institution House, and these necessitated first 
the purchase of premises in Prince’s-street and 
the subsequent acquisition of the Storey’s (rate 
Tavern. As chairman of the we Log 
ior to his presidency, a great deal o e 
pouiinienty work had fallen upon Mr. Ellington, 
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who, since he had been President, had devoted much 
energy and time to the perfecting of the arrange- 
ments for the additions being made. Again, the 
examination scheme, which Mr. Ellington had fore- 
shadowed in his address, had made very heavy 
demands upon his time. The retiring President 
would, however, perhaps, feel to some extent com- 
pensated fer the trouble he had taken by the 
manner in which the Institution had p 

during his term of office. During the last two 
years the curve of membership had taken a decided 
upward grading. In addition to the larger matters 
which the speaker had referred to, members would 
recall the great success of the summer meeti 
held under Mr. Ellington’s presidency, the first in 
Switzerland, and the second in Belfast. The work 
of arranging for meetings abroad imposed a greater 
strain on the president and staff than even the 
summer meetings in England. All would remember 
the great success of the meeting in Switzerland, 
the gratifying character of the reception, and the 
satisfactory manner in which the arrangements for 
the visits and other arrangements had been carried 
out. All that was largely due to the care exercised 
by the retiring President in dealing with details. 

Mr. J. A. F. Aspinall seconded the vote of 
thanks proposed. e had ho that the new 
building would have been completed by that time, 
so that it might have stood as a monument to the 
work done by Mr. Ellington. Though that was 
not brought to a completion, Mr. Ellington had 
built up, in the minds and hearts of his colleagues, 
a lasting record of his business ability, his assiduous 
attention to the affairs of the Institution, and his 
courtesy and kindness to all who had come into 
contact with him. 

The vote was with acclamation, and Mr. 
Ellington, in acknowledging it, said that he deeply 
appreciated the manner in which it had been pro- 
posed and received. To express his thanks ade- 
quately was, perhaps, the hardest task he had faced 
during his term of office. He had worked hard, 
but the work had been a pleasure even when most 
onerous. He was only too glad that he was succeeded 
by a man of so much distinction, courtesy, and 
ability as Sir H. F. Donaldson. In conclusion, he 
wished to refer to the work of the Secretary of 
the Institution, Mr. Worthington, and his staff, with- 
out whose labours it would have been impossible to 
carry to a successful issue the business involved 
in the summer meetings and the general Institu- 
tion work, which had lately been rendered addi- 
tionally difficult by the restricted accommodation 
resulting from the building alterations. 


ELEcTION oF AUDITOR. 


Mr. E. G. Constantine then proposed, and Mr. 
Sidney Sharp seconded, that Mr. Robert A. 
McLean, F.C.A., of 1, Victoria-street, London, be 
appointed to audit the accounts of the Institution 
for the present year, at the same remuneration as 

year—namely, 50 guineas. This motion was 
put to the meeting and carried unanimously. 


Movern ConDENSING SysTEMs. 


A paper entitled ‘‘ Modern Condensing Systems,” 
by Mr. A. E. Leigh Scanes, M.A., of Manchester, 
was then read in abstract by the author. This 
paper we print in full in another part of this issue. 

aptain H. Riall Sankey was the first speaker in 
the discussion. He was rather disposed to quarrel 
with the title of the paper. It dealt chiefly with 
the Westinghouse-Leblanc air-pump, as compared 
with which certain other air-pumps, the author 
argued, were somewhat inefficient. Mr. Scanes 
had stated, under the heading of ‘Rotary Air- 
Pumps,” that the Leblanc pump was the first 
Working rotary pump. That statement was of 
some interest to him, because he was one of the 
engineers to examine the pump when it was 
made at the French Westinghouse works at Le 
Havre. That pump showed defects such as the 
author had refer to, but it worked well, and 
results obtained were excellent. The Leblanc 
pump was specially suitable when a good vacuum 
was required, as in the case of turbines. In the 
tase of reciprocating engines, where so good a 
Vacuum was unnecessary or even hurtful, and 
where a vacuum of 26 in. to 27 in. sufficed, the 
reciprocating pump probably had the advantage. 
In the paper it was said that certain makers 
put forward as an advantage of the rotary pump 
the constancy of the horse-power required. Mr. 
Scanes disagreed with the claim, and Captain 
Sankey concurred in that. He drew attention to 


one of the early faults of the Leblanc pump, 
which had been corrected at Le Havre. It was 
at first thought that the air-pump worked very 
much like a Kérting pump, by the attraction of 
the water for the air, and that there were fila- 
ments of water which drew the air along with 
them. It was subsequently discovered that that 
was not the real action, but that water films consti- 
tuted a series of water pistons working down the 
pipe. These water pistons sliced off, so to speak, 
** pieces of vacuum” which were driven down into 
the lower part of the pipe. For that action to be 
satisfactory it was necessary that the film should 
be maintained as a film of water. The original 
vanes were splayed, so that the water film was 
spread, and it naturally broke as it moved down 
the inclined converging pipe. In that case the 
results obtained were not so satisfactory as when 
the water films were discharged into the pipe in 
a perfectly parallel stream. It was said that the 
results achieved by that improvement were 40 
to 50 per cent. better than with the old form. 
Each space between the water pistons contained 
steam and air at the pressure of the condenser, and 
as they descended they closed on each other by the 
condensation of the steam. The pressure re- 
mained the same, and the air was simply left in 
between. Finally, the air became entangled in 
the water and was drawn out into the exit pipe. 
The author had stated that the Westinghouse- 
Leblanc pump would remove much more air per 
brake horse-power under similar working condi- 
tions than any other rotary pump; and that one 
peculiarity of this and similar rotary pumps was 
that the expanded volume removed inmeneeles the 
absolute air pressure decreased. These statements 
did not seem quite comprehensible. If he pro- 
perly understood the action of the pump, the slices 
of water gay! merged into a froth at the neck on 
going out into the atmosphere. The same volume 
was always abstracted ; the weight of air abstracted 
depended on thedensity,and thereforeon the vacuum 
in the condenser. In the case of the reciprocating 
pump, when compressed into the clearance space, 
there must be a certain amount of air remaining 
at, or slightly above, atmospheric pressure to be dis- 
charged into the atmosphere. When the piston re- 
turned, that air had to be expanded. At one point of 
the stroke the pressure in that part of the cylinder 
would be equal to that in the condenser. The 
remainder of the stroke gave the amount of air 
pulled out by the pump. If the vacuum were 
very good, the pressure in the cylinder at the end 
of the stroke might equal that in the condenser, 
and the air-pump would not draw at all. He 
agreed, therefore, with the author’s remarks on 
the ee pump and the specified weight of 
air. e might mention that the whole theory 
of the Leblanc air-pump was very clearly ex- 
were in a ‘‘ Note on Condensation” by Maurice 
blanc, which was published in EnGingEeRine 
of August 28, 1908. Among other things Mr. 
Leblanc had described the trials that led to the 
construction of the pump, and he had investi- 
gated the effect of streams of water coming down 
a@ pipe and dragging the air with them. The 
velocity of the air close up to the stream would 
be that of the stream itself, and the air would be 
drawn along; a certain distance away from the 
stream there would be no velocity in the air, and 
the curve of velocity would be shaped as a sort of 
cone surrounding the stream of falling water. 
From that, M. Leblanc had calculated the proper 
degree of thinness for a stream, in order to make 
an air-pump of the Korting kind work at about 
28 in. to 29 in. of vacuum. He had found that the 
diameter of the stream had to be so small as to 
constitute a fog, and when he had formed that 
conclusion he devised the Leblanc pump. In 
Appendix IV. to the paper, the author had sub- 
mitted a formula tw determine the amount of air 
passing through a nozzle, and the speaker could 
thoroughly recommend the method adopted. At 
Le Havre he had tried a e series of converging 
nozzles very carefully shaped, so that the air could 
issue from the tip in parallel streams. The dia- 
meters, which were 1 mm., 2 mm., up to 6 mm., 
were carefully measured. At the entrance of the 
nozzle the pressure would be that of the atmo- 
sphere, or 14.7 lb. ; at the discharge the pressure 
would bethat of the air-pump— say, 1 lb. or 2 lb. 
At this pressure the critical velocity would be ob- 
tained in such a nozzle with a little more than 50 per 
cent. of 14.7lb., or, for ment, 8 Ib. So long 





as the pres:ure in the condenser or air-pump was 





below 8 lb. there was a critical velocity in the nozzle 
equal to the velocity of sound, roughly 1000 ft. per 
second, or, more exactly, 313.5 in metres. Know- 
ing the diameter of the nozzle—the area could be 
accurately calculated—and knowing the velocity, 
the weight of air going through (at a pressure of 
8 lb.) could be determined. This could be effected 
by the formula in the paper. So long as the pres- 
sure in the air-pump was less than 8 lb. the pump 
could not be heard at all, simply because the 
velocity was greater than that of sound. When 
a pressure of 8 lb. was reached the pump was 
heard, affording definite proof that the critical 
velocity was the velocity of sound. 

Mr. Mark H. Robinson said that he had had the 
pleasure of being with Captain Sankey during his 
investigation of the Lebl denser at Le Havre, 
and he had felt much interested in the design. He 
was not, however, a believer in the doctrine of 
slices of water cut off and constituting pistons 
which carried down what Captain Sankey had 
described as ‘“‘chunks of vacuum” between them. 
It appeared to him that the rotating wheel sent 
little particles or pieces of water down the con- 
verging channel or nozzle with sufficient force to 
make their way out against atmospheric pressure. 
As the paper showed, everything depended on the 
velocity given to these fragments of water, and, 
somehow or other, the water entrained air, the air, 
whether it liked it or not, having to go with the 
water, and go out at the other end. The principle 
differed very little from that of the barometric 
condenser, where only a small velocity in the 
water was needed. Captain Sankey had made 
some very interesting experiments at Rugby some 
years ago, and proved, if the speaker remembered 
rightly, that a downward velocity of more than 1 ft. 
per second was unnecessary in the case of a baro- 
metric condenser. In practice the figure assumed 
was 2 ft., but 1 ft. per second was sufficient to carry 
down the bubbles of air. Without having seen 
the experiment, no one would believe how helpless 
these bubbles of air were in the water ; they made 
no sort of fight against the downward flow of 
water. With a barometric condenser, even if the 
downward flow were very moderate, once the air 
was in the water it had to go. The trouble was to 
get the air entrained in the water. He would refer 
to an experience he had had at Rugby, with which 
Captain Sankey was also acquainted. His firm 

installed a bi Willans engine at a cotton-mill, 
to which was applied a barometric condenser. A 
centrifugal pump forced the water up to the requi- 
site height for discharging into the condenser. 
A spray in the arrangement gave a eae 
cone of water, spread out more or less in a sheet 
in the vessel which constituted the condenser ; 
this condensed the steam quite well. A recipro- 
cating dry air-pump, worked mechanically, was 
employed, this pump being connected by a pipe 
to the middle of the condenser. The air-pump was 
belt-driven, and on one occasion vhe belt slipped off 
and the pumpstopped. The vacuum went on with- 
out any change = aa the air having been satis- 
tactorily entrained by the sheet of water in the 
condenser, and trapped in the water in the stand- 
pipe. Once there it could not get out, and was 
carried away. Pretty much the same state of 
things existed in the case under discussion. He 
greatly doubted whether the water going down 
the pipe was really cut up into slices formin 
pistons, with the steam shut in between them, an 
getting reduced in volume as it descended. He felt 
that~in such a case there would be a great deal of 
ring friction, and the pistons would break in the 
middle before getting far down. 

Captain Sankey here observed that Mr. Robin- 
son was quite right in what he had said, so long as 
there was only a moderate vacuum. The theory of 
Mr. Leblanc was to the effect that the air would 
not be drawn down by the water films after a 
certain vacuum. The metric condensers re- 
ferred to never gave a much greater vacuum than 
26 in. to 27 in. at most; up to that point the water 
pistons were not needed, but beyond that point 
they were. 

Mr. G. P. Mair remarked that the author had 
shown in Fig. 17 test figures for a centrifugal 
pump for circulating water through condensers. It 
would be noticed that there was a curve showing 
the head and the quantity. Taking the head at 
20 ft., two separate quantities were represented— 
in other wo the test was carried on over the 








unstable portion of the discharge curve. In ra 
tice, most makers designed their pumps to work on 
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the stable portion, the unstable portion not being 
suitable. Another point in relation to the curve 
shown was the varistion of power. The majority 
of the makers now designed pumps to run at con- 
stant power—a necessity in condensing work. In 
regard to extraction pre the author had shown 
a very simple form of centrifugal pump for drawing 
the water from the condenser. He would ask, 
What was the necessary head to get the water into 
the disc ? He believed some pumps were made for 
as low a head as about 1 ft. 

Mr. J. Golder referred to the author’s remark 
that as the vacuum fell, less water was drawn in, 
the effect being cumulative until enough did not 

to condense the steam, the vacuum entirely 
ailing. He had had experience of the use of these 
plants in connection with mixed-pressure turbines, 
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where the condenser was not overloaded with 
steam so much as by a constant inrush of air. In 
the early days of the mixed-pressure turbine- 
governor, when the change-over gear did not 
operate as it should, the whole blast of the winding 
engine would send a wavealong into the condenser, 
which could be very effectively dealt with by 
pet grew air-pumps, the vacuum falling momen- 
tarily from 27 to about 18, but recovering quite 
readily. In the case of the Leblanc condenser 
such an inrush of air would probably lead to the 
vacuum going down altogether. He would like, 
therefore, to ask the author whether that difficulty 
had been surmounted, and whether the pump were 
capable of dealing with sudden inrushes of large 
quantities of air, due to imperfections in the 
apparatus governing mixed-pressure turbines. 

Mr. Scanes then replied to the discussion, and 


; said that he had lately taken to pieces a pump 





which was one of the first made by the French 
company, before these pumps were manufact 
in this country. It had been in operation for five 
or six years. Since then improvements had been 
made, and it was arranged that the original pumps 
should be replaced by modern pumps taking less 
wer. The pump was one of the old type, with 
Rechent vanes, such as Captain Sankey had referred 
to. After so many years the pump was polished 
throughout inside ; there were no signs of wear. It 
had never been touched, and he doubted whether 
any other type of pump would wear so well. With 
to Captain Sankey’s remarks that the steam 
and air between the sheets of water were at the 
pressure of the condenser, he would say that was 
nearly, but not quite, the case. Obviously, they 
had to be at a lower absolute pressure. Practically 
it was a difference of only 2 mm, or 3 mm., and 
therefore almost negligible. 
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As regarded Captain 
Sankey’s remarks about 
expanded volume, he 
would refer to Fig. 12, 
which was an actual test of a Leblanc pump, and in 
which a curve of volume was given. Taking 20 Ib. 
ofair per hour, the expanded volume would be some- 
thing over 1000 cub. ft. a minute, but at 200 Ib. of 
air per hour the volume was reduced to 100 cub ft. ; 
the volume was increased ten times at the lighter 
absolute pressure. Neither weight nor volume 
was constant. With the reciprocating pump the 
volume, as explained by Captain Sankey, would 
be exactly the reverse. e curve of volume would 
in that case commence low, and rising rapidly 
would tend to become horizontal. He could not 
explain why the Leblanc pump gave such an 
Increase of volume at low pressures; it had, un- 
doubtedly, something to do with the thickness of 
the water sheets. The fact, however, remained, and 
was easily calculated for any pump. In regard to 

. Robinson’s remarks, the American Westing- 
house Company had recently installed three jet- 
condensers of the Leblanc type (barometric) onthe 
edge of a precipice, with a fairly high barometric 
leg. Each had an air-pump. When the plant 
started working, it was found that the air-pump 
was not needed when working with a reciprocating 
ow at low vacuum. 

© could not agree with Mr. Robinson’s view 

there were not actually slices or sheets of 
water. He had carried out at Manchester a 
large number of tests on different cone forma- 
tions, which proved to his satisfaction that there 
Were such sheets. If, for instance, the sheets did 
not touch equally on both sides at the same moment, 

was a perceptible leakage back of air, which 
could be best explained by the theory of the 
sudden insertion of a plug in the cylinder, which 
vhen put in dead square would allow no leakage. 
It was difficult to say definitely if that were y 
aalogous to the real facts, as it was not easy to 
watch water moving at 130 ft. per second. Mr. 
Mair had referred to the tests of the low-lift circu- 

pump (Fig. 17 of the paper). In reply, the 
Bi would say that that pump had an oliiieus 

80 per cent., a figure seldom exceeded in practice. 
The extraction pump required about 1 ft. head 
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of water on the inlet side. When there was a 
vacuum in the condenser, the only way to produce 
a flow to that pump was to have a static head, and 
this, with a properly-designed pump, could be 
reduced to about 1 ft. If that head were impos- 
sible, there were many ways of getting over the 
difficulty. In one method a small steam-ejector 
was arranged with the pump ; quite a small amount 
of steam would suffice to give the necessary pres- 
sure for the water to rise into the pump. Such 
an ejector was used in marine work. 

He regarded as imaginary Mr, Golder’s difficulty 
with rotary -= when used with mixed-pres- 
sure turbines. Some two-thirds of the pumps 
his firm had installed were for use with mixed- 
pressure turbines, and the trouble referred to had 
never occurred. Of course, it was necessary to put 
in a pump of sufficient capacity to deal with the 
amount of air likely to be extracted. In Fig. 11 the 
speaker had shown a self-charging air-pump, in 
which it was not possible for the vacuum to fail ; 
if, for any reason, it fell, it would pick up again 
when the source of trouble was removed. 

The President then brought the proceedings to 
a close, by announcing that further contributions to 
the discussion, in the form of written communica- 
tions, would be welcome ; and that the next meeting 
would take place on Friday, March 14, when a paper 
would be read entitled ‘‘Some Effects of Superheating 
and Feed- Water Heating on Locomotive Working,” 
by Mr. F. H. Trevithick and Mr. P. J. Cowan. 





FOUNDRY PLANT AND MACHINERY. 
No. LVII. 
By JoszrH Horner. 

THERE are three systems of mixing the sand 
with the compressed air for sand-blasting employed 
for fettling castings. They are the pressure, the 
vacuum, and the gravity systems. All the early 
Tilghman machines were of the last-named type. 
The features which characterise each are b ly 
these :— 

In the first-named system, sand and compressed 
air issuing from a blast-nozzle under pressure are 
directed on the work. The pressure being im- 








parted in the main apparatus, and transmitted 


through the hose-pipe, results in friction, some 
diminution in pressure, and wear of the piping and 
nozzles. The consequent increase in bore results 
in reduction of pressure and entails frequent 
renewal of nozzles. If choking occurs, its 
location is not visible, and its results can only 
be observed by the non-efficient working of the 
apparatus. In the vacuum system the sand is 
drawn by a current of air, on the injector principle, 
from a bin into a mixing-nozzle preparatory to its 
discharge from the blast-nozzle. e efficiency is 
not so high as in the S yeu -y system, but its total 
economies are claimed to be as great because the 
plant is not so costly, and the circulation of the 
sand is under better control. Short sections of 
pipes are an essential element to its success. In 
the gravity system the sand is fed by gravity only, 
to mingle with the current of air at the blast- 
nozzle. The air and sand are fed in separate 
channels to a mixing-nozzle. The air-nozzle at the 
end of the air-channel does not come into contact 
with the sand, and, being of hard steel, its wear is 
nil. There is little loss of pressure because the 
sand falls by gravity. The blest-nozzle is of chilled 
iron. 

The above criticism, however, must be qualified, 
since low pressures have me common. en a 
low pressure is used, and nozzle and tube are suitably 
proportioned, there is no advantage in adopting the 
ay system. Messrs. Tilghman’s Patent Sand- 

last Company, Limited, mix the sand with the 
9 ey age nae before it is directed against the 
object to be cleaned. This is done within a cylin- 
drical chamber in an atmosphere of a air. 
Then the mixture moves slowly through an india- 
rubber tube at a velocity of only about 60 ft. per 
second to the nozzle of chilled iron, where it 
receives its final impulse of about 600 ft. per 
second. The india-rubber tube has a ratio of area 
to the nozzle of 10 to 1, and 10 lb. pressure of air 
is sufficient to produce these results. The fact that 
gravity systems are so largely used is due to the 
employment of the ordinary com -air plante in 
foundries working at from 80 to 100 Ib. pressure. 

With regard to the types of sand-blasting 
machines, they are only very broadly divided as 
fixed and Bene. Fo the former vastly predominating. 
In each great classification a num of designs 
occur, not only as built by different firms, but even 
by the same maker. The fixed machines include 
tumbling-barrels, rotating-tables, and reciprocatin 
tables. Closed cleaning-chambers are also used both 
for light and heavy castings. We illustrate a 
number of the leading kinds, but a yet larger number 
of variations must be omitted. 

Tilghman’s sand-blast process was the pioneer 
in this kind of work (1870). It was used for other 
purposes before its application to cleaning castings, 
and is so well known that no detailed account of 
it need be given beyond that of its special utilisation 
in the foundry. 

The regular sand-blast apparatus comprises the 
parts shown in the views, Figs. 885 and 886, 
pose 252, and includes the apparatus itself, supplied 

the air-compressor and air-receiver, the sand- 
b room, the exhauster, and the air-washing 
arrangement. The essential blasting mechanism is 
shown in section by Figs. 887 and 888, e 252, 
comprising a cylindrical casing, within which the 
sand falls by gravity. It is divided into three 
chambers, fed in the first place through a hopper A, 
thence passing into the chambers B and C, under 
the control of the two levers seen above. From C 
the sand is allowed to pass through a slot, the 
opening of which is uncovered by a valve E 
operated bya lever F. It is then caught by the 
current of moving air from D, and driven through 
the pipes G, to which the discharge nozzles are 
a ed (compare with Fig. 888), so that two 
operators can work at one time if desired. 

The air-compressor provides a pressure of from 
5 lb. to 25 lb. per sq. in., and the receiver carries 
an even pressure free from the pulsations of the 
compressor. The sand-blast room (Figs. 885 and 
886) is built of sheet iron on angle irons, and is 
provided with doors, a glass roof, steel floor, and 
grates and ventilators. After use the sand falls 
through the gratings into the hopper below, whence 
it is drawn by the exhauster through pipes into the 
top of the blast apparatus. The exhaust-fan uces 
a vacuum of about 4 in. water gauge, and chan 
the contents of the room four times a minute. 
form of elevator, automatically operating, saves 





much labour otherwise necessary. A ‘‘ Cyclone” 


separator and air-sieve occupies the upper portion 
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of the ——, which carries away the dust, 
leaving only the heavy sand to fall down into the 
chamber. The air which enters the room through 
the ventilators in — roof . through the floor 
tes, carrying the dust with it. 

aa in the plant is a washing arrangement, 
by which the dust is reduced to mud. It consists 
of a small pump, Fig. 886, with a rose-jet through 
which water is projected against the rotating blades 
of the exhauster, which last makes from 1250 to 
2100 revolutions per minute. The water, being 
gently sprayed, catches the dust which passes 
through the pipe into the settling-tank bay oo out- 
side the building. The mud settles at the bottom, 
and the water returns through a small pipe to the 
pump. The sand-blast rooms are built in five 
sizes. The smallest measures 6 ft. by 6 ft. by 
8 ft. 3 in. high ; the largest is 19 ft. by 15 ft. by 
8 ft. 3 in. high. But rooms of any size can 
built if required, the largest supplied by the firm 
up to the present being 30 ft. long by 18 ft. wide 
by 12 ft. high. 

The plant is thus of a very comprehensive type. 
It is used for cleaning castings from 4 cwt. each up 
to several tons weight. For very large “pony 
for which the larger rooms are used, rails can 
laid, when necessary, into the rooms, and the work 
be run in on bogies. The operator works inside 
the chamber, directing the blast-nozzle by hand 
to any portion of the casting. He is provided 
with a helmet, to prevent the rebounding abrasive 
material from striking his face and also to pre- 
vent dust from getting into the lungs. 

The firm’s sand-blast tumbling-barrel is shown 
by Figs. 889 and 890, page 262, adjacent to the 
sand apparatus. It is of the open-ended type. 
The body A is hooped with rings, which run on 
roliers that are driven slowly from a belt-pulley 
through worm-gears. The castings are fed into a 
hopper at the left-hand end, and travel slowly 
through the barrel, where they are discharged 
upon a sloping grate. During the passage they 
are subjected to the action of four or more 
sand-blast jets a — distributed along the 
length of the barrel. ese are only used by 
very large firms, the majority of the barrels in use 
being of ordinary type, having one or two jets. 
The sloping plate is y enclosed in an exhaust- 
chamber B, and partly in a hopper below. In the 
chamber, the sand, scale, and dust are separated 
from the castings and drawn through the horizontal 

ipes into the sand-blast apparatus at the left hand 
o an ro ayy The dust and fine sand are 
separated from the coarse, useful sand. Asa par- 
tial vacuum is maintained in the barrel and exhaust- 
chamber, all leakage takes place inwardly, so pre- 
venting the escape of dust. These barrels are 
constructed in five sizes, ranging from 24 in. in 
diameter by 8 ft. long, to 30 in. in diameter and 
10 ft. long. 

Figs. 891 and 892, page 253, show a complete 
plant, suitable for cleaning small castings. The 
sand-blast tumbling-barrels are also shown ; also a 
small chamber 4 ft. 6 in. square, within which 
articles that cannot be treated in the barrels are 
dealt with. To do this, one of the flexible blast- 
tubes can be taken from a barrel and inserted in 
the chamber, but usually a separate apparatus is 
provided. The operator ve outside puts his 
arms through suitable openings, directing the blast 
on the articles to be cleaned, and observing the 
results through the window in front of which he 
stands. This plant is provided with the sand and 
aa arrangement already mentioned. 
The horizontal design of rotating cylinder enclosed 
in a sheet-iron casing is also built, and the rotating 
horizontal grid-table and the flexible hose-pipe for 


— castings. 
he sand used is quartz sand. Messrs. Tilgh- 
man, about nine years ago, introduced chilled-iron 
sand as a substitute. It is prepared by atomising 
a stream of molten icon by jets of steam and pro- 
jecting it into a tank of water. The globules do 
not break up like the particles of sand. Less dust 
is made, it is stated that it lasts from ten to 
twenty times as long. 

Messrs. Tilghman, in replying to a query res- 
pecting the ibilities of using emery or carbo- 
rundum asa ing medium, state that :— 


Both these ials, as well as an abrasive termed 
diamond grit, have been tried for use with the process. 
They were all more expensive than the chilled-iron grit 
or t we employ, and although they were sharper to 
handle than the iron shot, their cleaning qualities were 
no better, and, in addition, they were found to wear out 





the parts of the apparatus, tubes and nozzles, very much 
more quickly than with the use of the chilled shot. 
Hence we decided to adopt the latter material as the best 
for all practical purposes, taking everything into con- 
sideration. 

The use of a helmet is desirable for men working 
in sand blast. It is made of felt or of leather, 
covered in front with sheet rubber. Air is supplied 
through a hose entering the top, and the expired 
air passes through the Icose portion of the helmet 
above the shoulders. In front of the eyes fine wire 
gauze is fitted, as glass would become o > 

The compressor, which is suitable for operating 
pneumatic tools, working at a pressure of from, 
say, 60 lb. to 100 lb. per sq. in., is too strong and 
keen for sand-blasting. A large volume of air at 
low pressure is Ag rue and it is not economical 
to reduce from a higher to a lower pressure by 
means of a valve, though that is sometimes done, 
because of the loss of power entailed in the first 
high compression. 





THE AERO EXHIBITION AT OLYMPIA. 

Tue International Aero Exhibition, organised 
by the Society of Motor Manufacturers and ers, 
which opened on Friday, the 14th inst., is remark- 
able as being the first exhibition exclusively de- 
voted to aeroplanes and dirigibles which has been 
held in England. Previous exhibitions of aero- 

lanes have been held, but they have been com- 
bined with motor-boats. 

Considering the general tendency of progress 
since the last exhibition, one naturally turns first to 
the dirigible section, this being represented by the 
Army airship Delta. Compared with any airship 
previously exhibited in this country, the most strik- 
ing point is the size, the length being 204 ft. and 
diameter 40 ft., dimensions which look large in 
Olympia, though they are small compared with 
those of many of the Continental airships. 

Aeroplanes are exhibited at nineteen stands, and 
so far it cannot be said that either the monoplane 
or biplane appears to have established a distinct 
superiority, both being well represented, while more 
than one maker exhibits both monoplanes and 
biplanes. Some of the machines might almost be 
described as intermediate between the monoplane 
and biplane, as the lower plane is of very much 
shorter span than the upper. In one case this is 
carried to such an extent that the machine is prac- 
tically a monoplane with an auxiliary surface on the 


c y 
With regard to general outlines, the monoplanes 


invariably have a tractor screw, and the elevator in | s 


the tail, an arrangement which has been usual in 
monoplanes since their first ap ce. The 
biplanes are not so uniform; the tendency is to 
abandon the front elevator and rear propeller, which 
were characteristic of most of the early biplanes, 
and fit a tractor propeller, and an elevator of the 
monoplane type in the tail. There are, however, 
a me many examples of the propeller behind the 
main planes, while two aeroplanes have each a front 
elevator. Of these the Cody has a front elevator 
only, while the Maurice Farman has an elevator in 
the tail also. It is noticeable that the Henri 
Farman machine has no front elevator, as it had 
originally, the tail surface being now of monoplane 
type, with a single rudder. 

The hydro-aeroplane, in which floats replace the 
landing-chassis, makes its ap nce at the Exhibi- 
tion for the first time, and is shown on a considerable 
number of stands. Apart from the substitution 
of floats for wheels, &c., there is little difference 
between the hydroplanes and the ordinary aero- 
planes, except that in some cases the hydro-aero- 
plane stands much higher off its floats than the 
ordinary aeroplane does off its wheels. The principal 
differences between these machines appear to be in 
the proportion and disposition of the floats. 

Probably the most striking change in the design 
of aeroplanes since the last Exhibition is in the 
protection afforded to the pilot. A point we criti- 
cised in many of the early designs was his complete 
exposure. 
he sits so deep in the backbone that his head 
and shoulders are the only parts which project, 
and in many cases transparent wind-screens are 
provided. ere the construction of the machine 
does not naturally provide a sheltered position 
for the pilot, a special shelter is now constructed. 
In general construction the machines look more 
substantial than formerly, and more compact. 
This is largely because the number of struts, 


n most modern machines, however, | fi 





supporting wires, &c., has been reduced, and the 
strength of the individual parts increased. Stranded 
wire is largely displacing single wires for stays, in 
some cases both being used together. 

In the matter of engines, it appears still to bea 
fact that no general type has met with universal 
acceptance. e revolving, fixed radial, diagonal, 
and vertical types are all represented. Similarly, 
the question of air and water-cooling has not 
been definitely settled, both types being largely 
shown. The number of makers who are repre- 
sented at the Exhibition is perhaps not as great 
as might have been expected, and a good many 
of those who went into the trade when aeroplanes 
first appeared, seem to have dropped out. This 
was perhaps to be expected, for aeroplane engines 
are a very special manufacture, and it is little use 
taking a motor-car engine and slightly modifying it. 

The engines shown appear to display generally 
a very high standard of work, and to be thoroughly 
suited to the purpose for which they are designed. 
Except for the rotary type, forced lubrication is 
becoming the general practice, and is undoubtedly 
desirable. Details are usually well worked out, 
and the designs are generally clean and free from 
needless complications. Engine speed appears to be 
generally about the same as some years ago, ranging 
from about 1200 to 1800 revolutions per minute. 
When the "age <r? is direct coupled, this speed may 
be fixed by consideration of propeller efficiency ; 
but since it is so easy to gear down the propeller, it 
is quite clear the majority of makers prefer an 
engine running at a moderate speed, and consider 
that higher s involve either increase in weight 
or loss of reliability. 

One of most interesting types of aeroplane pro- 
duced in 1912 was the ‘‘B EK” class, of the Royal 
Aircraft Factory. Of these, B E 2 is shown at 
Olympia at the stand of the War Office ; we publish 
drawings of it on pages 255 and 256. It will be 
seen from these illustrations that in main outlines 
the conventional design of the tractor biplane is 
followed, the planes, however, being set slightly 
further apart vertically, than usual, in proportion 
to their width. The fuselage is of the usual 
trussed type and projects well in front to carry 
the engine. A comparatively small number of 
struts and wires is used for the wings, these being, 
however, very substantial. Diagonal bracing is 
used between the main spars to increase rigidity. 
The engine is of the 70-brake-horse-power, eight- 
cylinder, air-cooled diagonal Renault type, and 
drives a four-bladed propeller placed on the cam- 
shaft, the propeller therefore running at half the 
of the engine. Exhaust-pipes are led from 
the engine below the fuselage, and silencers have 
also been fitted. It is stated that the use of the 
silencers reduces the engine-power by about 2 per 
cent. The landing-chassis comprises skids and wheels 
in the usual manner, the front skid projecting well 
in front of the propeller. The tail skid carries 
about 801b., and is arranged to swivel with the 
rudder, and it has been found that this arrange- 
ment makes the machine very easy to handle on 
the ground, as the steering at low speeds is not 
affected by a following wind. Circles of 30-ft. 
radius can be turned. 

Two features of interest in this machine are the 
comparatively large area of the main wings and 
the large area of the tail plane and elevator. 
The tail plane has an area of 52 sq. ft., while the 
elevator has an area of 25 sq. ft. It is stated that 
the tail plane carries about 35 lb. when in flight. 
The main planes have a total area of 374 sq. ft., 
and the weight of the machine in flight is given as 
1530 lb., the loading per square foot of main wings 
being only 3.91b. The usual flying angle is there- 
fore only 2 deg. to 3deg. The ends of the planes 
can be warped over a range of 7 deg., so that at 
extreme warp one plane has an angle of 9 deg. to 
10 deg., while the other has a negative angle of 4 deg. 
toideg. Large wings flying at a small angle are 
theoretically not so efficient as smaller wings at 4 
somewhat gréater angle, but they have sume very 
importantadvantages. Aswill be seen fromthe above 
the warping effect is very powerful, with- 
out excessive warping angles being used. Another 
great advantage is that the range of speed over 
which the machine can be flown is greatly increased 
by the larger wings. 

When the military competition was in progress at 
Larkhill last August aeroplane B E2 was taken there, 
and was put through the various tests which the 
competitors had to undertake. Her speed range, 
with the full load which competitors had to carry, 
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making a flying weight of about 1700 Ib., was stated 

be from 40 to 70 miles per hour. That is to 
Say, in spite of the fact that the engine had a 

®neer, she was nearly as fast as any of the 
machines in the competition, and was as fast as any 
machine of equal power. The highest speed, of 754 
mies per hour, was attained by the Hanriot machine 
with a 100-horse-power engine, On the other hand, 





the speed range of BE2 was 43 per cent. of the 
maximum speed, and was greater than that of any 
other machine in the competition, the best being 
33 per cent. in the case of the Cody. In addition 
to this she could climb at the rate of 365 ft. 
per minute with full load, which was equal to 
the fastest climbing rate attained, and consider- 
ably higher than that of any other machine of 
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equal power. The gliding angle was found to be 
1 in 6}. A height of 9600 ft. was attained in this 
machine, with two people and petrol and oil for 
44 hours on board, which is an English record. It 
must be remembered that these performances 
were made with an engine of sufficiently strong 
construction to run with a moderate consumption 
of ordinary lubricating oil, and with a silencer. 
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EXHIBITS AT THE AERO EXHIBITION AT OLYMPIA. 
































Fig. 10. | a ws  Fig.1é. 
ci Lg , an By 
: 















































Fies. 10 anp 11. Muvirary Bretane; THe GRAHAME-WHITE Fics. 12 anp 13. Tractor Hypro-Bietane ; Tue GRAHAME-WHITE 
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Limited, WESTMINSTER. 





horizontally and 50 deg. vertically. The gun 
is not shown in our illustrations. The body 
of the machine, as will be seen from Fig. 11, is 
of good stream-line form in plan, while the ver- 
tical sides offer resistance to sideways motion, and 
so assist steering. 

Seating accommodation is provided for the pilot 
and two passengers, all of whom are well screened 
from the weather. Communication between them 
is facilitated by a silencer being fitted to the engine. 
Power is transmitted from the engine to the pro- 
peller by a shaft running in ball-bearings and by a 
chain-drive. The propeller also runs on ball-bear- 
ings, and is eeged 4 so that whip in the boom 
of the tail does not affect its alignment... The 
general construction of the machine will be clear 
from our engravings. The main plane surface is 
435 sq. ft., the tail surface 50 sq. ft., and the 
elevator surface 35 sq. ft. The rudder surface is 
23 sq. ft. The machine is specially designed for 
easy transport, and when dismantled can travel on 
its own wheels over a road 7 ft. 6 in. wide. Dis- 
mantling can be quickly carried out, and, as 
will be seen, the number of members in the con- 
struction is comparatively small, All wires are of 
stranded steel, and all wooden members are 
hollow. The tank fuel capacity allows of an 
operating radius of from 200 miles to 400 miles. 

The Grahame- White tractor hydro-biplane, shown 
in Figs. 12 and 13, is built, more or less, on orthodox 
lines. It is intended as a light, low-powered hydro- 
plane, which can be manufactured at a moderate 
price. The main planes, which have a surface of 
380 sq. ft., are constructed with built-up ribs, 
having spruce flanges and three-ply webs, mounted 
on ash spars. The main members of the body are 
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of ash, while vertical parts are of ash or spruce. 
The cross-bracing is of steel tube. The over-all span 
of the machine is 42 ft. 6 in., but asthe extensions 
of the main plane are hinged, the machine has an 
over-all width of only 26 ft. when the extensions 
are hanging down. This allows the machine 
to be housed in a comparatively small shed. 
Seating is arranged for the _ and a passenger, 
and as the passenger is ag well forward, he has 
a good view ahead. e is protected from the 
propeller blast by a transparent wind-screen. The 
form of the floats will be seen from Figs. 12 and 13. 
They are built up on a framework of ash and 
spruce, covered with two skins of cedar, with fabric 
between them. The whole is fixed together with 
copper rivets. The floats have steps on their con- 
cave under-surfaces, which communicate with the 
atmosphere by tubes carried through the floats. 
This arrangement is intended to draw air under the 
floats and so diminish friction. 

The British Deperdussin Aeroplane Company, 
Limited, of 39, Victoria-street, Westminister, 
show two machines. The first is a two-seater 
military monoplane, and the second a hydro-mono- 
plane. We illustrate this latter machine in Figs. 14 
and 15, on page 257. It will be seen from the 
engravings that the method of construction differs 
considerably from that adopted in the Deperdussin 
machine which competed in the Army trials, and 
of which much has been seen in thiscountry. The 
most obvious point of difference in the machine 
shown lies in the method adopted for bracing the 
wings. In place of the wire ties above and below, 

reviously used, a stiff structure of steel tubing 
ion been adopted. The form of this can be clearly 
seen in Fig. 15. It is claimed that this arrange- 
ment greatly strengthens the wings and does not 
increase weight or wind resistance, The wings 
are constructed of wood covered with fabric which 
has a chess-board pattern of coarse threads running 
through it. This arrangement prevents perfora- 
tions or tears from spreading, and is in effect a 
system of reinforcement which renders the whole 
material stronger without greatly increasing its 
weight. 

The body of the machine is built of wood, and 
the propeller is mounted in front, and directly on 
the shaft of the Anzani motor in the usual way. 
The engine is protected by a metal hood. Seating 
is arranged for the pilot and a passenger. The 
plane area is 290 ft., and the tail area 57 ft. The 
tank a. gives the machine a range of about 
4} hours. There is only one main float in place of 
the more common two main floats, but two auxi- 
liary wing-floats are fitted. The form of the floats 
can be seen from our illustrations. The float is of 
ash, covered with three-ply wood and fabric. The 
span of the machine is 42 ft.; its length, 27 ft. 10 in.; 
and its weight, empty, 1150 lb. 

Another hydro- aeroplane is that shown by 
Messrs. J. Samuel White and Co., Limited, of East 
Cowes, Isle of Wight. We illustrate this machine 
in Figs. 16 to 18, on this page. It is a biplane, 
and is of great interest in view of the fact that 
it is fitted with the Howard Wright patent 
planes. The form of these is founded on model 
experiments carried out by M. Eiffel, and the 
builders hope much from them, but we believe we 
are correct in saying that experiments on a full- 
sized scale have not yet been carried out. As will 
be seen from the side view, the planes are formed 
with a double-ridged surface on their upper sides. 
The arrangement is expected to give great fore and 
aft stability. The machine in general is of straight- 
forward construction, and contains comparatively 
few spars. Its span is 44 ft., and its total sustaining 
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surface 500 sq. ft. The main planes are set at a 
dihedral angle, and the wings have negative tips 
and double-acting ailerons. 

The machine has a seating capacity for two 
people, and will be driven by a 160-horse-power 
**“Gnome” motor. This is a large engine for the 
size of the machine, and it is ho by having 
plenty of reserve power to render the machine very 
safe in side winds. The propeller is 9 ft. 6 in. in 
diameter, and the flying speed is expected to be 
from 35 to 70 miles an hour. The floats are made 
in accordance with the makers’ patents. They have 
each three steps, and, as will fo seen, are of con- 
siderable length; they are each provided with a 
water-rudder. The floats are of wood, divided into 
water-tight compartments ; they are of consider- 
— greater buoyancy fore than aft, so that there 
will be no tendency for them to dig into the water. 
It is expected that the machine will be able to 
travel on a considerably rougher sea than has yet 
been possible with others of its class. 

In connection with the aeroplane exhibits we 
may give some details of the army airship Delta, 
which forms such a prominent feature of the 
Exhibition. The gas-bag is stated to be 204 ft. 
long and of 40 ft. maximum diameter, and the 
volume of gas it carries is variously given as 
165,000 cub. ft. and 180,000 cub. ft. The displace- 
ment is given as 5} tons. The bag is constructed 
from Continental fabric—a mixture of cotton and 
rubber—and the car is suspended by wire ropes 
from it. A crew of six is carried for war purposes, 
and twelve for short training flights. wo 100- 
horse-power 6-cylinder White and Poppe engines 
are fitted; and an air speed of 44 miles an hour has 
been measured, and can be maintained for 14 
hours. With an sir speed of 33 miles an hour a 
flight of 28 hours can be made. The gas-bag is, 
of course, of the non-rigid type ; it is inflated with 
air for the purpozes of the Exhibition, and conse- 

uently has to be supported by nets strung from 

e roof. The bag is fitted with four valves on 


its under side: two forward for the gas, and 
two aft for the ballonets. There are two ripping 
planes on the top of the envelope and one 
emergency gas-valve. 

The balloon is fitted with two horizontal rudders 
and two vertical rudders, all aft, and, in addition, 
is fitted with two swivelling propellers carried on 
a T construction from the centre of the car. These 
propellers allow of rising and falling without loss 
of hydrogen or ballast. The pilot’s position is on 
the port side of the car, and from it the propellers 
and engines are operated. Below the operating- 
board there is a hand-pump for the water in the 
ballast-tanks. In addition to the main engines, 
the airship carries a special engine for operating- 
the wireless telegraphy outfit. There is also an 
accumulator electric - light installation for the 
illumination at night of the aneroid, inclinometer, 
revolution-indicator, &c., which are fitted to the 
control-board. ; 

From the remaining stands which contain aero- 

lanes proper we have selected two machines for 
illustration. These are of the Bristol type, built 
by the British and Colonial Aeroplane Company, 
Limited, of Filton House, Bristol, and are shown 
in Figs. 19 to 24, on page 259. Figs. 19 to 21 show 
the firm’s 80-horse-power military monoplane. 
This machine has an over-all length of 28 ft., 4 
span of 42 ft., and a total area of 255 sq. ft. 
It has a weight, light, of 990 Ib., a range of 4} 
hours, and a speed of 70 miles per hour. It 1s 
arranged for one passenger and the pilot, and has 
a useful weight-carrying capacity of 730 1b. The 
body is four-sided in section, and is built up from 
longitudinal ash members, with cross-members a0 
struts of spruce. The bracing is of steel piano- 
wire. A special feature of the machine lies in the 
method of attaching the wings to the body. 





The wing-spars are so placed that there are 
no compression stresses in the body. The pier 
‘are hinged to a pylon made of pressed — 
‘and tubing. They are attached to the front 4» 
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rear top pylons by the Bristol quick-release 
device. The front and rear edges of the wings are 
cut away near the body to allow an unobstructed 
view of the — over which the machine is 
passing. Reinfo glass windows are also fitted 
to the body to assist observation. The wings are 
built up on two main spars, which are of steel tube 
cored with wood. The ribs are of wood covered 
with fabric, and are loosely journalled to the spars, 
80 o- poe is no likelihood of twisting the — 
work, h wing-spar has a separate top pylon. 
The landing-chassis is of the p a ee A eel and 
skid type, the skids being connected to the body 
by hollow struts with pin joints, to give the whole 
structure flexibility. At the forward end separate 
up-turned skids are fitted. These carry small 
wheels po on one axle sprung with rubber 
cord. hey form a member to resist any ten- 
dency of the machine to tip forward, and they 
protect the propeller on uneven ground. The 
machine runs on two wheels of 32 in. diameter. 
It is fitted with an 80-horse-power ‘‘Gnome ” 
engine mounted in front of the body. The seats 
for pilot and passenger are arranged in tandem, 
with the passenger in front, and as the pas- 
Senger seat is over the centre of gravity, the 
machine can be flown by one man. The top of 
the body is covered in with a curved sheet of 
aluminium, which deflects the wind upwards from 
the passenger’s face. The machine may be rapidly 
dismantled, and in the recent Army trials one of 
the same type was dismantled from flying order, 


aS 




















a J 

















{ 

















attached to a motor-car, and was travelling at over 
30 miles an hour on its own wheels, in a space of 
93 minutes. 

The second machine, shown in Figs. 22 and 24, 
is the firm’s new two-seater i tractor 
biplane. It has an over-all length of 28 ft., a span 
of 37 ft., and an area of 440 sq. ft. Its weight, 
light, is 940 lb., and it carries a total useful 
weight of 880 lb. It has a range of four hours, and 
a speed of 60 miles an hour. The general lines of 
the machine will be followed front the illustrations. 
It may be said, however, that the empennage is a 
non-lifting plane, and is used only as a directive 
organ to ensure the stability of the whole machine. 
It is composed of two parts—the fixed plane and a 
tail elevator. The elie is balanced, is situated 
in front of the empennage, and is pivoted slightly 
in front of its centre of pressure. ese remarks 
in reference to the empennage and rudder apply 
also to the monoplane described above. The 
methods and materials of construction of the 
biplane are much as in the monoplane. The 
machine is fitted with a 70-horse-power Renault 
engine, mounted in front of the body, and almost 
enclosed by a sheet ofaluminium, which diminishes 
head resistance, but permits efficient cooling. Each 
exhaust is fitted with a shield to divert the gases. 

Turning to other hydro-aeroplanes exhibited, we 
may mention that shown by the Sopwith Aviation 
Company, of Kingston-on-Thames. This is a 
biplane, which we note is described in the cata- 
logue as a ‘‘ Bat-boat.” We believe this name is 





due to Mr. Rudyard Kipling. As we understand 
it, it means a hydro-aeroplane fitted with a real 
hydroplane boat in place merely of floats. This is 
the construction adopted in the Sopwith machine. 
The boat is a Saunders hydroplane, built of wood 
laced together with copper wire. The pilot and 
passenger sit in the boat side by side. The biplane 
proper has main planes of equal length, formed by 
wooden struts and stranded wire bracing in the 
usual way. The engine is fixed between the main 
planes, but is controlled from the boat. The pro- 
peller is behind the engine. The main spars and 
most of the struts are built up with ash cores with 
hollow spruce sides, the whole being glued together 
under pressure and bound up. e area of the 
main planes is 422 sq. ft., and of the tail plane 
22 sq. ft. The front and rear elevator are each of 
15} sq. ft., and the rudder is of 10 sq. ft. The 
weight of the machine, light, is 1200 lb. 

e ‘‘Short” hydro-aeroplane shown by Mr. 
Percy Grace, of Wrotham Heath, Kent, is a 
tractor biplane driven by an 80- horse - power 
‘*Gnome” engine, and designed to carry three 

rsons at about 70 miles an hour. It has three 

oats, the two main ones being side by side, and 
the smaller rear one below the tail. There are also 
two balancing floats fixed at the extremities of the 
lower plane. The over-all length of the machine 
is 34 ft. 6 in., and ite over-all span 48 ft. It 
weighs 1200 lb. The body and main planes are of 
wood covered with fabric, and the struts and 
fittings are of steel. Hydro-aeroplanes are also 
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shown by the Société Anonyme des Aeroplanes 
Borel, of 22, Boulevard Bourdon, Neuilly-sur- 
Seine, and the Société Anonyme des Etablisse- 
ments, Nieuport, whose agent in this country is 
M. Bonnier, of 2, Golder’s Green - crescent, 
London, N.W. The exhibit of the first firm 
is a hydro-monoplane known as the ‘‘ Tamise”’ 
type. It has two main floats carried side by side, 
catamaran fashion, and a smaller float below the 
tail. This latter is arranged to be swivelled, and 
so assist in the steering of the machine while it is 
afloat. The floats are of cedar, and are carried 
from the body by a steel-tube construction. The 
machine has a length of 27 ft. and a span of 
36 ft. It weighs 800 lb. when empty. The 
Nieuport machine is also a monoplane, follow- 
ing the general lines of other machines by the 
same firm. It has two main floats arranged side by 
side, and a small torpedo-shaped float below the 
tail. It has a span of 40 ft., a length of 28 ft. 10 in., 
weighs 1200 lb., and carries three people. 

In addition to the engines which are fitted to 
the greater number of the aeroplanes in the exhibi- 
tion there are some dozen stands devoted to engines 
alone. Many types are represented—rotary, radial, 
V, and inverted, and we cannot find space to deal 
with allthe examples shown. The inverted-cylinder 
form appears to be the most popular type if the 
number of makers showing it can be taken as an 
index of popularity, and we will deal with one 
example of it first. It is shown in Figs. 25 to 
27, on this page, and is manufactured by the Austro- 
Daimler Motor Company, Limited, of 112, Great 
Portland-street, W. This firm shows four engines, 
but the 120-horse-power example which the illus- 
trations show is characteristic of all. 

It is the engine which was fitted to the Cody 
biplane during the Army trials. As will be seen 
from our engravings, the construction approaches 
very closely to that of a racing motor-car engine. 
The cylinders are 130-mm. bore, and are cast sepa- 
rately. They are set desaxé with reference to the 
crank-shaft, and there is a main crank-shaft bear- 
ing between the cranks. There are thus seven 
main ——- in all. The stroke is 175 mm. ; the 
normal revolutions are 1200. The valves are carried 
on the piston-heads, and are operated by push-and- 
pull rods from the cam-skaft, which is carried along 
one side of the crank-case. The valve-spriugs are 
somewhat novel in that they are of leaf form. 
The valves can be withdrawn without disturbing 
the cylinders. The water-jackets are of copper 
electrolytically deposited. Two carburettors are 
fitted, each hot-water jacketed. There are also 
two Bosch high-tension magnetos, one of which 
works in conjunction with an accumulator and 
self-starter. The arrangement of the two magnetos 
is clearly shown in our e vings. Lubrication is 
positive, the amount of oil delivered depending on 
the engine revolutions. The oil-pump is fitted in 
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Fig. 


the oil-tank, which can be seen above the magnetos 
in Fig. 27. A tachometer is fitted above this 
tank and is driven by the same spindle as the oil- 
pump. 

As examples of the VY type of engine, we illus- 
trate two models shown by the Wolseley Tool and 
Motor-Car Company, Limited, of Adderley Park, 
Birmingham, in Figs. 28 and 29, on page 261. 
That shown in Fig. 28 is the 120-horse-power 
— type, and that in Fig. 29 is the new 60-80- 

orse-power air-cooled type. The first engine is 
generally of the same class as the firm’s 60-horse- 
“perme jacketed type which has been manufactured 
or some years, and has given good service in motor- 
boats as wellasin aeroplanes. The 120-horse-power 
engine shown has eight cylinders, made separately, | 
each 5 in. bore by 7 in. stroke. They are mounted 








27. 


at 90 deg. to each other. The cylinders are of 
high-carbon steel, and are bolted direct to the 
aluminium crank-case. The jackets are of spun 
aluminium. The induction and. exhaust-valves of 
each cylinder are mechanically operated by means 
of a single cam and a rocking-lever. The levers 
are operated from the cam-shaft by means of 
plungers and tappet-rods. The cam-shaft is totally 
enclosed, and is driven by totally enclosed gears 
from the crank-shaft. The carburettor is mounted 
in the centre of the engine between the cylinders, 
as shown. It is of the float-feed and spray type, 
and is fed under pressure by means of an air-pump. 

The ignition is on the Bosch dual system, com- 
prising high-tension magneto, and coil and accu- 
mulator for starting purposes. The water-pump 1s 
of the positive-gear type, while the oil-pump 1s of 
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WOLSELEY AEROPLANE MOTORS AT THE AERO 


EXHIBITION, OLYMPIA. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, BIRMINGHAM. 





Fic. 28. 120-Horsz-Powrer WotsELEyY JackeTep Moror, 

















Fic. 29. 60-80-Horse-Power WotseLtey Arr-CooLep Moror. 


the rotary class. The magneto and pumps are/| walls is by splash. The crank-shaft is of Vickers 
mounted together at one end of the crank-shaft. | nickel - chrome steel, and is carried on three 
Lubrication of the gudgeon- pins and cylinder | bearings. The connecting-rods are of the same 





material, and have white-metalled big ends. .. The 
pistons are of drawn steel, and have each four 
rings. The two top rings are of cast iron, and the 
main bearing-rings are of phosphor-bronze. One of 
these is fitted at the top immediately below the 
cast-iron rings, and the other is fitted at the bottom 
below the gudgeon-pin. The 60-80-horse-power 
engine shown in Fig. 29 is of a new type. It has 
eight cylinders, 3}-in. bore with a 54-in. stroke, 
and is fitted with enclosed reduction gearing 
arranged to drive the propeller at half the speed of 
the engine. The cylinders are made separately and 
are air-cooled, but the exhaust-valve boxes are water- 
cooled. The valve drive is much as in the other 
engines, as are many other details. It should 
be said, however, that the propeller-shaft is fitted 
with a double ball-thrust bearing. The water-pump 
for the exhaust-boxes is of the positive type. The 
radiator is of a circular type, and is mounted on the 
engine. 

As another example of the VY type of motor, we 
illustrate the 100-horse-power example shown by 
Messrs. Renault, Limited, of Seagrave-road, West 
Brompton, 8S.W. The engine shown in Fig. 30, on 
page 264, is characteristic of the three which are 
exhibited by the firm. It has twelve cylinders set 
at an angle of 60 deg., the crank-shaft being carried 
at the bottom, and the cam-shaft vertically above 
it in the V of the cylinders. The cam-shaft is 
made heavy enough to carry the propeller, and as 
it revolves at half the speed of the crank-shaft, the 
arrangement allows the use of large propellers. The 
normal speed of the engine is about 1800 revolu- 
tions per minute, so that the propeller speed 
is 900 revolutions per minute. Cvoling is by air, 
but the arrangements adopted are novel. The 
cylinders are provided with a casing covering them 
in at the top and ends, but leaving the sides open. 
A fan fitted to the crank-shaft draws air between 
the cylinders and over their outer surfaces, so that 
they are effectively cooled. The arrangement is 
not very clearly shown in the engraving, but it will 
probably be understood from this description in 
conjunction with the illustration. 

he valves of the engine are all controlled from 
a single cam-shaft, the inlet-valves being worked 
direct, and the exhaust-valves by a rocking-arm. 
Lubrication is forced from a sump in the lower 
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half of the crank-case. There are two high-tension 
magnoetos in order to deal with the large number of 
cylinders. ‘lhey are arranged at the end of the 
engine, as shown. The carburettor has a heating 
arrangement. Attention may be drawn to the two 
steel tubes which are fixed to, and project from, the 
crank-case. These are intended to facilitate mount- 
ing on an aeroplane. The engine has cylinders of 
96 mm. bore and 140 mm. stroke, and weighs 
639} lb. in running order. In conclusion, it may 
be said that a 70-horse-power 8-cylinder Renault 
engine is fitted to the Royal Aircraft Factory BE 2 
biplane which is described above. 

As another example of a vertical cylinder engine 
we illustrate the Morcédés, in Fig. 1, on e 564. 
This is manufactured by Messrs. Milnes and 
Daimler-Mercédés, Limited, of 132-5, Long Acre, 
W.C, The engine shown in our _— is the 100- 
horse-power six-cylinder model. The cylinders are 
cast in pairs, and are water cooled. The valves are 
situated in the cylinder ends, and are all mechanic- 
ally operated from an overhead cam-shaft, which is 
carried along the top of the cylinder, and is driven 
by bevel-gears and a vertical shaft. ‘he arrange- 
ment is clearly shown in the engraving. The car- 
buretter is of the builder’s own make, and the petrol 
supply is by exhaust pressure. Two magnetos are 
fitted, driven by a common cross-spindle from the 
vertical valve-shaft. The water-pump is situated at 
the end of the crank-case, and is driven direct from 
the crank-shaft. The water service, we believe, 

es through the cylinder jackets in series. 
ubrication is forced, the oil-tank being formed in 
the base of the crank-case. 

As an example of the inverted vertical cylinder 
type, we illustrate the 50-60-horse-power ‘* Green ” 
engine in end and front elevations in Figs. 32 and 
33, on page 264. This type of engine is well 
known, and has been used with much success. It 
is manufactured by the Green Engine Company, 
Limited, of 166, Piccadilly, W. As will be seen, 
the engine illustrated is of the four-cylinder water- 
cooled type. The cylinders are of steel, cast 
separately without their jackets. They are 
machined all over, inside and out, to ensure even 
thickness and legitimate weight - saving. The 
jackets are of copper, each pressed from a single 
sheet. They have flat ends drilled to correspond 
with the valves, ignition plugs and pipe connections 
at the top of the cylinders. The jackets are held 
down by the domed nuts which fasten the valve 
cages to the cylinders, while the joint at their 
lower ends is made by an expanding rubber ring 
carried in a grooved collar on the cylinder. 

The inlet and outlet valves are separate from 
each other, and are all mechanically operated. 
The valves are all interchangeable, and all lie on 
the centre line of the engine. They are operated 
by a series of rocking-levers controlled by a cam- 
shaft lying alongside the cylinder-heads. The 
cam-shaft and rocking-levers are completely en- 
closed in an oil-tight casing, which keeps them 
clean and renders lubrication a simple matter. 
The cam-shaft is driven by bevels from a vertical 
spindle which, in turn, is driven by a skew gear 
from the crank-shaft. Tae crank-shaft is of 
chrome-vanadium steel, of hollow section. It has 
a bearing for each cylinder, in addition to a 
bearing at each end. e crank-case is of alumi- 
nium alloy, and the cylinder-bolts pass through 
columns which are formed in it, and hold up the 
main bearings. The load is taken by these bolts 
in tension direct from the bearing-caps, The 
crank-shaft is fitted with a double-thrust bearing, 
so that the propeller may be driven either as a pro- 
peller proper or as a tractor screw. The arrange- 
ment of the magneto, water-pump, and oil-pump 
will be seen in Fig. 32. The magneto and water- 
pump are situated at opposite ends of a transverse 
shaft, which is driver skew gearing from the 
crank-shaft, while the oil-pump is driven by an 
extension of the vertical shaft which drives the 
cam-shaft. 

An engine of the radial class is illustrated in 
a 34 to 36, on page 264. This is the 100- 
110-horse-power Anzani engine, shown by the 
General Aviation Contractors, Limited, of 30, 
Regent-street, Piccadilly-circus, W. The engine 
is of the air-cooled class, and has ten cylinders, 
each 105-mm. bore by 140-mm. stroke. They 


are fixed at an angle of 36 deg. to each other, and, 
as will be seen from the end view, are arranged in 
two planes. The normal number of revolutions per 
minute is 1200, and the weight of the engine 
comptete is 308 Ib. 


The engine has automatic 
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Fic. 37. Travettinc WorksHor ror Reparrinc AIRCRAFT; ConsTRUCTED By Messrs. 
Dennis Brotners, Limitrep, GUILDFORD, AND EquipreD By Messrs. DRUMMOND 
Broruers, Limitep, GUILDFORD. 


inlet-valves and mechanically-operated exhaust- 
valves. These are controlled by rocking-levers, 
which are worked by tappet-rods as shown. The 
carburettor, which is of the ‘‘ Zenith ” type, is fixed 
to the bottom of the crank-case, and there is a 
mixing-chamber on the back of the crank-case. 
The inlet-pipes are placed at the backs of the 
cylinders, so that they are shielded from the 
draught from the propeller. The magneto is gear- 
driven from the back end of the crank-shaft. The 
cylinders, as will be seen, are secured by long bolts 
running down each side from top to bottom. The 
connecting-rods are connected to the crank-pin by 
clips, which secure them to a central bronze bush, 
which embraces the crank-pin. Lubrication is by 
forced feed throughout. 

We have not space to deal in detail with more 
of the engines shown, but may say that vertical 
inverted engines are also exhibited by the British 
N.A.G. Motor Company, Limited, of 4, Great 
Marlborough-street, W., and the Brompton Motor 
Company, Limited, of 78, Brompton-road, S8.W., 
who show an example of a Benz engine. Rotary 
engines are shown by the Gnome Engine Com- 

ny, of 47, Victoria-street, S.W., and Messrs. 
Ir B. Andre and Co., of 5, Dering-street, New 
Bond-street, W., who show the ‘‘ Clerget’” engine. 
Engines of various types, having cylinders arranged 
radially both in the horizontal and vertical planes, 
and also an example with the cylinders lying 
parallel with the shaft, are shown by the Sociéte 
des Moteurs Salmson, of 9, Avenue des Mouli- 
neaux, Billancourt-Seine, France. 

Although we have dealt, either briefly or in 
detail, with the whole of the hydro-aeroplanes 
which are exhibited, we cannot, in the space at 
our disposal, deal in the same manner with the 
whole of the aeroplanes proper. Apart from the 
examples illustrated and described above, there 
are machines shown by some further half-dozen 
firms. These are by no means necessarily of 
less interest than those we have dealt with, as 
will be evident when it is said that they represent 
such typesas the Blériot, the Breguet, the Caudron, 


and the Farman. It is nevertheless not ible 
for us to describe these now. An opportunity may 
arise for us to do so in the future. fore turning 


to the engine exhibits, however, we should like to 
refer briefly to the interesting portable and self- 
propelled aeroplane repair-shop, which appears on 
the stand of the Aircraft Manufacturing Com- 
pany, Limited, of 47, Victoria-street, S.W. This 
is shown in Fig. 37, above. The chassis and 














body of the shop, or car, were manufactured by 
Messrs. Dennis Brothers, Limited, of Guildford, 
while the whole of the tools were furnished by 
Messrs. Drummond Brothers, Limited, of Guild- 
ford. The equipment consists of a 5-in. centre 
lathe, a radial drill, and a bench, forge and anvil. 
The radial drill and lathe are arranged to be elec- 
trically driven from the main propelling engine 
when the car is standing. Arrangements for 
electric lighting are also fitted, as will be seen. 
One side of the car is made to open out into a 
horizontal position, and is provided with legs, so 
that the floor-space is largely increased when the 
shop is in operation. 








Watcu-Makine Inpustry In NeucHaTe..—According 
to a report of the Italian Legation at Berne, the canton 
of Neuchatel is at present in a prosperous condition, so 
far as the watch and clock-making industry is concerned. 
From particulars given, we gather that the value of 
clocks and watches exported from the canton in 1910 
amounted to 147,017,062 francs (5,880,688/.), and in the 
following year to 164,026,765 francs (6,561,071/.)—an 
increase of 17,099,713 francs (680,388/.), or 11.57 per cent. 
The import of Swiss watches into Great Britain, Ger- 
many, Lestele-Stengeey, and Italy is on the increase, 
and these countries are the best customers. To Argen- 
tina, Egypt, Spain, and China the exports have slightly 
dec: > 





War Orrice Motor-Lorry TRIALs.—As a result of 
the trials of subsidy type vehicles, the War Department 
certificate enabling vehicles built entirely to the same 
design to be subsidised under the provisions of the Cr w | 
scheme for petrol-driven motor-lorries, has been awarded, 
as announced by the War Office, to the following firms: 
Messrs. J. and E. Hall, Limited, London and Dart- 
ford, and Messrs. J. I. Thornycroft and Co., Limited, 
London and Basingstoke. Both of the certificated 
vehicles were entered in Class “A” to carry a useful 
load of 3 tons, exclusive of body. The actual load carried 
on the chassis throughout the trial was in each case 
4 tons 10 cwt. The certified chassis weights, with all 
fuel and water on board, including lamps and acetylene 

merator, were :—Hall lorry, not ex ing 3 tons 2cwt.; 


ornycroft lorry, not exceeding 2 tons 19 cwt. Certifi- 
cates for both “A” and Class “ B” vehicles have 
already been ted to Messrs, Leyland Motors, Limited, 


Leyland, as the result of previous trials. The next trial 

ill open in the first or second week of September next. 
Entrants must have their vehicles ready by that date for 
inspection on the road. The second of the trial will 
begin in October, when vehicles will be presented at 
Aldershot, and be subjected to a test of about 1500 miles 


under observation. ven or eight leading firms in the 
“their intention of enter- 


indus have already signified 1 t 

ing vehicles. Full details of the regulations for these trials 
be i in the course of the next two or three 

weeks. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 5, 1913. 

AFTER 8 long period of steadily advancing prices 
signs of weakness are beginning to appear in the pig- 
jron market. Estimated stocks of foundry irons at 
furnace yards on January | were given at 450,000 tons. 
Very few large consumers are now in the market, as 
they have material sufficient under contract to last 
them for some months. The only activity is in low- 
grade foundry iron for pipes. The railroads con- 
tinue to buy liberally, especially in rolling-stock and 
locomotives. An ordér for 20,600 tons of steel rails 
has been divided among eastern mills and an inquiry 
for 10,000 tons is pending. Inquiries aggregating 
150,000 tons for the Argentine Republic are now under 
consideration, and some business has been secured 
from China, and there are probabilities of further 
inquiries from that quarter. While pig iron is 
dull, other forms of iron and steel are in good 
request, such as bars, sheets, plates, and shapes, 
orders for which are being placed at full prices, 
deliveries to be made during the second and third 
quarters of the year. Orders for sheet iron are 
abundant, at from 3 dols. to 5 dols. a ton over card 
rates. The strong market will continue for an in- 
definite period so far as finished material is concerned. 
There are inquiries for large quantities for rails from 
western and southern roads, and in a general way the 
outlook is bright for a continuance of the present 
active demand. The tariff inquiries at Washington, 
of course, attract much attention, but the industry 
believes it has anticipated coming changes, and that 
trade conditions will not be seriously disturbed. The 
new administration comes into power on March 4, 
with a well-defined scheme of legislation, and the sense 
of the country is to give it a chance to prove the 
theories of tariff reduction, which have been its 
main political capital for many years. Everything 
looks favourable for a continuance of heavy business. 
The immense crops are giving a strong under- 
tone; notwithstanding the high price of all living 
commodities, prices remain at their top notch. Coke 
has declined in price, and production is now in 
excess of demand. Nearly all furnaces have con- 
tracted for enough coke to last them through the first 
half of the year. Some have purchased for still later 
delivery. he coal situation is strong, and both 
anthracite and bituminous mines are running to about 
their capacity. Investigations into anthracite ——- 
ment have yielded negative results so far as public 
interests are concern The winter has been excep- 
tionally mild, and the distribution of merchandise and 
mill and furnace products has not been interfered 
with by weather conditions, Clearing-house exchanges 
indicate a higher average volume of business than a 
year ago. 





Tue Pic-IRon INDUSTRY IN ee Soe grote. 
tion of pig iron in Germany in 1909 was 12,917, tons ; 
in 1910, 14,793,325 tons; in 1911, 15,557,030 tons; in 
1912, 17,551,868 tons. In January, 1913, 1,609,714 tons 
were turned out, as compared with 1,385,493 tons in 
January, 1912. 





Tux THIRD INTERNATIONAL REFRIGERATION CONGRESS. 
—This Congress will take place in the United States from 
September 14 to 24. The members will meet in New York 
on September 14, and will thence travel to Washington, 
where the Congress will be officially opened on Septem- 
ber 15 in the presence of the President of the United 
States. The business meetings will then take pi at 
Chicago from September 17 to 24. Visits and excursions 
are being arranged. In conjunction with the Congress 
there is to be an exhibition of refrigerating plant. Further 
particulars can be obtained from the Secrétaire de I’ Asso- 
ciation Internationale du Froid, 9, Avenue Carnot, Paris. 





AssociaTION oF Mininc ELEcTricaL ENGINEKERS.— 
The Council of the Association announces that the 
following prizes are offered for papers for the present 
session :—An Association prize of five guineas for the 
best paper read at any branch. A prize of two guineas, 
— by Mr. Carlow, for the best paper by a member of 

t Scotland branch. A prize of four guineas, given by 
Mr. Alex. Anderson and Mr. Matthew Brown, for the 

t paper by a working colliery electrician, who is a 
member of the West of Scotland branch. A premium 
of two guineas, given by Lord Joicey, for the best paper 
by a member of the North of England branch. As in 
previous years, examinations for competency in minin 
electrical engineering will be held on Saturdays, Marc 
8 and 15, 1913, in ten different centres in the United 
Kingdom. The examination consists of four papers, 
each containing ten questions, of which not more than 
seven need be answered. Paper 1: ‘ Alternating 
Current, Theory and Practice;” Paper2: ‘‘ Direct 
Current, Theory and Practice;” Paper 3: ‘Special 
Rules, Distribution of Electric Energy;” Paper 4: 

Electric Lighting, Signalling, pe 6 Appa- 
— og —_ ~~ . first-class a, Se candi- 

© must sit for all four pa) o qualify for a 
second-class certificate, the waslidate must sit for papers 
lor 2, and both 3 and 4. Any further iculars can be 
obtained from the general secretary of the Association, 
Bank Chambers, Derby, or from any branch secretary. 





“THE VALUE OF FIRE-BOX HEATING 
SURFACE.” 
To THe Eprrog oF ENGINEERING. 

Srr,—In your leading article of February 14 you refer 
to Professor Goss’s idea of a locomotive with 150 sq. ft. 
of grate area, and say :—‘‘ The effect would . . . be to 
increase the fire-box heating surface and the 
total radiation from the grate.” While I agree generally 
with your views as to the value of fire-box heating sur- 
face, I think that the statement I have quoted might 
well be modified to bring the fire-box temperature into 
consideration. The rate of radiation depends, as you 
say, on the fire-box surface, and not on the grate area. 
It also depends on the fire-box temperature. Nowthe tem- 
mang iy is determined by the fire-box surface. If the sur- 

is in , the temperature will be reduced, and the 
increase in radiation will not be anything like as large 
as the increase in the surface. 

The locomotive tests which I have examined show that 
the heat taken up by radiation is very closely pea by 
Stephan’s equation, as quoted by Professor Dalby :— 


a, = on( 


where H; is the heat received by radiation in B.Th.U. 
per hour per square foot of fire-box surface. 

T, is the absolute fire- box temperature in degrees 
Fahr., and T, is the absolute temperature of the receiving 
surface of the fire-box sheets. 

The fire-box temperature will be that at which the heat 
carried off by radiation at this rate, ther with that 
— by the hot gases, is just equal to the heat pro- 

uced. 

I have discussed elsewhere,* as a normal example, a 
fire-box having 2.65 sq. ft. of surface per sq. ft. of grate, 
and producing 850,000 B.Th.U. and 933 Ib. of 


per sq. ft. of grate per hour. That is, 320,000 B.Th.U. 
and 352 Ib. of gases per sq. ft. of fire-box surface per 
hour. The fire-box temperature would be 2163 deg. 


Fahbr., and 206,000 B.Th.U. would be radiated and 
646,000 B. Th. U. carried away by the gases per square foot 
of grate. Now suppose that while the grate and con- 
ditions of combustion remain the same, the fire-box sur- 
face be doubled, so as to be 5.20 sq. ft. per sq. ft. of 
grate. There will then be 160,000 B.Th. U. and 176 lb. of 
_ produced per square foot of fire-box surface per 
our, and under these conditions equilibrium will be 
attained at a fire-box temperature of 1940 deg. Fahr. 
~— Bg ovate pe Gy. be radiated, = pees 

. Th. U. carried off in the gases per square foot of grate 
per hour. That is tosay, by doubling the fire-box heating 
surface the heat taken up by radiation has only 
increased by 43 per cent. 

In terms of the heat produced, the doubling of the fire- 
box surface has increased the heat taken up by radiation 
from 24.2 to 34.6 per cent. of that produced. 

This is not a very ere increase, and is almost 
entirely offset by the uction in the efficiency of the 
absorption by convection caused by the gases entering 
the flues at a lower temperature. therefore think that 
in a locomotive boiler of normal proportions an increase 
in the fire-box heating surface will have little effect on 
the efficiency of absorption; but if it is accompanied by 
an increase in grate area and fire-box volume, it may have 
a very advan ‘ous effect on the efficiency of combustion, 
and hence on the over-all boiler efficiency. 

IT am, Sir, yours faithfully, 
Lawrorp H. Fry. 
34, Victoria-street, London, 8.W., February 14, 1913. 





ENGINEERING EXAMINATIONS. 
To THE Epitor oF ENGINEERING. 

Srr,—I venture to think the following, from one who 
has examinations without and with the aid of 
data, will be of interest to you and your readers, Kntrance 
examination to technical institutions has lately engaged 


the attention of those in ch: of the conduct and interests 
of these institutions. The Institution of Civil ao 
adopted this course yearsago. The Institution of Mecha- 


nical Engineers passed bye-laws to a similar effect at 
their last annual meeting. 

I wish to emphasise the advisability of conducting 
examinations a3 far as is consistent in an examination 
hall on a parallel with every-day application of theory to 
practice. An engineering candidate should be allowed 
to bring with him, besides drawing instruments, his own 
note-book, an engineers’ pocket-book, a slidé-rule, and a 
set of log tables. This license would effectually kill 
‘‘cram.” Cram is a science introduced to accumulate a 
large amount of surface knowledge for immediate use ; 
there is no stability in it. 

The object of an examination is to test ability, not 
memory. It really amounts to this: that the i 
to bring data into the examination-room is no to the 
candidate’s ability as an engineer being tested by the 
examiner. 

Mr. W. H. Maw, LL.D., Past President of the Insti- 
tution of Mechanical Engineers, in his Presidential 
Address, in April, 1901, dealt in a friendly criticism on 
scholastic and collegiate education for the would-be 
engineer, which a; to apply to, and anticipate to a 
great extent, the subject in this letter, and I quote the 
following extract :—‘‘To use a railway meta; , the 
technical college may be regarded as a kind of cross- 
over road, diverti student from the line of scholastic 
training to that of independent thought and action, on 
which he will have to make his way in the rye of 
life. Now, just as such a cross-over road should have its 


* The Engineer, August 23, 1912. 








curves so as to allow of a train passing over it 
with the least possible shock or damage, and with as 
small a reduction as possible of the ny | which may be 
stored in it, so also the training in our colleges should be 

soas to unitesmovthly at one end with the student’s 
previous scholastic training, and at the other with his 
y= workshop and office practice.” This note by 
Dr. w is clearly in vp of employing energy in the 
production of useful and economical work to the en- 
couragement of ability. 

Arnold White, in one of his articles, wrote :—‘‘ We 
think in compartments.” Evidently British compart- 
ments are very comfortable, for we remain lifetimes in 
them ; for example, Great Britain took a very long time 
to discover that *‘ Euclid” was not the most facile mode 
to teach ney from ; other nations were practising 
the newer methods more than half a century earlier. 

Examinations have been and are now conducted in the 
same old compartment of thought, that of testing memory 
in conjunction with ability, where a weakness in the 
former acts as a detriment to the latter. 

Free from the onus of the memory test, students will 
indulge in problem-setting among themselves, thereb 
educating each other and corroborating what Jane Find- 
later says—viz., ‘‘ The foundation idea of modern educa- 
tion is to make the pupil the discoverer of his own know- 
ledge,” to emulate which is desirable, then the candidate 
will clear the cross-over with that reduction of energy 
“~ due to the actual resistance of a > 

hile dealing with the above there is a trend to step 
further and to draw attention to the use made of the 
word ‘‘engineer."’ I have referred to the “‘ word'’ engi- 
neer, it should be ‘‘the designation” engineer, in con- 
junction with the profession. 

On the Continent no individual is permitted to write 
or call —— an engineer unless he has studied and 

as such, 

It is illegal for any person in the British Empire to 
practise in law or in medicine and surgery unless duly 

ualified ; the reasons for this legal administration are 
obvious. Are not the reasons for legal engineering qualifi- 
cations obvious ? 

It is unfair to all concerned to have foisted on them a 
person who has assumed a title to which he may have no 
claim or for which he bas no ability. It is also extremely 
unjust to those who have spent years of study, bably 
a comparatively sum of money, to provide them- 
selves with a profession, to be ousted by an assumptive. 

Kindred institutions might combine to procure legal 
administration in the matter. 

Yours truly, 
Gro. P. Spoonrr, M.I. Mech. E. 





Rattways IN SASKATCHEWAN.—The year 1912 does not 
appear to have been marked by any great advance in 
railway construction in Saskatchewan, when compared 
with other recent y. According to the Canadian 

ineer, at the end of the season the Canadian Pacific 
Railway had 414.8 miles of main line and 1659.45 miles 
of branch lines, or a total of 2074.25 miles in the pro- 
vince ; the Canadian Northern Railway had 400.67 miles 
of main line and 1653.93 miles of branch lines, or a total 
of 2054 6 miles, and the Grand Trunk Pacific Railwa: 
had 415 miles of main line and 267.67 miles of feench 
lines, or a total of 682.67 miles. These figures give a 
total for the whole province of 4811.52 miles, made up 
of 1230.47 miles of main lines and 3581.05 miles of 
branch lines. It appears that there was a shortage of 
labour throughout the whole of the working season ; 
unsettled weather also interfered a good deal with pro- 
gress. When the harvest time arrived the high wages 
offered by the farmers made it impossible to keep the 
construction g’ngs rt full strength, and the supply of 
steel rails was v2ry slow in coming to hand on account of 
the g:ncral heavy demand. These and other causes 
contributed to the delay in construction. 





British Frre - PREvENTION CommiTTEE.— Red - Book 
No. 176, recently issued by this Committee, contains an 
account of some tests on a non-flaming celluloid called 
*‘cellit,” a comparison being e between this material 
and ordinary celluloid. Both kinds were submitted for 
test in the form of cinematograph films by the Bayer 
Company, Limited, of London, and the tests are interest- 
ing = a of the ae gan ry use ¥ cinemato- 
graphy an e consequent growt re risks connected 
with such an inflammable material as ordinary celluloid. 
Any films of this kind are, of course, only tested by the 
Committee with regard to their fire-resisting properties, 
and no cognisance is taken of the other features that 
would affect the user, nor is the compliance with 
the Cinematograph Act (1909) considered. As a result 
of the tests it was demonstrated that a cinemato- 
graph film made of “‘‘cellit” is practically a non- 
inflammable film, and may be described as non-flam- 
ing, and that, even if the conditions are such that a 
loose roll of “‘cellit” film should become ignited, the 
film either burns with difficulty, or it can easily 

tout. The tests aleo showed that “‘cellit” films may 
ay a in large quantities in a building without mate- 

ially increasing the risk of fire ; moreover, no objection- 
able smoke is produced by the combustion of the material. 
With to the ordinary celluloid films, the tests 
showed that these are exceedingly inflammable and burn 
with great rapidity and fierceness; that a loose roll of 
celluloid film when ignited is very difficult to extinguish 
with water or sand; the material when stored in a build- 
ing adds very materially to the fire risk, and also when 
consumed produces a dense suffocating smoke and a pun- 
tsmell. This ‘‘ Red Book” can be obtained from the 
ritish Fire-Prevention Committee, 8, Waterloo-place, 
Pall Mall, London, price 2s. 6d. 
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‘ pm, at the Royal Society of Arts, John-street, Adelphi, W.O. 
Adjourned discussion of the paper on “‘ Refrigerating-Machines : 
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METROPOLITAN TRAFFIC. 


ALTHOUGH no steps have yet been taken to 
a a traffic board for London, and it is 
indeed probable that purely political considerations 
may indefinitely postpone the constitution of this 
authority, the Metropolis enjoys the unique 
advantage of the annual reports of the London 
Traffic Branch of the Board of Trade. Where 
the local authority is responsible not only for 
controlling the traffic in the streets, but also 
for conducting a substantial portion of it, it is 
always necessary to exercise a certain reserve 
with regard to all official statements dealing with 
the traffic problem. The class of man that takes 
a keen interest in local politics is generally strongly 
imbued with the idea that it is inexpedient for the 
public to ‘‘know more than is good for it,” and 
inconvenient facts are incontinently suppressed. 
One report of the Metropolitan Water Board, for 
example, professed to give synopses of legal cases 
to which the Board had been a party, but an exami- 
nation of the record showed that not a single case 
had been included in which the verdict had gone 
against the Board. Again, a few years ago every 
effort was made to suppress any accurate know- 
ledge as to the actual cost of the London County 
Council tramways, and when the truth was finally dis- 
closed it turned out that the cost of many street 
improvements directly attributable to the construc- 
tion of the lines had been debited wholly, or almost 
wholly, to other accounts. Many of our local poli- 
ticians are, moreover, now clamouring to get control 
of the Metropolitan Police, and scarcely trouble to 
conceal the fact that their motive is the suppression 
of the independent evidence of the police, which 
has put an end to more than one ill-advised project 
for an extension of the tramway system of the 
Metropolis. Probably in the end these politicians 








eso | may be successful, but in the meantime the Metro- 


litan area enjoys an advantage denied to other 

ge cities in having a report on its traffic con- 
ditions prepared by competent hands able to set 
forth a plain tale without being subjected to | 
very severe pressure from party politicians, thoug 


=| providing for renewals and for the re 





we strongly mee that the omission this year 
of the ‘‘units of obstruction,” with which various 
vehicles are credited by the reporter, has not been 
due to mere inadvertence. e table is, in fact, 
necessary to render intelligible the statistics given 
as to the relative congestion of different streets. 
The report shows once again the steady and con- 
tinuous growth of the travelling habit. In the 
report issued two years ago it was stated that in no 
other city in the world was travelling so cheap, 
and it is evident that the population is taking full 
advantage of this fact. 

In 1903 the population of Greater London was 
estimated at over 6;710,272, and the number of 
journeys made by omnibus, tram, or by railways 
and tubes, giving a corresponding service, was 
equal to 144.9 per head of the population. | In 
1911 this figure had risen to 228.8 per head, 
the population having increased to 7,251,358, and 
the aggregate number of journeys to 1659 millions. 
In the above estimate no account has been taken 
of the passengers making use of the suburban 
services of the main-line companies, so that the 
true average must be somewaat greater than the 
above figures would indicate. The Great Eastern 
Railway alone brings in some 2} million suburban 
passengers per month, and these have, of course, to 
be taken out again, and should therefore be counted 
twice over, and from figures given in the report it 
would appear that the werd, suburban traffic 
amounts to about 250 million trips per year. Of 
these passengers, about 80 per cent. are derived 
from the district within 10 miles of Charing Cross, 
and 63 per cent. from the area included within the 
8-mile radius. There are, in addition, 11,000 cabs, 
which, of course, make many trips per day. The 
various electric railways, it appears, carried during 
the year 436 million passengers, the omnibuses 
401 million, and the tramways 822 million. Of 
the latter, 517 million were attributable to the 
London County Council Tramways. The latter 
ran 48,777,026 car-miles, and showed a gross 
surplus on working of 940,985/., of which 200,105/. 
was reckoned as net. Of this, 143,4071. was attri- 
buted to renewals, being equivalent to 0.68d. per 
car-mile, and the remainder to the general reserve. 
The Finance Committee expressed the opinion last 
year that the present position of the undertaking 
was sound, but that the margin of surplus, after 
yment of 
the debt, was exceedingly narrow. e receipts 
amounted to 11.29d. per car-mile, and the expenses 
to 6.63d. per car-mile. The latter may, we think, 
be expected to grow as time goes on. As the 
Board of Trade have previously pointed out, all the 
lines that can be relatively cheaply constructed 
have already been built. The street-miles open 
number 132.99 miles, which have cost 12,194, * 
or an average of nearly 92,0001. per street-mile. 
As illustrating the great increase of cost which 
may be involved when the conditions are less 
favourable, it may be noted that the cost of 
the 1 mile 5 furlongs of new line authorised 
in 1911 was estimated at 264,1601., of which 
145,210. was for construction and equipment, and 
118,9501. for street improvements, widenings, &c. 
It is considerations of this kind which have 
caused the Board of Trade to express the view 
that the financial conditions are not such as to 
encourage further tramway enterprise either in 
inner or outer London. 

With the motor-bus, prospects are more favour- 
able. The vehicles originally introduced were 
clumsy, heavy, and in constant need of repair; by 
successive improvements they have been rendered 
much lighter and much more reliable, and the 
periodical overhaul now often discloses little or 
nothing requiring attention. 

The omnibuses carried, as stated, over 400 
million passengers. It is interesting to note that 
the horsed omnibus still claims some share of the 
traffic, but these vehicles are, it is stated, run solely 
to give employment to horses when not required 
for executing contracts for the Army and ‘ferri- 
torials during the manceuvres period or for other 
special purposes. The total number of motor- 
buses licensed in 1911 was 2748, and 80 route- 
miles were traversed in the ordinary weekday ser- 
vice. On Sundays the service was extended in 1911 
to the outer suburbs, and we may add that these 
services, though competing with the tramways, 
have in some cases proved so popular that those 
which were confined in that year to Sundays have 
since the date of the report been converted into 
normal everyday runs. The greater flexibility and 
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relatively small seating capacity of the omnibuses 
enables them to maintain a higher schedule speed 
than the tram-cars, even with no higher maximum 
speed. Constant stops for picking up and setting 
down are resented by passengers, and the larger 
the number carried per vehicle the more frequent 
such stops must be. The report states that the 
average a of the omnibuses are about 104d. 
ing mile, and the cost of running is rather under 

. per mile. A wide field is open, it is added, 
for invention, and the successful substitution of 
paraffin for petrol would, of itself, effect a further 
reduction in running costs. It may also be added 
that there is every prospect of the cost of rubber 
tyres being reduced as the supply of rubber over- 
takes the demand, and the reduction in the weight 
of the omnibuses, which is to be enforced shortly, 
should lead to additional economies in operation. 
This change will probably involve a reduction in 
the unsprung seo oy and certain designs are being 
tested in which this unsprung weight is little 
more than that of the rear ate takenalone. This 
in turn will tend to diminish the wear and tear of 
the roads, which, where the latter are indifferently 
made and maintained, is now undoubtedly serious 
In this connection, however, it may be well to recall 
that in the recent report of the Metropolitan Com- 
mittee on the Paving of London Streets, the sur- 
veyors of several districts, having properly con- 
structed roads, state that the substitution of 
motor traffic for horsed traffic has, at any rate, not 
increased the cost of road maintenance ; an actual 
reduction of cost having been found in some cases. 
It is also of interest to quote from a previous report 
the fact that the motor-omnibuses of London con- 
tributed to road maintenance 0 009d. per seat- 
mile, whilst the total contribution from the London 
— Council tramways was 0.008d. per seat- 
mile, 

A serious feature concomitant with the develop- 
ment of motor traffic has been the increase in the 
number of accidents, and in particular of fatal acci- 
dents. The report shows that whilst there are 
fewer accidents with omnibuses than with trams, 
the number of fatal accidents is very much higher. 
In the Greater London area motor-buses caused 
1947 accidents, in which 107 persons were killed, 
whilst tramcars were directly responsible for 2330 
accidents and 26 deaths. These comparative figures 
do not, however, the report points out, state the 
case quite fairly. A considerable number of acci- 
dents to other vehicles were directly attributable 
to the presence of tram-lines in the roadway, so 
that, according to the police reports, the total 
number of pone. Heed attributable to the trams was 
5802 during the year 1911. The high proportion 
of fatalities attending motor-bus accidents is, how- 
ever, a serious matter, and would undoubtedly be 
largely reduced could some practicable form of 
fender be devised and fitted. The reduction of 
speeds advocated by some would be a serious 
matter, as it would increase the congestion of 
traffic and possibly check the highly desirable 
migration of the population to the suburbs. 

As in previous years, the report includes an ex- 
cellent series of maps and diagrams illustrating the 
steady growth of London traffic and the urgent 
need for some comprehensive scheme of road im- 
provement. In our issue of February 17, 1911, we 
reproduced from the .~ published that year two 
of these maps, one showing the density of the 
traffic entering the Metropolis along the main roads, 
and the other the new roads and widenings sug- 
gested by the Committee for dealing with the, in 
many cases, almost intolerable congestion. These 
maps, slightly revised and brought up to date, are 
included in the present report. A traffic census 
taken last year shows that the volume of traflic 
is still increasing on every route. Of trade vehicles 
91 per cent. are still horse-drawn, but of passenger 
vehicles only 11 per cent. In order to estimate 
the degree of congestion the number of vehicles 
passing the selecting points in 12 hours is ascer- 
tained. 
obstruction according to the following table :— 








Equivalent 
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Trade Vehicles. grafic Unit. | nit. 
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One-horse (fast) . . 3 Electric trams. . 10 
aA ( be 7 Omnibus (horse) 5 
Two-horse (fast) .. 4 | +» (motor, | 3 
+s slow).. 10 Cabs (horse) ..| 2 
Motor (fast an 2 » (motor) ..| 1 
» (slow) ie 6 H snore 2 
» — (motor)| 1 








To each vehicle is assigned a coefficient of | P® 





By multiplying each. vehicle by its obstruction 
coefficient and dividing it by the number of 
minutes in twelve hours, the relative volume of 
traffic is obtained. According to this computation, 
the most frequented street in London would appear 
to be Piccadilly, where 31,335 vehicles pass the 
Ritz Hotel in 12 hours. The equivalent traffic 
volume is 78.4. Other high figures are 75.6 units 
in Kennington Park-road, and 72.1 in Commercial- 
road, E. The bridge taking the heaviest traffic is 
London Bridge, over which 17,253 vehicles pass in 
the 12 hours. This is followed closely by West- 
minster Bridge with 17,204, Blackfriars with 16,307, 
and the Tower Bridge with 13,010. Reducing these 
figures to units of congestion, Blackfriars Bridge is 


hy in the south, whilst another will connect 


the Bakerloo with the London and North-Western 
| Railway at Queen’s Park. 
| _ The report again draws attention to the fact that 
about 100 miles of new roads are urgently required. 
Of this total, it is suggested some 70 miles could 
be constructed now at no immoderate cost, a con- 
dition which will not remain true much longer. The 
remaining 25 miles are, no doubt, much the more 
| costly portion, but the cost of construction will not 
| be much more in ten years’ time than itis now. It 
_is urged, therefore, that immediate steps should be 
taken to deal with the former section of the com- 
plete plan. A map, showing the general lay-out 
‘proposed, was reproduced in our issue of Feb- 
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the most crowded, its traffic volume being 102.8. 
The Tower Bridge comes next with 95.8 units, the 
corresponding figure for London Bridge being 85.6, 
and for Westminster Bridge 84.3 units. By dividing 
these units of traffic volume by the width of the 
roadway taken in tens of feet, the relative traffic 
density is obtained. The highest figure noted is 
an average 27.3 on the Tower Bridge rising to 
33.7 during the heaviest hour of the day. Brent- 
ford High-street has, on the same basis of com- 
parison, an average traffic density of 24.9, Old- 
er one of 23.3, and Canning Town Bridge one 
of 21.0. 


Amongst the diagrams accompanying the report | 


is one showing the traffic along the main arteries 
of Central London, and this we reproduce on the 
present page. The width of the band indicates 
the intensity of the traffic. It will be seen that 
the total quantity passing along the northern and 
southern routes is nearly identical, but that a much 
larger proportion of the passengers along the 
former travel by omnibus. It is also of interest 
to note that the omnibuses maintain but a slightly 
more frequent service during the rush hours than 
they do during the quiet part of the day. The 
train services, on the other hand, are greatly 
augmented, and it should, moreover, be noted 
that the actual number thus travelling is during 
rush hours much greater than is indicated by 
the breadth of the band in the figure, which has 
reference only to the vig | capacity. The won- 
derful service maintained by the District Line 
is clearly indicated by the width of the corre- 
sponding band. The number of trains on this 
route is now, at the busiest time, about forty 
r hour, and the management, when certain 
improvements are completed, intend to increase 
this number to fifty. The electric railways, in 
spite of the very great services they render, reap, 
however, but a moderate return, and in the 
report issued in 1911 it was observed that ‘‘ the 
rofits of the business are now so small that 
tem is little encouragement for enterprise in 
the way of providing new facilities which would be 
of value to the community.” Prospects are now 
somewhat brighter, and as a consequence some 
important extensions are to be made, one being to 





ves (seats per hour wun one direction) during Normal Hours 


‘Rush" Hours. 


ruary 17,1911. Some few changes have been made 
as the result of discussion with different local 
authorities, but in its main outlines the scheme is 
practically unaltered. 





THE STRUCTURE OF THE ATOM. 

IN wang ig Saturday the second lecture of his 
course on ‘‘ The Properties and Constitution of the 
Atom,” at the Royal Institution, Sir J. J. Thomson 
said that on the last occasion he had explained 
various processes by which it was possible to extract 
from atoms, whether belonging to a ‘gas or to a solid, 
small particles which were negatively electrified. 
No matter what the source might be, from which 
these particles were derived, they were absolutely 
identical, each carrying the same charge and pos- 
sessing the same mass. These negatively electrified 
bodies having been removed from an object, what- 
| over was left must necessarily be positively electri- 
| fied, since it was impossible to generate electricity of 
the one kind without simultaneously liberating that 
of the other kind. An interesting question thus 
arose as to what was the nature of the positively 
electrified bodies left behind after the abstraction 
of the negative corpuscle. It had been shown 
that the latter were far smaller than any known 
atom, and it was conceivable that the positively 
electrified residue was also smaller than the atom. 
A few experiments sufficed, however, he said, to 
show that there was a great difference between the 
carriers of positive electricity and the negative 
corpuscles. 

This difference the speaker illustrated by means of 
a glass vessel consisting of two large bulbs united by 
a wide tube. In the latter was placed a perforated 
cathode. On turning on the current it was seen that 
the negative carriers above the cathode gave out 4 
bluish-green glow, and where they struck the glass 
produced a greenish phosphorescence. A small 
magnet if brought near the bulb would, it was 
shown, suffice to twist this negative discharge 
any direction. The positive discharge, on the 
other hand, which was attracted down towards 
the perforated cathode and passed through it into 
the lower bulb, glowed with a reddish light, and 
where it inipinaed produced a bright red phosphor- 
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escence. A small magnet held near this lower bulb 
had apparently no effect whatever on the discharge. | 
This showed, the lecturer stated, that the negative 

carrier was quite different in character to the posi- 

tive one. In another experiment Professor Thomson 

caused a negative discharge to impinge upon some | 
lithium chloride. The latter then phosphoresced 
with an intense steely blue colour where struck, 
and it was stated that if this phosphorescence was 
observei through a spectroscope, the spectrum was 
a continuous one. versing the direction of the 
current, a corresponding stream of positively elec- 
trified particles was directed on to the lithium 
chloride. The phosphorescence was then red, and 
this, it was stated, gave a line spectrum showing the 
lithium lines. 

Experiments of this kind, Sir Joseph continued, 
sufticved to show that there was a very great differ- 
ence between the negative and the positive 
carriers. Though the latter could not be sensibly 
deflected by a small magnet, more intense fields gave 
a measurable deflection, and by simultaneously sub- 
jecting this positive discharge to powerful magnetic 
and electric fields, it was possible to deduce, from the 
deflection produced by the joint action of the two, 
the mass of the positive particles. When this was 
done, no trace was found of any mass smaller than 
those of known atoms, the weights found coinciding, 
in fact, with the masses of the atoms and molecules 
which one would expect to find in the tube. The 
positive particles, therefore, were charged atoms and 
molecules, whilst the negative carriers were charged 
corpuscles, or, rather, corpuscles simply, since a 
corpuscle was essentially a negative charge. These 
corpuscles, moreover, were all identical, whilst 
there were as many different kinds of positive 
carriers as there were different kinds of atoms 
and molecules in the tube. This was well shown 
in Fig. 1, reproduced from a photograph obtained 
by bombarding a plate with positive carriers, after 
the latter had traversed a combined magnetic and 
electric field. Each curve on the plate corresponded, 
he said, to particles of a particular kind. e least 
deflected were the heaviest, the outermost curve 
corresponding to the atom of hydrogen, and the 
innermost to that of mercury; and there were, it 
would be seen, a number of curves on the plate. 
With the negative corpuscles, on the other hand, 
the photograph would consist of a single curve. 

Curves, such as those in Fig. 1, gave, he pro- 
ceeded, quite a lot of information about atoms, 
the mass of each of which could be determined 
by measuring the curves. Some of the curves 
were produced by charged atoms, whilst others 
turned out to be due to charged molecules, so that 
the photograph showed that atoms existed as well as 
molecules. With helium, however, only one curve 
was obtained, thus showing this gas to be mon- 
atomic. By using a sufficiently fine pencil of rays 
very sharp curves could be obtained, which afforded 
definite proof that the atoms of any element had 
all exactly the same mass. If they had not, the 
curve obtained would be a blurred ribbon rather 
than a sharp line. 

The fact that the positive particles had the same 
mass as the atoms and molecules in the tube 
showed that the process, taking place in a discharge 
tube, was the tearing out from an atom of one of 
the negative corpuscles, and that such corpuscles 
formed accordingly constituents of every atom. It 
was important to know how many of these corpus- 
cles there were in an atom. The facts already 
recited showed that at least one could be torn out, 
but by studying the curves in the photograph it 
had been proved that from some atoms many more 
corpuscles could be removed. The carbon atom 
was found carrying both one charge and two 
charges of positive electricity, and at least two cor- 
puscles could also be removed from the atom of 
oxygen, whilst from that of mercury as many as 
eight could be taken, and from krypton any 
number up to four or five. Heavy atoms, in short, 
could lose a considerable number of corpuscles, 
but the lighter atoms lost fewer, and from H he 
had not, so far, succeeded in abstracting more 
than one, this element being peculiarly economical 
mm its expenditure of corpuscles. From oxygen 
and carbon not more than two corpuscles had been 
removed. In a later lecture he would, however, 

forward reasons for believing that the number 
of corpuscles present was in each case equal to the 
atomic weight. 

Referring again to Fig. 1, it would be seen that in 
addition to the curves on the right, corresponding to 


also traces, on the left, of curves due to similar bodies 
carrying negative charges. It followed, therefore, 
that the atoms could not merely give up a corpuscle, 
but they were also capable of os up and hold- 
ing on to these negative particles. 

The process by which they acquired this negative 
charge was, he said, as follows :— 

The positively charged particle, after passing the 
opening in the cathode, entered a space in which 
the gases present had been broken up by the 
stream of particles, which ionised the gas through 
which they passed, liberating negatively and posi- 
tively charged bodies. The rapidly moving posi- 
tive particle, after passing through the cathode, 
attracted one of the negative charges thus liberated, 
and became accordingly for the moment neutral. 
Not content with this, however, it attracted an 
additional negative charge, and thus got deflected 
by the magnetic and electric fields to the left-hand 
side of Fig. 1. 

Its affinity for this additional negative charge must, 
he said, be very considerable, as it was moving at the 
prodigious rate of about 50,000,000 cm. per second, 
and had to pick up the negative charge as it rushed 
past. The attraction for this negative charge must 
therefore be very strong. It had been found that 
not all the gases, represented on the right-hand side 
of the photograph, were also represented on the 
negative side. This, he said, turned out to be very 
largely a matter of chemical constitution. Of all 
gases oxygen most readily picked up this additional 
negative charge ; and chlorine, another gas classed 





Fie. 1. 


by chemists as electro-negative, acted similarly. 
There were, however, other bodies, not usually 
classed as electro-negative, which were nevertheless 
represented on the left-hand side of the figure. 
Hydrogen was one example and carbon another. 
In this connection it was of interest to note 
that if the carbon compound in the tube was 
“unsaturated ”’—that is to say, if the carbon atom 
was bonded directly to another carbon atom, 
as in acetylene and ethylene—it would be repre- 
sented on the negative side of the photograph, 
being then capable of picking up an additional 
negative charge. With saturated compounds, how- 
ever, such as marsh gas, carbon was found only on 
the positive side of the photograph. 

The photographs, Sir Joseph proceeded, might 
also be used to determine if any elements not 

et known were present in the tubes. At Cam- 
Sites they had thus found lines corresponding 
to a number of gases not yet recognised. The 
one of most interest had an atomic weight of 3. 
This line was very marked in a photograph taken 
when the gases driven out of platinum by bom. 
barding it with the cathode rays formed the 
subject of the experiment. It was found that, 
even after three days’ bombardment, traces of this 
line could still be detected. Other metals, indeed, 
had been bombarded for a week without getting rid 
of this gas. 

Continuing, Professor Thomson said that he next 
proposed to consider various ways of arriving at the 
size of the atom. This must obviously be very small, 
but both its weight and its size were now known 
accurately within about 1 per cent. One of the 
simplest methods in conception, though not in 
execution, was due to Perrin. The kinetic theory of 
gases showed that every particle present in a gas, at 
a stated temperature, contributed the same amount 
to the total pressure observed. Thus if N were the 
total number of molecules of a gas present in a given 





Positively charged atoms and molecules, there were 





volume, then the total pressure exerted was equal to 


N a, where a depended only on the temperature of 
the gas. In other words, N being the number of 
particles, a was the average contribution of each to 
the pressure. It followed from the kinetic theory 
that a was the same whatever the nature of the 
particle in question, whether it was hydrogen, 
oxygen, mercury, or the heaviest that could be 
found. It would be evident therefore that if a 
were known, and also the pressure, the value of N 
could be found, this being the number of mole- 
cules in the mass under consideration. 

How then could a be found? If the particles 
were so big that N could be counted, we could, by 
measuring the pressure, find u, which, as stated, 
was the same for all molecules. This, though some- 
what crudely expressed, was practically what Perrin 
did. The first step necessary was to find something 
which, whilst constituted of comparatively big par- 
ticles, behaved nevertheless like a gas, since the 
molecules of actual gases were far too minute to be 
visible even microscopically. 

It had long been known that small particles sus- 
pended in a liquid were in a continuous state of 
agitation, the so-called Brownian movements. They 
darted hither and thither, being never at rest, but 
changed their direction of motion abruptly, just 
as the molecules must do in a gas. rofessor 
Perrin had actually mapped out the paths followed 
by such a particle when observed for a small time, 
and this was reproduced in Fig. 2. It had early 
been suggestel that the Brownian movements 
were equivalent to the molecular movements 
indicated by the kinetic theory. The small 
supended particles behaved, in fact, in just the 
normal way that the molecule of a gas would do. 
This fact seemed to promise the possibility of 
getting something equivalent to gas with ‘‘ mole- 
cules’ big enough to observe and count, and this 
formed, so to speak, an artificial ‘‘ gas,” in which N 
could be counted and the corresponding pressure 
measured. The molecules of a gas were, however, 
all of the same size. Hence it was necessary to 
obtain a very fine powder as nearly uniform as 
possible to represent them. The most elaborate 
of Perrin’s experiments were made with two 
powders, one being gamboge suspended in water, 
and the other mastic dissolved in alcohol and 
dropped into water. The powders thus obtained 
were not originally uniform, the particles being of 
different sizes, and as they s they were quite 
unsuitable for the experiment contemplated. By 
laboriously ‘‘ centrifugating” them for a period of 
over three weeks, Professor Perrin finally obtained 
powders of extreme uniformity and t fineness. 
Assuming that these icles would behave like 
the molecules of a gas, he then proceeded to find N 
by actual count and to determine also the corre- 
sponding pressure. The particles were too fine to be 
directly visible in the microscope, but on submitting 
the liquid in which they were suspended to a very 
strong illumination, they appeared as bright specks, 
something like the particles of dust visible in a 
strong beam of light passing through the air of an 
average room. By counting these specks it was 
possible to determine N, but the question next 
arose as to how the corresponding pressure was to 
be determined. This pressure was not that of the 
atmosphere nor anything like it.* 

Everyone knew that the density of the air 
diminished with the height above sea-level, the 
difference being equal to the weight of the inter- 
vening air. The same consideration applied to 
Perrin’s emulsions. If placed in a long vertical 
column it was found, when the steady state was 
attained, that the density of the specks was much 
greater below than higher up. At the bottom the 
— were crowded together, whilst at the top 
they were quite widely separated. At every layer 
of the column the pressure was equal to N a, N being 
the number in that layer. If a count were taken at 
two different levels, the number at one level would 
be, say, N,,and atthe other N,. The pressure differ- 





* [On this point the following may be of assistance to 
some of our readers :—If a gas enclosed in a vessel it 
exerts a certain pressure on the sides. This pressure is 
due simply and solely to the impact of the molecules, which 
are darting hither and thither in a random fashion similar 
to that represented in Fig. 2 supra. Since none of Pro- 
fessor Perrin’s particles could escape from the surface of 
the liquid, his column of water formed in effect a closed 
vessel, which confined his artificial The particles 
pee shaman the latter being in continuous motion were 
contin y coming into contect with the sides of the 
tube, and it is the pressure uced by their impact 


prod 
which is the pressure of the “‘ gas” that it was necessary 





to measure.—Ep. E.] 





268 


ENGINEERING. 


(FEB. 21, 1913. 





ence was therefore(N, — N,)a, and this must be equal 
to the weight of all the particles between the two 
levels. If r were the radius of a particle, its volume 


as 4 z | and its weight in the suspending fluid 


: ia x g (p - o), where p was the 
density of the particle and o the density of the 
fluid. Hence, if N were the mean number in unit 
height, the weight in a thickness equal tot would be 


w 


was equal to 


N i wri gt(p—ao). 
Hence we got finally the relation 
a (N,— N;) =Ni rrgt(p—o). 


Hence a could he found by counting N at different 
levels, and measuring the radius and density of the 
particles. 

The method of counting N which would naturally 
occur to an experimenter would be to take photo- 
graphs and count the specks. It was found, 
however, that this plan would not work, the 

lates being never sufficiently distinct. Had it 
een practicable to work in the way suggested, 
many months’ labour would, the speaker said, have 
been saved. Actually Professor Perrin counted 
them, so to speak, ‘‘ by hand,” sitting at the 
microscope and making a record whenever he saw 
the flash of light, due to one of the specks crossing 
the field. By taking hundreds of observations he 
thus got by actual count a kind of average value 
of N at a number of different layers. 

The next quantity to be determined was a, the 
radius of the particles. This was extremely small, 
being far too minute for measurement by the 
micrometer in the microscope. The measurement, 
therefore, was effected indirectly by observing 
the rate at which the particles subsided through 
liquids such as water. As explained in his pre- 
vious lecture, this rate depended on the size of 
the particle, and by measuring it the radius of 
the particles could be deduced by means of Stokes’s 
law. The particles used by Perrin subsided ex- 
tremely slowly; but by taking care that their 
motion was not disturbed by convection currents, 
the rate of fall could be found with great accuracy. 
This was one of the methods used by Perrin to 
determine the size of his particles. 

He had next to justify his assumption that the 
particles in his emulsions behaved like the mole- 
cules of a gas. In the case of a gas a was the 
same whatever the gas might be; and Perrin, in 
repeating his experiments with different powders, 
found that in this case also a was the same what- 
ever the powder used, getting identical results 
with gamboge and with mastic. Another check 
was obtained by showing that a was the same what- 
ever the liquid used in es the emulsion, and 
by these two searching checks he justified his 
assumption that the particles acted like the mole- 
cules of a gas. 





THE JUNIOR INSTITUTION OF 
ENGINEERS. 

In view of the energy displayed by all concerned 
it is not surprising to have from time to time 
evidence of the progress of the Junior Institution 
of Engineers, the annual dinner of which was held 
on Saturday last. Inaugurated about twenty-nine 

ears ago, the organisation has steadily progressed, 

use it filled a vacant place in technical societies, 
and now the membership is over 1160. It is a 
tribute to the influence of the Institution, as well as 
to the part played by British engineers in the 
development of engineering in all countries of the 
world, that among our dominions and colonies 
across the seas there are to be found twenty-six 
members of the Institution in Canada, thirty in 
Africa, sixteen in Australia, forty-four in India, 
fourteen in Burma and the Straits Settlements, 
and three in the West Indies. In the United States 
of America there are thirteen ; in South America, 
the same number; in China and Japan, ten ; in 
France, twelve ; in Germany, seven ; in Belgium, 
three ; in Italy, two; the same number in Russia ; 
and one in Switzerland and one in Persia. The Insti- 
tution offers opportunities for its members to read 
and discuss papers with less reserve, and therefore, 
perhaps, with greater advantage to youthful authors 
and young speakers than is possible in organisa- 
tions where engineers more experienced in their 
profession, and of more advan age, usually take 





part in the proceedings. There is, moreover, every 
inducement to such younger men to come to the 
front, not only in the form of bursaries and medals 
offered by the Institution, but in the fuller recog- 
nition that ‘‘ youth must be served.” Recently 
the Institution have added a very useful auxiliary 
to their work in the form of a roll, through 
which appointments may be sought, while their 
benevolent, library, and building funds are daily 
accumulating, and the hope is entertained that 
before long the Institution may have a building of 
its own. A special feature of the activity of the 
Institution is the series of visits to works arranged 
throughout the year. Its widespread influence is 
further indicated in the well-known engineers who 
have accepted the post of president. Indeed, no 
institution has a more representative list of 
eminent men as past presidents. This year the 
President is Sir Trevor Dawson, and in view of 
his close association with naval work, it was fitting 
that the dinner should be representative of this 
branch of the Imperial service. 

The Naval Attachés of Germany, the United 
States, and Japan were present, and many officials 
from the Admiralty, the principal guest being Rear- 
Admiral Weymouth, who, in view of his training, 
most appropriately fills the new post at Whitehall of 
Director of Naval Equipment. The toast entrusted 
to him was that of ‘‘ The Profession of Engineers,” 
and he naturally spoke of the influence of the 
development of engineering science upon the 
modern warship, enforcing the view that every 
naval officer needed to be an engineer. As a 
member of the Ordnance Board, he was also able 
to refer to the brilliant services rendered to the 
country by engineers upon it, notably the late Sir 
Benjamin Baker, the late Sir Frederick Bramwell, 
and Mr. A. Mallock. The American Naval Attaché 
also referred to the importance of all officers having 
an intimate knowledge of engineering, and took 
credit for the fact that ten years ago the United 
States had decided that all officers should be engi- 
neers. Nothing was said, however, as to the success 
or otherwise of attempting to inculcate, during the 
period of training, adequate knowledge of en- 
gineering with a thorough experience of the other 
work in a warship, notably in gunnery, torpedo 
work, navigation, &. It was fully recognised, 
however, that the Junior Institution of Engi- 
neers, like others, were doing most useful work 
in advancing the closer study of the applied 
sciences in their relation to engineering, but, at 
the same time, Major E. H. Hills, C.M.G., the 
President of the Royal Astronomical Society, in 
proposing the toast of the Institution, entered a 
timely warning against engineers becoming too 
exclusively immersed in the practical side of their 
profession. He enjoined upon members, especially 
the young members, to remember that the material 
side was not the whole, nor, indeed, the most 
important, side of life, and that it may be the 
higher wisdom to cultivate many of those things 
which the unthinking mind relegates to the cate- 
gory of the useless. 





THE LATE SIR WILLIAM ARROL, LL.D. 

Tue life of Sir William Arrol, which was closed 
yesterday, the 20th inst., after several weeks’ 
illness due to an attack of influenza, and much to 
the great regret of all who knew him, should exer- 
cise an inspiring and stimulating influence on every 
engineer, and, indeed, on all who desire to play a 
noble part in the world. He won honour and 
fame by following the simple plan of acting well 
his part. Such part was often far from simple, 
for there fell to his lot some of the greatest prob- 
lems in constructional engineering and in the 
organisation of men and affairs ; but he always met 
them with the firm assurance that a solution could be 
found by hard work and unfailing perseverance, 
and no seeming failure ever caused him to 
despair or to resort to subterfuge. Time and 
again he undertook works in which there was 
no precedent to guide him, and which were so 
far in advance of experience as to constitute a 
new departure in engineering science. And yet 
his preparation for his life’s tasks was the anti- 
thesis of that involved in the modern conception of 
an engineer’s training. No one despises the higher 
accomplishments of scientific knowledge, least of 
all did the late Sir William Arrol ; they are essen- 
tial to development in engineering. But the 
achievements of his life tend to demonstrate that 
other things are needful, and chief among them is 





character. The masters of the old-time Village 
grammar schools of Scotland accepted as their 
primary function the cultivation of the mental 
faculty, and many, like the late Sir William Arrol, 
acquired under their tuition a creative capability 
far transcending that necessarily achievable under 
the modern science school curriculum. This, com- 
bined with natural aptitude for the profession of 
mechanics, has enabled men like Sir William ty 
triumph, by originality of thought, over difficulties 
for which the science of the day offered only a 

artial, and often an inadequate, explanation. 

e secrets of Sir William’s success were his 
ingenuity in mechanics, his sound common-sense, 
his tenacity of purpose, and his uprightness, espe- 
cially in his relationship with workmen. 

Heredity played its part in his career, as it 
probably does in the lives of all great men. Sir 
William’s father and grandfather had displayed, 
although perhaps in humbler ways, similar quali- 
ties to his own. His grandfather was the first 
to introduce gas into the town of Johnstone, 
where he lived, and his father, Mr. Thomas 
Arrol, who began life as a cotton-spinner, ulti- 
mately rose to be the manager of Messrs. Coats’s 
Thread Works, in Paisley, a position which he 
continued to fill until his retirement in 1878. 
The subject of our memoir was born in the village 
of Houston in 1839, and soon after moved, with 
his parents, to Johnstone, and subsequently, in 
1850, to Paisley. During this time he was fortu- 
nate in having ideal schoolmasters, with the result 
that there was laid a solid foundation upon which 
to build up the experience and to assimilate the 
lessons of everyday life. Atan early age he entered 
Coats’s mill, being engaged in the turning-shop or 
spool department. Although he was only there a 
very short time, it is interesting to mention 
that he ultimately became one of the directors of 
this exceptionally large industrial concern, because 
of his business ability and sound commercial and 
financial probity. At the age of fourteen he was 
apprenticed to Mr. Thomas Reid, blacksmith, in 
Paisley, and from this time Sir William Arrol never 
looked backwards. By working in various towns in 
England and Scotland he widened his experience 
and accumulated knowledge. It was early seen that 
his natural faculties tended to succéss as a mechanic; 
even as a blacksmith he displayed the inventor's 
faculty which ultimately made him one of the 
greatest engineering constructors of our time. He 
was in his early years assiduous in study, diligent 
in his work, with a legitimate amount of ambition. 
Thus, in 1863, when only twenty-four years of age, 
he became foreman in Laidlaw’s boiler works in 
the Bridgeton district of Glasgow. There he con- 
tinued for five years, after which he started business 
on his own account. His capital, the savings of 
his life up to that time, amounted to 851. The 
engine for driving his shop was purchased for 181., 
and the boiler for 251. rom this small beginning 
there has arisen the largest structural steel works in 
the United Kingdom, occupying about 20 acres and 
employing at times something like 5000 men. 

The Dalmarnock Works, however, were not open 
until 1872— four years after Sir William Arrol 
began business on his own account. Even then 
they were on a small scale, only about thirty men 
being employed in the shops. The first important 
work undertaken, and the first to bring Sir 
William prominently before engineers, was the 
erection, in 1875, of a viaduct over the River 
Clyde at Bothwell, for the Caledonian Railway 
Company. The practice had hitherto been to erect 
such bridges in position upon extensive scaffolding, 
&c., but Sir William set up the longitudinal girders 
on the land, and, by means of rollers, actuated by 
ratchet-bars, projected them as a continuous girder 
across the river from pier to pier, until the com- 
pleted length of 727 ft. was in position. The 
superstructure was afterwards completed on the 
main longitudinals. = 

The next important contract was the building of 
the very heavy viaduct across the Clyde at 
Glasgow, to carry the main line of the Caledonian 
Railway from the then terminal station south of 
the river into the existing central station. This 
work was begun in 1875, and a notable circumstance 
is that for it Sir William introduced the multiple 
drill, so that the plates in the booms, numbering 
in some cases fourteen, could be drilled when 
superposed. It was on this bridge also that he 
first applied his hydraulic riveter for closing the 
rivets through these heavy multi-plated booms 
After devising the machine itself, he found great 
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difficulty in getting flexible supply pipe to with- 
stand an hydraulic pressure of 1000 lbs. per sq. in. 
But it was characteristic of his method of pro- 
cedure that he went to the rubber works and 
remained there continuously until, by the process 
of trial and error, he had himself devised a 
satisfactory pipe. It is quite unnecessary now to 
dilate on the enormous advantage of the hydraulic 
riveter, especially in dealing with heavy plates. 
It may be stated that in 1905 his firm raised 
bodily by hydraulic jacks through a height of 3 ft. 
the girders of this same bridge, some of the spans 
weighing 800 tons. This 
was done so that the rail- 
level would coincide with 
that of the new bridge 
constructed alongside. 
The latter, also built by 
Sir William, was 752 ft. 
long, averaging 120 ft. in 
width, while the steel- 
work weighed 11,000 
tons. 

The most outstanding 
works accomplished by 
Sir William were, how- 
ever, the reconstruction 
of the viaduct over the 
Firth of Tay, and the 
building of the great can- 
tilever bridge over the 
Firth of Forth. There is 
no need to enter upon 
the history of the first 
Tay Bridge, built 1870-8, 
nor of the disaster, in 
1879, which resulted in 
the destruction of the 
central part of it, since 
Sir William or his firm 
had no association with 
it. This event caused 
also the abandonment 
of the idea of building 
a suspension bridge 
across the Forth, the 
contract for which had, 
in 1879, been placed 
with Sir William Arrol, 
and upon which he had 
already spent a cons der- 
able amount of money in 
preparatory work. The 
late Mr. W. H. Barlow, 
the engineer for the re- 
construction of the Tay 
Bridge, secured Sir Wil- 
liam’s co-operation, and, 
Parliament having autho- 
rised the scheme in 1880, 
the work was begun in 
1882 and completed in 
1887. The problem taxed 
the ingenuity of Sir 
William Arrol, owing not 
only to the immensity of - 
the work, but to the 
difficulties due to the 
exposed position. The 
new piers, which were 
built on land and floated 
out, were sunk from’’ 
pontoons, but not under ~ 
compressed air. ‘An in- 
genious method was de- 
vised to ensure that the 
pontoons would be kept 
rigid ; anchoring - legs 
Were driven through the 
pontoon into the of 
the Firth, and in these 
there were holes for the 
insertion of pins to secure the pontoon platform at a 
level coincident with the height of the cylinder work. 

he transfer of some of the old girders from old 
Piers to new piers was also a matter which called for 
original treatment, while the adoption of hydraulic 
jacks for raising from pontoons the new centre 
a girders on to the new piers further proved 

© mechanical skill of the subject of our memoir. 

Contemporaneously with the reconstruction of 
the Tay Bridge, Sir William was engaged on the 
Forth Bridge, which, it will be remembered, was 
en, eg by the late Sir John Fowler, Bart., and 
the late Sir Benjamin Baker, K.C.B. Pailiament 





authorised the scheme in 1882, the work was begun 
in 1883, and the bridge was opened by the late King 
Edward VII. (then Prince of Wales) in March, 
1890. The bridge was for long, and is still, the 
wonder of the world. While universal recogni- 
tion was paid to the designers for the concep- 
tion and design, equal credit was conceded to 
Sir William Arrol, without whose services in 
devising mechanical methods of executing the 
work, the new bridge could not have been built in 
the time and for the cost—namely, 3,000,0001. It 
is only possible here to indicate some of the direc- 
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tions in which Sir William’s ingenuity displayed 
itself. There were details in connection with the 
machinery for sinking the caissons for the piers 
under air pressure. When the hard boulder clay 
was reached, for instance, it was found so dense 
and tenacious that until Sir William Arrol devised 
an hydraulic spade the work of excavation could 
not be proceeded with. The hydraulic cylinder 
head was set against the roof of the working 
chamber, and the spade, with its cutting and 
lifting surfaces, was connected to the ram, so 
that the introduction of hydraulic pressure drove 
the spade into the hard clay. Another new 


appliance contributory to the success of the work 
was the mounting of drills ona circular frame in 
connection with the construction of the cylindrical 
lower booms of the cantilever arms. But it would 
be impossible to exhaust the record of the many 
ingenious devices for the execution of the work. 
Many different forms of hydraulic riveters to suit 
special positions had to be designed. It was at the 
Forth Bridge that Sir William first introduced the 
oil-fired rivet-heater, which greatly simplified the 
work of riveting the structure. The preparation of 
the machinery alone occupied a year, and the tem- 
rary plant cost about 
alf a million sterling, 
two facts which of them- 
selves establish the ex- 
tent of the work involved. 
In the structure itself 
and its approaches there 
were used 51,000 tons of 
steel, as well as 65,000 
cubic yards of cement 
concrete, 49,000 cubic 
yards of rubble, and 
750,000 cubic feet of 
granite. As is known, 
the bridge has a total 
length of 8295 ft. 94 in., 
the three cantilevers 
accounting for 5349 ft. 
6in. The height is quite 
150 ft. above high-water 
level in the centre, while 
the towers themselves 
rise to a height of 361 ft. 
above high-water level. 
It was in connection with 
the opening of the Forth 
Bridge that Sir William 
Arrolreceived the honour 
of knighthood, and soon 
afterwards the Glasgow 
University conferred 
upon him the honorary 
degree of doctor of laws 
(LL.D. ). 

Sir William was also 
engaged in the construc- 
tion of many of the 
bridges for railways and 
roads over the Man- 
chester Ship Canal, and 
was responsible for the 
steel work of the Tower 
Bridge across the Thames 
in London. This last is 
interesting because of the 
great size of the bascules 
in the centrespan. Each 
of these weighs 1200 
tons, and they are raised 
and lowered by hydraulic 
power. From this time 
onwards Sir William was 
identified with the build- 
ing of the most important 
bridges in this country 
and of many abroad. 
Some of these are of 
great length, others of 
great width. The latter 
includes the Wear Bridge 
at Sunderland. In other 
cases Scherzer rolling- 
lift spans have been in- 
troduced. 

In many other depart- 
ments of work Sir Wil- 
liam Arrol’s advice has 
exercised considerable 
influence towards indus- 
trial efficiency. He was 
amongst the first to advocate the substitution of steel 
for timber in the roofs of factory shops, and always 
contended for the maximum of light. The effect of 
his guidance is to be seen in many of the most 
important engineering and other factories at the 
present time, where the roof is almost invariably 
glazed, and the extent of natural light conduces to 
efficiency of labour. Many projects were put 
before Sir William, but common - sense was a 
dominant trait of his character. Even when 


offered remunerative terms, he refused to be a 
rty to schemes which were not of definite utility. 
‘hus, we remember a case where he refused to 
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accept a contract for building one of the accessories 
of a large exhibition because it was of no practical 
use. Difficulties, on the other hand, attracted him, 
and most of them yielded to his sound mechanical 
ingenuity and judgment. : : 
e did not take much part in public life nor in 
the proceedings of our technical institutions. The 
Institution of Engineers and Shipbuilders in Scot- 
land succeeded in inducing him to become their 
President in 1895-97. He was a Fellow of the 
Royal Soziety of Edinburgh and a member of several 
institutions. He was a Sepaty Lieutenant of the 
County of the City of — and a Justice of 
the Peace for the County of Ayr. He took great 
interest in savings-banks and was a trustee of 
several. Amongst the charitable institutions 
which he assis not only financially, but with 
advice, was the Royal Infirmary of Glasgow. To 
those who knew him his incursion into politics 
came somewhat as a surprise, and yet he was well 
fitted to take part in the making of industrial 
laws. For fifteen years—1892-1906—he sat as the 
Member for South Ayrshire, as a Unionist; he 
retired voluntarily before the General Election of 
1906. While in Parliament he rarely spoke, but 
his knowledge of industrial affairs was utilised not 
only by members of the Government responsible 
for trade affairs, but also by many members in con- 
nection with Parliamentary Bills. During the 
t few years he did not take the same active part 
in business, but he attended the works regularly 
to be consulted and to offer advice in connection 
with all the affairs of the establishment. The 
co-partnery was formed into a limited liability 
company in 1895, with Sir William as chairman. 
He bought the Seafield estate at Ayr in 1885, 
having some years previously rented it for a short 
riod. He built a new house, and afterwards 
demolished the old mansion. Evidence is afforded 
there, perhaps, of his one and only aor the 
gathering together of paintings which appealed to 
him ; many of them are, indeed, indicative of the 
traits of his character—simplicity, sensible in the 
highest degree, temperate in habit, ready dis- 
position to recognise real merit and to offer encou- 
ragement and help, combined with commercial 
probity and integrity. 





INDUSTRIAL NOTES. 
AccoRDING to the Board of Trade Labour Gazette 
of February 17, the state of the labour market in 


January was as follows :— 
Employment improved in the a pig iron, 
iron and steel, engineering, and shipbuilding trades, 


but there was sume falling off in the tin-plate, textile, 
ttery, and glass trades. The seasonal decline in the 
building and brick trades continued. 

The chan in rates of wages made during 
January affected over half-a-million re 
whose wages were increased by nearly 27,000/. per 
week, 

Compared with a year ago, there was a more or less 
marked improvement in the pig iron, iron and steel, 
engineering, textile, boot and shoe, nnn. glass, 
pottery, and brick trades. The building wood- 
working trades were only slightly better. The high 
level which had been attained in coal-mining in 
January, 1912, was maintained. 

Trade vnions, with a net membership of 884,444, 
reported 19,498, or 2.2 per cent., of their members as 
unemployed at the end of January, 1913, compared 
with 2.3 per cent. at the end of December, 1912, and 
2.7 per cent. at the end of January, 1912. 

The wage changes taking effect in January were all 
increases. The most important affected 417,600 coal 
miners in the federated districts, 26,800 engineers at 
Manchester and Oldham, 11,500 ironstone miners and 
limestone quarrymen in Cleveland and Durham, 6900 
blastfurnacemen in Cleveland, Durham, and Cumber- 
land, 6250 blastfurnacemen and iron and steel workers 
in South Wales and Monmouthshire, 5750 steel 
workers in West Scotland, and 6000 builders’ labourers 
in London. 

The number of dis;utes beginning in ape | was 
67, and the number of work ple involved in all dis- 
putes in progress during the month was 52,066, as 
compared with 30,685 in mber, 1912, and 190,374 
in January, 1912. The estimated number of working 
days lost by disputes during the month amounted to 
651,200, as compared with 232,100 in the previous 
month, and 2,711,200 in January, 1912. 





Up to February 1, 1913, the Board of Trade had 
received 2,356,056 applications for unemployment- 
books for the receipt of contribution stamps, and 


issued such books ts the numbar of 2 297,326. Of 
these, 1,990,111 were issued through the Board of 


advance of 23 per cent. 
will act as neutral chairman. 


Company at Grimsby 
had | siderable dislocation of traffic, the com 
passenger, aud cargo steamers to Hamburg, Antwerp, 
and Rotterdam being delayed. An advance of 6d. 


Exchanges Act, 1909, and 307,215 through the local 
agents of the mo ge se fund appointed specially 
for the p of unemployment insurance under 
Part II. of the Insurance Act. In all 58,730 applications 
were refused on the ground that the applicants did not 
appear to come within the definition of ‘‘ workman” 
as defined in Section 107 (1) of the Insurance Act, or 
did not appear to be included in the trades specified 
in the Sixth Schedule of the Act. 

Of the total number of workpeople at present 
insured, 41.4 per cent. are engaged in the building 
trades and works of construction, 10.8 per cent. in the 
shipbuilding industry, 349 per cent. in engineering 
and ironfounding, and 8 6 per cent. in the construc- 
tion of vehicles. About 4.3 per cent. are engaged in 
work cognate to these industries. 





From the February monthly report of the Society of 

yr ene Toolmakers we gather that the 27th day 
of this month is the thirty-first birthday of the 
society, and that during the years since the society 
was started a great change for the better has been 
made in the condition of the workers, for which 
satisfaction is expressed. During the thirty-one years 
referred to the society has paid about 160,000/. 
in various benefits. At the end of January last the 
membership stood at 7990 compared with 6136 at the 
end of the corresponding month of 1912—a substantial 
increase of 1854. The unemployed at the end of 
January last numbered 61, against 85 at the end of 
January, 1912, and the reserve funds on the same 
dates respectively were 34,000/. and 25,500/., an in- 
crease of 8500/. 
The United Patternmakers’ Association have recently 
issued the January number of their monthly report, 
and the figures contained therein show that at the end 
of January last there was a decrease in the number of 
the unemployed —— with the end of the pre- 
vious month, the number at the end of the two months 
respectively being 188 and 219, the former figures 
representing 2.3 per cent. of the total membership. 
During the quarter ended December 31 last, the total 
income of the Society was 7688/. 16s. 74d., and the 
expenditure 43301. 03. 2d. 


The February report of the United Society of Boiler- 
Makers and Iron-Shipbuilders shows that at the end 
of January last there were signing the book on home 
donation, on superannuation, and on the sick fund, 
6146 members, against 6121 at the end of the pre- 
vious month ; the total membership of the Society is 
very nearly 62,000. The eo? for January were 
8466/. ls. 3d., against 6027/. 6s. 5d. for December, 
1912, an increase for January of 2438/. 14s. 10d. The 
members admitted numbered 295, while 226 ran out 
or died, leaving an increase of 69. 








The National Union of Railwaymen, the new rail- 
way 0 isation, will have for its first task the con- 
sideration of the alleged victimisation cases about 
which so much has been heard of late. It appears that 
there is a possibility that the unrest that exists on 
account of this alleged victimisation may bring about 
a strike before Easter, although the charge was shown 
by the late Board of Trade inquiry to generally 
—-. at any rate so far as the Midland Railway 
mpany is concerned. 





There is possibility of trouble among the men on the 
North-Eastern Railway, new demands having been 
formulated by the Newcastle and District Council of 
the Railwaymen’s Union for presentation to the com- 
pany ; these embrace an eight-hour day and higher 
wages all round. A resolution has been unanimously 
adopted by the men forbidding their representatives 
on the Conciliation Board to submit their claims to 
arbitration. They have, moreover, declared that no 
settlement is to be accepted by the Conciliation Board 
until the men have first been consulted, and they 
urge the company to ‘‘negotiate in good time, 
so that the men may have the opportunity, if 
necessary, of forcing their demands. in the best way 





connection with the coal-owners’ claim for a reduction 
in miners’ wages of 124 per cent. on the basis of 1888. 
This reduction represents 6d. a day. No agreement 
was come to the meeting was adjourned. On 
Tuesday in next week the Board will meet in Edin- 
burgh to consider an application by the men for an 
Lord Balfour of Burleigh 





On Saturday last some two thousand transport 
workers employed by the Great Central Railway 
ks struck work, causing con- 
y’s mail, 


deali 
59s. 
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at 59s. 9d. 


ammonia is not ver 
inquiries for forward 


in handling cargo on ships, and on 4s. 6d. in the 
sheds. These demands were not granted, and the 
men eg struck, and there was considerable 
excitement. On Tuesday peace was restored, 6d. extra 
per day being granted to men handling general caryo, 
and 9d. to men handling iron goods, the Saturday half. 
holiday was conceded, overtime rates increased to ls, 
per hour, and Sunday labour promised 2s. per hour, 
with free tramway journeys between Grimsby and 
Immingham. 





A ballot of the 6000 Bradford dyers who have been 
on strike-has been taken. As a result of this, 2298 
votes were recorded for reopening negotiations and 
2095 against, the majority for resumption of work 
therefore being 203. A conference between the masters 
and the leaders of the men was accordingly held on 
Wednesday last, but at the time of going to press the 
result was not known. 





NOTES FROM THE NORTH. 
: Gascow, Wednesday. 

_Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very quiet, and dealing was limited to 
one Cleveland warrant at 65s. 24d. ek 27, and at the 
close sellers quoted 64s. 74d. cash, 64s. 114d. one month, 
and 65s. 1d. three months. The afternoon tone was weak. 
and only 1000 tons of Cleveland warrants changed hands 
at 64s. 3d. cash and 64s. 44d. eleven days. Sellers’ 
closing quotations were down to 64s. 34d. cash. 64s. 74¢ 
one month, and 64s. 10d. three months. On Frida, 
morning the weakness in Cleveland warrants became 
greater, and a drop of Is. : 
over consis of 8000 tons at 63s. 3d. and 63s. 14d. 
eash, 64s. seven days. 63s. 9d. and 63s. 6d. one month, 
63s. 9d. and 63s. 84d. three months, and at (iis. 8d. 
May 13, and closing sellers named 633s. 3d. cash, 
63s. 7d. one month, and 63s. 11d. three months. 
In the afternoon Cleveland warrants eased off still 
further, and 8500 tons were dealt in at from 
3d. to 63s. cash, 63s. 14d. fourteen days, 63s. 74d. 
March 24, from 63s. 7}d. to 63s. 54d. March 31, 
63s. 8d. April 8, and 63s. three months. The 
closing quotations were 63s. 1d. cash, 63s. 5d. one 
month, and 63s. 9d. three months sellers. On Monday 
morning the weakness in Cleveland warrants was more 
accentuated, and prices fell away about 7d. The 
turnover amounted to 5500 tons at from 62s. 9d. to 
62s, 6d. cash, 62s. 114d. fourteen days, from 63s. 2d. to 
62s. 10d. one month, and 63s. 8d. three months, with 
sellers over at 62s. 6d. cash, 62s. 104d. one month, and 
63s. 3d. three months. In the afternoon the “ bears” 
were in prominent and prices of Cleveland warrants 
drop over ls. The business was fully 11,500 tons at 
from 61s. 7d. to 6ls. 44d. cash, from 62s. to 61s. 104d., 
61s. 11d., and 61s. 9d. one month, and from 62s. 5d. to 
62s. three months. At the close sellers’ quotations 
were 61s. 5d. cash, 61s. 94d. one month, and 62s. 1d. three 
months. On Tuesday ya the same forces were again 
in evidence and prices tumbled down about 23. The 

totalled 10,000 tons of Cleveland warrants at 
6d. cash, from 60s. to 59s, 9d. one month, 59s. 9d. 
April 2 and 22, 59s. 74d. May 7, 60s. 9d. May 13, and 
93. 9d. months. The close was better, with sellers 
cash, 60s. 14d. one month, and 60s. 3d. three 
months. The afternoon session was irregular, but firmer, 


and 6500 tons of Cleveland warrants were done at 60s. 8d. 
cash and 
60s. 114d 
61s. 3d. May 12. Sellers’ closing quotations were 74d. to 
8d. above those of the previous session, and were 60s. 5d. 
cash, 60s. 9d. one month, and 60s. 1ld. three months. 
When the market opened to-day (Wednesday) a firmer 
tone prevailed, and 
9000 tons were put through at from 61s. to 61s. 5d. cash, 
from 61s. 64d. to 61s. 8 ! 
6ls. 74d. April 2, and 62s. three months. Closing sellers 


six days, at 60s. 114d. and 60s. 84d. one month, 
. March 27, 61s. two and three months, and 


Cleveland warrants amounting to 
. one month, at 61s. March 17, 
uoted 61s. 5d. cash, 61s. 9d. one month, and 62s. 3d. 


three months. In the afternoon Cleveland warrants con- 
tinued to 
and 61s. 
and 62s. 4d. three months. The turnover was 
tons, and the closing quotations were 61s. 7 
62s. one month, and 62s. 5d. three months sellers. 


n strength, and changed hands at 61s. 9d. 
twenty-three days, 61s. 10jd. one —_ 
i 


. cash, 


{id 


Sulphate of Ammonia.—The demand for sulphate of 
heavy at the present time, but 
#- amount to a fair tonnage. The 


possible.” ce is unchanged at 14/. 8s. 9d. per ton for prompt 
- usiness, Glasgow or Leith. 

InG w, on Monday last, a long meeting of the} Malleable-Iron Trade.—In the malleable-iron trade of 
Scottish Trade Conciliation Board was held in| the West of Scotland the conditions which have affected 


the steel trade have also been felt similarly. The import 
of strips, &c., has been large, and mills are therefore 
ve. but a 


number of these are being put on to rol 


nary bars to avoid a stoppage. There isa quietness 


in the demand for large bars, but for smaller sizes there 
is a fair outlet. 
ton, less 5 per cent. for “‘ crown ” bars. 


Current prices are based on 8/. 10s. per 


Scotch Steel Trade.—Much activity still prevails in the 


various Scotch steel works, but inquiries are very 
limited this week, and almost no new contracts are being 
booked. The latter state is 


entirely due to the sudden 
rant market, but, so far, 


in the pig-iron war 


ucers have not shown signs of reducing prices, 38 


the above is considered only a temporary weakness, 
and order-books are well ‘enough filled to provide em- 


ment for several months to come. The carters’ strike 








Trade Labour Exchanges established under the Labour 





a 
day was demanded by the men on 4s. 9d. while engaged 


eal 


continues to hamper deliveries, and in consequence 
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‘same month of 1912, showing an increase of 110,998 tons. 
’ Exports represented 275,404 tons of this quantity—an 
~ increase of 47,411 tons upon a year ago—and the coast- 
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the export trade is quieter, with orders for prompt 
despatch going to other markets. Black-sheet makers 
are very busy, but the outget is being curtailed owing to 
the difficulty of delivery. For sectional material there is 
a large inquiry in the market at present, but makers 
have trouble in naming shipping dates on account of the 
labour unsettlement. All over the trade there is a distinct 
lull and dullness this week. 


Scotch Pig-Iron Trade.—The makers of Scotch pig-iron 
continue well employed, and deliveries are still on a la 
seale. Of course, the export trade has received a check, 
owing to the carters’ strike, but large quantities are being 
sent to consumers who have railway sidings, and thus no 
stocks are gathering. Fresh buying has been very limited 
during the past week, owing to the unsettled state of the 
warrant market. Prices are just the turn easier, and the 
following are the latest market quotations for makers’ 
(No. 1)iron :—Clyde, 81s. ; Calder, Gartsherrie, Summerlee, 
81s. 6d.; and Langloan, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), §2s.; Shotts (at Leith), 
Sls. 6d.; and Carron (at Grangemouth), 83s. Business 
in Scotch hematite iron is quiet, but a heavy tonnage is 
being delivered against existing contracts. The current 
price is called 88s. 6d. per ton. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Returns.—The remarkable industrial activity 
both at home and abi is reflected in the January 
returns of the amount of coal dealt with at Hull. The 
total was 643,286 tons, as against 532,288 tons in the 


wise returns were 80,944 tons. Very big increases in 
takings were shown by North Russia, rmany, and 
Holland, whilst the exports to Italy and France were 
reece pony | less. The Denaby and Cadeby Company 
headed the list of collieries with an output of 62,343 tons, 
a little above their previous January’s figure. 


The Trade ** Boom.”—Objection was taken by Colonel 
Hughes, at the annual meeting of the Sheffield Chamber 
of Geamenus to-day, to the use of the word “‘ boom ” to 
describe the present condition of the Sheffield industries. 
He said he thought it would be found that last year was 
a time, not of “‘ boom ”—which meant a jumping up 
beyond all expectations—but of a good moderate in- 
crease. During the past thirty-seven years in Sheffield 
he had seen many improvements in the way of improved 
trade beaten down and smothered before they had really 
had time to reach their due effect, by reason of the in- 
creased cost of materials, fuel, and w: He hoped 
that on this occasion it would be found that increased 
costs had nob been so extreme, and that therefore the 
existing good trade might have a chance of lasting longer 
than was thought by some people. 


South Yorkshire Coal Trade.—Towards the end of last 
week there were indications of a strengthening in house 
coal, but since then the demand has weakened again, and 
with a quiet London market on Monday inquiries have 
shown some falling-off. The collieries, however, are not 
adversely affected by reason of the big general demand 
for coal. They are not accumulating stocks, and prices 
have been only slightly modified. There is practically no 
cheap house-coal on the market, and any surplus over 
householders’ requirements is being eagerly snapped up 
by the gas companies. At the same time, however, their 
buying is not so extensive as was the case about a month 
ago. The working of railway traffic improved over the 
week-end, and deliveries have since m considerably 
easier. Hard coal is in enormous demand on industrial 
account, and slacks are very scarce. Quotations :—Best 
branch hand-picked, 15s. to 16s.; Barnsley best Silkstone, 
13s. 6d. to 14s. 6d.; Derbyshire best brights, 12s. to 13s. ; 
Derbyshire house, 10s. 6d. to 11s. 6d.; —— nuts, 10s. 6d. 
to lls. 6d.; small nuts, 9s. to 10s. ; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. 6d. to 11s. 6d.; rough 
-agrodng to 8s. ; smalls, 5s. 6d. to 6s. 6d.; and secon 

. to 


Iron and Steel.—The ruling high prices of iron have 
not been influenced by the refusal of consumers to place 
contracts, and the amount of business done is still ver 
small. The reluctance to order at present quotations is 
prompted by the belief that, at any rate, the figures have 
reached their likely maximum, and will shortly ease. 
Such orders as have been given out for the second half of 
the year have been on behalf of only a few steel manu- 
facturers. There is no change in foundry sorts, and the 
reduction on Derbyshire forge is very slight. The general 
outlook of the market does not suggest producers will be 
troubled by overproduction for some time. There is 
practically nothing doing in Lincolnshire iron. The price 
of alloys is unchanged, and the scarcity is very marked. 
The finished iron branches are favourably situated, and 
though the demand has eased somewhat. the pressure on 
productive capacity is still very great. The steel trades 
Maintain a very satisfactory position, although the figure 
of output is not up to the January level. The past month. 
however, was one of exti inary prosperity, and the 

! manufacturers do not need to touch the reco’ 
then set up to be doing extremely well. The principal 
feature of the situation is still the difficulty of mee 

mands. From some quarters, however, it is repo! 
that profits are not satisfactory, and makers, for 
fear of losing ers, are working for less. The mass 
of evidence in the other direction suggests that this 
only applies to isolated cases, and even then, in view 
of the general dearress of raw material, not only in 
England, but in other countries, this is difficult of ex- 


matter of works extensions, and a number of new 
furnaces have been put down by various firms. In some 
cases fresh land has been acquired for development. The 
armament branches are in a thoroughly good position, 
and an order for a new Spanish battleship has recently 
been received locally. A great weight of projectiles con- 
tinues to be produced to the demand of the Home Govern- 
ment. Manufacturers of small steel goods are as 
as ever, and, despite the plentitude of orders for files, 
certain firms are displaying a competitive spirit. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron ‘rade. — Erratic movement in 
warrants, caused by speculative operations, have alto- 
gether disorganised the pig-iron market, and a feeli 
prevails that conditions will not improve much un 
affairs become more settled in the Near 
just now, is on a very limited scale, traders acting with 
much caution, and transactions are confined to sales 
sufficient to meet current needs, This week Cleveland 
pig-iron prices have been lower than for six months past. 
At one time as low as 61s. was named for No. 3 g.m.b. 
Cleveland pig, No. 4 foundry, and No. 4 forge, but some 
recovery has occurred, and now the two former are at 62s. ; 
and forge at 61s. 9d.; whilst No. 1 is put at 64s. 6d.; and 
mottled and white iron each at 61s. 3d. These are 
merchants’ prices for early delivery, makers holding out 
for higher rates. East Coast hematite pig, though the 
supply is still far from equal fully to satisfy require- 
ments, is easier. Second hands have this week sold 
Nos. 1, 2, and 3 at as low as 80s. for delivery up to the 
end of next month, and they are still prepared to accept 
8ls., but makers quote 82s. 6d. to 83s. Foreign ore is 
weaker, though hardly quotably lowered. There is no 
business passing, and market rates are based on 22s. ex- 
ship Tees for Rubio of 50 FX cent. quality, but it is 
understood that less would be accepted. Freights, 
Bilbao-Middiesbrough, stand at 5s. 9d. There is thirty 
demand for blast-furnace coke for local consump- 
tion, and average kinds are in the neighbourhood of 25s., 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—To meet current 
needs Cleveland pig iron continues to be taken from the 
public warrant stores, which is practically the only stock 
in existence in the North of England. The stock so held 
now stands at 226,274 tons, 10,087 tons having been 
withdrawn since the ing of the month. ith the 
Spring demand coming on, continued substantial with- 
drawals from stock may be looked for, and thus the 
already excellent statistical situation promises to become 
still better. Shipments of pig iron from the Tees con- 
tinue on a satisfactory scale, =r up to expectations. 
To date, this month, they total 52, tons, of which, 
46,418 tons have gone from Middlesbrough, and 5825 
tons from Skinningrove. 


Manufactured Iron and Steel.—Satisfactory accounts 
continue to be given of all branches of the manufactured 
iron and steel industries, though the lull in pig iron is, to 
some extent, reflected in the finished trades, and for the 
time being there is little buying or even inquiry. Pro- 
ducers, however, are very well placed, all departments 
being very busily employed, some firms having orders 
booked sufficient to keep them busy well over this and 
next year. Under these favourable conditions manufac- 
turers show no disposition te lower quotations that have 
ruled for some time past. Principal market yer 
stand :—Common iron bars, 8J. 15s.; best bars, 9/. 2s. 6d.; 
best best bars, 9/. 10s.; packing iron, 6. 15s.; iron ship- 
plates, 87. 2s. 6d.; iron ship-angles, 8/. 15s.; iron ship- 
rivets, 9. 15s.; iron boiler-plates, 8/. 17s. 6d.; steel bars 
(basic), 7/. 17s. 6d.; steel bars (Siemens), 8/. 5s.; steel 
ship-plates, 8/. 5s.; steel ship-angles, 7/. 17s. 6d.; steel 
boiler-plates, 9/. 5s.; steel hoops and steel strip, each 
8l.; and steel joists, 7/. 7s. 6d.—all less the customary 
24 per cent. discount. Cast-iron columns are 7/. 7s. 6d.; 
cast-iron railway chairs, 4/. 10s. to 4/. 15s.; light iron 
rails, 7/. to 7l. 5s.; heavy steel rails, 6/. 15s. ; and steel 
railway sleepers, 7/.—all net at works. Iron and steel 

vanised corrugated sheets, 24 gauge, in bundles, run 
rom 12/, 15s. to 13/. f.o.b.—less the usual 4 per cent. 





PuysicaL Society or Lonpon.—The next meeting 
of the Society will be held on Friday, February 28, at 
5 p.m., at King’s College, Strand, W.C. The following 
subjects will dealt with:—(1) ‘ Interference by 
Réntgen Radiation,” by Professor C. G. Barkla, F.R.S., 
and G. H. Martyn, B.Sc. (2) ‘‘ Alternating-Current 
Magnets,” by Professor E. Wilson. (3) “ —— 
Method of Optical Imagery,” by W. R. Bower, B. 


Tue Manonester Suip Canau.—At the fifty-fifth 
ordinary meeting of shareholders of the Manchester Ship 
Canal ae , which took place yesterday, at the 
Houldsworth Hall, Manchester, interesting figures were 

iven concerning the toll-paying merchandise traffic, and 

e receipts of the port for each of the nineteen years 
during which the canal has been opened for traffic. The 
following are the figures for every fourth year since 
1894 :— 








Planation. Finality has not yet been reached in the 


East. Business, | 7 


NOTES FROM THE SOUTH-WEST. 
Cardif.—Anticipations of heavy tonnage arrivals over 
the end were satisfactorily realised, the number of 
vessels in the docks at Cardiff, Sans, and Penarth having 
been as many as 285. Large stocks of coal were awaiting 
shipment. Some colliery owners, anxious to get wagons 


y | to enable pits to be re-started, were disposed to make 


some slight concessions; others were asking higher 
—, trade being expected to be active until Easter, 

ere was a good demand for smalls. Household coal 
has shown little change; patent fuel and ceke have 
exhibited strength. The best Admiralty large steam coal 
has been quoted at 18s. 3d. to 18s. ed nnd Cage 
wag gp Pp TRF smalls, 15s. to 
5s. 3d. ; 


households, 17s. to 18s. ; No. 3 Rhondda large, 17s. 
to 17s. 6d.; and smalls, 15s. to 15s. 6d. ton. 
No. 2 Rhondda large has brought 15s. to 15s. ; and 
2 smalls, 13s. 6d. to 14s. ton. i 
uoted at 6d. to 33s. 6d. ; 
undry ditto at to 3ls.; and furnace ditto 
at 27s. to 28s. 6d. per ton. As regards iron ore, Rubio 
has made 21s. 6d. to 22s. pn ee aeee > ee = 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Welsh Rolling-Stock.—The directors of the Bristol and 
South Wales Railway Wagon Company, Limited, in their 
report for 1912 state that, ee 18362. brought for- 
ward, the net profit was 21,1010. he directors recom- 
mend a dividend at the rate of 10 per cent. per annum 
for the year, with a bonus of 6d. per share, carrying 
forward 1851/. The wy t fund now stands at 
56,000. Mr. J. Bicknell, the company’s secretary and 
manager for the past seventeen years, has been appointed 
managing director and secretary. 


Port Talbot Railway.—The report of the Port Talbot 
Railway and Docks Company states that the accounts for 
the second half of 1912, show a revenue from all 
sources of 83,6122. The balance of net revenue account, 
after provision for all fixed charges, and after carrying 
30007. to revenue, amounts to 38,561. The directors 
recommend a dividend on the ordinary shares at the 
rate of 8 per cent. per annum for the half-year, leaving 
13611. to S carried forward. 


Portsmouth.—The number of men now employed in 
Portsmouth dockyard is larger than it has ever been 
reviously. In a recent week wages were drawn by 
4,500 persons. This large number is expected to be 
maintained for the balance of the year, as work is to be 
pushed forward at high pressure. 


Cardiff Colliertes, Limited.—The accounts of Cardiff 
Collieries, Limited, show a profit for 1912 of 32,908/., as 
compared with 33,617/. in 1911, 62,1087. in 1910, 41,603J. 
in 1909, and 70,062. in 1908. Dividends at the rate of 
10 per cent. per annum have been paid for all the five 
years. The result of last year’s working was regarded 
as unexpec good, in view of the great strike of 
miners, extending over five weeks, while working costs 
were increased by the minimum wage, new mines, and 
National Insurance Acts. 


The Forest of Dean.—The total coal, iron-ore, stone, 
&c., for the last half-year was 599,088 tons, while that 
for the whole year was 1,066,775 tons. The past half-year 
showed an increase of 131,501 tons, as compared with the 

revious six months (when the strike took place), and of 
51,908 tons, as compared with the corresponding period 
of last year. With regard to the output in the lower 
series—the steam-coal area—about 350,546 tons was raised, 
as against 245,542 tons from the seams above the Church- 
way Gates. The ‘no coal” seam produced 54,000 tons 
last half-year. 
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Pneumatic GRAIN- DISCHARGING PLANT IN ROTTERDAM. 
—A company was recently formed in Rotterdam to pur- 
chase and work two floating pneumatic discharging 
elevators, and the order for these machines was awarded 
to Messrs. Amme, Gi e and <r) A.-G., Bruns- 
wick, and 59, Mark-lane, London, E.C. Re are to 
hand that the first unit was supplied and started to 
work during the first week in Fe . The Furness 
liner s.s. Pennine Range was the first vessel to be dis- 
charged by means of the new elevator ; the plant worked 
most successfully from the start, and the discharge has 
been made at the rate of 250 tons per hour, which is quite 
a record for this type of machinery. 


Personat.—Mr. Herbert W. Wills has been appointed 
editor of the Builder. Mr. Wills is a Fellow of the 
Royal Institute of British Architects, and has served 
four years on the Council of that body. He has carried 
out, in conjunction with his ae, many im) t) 
ee. w. ming, of 17, Rue de 

beuge, Paris, has been elected to the Presid 
the British. Chamber of Commerce, Paris. He has 
resided in France for thirty and has been con- 
stantly connected with Franco-British engineering trade, 
yepoesenaing such firms as Thwaites Brothers, Limited, 
Bradford (of which firm he is also a director) ; Smith and 
Coventry, Limited, Manchester; Hulse and Co., Limited, 
Manchester; W. H. Allen, Son and Co., Limited, Bed- 
ford ; Grafton and Co., Bedford; W. Simons and Co., 
Limited, Renfrew, &c. It is interesting to learn that the 
British Chamber of Commerce at Paris, which occupies 
such an important rank in Franvo-British trade, should 





Sea-Borne Barge 
Traffic. Traffic. Total. Receipts. 
Tons. Tons. Tons. £ 
1894 686,158 239,501 925,659 97,901 
1897 1,700,479 365,336 2,065,815 204,664 
1900 . 2,784,845 276,673 3,060,516 830 
1903 292,259 3,846,895 397,026 
1906 4,441,241 259,683 4,700,924 498,837 
1909 . 4,299,765 272,636 4,563,401 534,059 
1912 . 5,021,691 318,198 5,330,884 605,179 


now have as its president an ineer, and the represen- 
tative in France of covenah Beldch enginsesing dean. 
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THE CENTRAL CONTROL OF APPARATUS 
IN ELECTRIC SYSTEMS. 


A METHOD of central control for the switching in 
and out of circuit of street lamps, meters, transformers, 
&c., connected to the mains o eee systems, 
has been developed by Mr. W. Duddell, F.R.S., 
in conjunction with Mr. A. H. Dykes and Mr. H. W. 
Hancock. The method allows of the whole of the 
electric street lamps in a town being lighted and 
extinguished together at any desired times, or of 
transformers in sub-stations being cut in or out of 
circuit as required. It is also applicable to the con- 
trol of consumers’ meters in connection with a two- 
rate system of charging. In operation the method 
utilises the ordinary supply mains, and does not 
require the installation of any pilot wiring, nor does 
it employ any earth circuits. Further, its operation 
does not affect in any way apparatus on the system to 
which it is not intended to apply, and it is applicable 
to either direct. or alternating-current circuits. It 
will be understood that the whole of the operations in 
connection with the working of the method are carried 
out in the generating station. 

The essential features of the method consist of 
apparatus for the imposition of a small high-frequency 
alternating current on the main current, and special 
relays which respond to this high-frequency current 
but not to the main current. These relays can be 
made to operate switches or other relays, for the per- 
formance of the duties mentioned above, and indeed 
of many more. The effect of the small imposed high- 
frequency current on the main current is slightly to 
alter its wave form, so that in the case of a direct 
current the voltage curve would become a rippled 
line instead of a straight one. In the case PP an 
alternating current, the high - frequency current 
would modify the voltage wave. It would not 
be directly perceptible in the curve, as in the 
direct-current case, but none the less relays pro- 
perly arranged would be able to pick it out and 
respond to it. The imposed high-frequency current 
may be conveniently spoken of as the ripple. The 
ripple may be generated by connecting a small high- 
frequency generator in series with the main current, 
or by so connecting the secondary of -a transformer, 
the primary of which is connected to a high-frequency 
generator. For satisfactory operation it is found 
that the R.M.S. voltage of the high-frequency current 
should be about 5 per cent. of the main voltage, so 
that a 200-volt circuit would require a 10-volt ripple. 

The simplest form of relay which can be used with 
the method is illustrated in Fig. 1. In this figure A 
and B are the mains, L is the relay-coil, and K is a 
capacity connected in series with it. The moving 
part of the relay is represented by the switch-arm 
shown, while the load is shown as lamps. Itis obvious 
that this arrangement, simply as shown in the figure, 
is suitable for a direct-current system. On such a 
system in normal operation no current would 
mace the relay, but as soon as the alternating 
ripple was imposed on the direct current a current 
would through the capacity and relay-coil, so 
that the relay could be made to operate switches or 
carry out other duties. If the system were installed 
for the control of street-lamps, the relays would be 
arranged so that when the lamp-switches were open the 
passing of the ripple would cause the relay to close 
them, and when they were closed the -passing of the 
ripple would cause the relay to open-them. It is 
obvious that the arrangement of the relay for duties 
of this class is merely a matter of simple mechanism. 
On a system having street lamps controlled in this 
manner, the ripple would be im on the main 
current fora few moments at lighting-up time, and 
again for a few moments when the lamps had to 
extinguished. This could, of. course,be carried out 
by arranging the Ligh-frequency machine, which gene- 
rated the ripple, with a short-circuiting switch, which 
would be opened for a moment or two as required. 
Or, as an alternative, the high-frequency machine 
— be continually in circuit, but the circuit of its 
field coils might be broken except for the few moments 
when the ripple was required. 

In the case of an alternating-current circuit, an 
arrangement similar to that shown in Fig. 1 can be 
used, but for practical success it is necessary that the 
,self-induction of the rebsy coil and the capacity of the 
condenser be so chosen that resonance exists Coben 
them at the frequency of the imposed ripple. It is 
clear that a certain amount of current will always 
pass through the relay, but this will be much smaller 
than that which passes when resonance occurs, so that 
the relay may be arranged not to be attracted except 
at times of resonance. 

It is obviously desirable that the ripple voltage 
should be kept low, so that its distorting effect on the 
main vol shall be as small as possible ; and it was 
stated earlier that the R.M.S. value of this ripple 
voltage was taken as 5 per cent. of the line voltage. 
Experience hasshown that on alternating circuits with 
a 5 ¢ cent. ripple and the arrangement shown in 
Fig. 1, itis necessary for successful operation in prac- 





tice that either the resonance between the coil and 
relay should be very sharp, or else that there should 
bea large difference between the ripple frequency and 
the main frequency. The first of ah conditions is 
objectionable, since it increases the cost of the relays 
and raises the possibility that they may not operate 
if there is a small change in the ripple frequency. 
The second condition imposes greater expense, and on 
investigation proves not to be commercially practicable. 
In order to overcome these objections to the simple 
resonance relay a modified form has been devised. 
This is illustrated in Fig. 2. As before, L is the relay 
coil and K a condenser. The relay armature has been 
omitted to simplify the figure. Connected in parallel 
with the relay coil and condenser there is a chokin 
coil L, and a second coil L,. L, is wound on top of 
and has about the same number of turns with it. The 
operation of this form of relay is as follows :—The 
current through the condenser K and coil L, due to 
the supply frequency, leads by almost 90 deg. in the 
appli potential difference, while the current 
through the choking coil L, and coil L, is made to 
lag about 90 deg. behind the applied potential differ- 


Fig 1. 


A 


by a small high-frequency generator in series with the 
earthed side of the main 2000-volt circuit. This 
— has a cam mechanism driven by, and geared 

own from, its shaft. This mechanism is arranged to 
make and break the field-circuit of the high-frequency 
generator at stated intervals, so that, say, the circuit is 
made for two minutes, and broken for five. This 
means that the ripple is on for two minutes, and off 
for five. A compensated relay, of the type described 
above, is fitted in conjunction with a consumer’s meter, 
and is arranged to cut it in and out of circuit, or to 
break the shunt circuit if it is a watt-hour meter. 
The ripple is never imposed on the circuit during peak 
load, so that at that time the consumer’s meter 
registers all units used; but during the rest of 
the day the ripple is im and withdrawn as 
descri above. The effect of this is that for 
fixed intervals the consumer’s meter does not register 
some of the units used. The idea of the arrangement 
is that units should be sold at a fixed price, but that 
at all times other than peak load some of the units 
should be allowed to go unregistered. It will be seen 
that in effect this gives a two-rate system, but that 
only one meter is required. The relay is a much 
cheaper piece of apparatus than the extra meter and 
time-switch which is required with ordinary two-rate 
, while the expense of winding the time-switch 
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ence. The result of this is that, by suitable adjust- 
ment, the joint action of coils L and L, on the relay 
armature may be made very small as far as the 
supply voltage is concerned. When the ripple is on 
the mains, however, it sets up resonance between 
condenser K and coil L, so that a current passes which 
is ample to operate the relay. It has been found in 
practice that a compensated relay of: this class, suit- 
ably designed, will take no notice of a supply voltage 


be] of 100 at 50 periods, but that it will operate with 


certainty with a 5-volt 200-period ripple. 

The two coils L and L,, in Fig. 2, are wound each 
in the same sense around the relay core, so that 
electrically they may be looked upon as a single 
coil. In practice they may also be replaced by a single 
coil, as shown in Fig. 3. The arrangement in this 
form is really identical with that shown in Fig. 2, 
but its electrical operation may be looked at in a 
somewhat different way. It may be considered that 
a certain current flows through the condenser K at 
the frequency of supply. By suitably proportioning 
the choking-coil, however, so that its self-induction 
and the capacity of the condenser are practically in 
resonance, the greater part of this current may be 
supplied without taking it from the mains. If this is 
done, the only current taken from the mains is that to 
supply the losses, and this small current is the only 
one that through coil L, due to the supply 
wane ap When the ripple is imposed, however, K 
and L, are no longer in resonance, and a considerable 
current will flow through K and L, which may be 
enhanced by making K and L also in resonance. 

This system of central control is in experimental 
operation on the mains of the Egham and Staines Elec- 
tricity Company, and we had an opportunity of seeing it 
in operation on the 14th inst. An interesting system of 
two rate-charging is being tried: The ripple is supplied 





clocks is eliminated. 

Apart from the uses we have mentioned, the com- 
pensated-relay and ripple device may be employed for a 
variety of services. It can be used, for instance, to 
give a ay | time-signal to private houses, or to 
extinguish display lamps outside shops at some stated 
hour in the evening. It is also applicable to track 
signalling on railways. It should be noted that, when 
desired, ripples of different frequency may be employed 
on the same circuit, so that certain selected relays 
only will be operated together, In conclusion, we 
should say that a paper describing the method in 
detail, written by Messrs. Duddell, Dykes, and Han- 
cock, has been accepted by the Institution of Elec- 
trical Engineers, for publication in their Proceedings. 
The oo rt of the matter in this notice is 
founded on that paper. 





THE Coprer Market.—In their report, dated the 
17th inst., Messrs. James Lewis and Son state that in 
consequence of the renewed outbreak of war in the 
Balkans, standard copper declined from 69/. for cash on 
the 3rd inst. to 66/. on the 7th under heavy “Bear” 
selling, but on the publication of the American figures 
there was a recovery to 68/. on the 10th, the increase of 
7986 tons in the stocks being less than the market had 
expected. The reaction proved to be merely temporary, 
and, with the continued disturbed state of politics in 
Europe and the civil war in Mexico, the market had 
fallen steadily until 63/. 10s. was reached on the 17th, 
closing at 64/. for both cash and three months. Sales 
amounted to a total of about 24,000 tons. The outlook 
for the immediate future was very unsettled. Businessin 
electrolytic had been much restricted through the policy 
of the American producers in holding out for 76/. per ton 
until the 14th, when they suddenly reduced their price to 
691. 10s. to 70/., the cheaper price being for more distant 
deliveries. or prompt delivery higher prices were still 
asked, but one of the principal producers was now offering 
forward at 68/. 10s. Stocks in England have dec 
853 tons during the fortnight, but in France there was 
an increase of 499 tons, and in Germany and Holland of 
2315 tons, making a total increase in Europe of 1961 tons. 
American refiners’ returns for the month of January 
showed an increase of 7986 tons in the stocks, the pro- 
duction also being 57 tons larger than the previous 
month. Exports were 2379 tons less than during De- 
cember, but consumption was 2999 tons more. 


**ConTINvous PackaGE CoNVEYORS FOR FacTorigs.”— 
On Saturday last, the 15th inst., a paper under the above 
title was read by Mr. W. H. Atherton, M.Sc., M.I.M.E., 
before the Maachester Association of Engineers. In this 
paper the author described different types of conveyors, 
which have been introduced with the object of saving 
labour and time, increasing output, and utilising existing 
buildings for new pu Among these wpe may be 
mentioned conveyors for horizontal or slightly inclined 
movement, embracing the chain or wood slat or lattice 
conveyor, useful for heavy duty ; the double service chain 
and slat conveyor ; cotton band or belt conveyors ; and 
inclined roller runways or gravity conveyors. Another 
type referred to and described was that for vertical or 
——7 inclined movement, among which may in- 
clud igi m elevators, which are extensively u: 
for Seating bags, bundles, barrels, rolls of linoleum, 
carpets, &c., of which the first cost is low and the space 
occupied small, and for which little power is required ; 
sim ile swing-tray elevators and lowerers, for use where & 
rigid-arm elevator is not applicable when several floors 
have to be served, and where lowering is required as well 
as elevating; finger-tray elevators and lowerers, with 
automatic loading and discharging ; and automatic 
lowerers. The third class descri was that suitable for 
combined vertical, horizontal, and inclined movement, 
such as the simple swing-tray conveyors; finger-tray 
conveyors; and tipping carrier conveyors. The paper 
was fusely illustrated by drawings and diagrams of 
the different types, which showed clearly the methods by 


which the work in various cases was carried out, 
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vacuum, which may be taken as the minimum desirable | has shown that small surfaces are best for reducing the 
MODERN CONDENSING SYSTEMS.* vacuum under normal itions. formation of scale, owing to the increased water velocity. 


By A. E. Leicu Scangs, M.A., of Manchester. 


I. Ir is the object of this paper to indicate as briefly 
l hich development in con- | the 


as possible the lines along w 


II. Types of Condensers.—Condensers can be divided 
into two main t and five divisions :— 
1. Sur, a bedling water passing through tubes, 


form. 


densing systems has taken place during recent years and . (6) Evaporative wheré steam is condensed in the tubes 
a aul 


e future. It will shown 


will probably continue in ry quantity of water flowing over their exterior. 
that the tendency is towards smaller and cheaper plants; 2. am High level or barometric. 
of high vacuum efficiency (see Appendix I., page 279), and b) Low level. 
towards simplicity in auxiliaries as exempli by rotary ¢) Ejector. 
much has already written about the e first type is used when water is not available at a 


m 
Piamate advantages of condensing systems, as opposed | reasonable cost for boiler-feed pu 


to the initially cheaper non-condensing types of engines, 


that rs | need said under this head. 


is true toa 


it is desirable to maintain for maximum over-all | plant. 


efficiency. 


In practice it is necessary to investigate each particular |! towers (when necessary), and foundations. In 
COMPARISON OF INITIAL COST OF VARIOUS TYPES OF CONDENSERS. 


Figt. 


Total Initial Cost £. 


Water 60°F 


Vacuum Inches Hg.(Baro.30) 


{  same/a series of curves from which it is 
esser extent regarding the degree of vacuum | pare the relative advantages of the different t of 


Vacuum Inches Hg.Baro.30) 


poses, 
III. Choice of a Plant.—Figs. 1 and 2, below, show 
ible to com- 


In calculating these curves in Fig. 1 
been made for the original cost of condense 


owance 
cooling- 
ig. 2 de- 








Vacuum Inches Hg. (Baro.30) 


% Fig.2. COMPARISON OF RUNNING COST AT #° PER UNIT AND DEPRECIATION CAPITALIZED AT & PER CENT. 


thus+ 


40,000L6. of 
Steam per 


3058) Vacoum Inches Hg.(Baro.30) 


case with regard to local conditions, as to the cost of coal, 

and the water supply available for cooling. Generally 

speaking it will be found that for reciprocating engines 

vacua of from 26 in. to 27 in. are most suitable, om for 

turbines from 27 in. to 29in. Here, and in all calcula- 

fons which follow, the barometer has been assumed to 
30 in. of mercury. 

For high - pressure steam - turbines an approximate 
~~ Bd 5 to 6 od cent, in steam consumptions can 
byes! be effected between 27 in. and 28 in. vacuum, and 
ae 9.5 per cent. between 28 in. and 29 in., and 13 and 

ad cent. wv mgime J for low-pressure turbines. + 

or low-pressure turbines in connection with windi 
engines and similar plants, care must be taken that air is 
hot pumped into the condenser if a very high vacuum 
8 to be maintained. From the above gain there must be 

ucted the increased capital outlay, running cost, and 
~Preciation of the condensing plant, over one for 27-in. 





* Paper read before. the Institution of Mechanical 
rs, On y, February 14, 

1K. Baumann on ‘Recent Developments in Steam- 

Dentine Practice,” Institution of Electrical Engineers, 

December, ’ 


Water Temp. 70°F : 





Vacuum Inches Hg. (Baro.30) 


40,000Lb. of 


40000Lb. of 
per Hour: Hour: 


Vacenin Inches Hg.(Baro30) 


preciation at 12 per cent. per annum, and running cost 
at 4d. per unit, have been capitalised at5 percent, 

f the depreciation and running cost were capitalised 
at 4 percent., the difference between the curves for sur- 
face and jet condensers would not be as much, and in 
any case the ter freedom from troubles, smaller 
number of working parts, and reduced attention for 
cleaning, make the jet plant the most desirable when it 
can possibly be ese figures do not pretend to 
be more than an approximate guide, as so many con- 
ditions must be taken into consideration that any hard 
and fast rule is impossible. 

IV. (1) Surface Condensers.—In the earlier types of 
surface condensers & low rate of heat transmission 
was usual, about 350 B.Th.U per sq. ft. of oes ber 
degree Fahrenheit mean temperature difference (see Ap- 

dix IIL., page 279). The above rate would give con- 

ensation of 5 | 
rate vacua and water temperature. 3 

From the point of view of reliability much has been said 
in favour of large surfaces, since they were su i to 
require less attention and cleaning to maintain a high 


or 6 Ib. per sq. ft. per hour for mode- | and 


Ferthermore, this increase of velocity through the tubes 
also increases the rate of heat transmission from the 
metal to the cooling fluid. 

Fig. 3* shows experimental results obtained by various 
authorities, connecting the rate of transmission and water 
velocities. It will be seen that considerable difference of 
opinion %xists, and it is necessary to observe the greatest 
care in details of design to obtain results corresponding 
to even a mean of the curves shown. 

A.common cause of failure is throttling of the flow of 
steam among the tubes, a drop of vacuum resulting 
between the steam-inlet and air-pump suction, Many 
methods have been tried to overcome this by keeping a 
constant steam velocity, such as spacing the tubes 
apart near the steam inlet, making condenser-shell 
heart-shaped, to offer a large surface at the top, gradually 
decreasing to the air-outlet, and running passages among 





Fig.3. HEAT TRANSMISSION FROM STEAM 
70 WATER IN SURFACE CONDENSERS. 





Velocity of Water in Feet per Second. 


1_.S@r: 6..Stantor. 

5 Weghcon. 5 Alten. 

i Haburn, 9 dament 
5.Hagemann. . £Garland. 


the tubes. The first and last have been adopted ng Ge 
British Westinghouse Electric and Manufacturing Com- 
x= success, and, in their opinion, these offer 
the best all-round results when combined with a cylin- 
drical shell which offers many advantages in manufacture 
and is mechanically strong. 
TaBLEe I.—Burnley Corporation. 

Extract of Official Test on 20 per Cent. Overload. 1500- Kw. 

Turbine, 2100 Revolutions per Minute, 3100 Sq. Ft. 
Condenser. Power of Auxiliaries, 28.6 Brake Horse- Power. 


B.Th.Us par Hour and Square Foot per‘F- Mean Tanp. Dif¥. 
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ie | sg i. | = 
;\ 8g } Beg a3 3 is S i 
ef of fus KY 
s | 28122 Stara Pid File 
g | EE| EE) 28 Bse| Su5 228/388) 2 
Sd stv oa 
a.m. |Ib. per} deg. |Ib. per! deg. | deg. | deg. | Ib. per 
\sq. in.| Fahr. > i. Fahr. | Fahr. | Fahr. hour 
1.30 | 127| 456 | 99| 47 29,500 
1.35 | 126| 460| 100| 475 29, 200 
1.40 | 196 | 460 | 100| 475 | 29,000 
1.45 | 126 40 | 100 | 475 29,000 
1.50 | 124) 460 | 100/ 475 ||289 | 4, | gg | 29,800 
1.55 | 124| 466 | 100/| 480 | {mean 29,300 
2.0 | 124 | .472| 101 | 486 | 29,250 
2.5 128 | 481 | 102 | 496 | 29,200 
2.10 | 128 | 489 | 106| 500 28,550 
215 | 188) 490) 107 | 600 | | 28.260 
! 











Average steam condensed, 29,105 lb. per hour. Pounds cond 
per square foot of surface = 9.4. Hot-well of 68 . Fahr. corre- 
2 is to a vacuum of 29.32 in. mercury. 28.9 in. = 
.56 per cent. vacuum efficiency—that is, 98.56 per cent. of 
29.32 in. mercury. 


Fig. 4, page 274, is an illustration of this type. I will 
be seen that 


the steam follows an —_ curve, it bei 

advisable to avoid baffie-plates and sudden changes of 
direction as much as ble. Note should be taken of 
the generous size of the steam-dome at the top of the 
condenser, obviating air-pockets and distributing the 
steam easily without the need of directing-plates. 

Small, but im t, points in manufacture are :— 

a which do not allow “creeping” of the 
tu 

2. Avoidance of “‘ expanded” tubes. 

3. Ample thickness of the tube-plates. 

4. Staying of the tube- 
5. External joints between tube-plates, condenser body 

water-boxes. 


This last point is very important, as any leakage in the 
junction idbeesn ar ceapan ad ond obo abuns ttt bo to 
atmosphere, and not into the vacuum space, and is there- 








vacuum. This may be true with moderately clean water. 
With some kinds of bad water, however, marine practice 





* Taken from the Engineering Review, vol. xxiv., 
No. 140, 
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639 B.Th.U. The vacuum efficiency in readings 3 to 6 
fell off, as by an —_ the condensed steam was 
allowed to rise a few inches in the condenser, by over- 
throttling the extraction-pump discharge, which was con- 
trolled by a sluice-valve to give the guaranteed head. 
s The effect of this was similar to a weir in the bottom of | the surface being wasted. It must, however, be remem- 
shown in Table I., is an example of a plant of this type. | the condenser. It will be seen in reading No. 7 the | bered that the distribution of air throughout the con. 
It will be seen here that with a vacuum of 28.9 in. con- | efficiency was rising again. | denser is not equal, which affects the results of experi- 


Fig4. DIAGRAM OF SURFACE CONDENSER (WESTINGHOUSE). aay onal 


apparatus who h 
A. Steam Inlet. D. Cooling Water Inlet. F. Baffle in front of Air-Pump suction given many ‘admirable 
B. Condense Outlet, E. Cooling Water Outlet. to prevent any steam entering pers on this subject. 
C. Air-Pump Suction. the Pump. 
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fore immediately detected. With the condenser as shown 
in Fig. 4, having a water velocity of over 5 ft. per second, 
effective lensation can be obtained commercially 
for land practice at the rate of 8 to 15 1b. per sq. ft., 
depending on the degree of vacuum oes. The 
official test at Burnley Corporation electric-light station, 





ever, is that the air, being admittedly a bad conductor of 
heat, should be eliminated as far as possible for this 
reason also. If this is not done, a certain proportion of 
the surface near to the air-pump suction becomes “air. 
logged,” and little condensation takes place at that point, 


t is obvious, in any 
case, that an air-pum 





is nm t 
deal efficiently with 
air at a very low 
absolute pressure. * 
The next point of 
importance is vacuum 
efficiency (see Appen- 
dix L, page 279). It 
is obvious that the 
hotter the condensed 
steam is when return- 
ing as feed-water the 
higher will be the 
over-all thermal effi- 
ciency of the plant, 
This point is dealt 
with more fully under 
the headi ** Auxi- 
liaries.” ith a@ good 
system of depart- 
mental drainage a 
vacuum efficiency of 
100 per cent. can be 
obtained ; indeed, Pro- 
fessor Weighton, in his 
experiments at Arm- 
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A. Steam inlet. B. Condense outlet. . Air- 

ye suction. D. Cooling water inlet. 

Cooling water outlet. Baffle in 

front of air-pump suction to prevent any 
steam entering the pump. 


Fig.6 DIAGRAM OF A RECIPROCATING AIR-PUMP CYLINDER 
WITH AUTOMATIC DISCHARGE AND RELIEF VALVES 


(33050) 


Fig.5. DIAGRAM OF AN OLDER TYPE OF 
2 SURFACE CONDENSER. 


A. Steam Inlet D. GoolingWater Inlet. 


B. Condense Outlet 


Men 


E. Cooling Water Outlet. 








C. Air-Pump Suction. 


Fig.7. DIAGRAM OF ROTARY SPRAY 


AIR PUMP. 


densation was obtained at 9.4 1b. per sq. ft. A few years 
ago this would have been considered very unwise, if not 
impracticable. In this case the water flows at about 7 ft. 
per second, passing four times the condenser. 
Table II., page 276, gives results obtained at the 
official test of a condenser for the East Indian Railway 
Company. This condenser was designed for 45,800 Ib. of 
steam per hour, 26 in. vacuum, 2800 per minute 
of circulating water at 85 deg. Fahr., transmission 435 
B.Th.U. per square foot per degree mean temperature 





difference. The readings give a mean transmission of 
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Fig.8.WATER EJECTOR 
TYPE OF AIR PUMP. 


1 Water Inlet under Press. 
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(eaes: 


Fig. 5 shows an older type still largely made by | strong 


British manufacturers. 

By far the most important factor that has to be con- 
sidered in the rate of transmission of heat from the steam 
to the cvoling water is, unfortunately, one which has 
often been much neglected—namely, the absolute partial 
pressure of air in the condenser. teay people not inti- 
mately concerned with the problem of condensation 
shat tee eulty uednen for lowering the partial air pressure 
in condensers is to reduce thereby the total pressure (see 
Appendix IT., page 279). A most important point, how- 





think | see Orrok, P. 
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cae 
120 * 

of Unit. 

Coll Newcastle-on-Tyne, claims to have ex- 

ceeded even 100 per cent., probably owing to the vacuum 
being measured at a point remote from the conde 


steam. The author is, however, of the opinion that 
if serious loss of vacuum is to be avoided in the con- 


9 





* For one of the best papers on “‘ Heat Transmission,” 

roceedings of the American Society of 
Mechanical Engineers, November, 1910. See also ‘‘ Heat 
Transmission,” by Professor W. E. Dalby, Proceedings 
of the Institution of Mechanical Engineers, 1909, page 921. 
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. MODERN CONDENSING SYSTEMS. 


it, tg. 10.SPACE OCCUPIED BY SURFACE DENSING PLANT (LE BLANC) AND BY RECIPROCATING PUNPS 
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Fig. lla. Tursine-Driven CrrcuLatine anp Extraction Pumps ; Penatta Coimiiery, Sourn Wa zs. 
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denser between the exhaust inlet and the air-pump suc- 
tion, as straight a flow of steam as pee > ane 
and that departmental drainage, w involves bafile- 
plates, is not to be recommended, except toa very limited 
extent. Referring — to the Burnley tests, it will be 
seen that a vacuum iency of 98.6 per cent. was ob- 
tained, without an ial arrangement of steam-baffles. 
This is due to the Leblanc air-pump, which will be 
described later. : aa 

A condenser designed for moderately high transmission 
has usually three or four water-passes, to obtain the 
necessary velocity without undue length of tubes between 
plates. This means it is possible to obtain fairly short 
tubes which are easily cleaned, and this is a great ad- 
vantage. The cost of renewals is also lower, as the 
number of tubes to be replaced will be approximately the 
same, whilst their | is shorter; moreover, there is 
greater freedom from troubles due to “ ” and 
vibration. 

It will now be seen that the performance of a surface- 
condenser for any given set of conditions does not neces- 
sarily depend on the number of square feet of surface it 
contains, but that design and efficiency of air-pump play 


& most important part. 





with the dry piston-pumps to eliminate moisture as far as 
possible from the cylinders the tage carried over 
with the air should not exceed 0.15 to 0.3 per cent. if 
trouble is to be avoided. ; 
Good results are also obtained with pabiplo-calindes 
wet air-pumps; one or more cylinders, being flooded 
with cold water to reduce the vapour tension, are used 
as an air-pump, and the other ve Sie 
steam ata er temperature. is type suffers, 
although oe extent, from the hme ga of valves, 
which require constant attention and renew ~ 
(b) Rotary Air-Pumps.—With the object of obtaining 
greater simplicity, while retaining all t e advantages of 
reciprocating pumps and augmenters, various rotary and 
water ejector-pumps have been develo during the last 
ten years, nearly 
ge ss eames which ee eae of ek earliest forms. 
© pump was the first wor! ro pump, 
and all later t follow the same general ‘lene 
except the Kolb rotary condenser, which never gave 
satisfaction in practice. Then came a rotary pump in 
which water was discharged at a high velocity ugh a 
number of rotary conve: ing nozzles. Such a pump is 
illustrated diagrammatically in Fig. 7, page 274. 





brake horse-power under normal working conditions. I 
is obvious t this design can never be efficient owing 
to the loss of kinetic energy in the spraying nozzles, 

A simple type of pump is shown in Fig. 8, page 274, 
The water-jet or jets remove the air by ejector action. 
ere, in, the expanded volume entrained is ver 
small, often less than twice the volume of water. Still 
another recent development consists of a combination of 
a steam-augmenter and water-jet. The author is unable 
to give of the working of this plant, as there are 
not many in operation, and no results had been published 
that the author was aware of when this paper was 
written ; but it would be interesting to know the makers’ 
guarantees on weight of air dealt with for a given power, 
including the necessary steam reckoned at 10 Ib. per 


in Rotary Pumps.—Finally, we 
come to the Westinghouse-Leblanc dry air-pump. This 
pump has undergone many improvements since it was 
originally ht out by Professor Leblanc, and its 
original faults have been found out by constant experi- 
ments and world-wide experience, and eliminated. The 
changes consist mainly in alteration to the shape of the 
blades and proportion of the cones, and the points of 


of them an evolution of the Kérting | brake h 


Fig./1. DIAGRAMATIC SECTION OF AIR-PUMP AND TANK SHOWN IN Fig.11A. 


A.-Air Inlet. 


B. -Diffuser and Water Outlet. 


A 


C.-Water Inlet. 


E-Tank. 
D.-Valve for Filling the Tank. F.- Overflow. 


G -Water Guide-Nozzle. 
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2. Auxiliaries.—(a) Air-Pumps.—It has already been 
shown that a high efficiency is im ible without a first- 
grade evacuator. The Hon. Sir rles Parsons was the 
first to take a practical step towards solving the om, 
when he introduced his vacuum augmenter. It is not 
intended to describe this well-known invention, but note 
should be taken that it absorbs from 1 to 1.5 per cent. of 
the main steam consumption of the turbine at full load, 
and, in calculating the relative over-all efficiency of 
different types of pumps, this fact should be taken into 
consideration ;* also there is the additional cost of the 
auxiliary condenser. 

Excellent results can be obtained by use of a dry piston- 
pump working with an equalising valve. The use of such 
valves was a great advance on previous practice ; but as 
the efficieney of the pump depends on very fine clearances, 


Tasie II.—The East Indian Railway Company. 
Extract from Official Test on the Surface Condenser. 
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09.0 | 102.0 | 85.5 
113.5 | 1090| 98.0 
119.0 | 110.5 | 107.0 
123.5 | 108.0 | 115.5 
128.5 | 108.0 | 124.0 
182.5 | 110.5 129.3 
137.0 | 182.0 | 186.8 
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Vacuum, inches ct mercury (Bar. 30 “> 

Inlet coo! water temperature, deg. Fahr. 

Outlet cooling water temperature, de . Fahr. 

Theoretical temperature of steam at to condenser, 
y r. 


» deg. Fahr. 
, deg. Fahr. 
-— erence (T; = Ty, see Appendix, 
k= Transmission in B.Th.U. per square foot per deg. Fahr., 
mean temperature difference. 
» = Vacuum efficiency per cent. 
ony weer on Bo pistene and valves rapidly decreases the 
Me pee 7 pia ee —s ers claim oees 
as 98 per cen . 6, page is a common type 
pr Aegan It will be observed that, in addition to the 
slide-valve, there are at least two automatic discharge- 
valves and two relief-valves. Great care must be taken 


* Parsons and Stoney on the Steam-Turbine: Pro- 
ceedings of the Institution of Civil Engineers, vol. clxiii. 
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merated by centrifugal force in the central 

I which is rotated at a high . This pres- 

sure is converted el the converging 

nozzles B, B, w y arranged in pairs, the 

action being similar to that of an old-fashioned gas-burner, 

the resul -spray a fan formation. These 

fan-shaped jets entrain air which is drawn in through 

the slots C, C. The mixture is discharged through a 

series of suitably arranged guide-blades into the diffuser D, 

b the illustration. 

. 9, es 274, ~ Sentara gp oon ene eau 
avery capacity, suitable for 

per hour, with a vacuum of 27.4 in. It will be 

ke horse-power is practically con- 

This is claimed to be an advantage, 


author’s opinion it is the reverse, ong nozzle G. 
18 


necessarily bad at light loads. A 


m 
however, only removes a small weight air per 
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difference are so dependent on knowledge gained by 

experiments, and in many cases so apparently trivial, 

that it is outside the scope of this paper to describe 

them. 

The latest designs of the Westinghouse- Leblanc pumps 
will remove much more air per brake horse-power under 
similar working conditions than any other rotary pump. 
One peculiarity of this and of similar rotary pumps is that 
the expanded volume removed increases as the absolute 
air-pressure decreases, the contrary being the case with 
reciprocating pumps. A great advantage is that the 
working medium of the pump being at a far lower 
temperature than the condensed steam, the air is cooled 
and considerably reduced in volume before being re- 
moved. In comparing expanded volumes in various 
types, this fact must be wee into geomet, wins - 
easily be done by specifying the weight of air ins 
the » Prado A Lolber advantage of the Leblanc pump 
is that, to save space and complication, it can in many 
cases be direct coupled with its extraction-pump to @ 
circulating-pump running at the same speed without the 
use of gears, the whole set being driven by a motor or 
small turbine (Fig. 10, page 275). In the latter case, as 
a good steam consumption cannot be attained on so small 
a machine, when running condensing at & suitable — 
and with a simple design, it is usual to exhaust above 
atmospheric pressure, either into a stage of the main 
turbine or to a feed-water heater. A high over-all effi- 
ciency can be obtained in this manner. Furthermore, | 
Leblanc pump in certain cases can be used as a combin 
air and extraction-pump without reducing its reg 

ig. 11, above, is a di matic representation 0 
Py ee of operation of the air-pump, and Fig. 114, 
page 275, shows one of two sets of pumps working at 

enalta Colliery, South Wales. The method of operation 


"The pump dc take i king fluids from a seal 
mp does not take its working flu - 
walt iow Fes axis, as in the older t but from _ 
tank E with its water-level above C. e advantage 0 
this arrangement is that should the vacuum fall for any 
reason the pump remains primed, and on the leakage 
being stopped it picks up again without attention. Su 
posing that the casing is full of water from the tank E, 
the motor or turbine is started and the wheel revolves in 
the direction of the arrow. The centrifugal force im- 
parted to the water forces it out through the a’ 
until the case is empty. This creates a vacuum 1n . e 
casing, and more water is drawn in through the guide- 
. This water is cut off in » series of thin sheets, 
about 0.2 in. thick, which are hurled at a velocity ap- 
proaching 130 ft. per second through collecting-conee 
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into the diffuser B. Each sheet of water carries with it 
a layer of air, the combined mixture being discharged | power absorbed by a Le 


back to the tank E, where the air is se 


suction of the pump. Fig. 12, 


276, is the record of | design. In Fig. 13 fu 


Figs. 13 and 14, below, show graphically the relative 
blanc rotary air-pump, including 


ted from the | rotary bot-well pump, delivering to 10 ft. : 
water by a series of baffles between the discharge and — oh pump, delivering external 


pared with a reci ing wet air-pump of good 
fond thas boon then os Sf" to 


a test under these conditions showing that the pump is | Vacuum, and in Fig. 14 at 28 in. vacuum. The power has 


Fig. 13. 


ty 
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Absolute Press.in Qndenser tn Inches ot. 
and saving per cent of Gal 


Steam tn Thousands of Pounds per Hour: 
A Absolute Pressure in Condenser with "Wet Piston” Pump. 
Bs Sr yet , Leblanc” ,, 
4 Power absorbed by Leblanc” Pump. 
< ” ” ” qe ” 
E Nett gain in B.Th. 0s. obtained with Leblanc” 
F Percentage of Goal Consumption saved with Leblanc Pump. 
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removing air even at little above atmospheric pressure. 
It is interesting to note that with decreased vacuum the 
-power also decreases. ; 

It has been said against the Leblanc pump that it 
absorbs more brake horse-power than its reciprocating 
rivals. This is undoubtedly true under normal conditions 
for both types when the plant has to maintain a fairl 
low vacuum, though under equal conditions of hot-we 
pepeetane it is not the case. It will be noticed that 

lenser builders who use reciprocating air- pumps 
usually advocate a weir in the bottom of their condensers 
to submerge 2 to 3 per cent. of the tubes, with the object 
of reducing the hot-well temperature to a point at which 

air-pump can operate en favourable brake horse- 
power terms with the rotary pump (see Fig. 4, page 274). 
A moment’s consideration of over-all efficiency will expose 
the false economy of this. 

With a 28.8-in. vacuum we know that the wet air-pump 
has a vacuum efficiency of about 96.5 per cent., and there- 
fore requires a hot-well temperature about 80 deg. Fahr., 
which is frequently obtained by means of the weir, while 
the Leblanc pump will work with 94 deg. Fahr., an 
advantage of Tha . Fabr. over the piston-pump. Now, 
&n increase of 14 deg. Fahr. on the feed-water tempera- 
ture means an approximate gain on coal consumption of 


94-80) _ ” 
100 x { soe ep = 1.25 per cent. 
= stenmn of 380 Bb. boiler Leas re. From this = 
ust be the percen ost in extra power for 
driving the pump, be my ted in favour of the 
c of 1 per cent. on over-all efficiency. In addi- 
tion, there is the decreased cost of a smaller condenser, 


to the absence of submerged tubes, less circulating | piston 


Water, and simplicity of design and operation. 


Weight of Air in Lb.per Hr: Fig.t. 





E 


gained by 


Powerabsorbed and extra heat 
Leblanc pampin B.Ih. Units per Second. 
e of Theoretical Vaaum. 


Free Air in Cabic Feet 





efficiency be used to raise the hot-well temperature before 
entering the economiser, in the case of the piston-pum 
In calculating the a ge in B.Th. U. allowance 
been made below full } on the condenser for the de- 
creased steam consumption for equal power outputs due 
to the higher vacuum maintained by the Leblanc pump 


TESTS ON VARIOUS TYPES OF ROTARY PUMPS. 


Pump, 772 BHP 


Brake Horse Power 





60 80 0 120 140 160 180 200 
Percentage of Unit. 
Barometer during test of Rotary Spray Pump 29-47 Hi. 


Barometer 


Curve B ” ” 
Curve c ” ” 
CuveD ,, “ 
(anes) 

Fig. 18. 


DIAGRAM OF VERTICAL 
EXTRACTION PUMP(WESTI 


Temperature of Water used 64 Fah. whe ag 
Tension of 0-63 Hg. Theoretical Vacuum 2684 Hg. 
during test of Wesunghouse Leblanc Pump 29-78°Hg. 
Temperature of water used 68 Fah. corresponding toa Weter Vapour 
Lnsion of 0-68Hg. Theoretical Vacuum 29-1'Hg. 

Curve 4 Vacuum obtained with Westinghouse Leblanc Pump absorb! OBHP 


to a Water Vapour 
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, Rotary multiple jets pamp a? 42's 
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Fig.17. TEST OF LOW-LIFT CIRCULATING 
PUMP (WESTINGHOUSE -RATEAU). 
SPEED 480 REVS. PER MIN. 
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been given in B.Th.U. for the sake of simplicity, an 
over-all efficiency of 20 per cent. assumed. The 
other curves give the respective total al 
in the condenser, total heat returned by rotary 
pump in the hot-well in excess of that returned by the 
iston-pump, the net gain in B.Th.U. and the over-all 





| gain in coal, assuming that live steam at 100 per cent. 
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this decrease has been taken as 5 per cent. mean between 
27 in. and 28 in. vacuum, and 6 per cent. between 28 in. 
and 29 in. vacuum. In Fig. 15, above, curve C shows 
a test on a Leblanc pump superimposed on the test of 
the rotary spray-pump.* The pumps are of approximately 
the same snageny. and it will be seen that the power 
taken by the Le c is considerably less than the other 
—namely, 42 brake horse-power. This variation in power 
is, of course, obtained by regulating the quantity of water 
passing through the pump to suit the load. If the con- 
trolling valve is left set for full-load conditions, the 
power will, of course, remain constant at 27 brake horse- 
— The = ——. Dand A, ws - ue _ewe (in 
is country) type of rotary pump, Fig. in whi - 
sure is generated in the revolving chamber A, and o thin 
stream of water is projected across the chamber B, entrain- 
ing air, which is compressed in the passage D up to atmo- 
spheric yon for a Leblanc pump of approximately 
same brake horse-power as the rotary —7 =. 
Finally, the author would recommend t intending 
purchasers of air-pumps would do well to insist on makers 
guaranteeing the weight of air to be removedt (not 


* The Engineer, December 2, 1910. 

+ Average 13 ib. of air per 22,000 Ib. of steam for 
surface condensers in conjunction with turbines, and 
36 Ib. hour for the same steam from nes. For 
jet the air in the water must be added, whieh 

(feeb per 10,000 gallons of water. 





See Fig. 25, page 279. 
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expanded volume, which means nothing), the total ~—_ of the water-pump will be relatively low, about 65 per or even six-stage pumps have been built yanning at about 
absorbed, including steam-jets at, ~~. 10 Ib. per cent. for a 5 of 2500 revolutions per minute, but | 1000 revolutions per minute. When it is considered that 
horse-power, and temperature of condensed steam | the advan of a self-contained unit, which does not| if one of the extraction F rn perp fail, the whole 
as delivered to the pump from the condenser, not as it| depend on the main plant for power, usually more than | plant will be seriously affected, if not shut down, with 
compensates for this and | some types of air-pump, it is obvious that simplicity of 

Fig. 19. DIAGRAM OF CONTINUOUS DRAIN VACUUM AND STEAM the additional initial out- | design and reliability is essential. The British Westing- 

lay involved. house Company has developed a single-stage pump running 

(e) Extraction Pwmps.— | at a speed which gives a sufficiently ciency, 

The desire for high| from 40 to 60 per cent., according to size. A section is 








Fig-20. DIAGRAM OF COUNTER- CURRENT JET- CONDENSER. 


A. Steam Inlet ‘ 
B. Water Inlet Aur -Pump Suction 
C. Water and Condenser outlet to _E. Air-Pamp Suction. 
extraction pump or barometric lag. 
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_-Fig.22. DIAGRAM OF EJECTOR CONDENSER. 


A.- Water Inlet. 

B.- Steam Inlet. 

C.—Nataral Head of Water of about 
15 Feet ts necess to Work 
this , Or @& 


gwe the necessary Head. 






















Fig. 23. CRITICAL POINT IN JET-CONDENSER. 
( wasgne eu Fal Lend 284 Hg) 
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eaves the hot-well pamp, the real efficiency, of course, 
pce see *‘on how little” heat is extracted from the 
cond: steam and imparted to the circulating water 
orld) Otrowlating Pumps.—I tly thought b: 
Y ing .—It is. apparently y 
remy pope ow there page. room for ayo — 
is t it is only necessary to fix the wa 
quantity and head required and ) to make or 
order a pump. This, unfortunately, is the view taken 
by large numbers of customers who do not avail them- 
selves of expert advice. They are apt to look only at 
the initial outlay, and overlook running efficiency and 
reliability. A short study of the design of centrifugal 
pump, owever, will show that for any given set of 
itions and design of pump, one set of characteristics 
will give the best results; that is to say, the speed at 
which the pump is to work is fixed for a maximum 
efficiacy. The fires point to settle then, in the choice of 
& pump, is the most suitable speed having regard to all 
conditions of service. The next point is to consider if it is 
advisable to run this pump from the same motor or engine 
which is to drive the air-pump. With reci ing 
gem this is usually done with the hel 















gearing. 

his arrangement, however, is not usually liked, as even 
with the best design a certain amount of noise is unavoid- 
able, which is most noticeable with a turbine installation. 
The best alternative is a rotary air-pump, which, when 
possible, should be run at the same speed as the circulat- 


i mp, all gears being avoided. 

"When the cooling water has to be lifted against a very 
low head, the circulati mp, unfortunately, must be run 
relatively slowly 480 revolutions per minute to 
o le it is possi a 

btain good ts. Whil it i ible to make a rotary 
air-pump to run at 480 revolutions per minute, even for 
very small capacities, it becomes expensive, and under 
and een markers ee in 

ex pumps coupled together. Fig. 17, 
27, i the record fu teton a West Rateau 
w-lift pump, ‘or a low speed. @ cooling- 

tower must be and the head against the oi i 
pump is 30 ft. or more, a high can be utilised 
all the pum .~ , it often being advantageous 

y a 


Fig.21. DIAGRAM OF MULTIPLE JET-CONDENSER (WESTINGHOUSE-LEBLANC). 

E- Aur-FPumpDischar 
F. Vacuum ee a 
G.- Water Guide -Nozzle 


A- Steam Inlet 
B.- Water Inlet. 


A 


C- Water Disc’ from 
Extraction Pump 
D.-Atr -Pump Suction. 

D 
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in every detail can be carried to excess, and in the | shown in Fig. 18, page 277, which is self-explanatory. These 
‘itsownobject. Thisin the past has often been by By Ln 28 bl pe i 
with condensed -steam 





Pamp c 











Cc + ——= | 





pumps can direct-coupled to the air- 
extraction pumps for use | pump, or, if the latter is coupled to the circulating pump 
s. To save 1 to 2 horse-power, four | and running at too low a speed, they can be driven by ® 
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direct-cou 
to drive — turbine, as shown in 
Fig. 10, page 275. Even with a high head the efficiency 
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l vertical motor, which gives an ideal arrangement, 
—a pump itself can be sunk well below the condenser 
floor level, eouuring a goed head of water on the inlet side. 
Much trouble has caused by not allowing sufficient 
head to overcome the pipe friction from the condenser 
and to give the necessary velocity into the impeller. A 
sure symptom of this is intermittent discharge. Should 
an accident stop this pump, a Leblanc air-pump will 
take up its duty, and remove the condense with a very 
slight fall of vacuum. To 

(f) Vacwum Traps.—When it is necessary to have a 
condenser placed so that there is a fall in the exhaust- 
pipe to the engine or tur' an efficient vacuum tra 
must be fitted to remove the water which collects an 
which would ultimately obstruct the free passage of the 
steam. A very — and effective type is manufac- 
tured by Mr. John L. Ogden, and is illustrated in 
Fig. 19. It consists of a cylinder divided into two com 
partments. B, B, and supported at the centre on trun- 
nions A. The ends are connected to the vacuum space, 
and the drainage water falls by gravity into each end 
alternately, causing the cylinder to tip from side to side, 
a simple valve C releasing the water when the slide-valve 
cuts off the vacuum connection. 

V. Jet-Condensers.—({1) Jet-condensers may be used 
when the supply of cold water. available, either from 
natural sources or from a cooling system, is suitable for 
boiler-feed purposes. Even when this is not the case, 
but the water is ofa quality which would rapidly “‘ scale” 


Fig.24. DIAGRAMMATIC SECTIONAL ARRANGEMENT OF SIMPLE-JET: 
CONDENSING PLANT (WESTINGHOUSE-LEBLANC). 














3. It is curious how improvements in any ap us 
frequently revert to a modification of euler jesigns. 
The Westinghouse-Leblanc multiple-jet condenser is an 
example of this. Turning to Fig. 21, page 278, which 
illustrates this plant, we see that the water and steam 
enter at the top, but with several important improve- 
ments. The water does not flow by vity through 
a number of small holes, which are liable to choke up, 
but is sucked in by the vacuum at high velocity through 
a number of nozzles of ample size, which have a spiral 
vane in the centre of the nozzle to give the water a rotary 
movement, which effectively breaks it up to form as large 
a surface as possible. . 

The most important point, however, is the cone under 
the water-injection nozzles, Fig. 21. The water passing 
through this at a high velocity gives the air a first com- 
pression into the chamber D. The disadvantage of this 
air being at the temperature of the discharge water is 
neutralised by the cooling effect of the Leblanc air-pump, 
which is referred to under the heading of ‘‘ Auxiliaries,” 
page 276. The condensed steam and water is removed 

the centrifugal pump O, which is on the same shaft as 
the air-pump, one motor or engine only being needed to 
work the plant. The pump C is specially designed to 
work against the high vacuum head of the condenser, and 
is so ar that no air-lock can be formed. The ex- 
ternal head on the extraction pump is normally from 0 
to 35 ft., according to conditions, but in special cases 
even higher heads can be dealt with. The great advan- 


Fal. 


Temperature of Air in 


TABLE III.—Tue Criricat Port in 4 Jet-ConDENSER. 
Basis— Water 60 deg. Fahr. at inlet and 18 ft. mano. suction head. 



































Pai Cent. of 

} | | Load on 
| Mano. Head Inlet | Outlet | Ratio: Condenser when 

Vacuum Vacuum Vacuum Water Steam — 
in. Hg. Head (Ft. of| gutter) Crrow® | VA=7i- | tempe- | Tempe- | Tempe-| Water \Quantity. Quantity. | Veeroett Pull 
(Bar. 30 In.)} H20) = wie | hols rature. | rature. | ture. | Steam | 7 
26 In, (28.5 In. 
‘ | deg. F. | deg. F. | deg. F. | \ib. p. min.|Ib, p. min. | 

29 32.9 18 14.9 3.86 $0 “Fs. “Fo. | 70.4 | 1.00 0.014 25.5 54.6 
28.5 32.3 18 14.3 8.78 60 87.8 91.8 37.8 0.98 0.026 495 100.0 
28 31.7 18 13.7 37 60 97.2 101.2 28.1 0.96 0.034 65.0 181.5 
27 30.6 18 12.6 3.55 60 111.1 115.1 20.4 0.92 0.045 85.5: |} 173.0 
26 29.5 | 18 11.5 3.39 60 121.5 126.5 | 16.75 0.88 0.053 100.9 202.0 
25 23.3 | 18 10.3 321 | 60 129.8 133.8 14.7 0.88 0.057 108 0 217.0 
uy 27.2 18 9.2 3.04 60 | «1386.8 140.8 13.3 0.79 0.059 113.0 228.0 
23 26.1 18 8.1 2.85 6o | 142.9 146.9 12.25 0.74 0.06 114.0 232.0 
22 24.9 18 | 6.9 2.63 60 148.3 162.3 11.4 0.68 0.059 113.0 | 228.0 

| | 








or - ” the tubes of a surface plant, jet plants can often 
be advantageously used in conjunction with a purifier for 
feed purposes. The power absorbed by the pumps is 
usually higher than for a surface plant, although the 
actual water quantity required is considerably less, the 
excess power being due to the water being extracted from 
the condenser y against the vacuum head (which is 
approximately 32 ft.) in addition to any ex pres- 
sure. Theair-pump must also be larger to deal with the 
air liberated from the water, usually not less than 2 per 
cent. of its volume at at heric pressure. 

2. The earlier forms of jet-condensers were of the 
parallel-flow type, in which the steam enters at the same 
end of the condenser as the cooling water. The air is 
extracted at the o ite end, and is obviously at the 


temperature of the water. A marked improve- 
ment came with the introduction of the counter-current 
type, one form of which isillustrated in 20, page 278. 


steam here enters near the bottom, 
top, whence it flows over a series of ; 
& series of holes in fine streams. The air is removed 
from the top of the shell, where OR Ones, owas 
contact with the coeeing, secing water through 
it passes, and the size of the air-pump required is, there- 
fore, smaller than in the parallel flow type. 





tage of this type is immediately a it, as it can be 
laced directly below a turbine ¢ without interme- 
iate or exhaust-pipes, ensuring a straight flow for 
the steam and no loss of vacuum between the exhaust 
outlet and the condenser. The space occupied by this 
plant is much smaller than is required for any other 
similar type, owing to the compactness of the rotary 
jump. 
P The vacuum efficiency is not less than 98 per cent. for 
turbine work, the average temperature differ- 
ence between the temperature of the vacuum 
and the outlet water temperature is about 4 deg. Fabr., 
and in many cases thisfigure can be further and 
sometimes eliminated—that is to say, the theoretical 
vacuum attained. The latter condition necessitates a very 
tight system and low-seal water temperature in the 


eI sneak thn dia be 
head-room does not it of the t being 
placed immediately below the main unit, a side exhaust 
can usually be adopted, which arrangement was adopted 
by the Westinghouse Company at the Metropolitan 


turbines, into five 
Each condenser is designed to 


Com station at’ Neasden. This plant | the 
will be vealed pate of five 5000-kw. Westing- 


house-Rateau impulse 
jet-condensers. 





Fig.25. 
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deal with 70,000 lb. of exhaust steam per hour at a vacuum 
of 28.1 in., the temperature of the injection water being 
82 deg. Fahr., 9000 gallons being circulated minute. 
Two of these sets are now running under full-load con- 
ditions, and the guaranteed vacuum is easily maintained. 
The author thi it may fairly be claimed that such 
results as these are the best that could be obtained under 
commercial working conditions. 

A detail of design of great importance in low-level jet- 
condensers, ticularly when working with reciprocating 
engines, is the vacuum-breaker, F, Fig. 21. Many serious 
breakdowns in the past have been due to complicated 
mechanism failing to act efficiently in emergency and 
allowing the cooling water to enter the low-pressure 
os In the Leblanc jet an extremely simple and 
effective breaker is employed which eliminates this risk. 
For large plants two or more breakers are fitted, each 
capable of destroying the vacuum in a few seconds. 
Should the pumps stop for any reason, the air-pump also 
acts as a vacuum-breaker, the air having a free entrance 
to the condenser through the air-pump discharge-diffuser. 
It has been the author’s experience that troubles have 
been hastily attributed to back-flooding of the condenser, 
which have afterwards been treced to more obscure causes. 
In several cases when the engine has been running on 
light load with a very high vacuum, of, say, 28.5 oe 
c ing over to Hen ay knocking has occurred 
in the low-pressure cylinder due to rapid condensation 
caused by the low temperature of the cylinder-walls. 


WEIGHT OF AIR PASSING THROUGH 
A PROPERLY SHAPED NOZZLE. 


of 


Pounds of Air per Hour: 

Great care should be also taken not to have a rise in the 

exhaust-pipe between the engine and the condenser, or, 

if unavoidable, a and efficient vacuum and low- 

— “=P should provided (see ‘“ Auxiliaries,” 
VI. Barometric Jet-Condensers.—-These are very similar 


to thé low-level type, with the exception that the hot 
water and condensed steam are removed by means of a 


barometric leg instead of an extraction- 
vantage is that the risk of back-floodi 

the extraction-pump is eliminated. 
consist of ter ex 
of vacuum between 


mp. The ad- 
ugh failure of 
e disadvantages 
more room occupied, and loss 
J = enser and main ert ts 
a exhaust-pipe necessary. is loss 
may vary between 0.25 and 1.0 of mercury. In the 
majority of cases a low-level jet is to be preferred. The 
only condition where a barometric plant is advisable is 
when the cooling water is at a level which does not 
necessitate an injection pump. 
VII. Simple Jet-C s.—For very small steam 
uantities, ejector condensers are frequently employed. 
Fig. 22 shows one of the best forms of the older desi 
A great objection of this type is its limited air capacity, 
which depends on the quantity of water passi rough 
the condenser. To overcome this objection the Westing. 
oot pw De hg -© cle ~ Fig. 24, was 
i , wor! on the principle « e@ air-pum 
This t will remove air 5 the ratio of from four to 
five times the water volume, giving a vacuum efficiency 
nearly as high as the multiple jet. 
Evaporative Condensers.—The author does not propose 
ie a with these, as they are quite — h- the 
_Vacua now in vogue, owing to the impossibility of 
keeping them reasonably air-toght for any length of 
time. 


A very important condition in the working of a con- 
denser which draws its cooling water by means of its 
vacuum is frequently overlooked by users—namely, the 
maximum overload which can be put on the condenser 
without it entirely shuttingdown. It is obvious that, as 
the vacuum falls, less water will be drawn in, the effect 
being cumulative until enough does not pass to condense 
the steam, the vacuum entirely ais. Table ITI., an- 
nexed. shows how this may be calculated, and Fig. 23, 
page 278, is a curve plotted from the Table. 
ments can always be made so that the critical point is 
beyond the highest steam consumption possible, if the 
maker is consulted with that yiew. Many i 
failures could probably be tracdll to this cause. 

: a the author — lot eens Young 
or his assistance in preparing rawings diagrams 
with which this paper is illustrated. 


. A a 

Efficiency.—This is the 
theoretical vacuum corresponding to temperature of 
discharged (as obtained steam 





Example.—Hot-well temperature, 90 deg. Fahr.; corre- 
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aqeetine vacuum, 28.6 in.; vacuum at inlet, 28 in.= 

cent. of 28.6 in. : 

is term must not be confused with condenser effi- 

ciency, which refers to the volume of water required to 

condense a given quantity of steam compared with the 
tical quantity necessary. 


APPENDIX II. 

Partial Air-Presswre.—Dalton’s law of partial pressures 
of states that if two or more (such as air 
and steam) are enclosed in a vessel, the total 
exerted on the walls will be equal to the sum of _— 
sures proper to each gas at the same temperature. 
fore, in a condenser the total pressure is the pressure 
of steam at the temperature the mixture plus the 
pressure of such air as is present at the same temperature. 

APPENDIX III. 
Mean Temperature Difference. — For counter-current 


condensers the mean temperature difference (5) is obtained 
from the formula 


In practice it is sufficiently accurate to take T; = T,, 
which gives a lower result for 6 
T, = inlet water temperature. 
T. = outlet water temperature. 
T,, = inlet steam temperature at top of condenser. 
T, = final temperature at bottom of condenser. 


APPENDIX IV. 
Weight of Air Passing through a Nozzle.—The weight 


of air passing through a properly-designed nozzle may be 
calculated as follows (Leblanc) i 


P 
W = 384.2 /. 4 973° 
11.25 JT» + 273 x F. 
weight in grammes per cm.” area of neck. 
atmospheric pressure = 1 kg. per cm.?. 
volume in litres at atmospheric pressure. 
» = atmospheric temperature in deg. Cent. 
area of nozzle-neck in cm.” 


In English notation :— 


W = Ib. weight per hour. ‘ 

A = area of nozzle neck in square inches. 
T, = atm eric temperature in deg. Cent. 
w 


A 
(See Fig. 25.) 


~ JT. + 78 





WORKMEN’S COMPENSATION CASES. 
Computation of Weekly Earnings.—Some interesting 
compensation cases have recently been before the courts 
in connection with weekly earnings. Two of these 
were appeals from decisions of the Bow County 
Court Judge, sitting’as arbitrator under the Workmen's 
Compensation Act, 1906, questions being raised from 
these as to the method of computing average weekly 
earnings under the Act. One of these cases was that 
of an able seaman nai Barnett, who in 1911 and 
part of January, 1912, was working as a rough ships’ 
painter, and was enetares at rigging and all kinds of 
work on ship. January 24, 1912, he went to 
work at the docks as a casual labourer, as there was no 
ship in at the time, and he earned 4s. ‘yd. While 
e in unloading a barge on January 25, 1912, at 
the West India Dock, he was standing on sacks of sugar 
in the hold of the barge, and a sling containing nine or 

ten sacks of sugar struck him and crushed his left | 
ogni the covering of the hatchway. As a result o 
is the applicant commenced ings for com- 
tion =e; on 7. and he refused to accept 
a week, whi o ompneren, wane ene y 
him. According to evidence given by the Port tevin 
Authority, it appears that y employ two classes of 
casual labourers--namely, those who receive what are 

called ‘‘B” tickets, which tickets give a in bei 

employed, and extra casual labourers. 
is usually employed by the Port of London Authority for 
three days a week, and obtains another day’s work out- 
side, earning in all about 21s. a week. applicant 
was an a labourer, and ~~ pe ag Y = 
was em on an average one a 

Port of path. Authority and r= days calle 
earning, ab the most, 18s. a week. In the evidence for 
the wor! it was stated pee tpl mee «am ey 
and had been able to got steady employment during the 
ae months before accident, and had earned 1) 


a week. 
It was held by the County Court Judge that by divid- 
ng casual labourers into ‘‘B” casual labourers and extra 
casual labourers, the Port Authority had not made two 
separate grades within the meaning of the Workmen’s 
Compensation Act, 1906. In addition to a chance 
overtime, the casual could earn an average daily 
of 4s. 6d.; but the workman in question, on account 
of is being able to do, paint ont igging, got more 
regular employment. Toles, theneiors estimated 
his average wage at 5s. a day for five days a week, or 
25s. a week, and awarded compensation at the rate of 
12s. 6d, a week —— incapacity. From this decision 
the employers appealed. ‘ 
The other case was that of a man, Priestley, who was 





employed by the Port Authority as a casual labourer 
du the dock strike in June, last year, and he worked 
from June 5 to June 18 ; but on the last day he met with 
an accident and broke his leg. On account of this he 
commenced ings to recover compensation. He 
a been able to obtain work every day o 

ortage 
21. 19s. 7d. during the period of employment, or about 
5s. a day. During the first complete week of employ- 
ment he earned 26s. 10d. In oe See the casual 
labourer earned much less than this. i Port Authority 
offered to submit to an award of 9s. a week during 
incapacity. The amount awarded to the man by the 
County Court Judge was, however, 13s. 5d. a week com- 
pensation, being 50 - cent. of his earnings during the 
first complete week of his — = fcr) From this 
decision the Port Authority appealed. 

When giving judgment in the first of these et 
cases the Master of the Rolls said that the County Court 
Judge had not, in his opinion, misdirected himself in 
point of law, and there was no ground for interfering 
with hisaward. If, however, as the other members of the 
Court thought, the ‘‘ B” labourers and the extra labourers 
were, or might be, se te “* es,” there was mis- 
direction. As a result of this the ap; of the employers 
would be allowed with costs, and the case would be 
remitted to the learned County Court Judge, who would 
deal with the costs of the original hearing and the new 


earing. 

In the case of Priestley, ord Justice Buckley gave a 
similar judgment to that of the Master of the Rolls in the 
Barnett case. 

Award in Favour of Dependants.—In another case the 
County Court Judge had made an award in favour of 
the dependants of a deceased bricklayer, who had one da; 
returned home with a sore on the back of his thumb. 
month after this he died from blood-poisoning, after an 
abscess had develo; in his armpit. According to 
medical evidence, the injury to the thumb was such as 
might have resulted in blood-poisoning, which was the 
cause of death. It was also stated that a dirty con- 
dition of the armpit might have given rise to che a 
refi to. There was, however, no evidence to show 
that such uncleanliness existed. It was stated by the 
medical witness that, as a matter of scientific opinion, 
he had no doubt that the blood-poisoning had been set 
up by theinjury to the thumb. 

It was held by the Court of Appeal that the County 
Court Judge was justified in pomp | the medical 
evidence that death had been caused by the alleged 
accident. The Master of the Rolls, who delivered 
judgment in Court, laid emphasis on the point that the 
— was one of fact, and not one of law, and the 

nding of the County Court Judge could not be inter- 
fered with unless it could be shown that he had mis- 
directed himself. The applicants for compensation must 
establish their case, but it was not necessary for them to 
bring witnesses who had actually seen the alleged acci- 
dent take place. They might prove facts from which it 
might be inferred. In such a case, where death ensued, 
it must be proved that it was due to the accident, but it 
need not be shown that it was a result to be expected. 
The result might be improbable and unexpected, but that 
did not matter if it was shown that the accident really 

death as a consequence. 

The County Court Judge had to answer two questions, 
which were: Did the workman meet with the alleged 
accident while he was at work? and secondly, Did death 
result from that accident? The Court of 7 con- 
sidered that he had evidence before him to justify him in 
answering them as he had done. The case is interesting 
because it may be taken as an example of the nature of 
the facts that must sometimes be established under the 
Workmen’s Com tion Act, and of the points likely 
to call for medical evidence in case of death. 








FOREIGN ENGINEERING PROJECTS. 


WE give below a +“ a henge Sp | i Soot aoe _—- 
e projects, en from the vy} 
Journal. esse information concerning these jects 
can be obtained from the Commercial Intelli ranch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Italy: The Gazzetta Ufficiale, Rome, publishes a decree 
peg atm Ea contract entered into between the Ministry 
of Public Works and the Societa Anonima per la Ferrovia 
Nov © for the construction and working of a 
standard gauge railway from Cairate Lonate Ceppino to 
the Swiss tier. 

Spain: The Gaceta de Madrid publishes a notice issued 
by the General Director of Public Works granting to the 
Sociedad Ferrocarriles de Cataluna a concession for the 
construction and ig Fy a railway from Las Planas 
de Vallvidrera to Sa and Tarrasa. The rolling- 
stock required for working the line will consist of eight 
passenger coaches and four covered goods wagons. The 
Gaceta also contains a notice, issued by the 
Directorate of Public Works, to the effect that plans and 
specifications are invited for the construction and.work- 
ing of (1) a re from Medina del Campo to Bena- 
vente, and (2) a railway from Segovia to Burgos, i 
by way of Aranda de Duero. The said plans on meme 


of | cations must be sent in within four months from the date 


(February 4) of the publication of particulars of the com- 
petition in the Gaceta in the case of (1), and within six 

months in the case of (2). 
Russia : H.M report that 
the Interior 


City 
to raise a loan of the nominal value of 


(2) 
ee js * ar at St. Petersbu: 
it is officially announced that the Ministry of 
ag the Cozncil of Ministers to au 
66,500,000 ‘roubles (about 7,020,000/.) for the following 


public works :—Extension of the existing electric tram- 


of labour during the strike, and he earned | th 





way system, 3,806,000/.; construction, extension, and 
improvement of hospitals, 1,345,000/.; construction and 
r of bridges, 536,000V. ; inepoovemsens of water supply, 
,000/.; measures to prevent flooding of the lower parts of 
the city, 47,000/.; various public mame such as the erec. 
tion of cheap lodging-houses, and of asylums for children, 

e installation of refuse-destructors, &c., 1,000,000, 
The following notices are taken from the Journal d& 
St. Pétersbowrg :—Arrangements have been made for the 
construction, under Government control, of a railway 
from Kharkov to Kherson, the cost of which is estimated 
at 50,000,000 roubles (about 5,277,700/.). The proposed 
railway will be of ya importanee in opening up the 
—— ——_ Central —_ a Black Sea, 

pecial Commission appoin y the Ministry of Wa 

and Communications has begun to make investigation 
in connection with the carrying out of an extensive 
scheme for installing cold-storage dép6ts and cars on the 
railway which runs from Moscow to Tashkent. The cost 
of the scheme is put at 5,000,000 roubles (about 527,7002.), 
The Ministry of Ways and Communications has pre. 
ae plans embodying proposals for the construction of 

fty new — 8, having a total length of 9000 miles, 
the cost of which is estimated at 200,000,000 to 250,000,000 
roubles (21,111,100/. to 26,388,800/.). Ten to fifteen years 
will be required to carry out the work. 
_ Turkey: With reference to the construction of roads 
in the Erzeroum vilayet, H.M. msul at Erzeroum 
reports that a French engineer of the Société des Routes 
surveyed about 75 km. (about 45 miles) of the proposed 
Erzeroum-Erzinjan road during the summer red autumn 
of 1912. Early in December, 1912, the engineer-in-charge 
of the road-making for the company in the vilayet of 
Erzeroum attempted to survey the road from Erzeroum 
towards Bitlis, but the severe winter weather caused the 
work to be abandoned. Very little has been done during 
the year on the roads in the vilayet controlled by the 
French company, and nothing has been done by the 
Turkish Government on their own roads. 

Mexico: The Diario Oficial publishes particulars of a 
contract under the terms of which Messrs. Fernandez y 
Compania are allowed to utilise 800 litres per second of 
the waters of the River Turbio for irrigation purposes. 
Exemption from customs duty is granted on any material 
— it may be necessary to import for carrying out the 
work. 

Brazil: The Diario publishes a decree approving the 
final plans which have been prepared for the laying of an 
extension, 110 miles long, of the Bahia Central Railway 
—viz., from Machado Portella to Carinhana. The cost 
of the work is estimated at 7,241,682 milreis (about 
482,7000.). 

Bolivia: With reference to the pro railway from 
La Quiaca to Tupiza and Tarija, H.M. Legation at La 
Paz have forwarded the name of the company which is 
expected to secure the contract for the construction of 
the line. H.M. Legation further report that Congress 
has authorised the extension of the Cochabamba to 
Chimoré Railway to the city of Santa Cruz. With refer- 
ence to the construction of three lines of railway in 
Bolivia—viz., La Paz to Puetro-Brais, Santa Cruz to 
Puerto Suarez, and Potosi to Sucre, the Bulletin Com- 
mercial, Brussels, states, on the authority of the Belgian 

tion in La Paz, that the contract has now been 
definitely ratified, with a few modifications, by the 
Bolivian Parliament. 

Ecuador: The Registro Oficial, Quito, notifies that 
plans and specifications will be received, up to March 20, 
at the Direccién de Obras Puiblicas, Quito, for the construc- 
tion of a railway between Puerto Bolivar and a navigable 
point on the River Zamora, with the object of opening up 
the districts of Zaruma and Loja. 





Gurpg To SourH anp East Arrica. — The new, the 
1913, edition of this guide, which is edited annually by 
Messrs. A. Samler Brown and G. Gordon Brown for the 
Union-Castle Mail Steamship Company, Limited, and 
can be obtained from Messrs. Sampson Low, Marston 
and Co., Limited, at the price of 1s. net, contains a large 
amount of most complete information for the use of 
tra settlers, and tourists. They need experience no 
difficulty whatever from the time they book their passage 
on this side down to their arrival at their destination, and 
during their stay in the different parts of the country. 
The book contains an admirable set of maps and plans. 
This is the first edition sold at 1s.; the price of the former 
edition was 2s. 6d. Noc m made in 
extent of the formation in the book. 


AMERICAN AND BritisH Coat.—In the thirty-five years 
ended with 1911 inclusive the eye contributions of 
the United Kingdom and the United States to the coal Pe 
duction of the world has been altogether reversed. In 1876 
the United Kingdom produced nearly three times as much 
coal as the United States, and British coal maintained 
its supremacy for the following twenty years. Latterly, 
however, the United States has greatly increased its 
output, as shown by the following figures :— 

Year. United Kingdom. _ United States. 
Tons. Tons. 
133,300,000 47,600,000 
157,500,000 101,500,000 
195,400,000 171,400,000 
251,100,000 369,300,000 
1911 os ee 271,900,000 443,000,000 
The coal produced in the United States is principally 
consumed at home, the home consumption amounting 12 
1911 to 425,422,000 tons out of 443,000,000 tons produced. 
Of the 271,906,000 tons of coal raised in the United King- 
dom in the same year, 184,859,000 tons were absorbed by 
home consumption. 
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SELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS Magny A0T OF 1907. : 
Tao ca; where some to nme YH pee © eatt 1 
whens tenenttone are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
) obtained at the Patent Office, Sale 


Copies of Specifications may 
pu 4 25, aa Buildings, Chancery-lane, W.C., at 
the uniform price 0) 

The date o; advertisement o, Go suateun of Complete 
Sp tuealion te, in each case, BE. abstract, unless the 
Patent has > date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the of a Complete Specification, 
ive notice at the Patent O; of opposition to the grant of a 
atent on any of the y in the Act. 


ELECTRICAL APPARATUS. 


/12, Marconi’s Wireless Telegraph Company, 

n Receiving p——— oy Pigs.) Yaenee 

Tele ppara 8.) February 6, 
te oy object of this invention is to provide improved wire- 
less-telegraph receiving apparatus in which the results of natural 
electrical waves, commonly known as X’s, can be eliminated. Ac- 
cording to this invention, the applicants produce a balance in the 
alternating currents set up by X’s in two such aerials before these 
currents reach the detector by passing the currents set up in the 
out-of-tune aerial through the stator of an alternator, the rotor of 
which is 80 constructed and rota’ as to make the frequency of 
the currents in it due to the effect of the X’s through the out-of- 
tune aerial equal to the frequency of the currents due to the X’s 
through the tuned aerial, which is coupled to the oscillating 
circuit containing the rotor. The two X frequencies being now 
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(3055) 


the same may be effectively o in a third circuit to which a 
detector circuit is conpied, *s will therefore have no effect on 
the detector circuit, but signals will be readily detected. In 
Fig. 1, A is the aerial tuned to the signals to be received, and A! is 
the out-of-tune aerial connected to the stator 8 of an alternator, 
the rotor R of which is included in an oscillating circuit P. A third 
cireuit Q is coupled both to the aerial A and to the circuit P, and 
a detector circuit is coupled to the circuit Q. In Fig. 2, the rotor 
R is connected in two parallel oscillating circuits, one coupled to 
each aerial, and the stator circuit is pled to a detector circuit. 
If the frequency of the signals isp + q, and the aerials A, A! and 
the rotor circuits coupled to them are tuned top + q and p-q 
respectively, then the stator and detector circuits should both be 
tuned to p, and the frequency of the alternator should be 4. 
(Accepted December 27, 1912.) 


14,7522. E. B. Merriam, Schenectady. Electric 
Switches, [3 Figs.) June 23, 1911.—This invention relates to 
electric switches, particularly switches in which the circuit is 
opened by means of contacts which separate in oil or other suit- 
able insulating fluid. The particular form of switch shown com- 
prises a frame 1 secured to a switchboard and carrying stationary 
contacts suitably insulated from the frame and connected to the 
leads of the circuit to be controlled. The circuit is opened and 
closed by means of a metal bridging contact $ carried by an in- 
sulating rod 4. By means of any suitable operating mechanism 























the bridging contact 3 is lifted into engagement with the station- 
Sty Contacts 2 to close the circuit, and is dropped out of engage- 
ment with them to open the circuit. When the bridging contact 3 
Separates from the stationary contacts 2 an arc is formed, and, 
to extinguish it, the contacts are submerged in oil in a vessel 5 
secured to the framework 1, with its upper fitting closely 
*gainst the framework and partially filled with oil to a level above 
the contacts, as indicated by the dotted line. The arc produced by 


ance in the oil, develops inflammable gases, and puts the air and 
~ above the level of the oil under very considerable pressure. 

'o prevent distortion of the oil vessel by the res developed by 
the arc, the oil vessel is provided with suitable vents above the sur- 
face of the oil through which the gases may escape when put under 
pressure. The inflammable gases, mingled with air and drops of 
oil, escape through the vents at a very considerable velocity, and 
at a temperature high enough to render them partially conduc- 
tive and a ignited. These gases tend to rise, and may come 
in contact with live parts of the system and cause short circuits, 
or may ignite, and thereby cause serious damage in the station. 
In accordance with this invention, scattering of oil from the 
switch and discharge of gases which are hot enough to be 
dangerous may be prevented by means of some suitable diverter, 
such as 7, secured in such a relation to the vents that oil and 
ne ejected from the vents will be intercepted and diverted 

jownward. The diverter 7 not only changes the direction of 
flow of the gases and oil ejected from the switch, but also acts to 
cool the gases to such an extent that when they escape into the 
— they will not readily ignite, and are no longer 
partially conductive. The oil ejected from the switch is caught 
and diverted downward along the walls of the oil-vessel 5, and 
is deposited where it cannot disfigure the surroundings of the 
switch. (Accepted December 27, 1912.) 





GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


9139/12. J. D. Bell, Coventry. Internal-Combus- 
tion Engines. (3 Figs.) April 18, 1912.—This invention relates 
to starting systems for use with internal-combustion engines of 
the type which comprise a pinion on the crank-shaft and a rack 
connected to a piston which is actuated by an explosion in a 
starting cylinder. Usually the pinion is of the free-wheel or over- 
running type. and difficulty is often experienced in returning the 
piston to the firing positi 8 t a spring is employed for 
this purpose, and when such is the ease the pressure of the explo- 
sion must, of course, be higher to overcome the negative pressure 
of the spring. This is obviated by the present invention by 
causing the action of pumping, to fill the starting cylinder, to 
return the piston to its starting position. For this pu , the 
piston or rack may be connected to the charging-pump by means 
of a flexible transmitter. Thus by operating the pump the piston 
is drawn back to its starting position. The rack A is attached to 
a piston B arranged within the cylinder C, and it may be held at 
one limit of its travel, in the ition illustrated, by a —_ b 
Through a slot in the wall of the cylinder projects the pinion 
which is on the engine crank-shaft E. Preferably the rack is 
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returned so far that its teeth are out of engagement with the 
pinion, as shown in the drawing, but that directly the rack is 
advanced to the left the teeth mesh, and the rack rotates the 
pinion in the direction of the arrow. The pinion D is mounted 
upon an a or free-wheel clutch on the crank-shaft E 
so as to rotate freely on the back-stroke when the piston B 
and the rack are returned to their normal position at the inner 
end of the cylinder ©. The cylinder is connected by a tube to a 
pump within reach of the operator. This pump, which is pro- 
vided with a non-return valve, serves to provide a combustible 
mixture, enabling this mixture to be supplied under slight pres- 
sure by hand or otherwise to the cylinder. An igniting device G 
is arranged either in the tube or in the cylinder, whereby the 

is fired, causing the rack to move rapidly and rotate the pinion 
and crank-shaft. In the cylinder wall are fermed exhaust outlets 
which are uncovered by the piston at the outer end of its stroke, 
allowing the gases of combustion to pass out to the atmosphere. 
Near the pump, or combined therewith, may be a tap whereby the 
gas in the tube can be caused to leak away during the return of 
the piston, which is effected by means of the spring which keeps 
the piston in the extreme right-hand position. (Accepted Decem- 
ber 27, 1912 ) 


15,597/12. C. E. Mead, Dayton, U.S.A. Internal- 
Combustion es. (3 Figs.) July 3, 1912.—This inven- 
tion relates to lubricating systems for explosion engines in 
which the lubricating agent is introduced into the explosive 
mixture before the latter enters the engine cylinder; and the 
object of the invention is to provide improved means for auto- 
matically regulating the amount of oil drawn into the cylinders. 
The suction above the throttle-valve varies with the position 
of the valve—that is, if the valve is almost closed there will be a 
much greater suction in the intake above the valve than there 
will be if the valve is entirely open. For this reason a more 
uniform flow of oil from the cup to the intake, or a flow more 
fae arp d proportioned to the requirements of the motor at dif- 
erent speeds, will be secured if the cup is connected with the 








intake below the throttle-valve, where the suction is much more 
uniform, such increase or decrease of suction as occurs at this 
point accompanying the increase or decrease respectively of the 
motor piston speed. The method of regulation, ding to 

invention, consists in connecting the lubricant supply pipe to the 
explosive mixture intake at such a point that the throttle in the 
intake is between the engine and the said connection. In apply- 
=o invention to a rotary-valve engine, a suitable source of 
lubricant supply, such as an ordinary oil-cup 7, is ted with 





Fyre surface of the valve when this overlaps the port. In 
e ordinary operation of the valve there is a very brief interval 
only of the period during which the valve is open that the port in 
the valve registers exactly with the port leading to the intake, For 
the remainder of the time that the valve is open one or the other of 
the edges of the valve will overlap the port leading to the intake, and 
will consequently come in contact with the lubricant-containing 
mixture. Sufficient of the lubricant will adhere to the surface of 
the valve and be carried into the valve-chamber to adequately 
lubricate the valve. The lubricant-containing mixture will, of 
course, contact with the inner surface of the cylinder, thus again 
permitting the lubricant to adhere to the surface to be lubricated. 
Further, the compression of the mixture within the cylinder 
forces the same inst the surface of the exhaust-valve, thus 
causing sufficient of the lubricant to adhere to this valve to lubri- 
cate it. (Accepted December 27, 1912.) 


GUNS AND EXPLOSIVES. 


17,491/12. S. A. de Castilho, Rio de Janeiro, Brazil. 
Breech Mechanism. (2 Figs.) July 27, 1912.—This invention 
relates to ordnance breech mechanism, and, according thereto, 
the breech-block is formed with, or is ste _ axially or length- 
wise to form two or more portions of different diameters or 
sizes, and these portions are provided with Welin or radially- 
step) interrupted or segmental screw-threads so arranged that 
the yy spaces, or plain parts on one portion de not 
align with those on the other portion or portions. The breech- 
block illustrated is fashioned with two portfons a and b of different 
diameters, the rear portion a having the greater diameter. The 
peripheries of the two portions a and b are each provided with 
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the well-known Welin or padntyy ceenees interrupted or segmental 
screw-threads a1, a2 and b!, b* respectively, which threads, how- 
ever, are 80 arranged that the interruptions, spaces, or plain parts 
a3 on the portion a do not align or coincide with the interruptions, 
spaces, or plain parts b° on the other portion b. The diameters 
of the two portions a and b are such that the diameter across the 
outermost screw-threads b! of the portion } does not exceed the 
diameter across the interruptions, 8, or plain partsa®. The 
threads a!, a2 and bl, l2 are preferably so arranged that the 
threads }) align with the threads a!, and the interruptions, 
spaces, or plain parts b° align with the threads a®. (Sealed 
anuary 16, 1913.) 


28,060/11. Sir A. T. Dawson and G. T. Buckham, 

on. Breech - Ordnan (5 Figs.) 
December 13, 1911.—This invention relates to re-cocking mecha- 
nism a in connection with percussive firing gear to re-cock 
the firing pin or striker in the event of a misfire having occurred. 
This re-cocking is separate from and independent of the trigger or 
firing-lever, and is used to retract the firing-pin or striker against 
the resistance of its spring, until a port‘on thereof en with 
the sear, by which it is held until released by the said trigger or 
firing-lever when it is desired to fire the gun. According to this 
invention, the re-cocking mechanism comprises a re-cocking arm 
carried by the que and an actuating handle carried by the cradle, 
and capable of being ape displaced about a longitudinal axis 
against the resistance of a spring which is energised by a part that 
is moved longitudinally by the handle, the mechanism being 
furthermore so constructed and arranged that the handle is 
capable of operating the re-cocking arm, even in the event of the 
gun not being in its fully run-out position. The mechanism com- 
prises a handle or hand-lever C, having a boss 0! which loosely 
surrounds a cylindrical part B! fixed to the cradle, and arranged 
parallel to the axis of the gun. This cylindrica! part B! is, in the 
example shown, the casing or sleeve referred to as ¢7 in the speci- 
fication of application for Patent No. 16,216, of 1911. The boss 0! 
has an external fin or longitudinal projection O2 thereon, adapted to 





engage with the end of the re-cocking arm A! connected to the firing- 
pin, the fin or projection being of substantial length in order to 
enable it to engage with the re-cocking arm if the gun has not 
quite returned to its run-out tion. The length of the fin or 
projection C2 will determine the distance from the fully run-out 
tion of the gun at which the re-cocking of the firing-pin can 
effected. e boss OC! of the hand-lever © is formed with key- 
ways which en with keys formed on a longitudinally moving 
part, such as a ring D, also surrounding the cylindrical easing or 
sleeve B! and extending to the front of the boss ©}. The forward 
face of the ring D is formed with a cam surface d (Fig. 4) adapted 
to engage with a corresponding surface b on the casing or sleeve 
B! (Fig. 3). between interrupted internal co on the 
boss Cl and the rear face of the ring D is a helical spring which 
tends to retain the ring in ite forward position. The rear end of 
the casing or sleeve B! is formed with interrupted external collars, 
with which the collars in the boss ©! co-operate to prevent the 
hand-lever C from being axially displa during its re-cocking 
movement. The interrupted collars are so arranged that in 





the intake 4, at a point beyond the throttle; that is to say, 
so that the throttle is between the engine and the oi! con- 
nection. As the suction created in the intake by the movement of 





- Separation of the contacts beneath the oil when a large amount 
energy is flowing through the circuit produces a violent disturb- 


the piston in the engine draws the explosive mixture and the 
lubricant through the intake, it will come in contact with the 





bling or dismantling the parts the collars r with the 

gaps only when the hand-lever C is in a position t it does not 
occupy during the re-oocking operation. Fig. 2 indicates this 
ition in broken lines to the t of its normal ition, which 
shown in full lines. In order to prevent the hand-lever OC from 
being accidentally displaced to the position in which the parts 









282 


ENGINEERING. 





(Fes. 21, 191-3. 





would be dismantled, the cam surfaces b, d are so arranged that 
rotation of the hand-lever in the direction of the dismantling 
position is normally prevented, this object being obtained by the 

ig t of should on the cam surface } with the keys on 
the ring D. To dismantle the parte, the ring D is moved to the 
rear against the resistance of the spring until the keys no longer 
engage with the shoulders ; the lever C can then be shifted to the 
dismantling position and can be withdrawn rearwardly. (Accepted 
December 27, 1912.) 


HYDRAULIC MACHINERY. 


29,275/11. R. Waygood and Co., Limited, and R. 
y, don. draulic Lifts. [6 Figs.) December 

29, 1911.—This invention relates to hydraulic lifts, cranes, and the 
like, of the type in which an hydraulic pump with variable delivery 
is employed to determine, for example, a flow of ftvid from a 
reservoir to the cylinder employed for hoisting or other move- 
ment. In such a system the delivery of the pump is usually 
controlled by a sliding spindle, which is moved inwards or out- 
wards of the pump casing in order to regulate or stop the flow of 
liquid. The present invention consists of an improved method 
of effecting an automatic control of the variable pump to meet 
the conditions obtaining in such a system, by causing the position 
of the slidable or other controlling mechanism to be governed 
through mechanical means, which are operated by relatively vary- 
ing pressure at — in the system. As shown, there 
is provided a double-ended ram 1, 2, the two ends working in two 
op’ cylinders 3, 4. The ram is conn to the controlling 
mechanism of the pump 5 by attaching it in a suitable manner to 
the long horizontal arm 6 of a bell-crank lever 6, 7, fulcrumed in 
roximity to the pump casing, and the short arm 7 of this lever 
8 connected, preferably in an adjustable manner, to the slidable 
spindle of the pum e upper cylinder 3 has a pipe connected 
to the hoisting cylinder 27 of the lift or the like, so that the 
pressure existing in the latter acts continually on the wu end 
1 of the ram to press the same downwards ; the bottom cylinder 4 
has a pipe 12 connected to the delivery pipe 28 of the pump, so 
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that the ram 2 is urged upwards by the pressure of the pump 
delivery. The inlet-pipe 29 of the pump is connected toa tank or 
reservoir, so that the action of the pump forces the liquid from 
the reservoir through the non-return valve 31 to the hoisting 
cylinder, when the starting-valve 32 connects the pipe 28 to the 
gear. In order to reverse the movement of the fitt or the like 
the liquid is allowed to pass from the cylinder back to the reser- 
voir by setting the starting-valve 32 in the position which con- 
nects the cylinder to the exhaust-pipe. The action and arrange- 
ment of the three-way starting-valve are the same therefore as 
in an ordinary hydraulic lift. The horizontal arm 6 of the bell- 
crank lever carries an adjustable weight 13, which operates by 
gravity to cause the pump to deliver its fluid, and at the same time 
to maintain the pressure in the bottom cylinder 4 above the 
pressure obtaining in the ae cylinder 3 and in the lift 
cylinder. When the starting-valve 32 is closed in order to stop 

lift, the pressure from the pump hecomes sufficient to force 
the ram 1, 2 upwards against the pressure from the lift-cylin- 
der 27. The bell-crank lever 6, 7 is thereby raised, and the 
delivery or flow from the pump is modified or stopped auto- 





matically as required. here several lifts or machines are 
operated by a single pemgoss ponding ber of these double 
rams are necessary, as it is desirable that the pressure be so 


controlled as always to be sufficient to work the most heavily 
loaded machine or the one requiring the highest pressure. (Ac- 
cepted December 27, 1912.) 


16,863/12. Societe Apeugme des Automobiles 
Delaunay-Belleville, St. mis, France. Power- 
Mechanism. [1 /ig.) July 6, 1912.—This 
invention relates to variable-speed hydraulic transmission appa- 
ratus, and has for its object an improvement on the ap) tus 
described in Patent No, 1072, of 1911. In accordance with the 
prior patent an arrangement is provided whereby ashaft, referred 
to as the driven shaft and connected with the differential gearing 
of the vehicle to which itis applied, is adapted to be rotated by 
a duplicate system of Lamy operated from the driving-shaft, 
when it is desired to transmit motion lower than full speed, and 
to bedirectly coupled up with the driving-shaft when the full- 
8 drive is desired. This result is obtained by means of a long 
clutch-sleeve, which in different positions either connects the driven 
shaft with the driving-shaft through the pumps or directly there- 

















with, The object of the invention is to reduce the number of 
bearings y in d with the prior a ent, 
and to reduce the considerable loss of power due to the friction o 

the long sleeve, and to this end the invention consists in the 
provision of a short sleeve having a double set of teeth thereon, 
and which is adapted to couple up the driven shaft with the driving- 
shaft. or to couple up these members through the pumping system. 
The driving shaft 1 carries fixed upon it the pinion which actuates 
the hydraulic transmission through the wheel 3 fixed on the shaft A 
ofthe primary pumps. The shaft 1 ends in a crown wheel provided 
with clutch-claws. On the shaft 5, which isin line with the driving- 
shaft, a pinion is loosely mounted; this pinion is driven by the wheel 
7 fixed on the shaft B of the y pumps. A sliding sleeve 
rotating integrally with the shaft 5 carries driving-claws which 
are ada’ to engage with the teeth of the pinion on the shaft 
6 and clutch this pinion to the shaft. The sleeve carries claws 








which are adapted to engage with the claws of the crown wheel 
with which the driving-shaft 1 ends, and render the driven shaft 
5 integral with the driving-shaft. When running with the 
hydraulic transmission the shaft 5 and the pinion thereon are 
clutched together by the intermediary of the sleeve and the 
hydraulic transmiss‘on drives the shaft 5 at all the speeds that 
this transmission is capable of producing forward or reversed ; 
the movement is transmitted through a Cardan joint to the shaft 
15 which drives the crown wheel 16 of the differential gear. For 
forward running on the direct drive the sleeve is clutched to the 
crown wheel of the driving-shaft 1 ; this operation unclutches the 
pinion on the shaft 5 from that shaft, and the latter is driven 
directly by the driving-shaft. The control-box of the primary 
pumps is located normally to the shaft, the pistons of the primary 
umps no longer effect any travel, and do not supply liquid to the 
x 14 of the driven pumps. As the pinion on the shaft 5 is 
declutched this pinion and the wheel 7 are stationary, and there 
is no impediment to running on the direct drive with all the 
power of the engine. If by oversight the control-box is not 
returned in its normal position to the shaft A, the driving-pumps 
would operate and would supply liquid to the secondary pumps ; 
but the latter would not any resistance, and the pinion on 
the shaft 5 would rotate idly on the Cardan shaft. (Accepted 
December 27, 1912.) 


MOTOR ROAD VEHICLES. 


28,327/11. A. M. Artcrand E. Arter, Hammersmith. 
Motor Road Vehicles. {1 Miv.) December 16, :911.—Chws 
invention of improvements in or in connection with motor-pro- 
pelled road vehicles has relation to the connection of the engine 
with the rear or live axle of the vehicle, and has reference, in 
particular, to rear or live axles of thetype in which the change- 
speed and differential gearings form a part thereof. In accord- 
ance with this invention, the casing of the differential gearing 
is enclosed within a shell driven from or by the engine or proneller 
shaft through a crown bevel-wheel connected with the shell, the 
said casing ing provided at each side with a lateral extension, 
the extensions forming bearings for the members of the rear 
axle and also serving to carry the bearings for the shell. The 
invention is shown applied to a gearing having two speeds. The 
propeller shaft 1 is driven by or from the motor through the inter- 
ate em of a clutch, as is usual, and at the end remote from the 
clutch enters a casing 2, which contains the whole of the dif- 
ferential and change-speed gearings. A bevel-wheel is mounted 
on the end of the shaft 1 within the casing 2 and gears with a 
bevel-crown wheel 4. The bevel-crown wheel 4 is mounted 
between the flanges of a two-part shell 7 and the crown-wheel 4, 
and the parte of the shell 7 are secured together by bolts. The 
two-part shell 7 is mounted on bearings carried by extensions 
of a differential casing 12. 13, 14 are, respectively, the near and 
off-side rear axles of the vehicle. These axles, which pass through 
the extensions of the differential casing 12, terminate within that 
casing and carry bevel-wheels upon their ends. These bevel-wheels 
gear with bevel-wheels ited upon a pindle 19 secured 
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at its ends in the differential casing 12. The bevel-wheels within the 
differential casing 12 form a well-known differential gear. Bearings 
(not shown) are provided in the casing 2 to rotatably carry the 
extensions of the differential casing. Mounted upon an extension 
of the two-part shell 7 are a pinion 21 and a member, int 
therewith, of a dog-clutch. The other member of the dog-clutch 
and a spur-wheel 24, integral therewith, are slidably mounted upon 
a squared portion 25 of one of the extensions of the differential 
casing 12. 26 is a spur-wheel permanently in gear with the 
pinion 21, and mounted on a shaft carried in bearings in the 
casing 2. “y= and co-axial with the spur-wheel 26 is a 
pinion 27, such that the spur-wheel 24 can engage therewith in one 
of its positions. In the position shown the bevel-crown wheel 4, 
two-part shell 7, pinion 21, spur-wheel 26, and pinion 27 rotate 
idly when driven through the propeller-shaft 1 and bevel-wheel 
from the motor. If, however, the spur-wheel 24 is slid along the 
squared portion 25 of the extension of the differential casing 12 
until it en; with the pinion 27, energy will be transmitted to 
the rear wheels of the car. The drive will be from the prime- 
mover through the shaft 1, bevel-wheel, bevel-crown wheel 4 
two- shell 7, pinion 21, spur-wheel 26, pinion 27, spur-wheel 
24, differential casing 12, differential gears, and axles 13, 14 to 
the rear wheels. To obtain a direct drive the spur-wheel 24 and 
the member of the dog-clutch in therewith are slid along 
the squared portion 25 of the extension of the differential casing 
12 until the two members of the dog-clutch are in en ment. 
The drive will then be from the prime-mover through the shaft 1, 
bevel-wheel, bevel-crown wheel 4, two-part shell 7, dog-clutch, 
differential casing 12, differential gear, and axles 13,14 to the 
rear wheels. (Accepted December 27, 1912.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


24,174/11. J. G. Robinson, Manchester. Steam 
Superheaters. (6 Figs.) October 31, 1911.—This invention 
relates to steam superheaters of the type wherein a number of 
steam-superheating pipes or elements are arran in the fire- 
tubes or flues of a tubular locomotive or like boiler so that they 
will be heated by the _— of combustion, the pipes being con- 
nected to a header divided into compartments, into certain of 
which compartments the saturated steam enters, and thence flows 
through the pipes into the other com ments of the header. 
The header, according to this invention, comprises a castin 
containing a desired number of compartments (as shown seven 
arran, in such header casting transversely of its greatest 
len, into holes in the bottoms of which com: ents the 
ends 1,2 of the superheater-pipes are expand The com- 





partments are alternately saturated-steam compartments and 





superheated-steam compartments. The saturated-steam compart- 
ments 3, 4, 5 are interconnected at the back of the header casting 
by a port or ports 6, and superheated-steam compartments 7, 8, 9, 
10 are similarly interconnected Ae ee or porte 11 at the front of 
the header casting. The saturated-steam pipe from the steam 
space of the boiler is connected to the port or ports 6 at the back 
of the header, and thereby to the saturated-steam compartments 
3, 4, 5 of the header by means of a boss 12. The pipes conveying 





Fig.1._==. Ss 
pn 22 SA 
7 i ~ Se 
CARL ATT CARS 
T= hey pe) LAO DSH pa) 





























the superheated steam from the header to the valve-chests of the 
engine cylinders are connected to the port or ports 11 at the front 
of the header casting, and through this port or ports to the 
superheated-steam compartments 7, 8, 9, 10 of the header. These 
pipes are coupled to the header casting by means of flanges on 
the pipe ends. The various compartments of the header casting 
are open at their upper side, and are adapted to be closed by a 
removable top cover or plate 15, the top edges of the walls and 
partitions of the casting being flanged. (Sealed January 16, 1913.) 


TEXTILE MACHINERY. 


13,907/12. F. W. Turner and T. Gerrard, Stock- 
port. Spinning. [8 Figs.) June 15, 1912.—This inven- 
tion relates to improv ts in and c ted with ring spinning 
and ring and flyer doubling-frames, and has for its object to pro- 
vide an improved construction of device for preventing double or 
four-fold yarn and roller laps, when a thread breaks, in a more 
efficient manner than hitherto has been the case. The invention 
comprises a trap at the back of the rollers for each thread to pass 
through in combination with a flexible member, one end of which 
is in operative connection with the trap, while the other rests 
normally upon the thread in front of the rollers to keep the trap 
open, and when the thread breaks withdraws the broken end and 
allows the trap to close and nip the thread behind the rollers. 
a is the stationary jaw and 6 the movable jaw of the trap, ¢ the 
trap recess, d the flexible member, and ¢ the thread guide-rail. 
In the present instance the said trap is secured to the guide-rail 
e and formed separately for each thread. The movable jaw / has 
an arm f, pivoted to the stationary jaw a, and the fulcrum end 
of which has a nose engaging in a recess on the back end of the 














movable jaw b. The arm / is shaped to act asa weight tending 
to close the movable jaw b. To the front end of the arm / is con- 
nected the flexible member d, say, made of gut, passing through 
an eye and provided at its free end with a hook, by means of 
which the member is attached to the thread & in front of the 
rollers. Tocause the thread to readily enter the jaws after having 
pieced or doffed, the end of the jaw bis bevelled. The flexible 
member isof such length that the tension of the thread k in front 
of the rollers causes the movable jaw b to remain in its rais 
tion and allow the thread to pass through freely, whilst the 
reakage of the thread releases and allows the arm / to drop, 
which causes the jaw J to close and nip the thread instantly. 
When the broken end has been pieced and the flexible member 
d is being again placed thereon, the arm / rises and allows — 
jaw } to take upits normal position again. In order to permit ¢ 
keeping the * n whilst doffing and to free the thread in 
trout of the a ty nae the tension of the member when stopping 
the frame, a shaft / is employed having for each trap a projection 
m, adapted to bear upon the arm of the movable jaw and to lift 
ms) turning or ing the shaft. (Accepted December 27, 
1912. 
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INFLUENCE OF IMPURITIES ON 
MUNTZ METAL. 


By F. JoHNson, M.Sc., Head of the Department 
of Metallurgy, Birmingham Technical School. 
Havine been deeply interested in the differences 
in behaviour between various commercial brands of 
copper when alloyed with zinc to form Muntz metal 
(copper, 60 ; zinc, 40), the writer carried out some 
experiments two or three years ago, which, owing 
to stress of other work, he has hitherto been unable 
to publish. The experiments were made with a 
yiew to placing on -record the exact cause of 
the brittleness, coarsely crystalline fractures, and 
eneral bad properties of Muntz metal when made 
Ce certain brands of copper, as distinct from the 
toughness, finely crystalline fractures, and good pro- 

ies of the same alloy when made from other 
(not necessarily pure) brands of copper. 

It seemed strange, for instance, that a brand of 
copper which was unfit for hot or cold rolling 
could be used to make a very serviceable brass 
with the tough normal fracture and of the composi- 
tion of Muntz metal, whereas another brand of 
tough copper, which would roll perfectly either hot 
or cold, and could be made into tubes or wire, was 
quite unfit for making Muntz metal. The writer 
had reason to believe that an impurity which was 
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TABLE I.—Results of Experiments on the Influence of 














Impurities on Muntz Metal. 
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: tremely rotten. 
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beneficial in tough copper might be quite detrimental 
in Muntz metal, and vice versed. 

The impurities selected for investigation were 
asenic, antimony, and bismuth. Arsenic is known 
to be beneficial in tough copper, antimony is only 

ful if present in excess ;* whereas bismuth is 
‘very dangerous impurity, which has either to be 
tliminated from the copper, or its influence masked 
by the careful addition of arsenic and the propor- 
tioning of oxygen. The alloys were made from pure 
tlectrolytic cathode copper, having a conductivity of 
per cent., and commercial zine, having a known 
ntage of lead and iron. The latter was used 

, lead and iron are invariably present in the 
ume used in practice for making trial alloys of 
wntz metal from unknown brands of cop In 
Preparing the ingots, the method of p: ure was 
% melt the copper in a graphite crucible, carefully 


* “Influence of Impurities in ‘ itch’ ” 
purities in ‘ Tough-Pitch ’ Co » 
F. Johnson. Journal of the Institute of Metals, No. 2, 





excluding oxygen by a liberal allowance of charcoal, 
then to add the impurities, wrapped in: co: foil 
(for which allowance was made), and finally the zinc. 
After thoroughly stirring, two ingots were poured 
from each melt, the — + one weighing } lb. and 
measuring 4 in. in thickness, the larger one weighing 
1} Ib. = measuring in section { in. square. The 
latter was allowed to solidify and cool compara- 
tively slowly, whilst the former was chill-cast, and 
they were used for testing the behaviour of the 
alloy when subjected to hot and cold working. They 
were first forged hot down to 0.2 in. in thickness, 
and then rolled cold to 0.14 in., after annealing 
for 20 minutes at 700 deg. Cent, Care was taken to 
remove all forging defects from the specimens before 
cold-rolling. 

By three similar processes of annealing and cold- 
rolling the thickness was reduced to 0.10 in., then 
to 0.07 in., and finally to 0.03 in. In none of the 
alloys tabulated in Table IT. did edge-cracking occur. 
The micro-structure of these cold-worked specimens 
showed marked twinning in the alpha but 
a complete absence of it from the beta phase. The 
samples had been reduced 60 per cent. in thickness 
by the hot forging, and the final cold-rolled strips 
a further 34 per cent., or 94 per cent. in all. 








Table I. shows readily that the influence of anti- 
mony is far more detrimental than that of arsenic, 





Fia. 2. 








brands which would result in such a dangerous com- 
bination of impurities as the above. The satisfactor 

cold-working properties of the alloys in Table II. 
do not indicate that the impure alloys are equal in 
quality to the pure ones. The fractures of the 
large ingots area safer guide, for where an alloy 
possesses a coarsely crystalline structure in the cast 
state the influence of that structure tends to persist 
with its accompanying brittleness, even after the 
cold-rolling and annealing processes. _The analyses 


of the alloys varied inappreciably. The analysis of 
alloy A is as follows :— 
De oe 
line... . 88.64 
Lead ... 0.45 
Iron ... ; + Rs tos 0.08 
The other alloys eqgronmete very closely to 
these es, the added impurities taking the place 


of equivalent quantities of zinc. For instance, 
alloy A A 3 has the following analysis :— 


Per Cent. 

Copper 60.80 
Zinc ... 38.61 

non 0.43 
Iron ... 0.08 
Arsenic 0.04 
Antimony _ ~ ~ 3 0.04 

A photomicrograph of the latter alloy is shown 


in Fig. 1. It was taken after the second e of 
cold-rolling and annealing, and is typical of the 
structures of all the rolled specimens at that stage. 
When deeply etched the alpha phase (light por- 
tions) is seen to be minutely crystalline and reveals 
numerous twin crystals. is is shown in Fig. 2, 
which is a photomicrograph (magnification 240 dia- 
meters) of alloy A; here the dark areas (beta con- 
stituent) occupy relatively greater territory than in 
Fig. 1. This must be in some way related to the 
mce of antimony and arsenic in alloy AA3 
(Fig. 1), but the explanation has not yet presented 
itself to the writer. 
The alloys in Table II. showed fractures similar 


to that shown in Fig 5, accompanying a b 
, ‘* The Influence of Antimony on the Gold. 
of Brass,’* with the nae eae of alloys 
AA®2 and AA3, which had surfaces 
similar to that shown in Fig. 3 of that paper. 

The results obtained by the writer differ from 
those obtained by Sperry, probably because the 
copper used in Sperry’s experiments contained 
arsenic which was neither determined nor taken 
into account. 





TaBLe II.—Results of Kxperiments on the Influence of COAST EROSION AND PROTECTION. 
Impurities in Muntz Metal. No. IX. 
ary 2 Tl See = By Ernest R. Marruews, A.M. Inst. 0O.E,, 
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| al into speci: Concrete Founpations. 


and that bismuth is not so deadly in Muntz metal 
as it is in copper. 
Table II. shows how very much more powerful 
a combination of arsenic and antimony is than 
either alone. Taking alloy AA2, the metal is 
infinitely worse than alloy A4. In A A2 the com- 
bined percentages of arsenic and antimony only 
total 0.06 per cent., whereas in the non-arsenical 
— A‘4 the antimon on 0.10 per cent. 
ese results show how n it is for manu- 
facturers to ascertain the composition of ingot or 
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bar copper before purchasing, and to avoid mixing 








Where the excavation for foundations is into 
boulder clay, as at Bridlington, and the beach is 
covered by the sea at every tide, the following 
method of putting in the concrete foundations may 
be adopted :— 

A short length of 20 ft. or so having been 
opened out to the required depth of 10 ft. to 15 ft., 
and of the required width of 15 ft. 6 in. (see Figs. 
115 and 116, page 284), a sump is dug at one 
end. This is sunk 4 ft. below the bottom of the 
trench and should be 4 ft. by 4 ft. A narrow trench 
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W. J. Willmet, Hastings, Photographer. 


Fic. 118. Wave Breakine on Hastings ProMENADE DURING 


On-SHorge Gate. 


Forster, Hastings, Photographer 


Fie. 119. Wave BREAKING ON HastIncGs PROMENADE DURING 


On-SHORE GALE. 





Fic. 120. Reciammep Lanp, Kinespown, near Deat. 


may then be cut along'the centre of the section exca- 
vated, and a 9-in. sani pipe laid leading to the 
sump. The concrete is then filled in, a key being 
made between successive lengths of concrete. This 
key is V mE being 2 ft. 6 in. by 2 ft, 6 in. (see 
Fig. 115). hen the next section is excavated the 
drain-pipe is continued, with a slight fall towards 
the sump until the whole of the foundations have 
been put in. The water may be pumped out and 
discharged at a distance. here the foundations 
of a sea-wall are directly on to the solid rock, as 
frequently happens, the rock may be cut away for a 
depth of about 9in., and then building may preceed 
on it direct ; there is no need in such a case for 


the foundations to be widened out, as on any other | prod 


patural foundations. 





Fie. 121. 


Where a new sea-wall is to be built seawards, 
but in continuation of an old wall, and the two 
walls have to be joined, it is of the greatest 
importance that a good connection should be made 
between the foundations of the old and the new 
work. A typical method of accomplishing this is 
shown in Fig. 117, which represents the foundations 
of the old Prince’s Parade wall at Bridlington, and 
the northward and seawards extension of that wall. 


Srrenetu or Sea- Watts. 


It is impossible to calculate with any d of 
accuracy the forces which act upon a sea-wall. The 
force exerted and the vibration of the structure 
uced by a wave striking a wall are indefinite 
quantities. In designing sea-walls in positions 


| where wave action will play on the 











Spurr and Son, Bridlington, Photographers 


Erosion at Sewersy Cuiirrs, BRIDLINGTON. 


wall at high 
water of ordinary spring tides, and high water of 
ordinary spring tides will rise several feet uP 
the wall, the following simple formula may be 
adopted :— 

2 = thickness of wall at base. 


The foundations should extend beyond this width, 
but the thickness of the = ae yee | above 
them may be equal to half the height of the wal 
A pons ex have been constructed to this 
formula, with satisfactory results. 

Conclusion. 


"Where a town is to be protected by a low se® 
wall, and the town itself lies at a lower level than 
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the proposed promenade at the back of the wall, it 
is very necessary, if flooding is to, be preven 
that (a) the sea-wall be carried as far seawards 
as possible, so as to give considerable width 
to the sea-front ; (6) the wall must be so designed 
that provision is made for throwing the waves 
back ; (c) the wall must not be too low, abnormal 
tides, which may rise about 4 ft. above high water 
of ordinary spring tides, being taken into considera- 
tion ; (d) the town must be further protected by 
the erection on the land side of the promenade of 
a dwarf wall—say, 2 ft. to 3 ft. high—so that when 
a wave strikes the sea-wall and rises, and the wind 
blows much of it over on to the promenade, it shall be 
unable to travel far, its course being impeded by 
this dwarf wall. The manner in which the waves 
break over a sea-wall during an on-shore gale and 
fall on to the promenade is shown in Figs. 118 and 
119, page 284, These views represent waves break- 
ing during a south-westerly gale at Hastings. 

The total area of England in 1867, excluding the 
area of the foreshore and that covered by the tides, 
according to information issued by the Board of 
Agriculture, was 32,590,397 acres. In 1900, or 
thirty-three years later, it had diminished to 
32,549,019 acres, or a reduction in area of 41,378 
acres, and this after taking into consideration the 
land gained byaccretion. Assumingthe average value 
per acre of the lost land to have been 201., this means 
a loss of 827,5601. While this loss has been pro- 
ceeding for centuries, the value per acre of the land 


eroded increases year by year, for the population of | pa 


England is increasing, while its area is annually de- 
creasing. The whole matter is therefore a national 
one, and should interest the inland owner quite as 
much as the man whose land abuts upon the coast. 
Fig. 120, page 284, illustrates a of the coast 
where accretion has been going on for centuries. It 
is a view taken at Kingsdown, near Deal. In that 
case the chalk cliffs, at the foot of which the waves 
of the sea used to break, are now nearly a quarter 
of a mile inland, and between them and the sea a 
village has sprung up, as seen in the illustration. 

On the other hand, Fig. 121 represents a part of 
the coast immediately north of Bridlington, where 
the coast-line does not remain the same for two 
consecutive days, owing to the erosion. 

Geologists are fairly well agreed that after this 
country was heaved up out of the sea on the last 
occasion, the land level was much higher than it 
is to-day. Evidence of this may be found in the 
various submerged forests around our coasts; a 
tree from one of these at Hastings was shown 
in Fig. 23.* Raised beaches are also met with 
here and there, an interesting one having been 
discovered a few years ago in the Sewerby cliffs 
at Bridlington. Although it is difficult to prove 
it, the land is gradually sinking, as is also the bed 
of the ocean. The par D verti however, is so slow 
that it cannot be measured. 





COST ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 
(Continued from page 182.) 
IV.—EstTaBLISHMENT OF A BRANCH. 

Personnel,—The formation of a branch on the 
lines described in the previous portion of this article 
will naturally give managers and others concerned 
much food for thought. The difficulty of obtaining 


the services of men rysereJ the necessary quali- 
fications is no doubt causing many to seriously 


consider the advisability, or otherwise, of embarking 
in a new undertaking which is likely to be in the 
nature of a ulation. In any case, some little 
difficulty will experienced in getting together 
such a staff as is . 

Having decided to create a branch, the question 
of finding suitable men will be the first problem 
presenting itself fur solution. It is not easy to lay 
down hard-and-fast rules which would meet any 
and every case; but the su: tions now about to 
be made indicate the general lines on which such a 
branch may be built up. 

In practically every engineering concern there 
are, at least, a few men who have acquired a good 
technical education, and at the same time are 
experts in their own metre os line of work, These 
two qualifications—absolutely necessary in them- 
selves-—-are seldom in evidence in the workshops, 
owing to the fact that the man who has suflicient 
grit to obtain a good education, and at the same 


See ENGINRERING, vol. xeiv., page 629. 


ted, | that he becomes an ex 


time devote himself to his trade in such a manner 
rt, has the initiative faculty 
so highly developed t he generally has an eye 
open for opportunities—of which not a few present 
themselves to him—to improve his position. 

The first step should be to secure the services of 
one whose technical education and workshop expe- 
rience fit him for the post of leader ; he must also 
have the ing, initiative, and analytical facul- 
ties highly developed, and have sufficient moral 
courage and determination to back up the members 
of the branch under him. This is very n 
in a branch dealing with piece-rates, the fact that a 
function of the branch is to obtain a fair day’s work 
for a fair day’s wage, bringing its members more or 
less in conflict with certain sections of the em- 
ployees, the insistent and dissatisfied being always 
in evidence. Especially is this the case in a new 
venture of this type, both active and passive 
antagonism being almost invariably met with at the 
commencement. 

The same care will be necessary in the selection 
of the remainder of the technical staff; these can 
be chosen from men who are conspicuous by their 
initiative and originality. Asa rule, men of this 
type are potlonable in every shop, and, provided 
other qualifications are equal, they should have the 
preference in selection. eir technical education 
should be sufficient to enable them to read drawings 
in such a manner that they realise—or, more cor- 
rectly, visualize—the articles presented to them on 
r. This is necessary in order that the quantity 
of material and the rates of the various operations 
may be correctly estimated. 

To obtain ical results of the greatest value, 
such a branch should be a real, live, up-to-date 
organism ; at the same time, the members should 
be gradually educated in their duties, giving 
them time to settle down in their new sphere of 
work. They will also need to realise that the 
routine of office work, under any system, although 
different to that of the workshops, must be as 
rigidly adhered to by the individual members if 
the working of the branch is to be a success. The 
branch must be given time, as a whole, to develop 
that homogeneity without which it will be in- 
efficient, and the work, as a result, be scrappy and 
unfinished. 

Probably some doubt will arise in the minds of 
those who are thinking of establishing such a 
branch as to the advisability of placing men direct 


from the workshops in one of the most responsible | pape 


positions in the factory; involving as it does 
almost direct expenditure of the firm’s money. 

The writer’s experience of a large branch of this 
type is that these men are, individually, very keen 
on economic production, and are more concerned 
than would be thought ible for the manufacture 
of components at the lowest and cheapest rates 
consistent with good workmanship. ese men 
will also, in the majority of cases, be able to put 
into practice methods of their own for the purpose 
of cheapening production, but of which only they, or 
at best a limited number of men, have availed them- 
selves. It must not be lost sight of that atleast five 
years’ —preferably longer—experience as a journey- 
man is necessary to enable a man to develop the 
critical reasoning and initiative faculties, in con- 
nection with the use of tools, machines, &c., and 
methods of orming operations, sufficiently to 
enable him to be individually valuable in a branch 
whose functions in relation to economic production 
are initiative to the highest degree. 

The experience in the seed sa will also enable 
the — man to estimate the value of the 
variable factors connected with fixing rates, the 
uncertainty of which is the greatest hindrance to 
any hard-and-fast rule being laid down as to the 
relation of these to the cutting time of the machine 
or to the actual manual time for other operations. 
Some of the men at present engaged in this work, 
with considerably more than the five years’ shop 
experience mentioned, have at times some difficulty 
in making the result of their study of a trouble- 
some or tedious operation agree with the actual 
time required in the workshop. 

The number of the force employed in actual 
production, and the class of articles manufactured, 
are the principal factors to be considered in de- 
ciding how many of the various trades the branch 
should consist of. In the first place, at least, a 
foreman will be required to deal with all communi- 
cations from. managers, the heads of the depart- 
ments, and the various sections of the trades 





employed, and at the same time to exercise a 


general supervision over the estimating and rate. 
fixing performed by his branch. 

To be able to’ estimate and fix rates for the 
various operations it is evident that the members 
of the branch must be selected from the different 
trades employed. In the general shop the primary 
operations of forging and moulding will need repre. 
sentatives, the latter being also responsible for the 
pattern-makers’ charges. The machine shops, jf 
engaged on a large scale, will need to be divided 
into several sections, the mdnaipel being (a) turning 
and boring-machines ; (b) the planing, shaping, and 
slotting-machines ; (c) the milling and drilling. 
machines. The fitting and erecting work can in most 
cases be dealt with as one section. The numbers of 
men employed in each section will determine the 
number of rate-fixers required, and will decide 
whether or not the various sections need further 
sub-division. 

Obviously, such a branch cannot be established 
at once; neither would it be advisable to attempt 
it on a large scale. The principal duty of the 
pioneer members will be to formulate a plan which 
can be grafted on to the existing system with as 
little friction and confusion as possible. Having 
done this, the branch can be gradually brought 
up to its required strength, giving the older mem. 
bers opportunities to initiate the recruits into the 
routine of office work adopted. 

So far the personnel of the branch described 
consist of the men who will do the actual estimating 
and rate-fixing. A number of assistants will be 

uired whose duties are less onerous as regards 
the technical and practical side, but who must at 
least have had some experience of office routine. 
They must be men to whom the names of compo- 
nents are representative of the parts to which they 
relate, and not mere words of description. 

The duties to be performed other than estimating 
and rate-fixing are many and various, and to some 
may seem superfluous ; it is possible under some 
conditions that this would be so, but some system 
at least must be used to deal with this work, so as 
to free the estimators and rate-fixers from a purely 
clerical side of the branch. Taking them in the 
relative order of procedure, they are as follow :— 

(a) To receive all requests for estimates, and the 
man doing this should be qualified to put in hand 
the necessary work for obtaining the estimate of 
the article if it has been previously manufactured. 
To supervise the guarding up and indexing of all 
rs relating to estimates, so that they may be 
readily referred to by anyone interested in them. 
As soon as the manufacture of an article has been 
completed, to tabulate the total wages on the com- 
ponents, for the purposes of comparison ; the results 
to be guarded up with the original estimate. 

(b) After the rate-fixers have estimated in detail 
the total wages, cost, and quantities of materials 
required for the manufacture of an article, to 
collate the whole of the information relating to the 
different trades, to value the material, to add the 
various items of indirect expenditure, and to 
present it in the form of a complete estimate. 

(c) To receive all new drawings, whether for 
estimating or rate-fixing, and from them to com- 
pile detailed lists of components, under the titles 
of the various parts of the articles. From these 
lists to make out and maintain the necessary 
travelling or rate-cards for the card system, if one 
is used, and to be responsible for their safe 
custody. 

(d) To keep, in the foundry cost-book, a record 
of the fluctuations of the market value of the 

incipal materials used ; also to keep, in a tabu- 
ated form, the cost to the concern of existing 
stocks in hand. To keep—in order that the esti- 
mates may be consistent in this respect—a separate 
account of the weight and value of all castings 
delivered from the foundry, noting these against 
the estimate for future reference and comparison. 

The number of men required for these duties 
will vary with the volume of work done, there being 

h of the four 
preferably at least we man for eac vb 
ups. For the purely copying purposes 
Cok beepers wou be oaaired, although the 
judicious use of the typewriter would no doubt be 
of considerable assistance. 
(To be continued.) 








Sr. Pererssurc.—The municipality of St. Petersburg 
is about to expend 36,000,000 roubles in the construc + 
of a second tramway system. e capital is to - 
raised by a loan bearing interest at the rate of 44 I 





cent. per annum. 
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DETAILS OF COOLING-TOWERS AT EDINBURGH POWER-STATION. 
Fig. 2. 
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Art in Egypt. By G. Masrgro, Member of the Institute, 
Director-General of the Service of Antiquities of Egypt. 
London: W. Heinemann. [Price 6s. 


At the last meeting of the British Association |' 


Professor Barr raised the question whether some 
advantage might not follow from uniting wxsthetic 
with utilitarian demands and interests, or, put more 
definitely, whether the engineer did not take a too 
exclusively utilitarian view of his profession. He 
argued that artistic merit might go hand in hand with 
structural fitness, and to separate the beautiful from 
the useful was a modern vice. In directing attention 
in these columns to the history of art as practised in 
ancient Egypt, by one who has consistently upheld 
its merits and admired its technique, it might be 
thought that we wish to champion the cause Pro- 
fessor Barr had at heart. We have, however, no 
intention of upholding the ancient Egyptian as a 
model of excellence, in whose work usefulness and 
beauty are happily combined. For if the Egyptian 
atelier occasionally turned out work of such supreme 
merit as the Sheikh-el-Beled, in which was reached 
the highest perfection capable in Memphite art, 
structural fitness, where it was most needed, 
was not always secured. Patent faults have been 
pointed out in their architecture, and in the case of 
painting, Sir G. Maspero admits that the fatality 
of utilitarianism continued to enslave the artist 

when it had long ceased to have any raison d’étre. 
In endeavouring to derive from this little work, 
replete with suggestion and exhibiting the results 
of log study and experience, a satisfactory notion 
of the position attained by the artist, we are met 
with two difficulties. The illustrations, some 500 
in number, refer mainly to statuary and that of a 
particular order. The sureness and delicacy of the 
chiselling, a technique in which the Egyptian 
excelled, entirely escapes us. It is hard to judge 
of a statue from a photograph, we need the third 
dimension, The rendering of a portrait may be 
subtle and refined, and the rest of the figure fail to 
come up to the standard. Oftentimes the broken 
and mutilated figure by its suggestiveness pleases 
more than the completed statue or group, for the 
bodies often appear imperfect, with the feet and 
legs barely indicated, and the arrangement of the 
persons ungraceful. And secondly, these specimens 
of statuary have been recovered from tombs. 
They played a part in the ritual of the burial of the 
; they were to the creed in which 
the Egyptian lived, and brought him consolation 
im the hour of death. By these he typified 
s belief in the immortality the soul, and 

ed the consciousness of life after death. The 

me articles of a funerary commerce that ric 
or poor equally struggled to possess. They were 
manufactured to meet all classes. If, in the days 
when our national decadence has become a distant 
d, future archseologists should seek to deter- 
mine our artistic capacity from the statues and 
monuments that decorate our cemeteries, they 


7 Ys 


|and gain but a low opinion of our genius and our 
ideals. Even if it were argued that we should 
naturally lavish our highest talent in commemo- 
rating our monarchs, the criterion, perhaps, would 
not always be happy or complimentary. A nation 
a demand to be remembered and judged by 
= work, and - pe collection, Sees Raret 
of various ages and styles, we must ju t 
by specimens such as the Sheikh-el-Beled, a 
Sir G. would select to uphold the honour 
of Egyptian art, the seated Scribe, the head of the 
Princess Neferet, and others, all of which declare 
that the artists, unknown and unremembered, when 
the world was young must have-lived among cul- 
tured people, and been trained by masters of no 
inconsiderable skill and experience. 
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Tue InstiTuTION OF AUTOMOBILE ENGINEERS. — A 
pamphlet has now been issued giving the details of the 
joint visit to the United States of the Institution of 
Automobile Engineers and the Society of Motor Manu- 
facturers and Traders. The party will leave St. Pancras 
Station, | train at 8.30 a.m. on eg oa! 
May 17, for Tilbury, where they will join the T.8.S. 
Minnewaska, of the Atlantie Tr: ine, which will 
leave Til at about 10 a.m. visit will conclude 
officially at Buffalo, on the afternoon of Tuesday, June 10. 
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COOLING-TOWERS AT EDINBURGH 
POWER-STATION. 


Two cooling-towers have lately been erected at 
Edinburgh in connection with the city eleotrio-light 
station. They are designed on novel and distinctive 
lines, and mark a new departure. Elsewhere in the 
country a cooling-tower is of the plainest description, 
constructed with no claim whatever to appearance, 
but merely as an adjunct to the works. In the case 
of the Edinburgh plant, however, the city authorities 
decided that the structures wig gr pe the 
amenities of the neighbourhood, in ral 
ap ce harmonise with the surrounding bufldings 

t was ised that a considerable height wo 
have to be given in order to fulfil the purpose of 
cooling 210, gallons of water hour—420,000 
gallons for both towers — from ibs deg. Fahr. to 
80 deg. Fahr. when the temperature of the atmosphere 
is 50 deg. Fahr., with a humidity of 85 per cent. of 
saturation. It was therefore found necessary to give 
each tower 130 ft. height above ground-level, with a 
a base of 40 ft. square. With the introduction of the 
steam-turbine the condensing apparatus has assumed 
greater importance, and the tendency is to increase 
the size. e site selected was within a few yards of 
@ railway tunnel, and the foundations of the towers 
had to be carefully designed. A stipulation was also 
made that the towers should be so planned as to admit 
of every part being accessible at all times for inspec- 
tion and painting. Although in some respects the 
towers a to follow a t of design associated 
with buike ings constructed of stone, yet beyond follow- 
ing the principles of classic architecture and those 
general proportions and arrangements, there is little 
or nothing in connection with stone or brick buildings. 

In architectural planning the towers—which we 
illustrate on page 285—are divided into base, ium, 
shaft and cap. The lower portion of the base 
encloses. the wooden hurdles which form the actual 
cooling plant, and the extent of these hurdles is 
marked externally by ao plain flat treatment, the 
necessary air- e at the top being formed by the 
bold moulding which surrounds the towers on all 
four sides, is used as the cap of the base, The 
upper part of each tower consists of the main chamber 
for promoting circulation of air, and its enclosing 
structure is treated as podium and shaft. The cast- 
iron plates of the podium are separated by horizontal 
steel channels, which, while serving the paspipe of 
binding the main supporting steel framewor ther, 
and providing an accessible and suitable joint for the 
materials, are designed to give some play of light and 
shade to that surface of the towers. 

The upper member of each tower-—the shaft—rises 
well above the buildings immediately ype 
it, and the marked vertical treatment ; 
which is essential to rigidity, of the corners of the 
towers is directed also to pases an effect of light- 
ness and due rtion of the whole composition. 
Some interest is added to the central panels by the 
perforated grills and the enriched features which mark 








might do grave injustice to many worthy sculptors, 


The pamphlet gives data as to the trip and full lists of 
charges. 


the doorways on the centre line of each face, affording 
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access from the interior to the exterior of the towers. | 
The cornice at the top serves as @ gallery on the, 
exterior of the towers, and is designed to facilitate | 
the inspection and repainting of the exterior without | 
interfering with the working or entailing any cost for | 
scaffolding. 

Standard sections of rolled steel joists and channels | 
in combination with cast-iron plates are used for the | 
construction of the base and podium. For the upper | 
part of the towers stamped-steel plates are used in | 
conjunction with cast-iron gratings. The main frame 
of each tower is constructed of sixteen similar vertical | 
members, connected together with horizontal channels | 
in courses at regular intervals. Each course of channels 
is connected, top and bottom, by cast-iron flanged plates | 
bolted to the channels and laterally to one another | 
and to T-stiffeners between the channels of the main 
frames. The distributing-troughs and hurdles in the | 
base of the towers are of wood (see Figs. 2 and 3, page 
287). Very little scaffolding was required for the | 
erection of the towers, the structure itself being very 
accessible, and naturally further inspection will be 
easier and safer than in the case of a plainer structure. 

An indication of the strength of the structure was 
seen du the course of construction. A fire broke 
out in one of the towers approaching completion shortl 
after the wooden burdles were erected ; all the weed- 
work was completely destroyed. The heat arising from 
the ‘fire was considerable, but beyond some compara- 
tively slight to the light internal bracing of 
the towers and injury to the paintwork, the dam 
caused was not important ; the system of jointing of 
the iron material readily adapted itself to expansion 
and contraction. 

In order to give this large area of metal the appear- 
ance of stonework an ingenious plan was ad 
This consisted of putting on the final coat of paint in 
sections, and, while the paint was still wet, sand was 
blown on to it by means of air pressure, and so 
engrained on the paint as to give a very good imita- 
tion of stonework. 

At the Dewar Place Station of the Edinburgh 
Corporation the new plant, in addition to effecting a 
very saving in the coal consumption, will enable 
the electricity de ent to cope with the increased 
output, equal to 34 million units per annum. In May 
last the yearly output of the electricity department 
was 17 million units, and the revenue for the year 
amounted to 131,000/. Owing very much to the intro- 
duction of new plant from time to time the rates 
charged for lighting have decreased from 6d. per unit, 
the charge sixteen years ago, to 2jd. per unit, the 
price to small consumers, and 24d., the price to large 
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consumers. For power, the charge sixteen years ago 
was 34d. per unit, and the maximum price is now 1d., 
while the large consumers are getting it at four-fifths 
In 1896 the arc lamps cost the city 20/. 
each per annum, and the price is now reduced to 9/. 

The ex i on the cooling-towers was estimated 
at 18,033/., and the actual outlay has been 17,622/. 
The consulting engineers for the whole scheme now 
war-place are Messrs. Kennedy and 
Jenkin, of 17, Victoria-street, Westminster, London, 
S.W.; and the architect is Mr. C. Stanley Peach, 
F.R.1.B.A., of 28 and 32, Victoria-street, West- 
minster, London, 8.W. The principal contractors 
were the Motherwell Bridge Company, Limited, 
Motherwell. 





MULTIPLE GUN-TURRETS IN WARSHIPS. 
To Italy belongs the distinction of having designed 
and completed the first battleship (the Dante Ali beri) 


to carry three big guns in each barbette instead of two, | The 


asis customary ; Austria follows close with the Viribus 
Unitis, which also has the same grouping of guns, but 
with a different arrangement of the four turrets. 
ships have a main armament of twelve 12-in. guns, 
which are arranged on the centre line of the ship; but, 


th nf agen of armour 9} in. thick. These gu 





while the Viribus Unitis has her turrets disposed, as in 
several recently-built ships, two forward and aft, with 
the second and third raised to fire over the first and 
fourth, the Dante Aligheri has one turret on the fore- 
castle, two amidships, and one in the stern. Of the 
two arrangements, the Austrian ship undoubtedly 

the better all-round concentration of fire, as 
she can train six s ahead and six astern, and all 
twelve on either m, while the Italian disposition 
only gives a bow and stern fire of three guns and a 
full broadside of twelve. ; 

The Dante Aligheri, illustrated above, was laid down 
at Castellamare on June 6, 1909; launched on August 20, 
1910 ; and first commissioned on November 11, 1911, 
for trials, which were completed in June last year. 
Her di ions are :—Length over all, 550 ft. ; beam, 
873} ft. ; and mean draught, 284 ft., giving 6 normal 
displacement of 19,400 tons. Owing to some ms 
calculation in the initial designs, it is officially admitted 
that her desi draught has been exceeded by 16 in. 

igi mp sabes =e nig Sighs po gl 

The big guns are 46 calibres in len a 
housed in barbettes with armour 9 in. thiol, and with 
ns fire an 
Ib. projectile with a velocity of 2900 feet per second, 
and have a legend penetration of 17}-in. K.C. armout 
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AUSTRO-HUNGARIAN BATTLESHIP “VIRIBUS UNITIS” 


WITH TRIPLE-GUN TURRETS. 
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at 5000 yards. Her secondary battery consists of twent; 

4.7-in. guns, of which eight are carried in four sma 

twin turrets having armour 4 in. in thickness, the 
Temainder being in batteries of three ; the ports are 
recessed to obtain a larger firing arc ahead and astern. 
Twelve 12-pounders are also fitted. The torpedo- 
tubes are three m.number—one above the water-line 
in the stern, and one, subme , on each broadside 


near the bow. These discharge the usual 18-in. White- | 23 knots 


weapon. 
Protection to the water-line is afforded by a 10-in. 
t amidships for about 230 ft. of the length of the 
vessel, it thins to 7 in. as far as the end turret 
thence it is continued forward of 4 in. thick- 
ness up to the top of the lower deck level, and of 3 in. 
thickness aft the water-line only. Above this 
there is a 10-in. to 7-in. strake amidships—the armour 
thins rapidly towards the top of the upper deck with 
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4 in. along each battery. The protective deck varies 
in thickness from 24 in. to 1 in., and is reinforced at 
the bows by the belt armour being brought down 
below the ram. Forward the main conning-tower is 
of 12-in. and 11-in. armour. 

Steam is generated in twenty-three Blechynden 
water-tube boilers, and, with turbines of 26, de- 
signed horse-power, the was estimated at 
On trial she registered 21,000 shaft horse- 
power and 21 knots at four-fifths power, and 35,000 
shaft horse-power and 24.5 knots on the full-power 
eight hours’ trial, A normal coal supply of 1000 tons 
is carried and 2500 tons can be accommodated. 

The appearance of the ship is peculiar, the two pole 
masts being between the two pairs of funnels. 
The search-lights are carried on platforms built round 
the funnels, and the boats are manipUlated by derricks 
swung on uprights connected to the main mast. Very 


little superstructure is shown, and the et is rela- 
tively small in consequence. Her cost was 2,250,000/., 
and she is the sole representative of her class. 

The Viribus Unitis—Austria’s first Dreadnought— 
has been built from the designs of the Chief Con- 
structor, — Popper, executed under the 
direction of Naval Constructor Teodoro Novotay, asso- 
ciated with Engineers Ginlio, Scarbert, and Givrannic 
Schlesinger. id down at the Stabilimento Tecnico 
Triestino in July, 1910, she was launched on June 24, 
1911, and commenced her trials in August last year, 
having taken twenty-six months to build—an excep- 
tionally short period, and one which will not 
equalled by her three sisters. As was the case with 
the Italian ship, some errors crept into the calcula- 
tions of her weights, but sufficient margin had been 
left to allow for any miscalculations, consequently 
the increased displacement due to excess of calculated 
weight in her turrets has not influenced her draught, 
economies in weight having been made elsewhere. Her 
designed displacement is 20,000 tons, and she measures 
525 ft. overall, 89} ft. beam, and has a mean draught 
of 27 ft. The full-load weight works out at about 
22,000 tons. 

The main 12-in. 45-calibre armament is disposed in 
four turrets with 11-in. armour, and each set of 
has a training arc of 300 deg. Amidships, behind 6-in. 
armour, is the secondary battery of twelve 5.9-in. 
45-calibre guns, of which the first and last are recessed 
to secure end-tire. On the top of each turret are 
three 2.8-in. 50-calibre quick-firi ; four sub- 
merged 2l-in. torpedo-tubes com le her offensive 
equipment. The same number will be borne by the 
Tegetthof, but the Prinz Eugen and a fourth ship 
will carry six tubes. 

Amidships for about 160 ft. the water-line belt is 
of 11-in. armour, continuing at 7 in. in thickness for 
| another 50 ft. fore and aft, and then thinning to 4 in. to 
the bow and to within a few feet of the stern. Above 
| this is an 8-in. belt extending from the base of the 
| first to No. 3 turret, and the battery-deck there 
is 6-in. armour. The p ve deck is from 1# in. 
to2 in. thick. Forward there is a 12-in. armoured 
| conning-tower of huge dimensions, on top of which is 
the armoured range-finder. Aft there is another 
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cnnern 2 for these instruments, as well as 
one at side amidships. In the three later ships 
the turrets are of 12-in. armour and the conning- 
tower of 14-in. armour. 

Driven by Parsons turbines of 25,000 designed 


horse-power, the is 20 knots, steam being sup- 
plied by Yarrow boilers. On trial, 20.87 knots was 
averaged at full power. The normal coal eupply is 
900 tons, with tons maximum, plus oil fue 


Eleven searchlights are fitted, and twenty-two 
boats, two of which are motor-driven, are provided. 
The ammunition supply for each of the guns is as 
follows :—For 12-in. guns, 130 rounds per ; for 
5.9-in, guns, 200 rounds ; for 2.8-in. guns, 2006 rounds. 

The Viribus Unitis has cost 2,525,000/., and the 
estimates suggest that this figure will be exceeded in 
the later ships. Of these, the Tegetthof was laid 
down on August 10, and launched March 21, 1912; 
work on the Prinz Eugen was commenced in March, 
1911, the date of her launch being January, 1913. 
The last of the quartette is under construction at the 
Danubius Yard, Fiume, her keel-plate having been 
laid in January, 1912. 

The French authorities have decided to adopt four 
guns in each turret in their ships of the Normandie class, 
which are to be put on the stocks in the course of the 
present year. For the drawings reproduced in Figs. 7 
and 8, annexed, we are indebted to the Moniteur de la 
Flotte, which, being well informed on all naval matters, 
can be relied u for accuracy. The Normandie is 
to be built by the Chantier et Ateliers de St. Nazaire, 
the Languedoc by the Fo et Chantiers de la Médi- 
terranée, the Flandre and the Gascogne by the Arsenals 
of Brest and Lorient respectively. These battleships 
are to be 574 ft. in length, 88 ft. 7 in. in breadth, with 
a displacement of 25,200 tons on a 28-ft. 4-in. draught. 
The armament is to consist of twelve 13.386-in. guns, 
mounted in three quadruple axial turrets, as shown in 
Figs. 7 and 8; twenty-four 5.512-in. guns in the central 
citadel ; four 1.850-in. on the hr of the latter in 
the centre of the ship, two on each side ; and six under- 
water to launching-tubes. The belt armour is to 
consist of plates having 12.599 in. thickness at the 
ship’s centre. A special subdivision of the ships by 
armoured bulkheads will afford protection against sub- 
marine-mines and torpedoes. Bullivant torpedo-nets 
are to be carried. The ships are also to be fitted 
with an anti-rolling device. The propelling machinery 
will consist of two reciprocating-engines driving the 
outer propellers, and exhausting into two Parsons 
turbine sets, these latter driving the inner propellers. 
The steam will be generated by small-tube wane. 
The ships will each have two rudders and are designed 
for a speed of 21 knots. 





AEROPLANES AT THE RECENT AERO 
EXHIBITION AT OLYMPIA. 

Tue illustrations on 292 show two aeroplanes 
which were exhibited at the Aero Show at Olympia, 
which closed on the 22nd inst. We were unable to 
include descriptions of these machines in our article 
of last week. The first machine, shown in Figs. 38 
to 40, is a Maurice Farman military biplane, con- 
structed by the Aircraft Manufacturing Company, 
Limited, of 47, Victoria-street, London, 8:.W. This 
company, whose works are at Hendon, builds both 
Henry and Maurice Farman / 4 in this country, 
and works closely in touch with the designers, so that 
all improvements are simultaneously introduced into 
both French and English machines. The Maurice 
Farman machine is, of course, well known. It has 
proved one of the most successful and certainly one 
of the safest aeroplanes in existence. It holds the 
world’s record for, time in the air with a continuous 
flight of 13 hours 17 minutes, and the world’s record 
for distance flown with a continuous flight of 1011 
kilometres. 

The machine has an over-all width of 51 ft., a length 
of 39 ft., and a height of 10 ft. 10 in. The total 
lifting surface is 640 sq. ft., and the weight 1100 lb. 
The useful weight carried is 616 1b. The engine is a 
fo Docrp power Renault, and the s 55 miles an 
hour. e general construction and principal dimen- 
sions of the machine are well shown in our illustrations 
The main members are in general of ash, solid spars 
being used where the greater strains come, and hollow 
ones elsewhere. The ribs of the planes are of spruce. 
The machine has, of course, a front elevator, in 
oomenes with other Maurice Farman biplanes, and the 
structure necessary to carry this elevator enables ve 
long landing-skids to be provided. These skids ail. 
ferentiate the machine in a striking way from most 
other types. Incidentally we are inclined to think 


that in some examples shown at Olympia the landing- 


skids were rather and liable to trip the machine 
up when landing on 

The body of the is cased in, giving protec- 
tion to the pilot and r. ilot sits in 


front and controls the elevators and ailerons by a 
vertical ing lever which is fitted with a rocking 
head containing two hand-grips. The swinging back- 


“NORMANDIE” 


Fig.7. 
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elevator through a straight link, and as the front and 
rear elevators are interconnected by wire ties, the 
ion of the front one also controls the rear. The 
link connecting to the front elevator can be seen in the 
side view, Fig. 38. The ailerons are controlled by 
moving the rocking head of the swin ging lever, to 
which they are attached by wire ties. ‘There are two 
rudders, which are coupled together; they are operated 
by foot-pedals fixed in front of the pilot’s seat. 

The second machine, shown in Figs. 41 to 43, is an 
‘* Avro” biplane, constructed by Messrs. A. V. Roe 
and Co., Limited, of Brownsfield Mills, Great Ancoats- 
street, Manchester. It has a span of 36 ft. and a 
length of 29 ft. The height to the top of the upper 
plane is 9 ft. 6in. The machine weighs 900 lb. light 
and 13001b. loaded. It is fitted with a 50-horse-power 
“Gnome” engine and a 9-ft. 10-in. ‘‘ Avro” propeller. 
The fuel-tank has a capacity for 24 hours, and the speed 
is 61 miles an hour. The machine has a good speed 
variation, and a large amount of inherent lateral 
stability. The planes are set at a dihedral angle. 
The climbing powers are good, and on several occa- 
sions the machine has clim at the rate of 400 ft. a 
minute. 

As will be seen from the figures, the body is of the 
closed type. It is built up in girder form and covered 
with fabric. It is made in two parts to facilitate trans- 
port. The planes also are made in sections for the 
same purpose. The under-carriage is built up of steel 
wn = the landing-skid has a sprung toe which 
can adapt itself to obstacles in the path of the machine 
when it is landing. The running wheels are carried 
by a laminated spring which is incorporated in 
the axle. The arrangement, which can be seen 
in Fig. 43, is a very neat one. Wing-tip skids 
with wheels are also fitted, but are not shown in 
our figures. The tail-skid is ingenious. It is carried 
on the lower t of the rudder, as shown in 
Fig. 41. The rudder itself, as will be seen from this 
figure, is spring-borne, in order to allow of its acting 
in this way as a skid. The machine is arranged for 
a pilot passenger, and control may be carried out 
from either seat. The elevators are operated by the 
backward and forward motion of a vertical lever, while 
the planes are worked by the sideways movement of 
the same lever. The rudder is controlled by a foot- 
bar. The front of the body is covered by a metal cowl, 
and both the passenger and pilot are well protected 
from the propeller draught and the weather. 








Verein Dxvutscuer IncEnteurE.—The next meeting 
of the English members of the Verein Deutscher 
Ingenieure will take place on March 5, at 8 p,m., at 
Frascati’s Restaurant, Oxford-street, London, W., when 
Mr. Renold Marx will went ig at miley Recollec- 
man of Technical Training in don and Charlotten- 

rg.” 





Tue Royat Society or Arts.—Two lectures will be 
delivered at the Royal Society of Arts by Mr. Francis 
William Goodenough, on ‘‘ Coal Gas as a Fuel for 
Domestic Purposes,” on Mondays, March 3 and 10, at 
8 p.m. In the first lecture Mr. Good h will deal 
with the substitution of gaseous for solid fuel in the home 
considered from the points of view of (a) public health ; 
(b) of persona) health and comfort ; and (c) of domestic 
economics and labour-saving. He will also discuss 

ion of heating to ventilation. The second lecture 
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INDUSTRIAL NOTES. 


THE trouble on the Midland Railway about the goods 
Richardson has not lessened since our last issue, 
ut in many quarters it is not thought likely that 
matters will be pushed to extremes. The present 
difficulty arose owing to Richardson refusing to 
obey the orders of his superior regarding the brake 
power on his train. Briefly, the facts of the case 
are the following :—Some weeks ago Richardson, 
as = was ‘working @ train from Nottingham 
to Normanton, and when the train arrived at 
Chesterfield, Richardson was told by the foreman 
to make up the maximum load for the engine. Having 
a full train, and only a 10-ton brake on it, he re- 
fused to increase the load unless he had more brake 
power, in accordance with printed instructions. As 
a@ 20-ton brake could not be supplied, the fore- 
man ordered him to take the maximum load regard- 
less of the brake power. Richardson refused, and 
the case was reported to Derby, and the offender 
appeared before Mr. Owen, the superintendent of the 
line. Mr. Owen upheld the foreman’s instructions, and 
told Richardson that he should have done as he was told, 
and gave him fourteen days’ notice. The man after- 
wards had an interview with Sir Guy Granet, without 
a deputation, two days after he had been dismissed. 
There were present, however, another official and a 
short-hand writer. At this interview also the foreman 
was supported by Sir Guy Granet, who is reported to 
have told I Richardson that if his example were followed 
by other men, railways would soon come to a standstill. 
The Board of Directors were then appealed to, but the 
appeal was refused. Richardson was, however, allowed 
to appear before the chairman and five directors, but the 
dismissal was again confirmed. On the part of the 
management it is stated that there were rules as to the 
number of trucks to be put on certain trains, but that 
other instructions might override these. The guard 
in question, although he received orders from a con- 
trofling officer, responsible for any increase, to take 
more trucks, declined to do so, although the order was 
confirmed by a telephone message from Derby. 

The feeling among the men on the subject appears 
to be divided. Some men regard it as only an attempt to 
smash the union, but this view appears to be held only 
bya few. Others state that the rule referred to is not 
a hard-and-fast one, and that it is ignored in certain 
instances, and that if the orders of the controlling 
officer were disobeyed it would completely disorganise 
the railway traffic. In the Leicester district the 
conduet of Richardson is said to be approved by the 
lower grades to a certain extent; but in the higher 
grades, including the guards, it is condemned, for they 
maintain that such rules as those mentioned must be 
interpreted with common-sense. If the train in ques- 
tion had been intended to run on steep inclines, 
Richardson would have been justified in doing what 
he did, but under the circumstances a 10-ton brake 
is said to have been sufficient. A protest might 
have been made, and the Amalgamated Society 
appealed to afterwards if necessary, and the matter 
might have been settled amicably. On other parts 
of the line also the feeling among the men appears 
to be divided; but, on the whele, the men 8 
far do not seem to be in favour of a stoppage, 
having had enough of strikes. It is said that a stop- 

e is advocated by the younger men, who want to 
orce the hands of their leaders. The officials of the 








wards and forwards of the lever operates the front 





will be devoted to the question of gas for cooking pur- 
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the safe running of the trains, both passenger and 

s, as it is expected that a great many men would 
remain loyal. It is much to be ho that a way out 
of the difficulty will be found, and that a strike may 
be averted, but the company appear to have put them- 
selves into a very difficult position. 


The monthly report of the Associated Blacksmiths 
and Ironfounders’ Society for the four weeks ended 
January 28 last has recently appeared. From it we 
gather that the income during the month amounted 
to 11297. 0s. 3d., and the total expenditure to 
1053. 7s. 24d., showing a net gain of 75/. 13s. 04d. 
There was an increase in the membership during the 
month of 70, the actual figures being 6570 for January, 
1913, against 6500 in December, 1912. During the 
last quarter up to December 31 there was an increase 
in the membership of 270, and the income for the 
quarter was 3448/. 16s. 84d., which constitutes a 
record as far as the ordinary income of the Society 
is concerned. The quarter’s expenditure amounted 
to 3105/. 18s. 114d., which included the management 
costs for the State Insurance Department. This 
cost can, however, be recovered as soon as the accounts 
are made up and passed by the Government Auditor. 





At a meeting in London last week of the Parlia- 
mentary Committee of the Trades Union Congress the 
reports of the campaign carried on last year in all 
the large industrial centres in favour of a general 
eight-hours day were considered, and it was decided 
to recommend each affiliated union to take a ballot of 
its members on the subject. This resolution affects 
over two million men, though a very large proportion 
have already got the eight-hours day, among them 
being half-a-million miners. The following questions 
are put :—1. Are you in favour of an eight-hours da 
in a form suitable to the exigencies of your trade, wit 
rigid restrictions of overtime? 2. Are you in favour 
of ame an eight-hours day and restriction or 
abolition of overtime by negotiations? 3. Failing 
negotiations, are you in favour of giving support 
through the Parliamentary Committee to any affiliated 
societies or federations in fixing a date on and after 
which none of their members will work more than 
eight hours in any one day? 4. Are you in favour 
of a Parliamentary Committee pressing forward an 
Eight-Hours Bill, and thus supporting industrial action 
by political action, so as to make a general eight-hours’ 
day the law of the land ? 





The dyers’ strike at Bradford has been settled, the 
men accepting the employers’ terms by 2668 votes 
against 1667 against acceptance. The Association ma: 
pay piecework rates on a collective basis. The avoid- 
ance of strikes and lock-outs in the future is also 
encouraged by certain provisions. Owing to the 
strike the employers have lost 50,000/., and the mena 
similar amount in wages. For strike-pay the union 
has had to provide 20,0007. In the Huddersfield and 
Colne Valley districts the trouble is not yet ended. 





The question of giving power to the Spinners’ 
Amalgamation to strike at any mill in the event of 
failure on the part of employers to remedy alleged bad 

inning grievances has 5 put to the vote at many 
of the Lancashire cotton mills, and when the whole of 
the operatives have voted, negotiations will be opened 
with the owners of each mill. It is thought that any 
reasonable proposal will be agreed to by the masters, 
in order to avoid a stoppage. Some disputes have 
already been settled amicably. 


The strike of the dockers at Goole ap to be 
spreading. Last week the strikers decided to call 
upon the coal-trimmers and tippers to refuse to load 
the Lancashire and Yorkshire Railway Oompany’s 
boats with coal, and letters were forwarded to all the 
local shipowners notifying that joint action was to 
be taken on the part of all the members of the 
Dockers’ Union in case the railway company did not 

ld to the demands of the men. The rd of 

e was asked to intervene. 





_ Another increase in the wages and improvement 
in the working conditions of the men in the 
Huddersfield and Colne district is being striven 
for by the General Union of Textile Workers. 
A Conference on the subject was held on Sunday 
and it was decided to give notice to terminate 
the six months’ agreement between the Hudders- 
id Woollen Manufacturers’ Association and the 
tnlon with respect to willeyere, fettlers, dyers’ 
labourers, millers, scourers, rag-shakers, and rag- 
Pickers. It is also intended to try and improve the 
Tagg working conditions in the heavy woollen 
Cts. 





—_ August last the Tailoring Trade Board (Great 
tain) gave notice that they had fixed certain mini- 
mum rates of wages in those branches of the tailoring 
wade turning out ready-made and wholesale e 


an hour for female workers and 6d. an hour for male 
workers, to apply to all except learners. For these 
last the rates were from 3s. to 12s. 6d. a week of 
50 hours for female learners, according to and 
experience, while in the case of male learners the rate 
was from 4s. 6d. for persons under fifteen years of age 
to 21s, 11d. per week for those of twenty-one and under 
twenty-two years of age. These rates for six months 
were, however, to be only limited in their o tion. 
fae Board of cog) has now made — ° a > 
and any ment for ing w at less than the 
shove-aneliived ated mo Noy, = be of all deduc- 
tions, with the exception of those made in pursuance 
of the National Insurance Act, will be void. In cases 
where the rates paid are less than those mentioned a 
fine not exceeding 20/. for each offence will be enforced. 
Exceptions are made, however, in the case of those 
workers who are affected by infirmity or physical 
injury, but in these cases permits must be secured 
from the Board of Trade. 





The Imperial Statistical Bureau has prepared an 
exhaustive report on the number of labour agreements 
in Germany during 1911. As will appear from the 
following table, the number of such agreements is 
steadily increasing :— 


oo Labour Works Persons. 

4 Agreements. Affected. Affected. 
1907 . die 5,324 110,050 974,564 
1908 ... 5,671 120,401 1,026,435 
1909 .. 6,578 137,214 1,107,479 
1910 .. 8,293 173,727 1,361,086 
1911 10,520 183,232 1,552, 

There are 1683 eements, affecting 25,664 concerns, 


with 289,742 persons, stipulate for both time and piece 
pay ; for 1996 ment or tariff unions, dealing with 
19,314 concerns, with 103,493 persons, there are only 
cm ee for time pay; for 184 ment unions, 
and 1724 concerns, with 23,419 persons, only piece pay 
is dealt with. 





On September 30, 1912, there were in Germany, in 
the central unions attached to the General Commission 
of Trade Unions in Germany, an a; gate of 2,595,650 
members, against 2,394,894 at the corresponding date 
in the previous year. This means an increase of 
200,756 members, or 8.38 per cent. In the preceding 
year the increase was 309,020 members, or 12.90 per 
cent. Of 51 unions, 41 showed an increase, and 10 a 
decrease. The most important increase was among 
the transport trades, 35,281; the metal - workers, 
27,458 ; and the building trades, 20,757, &c. 


The fear of a strike in the State mines of the Saar 
district has proved groundless, and the peace of labour 
has so far been allowed to remain undisturbed, but 
events have thrown some interesting light upon 
the conditions of labour in the district in question. 
So far, the Social Democratic trade-union movement 
has made very little headway in the Saar district, 
the men being principally organised in the Christian 
Trades Union and the Catholic Union. It was 
the former who threatened to strike, and they 
denounced the latter for their unwillingness to join 
in the fight, which, however, led to nothing. e 
secretary of the Christian Trades Union was obliged 
to admit that, with an organisation which varied 
so greatly in the number of its members, no fight 
for wages or other points could be won. There 
was no prospect of success, and it would be a crime to 
recommend a strike under such circumstances. The 
Social-Democratic labour journals, in their turn, have 
showered contempt and ridicule on the leaders of 
the Christian Trades Unions, and the organ of the 
Catholic Union joins in the abuse with almost equal 
vigour. The Church, too, has commented freely upon 
the event, though in different directions. The Arch- 
bishop of Munich sides with the mixed Christian 
Trades Unions, whilst the Bishop of Trier blames the 
organisers of the luckless strike, and many of the 
clergy denounce the untruthfulness and agitating in- 
fluence of the Christian Union. as a rule, 
have no reason to t discord and dissensions 





of the Christian leaders may bring grist to the mill of 
the Social-Democratic labour organisations. 


The strike among the Glasgow carters, which lasted 
some weeks, has now ended. On Tuesday last a joint 
meeting of the masters and men was held, and it was 
then mutually that carters earning 25s. or 
under should have an increase of 2s. a week, and that 
an additional 1s. a week should be given to others. 
The concession was granted by several firms on Tues- 
day, and work was resumed by about 500 men. The 
question of working hours remains in abeyance. 


On Tuesday last a national meeting of delegates of. 
the Boiler-Makers’ Society was held at Newcastle, in 
order to discuss the proposed shipyard agreement. 
One point the men wish to gain is the securing of a 








amongst the labour organisations, although the fiasco | Se 


to the employers of a request for a 4 per cent. advance 
on piece prices for the riveting gees but this increase 
has already been refused by the masters. The ques- 
tions were submitted to the Federated Shipbuilders at 
a conference with the boiler-makers in Edinburgh on 
Wednesday last. 


The fifty-fourth 
Federation of Trade recently appeared. It 
indicates that the financial position of the Federation 
is better than some people imagined, and it certainly 
does not look as though the Society was on the wane. 
The income for the last quarter from contributions, 
interest, and rents was 20,699/. 2s. 1d., while the 
expenditure was 9721/. 17s. 6d., leaving a balance 
of 10,977l. 4s. 7d. During the quarter there were 
121 disputes, involving 5480 members, and in many 
of these success was attained. On account of the 
increasing cost of petrol, the use of alcohol is 
advoca’ in its place, and it is suggested that it 
may be advisable for the Parliamentary Labour 
Party to study the matter ‘‘ with a view to free- 
ing an important British industry from the clutches 
of a trust and from dependence upon one source 
of power.” This, of course, refers to petrol. The 
report contains a protest from the pen of Mr. 

g ' Appleton, the secretary, inst the medical 
profession in connection with the National Insurance 
Act, for, to use his own words, the operation of the 
Act was delayed, ‘‘not because the Act was brought 
into operation too soon, but because the medical 
interest sacrificed the national interest to its political 
bias, its avarice, and its fear that the uirements of 
the Act might discover and make public the percen 
of inaccurate medical diagnoses.” Does Mr. Appleton 
really believe this or is he only playing to the gallery ’ 
A of the report is devoted to a description of the 


afer neet of the General 


Labour Congress Hall, which it is pro to build. 
This great scheme will cost about 125,000/., and will, it 
is expected, prove of great value, The plans for the 
building have been prepared by Messrs. Ashdown and 


Price, architects, Vernon House, Bloomsbury-square, 
London, W.C., and it is intended to construct the 
building of Portland stone. It is to have a dome sur- 
mounted by a figure of Liberty. In the basement 
there will Be a restaurant to accommodate 400 diners, 
as well as an oak-panelled lib: There will also be 
conference halls with accommodation for several hun- 
dred delegates. The proposed method of obtaining 
funds for this great venture is to make an appeal to 
all supporters throughout the country for contribu- 
tions of 4d. a month for two years. If this method 
should fail, it is intended to adopt other means for 
raising the money. 





Drese.-Encing Constrvotion.—The erection of works 
for the Diesel Engine Company on a site between 
Hadleigh-road and the Gipping at Ipswich is making 
considerable progress. A high water-tower of rein- 
forced concrete is being built, and a tank, capable of 
holding 2000 gallons of water, will be placed upon it. 
Boring for water is also ing. A gang of 

rmanent-way men are ing @ portion of the down 
ine on the Great Yarmouth asl of the Great Eastern 
Railway which runs alongside the new works. 





DECREASE IN THE RATEABLE VALUE OF LoNDON.— 
The report of the London County Council meeting of 
Tuesday, the 18th inst,, contains among other data in- 


teresting information concerning the recent decrease in 
the rateable value of London. There for example, 
a decrease of 159,322/. under railways, due to the re- 


moval of the London and South-Western Railway works 
from Nine Elms to igh, and to the reduction in 
receipts due to tramway and omnibus competition. A 
decrease occurred in the rateable value of licensed pre- 
mises to the amount of 385,440/. Apart from ial 
causes, such as the increase in the liquor licence duties, 
the removal of works from London, and changes in the 
assessment poaatin, making for the decrease in question, 
general causes had intervened, among which was the 
movement of population outwards from the County of 





PrrsonaL.—The first premium in the South Ockenden 
avenge tee pal has been awarded ye Re a 
er alker an: consulting engineers, otting- 
ham. There were sixteen schemes submitted, Mr. Gerald 
Swayne, of Westminster, ang the second premium. 
Mr. A. J. Martin, M. Inst. C.E., of Westminster, was 
the professional assessor.—Mr. W. Lawson, late manager 
Saghouss Wists and Manibetaring Onupet, esager 
inghouse tric an ufacturing , Manager 
of the Gas-Plant and Large Gas-Engine Seles Dapartanens 
of Messrs. Crossley Brothers, Limited, Manchester, has 
recently been appointed sales of the Power-Gas 
Corporation, Limited ucer-gas and furnace iali 
Stockton-on-Tees. Power-Gas Corporation, as is 
= known, - the — of the Mond gas ag 7? a 
tereophagus ump Engineering Com , Limited, 
have ted Messrs. John Birch and Co., Limited. of 
2, on Wall-buildi London, E.C., their export 
om for thesale of the “‘Stereophagus” pump. Messrs. 
ohn Birch and Co., Limited, have just issued a small 
iving the remarkable results of two teste 





neutral chairman at all local conferences. Arrange- 





garments worn by male persons. These rates were 34d. 


ments were made at the meeting for the presentation | 





pamphlet giving 
recently made on a ‘‘ Stereo: ” pump installed at a 


large sewage-works in Yorkshire, 
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piston-valves. The cylinders are 214 in. in diameter 
with a 26-in, stroke. The coupled wheels are 6 ft. 9 in. 
in diameter, and the boiler pressure 180 lb. per sq. in. 
The weight on the coupled wheels is 56 tons 10 cwt. 
The boiler has a total Costing: surface of 2817 sq, ft., 
of which 440 sq. ft. are superheater surface. There 
are twenty-four double-loop re elements, 
which are merely expanded into the smoke-box header 
in the manner described in ENGINEERING, vol. xciv., 

e 535, and illustrated in Figs. 263 to 266 on 

late LXXV., published with our issue of October 18 
list. This type of superheater is one povessped by 
Mr. John G. Robinson. and the details are worked out 
in a very practical way. The superheater smoke-tubes 
have at their front end none of the damper gear usually 
provided, but in order to prevent the flow of hot gases 
through these tubes when no steam is being used, 
small jets of steam are blown down them from the 
smoke-box end. This arrangement is automatic. 

The cylinders are fitted with piston-valves, and the 
valve-gear, which is of the Stephenson type, actuates 
the valves through rocking-shafts, as shown in Figs. 
10 to 13, on page 293, while details of the cylinders 
are further shown in Figs, 3 and 4, on Plate XIV., and 
Fig. 9, on page 296. The steam enters the cylinders 
past the inner edges of the piston-valves, the exhaust 
taking place at the ends. The arrangement of the 
exhaust-passages is well seen in Figs. 3, 4, and 9, 
which also show the connection to the 4-in. pipe pro- 
vided for supplying exhaust steam for working the 
exhaust-steam injector. This pipe is provided with a 
grease-trap, as shown dotted in Fig. 1, Plate XIII. 

Special attention may be directed to the arrange- 
ment of the fittings in the cab, which is particularly 
neat, and is well shown in Figs. 5, 6, and 8. 

The following are the chief particulars of this 
looumotive, which has been christened the “Sir 
Sam Fay ” :— 


Cylinders, diameter ... 214 in, 
on stroke = aa ' |, 
Wheels, coupled, diameter ... 6 ft. 4 in. 

ms @ ii. ove cia 35, pa 

Wheel base, ie 6 ” 6 ” 
9. anti i Fe 
” total 28 ,, 10,, 

Frames, thickness 1y, in. 

2 length ‘be Naa ... 37 ft. 22 in. 

Boiler barrel, outside diameter, front 5. 
ring... Bs. oa an 3 Bs ms 
Boiler barrel, length ... 7,3 ,, 
Fire-box, eer bg inside * 
e width ,, 3., %9 
p water spaces vee ” ” 
Tubes, number and size —s if a dia. 
” length between tube-plates... 17 ft. 7 in. 
Heating surface, tubes 2210 aq. ft. 

” ” fire-box 1 7 

~ * superheater... 440, 

” ” Total 2817 ” 
Grate area <a : ad , ae 
Working pressure... hes ... 180]b. per sq. in, 
Height of boiler centre above rail... 8 ft. LL in, 

oi top of chimney above rail 12 ,, 0}},, 
Weight in working order on bogie 
wheels... bie ie ad ... 18 tons 15cwt. 
Weight in working order on coupled “ : 
+e + ” 0 ” 


Weight, total, of engine... a oe de * 
engine and tender 122 ” 11 ” 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 12, 1913. 

RAILROADS continue to place heavy orders for rolling 
stock, rail and track equipment. The Pennsylvania 
has just placed its order for 12,500 cars with several 
concerns, and for 100 locomotives, in addition to the 
order for 65 recently announced. The Norfolk and 
Western has contracted for 40 engines and for 2500 
cars, Negotiations are now pending for some 30,000 
cars, and contracts for this number will be placed in a 
short time. Pittsburg steel-makers are holding prices 
high, though there is a reported shading in some other 
quarters. A temporary dulness peeve in pig iron, 
which has weakered; quotations slightly for summer 
delivery. The Western Maryland and the Baltimore 
and Ohio placed orders for 19,000 tons of rails. The 
Baldwin Locomotive Works has just booked ad- 
ditional work for 150 locomotives, from various roads. 
Inquiries for freight and structural materi! continue 
to be made, and orders during the past week for 
structural material for spring and summer delivery 
amount to 30,000 tons. The steel output is main- 
tained at the highest point, notwithstanding there are 
some strikes, floods, and the of crude steel, 
Boiler tubes have been advanced 2 dols. per ton, and 


longer period than they have ever been, and the bar 
mills are loaded down with work, much of which is on 
railroad and car-building account. During Januar 

the output of pig iron was 2,795,331 gross tons, whi 

amounts to 90,172 tons per day, as against 89,777 tons 
during December. A good many furnaces have been 
blown out: for repairs. The temporary quiet in 
pig iron ises to be broken because of recent 
inquiries from large consumers who hope to place 
orders for summer delivery at a slight shading. The 
fuel market is strong and active, and the products of 
the Connellsville and Latrobe fields are quickly dis- 
posed of. Anthracite coal is abundantly mined, and 
the supplies are ample for all kinds of demand. Bitu- 
minous production is remarkably heavy, and the dis- 
tribution is as prompt as the car facilities will permit. 


February 19. 


The most interesting feature of the American steel 
business at the present time is the large volume of 
business in material for general construction pargeer- 
Hundreds of contracts have been placed within s 
short time for small lots of steel running from 100 
tons upward to 1000, the majority of the orders bein 
for 500 tons or less. This material is intended for a 
manner of constructional purposes, not only for railroad 
use, but for building operations. This is a healthy 
sign, and engineering concerns who keep a bright out- 
look say that there are oo grounds for counting upon 
a continuance of this demand for an indefinite time. 
The shipbuilding company are cornering recent con- 
tracts with plates shapes, and car-building con- 
cerns are also ordering heavily to cover recent orders 
booked from various roads. he Standard Steel Car 
Company will manufacture 24,000 steel car-wheels 
for the Chesapeake and Ohio. The Norfolk and 
Western is ordering 20,000 wheels, and the Penn- 
sylvania 35,000 chilled cast wheels and 65,000 steel 
wheels. The Jones and Laughlin Company will build 
six steel barges for a coal company, and the Cambria 
Steel Company will make 15,000 tons of plates for the 
shipbuilding company at Newport News. The pig- 
iron market has definitely weakened within a few 
days, notwithstanding that most furnaces are far 
oversold. Even coke has begun to weaken, and 
further concessions are certain. Bar iron is no longer 
commanding & premium of a dollar or two a ton. 
climax in the upward tendency has apparently been 
reached. Mills everywhere are, of course, working to 
fullest possible capacity. The building of a large steel 
we in Canada is projected because of the enormous 

emand for iron and steel products in the Dominion. 
The railroads are lessening their demands somewhat, 
and a period of comparative quiet is assured. 

Many mills are so far sold ahead that they are 
obliged to turn away business, especially in the small 
orders above referred to, where early deliveries are 
demanded. The present healthy condition must neces- 
sarily continue throughout the spring and summer 
months. Should crude and finished production improve 
in the meantime, the bisis will be laid for a declining 
tendency in prices, which will profit consumers who 
may have to appear in the market about midsummer. 
A declining tendency would naturally restrict forward 
buying. 








InstiTuTION Or NavaL ARCHITECTS.—The spring 
mee will be held in the hall of the Royal Society of 
Arts, John-street, Adelphi, on Wednesday, March 12, 
morning at 11.300’clock ; on Thursday, March 13, morning 
at 11.30, and evening at 7.30 o’clock ; on Friday, March 14, 
morning at 11.30, and evening at 7.30 aaa. The fol- 
ace | papers will be read and discussed on Wednesday, 
March 12:—(1) ‘Recent Developments in Battleship 
tt iagl by Mr. Alan H. Burgoyne, M.P. (2) ‘The 
Influence of Air-Pumps on the Military Efficiency of 
Turbine-Engi Warships,” 

Member Council. 


ips," y Mr. VD. B. Morison, 
a Thursday, March 13, at 
11,30.a,m.:—(3) ‘‘ Mechanical Gearing for the Propulsion 
of Ships,” by the Hon. Sir Charles A. Parsons, K.O.B., 
D.S8ec., F.R.S., Vice-President. (4) ‘Compressed Air 
for Working Auxiliaries in Ships Propelled by Internal- 
Combustion ines,” by Mr. vell, Member. 
5) ‘The E Systems Accompanyi the Motion of 
a 4 rough Ar soe Water,” by Professor J. 
ende \ vening meeting at 7.30 o’clock :— 
(6) “The Osloulation of Stability in Non-Intact Condi- 
tions,” by Professor W.S. Abell, Member. (7) ‘* Notes 
on Modern Airship Construction,” by Baron A, Roenne. 


(8) “The Longitadinal Stability of Skimmers and Hydro- 
Aeroplanes,” by Mr. J. E. Steele, B.Sc. Friday, 
M 14, at 11.30 a.m.:—(9) ‘On Large Deck-Houses,” 
by Mr. J. Foster King, Member of Council. (10) 
‘** Methodical Experiments with Mercantile Ship Forms,” 
by Mr. G. 8S. Baker. (11) ‘‘Launching Declivities for 

ps, and Their Influence upon Poppet and Way-End 
Pressures,” by Mr. A. Hiley. Evening meeting at 7.30 
o'clock :—(12) ‘Stresses in Stayed Cylindrical 8 ” by 
Mr. C. E. Stromeyer, Member of Council. 13) ‘‘ The 
Distribution of Stress Due toa Rivet in a Pete» by 
Associate, 


he | from 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
— market opened with a firm tone, and prices of 

veland warrants showed an advance. The turnover 
was 8000 tons at from 62s. 1d. to 62s. 2)d. cash, 62s. 14q, 
eight days, from 62s. 44d. to 62s. 64d one month, at 
62s. 74d. April 21, and from 62s. 3d. to 62s. 104d. three 
months, with closing sellers at 62s. 3d. cash, 62s. 74d. one 
month, and 63s. three months. In the afternoon the 
strength of the morning session was not maintai 
and 4500 tons of Cleveland warrants were done at 
62s. O}d. cash, 62s. hg twenty-two days and one 
month, and at 62s. 6d. and 62s. 74d. three months, 
At the close sellers . cash, 62s, 5d, 
one mon On Friday 
morning Cleveland warrants fell off again and lost 
fully 1s. The dealings totalled 7000 tons at 61s. 4 
cash, 61s. 9d., 61s. 6d., and 61s. 64d. one month, and 
61s. 9d. three months, with sellers over at 61s. 3d. cash, 
61s. 7d. one month, and 61s. 104d. three months. In the 
afternoon the market was only the turn better, and 3000 
tons of Cleveland warrants were put through at (ls. 34d. 
cash, 61s. 9d. seven and ten days, and from 61s. 9d. to 
61s. 7d. one month. Sellers’ closing quotations were 
61s. 4d. cash, 61s. 8d. onemonth, and 61s. 10d. three months, 
On Monday morning Cleveland warrants were quiet, and 
a weak tone prevailed. There was a decline of 5d., and 
the dealings consisted of 1500 tons at 61s. 3d. eleven da; 
60s. 1id. eighteen days, and 61s. 44d. three months, with 
sellers over at the latter figure, and at 60s. 11d. cash and 
61s. 3d. one month. The market was nominally steady 
in the afternoon, when 3500 tons of Cleveland warrants 
were done at 60s. 9d. and 60s. 104d. cash and 61s. 1d. 
one month. At the close sellers named 60s. 11d. cash, 
6ls. 24d. one month, and 61s. 4d. three months. On 
Tuesday morning the tone was fiat, and a further 
loss of 24d. to 3d. was recorded. The business was 
limited to 2000 tons of Cleveland warrants at 60s. 8d. 
cash, and 61s. April 9 and May 14, and sellers’ 
closing prices were 60s. 8d. cash, 6ls. one month, and 
61s. Iga three months. The afternoon session was also 
weak, and Cleveland warrants continued on the down- 
ward grade. The turnover consisted of 4500 tons at 60s. 
cash and twenty-two days, and at 60s. and 60s. 44d. 
one month, with closing sellers at 60s. 14d. cash, 
60s. 54d. one month, and 60s. 74d. three months. 
When the market opened to-day (Wednesday) the 
tone was again weak, and 5500 tons of Cleveland 
warrants were dealt in at 60s. 24d. twenty-three days, 
60s. 3d. to 59s. 11d. one month, at 60s. 3d. 
April 16, 60s. 24d. May 20, and from 60s. 3d. to 60s. 14d. 
three months, At the close there were sellers at 59s. 84d. 
cash, 60s. one month, and 60s. 14d. three months. In 
the afternoon there was little iron on offer, which had a 
steadying effect on the market, and prices improved a 
bit. The turnover amounted to 4500 tons of Cleveland 
warrants at 59s. 9d. cash, from 60s. 14d. to 60s. 54d. one 
month, and at 60s. 3d., 60s. 2d.; and 60s. 14d. three 
months, with sellers over at 60s. 14d. cash, 60s. 64. one 
month, and 60s. 8d. three months. 

Sulphate of Ammonia.—There has been a slight im- 
provement during the last few days in the demand for 
sulphate of ammonia for near delivery, and the price has 
hardened a little. The current quotation for prompt lots 
is now called 14/. 15s. per ton, Glasgow or Leith. 


Scotch Steel Trade.—With the settlement of the Glasgow 
carters’ strike the horizon looks clearer once again, but 
it will take many weeks before business gets back to its 
normal state. ‘Throughout the trouble the Scotch steel- 
makers have been able to keep their mills going steadily 
on heavy material, and although boiler-plates are not in 
such good request at the moment, the demand for ship- 

tes is still very urgent. New business, however, shows 
ittle sign of improvement, especially for the home market, 
as buyers seem to be under the impression that prices may 
ease off a little. Black-sheet makers are busy, xu for 
thinner varieties, the demand for which is ex ingly 
em Galvanised sheets are quiet, but for corrugated 
inds there is a healthy demand from India, South Africa, 
and South America. Structural material is the subject of 
a good inquiry from Canada, South Africa, and India. 
On the whole, the steel trade is just the turn duller for 
the present, but the outlook is really not bad, although 
some incline to say that the high-water mark has been 
reached, and we are in for a quieter spell. 


Malleable-Iron Trade.—Malleable-iron makers gene 
rally are fairly quiet this week, but with the carters 
strike now a thing of the past, the accumulations of 
finished material will get gradually cleared away. There 


B. | is a smaller demand for bars at present, and some of the 


full time. The makers of strips 
icament, but an improvement 1 
The foreign 


works are not workin 
are in the same 
looked for in the course of a week or two. 
competition is rather keen. 

Scotch Pig-Iron Trade.—No change has taken place 
during the past week in the Scotch = trade, 
makers report that their works are still well employed. 
The continued weakness in the warrant market has kept 
buyersfrom fixing up new business, but producers — 
books are well filled, and consequently there is lit 
anxiety for the future, in the meantime at least. The 
number of furnaces in blast at present is ninety-two, # 
against eighty-four at this time last year. Market 

uotations for makers’ (No. 1) iron are as follows:~ 





the congestion of business makes it difficult to place : 31s, 64.; 

<j | Professor E. G. , M.A., D.Se., and Mr. 8ls.; : ie, and Summerlee, 81s. 0 

an order 2a gps oa ras Premiums are paid | WA Scoble, B.Sc , Wh.Sc. (14) “Stresses in a Plate | and . 82s. 6d. (all shipped at Glasgow) ; Gles- 

The : tone of the steel ax Befhy ver oom M. 2 = a one 7 | ean ) th} Sho ~ ieee — 
c ; | Mr. C. E. Inglis, M.A. The annual dinner of the Insti- | and Uarron (at Grangemouth), ema’ is q 

No indications exist of « weakened demand im any | tution will be held da Wednentay, March 12, at 7.30 p.m., | steady, with sellers quoting 88s. to 883. 6d. — 


The sheet mills are sold for a 


in the Grand Hall of the Connaught Rooms. 





part of the country. 





Deliveries are heavy, but fresh inquiries are very 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 

Bessemer Company's Position and Prospects.—It is safe 
to say that the shareholders at the annual a 
Sheffield, on Monday, of Messrs. Henry Bessemer and Co., 
Limited, were highly satisfied with the report presented 
to them, and with the statement of the chairman (Sir 
Charles Allen). In spite of a stoppage last year of 
nearly two months, due to the coal strike, they have been 
able to pay a 10 per cent. dividend for the year, a note- 
worthy achievement when it is borne in mind that this 
represents the profits on only ten months’ 4 
which, in addition, had to bear the strain of the losses 
of the other two months. Particular satisfaction was 
afforded by the chairman’s pronouncement that they 
had made provision for the equalisation of dividends. As 
showing the many handicaps under which industry now- 
adays has to labour, it was interesting to learn that the 





cost to the firm of the Insurance and the Workmen’s | the 


Compensation Acts had been calculated at equivalent to 
nearly 1 per _ aren on the i ae es. As 
to the future, the chairman was guardedly optimistic. 
Provided the European difficulties disappeared and 
strikes were less, he remarked, they had every reason to 
believe the confidence of the country be restored 
and a very good trade done during the current year. 


South Yorkshire Coal Trade.—The prospects of further 
trouble on the railways have had somewhat of a disturb- 
ing effect upon the local coal market, and merchants have 
received mapy inquiries. Prices, however, have not as 
yet been influenced. There aresmall stocks accumulated 
at the house-coal pits, but no quantity that would go far 
in an emergency demand. Orders for house coal have 
been somewhat brisker with the colder weather. 
falling off in ex which took place last week, had the 
effect s las rg 2 a _— quantity of — a — 
upon the market, but these lots were eagerly snap up 
manulectaneal and collieries have now no reserves of sat 
or slacks. The demand is so great, and the consumption 
so rapid, that any interference with railway traffics, 
which have recently been working better, would be a 
very serious matter for the She’ works. Coke and 
slacks are “ay firm. seg ag :—Best branch hand- 
picked, 15s. 6d. ; y best Silkstone, 13s, 6d. 
14s. 6d. ; Derbyshire best brights, 12s. to 13s.; Derby- 
shire house, 10s. 6d. to 11s. 6d.; large nuts, 10s. 6d. to 
lls. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. 6d. to lls. 6d.; 
slack, 7s. to 8s. ; smalls, 5s. 6d. to 6s.; and seconds, 
to 5s. 


§ 


Iron and Steel.—The in prices on the Cleveland 


warrant market bas been the subject of a good deal of}. 


speculation, but has not had much effect in this district. 
es of hematite and common iron have not foun 
it necessary to change their attitude, and buyers are still 
declining to contract at the mt prices. It is gene- 
rally believed amongst users that the price limit has been 
about reached, and that the fact of practically no con- 
tracts having been fixed up for the second half of the 
year will cause makers to reconsider their position and 
make concessions. On the other hand, the ironmasters 
regard the heaviness of current demands as their best 
ally, and are not at all convinced that it may be neces- 
sary for them to make any substantial price reductions. 
Up to the end of the half-year their outputs are well sold. 
Deliveries generally have been more satisfactory. The bar- 
iron makers are well booked up. There is no diminution 
in the consumption of billets, but here also buyers are 
showing a disinclination to contract, and prices are firm. 
The scrap market is strong, with a rise in prices. The 
numerous departments of the local steel industries are 
enjoying continued prosperity ; everywhere the amount 
of work on hand is satisfactory, and the signs at the 
beginning of the year that full time would be the rule for 
months to come seem certain of fulfilment. Sheffield has 
been extremely fortunate in the matter of annual con- 
tracts for ——s and stores from Governments, railway 
companies, &c., both at home and abroad; for not only 
are increased supplies required all round, but Sheffield 
has been favoured in a number of instances with orders 
which had previously gone to swell the books of forei 
competitors, as well as those nearer home, The remark- 
able increase in cost of production, however, as compared 
with previous periods, is militating against profits. ere 
is little that is fresh to report in armaments, and activity 
has been in no way diminished. Some good orders have 
been placed locally on behalf of the South African 
Government, shared by half-a-dozen firms, for tyres, 
boiler-tubes, spring steel, &c. From India a large order 

come for small steel goods, and a big quantity of 
axles is being made to an Australian contract. Japan also 
Spares in recent substantial steel contracts. The growth 

the motor-car steel industry is a highly satisfactory 
feature of local trade. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

3 MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.— is little passing in 
Pig-iron just now, buyers and sellers alike holding off 
owing to the generally unsettled state of affairs due to 
fluctuations in warrants caused by speculative operations. 
There are, however, several disturbing influences at work, 
not the least of which is the European unrest, and, in 
fact, « feeling prevails that if the political tension was 
relieved, values would quickly recover, and brisk trade 
would soon be experienced again. Though circumstances 
are depressing the market for the time being, it must be 
© in mind that production of all kinds of pig-iron 


A 


short supply of Cleveland pig is being curtailed by 
the blowmg out. of a furnace for repairs. \ No. 3 g.m.b. 
Cleveland pig is now quoted 60s. 9d. to 61s. f.o.b., 
but during the week second hands have sold at from 
62s. downwards. No. 1 is 63s. 6d.; No. 4 foundry, 60s. 9d.; 
No. 4 f 60s. 6d.; and mottled and white iron each 60s. 
The foregoing are merchants’ quotations for early delivery, 
makers asking higher rates. Inquiries from leading pro- 
ducers have not elicited anything below 64s. for No. 3, 
and most firms asked East Coast hematite pig is still 
scarce, but second hands are now offering mixed Nos. 
rather freely at 8ls., h they will not guarantee 
delivery to suit customers. ers quote 82s. and 82s. 6d. 
for March-April delivery. There is ee | doing in 
ones ore. ket quotations remain on the basis of 
21s. 9d. ex-ship Tees for best Rubio, but it is understood 
that business could be done at a rather less figure. Some 
business has been done in furnace coke at 23s. 9d. to 25s., 
according to quality, and 24s. 6d. may now be quoted as 
price for average kinds. 
Stocks and Shipments of Pig-Iron.—Cleveland pig is still 
being taken out of the rublie warrant stores to meet 
current needs. The stock there to-night (Wednesday) 
stands at be 941 ues by Fac fons less than at the 
peginning month. pments 
Tees are fairl food, and they would be 
or ’ 


tons, 
February, last year, the total shi ts of pig amounted 
3013 tons par waching day. 


Cargo Fleet Iron and Steel Works.—Extensions and 


improvements on a | scale are in operation at the 


d | Cargo Fleet Works, Middlesbrough. The regenerative 


coke-ovens, with tar and ammonia-recovery t, are 
being increased by a third battery of regenerative ovens. 
A benzol plant for production of rectified — is being 
put down. The by-product plant at the works is ae 
of treating the gases evolved from 6000 to 7000 tons of coal 
per week. The new blast-furnace is rapidly approaching 
completion, and an additional steel Talbot furnace is to 
be constructed. 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The condition of the steam-coal trade has 
been difficult in consequence of serious “a of 
traffic at the docks and upon local railways. Holders of 
coal anxious to clear wagons at once have been prepared 


to make concessions in large steams to spot buyers ; the 
have declined, however, to accept lower rates for 


Smalls have been in short supply ; 16s. per ton 
has been paid for best bunker qualities. Patent fuel and 
coke have shown continued strength. best Ad 
large steam coal has made 18s. 6d. to 19s, per ton; 
secon 

ma 





. Qo-ey 17s. 6d. to 18s. 3d.; best bunker 
smalls, 15s. 9d. to 16s. ; and cargo smalls, 15s, to 15s. 
per ton. The best household coal has bro’ 
203. ; good households, 17s. to 18s. ; and No. 
large, 17s. to 17s. 6d. per ton. No. 2 Rhondda large has 
cet enn ety tae Sa ea 
4s. 6d. per ton. Speci ry 
32s. 6d. to 33s. 6d. ; good foundry coke, 29s. to 3ls. ; and 
parmnes lage -* => 6d. ton. As } 
ore, Rubio has made to per u a basis 
of 50 per cent. of iron, and charges, ‘reluding freight, 
insurance, &c., to Cardiff or Newport. 
Port Talbot Railway.—Colonel Wright ided at the 
half-yearly meeting of the Port Talbot Railway and Dock 
Company. He said the contract for the extension of the 
new dock was practically completed. directors were 
now putting up some coal-shipping plant of a different 
type to that at present common to South Wales 
ports. It was for the shipment of coal at a high rate of 
speed by means of conveyor-belts. The directors 
= a ear ye hal i> method under oe Se con- 
itions, and t ev confidence 
would work successfully. “The directors were cninied se 
recommend a dividend for the Bane year at the rate of 
8 per cent. per annum, carrying forward 1361/. 
Deathof Mr. Whitty, M. Inst. C.E.—Mr. Irwin J. Whitty, 
of 24, Hoye PE Redland, Bristol, a member of 
Institution of Civil Engineers, died at his residence on 
Saturday, at the age of seventy-three, Mr. Whitty held 
for many years an important tment in connection 
with the Fast Indian Railway. He was in India altogether 
nearly thirty years. 
.— Ar ts have been com 


? 
es = 


Eck 





falls short of requirements, and this week the already 
. 3 4 


Welsh Wireless npleted 
by the Marconi Wireless eee Conan’: Limited, 
to erect a station for receiving messages at Towyn. 


Operations will begin at once for the construction of the 


station on Escnan Hill—1300 ft. above thesea-level. The 
station will be connected with another at Carnarvon, and 
will be in direct communication with New York. 


More Welsh Coal.—The Llewellyn Merthyr Colliery 
Company, which has been sinking for the past two years 
for the 7-ft. steam-coal seam near Glynmill, has ind 
the seam with a thickness of 4 ft. Operations with the 
view of reaching 7-ft. seam were commenced in 
January, 1911, not by making a shaft, but by utilising 
some of the disused levels of the Plymouth Company. 


Port Talbot Steel Works.—In addition to the large 
development now approaching completion at the Port 
Talbot Steel Works an extension is to be carried out by a 
continuation in a south - westerly direction towards 
Llewellyn Quay. This will connect the works directly 
with a new wharf which is being erected on the western 
float side of Llewellyn Quay up to a point where the dock 
has been extended. Four new are already com- 
— in connection with the steel works, and seven more 

ve been commenced. The completion of these will 
mean that within a few hundred square yards from the 
Port Talbot Great Western station there will be no fewer 
than seventeen stacks massed together. 

Portsmouth.—A huge 250-ton tower-crane, which has 
stipulated tests satisfactorily. crane is on the canti- 
atria ie vise ee ater ot 

8 ers. It ali tons, and 
a radius of 150 ft. i to werkal ly claw icity. 

Tredegar.—The Tredegar Iron and Steel Company 
contemplates an extensive i 

ing industry. The proposal is said to comprise the 





AusTRALIAN Surpsurtpine Yarps. — January 23 
marked an in Australian naval history, when the 
keel of the cruiser to be built in Australia—the 
Brisbane—was laid on the newly-erected slip at the 
Government Dockyard, Cockatoo island, Sydney. 


Tue Untversat Execrrican Directory, 1913. — 

Ludgate ‘ail IC. [Price She. pe free. ]—This 
te . 

i now a pease Sor ten Wasipaneens Fear. in. se>- 
cession. It is divided into four main sections, containi 
altogether aeely 34,500 names. The important | 
deal ively with British names, Colonial and 

neral, Continental, and the United States of America. 
h section is subdivided into alphabetical and classified 
lists, while the British section, in addition, has a sub- 
section arranged gec pn A thumb-index is 
provided on the edge of the volume, and quick reference 
can therefore be made to any section. Whenever possible 
telegraphic addresses and telephone numbers are given. 
In addition to manufacturers, &c , the list includes elec- 


tricity u and gives, as a rule, in such cases 
particulars of sup; y distribution, &c. We y y+ that 
an edition of this directory containing only British, 


Colonial, and General sections is published at the price of 
12s. post free. 


Conrracts.—Messrs. George Green and Co., foundry 

i Keighley, have recently su to Messrs. 
Vickers, Limited, iver Don Works, one of 
their 15-ton-per-hour size rapid ‘“‘ Economic” cupolas, 
along with 10-ton overhead crane gantry, &c.—Messrs. 
Schmidt’s Superheating bio me 4 w 910), Limited, 
28, Victoria-street, W. i , &.W., have entered 


into an agreement with the Railway Administration of 
the Union of South Africa to fita large number of engines 
with their superheater over a term of years. At the 
present moment there are forty-eight engines for South 
African railways under construction in this country, all 
<f Ei ere to be Sted with ee wre .—Mr. 
H. I. Roberts, M.I. Mech. E., 42, Castle-street, Liver- 
i i sae * large 300-ton hand-power 

ing-press for the Government of India. The press has a 
wide, 
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SIX-COUPLED BOGIE EXPRESS LOCOMOTIVE FOR THE GREAT CENTRAL RAILWAY. 
CONSTRUCTED AT THE COMPANY’S WORKS, TO THE DESIGNS OF MR. JOHN G. ROBINSON, CHIEF MECHANICAL ENGINEER. 


(For Description, see Page 293.) 
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PLATE XIII. 





MOTIVE FOR THE GREAT CENTRAL RAILWAY. 
DESIGNS OF MR. JOHN G. ROBINSON, M. INST. C.E., CHIEF MECHANICAL ENGINEER. 
r Description, see Page 293.) 


Four Valves 4 Dia. 
“HEATING SURFACE.— DeilerSoeamenn 180Lbs. per Sq.Inch. 
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NOTICES OF MEETINGS. 


Bririse bee one 8 ASSOCIATION : 
amas, when tp 1, at 4 
ester. m& paper 
Cony 
Num 


LANCASHIRE BRANCH. — 
m., in the School of Technology, Man 
be given entitled ‘‘ Constituents and 

ition of Cast Iron in Relation to Fracture and Grade 

” by Mr. Sidney G. Smith, of Bradford. 

InsrircTe or Marixe ENcIeers, —Monday, March 3, at 
8 -. “ Recent Experiences of Babcock and Wilcox Boilers for 
ie Purposes,” by Mr. J. H. Rosenthal (Member). Friday, 
_—e 7, at 7 p.m., annual meeting at the Liverpool-street Hotel, 


Tus Society or Enouveers.--Monday, March 3, at the Institu- 
tion of Electrical neers, Victoria Embankment, w.c. Mr. 
John Kennedy ( en ums 
awarded for papers pub) uring 1912. Mr, 
Arthur Valon, the President for 1913, will then deliver his 
dential address. The chair will be taken at 7.80 p.m. 


Tus Roya Socisty or Arts, —M » March 3, at 8 p.m. ° 
tor Lecture, ‘‘Coal-Gas asa Fuel for ” by Mr. 
a William Goodenough (Lecture L.). W: March 5, 

m. ‘‘The Development of Research Work in Forest Pro- 


M.A., Investigator in Timber, 
Lleut.Gotonel Sir David Prain’ 
2 8., Director of the Royal Botanic 
Gardens, Kew, will ae Thureday, March at 4.30 p.m. 
Indian Section. ‘‘The City of Karachi,” by Mr. J. Forrest 
Brunton, M. Inst. C.E., formerly chief officer and chief en 
to the Karachi Municipality. Sir H. Evan M. James, K. 
C.8.1., late Commissioner in Sind, will preside. 

Tur Réxtesn EBTY —Tuesday, March 4, at 8.15 p.mi., 
Institution of Electrical Engineers, Victoria’ Embankment, w.o. 
age :—* The Physiol Effects of the Magnetic Field,” by 
Dr. H. Lewis Jones, ‘‘The Rationale of the Static Current, 
by Dr. Howard Humphris. 

Tue InsriToTION oF CiviL Eneinspas.—Tuesday, March 4, at 
8 1 ay at the Institution of Mechanical Engineers, Storey's Gate, 
Paper to be submitted for discussion :—‘‘ Notes on City 
Passenger Transportation in the United States,” by Mr. George 
— = M. Inst. C.E. 

Tue Instrrotion or ELgcrricaL Exoingers.—Thureday, March 6, 
at8p.m. ‘* Recent Developments in the Street-Lighting of Man- 
chester,” by Mr. S. L. Pearce and Mr. H. A. Ratcliff (Members). 

Tas Roya LyetrruTion or Great Brrrain.—Friday, March 7, at 
9 p.m. A discourse will be delivered on “ amen of the 
Paths of Particles Ejected from Atoms,” by Mr. C. T. R. W 
M.A.,F.R.S. Afternoon lectures next week at 3 o'clock. Tuesday, 
March <= The Movements of the Stars : (2) The Stars and their 
Movements,” by Professor H. H. Turner, D.Sc., D.C.L., F.R.S., 


pat: by Mr. E. Russell pate 
Forestry School, Cam 
O.M.G., O.LE., LL.D., 


ineer 
LE., 


at the 


_ | Savilian Professor of Astronomy, University of Oxford. Thurs. 


day, March 6, “Surface Energy,” by Mr. W. B. Hardy, M.A., 

FES. (Lecture 1.). Saturday, March 8, ‘The Properties and 
Sonsthtudion of the Atom,” by Professor Sir J. J. Thomson, O.M., 
D.Sc., F.R.S., M.R.1., Professor of Natural Philosophy 
(Lecture V.). Monday, March ’R, general meeting, 5 p.m. 
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PROGRESS IN AEROPLANE DESIGN. 
In making a general review of the recent Aero 
Show at Olympia, and comparing it with those 
eorenyy held, two points of interest stand out. 
e first is that all the aeroplanes exhibited were 
workmanlike machines which could be trusted to 
fly, and the second that there were neither as 
many machines nor as great a variety as might 
have been hoped. It is true that there were both 
monoplanes and biplanes, and that the latter 
showed several variations of position for the eleva- 
tor and propeller, but there are still some interest- 
ing types one would have liked to have seen. Thus 
the Dunne type, in which wings of broad-arrow 
shape are used without a tail, was not represented. 
All the aeroplanes, in fact, with the a of the 
Handley Page, had the front edge of the wings 
tically square to the line of flight. Several machines 
are being made on the Continent with various 
forms of retreating and upturned wing-tips, and 
it is a pity that none of these were represented. The 
Show was, in fact, practically confined to English 
and French machines, and neither the United States, 
Germany nor Austria was represented in the aero- 


ago, and the improvement has therefore been in 
detail and in the better proportions of The 
successful aeroplanes at the recent military com- 
petition were fitted with vertical, diagonal, and 
pass engines—all types which were used three 


7 Possibly the greatest development has been in 
connection with the radial type with fixed cylinders, 
There is, of course, nothing new in this type, but 
it had little attention paid to it till recently, 

imaginary lubrication difficulties no doubt being 
one cause of its neglect. It is obvious that this 
type entails the least. length of crank-shaft and 
-case for a given og capacity, and there- 
fore it should theoretically be the lightest per 
brake horse-power. It n somewhat heavy pipe 
arrangements, however, and it is possible that a 
more ordinary type may, in the end, give equally 
good results. 

The vertical type has the longest shaft and crank- 
case, and therefore should be theoretically the 
heaviest, the diagonal romney, between the vertical 
and radial types. Nevertheless, the vertical type 
was more represented at Olympia than any other, 
and its practical advantages in construction may 
enable it to be made so nearly the weight of the 
other types that it may survive. 

The radial type is made with any number of 
cylinders from three upwards, ten being the usual 
limit. The vertical engines had all either four or 
six cylinders, while the diagonal engines had all 
eight or twelve cylinders. It is rather curious that 
the six-cylinder diagonal engine is never used, 

The Table on page 298 gives general particulars, 
as far as they are obtainable from the makers, of the 
various types of engine exhibited. These particulars 
are necessarily based on makers’ statements, and 
therefore are, in some cases atall events, only approxi- 
mate. In certain cases the engines will give some- 
what more power than stated if run at higher 
revolutions, while in others independent tests have 
shown that they will barely give the rated power. 
The weights also in some cases include radiators, 
reducing gear for propeller, &c., in other cases they 
do not. In spite of such possible variations, they 


_| may, however, be taken as sufficiently approximate 


for pu of comparison. 

It will be seen that there is considerable varia- 
tion in the proportions adopted by various makers 
for for Proeees B the desired result. The weight per 

horse-power varies from under 2 lb. to over 
g lb., these extremes being both met with in engines 
which give very good results in practical flight. 
The cylinder capacity per brake horse-power varies 
from under 6 cub. in. to nearly 10 cub. in., while 
the weight per cub. in. of cylinder capacity varies 
from 0.21 fb. to 1.07 lb. It is clear from these 
figures that there are still two ways of making a 
light engine—the one to make it very light for its 
cylinder capacity, the other to get a great deal of 
power out of cylinders of a given size. Which 
principle will survive remains to be seen, and it 
is possible that success may be best obtained 
by not going to the extreme in either direction. 
It is quite clear, however, that there is no tendency 
whatever to follow racing motor-car practice and go 
in for the extreme high-speed high-compression 
engine. 

e last column is of some interest as showi 

the mean pressure aimed at. This is calcula 
from the stated brake horse-power and revolutions, 
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ever, it is doubtful whether three years ago there 
were any engines on the market which could be 
relied on to produce more than about 40 brake 
horse-power on a moderate weight per horse-power. 
Now foo to 150 brake horse-power is often put 
into an aeroplane, and there are many makes of 
engine available in this and even : omer wers. 
It is, however, interesting to note t this im- 
agadespar® in engines has not been accompanied 
y any radical alteration in their general outlines. 
All the types now in use were known three years 





a good many well-known water-cooled engines 
appears to be about 100 lb., however, sang eg 
ing at 85 pr cent. mechanical efficien an 
actual cylinder mean pressure of about 118 lb., a 
equally high mean pressures are adopted by one 
maker of air-cooled engines. 

Taking as examples the three most successful 
engines in the recent military competition, the 
Austrian Daimler is of the six-cylinder vertical 
type, with 7.1 cub. in. of cylinder capacity per 
brake horse-power, and has a referred mean 
—— of 941b. per sq. in. The engine weighs 

53 Ib cub. in. of cylinder capacity and 
3.7 lb. per  eaae horse-power, these weights in- 
cluding the radiator. It is stated that it, will 
develop a somewhat higher brake horse-power than 
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it is rated at if driven at higher revolutions. This 
engine was described in our issue. 

e ‘“*Gnome” engine, which was fitted to 
several successful machines, is, on the other hand, 
of the revolving typ, and has very large cylinders, 
the capacity per brake horse-power being ompaed 
over 9 cub. in. Itis, however, extremely light per 
cubic inch of cylinder capacity, the weight varying 
from 0.21 lb. to 0.34 1b. in different sizes. The 
mean pressure aimed at is very low, usually about 


70 lb. per sq. in., and the revolutions are also 
moderate. e weight per brake horse-power is 
stated as ranging from 1.9 lb. to 3.4 lb. As 


this engine is made in numerous sizes, we have 
taken three typical examples. The Renault engine, 
which has been found extremely satisfactory by 
the military authorities, and which is fitted to 
the ‘‘BE” type biplanes, is of the diagonal air- 
cooled type, with either eight or twelve cylinders. 
In this engine the valves are placed over each 
other, as in the early motor-cycle engines, but 
the exhaust is above the inlet, instead of being 
below, as usual. The propeller is placed on the 
cam-shaft, and is therefore driven at half the speed 
of the engine; hence the revolutions of the latter 


long flights are made, extravagance in fuel con- 
sumption may i ite neutralise lightness in an 
engine. Thus } lb. difference per horse-power hour 
in fuel and oil consumption means 2.5 Ib. per horse- 
power on a ten hours’ run. In addition to this, the 
tanks will have to be larger, making a still further 
addition in weight. An extravagant engine, weigh- 
ing 2 lb. per brake horse-power, might therefore 
involve a greater total weight than an economical 
one of over twice the weight. As the lengths of 
flights become longer, this feature will be of still 
more importance. 

It is still evident that there is room for a satisfac- 
tory British-made aeroplane engine. Although there 
were British aeroplanes in good numbers at the 
Show, and many of these had made excellent 
flights, it remains a fact that all the machines 
exhibited, except one, had foreign engines. Some 
promising British engines were, however, exhibited, 
and it is to be hoped that the Government will 


encourage this industry in eve ible way, as 
it is a matter of great national importance. In 
this connection attention should given by 


makers of aeroplane engines to a letter from the 





superintendent of the Roya] Aircraft Factory, 


TABLE SHOWING CHIEF DIMENSIONS, &c., OF ENGINES AT THE RECENT AERO SHOW AT OLYMPIA. 


consider the question of the calculation of stresses 
on the wings, as we dealt with that subject in our 
issue of November 15, 1912, page 683. The real 
difficulty is probably to estimate what may be the 
maximum load on the wings. Some light might be 
thrown on this subject if a wing were fitted with an 
apparatus for continuously recording the pressure 
on it, and the machine were then flown by come 

ood ‘‘trick” flyer. Those who have seen Mr, 

amel doing some of his hair-raising ‘‘ stunts ” at 
Hendon will realise that the pressures on the wings 
must be very much greater than when the machine 
is flying level ; and if a recording instrument were 
attached to one of the wings a good deal of infor. 
mation, both as to the amount of pressure and 
its distribution, might be obtained. 

From calculation the weakest — of a mono- 
plane wing would appear to be the high compres- 
sion stress on the spars. It is therefore a doubtful 

int whether it is wise to make these of great 

epth and small width, and also whether a box 
section with the sides of three-ply wood, as shown 
by one maker, isthe best. Thiscan only be settled 





by experiment. In two wings shown in skeleton 
diagonal bracing was fitted between the wing spars, 
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| | 7 | Mean 
Brake | ov sul pets ae do ile eidibtade ak Revolu- Weight yaar Weight per| Cylinder 
| - T { Wei ti per Brake Brake Cubic Inch,| Pressure 
NAME. | eves. ype. Cooling. | | Ratio: | sth eight. — = oeee pe os ¢| “Oylinder | Correspond-! — 
| . Stroke ‘0 lu , | ; i 
Diameter. | Stroke. |Number|_°*" Sie Power. | Capacity. ing to 
| Diameter | Capacity. — B.H.P. 
} mm.! in. | mm, | in. | | eub. in. Ib. Ib. cub. in. | Ib. Ib. p. sq. in.| 
80 Radial Air 105 | 4 120 | 4 | 8 1.14 190 121 1300 4.0 6.3 0.64 97 
( 45 Do. Do. 90; 3 | 120 | 42 | 6 1.33 280 154 1300 34 |} 62 0.55 98 
Anzani 60 Do. Do. | 105 | 4 120 | 42 | 6 1.14 380 200 1300 3.3 6.3 0.53 97 
| 380 Do. Do. 90 130 | 10 1.45 505 238 1250 3.0 6.3 0.47 101 
110 Do. Do. 105 | 44 | 140 | 54 | 10 1.31 740 308 1200 2.8 6.7 042 | 99 
40 Vertical Water 100} 4 | 120 | 4 4 1.20 230 180 1450 4.5 5.8 0.78 | 94 : 
ee melas 65 Do. Do. | 120 4 1140 | 5 4 1.17 387 250 1360 38 | 6.0 0.65 | 98 Weight includes radia- 
— ye 90 Do. Do. | 120| 44 | 140 | 5 6 1.17 581 360 1300 4.0 6.5 0.62 = | 96 tor. 
120 Do. Do. 130 | 5} | 175 | 6 1.35 848 450 1200 3.7 7.1 053 | 94 
Benz .. .. 100. Vertical Water 180/ 65 | 180 | 7% 4 1.38 585 ~- — — 5.8 _ ~ 
Clerget di 60 Revolving Air 120 | 43 | 120 43 7 1.00 580 200 — a4 |. 27 0.35 | _ 
f 50 = Revolving | Air 110; 4¢ 120 | 49 | 7 1.09 487 168 1200 34 | 07 0.34 68 
Gnome 80 Do. Do. . 124| 4 40 | & | 7 1.18 720 192 1200 2.4 9.0 0.27 76 
160 Do. Do. 124] 43 | 140 | 5} | 14 1.13 1440 307 1200 1.9 9.0 0.21 76 CO 
35 | Vertical | Water 105/ 5) | 120 46; =«(4 1.14 253 177 _ 5.0 7.2 0.70 _ 
Green .. 65 Do. Do. 140 146 | 53 | 4 1.02 550 317 4.9 8.4 0.57 _ 
100 Do. Do. 140 |e | 6 | 6 1.08 860 471 - 47 | 8&6 0.55 —~ 
80 onal | Water, 100| 4 | 180 | 5 8 1.30 498 276 1200 3.4 5.3 0.59 125 
Laviator 120 | . | Do | 16] 4 | 160 | s 1.40 796 419 1200 a5 || 6&7 058 = | 107 
250 | Vertical Do. | 180/ 7: | 200 | 7 | 6 1.11 1860 1216 1050 4.9 7.5 0.65 101 
fi 70 | Vertical | Water; 120/ 4% | 140 | 5 4 i ae 308 1400 44 | 55 0.80 | 103 
Mercedes a.) Do. Do. | 140| 5h | 150 | 5 4 1.07 564 400 ©1800 45 | 68 an | 97 
(100 Do. | Do. | 120| 4} | 140 | 6 1.17 581 444 1300 44 | 68 0.77 | 105 
N.AG f 55 | Vertical | Water} 118| 4 100 | 4 | 4 0.85 314 — — - | fF - . 
AG. 1. 150 Do. | Do. 185 | 5 160 | 6 | 6 1.18 840 — — fo ob6 r — 
f 40 Diagonal Air 70; 2 120 | 42 | 8 1.71 225 242 1800 60 | 56 1.07 74 ) Weight includes re- 
Renault 4 70 | Do. 96 if 140 5 8 1.46 494 397 1800 5.7 7.0 0.80 77 ducing gear for pro- 
L100 Do. | Do. | 96| 3 140 | 5} | 12 1.46 749 689 «1800 64 |} 74 0.36 69 «6S sopelier. 
gibiiees {; 80 Radial | Water | 120 | i 140 | ee 1.17 675 286 1250 36 | 84 0.42 76 
to Do, | Do. | 120| 4 140 | | 9 1.17 870 3805 1250 28 | 7.9 0.35 | 80 
i 60 Diagonal | Water | 95 s 140 of Poe 1.46 486 410 1200 6s | &1 0.85 = | 98 jWeight includes re- 
Wolseley 80 Do. r 9% 3% 140 | & | 8 1.46 486 370 1600 4.6 6.1 0.76 82 ducing gear for pro- 
120 Do. | Water | 127, 5 | 178 ;7 | 8 1.40 1100 630 | 1050 5.8 | 9.2 0.57 | 82 \ peller 
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In all engines, except Wolseley, dimensions of cylinders are given by the makers in millimetres, and the inch dimensions are approximate equivalents. 


are higher than usual—namely, 1800 per minute. 
The cylinders are of medium size— viz., about 
7 cub. in. per brake horse-power. Owing to the 
high revolutions the power can be obtained at a 
moderate mean pressure of about 75 lb. per sq. in. 
The engine is relatively heavy, weighing in the 
70-horse-power size 0.80 Ib. per cub. in. of cylinder 
capacity, and 5.7 lb. per brake horse-power. The 
fact that such a heavy engine should preferred 
by the military authorities to lighter forms shows 
that the latter are not always perfect. The weight, 
of course, includes the reducing gear for the pro- 
none and as the latter runs slower than the direct- 

riven type, it is doubtless more efficient. There is 
also included a powerful fan for cooling the cylin- 
ders. The latter has been dispensed with in many 
cases in which the engine was placed in the slip 
stream of the propeller, and this would, doubtless, 
save a perceptible proportion of the weight. We 
described this engine in our last issue. 

In comparing aeroplane engines it must be 
remembered that lightness of the engine itself, 
even if combined with reliability, is not by 
any means the only important point. In some 
cases very light engines are inconvenient to fix 
to the machine, and therefore require a heavy 
foundation. In others the air resistance is very 
perceptibly more than in heavier types, thus 
necessitating higher horse-power to propel them. 
economy of oil and petrol is 
ow that 


In addition to thi 





of importance in the matter of weights. 


which appeared in Flight for February 22. In this 


letter he states that the Royal Aircraft Factory are | 
pre to test any aeroplane engine submitted to 
their approval, and to furnish petrol, oil and labour | 
for doing this without cost, subject only to the pres- | 
ence of a skilled mechanic representing the makers. | 
He further wishes to remove the impression that a | 
twenty-four hours’ test under full load is compul- | 
sory. It is desirable that the weight should not | 
exceed 4 lb. to 5 lb. per brake horse-power developed | 
on a five hours’ run, and that, if possible, the engine | 
should run twenty-four hours without compulsory | 
stop, as has been done in more than one case, and | 
that the propeller speed should be between 900 | 
and 1200 revolutions per minute. 
With to the aeroplanes themselves, there | 
was evident at Olympia a general tendency to make 
the construction more substantial than formerly. 
This is probably largely due to the fact that more | 
jotted is now available, and therefore extreme | 
ightness is not so necessary. It is obviously a 
move in the right direction, for the stresses which | 
such machines have to stand now are very much 
greater than formerly, owing to the fact that they | 
are flown in weather which would not long ago have 
been considered impossible, and also that pilots 
perform manceuvres which involve large inertia 


Naturally, therefore, the most important con- | 
sideration is the strength of the various parts and | 
their factors of safety. It is not necessary here to | 





so that the wing could take the drift without external 
stays. This construction, if well carried out, appears 
to be a great improvement, and incidentally helps 
the spars considerably in resisting the compression 
stresses above referred to. The simplest way of 
carrying out this system appears to be to use the 
ribs as compression weirs, and have diagonal 
tension wires, as in the Deperdussin aeroplane. 

Wing curves, as far as could be seen with the eye, 
did not show great variations from the previousShow. 
A peculiar curve was used on the Samuel White 
machine, in which the lower surface is a continuous 
curve, while the upper has much the appearance of 
two ordinary shaped wings placed one behind the 
other. It is stated to be eflicient, and to have the 
pre rty of varying the centre of me very 
ittle with the varying angle. The Handley Page 
machine had upturned wing-tips and_a crescent- 
shaped wing, while the Caudron and Breguet had 
a great part of the back of the wing flexible. — 

A matter of great importance is the question of 
variation of speed in the air. High speed is un- 
doubtedly valuable in all means of progression, but 
it is a great advantage to be able to fly slowly also, 
both for observation and landing, and therefore 4 
good range is essential. Various means have been 
proposed for this, one being to vary the amount of 
supporting surface in the air. The experience of the 
“ BE” type and others shows, however, that a con- 
siderable range can be obtained with a fixed surface 
and without any great corresponding disadvantages. 
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All that is necessary is to give the machine enough 
surface to fly at the minimum speed required, and 
then to increase the power to get the required 
maximum. Thus the BIE flies at 40 miles per hour, 
with 23 net effective horse-power, while the engine 
is capable of developing 56 horse-power, which 
gives a speed of 70 miles per hour. [f the brake- 
horse - power were raised without increasing the 
weight, the speed would also be raised, still 
further increasing the range. The theoretical 
objection to this method of getting speed range 
is that the power required at the high speed is 
greater than it would be if smaller wings were used 
at a more efficient angle. This may be so, but it 
does not eppens however, from the results obtained 
by the ‘‘B E” type that the extra power can be very 
large in practice, as the type is apparently as fast 
as other machines of equal power but smaller speed 
range. The large wing area is also an advantage in 
climbing. 

Pilot protection has received a great deal of 
attention, but it is noticeable that the enclosed type 
of machine was not represented in the Exhibition. 

Propeller drive was in most cases direct, though 
there were some examples of geared-down propellers. 
Where these are used, however, the amount of 
reduction in speed is nothing like as great as in the 
original Wright machine, the propellers of which only 
ran about 450 revolutions, pa were therefore of very 
large size for the power. It may be remembered, 
however, that these machines flew well, and even 
carried passengers with engines of comparatively 
small power and large weight. There may be 
objections to the excessively slow-running pro- 
peller, and the high speed of modern machines may 
favour the faster-running one, but there are other 
practical advantages in the Wright propeller 
arrangement. 

A point of considerable importance is the provi- 
sion of a suitable gun position in military aero- 
planes. In several cases this has been attained by 
placing a gun in the front and having the propeller 
behind the main planes. This gives a very fair 
range for gun fire, but the usual arrangement of 
one propeller behind the planes involves a very 
inconvenient arrangement of tail, as the two 
members have usually to be spread far enough 
apart to clear the propeller, or else one member 
must come through the propeller. If two pro- 
pellers are placed one each side of the fuselage, as 
in the Wright type, this difficulty is got over. It 
might make a very good arrangement to have a 
biplane somewhat like the enclosed ‘‘ Avro” at the 
military trials, but with two propellers placed as in 
the Wright machine, and with the gunner 
placed above the pilot, with his head projecting 
through the top plane, as in Fig. 1. He would then 
be able to fire al round the circle above the planes, 
and could fire in a downward direction in front. 
It was noticeable that in several monoplanes ex- 
hibited the wings were cut away to a considerable 
extent near the body, to enable the pilot to get a 
better view. 

An interesting point in this connection is the 
trussing of the wing of the Deperdussin hydro- 
aeroplane. In place of having wires supporting it 
from above, it has a girder holding it up from below 
(see page 257 of last issue). The result of this con- 
struction is that the wing can be taken off complete 
with all its staying, and no tuning up of wires, &c., 
has to be done when putting it on. This may be 
a great advantage from a military point of view, 
for there is little doubt that it will be very difficult 
to get such tuning up properly done in war time. 
It also enables all-round fire to be used without 
the top supporting wires interfering with it in some 
positions, as is usual. 

The hydro-aeroplane made its real appearance 
for the first time at this Exhibition. In general 
construction it does not differ very greatly from the 
ordinary aeroplane, except in the provision of 
floats in place of wheels. The floats are “reagent 
of the t of the hydroplane boat, often wi 
steps in the bottom, as in the latter. A point 
which strikes one is that the wind resistance of 
these floats does not ap to be studied as much 
as might be ex . Theafter ends do not taper 
to a point at all in the manner one would anticipate 
to be , and there appears little reason 
why they should not be made to do so. It may 
be that the diminished resistance would be neg- 
ligible, but it seems to have been found a great 
advantage te study wind resistance in other parts 
of the aeroplane, and there seems no valid reason 
for omitting to do so in the case of the floats. 


Although it is generallyconsidered that the hydro- 
aeroplane will have an important réle in the next 
war, it does not a as yet that it is quite defined 
what that réle wil be. That it will be used for 
scouting over the sea is, of course, obvious, but 
what its base will be is not so definite. If it is to 
operate from the land as a base, it is clear that any 
aeroplane which can alight and start from the 
water will be useful ; but if it is to operate from a 
ship, there will be several special requirements to 
bear in mind. There is no doubt that there will 
be great advantages in carrying aeroplanes on the 
large ships for scouting purposes, as they can then 
be sent out from any position the fleet may be in. 
It seems hardly likely that a ‘‘ parent ship” carrying 
aeroplanes will meet the occasion, as such a ship 
could only be with the fleet, and it would be desir- 
able that any large cruiser on scouting duty 
should be able to send out her aeroplanes to get 
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such information as she could not gather herself. 
What will be wanted, therefore, is a type of aero- 
plane which can be carried on a fighting ship. The 
amount. of room available on such ships is by no 
means large, and therefore the machine will have 
to be so made that it can stow in a small space. 
What strikes one as a possible future arrange- 
ment is to have small hydro-monoplanes with the 
wings easily detachable and of such size that 
several could be carried on every large battleship 
and cruiser. Each monoplane would have to be 
provided with several sets of spare wings and other 
breakable parts. In actual use the machine would 
be hoisted out by a derrick, and would start from 
the water. Doubtless there would be many occa- 
sions when, on its return, it would be very difficult 
to hoist it on board again without damage to the 
wings. It should, however, be possible to get the 
pilot and the fuselage on board safely in the large 
majority of cases, and if a wing got broken by bad 
weather a new wing would be put on. By the 
time all the s carried had been used up, other 
supplies would be required by the ship, and spares 
could be sent out at the same time. The cost of 
replacing a pair of wings would be less than that of 
pain a e gun once, and information of inesti- 
mable importance might be obtained and acted on. 





THE RAILWAY SITUATION. 

Te series of railway meetings just concluded 
marks the termination of the practice of holding 
half-yearly meetings—a custom which is almost 
coeval with the first establishment of our railways. 





The Board of Trade have now required the railways 





to provide somewhat more elaborate statistics of 
their operations than the companies have hitherto 
been willing to give, and, as a set-off, have relaxed 
the regulation by which the companies were com- 
pelled to meet half-yearly. The railway officials, as 
a whole, have strongly opposed the publication of 
more complete data as to costs of working; but 
though the fuller fi now demanded will almost 
certainly lead in individual cases to unfair criticism 
of the traffic departments of lines working under 
special difficulties, we shall be surprised if the ulti- 
mate effect does not prove to be, on the whole, 
highly beneficial both to the outside public and to 
the shareholders, since it may give rise to a keener 
competition between different lines and different 
branches in the matter of reducing working costs. 
In this way only will it be possible to meet the 
steadily increasing demand for higher wages, which 
is characteristic of every branch of the railway 
service. The salvation of the companies must be 
sought in enabling their employees to earn the 

igher rates they demand. This course, it is true, 
will not be wholly popular, as it must involve a 
reduction in the labour cost per ton-mile, and 
pom also some delay in making promotions. 
f each man earns more pay, by being enabled to 
work more effectively, fewer should be required pro- 
portionately, though the steady growth of traffic 
may suffice to keep the total number from falling 
below its present value. Unfortunately, the greater 
effectiveness of labour is largely dependent upon 
capital outlay, and the companies whose stocks 
stand low have a difficulty in obtaining new supplies 
at other than prohibitive rates. 

Perhaps the most interesting factor in the rail- 
way situation at the present time is the Bill now 
before Parliament, which, after a long and, we 
think, unreasonable delay, has been brought in 
to give effect to the pledge made at the settlement 
of the great Railway Strike. In consideration of 
concessions made by the companies in August, 
1911, the Government undertook to pass a Bil 
providing that increased costs, due to higher wages, 
should be admitted as a factor to be considered by 
the Railway Commissioners in adjudicating on a 
proposed increase of charges. At the interview, at 
which this arrangement was come to, the Chancellor 
of the Exchequer said : ‘‘ We will carry the Bill, or 
go to defeat.” The precise significance of this state- 
ment is, unfortunately, open to argument. It was 
understood at the time to mean that, were the 
Government defeated on this Bill, they would 
resign, and this was, no doubt, the impression 
which it was then intended to convey. Philologists 
tell us that language constitutes the most powerful 
tool ever devised by man; but though the power 
of the instrument is undeniable, it is certainly far 
from being a tool of precision, and it is therefore 

uite possible to argue that defeat on such a Bill 
should not imply resignation. This deficiency of 
as a means of conveying thought received 
a fresh demonstration in the debate of ebruary 13, 
when Mr. Buxton accepted an amendment limiting 
the scope of the Act to a period of five years. He 
had resisted a previous amendment, fixing a period of 
three years, on the ground that this limit would be 
a violation of the pledge given, but he afterwards 
accepted the amendment as stated. Huxley once 
expressed ironical admiration at the apparently 
marvellous flexibility of ancient Hebrew; but a 
politician’s English is equal, in the pliability of its 
significance, to any tongue, ancient or modern. 
Had the Bill been introduced immediately follow- 
ing the pledge given, it would probably have got 
through without difficulty. 

The past half-year has been a prosperous one, 
new records being established in several cases, and 
in consequence the increase of earnings has in many 
cases left a balance to the good after providing for 
the additional expenditure due to higher wages, 
more costly coal and other materials, and for contri- 
butions under the Insurance Act. Thus the 
receipts of the London and North-Western way 
Company were the highest on record. The aboli- 
tion of the second class has led to a considerable 
transfer of passengers to the first class, the receipts 
from which have risen by 41,519/.; but a still 
greater improvement was shown by the third-class 
traffic, receipts from which increased by 292,493. 
The goods traffic was also prosperous, so that there 
was a gross increase of 510,528. in the returns, 
whilst the expenditure rose by 398,3051. The 
chairman drew attention, to the attempt that the 
companies were now making to put an end to 
the system of despatching parcels under mark, 
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instead of properly addressed, and to the practice 
of using. wagons as store-houses. In future, de- 
murrage charges are to be strictly enforced, but the 
rate has been reduced from 3s. to Is. 6d. day. 
The new lines to Watford are now in partial oper 
tion and will be worked by steam pending the com- 
etion of the electrical equipment. e section 
tween Willesden and Earl’s Court will also be 
electrified, the company’s power-station being at 
Wembley. 
A noticeable feature about the report of the 
Great Western Railway is that the greatly in- 
creased i have been concomitant with a 
substantial reduction in the train-mileage. The 
net revenue increase amounted to 453,0861., and 
the increase in expenditure to 323,104/. The 
passenger train-mileage was reduced by 609,599 
miles, but electric and rail-motors ran about 19,000 
miles more than in the corresponding period of 
1911, and the goods and minerals train-mileage 
was 358,192 miles more. There was on the balance 
a reduction of about one-quarter of a million in 
the train-mileage. The receipts per train-mile were 
4s. 11.7d. in the case of passenger trains, and 
7s. 7.8d. in the case of goods and mineral traffic. 
The returns of the Midland Company are also 
excellent, revenue having increased by 357,1001., 
to earn which it has been necessary to run 
24,549,754 train-miles, which is an increase of 
198,547 as compared with 1911. At the same 
time expenses have risen by 237,0001., of which 
about 10 per cent. is due to the National Insurance 
Act. This company has, unfortunately, had much 
trouble with its staff, being accused of systemati- 
cally evading the terms of the settlement of 1911, and 
of victimising certain of its employees. Such charges 
are very easily got up, but the investigation made by 
the Board of Trade ote demonstrated that they are 
peoviipell devoid of foundation. Of twenty cases 
rought forward the majority were withdrawn by 
the men themselves, and of the remainder Mr. 
Atkins found that in only one was there any shadow 
of foundation for the assertion that the company 
were violating the agreement of 1911, and the 
directors have taken prompt steps to rectify this case. 
The Lancashire and Yorkshire Company is an- 
other undertaking which has done exceedingly 
well, a new record being established both for pas- 
sengers and goods, he mgers numbered 
36,642,647, and the tonnage dled amounted to 
13,936,475 tons. Nearly the whole of the increased 
receipts have, however, gone in increased expenses. 
In spite of the abolition of the second class, the 
average fare paid has risen from 7.28d. to 7.58d. 
The Great Northern Company’s receipts were in- 
creased by 115,127/., but this was entirely absorbed 
by the increase in expenditure, due in part to the 
heavy floods in Norfolk, where tive bridges were 
washed away and many embankments seriously 
damaged. The Great Eastern Railway Company also 
suffered very severely from the floods. At Norwich 
7.34 in. fell in about 20 hours; the direct loss due to 
the washing away of bridges and the like amounted 
to 27,000/., and there was in addition a loss of 
42,0001. worth of traffic. The passenger receipts 
have shown very substantial increases, due in 
to the lowering of fares in the suburban districts. 
In 1901 the company carried 584 million third-class 
passengers, but in 1909 this figure had fallen to 
47 million, It was then decided to reduce fares, 
and this has led to an increase in receipts, but the 
traffic is still some millions short of — it was in 
1909. Probably a still more effective remedy than 
the lowering of the fares would be the electrifica- 
tion of the service ; but the railway company is not 
in such a condition, financially, as to make such a 
proposal attractive. The receipts showed the sub- 
stantial increase of 91,9931., but expenses were 
179,7201. more, and in view of this the directors 
have decided to raise by debentures, instead of stock, 
the funds required for improvements at Ipswich. 
The companies which have experimented with 
electric traction are extending their services. An 
interesting scheme is that of the North-Eastern 
Company for electrifying their mineral line between 
Sheldon and Middlesbrough, a distance of about 
18 miles. This is to be operated on a high- 
tension continuous-current system, the supply 
being taken from an overhead conductor main- 
tained at 1500 volts. The power necessary will be 
pompans from the local power companies. 
ocomotives are to be capable of hauling 1400 tons 
on the level at a speed of 25 miles hour. 
Even the Chatham and *South-Eastern Goeeanies 


The | be installed, which make possible a more uent 


tric eneten 5 but though Fey Mage Pee million 
passe ess per annum than they did nine years 
ago, _— seems no that any practical 
steps will be taken in this direction for some time to 
come. Though, as stated, the number of passengers 
carried has y diminished, the companies are 
getting much higher average fares, the nger 
receipts being per cent. more than they were 
with the heavier traffic. It is of interest to note 
that the receipts from season tickets show a dimi- 
nution as compared with 1911, which is probably 
attributable to the growing omnibus competition. 
They will certainly suffer further losses of local 
traffic on the completion of the proposed electrifi- 
cation of the Brighton line to Coulsdon through 
Croydon. This is to be carried out in the imme- 
diate future, as well as the electrification of 
the Portsmouth line as far as Cheam. The 
returns from the lines last electrified—viz., from 
Victoria to the Crystal Palace and from the 
Crystal Palace to te Rn Bridge—are stated 
to be most satisfactory. The adoption of electric 
working permits of a greatly increased use of 
the company’s expensive terminals. Before any 
of the lines were electrified, the trains in and out of 
Victoria numbered 496 per day, the corresponding 
figure for London Bridge being 663. These figures 
have now been increased to 739 and 901 respectively. 
The overhead equipment is stated to be enduring 
well. Some of it has now been up about five 
years and is apparently as good as ever. The cost 
of maintenance has averaged 211. per mile per 
annum. The new work is expected to take four 
years to complete, but each section will be opened 
to traffic as finished. 

The London and South-Western Company is 
another railway which has suffered severely from 
the development of other methods of handling 
short-distance traffic, the loss during the last six 
years having averaged about 100,000/. per annum, 
and during the half-year just completed there was 
a further loss of 1} million suburban passengers. 
The decision has, accordingly, been taken to elec- 
trify the suburban sections, at a cost of about 
1 million sterling. The complete scheme provides 
for the electrification of all the lines as far as 
Hounslow on the north side of the main line, and 
as far as Guildford on the south side ; but the first 
section to be tackled will be the line from Waterloo 
to Hampton Court Junction. The continuous cur- 
rent is to be used on the third-rail system. It is 
ho that the enlargement of Waterloo Station 
will be completed by the end of the year. The 
works at Southampton are also well forward, and 
in two or three months’ time 45,000-ton vessels will 
be able to enter the Trafalgar Dock. 
The most interesting item in connection with the 
purely Metropolitan railways is the taking over of 
the City and South London line by the London 
Electric Railways Company. The City and South 
London Railway was, as is well known, the pioneer 
ofthe Tubes. At its initiation inter-urban passenger 
transport was dependent on the horse-omnibus 
and on horsed trams, and, when opened, it provided 
a distinctly superior service to its competitors. 
Then came the electrification of the trams, the 
competition of which was, however, met with some 
success, and had the trams alone been concerned 
the company might have managed fairly well. The 
immense improvements effected during the past 
eighteen months in the motor-bus service have, 
however, made it evident that the new competition 
can only be met by great improvements in the line. 
This tube was originally constructed with a dia- 
meter of 10 ft. 6 in., and this fact has limited the 
schedule speed attainable to about 13 miles an 
hour, as against over 17 miles on some of its 
successors. The new proprietors propose to in- 
crease the diameter to 11 ft. 6in., amd to estab- 
lish a junction at Euston with the Hampstead Tube. 
Another line to be taken over is the Central 
London Railway. This line, having a larger tube, 
is better fitted to meet the omnibus competition 
than its prototype, but it has to face an even fiercer 
competition. e extension to Liverpool-street is 
yielding excellent results, 1,626, passengers 

ving, used the new station within the past six 
months, and the extension to Ealing, which will be 
completed in about fifteen months’ time, should 
also prove profitable. Automatic signalling is to 


service. The track is, moreover, to be entirely re- 
laid, transverse sleepers with bull-headed rails 
being substituted for the present bridge rails and 


The District line shows a continuous expansion 
of traffic, earned wholly by the efficiency of its 
service. In busy times 40 trains are run per hour, 
and the management hope ultimately to raise this 
figure to 50. Two new tracks are to be laid for 
three-quarters of a mile at Parson’s Green, and 
the platforms at Aldgate will be lengthened. The 
receipts per car-mile have ees 98d. The in- 
crease in the cost of coal, of which 3000 tons are 
used per week, has unfavourably affected the cost 
of current. 

This has also been the case at the Neasden 
station of the Metropolitan Railway, where the 
economies anticipated from the installation of the 
new turbines have been offset by the increase in the 
price of fuel. As compared with 1911, there has been 
a saving of 17 percent. in the fuel needed per unit 
of current, the amount generated being practically 
thesame, The omnibus competition has reduced the 
short-distance traffic, but the suburban services are 
steadily developing. This company is taking over 
the Great Northern and City line, which is to be 
joined up with the Metropolitan Railway, near 
Liverpool-street, and also extended to the Bank, 
giving, by means of the Waterloo and City Railway, 
an easy communication between the North of 
London and the London and South-Western Rail- 
way. It is announced that the electrification of 
the East London Railway will be completed by 
April next. The current needed will be taken from 
Lot’s-road, and it is pro d, in the first instance, 
to establish a service of twelve trains per hour in 
each direction, alternate trains running to the 
haggis and to the South-Eastern stations at New 
Toss. 








THE STRUCTURE OF THE ATOM 


In opening on Saturday last, at the Royal Insti- 
tution, the third lecture of his course on ‘The 
Properties and Constitution of the Atom,” Sir J. J. 
Thomson said that he proposed to resume forth- 
with the consideration of the first fundamental 
problem involved in the atomic theory. This was 
the determination of the number of atoms in a 
given weight or volume of a body. At the end 
of his last lecture he had described one method of 
solving this problem which physicists owed to 
Professor Perrin, and it might be useful if he 
recalled the fundamental principles on which this 
method was based. The most important theorem 
in the kinetic theory of gases was that the ratio of 
the pressure of a gas to the number of molecules in 
a given volume was the same for all gases. It was 
thus the same for hydrogen, a light gas, as for the 
vapour of mercury, which was the heaviest known. 
Were it possible to determine this ratio, then from 
the expression p=aN, the value of N could be 
found for any gas, since a was independent of the 
nature of the gas. In the above, p denoted the 
pressure of the gas, N the number of molecules in 
the unit volume, and a the constant in question. 
If Nature had. provided us with a suitable gas in 
which we poh both measure the pressure and 
count N, we should find a, and could then find N 
for any other gas in virtue of the relation that, at 
atmospheric pressure, p was equal to 1,000,000 dynes 
per sq.cm. Unfortunately, Nature had not pro- 
vided us with a gas having molecules, on such a 
scale, that N could be determined by directly 
counting them. Perrin remedied this omission of 
Nature by producing artificial gases in which the 
** molecules” were 100,000,000 times as heavy as 
the molecules of air. With these artificial gases it 
was feasible to count the molecules in a given 
volume, and it was further possible to determine the 
ressure by the method described in the previous 
ecture. Having found p and N, the problem 
was solved, provided that the kinetic theory could 
be trusted over so t a range as that between 
the molecule of pe sate, and a ‘ molecule” 
100,000,000 times as heavy as the molecules of air. 
The only thing that remained, then, was to make sure 
that this was the case, If the kinetic theory could be 
trusted for this range, a should come out the same, 
whatever the particles used by Perrin, whether they 
were of gamboge or of mastic, and this was found 
to be the case. Perrin also varied the liquids in 
which his particles were suspended, and again got 
the same value of u. He thus felt justified in con- 
cluding that his emulsions acted as gases, ‘‘ within 
the meaning of the Act,” and that his value of a, 
thus found, would ‘‘fit in” with any other gas. 
The difference of scale between his artificia] gas and 
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it was necessary to go up as high as the top of the 
Matterhorn before the atmospheric pressure was 
reduced to one-half its value at sea-level. In 
Perrin’s artificial gases a rise of 3, mm. was suffi- 
cient to halve the pressure. 

From Perrin’s results it appeared that N, the 
number of particles in 2 grammes of hydrogen, 
or in 32 grammes of oxygen, or, in short, in a 
‘*gramme molecule” of any gas, was 

N = 6.83 x 10%. 


It was impossible, continued the lecturer, to 
convey any idea of the vastness of this number, 
but a million x a million x a million x a million 
was equal to 10”, 

Perrin’s method was the most direct one yet 
devised for determining this fundamentally impor- 
tant constant; but, historically speaking, it was 
not the first in the field. The earlier method 
depended on finding the charge carried by the ions 
of an ionised gas. There was a very simple rela- 
tion, which he would give in a later lecture, between 
this charge and the value of N. As for the methods 
used to determine the charge carried by each elec- 
trified molecule, he would only be able to set forth 
the general principles on which the method was 
based, and could not go into details as to the 
precautions necessary to get satisfactory results. 

Suppose, then, that a pair of parallel plates were 
arranged in a closed vessel, the gas in which was 
ionised by Réntgen rays or otherwise. Then by 
establishing a strong electric field between these 
plates the positive ions would go to one plate and 
the negative to the other, and the total charge carried 
could be measured without difficulty. This, how- 
ever, was not what was wanted, which was the charge 
carried by each particle. To determine this charge 
it was necessary to count N the number of electrified 
particles, and this constituted a much more difficult 
problem. The method used, Sir Joseph continued, 
had often been shown by him in that room, and 
depended on the fact that if damp air containing 
electrified particles was.suddenly cooled, each par- 
ticle became the nucleus of a drop of water, the 
mixture of moisture and electrified particles settling 
down as a fog. To further illustrate this fact, Pro- 
fessor Thomson threw on to a screen the shadow of 
a jet of steam issuing from a nozzle into the air, 
The nozzle was coupled up to a Wimshurst machine, 
and he showed that whenever the latter was 
operated the shadow of the jet became very much 
blacker than it was when the nozzle was unelec- 
trified,* the increase of blackness being due to a 
further deposition of water from the vapour. 

Professor Thomson next showed that if a red-hot 
iron ball were brought near the jet, there was again 
a blackening of the shadow. In this case he 
pointed out that the high temperature of the ball 
would of itself tend to diminish the condensation 
and render the shadow fainter; this tendency was, 
however, overborne by the fact that such a red-hot 
ball emitted negatively-electrified particles which 
served as nuclei on which condensation took place. 
He also showed that a slight darkening of the shadow 
was produced by letting the fumes of nitric acid 
enter the jet. 

Reverting to the method used for counting the 
ions which carried the charges between the parallel 
plates mentioned above, Professor Thomson said 
that, as stated, this mixture of positive and nega- 
tive ions could be converted into a cloud by havi 
the air in which they were suspended satura’ 
with water vapour. If such air were cooled sud- 
denly, it could no longer carry the same amount 
of moisture in suspension ; and if one knew to what 
temperature it was cooled, the weight of water 
deposited could be determined. It was well known, 
for instance, how much moisture air could carry 
when at a temperature of 15 deg. Cent., and 
also what weight would saturate it at a tempe- 
rature of 2 deg. Cent. or 3 deg. Cent. If 
these were the initial and final temperatures of 
the air in the experiment, the difference repre- 
sented the weight deposited on the particles to 
form acloud. The most convenient way of cooling 
the air through a definite range of temperature 
was to expand it suddenly, This method was 
mm principle the same as that by which air was 
liquefied im commercial work, by expanding it 





{* It is of interest to note that this experiment afforded 
Scular proof of the truth of the proposition, recently 
advanced in our columns, that non-superheated steam, as 
discharged from the nozzles and guide-blades of a steam- 
Peery cannot be in ~ state thermal equiibrine, ond 
usual theory of such discharge as set forth in 
text-books is to this extent defective.—Ep. E.] 





down from a very high pressure. Conversely, 
a sudden compression of the air would heat it. 
Although this effect was somewhat abstruse, it was 
one of the most remarkable facts about savage 
races that two distinct and independent tribes had 
discovered and perfected a method of 

by the sudden compression of air. e experi- 
ment was by no means easy to execute in a 
laboratory, and it was very difficult to conjecture 
the process by which these savages had been 
able to discover the method. 

Resuming, Sir Joseph Thomson said that the 
cooling consequent on a given range of expansion 
was easily calculated, and from this the weight of 
water forming the cloud. If the size of each 
droplet in the cloud were known, the number 
present was readily obtained. The size of the 
droplets could, he continued, be deduced by measur- 
ing the rate at which they sank down through the 
air. As the number of electrified icles was 
equal to the number of droplets, and the total 
amount of electricit; oinkal was known, the 
amount carried by each was finally ascertained. 

Knowing the charge carried by each electrified 
particle, it was possible to deduce the number of 
molecules present in a gramme-molecule of a gas. 
The value of N thus found came out as'6.8 x 10”, 
which was practically identical with that found by 
Perrin, though no two methods could possibly be 
less alike. 

A third method of finding N had become ible 
since the discovery of the radioactive particles. It 
depended on the fact that these groups of radio- 
active elements gave off the so-called a particles 
which carried a positive charge. 
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If these particles were directed into a metallic 
vessel, tliey gave up to this vessel their charge, and 
the total charge could thus be easily ascertained. 
If the number of icles could be counted, the 
charge on each could be found, and from this, as 
before, the value of N determined. The number 
in question had been counted in two different 
ways. In the first, advantage was taken of the fact 
that whenan a particlestruck against a suitablescreen 
a phosphorescent spot wasproduced, as evidenced by 
the spinthariscope. In this instrument a very 
great number of such particles were given off, and 
the whole screen was covered with twinkling stars 
of light. By cutting down the amount of radium 
used, however, the number of impacts could be 
reduced to two or three a minute, and these, of 
course, could be counted. This enumeration had 
been made by Dr. Geiger, who thus determined 
the number of a particles given off per hour by 
a known weight of radium. 

Hence, by measuring the total charge emitted 
in the same time, the charge carried by each 

ticle could be determined. The task of count- 
ing the spots was by no means an easy one, 
involving the fatiguing work of sitting for hours 
in a darkened room and recording each faint 
appearance on the screen. Even the most careful 
dhatevie might be expected to nod occasionally, 
and it was therefore important to get some other 
way of counting these particles which did not 
involve the personal factor. This had been effected 


by Rutherford in a very ingenious manner.. He 
arranged matters so that the a icles were dis- 
charged into a space between two parallel plates, 


which were connected to opposite poles of a battery. 
When an a particle rushed into the gas between 
these plates, it split up the molecules encountered 
into positively and negatively electrified ions, thus 
for the moment rendering the space, between the 
plates, a conductor, and an instantaneous current 
resulted. Were this current big enough to be 
registered by a recording galvanometer, the dis- 
charge of each a particle would be registered by a 
kink in the trace. Though each a particle pro- 
duced some 94,000 ions before its ionising power 





was exhausted, this was not quite enough to operate 
a galvanometer, being just on the verge of what 
was measurable. 

Rutherford therefore multiplied the effect of each 
a particle by making each ion itself the nt of 
an enormous number of otherions. This Re did by 
establishing an enormous electric field between the 
two plates. This field gave the ions such a velocity 
that they were themselves capable of producing 
further ions. In this way Rutherford magnified 
the effect of each a particle, so that it could be 
automatically registered by a recording galvano- 
meter, The increase of conductivity co uent 
on an increase of the electric field was well shown 
by Fig. 1, where it would be seen that the current 
shot up very rapidly when a certain intensity was 
exceeded. In this way Rutherford got the follow- 
ing value :— 

N = 6.2 x 10%, 

A modification had been made by Dewar, who 
determined how much helium was produced in a 
certain time by a stated weight of radium. Since 
helium was nothing but the converted a particles, the 
amount of helium was equal to the quantity of a 
particles, and in this way Dewar got N =6.4 x 10”, 
and the same figure was given by a method based 
on the theory of radiation. 

All the values found were, it would be seen, in 
good agreement, and we had thus much con- 
fidence that we did know with considerable 
accuracy ‘‘ Avogadro’s constant,” which was the 
number of particles in a gramme molecule of a gas. 
The number of molecules in a cubic centimetre 
of a gas at atmospheric pressure and at 0 deg. 
Cent. was 2.35 x 10", 

By the above methods a complete census had 
been obtained of the number of ‘systems ” 
present in a given weight of a gas, and he 
would now pass on to discuss a more difficult 
problem—viz,, to find the population of the in- 
dividual atom. He had shown that from each 
atom negative particles could be obtained, and it 
was important to know how many of these cor- 
puscles there were present in each case. Such a 
census constituted, however, a much more difficult 
problem than that of counting the molecules. At 
& previous lecture he had shown that in the case 
of mercury it was possible to remove as many as 
eight of these corpuscles from the atom, and in this 
case, therefore, the total number present must be 
considerable. Two methods had been employed to 
find the corpuscular population of the atom. One 
of these was dependent upon a certain property of 
the Réntgen rays. Ifa cathode particle were sud- 
denly started or stopped, it gave rise to Rontgen 
rays. We knew that these rays were a form of 
electric wave quite analogous in its nature to 
light. If such rays were allowed to fall on a 
corpuscle, they would set it in motion, and this 
corpuscle would itself then produce Réntgen rays 
on its own account. The rays thus given off by a 
mass of gas could be measured, and it was known 
that they were practically entirely produced by the 
negative particles, since the positive electricity in 
the atom was so heavy and big that it was not 
moved enough by the incident rays to generate 
fresh rays on its own account. The secondary 
radiation came, therefore, wholly from the negative 
particles. 

A connection had been found between the 
intensity of this secondary radiation and the 
number of negative particles present, Barkla had 
measured this intensity, and thus deduced the result 
that the number of negative particles ina molecule 
of a gas was proportional to the atomic weight. It 
was thus sixteen times as high in oxygen as in 
hydrogen, and 200 times as much in mercury as in 
the gas last named, The ratio between the number 
of particles present and the atomic weight was not a 
large one, the number of corpuscles present in the 
atom being between two and three times the atomic 
weight. 

An objection to the above method of making the 
estimate was that if any of the negative particles 
were held in the core of the atom by very strong 
forces, the incident radiation would be unable to 
set them in motion, and these particles would, 
therefore, not be counted, which would result in 
too low an estimate of the corpuscles present. 
Another method had therefore been tried in which 
the importance of such firmly-held corpuscles 
would be exaggerated. A negative particle, if shot 
through an atom, would be deflected by each cor- 
puscle it came near. This deflection would some- 
times be to one side and sometimes to another, 
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but the sum of these deflections would not 
generally balance, just as, if a coin were 

up 1000 times, the total number of heads and 
the total number of tails would P ppaeseses never be 
exactly equal. Hence a cath particle poping 
through a collection of negative particles would not, 
on its final exit, be found to be moving in exactly 
the same direction as it had originally. A fine 
pew of such rays would thus be rendered fu 

y such a passage and come out as a sort of b 
in place of as a liel pencil. By measuring the 
spread of this brush, it was ible to calculate 
the number of particles which had acted. This 
method, as stated, would exaggerate the im- 
portance of firmly - held particles, since these 
would not “‘ give,” as the cathode particle rushed 
past them, and a weak point in the Réntgen ray 
method, of arriving at the number of particles 
present, was thus made good. Estimated in this 
way, the result was again that the number of 
particles present in the atom was between two and 
three times the atomic weight, and this was about 
as far as it was now possible to go. 

Even so limited a population as this, however, 
gave rise to some intricate problems. In mercury 
there must be at least 200 particles present, all 
repelling each other, so that the problem to be 
faced lay in discovering in what conditions they 
would be in equilibrium. Hints for its solution 
might be obtained by experiment, and these experi- 
ments had, Sir Joseph said, an important bearing 
upon the significance of what chemists termed 
‘*valency.” In these experiments .he used little 
magnets to represent the negative particle. These 
consisted of needles, each run through a fragment 
of cork so that it would float. By arranging that 
poles of the same kind were in all cases at the top, 
these magnets would repel each other if a number 
were placed in a basin of water ; but by arranging 
over the centre of the water a powerful pole of 
suitable sign the floating magnets would be ati 
in, and arrange themselves in states of equilibrium. 

Sir Joseph thus showed that three floating mag- 
nets would arrange themselves at the corners of an 
equilateral triangle, four at the corners of a square, 
and five at the corners of a poor, mers On adding 
a sixth, however, the set did not form a hexagon, 
but a pentagon with a single magnet at the centre. 
With this magnet in the centre, the addition of 
another magnet would lead to the formation of a 
hexagon with a central magnet, and a ring of seven 
was also stable, with one magnet at the centre. 
The addition of still another caused, however, a 
second magnet to pass to the centre. The sudden 
changes in the grouping which occurred at certain 
critical numbers, whee additional magnets were 
added, threw, the lecturer stated, a good deal of 
light on the question of valency, and with this he 
would deal later. 





PROFITSHARING BY MINERS. 

Tue frequency with which trouble arises in the 
relation of miners and mine-owners justifies con- 
sideration of an interesting and successful scheme 
of profit-sharing, which has been in operation for 
six or seven years in Sardinian mines, where 
Socialism is as rampant as anywhere, and where 
labour difficulties were formerly at least as frequent 
as in this country. In certain of the Sardinian 
mines Viscount Hythe has a e interest, and he 
has also considerable responsibilty in the direction 
of the company’s affairs. en trouble was 
experienced, he, in spite of the opposition of the 
local managers, enforced a bonus scheme, based on 
more reasonable lines than apply to many of the 
profit-sharing schemes adopted in this country 
where there has been hesitancy in the acceptance 
of such schemes by employers or workers, and 
evanescence in their effects. 

The ‘‘ wages” of capital, in the case of the 
Sardinian mining scheme, have been fixed at 5 per 
cent., which cannot be ed as excessive in 
view of the hazardous nature of the mining indus- 
=: This is paid as a preferential dividend. 

orkers must have been four years in the service 
before they can join the bonus-earning fraternity, 
and they must also insure themselves in the old-age 
natio | ere scheme, which requires a contri- 
bution of one franc per month. These limitations 
are sufficient to ensure the enrolment in the scheme 
of only the better class and of steady workers ; the 
pension contribution is a sufficient barrier to the 
inclusion of the indifferent worker. The required 
term of employment, preparatory to participation, 





has already been reduced from five years, and may 
be Hea eee still further to three years, but not 
beyond this, as it is of the essence of the scheme 


that icipants should have proved their worth 
as vefble workers. Such workmen are credited 
with a on their wage equivalent to any 


dividend above 5 per cent. distributed to the share- 
holders, provided there has been no strike during 
the year. This dividend is not paid in cash, but is 
credited in the books of the company, and each 
worker has a book, in which is entered every year 
the rate and amount of the bonus, the sum added 
for the year, and the amount of interest at the rate of 
5 per cent. per annum on the total standing to his 
credit. No money can be withdrawn until the 
worker leaves the company’s service. This is a 
somewhat novel feature of the scheme, and is 
regarded as of vital importance, as it ensures the 
greater incentive to work for the continued pros- 
Perity of the business. 

A further step towards labour co-partnership was 
made last year, when it was decided that workmen 
who have 20l. to their credit in the bonus fund 
should receive, instead of a fixed rate of interest 
of 5 cent. per annum, the same rate of interest 
on their accumulated fund as the rate of bonus on 
the wages, with a minimum of 5 percent. Thus, 
if the shareholders get 15 per cent., the workmen 
participating in the fund get 10 per cent. on their 
wages and 10 per cent. on the money to their 
credit in their individual accounts. This interest 
is paid in cash, so that there is au incentive to 
accumulate capital in order to gain interest on the 
capital invested in the fund, and nothing so con- 
duces to contentment and steady work as sucha 
permanent interest in the concern. Although the 
scheme has only been in operation a little over six 
years, many of the workers are becoming small 
capitalists in the business, and cordial relations 
are now maintained continuously between the 
workers and the employers. 

There is much in the details of the scheme 
which differentiate it from other systems, and 
justify an application in this country. The first 
of these commendable features is that, except- 
ing, perhaps, for the withholding of the bonus in 
the event of a strike occurring, there is nothing to 
which exception can be taken by trade-unionists. 
A present is given to the worker of a bonus after 
capital has had a modest return, but a condition 
which maintains the continuity of his feeling of 
adage yar is the retainment in the business of the 

nus at a fixed rate of interest, which is increased 
when a fair sum is accumulated through the lapse 
of years, according to the prosperity of the mine. 
When, as is often the case with kindred schemes 
in this country, the bonus is distributed in cash, 
there is no cumulative benefit, the bonus becoming 
part of the wage. Viscount Hythe’s scheme thus 
encourages long-time service and diminishes move- 
ment by workmen from one works to another. 
There can be no question that prolonged service 
is conducive to prosperity and amity between 
worker and manager, and anything which tends 
to this is commendable. Moreover, there is the 
prospect that exorbitant demands made by labour 
collectively will not be approved by participants 
in such a bonus scheme ta it be made clear that 
they would so limit the profits as to leave no 
surplus for division between capital and labour 
after the former had got its 5 per cent. and the 
labour its weekly wage. 





THE PROGRESS OF THE BRITISH 
MERCHANT MARINE. 

Tue additions to the British merchant fleet during 
the last ten years total 3,738,252 tons when allow- 
ance is made for wastage from natural causes and 
misadventure, as well as for the sales and pur- 
chases to and from other countries, and for all 
entries on the debit and credit side of the balance- 
sheet. The total British merchant fleet stands at 
19,146,742 tons, the measurement of 20,878 vessels. 
But when the results are fully analysed, the 
addition is even more significant, because of the 
greater preponderance to-day of new ships and 
of steamers over sailing craft, and of the conse- 
quent augmentation of the carrying capacity, not 
only as measured by size, but by the greater work 
done within a Cty time. The tonnage of 
new steamers added in the ten years is 10,730,746 
tons, a figure which, it will be seen, is more than 
half the total tonnage now owned. In addition, 
there were added 168,48] tons of new sailing vessels, 





but the wastage and sales of sailing ships greatly ex- 
ceeded the additions. There is, therefore, a decrease 
in the sailing tonnage, as compared with that of 
ten years ago, of 1,115,499 tons. Thus our fleet is 
to-day stronger by the addition, in ten years, of 
4,853,751 tons of steamers and by the reduction of 
sailing tonmage by 1,115,499 tons. The net in- 
crease is thus, as stated, 3,738,252 tons. About 
half of the 18,165,218 tons of steamers now owned 
are less than ten years old. When one reflects on 
the t advance that has been made in the decade, 
which ensures a greater ratio of load to tare, to usea 
landsman’s simile, a higher propulsive economy and 
a ‘e saving in the working of the ship and in the 
handling of the cargo, it will be appreciated that 
our shipowners to-day are ina much better position 
to earn profits than they were formerly, even 
should low freights again prevail. In any case, 
the development, and continuously accelerating 
rate of regeneration, of the merchant fleet is a 
powerful agent for the prosperity of the Empire. 
Besides the new ships referred to, our fleet of 
merchantmen was augmented by purchases from 
the Colonies and other countries ; and these were 
not necessarily new vessels. From foreign coun- 
tries there were bought in the ten years only 
400,528 tons of steamers, and with these and the 
ships from other sources, added to new vessels, the 
gross addition to the steam tonnage becomes 
11,252,559 tons. The significant fact is that the 
new tonnage made up 954 per cent. of the aggre- 
gate additions to the steam tonnage. We have 
already indicated that the net addition to the steam 
tonnage was in the ten years 4,853,751 tons, and 
the difference between this and the 11} millions 
added is due to wastage and sales. It would 
appear that the losses by misadventure and the 
breaking-up of old ships was equal to only one- 
fifth of the new ships added, so that were it 
not for the purchases made by foreigners and 
colonists, and the expansion of sea-borne trade, 
our shipbuilders would be but indifferently busy. 
In the ten years steamers of 2,212,883 tons were lost 
or broken up, or otherwise removed permanently 
from the ocean ; the sales to foreigners made up 
3,601,288 tons, and to colonists 511,612 tons, while 
other deductions brought up the total ‘‘ removals” 
to 6,398,808 tons. Balancing the account between 
British and foreign owners, we find that our 
sales to them exceeded our purchases from them 
in ten years by3,200,760 tons. Some ee of this ton- 
nage was for ee er ut the greater 
t was for service. ‘o this extent, and to the 
extent of the new tonnage built in our yards for 
them, they are able to compete with us; but it 
may be assumed that the vessels bought are not 
in the same condition to attain economical results 
as are our newer steamers. In the same way 
the buying and selling with the Colonies gave 
them tn Neadosss a net increase in ten years of 
i, tons of mpm seam 4 
e age ren I results in respect of sail ton- 
nage are of less interest. The gross addition in 
ten years was equal to 271,411 tons, including 
168,481 tons of new ships, and 30,452 tons bought 
from foreign countries. Against these there 
were removed a total of 1,386,910 tons, including 
536,179 tons of ships lost or broken up, and 
800,753 tons sold to foreign countries. It will be 
noted that the net result is the decrease of 1,115,499 
tons, already referred to, and that foreign countries, 
on a balance, secured 770,301 tons of our old ships, 
ly for breaking up. 
Petes facts are dodecet from tabular statements 
issued by Lloyd’s Register in connection with the 
vessels added to and removed from the register of 
the United Kingdom during 1912. In the sum- 
mary of the year’s transactions it is stated that the 
deduction of steam tonnage from the register 
in 1912 amounted to 995,077 tons, as compared with 
the ten years’ average of 639,880 tons; and, of 
sailing ton , to 99,999 tons, against an average 
of 138,691 tons; or 1,095,076 tons, as against an 
average of 778,571 tons. Of the steam tonnage 
for the past year ming Movil per cent., and of the 
sailing tonnage nearly 36.7 per cent., have been re- 
moved on account of joss, breaking up, dismantling. 
&e. The ten years’ averages were respectively <4. 
and 38.7 per cent. The tonnage sold to foreigu 
owners during 1912 is returned at 646,581 tons. The 
steam tonnage deducted on this account 1s 590,148 
tons, as compared with an average of 360,128 tons ; 
and the sailing tonnage, 56,433 tons, as compared 





with 80,075 tons. The countries which have acquired 
the largest amount of tonnage from the United King: 
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dom within the year under review are: Italy, 105,504 
tons; Greece, 84,418 tons ; Norway, 61,006 tons ; 
Japan, 56,311 tons; Germany, 54,312 tons; France, 
51,981 tons; and Sweden, 48,936 tons. In the 
main, the vessels which are transferred to foreign 
owners are not of very recent construction. Tables 
which are included in the returns of the Registrar- 
General of Shipping at the Board of Trade indi- 
cate that about 11 per cent. of the tonnage 
removed from the Register, because of foreign 
transfer, was built before 1885; 25.6 per cent. 
before 1890; nearly Ab ng cent. before 1895 ; 
65.7 per cent. before 1 ; and over 83.7 per 
cent. before 1905. In addition to the tonnage 
transferred to foreign flags, 87,281 tons have been 
transferred to British Colonies during 1912, as 
compared with 37,374 tons in 1911, 65,120 tons in 
1910, 36,004 tons in 1909, 38,212 tons in 1908, 
and 65,841 tons in 1907. It will be understood 
that new vessels built in the United Kingdom 
directly for colonial and foreign owners are not 
included in these figures. 





SIR WILLIAM H. WHITE, K.C.B. 

Ir is with very great t that we announce 
the death of Sir William H. White, K.C.B., which 
took place last evening. He had a paralytic 
seizure in his office in the afternoon, and was 
removed to the Westminster Hospital, where he 

away without recovering consciousness. We 
shall refer to the events of his splendid career in 
our next issue. 





NOTES. 

Arr-Fiuter For Cootine Turso-DyNnam 0s, 

A PECULIAR air-filter for cooling turbo-dynamos 
has been put up by the A.-G. Lauchhammer, at 
Lauchhammer, for their large electric power- 
station, which supplies several districts in the 
southern part of the Prussian province of Branden- 
burg and in the adjoining kingdom of Saxony. 
The power-station is at present equipped with 
three turbo-dynamos, each of 5000 kw., two units 


having been built by the Allgemeine Electricitits- | 7, 


Gesellschaft, and the third by the Maschinenfabrik 
Augsburg-Niirnberg and the Siemens-Schuckert- 
Werke. Each of the units requires 54,000 cub. m. 
(2,000,000 cub. ft.) of cooling air per hour, and as the 
power-station lies within 50 yards of the briquette 
works of the firm, where lignite briquettes, the fuel 
of the district, are being made, air-filtering was neces- 
sary. The filters consist of cloth spread in zi 
fashion in such a way that asuccession of Y pockets 
lie by the side of one another, The Y’s are hori- 
wntal, and the cloth is kept taut at the end 
(bottom of the Y/) of each ket by a strainer, a 
wooden rod which is forced out by a spiral spring, 
80 as to keep the cloth stretched. ing of the 
pockets is prevented by two pairs of laths press- 
ing against the cloth walls at about one-third and 
two-thirds the height. The vertical height of a 
pocket is 1.5 m. (6 ft.), the depth (or horizontal 
width) is 1.25 m. (about 4 ft.); there are 24 sections, 
each of 22 pockets, which, being arranged in four 
tows above one another, offer a total filtering sur- 
face-of 2000 sq. m. (21,500 sq. ft.). The arrange- 
ment, which is described by M. Kiecksee, chief 
engineer of the station, in the Zeitschrift des 
Vereines Deutscher Ingeniewre of February 15, is 
considered preferable to the usual stretching of the 
cloth over frames, and to require less space. The 
mounting of the filter is also somewhat unusual. 
The whole filter, which has a length of nearly 9 m. 
(29 ft.), is fixed in an annexe to the engine-room 
between two walls, each provided with three sets 
of louvres; the dusty air enters through glass 
louvres into the filters, and flows through movable 
louvres, like Venetian blinds, into the engine- 
toom. The engine-room dimensions are 32.5 m. 
(106 ft.) length, 19.5 m. (69 ft.) width, and 12 m. 
(90 ft.) height. The clean air first traverses the 
whole engine-room, the windows and doors of which 
are kept closed, enters the basement through slots 
m the floor, and is then sucked up by the turbo- 
amos from the basement. us the whole 
engine-room is cooled. The volume of the engine- 
toom is about 7600 cub. m. (270,000 cub. ft.), and 
with all three dynamos running, the suction pro- 
duced by the engines themselves renews the air in 
engine-room every 2.8 minutes; when only one 
mo is running 8.4 minutes are required for this 
Purpose. Owing to proximity to the briquette 





works a great deal of dust settles on the cloth 
and has occasionally to be removed, while the 
filter is at work, by means of a kind of vacuum 
cleaner. Pipes carrying air at three atmospheres 
pressure are mounted in the filter, and unions 
are attached to these pipes at distances of a few 
metres for joining a flexible suction-pipe and 
an ejector-pipe. By these means the dust has 
successfully been removed during the six months 
that the plant has been working without disturbin 
the operations; the cloth has not yet been elas 
The account does not state the nature of the cloth. 
The plant has been supplied by the Maschinen- 
fabrik G. A. Schiitz, of Wurzen, in Saxony. 


Tue Resins iy Rusper anp Syntruetic Rvupser. 


When the researches on synthetic rubber by 
C.D. Harries and by Fritz Hofmann, of the Elberfeld 
Farbenfabriken (Bayer and Co.), caused excitement 
some years ago, we ventured to point out that the 
so-called impurities of india-rubber, the resins and 
protein-like substances, might be as essential as 
the chief constituent of the rubber, the hydro- 
carbon (C,, H,,). Recent investigations prove that 
the resins certainly exert an important influence 
on the strength of rubber, its constancy and 
its capability of being vulcanised, and for this 
reason we wish to revert to the subject, though 
we dealt with it as recently as last mber.* 
Gladstone and Hibbert observed in 1888 that 
chloroform would slowly dissolve the whole of the 
hydrocarbon contained in Para rubber (the latex 
of hevea Brasiliensis), but that a network of an 
insoluble, nitrogenous body would be left. The 
observation, like many others, was overlooked. One 
of the reasons may have been that the separation of 
the soluble and insoluble constituents is no longer 
possible when the rubber has been satiieppienlly 
worked, rolled or masticated. By treating un- 
smoked plantation sheet (not worked) with ben- 
zene for weeks, Olayton Beadle and Henry P. 
Stevenst quite recently succeeded in separating a 
caoutchouc solution of pale golden colour, almost free 
from nitrogen, from a dark-coloured sediment con- 
taining up to 7 per cent. of nitrogen. Both solu- 
tions yielded rubber on evaporating the benzene. 
ese rubbers were analysed and mechanically 
tested after vulcanisation, together with specimens 
of the original product. It resulted that the pale 
rubber free from proteins was mechanically weaker 
and less stable than the dark rubber. The purer 
rubber was also sticky, possibly owing to an im- 
perfect evaporation of the benzene. The point of 
interest is that the nitrogen-free, purer product re- 
sembled synthetic rubber more than the impure pro- 
duct, and that it could be vulcanised with difficulty 
only. That Para rubber, when deprived of most of its 
natural resins, would not vulcanise, was observed 
by L. E. Weber, who laid a communication to this 
effect before the Congress of Applied Chemistry 
at New York in September last, and the fact must 
have been recognised by others, for the addition of 
various substances, resins, &c., to artificial rubber 
has been proposed in patent specitications. Beadle 
and Stevens agree with Seidl, who found that not 
all resins are of equal value in this respect. The 
proteins and resins might act as sulphur-carriers, 
and facilitate vulcanisation. But the question 
arises, whether the reticulated structure of the 
compounds, pointed out by Gladstone and Hibbert, 
is essential. That it should be so seems to be 
indicated by the researches of Beadle and Stevens, 
who found that masticated rubber behaved differ- 
ently from rubber which had not been worked 
mechanically ; the structure would hardly sur- 
vive mastication. On the other hand, the addition 
to the rubber of various catalysts, like litharge, 
which are acknowledged to favour the vulcani- 
sation, cannot impart a reticulated structure 
to the rubber. It was suggested during the dis- 
cussion that over-curing apparently taken 
place, so that the mechanical tests might be ques- 
tioned. But the resins and nitrogenous matter 
certainly have their influence. This is further 
demonstrated by a paper by S. J. Peachey, also 
read before the Society of Chemical Industry. { 
He found that the oxidation of thin films of rubber 
by moist oxygen was retarded, though not prevented, 
by the presence of the natural resins. 





* See ENGINEERING, vol. xciv., page 816, December 13, 
1912. 

+ See Journal of the Society of Chemical Industry, 
vol. xxxi., page 1099. 

t Ibid., vol, xxxi,, page 1103, 
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THE LATE MR. RICHARD F, TREVITHICK. 


WE regret to have to record the death, on the 13th 
inst., of Mr. Richard Francis Trevithick, the eldest 
son of Francis Trevithick, locomotive superintendent 
of the northern division of the London and North- 
Western Railway, and a grandson of Richard Trevi- 
thick, the pioneer of steam locomotion. Richard 
Francis Trevithick was born on December 11, 1845, 
and was educated at Cheltenham College. His engi- 
neering apprenticeship was served at the works of 
Messrs. Harvey and Co., Hayle, Cornwall, after which 
he entered on a railway career at Crewe in 1867. 

In 1871 he was appointed chief mechanical engi- 
neer of the Rosario Cordova Railway, Argentina, and 
held that post until 1881. He was then en to 
draw up a report on the Caracas Railway, in Vene- 
zuela. In 1884 he was made chief mechanical engi- 
neer to the Ceylon Government Railways, but resigned 
that post three years later on accepting a similar 
appointment on the western section of the Imperial 
Government Railways of Japan. He remained in 
Japan until 1904, being the last forei railway 
official to be retained by the Imperial Japanese 
Government. On returning to this country Mr. 
Trevithick took up his residence at Southampton, 
where his death ocourred suddenly on the 13th. 

Mr. Richard F, Trevithick had the distinction of 
building the first locomotive constructed in Japan. 
In 189 sanction was ted for this, and an engine 
to Mr. Trevithick’s designs was constructed at the 
Kobe Works of the Government Railways. It was a 
compound, and was put in traffic in 1893, being 
found so satisfactory that many other t were 
subsequently built at the works to his designe. He 
was for many years a Member of the Institution of 
Civil Engineers and of the Institution of Mechanical 
Engineers. 








GERMAN INDUSTRIES. 

Tue various German mbers of commerce are wont 
to issue annual reports, which generally contain much 
useful and interesting information. This, to no small 
extent, applies to the Essen ber of Commerce, 
which, from its close association with the great firm 
of F. Krupp, is peculiarly alive to the interests of 

ineers, and in its survey of 1912 it is pointed out that 
neither the tightness of the money market, which pre- 
vailed almost throughout the year, nor the miners’ strike 
in the spring, nor the Balkan war and the ap) ions 
of a general conflagration, nor the excessive shortness of 
rolling-stock in the autumn, has been able to interfere 
with the favourable industrial position of 1912. It is, 
however, exceptionally difficult to prophesy anything 
with to the duration of the present satisfactory 
state of the German industries. It depends, says the 
report, on the maintenance of peace, and the expenditure 
on the army and navy must be willingly accepted, 
and looked upon as an insurance premium. Touching 
and necessities, it is 
stated that the industrial or ae can only stand this 
condition of affairs as long as the employer is able to 

y him the present high wages. For this reason the 

man agriculturist is to take a patriotic 
view of the questions involved, to work for an increased 
production of home peavenent, ene to keep aloof from 
measures which unnecessarily per production gene- 


rally. 

Further, the State is u to pranen home ay 
against foreign competition by means of protective tari 
In this connection mention is made of the renewal of the 
leading kar especially the Steel Union and the Coal 
Syndicate. ith reference to the recent differences 
between the State mines and the private it is 
emphasised that the renewal of the syndicate is as much 
in the interest of the State mines and the industry 
generally as in that of private mining und i 

The State must also see to the great State undertakings 
of the post office and the railways, which at present seem 
pommeses by astrong bureaucraticsentiment, They must 

made more subservient to the development of transport 
and communication than heretofore. e State railways 
do not seem to work in harmony with the country’s customs 
and commercial policy so far as tariffs are concerned. 
Extensions of the railway system in the west, and a 
sufficiency of the rolling-stock, are foremost on the pro- 
gramme. It was only the lack of rolling-stock last autumn 
which made the railway authorities consider the <n 
which the German industries for years have felt im- 

t. The explanation of the tardiness of the railway 

authorities in this direction is attributed toa lack of con- 
fidence in the industrial development of the country. 





Roya Nava Resgrve.—It has been decided to reduce 
the period which candidates for appointment as proba- 
tionary sub-lieutenant must have served at sea with a 
Board of Trade certificate from five to three and a half 
years, but candidates must be not less than twenty-one 
years of age. 





Tae Agro Exuisirion at Otywrp1a: Erratum.—By 
an unfortunate transposition, the figure numbers and 


titles of the two illustrations of Wolseley ae 
motors, which appeared on 261 of our last issue, 
were interchanged. As was bly clear to our readers, 


the upper showed the 60-80-horse-power air-ceoled 
motor, Site wen the 120-horse-power jacketed motor. 
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THE CENTENARY OF THE LOCOMOTIVE. 
. : ce THE + gets ¢ yrs = ary ft 
1, — ve lately a pamphlet, now long 
out of print, entitled ‘‘ William Hedley, the Inventor 
of the Railway Locomotive on the Present Principle.” 
It would appear that while George Ope is justly | }, 
regarded as the “father of railways,” Hedley is entitled 
to that of the father of the locomotive, as he constructed 
the first practical and successful locomotive, and the first | g 
economical substitute for animal power. Some le 
hold that as Trevithick, with the exception of William 
Mardoch (who only le a model locomotive), was the 
first man to construct a locomotive (this he did in 1804), 
he must be regarded as the actual ‘‘father.” Now, as 
Trevithick’s locomotive never got beyond the experi- 
mental stage, and was never ca) of ‘orming dai y 
the work of horses, I think must ruled out o 
court, and Hedley given the preference. 

Hedley’s locomotive had two vertical cylinders, blast- 
pipe, malleable-iron boiler, and fire-tube enl and 
returned to the chimney, which was situated at the same 
end of the boiler as the fireplace. There were four wheels 
coupled together by an endless chain, and spur-wheels. 
The pressure of steam was 50 1b. per sq. in. of these 
engines, with the date 1813 painted on it, is placed in the 
Scottish Museum in Edinburgh. The engine ran on the 
Wylam Oolliery pom pate a ye were 30 lb. to the yard) lead- 
ing to the Tyne, and pulled regularly eight loaded 
at from 4to5 miles an hour. It completely superseded the 
use of horses, which at that time were a ruinous expense 
to the colliery. The engine to work in May, 1813. 
The pamphlet states that an old man, called Scott, said 
he saw the engine start in 1813, and that she was called 
** Puffing Dilly.” The horse wagon-loads were called 
‘* dillies,” hence the origin of the first name of the locomo- 
tive, which was corrupted into “ Puffing Billy’’ or ‘‘Wylam 
Billy.” Scott said that on pay-Saturdays the Wylam 
engine took the workmen and their wives to Leamington, 
where they got a wherry for Newcastle, and on their 
return from Newcastle and Leamington at night the 
engine took them safe home to Wylam. us the 
Wylam engines seem to have been the first passenger 
locomotives, and the Wylam wagon-way the first - 
senger railway in the world. Since we are all nowadays 
more or less railway travellers aud depend entirely on 
the locomotive for getting over long distances in the 
shortest time, I write to say that I think it will be 
regrettable if an event of such world-wide importance as 
the centenary of the first practical and successful locomo- 
tive be allowed to pass without any notice being taken 
of it. 

T would su tt that as the Wylam collieries are not far 
from Newcastle, it might be fitting, if not in other places, 
to celebrate this event in that town, and J trust that some- 
thing will be done, 

Yours truly, 
Joun H. Auvexanper, A.I.E.E. 

Edinburgh, February 17, 1913. 
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SHIPS’ LIFEBOATS AND THEIR 
MANIPULATION. 


amaged beyond i aul 


Welin, who is probably 
ing all phases of boat manipulation. 


by Mr. Welin. 


themselves), but the large majority of ships, existi 
projected, would be very much 
outfit, and, in my opinion, it is doubtful if so much com- 
plication, &c., would not lead to confusion in actual use, 
or even at drill. If boat drills are carried out thoroughly, 
hoisting gear is necessary; but boats do not require to be 
isted on board a sinking ship, and should they require 
t purpose for which they are 
intended, it is natural to conclude that the vessel is 
I quite agree with Mr, Welin 
should be under efficient gear, 
but, personally, I think this ranks in importance after 


actual 


in weat! 


lowering, due to the rolling of the v 
against to a certain extent; but the importance of protec- 
tion from shock, when water-borne, is passed over by Mr. 
ed as an authority concern- 


ham 


and 


by such an 


Dealing next with the value of anti-rolling tanks in this 
connection, Mr. Welin states, ‘‘ this invention practically 
removes the risk of boats getting crushed against the side 
i her.” The stead 
the vessel, the easier the lowering certainly, but the tanks 
are of little value when the boat 
should the water be so much disturbed as to move the 
vessel, it is more likely to toss the boat with smashing force 
yore the hull, and probably with a glancing blow, unless 
the boat gets clear quickly. Even suppose the launching 
is taking place on the lee side of the vessel, and she can 
steered to keep her so; with such conditions pre 
swell would probably be sufficient to smash the boat should 
lace at all, and efficient davits, lowering 
goer, anti-rolling tanks, &c., are of little value if the 

t itself is smashed after being lowered. Shock duri 


ier 


mes water-borne, as, 


iling, the 


essel, is gua 


to protect the boat as far as possible 


under all conditions, able to descend with the boat without 
retarding the descent, and to protect against such blows 
as a boat has to sustain when thrown by waves or swell 
og the vessel, is to my mind of great importance, and 
the best that Mr. Welin recommends is the ordinary 
pudding fender, loosely suspended. 
_This type, if in contact at all, would roll out of action 
directly the — the gunwale of the boat was reached— 
ut 3 ft. of the descent only, unless it was 
fixed to the side of the boat, and practically that is what 
Lord Mersey recommends, with the addition of protection 
all round the boat, instead of only at the parts where the 
pudding fenders would hang. 
There are objections to both types, such as Mr. Welin 
ints out regarding the type recommended by Lord 
ersey, and such as I point out regarding those recom- 
Of the two types, the fixed fender 
at least descends all the way at the point of contact, and 
although rubbing between the boat and the vessel and so 
retarding the descent, in addition to the other objection 
raised by Mr. Welin, it is a continuous fender, and the 
The fender designed by myself, with the 
object stated above, has been submitted to the Boat and | The 
Davit Committee (Board of Trade). 
Yours faithfully, 
Rosrrt Duniop Roserts. 
Woodlands-place, Falkirk, February 14, 1913. 




















To THe Eprror or ENGINEERING. 

Srr,—In the issue of ENGINEERING of ee 20, 
1912, a report was published of a new before the 
British Association by Mr. Axel Welin, the subject being 
** Lifeboats, and their Manipulation.” The opinions 
ex by a gentleman of Mr. Welin’s reputation 
will no doubt carry considerable weight, but in justice 
to the travelling public, the shipping interests, and 
other inventors, I am of the opinion that this important 
subject should be been | ventilated, and fair criti- 
cism of any statements published should be welcomed and 
be replied to, through the Press, if the most efficient 
appliances, &c., are to be obtained. The time also is 
opportune, in view of the Board of Trade’s prospective 
new rules for ‘‘the safety of life at sea.” 

Mr. Welin, being the patentee of the ‘‘ Quadrant” 
type of davit, has an ‘‘axe to grind,” and he is perfectly 


record my agreement 


which reveal 


ENGINEERING EXAMINATIONS. 

To THE EpiTor oF 
Srr,—As a teacher, with eleven years’ experience in 
various parts of this country, I would be glad if you would 
Spooner’s letter in 
your current issue in so far as it recommends the use, in 
examinations, of the aids to memory usually available 
in the drawing-office. I have had this system in opera- 
tion in my evening classes for several years, and 
experienced no difficulty in setting papers the answers to 
the real order of merit. of the candidates as 
engineers and designers. 


with Professor 


Yours truly, 


L. D. Covgrsiant, 
Head of Engineering De: 
College, Sunderland, February 22, 1913. 
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justified if he is of the opinion that his is the most reliable 
























and efficient davit. j 
In replying to an article by Mr. W. V. Forbes, which 
in the Glasgow Herald, I ventured to criticise 
some of the statements made and the superiority claimed 
for the Welin davit, invited discussion by the sea-faring pro- 
fession, and hoped also that Mr. Welin or his agents would 
correct me, or at least discuss the criticism publicly. 
Your journal is widely read by the shipping community, 
and this subject is one suitable for discussion in your 


course, incredible. 


expected 
to use the appliances, ers simplicity if at all ible. 
Whether the boats — me by hand in the event 
of possible damage to any part of this costly mechanism 


is not explained. 
No doubt the Im can afford the vast amount of 
space required for the machinery (apart from the boats 


error is undoubted] 
determination of 





AMERICAN BOILER PRACTICE. 

To THe Eprror or ENGINEERING. 
Srr,—When the results of a test of a steam-boiler not 
provided with an economiser show 83 to 84 pe 
efficiency, the first thing that should be done is to look 
for the source of error, the figures themselves being, of 


Mr. Dean, in your issue of February 7, reports the 


-oMr Welin states “ the fireb really efBciont davitinstalla. | UO™E *— 

r. in si ** the firs’ y efficient davit ins ’ . 

tion is to be fitted on the s.s. Imperator, of the Hamburg- Date of trial Ape. Mies “ 

Amerika Line.” This statement implies that all other Kindof coal, Cumberland 

types and installations are not really efficient. With Maryland (eomi.bitu. 

this I do not agree, oh — the gg age or ore a ow , 

is exceedingly complicated. P e whole 

launching operation is not worked San the deck upon = hee ag pound com- 15.768 14.788 

which the boats are carried, and a deal of inboard Eva foe TREE “ nf , 

from, and in tho wey of, the boats themselves is taken O12 deg rae of 

up and obstructed by machinery, shafting, numerous) heating surface. 310 8 
ves, run . bee. tse 

sheaves also tend to complicate and cstrect, sia may een pat pound of 13.57 12.90 

possibly ee aoe or oe a in Sueeres Effiei — ~~ abs a oe 

excitement. 18 mass of mechanism 1s requl crenoy, A was : 

to operate the outfit ibed, but it also requires under- Duration of trial, hours... 8 13.6 

standing, and the average seaman, who w be In the first test the error was probably due to making 


a test only eight hours long with a stoker. It is practi- 
cally impossible when firing with a stoker to have the 
quantity and condition of the coal-bed the same at the 
beginning and end of the test. In the other test the 
due to an error in 
e heating value of the coal. 


r cent. 


the calorimetric 
The 


sb about low for the 
combustible of semi-bituminous coal. Making this correo. 
tion brings the efficiency down to 79 per cent., which is 
about the limit of possibility with hand firing. 

Yours truly, 


Wy. Kent, 
Montclair, N.J., February 17, 1913. me 













































figure 14,783 is just about 1000 B.T.U. too 





THE ERECTION OF THE BOUCANNE 
RIVER VIADUCT, CANADA.* 
By Puiip Louis Pratizy, M. Eng., Assoc. M. Inst. 0.5, 


THE National Transcontinental Railway crosses the 
Boucanne River 167.2 miles east of the Quebec Bridge, 
on a viaduct 790 ft. long, with a maximum height of 
about 127 ft. from water-level to the base of the rails, 
The viaduct is of the deck type, and consists of five 
towers of 30 ft. span and two of 40 ft., three open spans 
of 56 ft., four of 60 ft., and a Warren truss span of 150 ft. 
The crossing is on @ slight incline, and also includes 
135 ft. of spiral. The pedestals for the towers are of con- 
crete, and are carried down to the bed-rock, about 10 ft, 


The viaduct is designed according to the Dominion 
Government Specifications of 1908, with a few further 
limitations imposed by the bridge engineers of the rail. 
way. The live-load to be carried was composed of two 
engines and tenders, followed by a train-load of 4750 lb. 
per lineal foot. of track. The engines and tenders weighed 
120 fahert) tons complete, and covered a wheel-base of 

An interesting item.of the specification is the clause in 

to impact, which calls for an allowance of load, 
above the dead and live load, equal to the figure obtained 
by dividing the square of the live load by the sum of the 
dead and live loads. This allowance is further increased 
for short spans by increasing the live load in and out of 
the impact computation. The girders are all 6 ft. deep, 
and with a permissible fibre-stress of 16,000 Ib. 
weigh with their bracing :—60 ft., 57,000 Ib.; 56 ft. 
51,000 Ib ; 40 ft., 29,000 Ib. ; 30 ft., 17,500 Ib., per span. 
The truss span is 25 ft. deep and has six panels of 25 ft., 
its trusses being in vertical planes. Its cross girders are 
plate-web girders, as also are its stringer girders. 

The towers consist of two bents, which are braced in 
themselves with sway-bracing designed to resist wind, 
and braced together by longitudinal bracing calculated 
to resist brake or traction load. The posts are built of 
three I beams, and are shod with steel shoe-plates 2 in. 
thick, which rest on bed-plates 1} in. thick. These are 
anchored to the pedestals with long anchor-bolts built in 
the concrete. 

The viaduct was erected by ordinary methods until 
bents Nos. 9 and 10, forming the tower carrying the east 
end of the 150-ft. span, had been completed. To build 
tower 7-8, on the other side of the river, was the problem. 
material could only be supplied from the east end, 
and so this tower had to be erected from the constructed 
portion of the viaduct. Low staging was built, and upon 
it, close to tower 9-10, tower 7-8 was erected, a little 
—. than its final position. It was then skidded and 

ed westward to its place, and jacked down. The 
truss was erected by building the bottom chord on the 
staging, and trussing it so that it would carry itself and 
ts and diagonals across the 150 ft. This was 
into and blocked up. When both bottom 
chords were in, the lateral bracing was introduced, and 
then the remaining truss member, the floor-beams, sway- 
bracing, stringers, and track. The remainder of the 
erection was then proceeded with in the usual manner. 

The Dominion Bridge Company, with whom the author 
is assistant designing engineer, were the contractors. 


be | below earth level. 





THE AUSTRALIAN ASSOCIATION OF BRITISH MANUFAC- 
TURERS AND THEIR REPRESENTATIVES. —This Association 
has now established permanent offices at 430, Little 
Collins-street, Melbourne. It has issued its second annual 
report, and is pre to continue working actively for 
the benefit of British trade. 


Tue tate Sm WriuiaM Arron, LL.D.—The funeral 
took place on Monday, the 24th inst., of Sir William 
Arrol, LL.D., who died on the 20th inst., and of whom 
a complete memoir, with portrait, was published in our 
issue of the 2ist inst. The remains were conveyed from 
ar to Paisley by train, the interment taking place at 

oodside Cemetery, in the latter town, where Sir William 
spent his youth and with which he maintained close 
association. -bearers were Lady Arrol and Mr. 
Jobn Hunter, Mr. Thomas Arrol (nephew), Sir Thomas 
Mason, Mr. Thomas Arrol, Jun. (nephew), Mr. Patrick 
Robertson (brother-in-law), Mr. David Harris (Sir Wil- 
liam’s first apprentice), Mr. J. M‘Lardie (nephew), and 
Mr. Andrew 8. Biggart. There was a large repre 
sentation of shipbuilders and engineers, and among 
others present were Sir Thomas Glen-Coats, Bart., 
Sir Robert Purvis, LL.D., and Sir John M. 
McCallum, M.P. for Paisley. In his will Sir William 
left legacies amounting to 11,000/. to public institutions 
in Glasgow and the West of Scotland, and in addition 

is set aside the sum of 20,0007. in preference shares 
of his company (Sir William Arrol and Co., Limited) , 
continuing which he had been in the habit o 
ying and for which he had not specially provided in 
is settlement, all in his trustees’ discretion. He then 
provides that the balance of the fund is to be made over 
to the directors of Sir William Arrol and Co., Limited, 
for a pension fund for deserving employees. 


per read before the Institution of 
ary 25, 1913. 





* Abstract of a 
Civil Engineers, Fe 
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THE LANZA CONTINUOUS DIAGRAM APPLIANCE, FOR ENGINE INDICATORS. 


CONSTRUCTED BY THE CROSBY STEAM-GAGE AND VALVE COMPANY, LONDON. 
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THE annexed illustrations show an engine indicator 
fitted with a continuous diagram appliance invented 
by Professor Gaetano Lanza, of the Massachusetts 
Institute of Technology. The appliance, which is 
manufactured by the Crosby Steam-Gage and Valve 
Company, of 147, Queen Victoria-street, London, 
E.C., is of especial interest at the moment as illus- 
trating a way of combating some of the errors of 
drum-motion, which were dealt with in Mr. Stewart’s 
recent paper before the Institution of Mechanical 
Engineers.” The main interest of the device from 
the point of view of drum-motion errors lies in the 
fact that the drum-drive in both directions is positive, 
no return spring being used, and that the connection 
to the engine is made by a stiff link to some recipro- 
cating part, so that errors due to the elasticity of 
cords are avoided. 

The general lines of the appliances are well shown 
in Figs. 1 and 2, which are front and rear views of 
an indicator fitted with the Lanza gear. The drum, 
as can be seen in Fig. 1, is fitted with two discs, or 

lieys, on the lower part of its spindle. 

isos form the driven members of two free-wheel 
roller-clutches, the rollers of which are carried on 
three-armed spiders connected up to cord pulleys. 
These cord suheye are driven by a cord, the two ends 
of which are secured one to each of the two pulleys, 
the cord being carried round a third situated at 
the end of the horizontal arm of the appliance, as 
shown at the right-hand side of Fig. 1 and the left- 
hand side of Fig. 2. The cord is also secured to a 
block which travels in the slot formed in the hori- 
zontal arm, and which is connected up by the 
link shown to some reciprocating part of ine. 
It will be understood that when the indicator is in 
use this link will be in the same line with the 
slot. As shown in the figures, it is disconnected, and 
is simply resting on the base of the instrument. The 
method of driving the drum should be clear from 
these details. The reciprocation of the link and 
sliding-block drives the two roller-arms of the clutches 
alternatively in one direction and the other, for some- 
thing short of a complete revolution, and as the clutch- 
rollers slip in one direction and drive in the other, 
the result is that they drive the drum alternately, so 
that it has a continuous motion in one direction. It 
should perhaps be pointed out that the claim of absence 
of cord-drive in this device is not strictly accurate, as 
will indeed be evident. None the less, the cord used 
is very short, and can be of special quality, so that 
drum errors due to cord-drive as usually understood 
are likely to be absent. 

It is clear that with a continuous diagram there 
must be some means of indicating the ends of the 
various strokes of the engine, so that the diagram may 
be properly interpreted. In the Lanza appliance 
this is carried out by means of a special il, which 
draws a series of short vertical lines w the dia- 
gram at the necessary stages. This cil can be 
seen in the front of the drum in Fig. 1. It is con- 
Fic. 2. nected up by « fink motion to the two cam-pieces 
which lie at the back of the horizontal arm, as shown 
in Fig. 2. These cam-pieces are interposed in the 
path of the reciprocating block, so that as the block 
pomee them they are momentarily lifted. This 
ifting causes the special pencil to draw its short 
=. vertical line. The positions of the cam-pieces can be 
A} adjusted by the screw mechanism shown above the 
\ horizontal arm, so that they may be set for different 
lengths of stroke, or slightly adjusted to allow for 
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r 7 T ‘Pita: dee eee ted ; larities in the setting up of the driving gear. 
| Fg. 5. 5 5g The method of driving the paper is illustrated in 
fp cei | B ? : Fig. 3. The receiving-drum A is gear-driven from 
g z e 3 the diagram drum B, while the drum C, which holds 
5 8 Eee 5 the supply of paper, runs loose on its spindle. 
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i ly 4 ey wie w * See ENGINEERING, page 134 ante, 
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THE DESIGN 


Fig 1. 


COAL AT SIDES 


ENGINE & BOILER SPACE 


Drum D has a lateral movement, which is controlled 
by the small lever shown. When drum Dis pressed 
down on B the paper is taut, and is driven by the 
rotation of A and B; but when D is moved out of 
contact with B the paper, being frictionally driven both 
on B and A, stops. This arrangement allows the paper 
to be started and stopped at will, which is, of course, 
necessary in actual working. 

It is not necessary to say a great deal about the 
uses of the appliance, as the special advantages of 
continuous diagrams are fairly clear. In cases in 
which the diagrams corresponding to successive 
revolutions of an engine differ from any causes the 
continuous diagram gives a connected record which 
cannot be obtained in any other way. From this 
point of view the appliance should be especially valu- 
able on rolling-mill engines, and in many cases on gas- 
engines. As examples, Figs. 4 and 5 show respec- 
tively a diagram for a steam-engine with varying 
cut-off and for a -engine working with a fire-one 
miss-one cycle. e vertical lines on these diagrams 
are drawn from the short indicating lines which are 
drawn at the end of each stroke by the special pencil 
already mentioned. The broken lines shown at the 
beginning of these diagrams have not been drawn by 
the indicator pencil, but have been put in to illus- 
trate the effect of taking all the strokes shown on a 
single diagram in the usual way. The letters on the 
diagram divide it into the various strokes, while the 
lower line of letters, followed each by a dash, show 
the positions of the short vertical lines which divide 
off the strokes. 


THE DESIGN AND CONSTRUCTION OF 
OIL-STEAMERS.* 
By James Montcomeris, B.Sc. 

Tus paper is an attempt at a brief review of the 
features of structural and other interest to be found in 
tank-vessels in over-sea trade, and if any a 
is necessary for introducing the subject to the members 
of this Institution, it is to be found in the phenomenal 
activity in ing i ich has been 





the oil-carrying industry, whi 
characteristic of the shipping history of the last eighteen 
months, and which is maintained. This activity is 
clearly exhibited in the number and tonnage of vessels 
now being built to carry petroleum in bulk, and intended 
to be classed in Lloyd’s Register, there being at the 
a eLtiean base 
ma gross, In process tion. 
arr in page ey agers was est eerie. ag one 
might expect, in smal in inary cargo 
vessels, and in 1886, when the late Mr. Martell wrote his 
paper on the subject, it was possible for him to state that 
nearly the whole of the petroleum shipped in America 
for British and European ports was then carried either in 
barrels or in tin cases enclosed in wood boxes. As a 
general means of transport, however, this method was 
soon discontinued. The factors which operated in this 
dierarre, mommenend sy torn aactte 
oss of carrying ca) inv com 
slow rate at which the could be le yey dis- 
. It is advisable, however, to refer to this 
method here, because in some instances special circum- 
stances make it the only method availa Where con- 
* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland on January 21. 





‘in a gas-tight 





AND CONSTRUCTION OF OIL-STEAMERS. 


MAIN TWEEN DECKS 


MAIN HOLD 





Fig. 3. ARRANGEMENT WITH EXPANSION TRUNK 
AT SIDE OF VESSEL. 
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ditions at the loading port, for exam 
bulk impossible, the product is tin 
nary cargo. The method is also used where small 
of oil have to be delivered, or w after di 

has to be conveyed over difficult country, 


c of Several vessels 
now being built for this branch of the 
and a design for this is shown in F' 

ft. by 41 ft. Gin. 
y 


i 
5 
: 


eeiiee 


26 ft. 91 
the carrying capacity is approximatel 000 
over-all ee Sin cask ee ee ae in. by 
by 15in. The principal features of the design are 
on the drawings. cargo is carried in two 
the machinery is placed aft, and water-ballast is carri 
in deep tanks amidships and at both ends. In 
obtain the maximum ing capacity the ship is 
awning-deck type, the weight of ing thereb 
reduced to a minimum consistent with ification re- 
quirements. 

When oil is carried in cases, 


P ‘ 

1 ments are sometimes adopted, desi to mimi- 
mise to the vesseland hercrew. In the case of the 
ship ill for example, it will be seen(Fig. 2) that the 


hatchways in the awning deck are of size, and have 
steel covers fitted gas-tight. A separate pump encl 
s pepe-soes is provided to deal with the 
in the holds. As the vessel is intended to carry 
benzene, the a — at => aS of the cargo 
8 are a desirable and ex 
dencuptysied tee danger of omilting (heh when. tat 
cargo is carried. No accommodation is fitted directly on 
the awning deck, the crew are berthed forward, and the 
officers’ quarters, &c., amidships are separated from the 
oil-deck by store-rooms. A very efficient system of ven- 
tilation is fitted, each hold being provided with four 
ventilator-pipes, 3 in. in diameter, extending to within 
6 in. of the bottom of the vessel and having a steam- 
ejector at the to 
Carriage in Bulk. —As is well known, however, petro- 
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1 and 
The dimensions are 
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josed | connotes a substantial gain in carrying capacit 
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CREW SPACE 


FOR® TWEEN DECKS 


STORES ETc. 


FOR? HOLD 
FORE PEAK 
TANK 


leum and other oils are now almost entirely transported 
over-sea in tank-steamers of special design and construc- 
tion. In such ships also the cargo is carried amidships; 
the machinery is fitted aft, and completely protected by 
a “ _ In a typical ship, 370 ft. by 50 ft. 9in. by 
29 ft. i in. Sage hs ond , the oil is carried in a series 
of eight tanks, the longest of which are 27 ft. 1 in. in 
] \. mp-room is situated amidships, extending 
8 width of the ship. The tanks are divided 
in the centre an oil-tight division which extends 
throughout the length of the oil-s , pump-room, 
and cofferdams. An expansion-trunk, equal in width, 
in this case, to one-half the width of the vessel, extends 
throughout the oil space from the after end of the 
forward cofferdam to the machinery casing to which 
the plating is scarphed. The ‘tween deck spaces out- 
side the expansion trunk are utilised as summer tanks. 


across the 


Ooff ms, or safety 5 are fitted forward and aft, 
entirely ting the oil spaces from the forward ca 
hold and machine respectively. In reality the 


: - ry space 
hold immediately abaft the fore peak, although described 
asa cargo hold, is rarely or never used for that purpose, 
and usually accommodates stores. Water-ballast is carried 
4 and in the double-bottom spaces under the 
engines and An increasingly large number of 
oil-steamers are now adapted to burn oil fuel, and storage 
r) for this is — here in bunkers extending to 

© poop-deck. his storage space is in some instances 
supplemented by a long tank constructed in the bottom of 
the forward hold. 

In a discussion of the arrangements briefly noted above 
the question arises, What is the correct or advisable 
position for the machinery—amidships or at the after 
end? In the early days of tank-steamer construction this 
was a question often debated, and practice was about 
equally divided upon the point. ime, however, in 

as in more wei; . om has brought about a 

, agreement on merits of the question, and, 
with one or two exceptions, machinery is placed aft in 
the oil-ships now being built. 

Whatever may be the advantages of this position from 
the shipowners” point of view, it can be said to bea 
desirable arrangement from the standpoint of structural 

It permits the construction characteristic 

banks uninterruptedly through- 

out the midship part of the ship. With the machinery 
amidships, the middle line bulkhead and sides of the ex- 
pansion — are terminated at — con . the machi- 
nery space, arrangements must be made for tapering 
off this discontinuity, which is always a matter of 
some difficul This difficulty is increased by the fact 
that the long bridge, which is usually fitted when machi- 
nery is So amidships, itself stops in nearly the same 
place. the aathioncy is placed aft the structural 
aaa is uniform amidships, and it is not neces- 
sary, fore, as in the former case, to take any steps to 
obviate the decided discontinuity that exists there. It 
may therefore be concluded that an arrangement a 
and a 

reduction of first cost to the shipowner, and at the same 
time is not inferior structurally, is one the adoption of 
which is entirely justified. , : 

A r point which emerges (ie | from a dis- 
cussion of general arrangement of an oil-steamer 15 
the length of the tanks in which the oil is to be carried. 
The saving effected by having one or two transverse bulk- 
heads less in an oil-ship is a consideration that sometimes 

nts itself with more force to the mind of the ship- 
ilder than does the necessity for keeping the size of 
the tanks within reasonable limits. Such a necessity 
exists, however, and experience with oil vessels built 
before 1909 conclusively proves that the adoption of long 
tanks, involving, as it does, an increased mass of oi! in 
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THE DESIGN AND CONSTRUCTION OF OIL-STEAMERS. 
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the deck, and a continuous double-riveted stringer angle. | make even in the case of a new vessel (see Fig. 3, 306). | centre instead of at the sides. The middle line bulkhead 
The placing of the expansion-trunk at the sides avoids all The structural arrangements present no di oulty. The | would stop at the second deck, the ’sween deck portion 

| transverse strength can be efficiently maintained at | being omitted—an economy of material and labour. The 
further o , how: | the sides of the vessel by some such arrangement as that | ’tween deck central space is well adapted for general 
| . 3, the second deck being now oil-tight in the | hatch 


oO 
shown in Fig. cargo, and access can be had to it by central ° 
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ways of —— size. The summer tank in the 

sedinary design. gi ple apap mg fn: rsa 
tiled tin one such space exists, 

the construction Py See orale ae inte in the 


wing summer tanks—a feature which facilitates a. dis- 

rsal of the heavy gases which sone to accumulate there. 
apo to this matter, alth: ay nem are as stated 
above, — author has was 
male ee ten ee ae Kea one oF two 
vepon 5 loyd’s Register, jop' in one or two 

4 There to be no sufficient how- 
pest which would explain why it is not being pted 
on & more extensive scale. 

Systems of Construction: Tramsverse System. —Figs.4 to 9 
show the midship section profile and deck plans of a ty a 
oo framed on the transverse system. The 

between perpendiculars, 370 ft. ; breadth, 
moulded, 50 ft. 9 in.; and depth, , moulded to upper deok, 
29 ft. 14 in. The type of framin is that 
the web-frame system, and wi ‘eee 4 ‘ew exceptions, and 
these mostly small vessels, it eon eee employed 
in transverse ships. I is, in = details, well known, an 
i is nehaninnenpte Gtesate hengetelt Haedheets 
(ne a Ee stlae to nhasin 

rs be" intermediate frames su 

sing e bottom is supported by ee eee 
re e bulkheads, transverse and longitudinal, kel 
webs and channel girders. The webs on the side the 
ship are in the same transverse plane as the webs on the 
icopitedinal bulkhead, and both become efficient ele- 
ments in the transverse strength of the ship in yo 
their being joined at the level of the second 
specially strong beams. The s on the ship’s side 

are in the same plane as the herizontal girders on the 
bulkheads, and form a “— horizontal section extending 
round the walls of the oil compartments. The keelsons 
come in line with the webs on the transverse bulkheads, 

and the construétion in other respects is clearly shown in 
the drawings reproduced. 

It — 2° just a opt side of the pm a Li 
suppor’ web-frames side-stringers, 
botwom by _ and keelsons, and this type of ship 
is the only one of which so unqualified a statement can be 
made. Of an ordinary cargo vessel one would require 
to say that the side “~ supported by the web-frames 
only, and the bottom 2 floors only. The difference 
is og of course, to the positions of the ee 
in the two cases. In a transverse oil-ship 
spacing of the bulkheads converts the side-atz and 
keelsons on the sides and bottom into supports almost as 
efficient as the web-frames and floors against external 
loads. Thus, assuming that the same scantlings of the 
vessel shown in Figs. 4 to 6 are worked into an ordinary 
cargo ship of the same size, a simple i ae will show 
that the strength of the side in the former case will be 
twice that in the latter, while the rigidity also is twice as 
great. The efficiency of these longitudinal girders, in this 
connection, depends on their end connections and on the 
spacing of the water-tight bulkheads. If the ae 
are widely spaced, then for the same scantlings the 
strength and rigidity of the sides and bottom are materi- 
ally reduced. it has been seen that long tanks lead to 
increased impulsive forces on their boundary surfaces, but 
it is no less true that for the same ma they also 
imply diminished vy ge to resist them. 

e author would here point out another distinguishing 
feature of this system—that is to say, the very great 
rigidity it is saaaiie to obtain in the end attachments of 
the various principal girders. These girders do not ter- 
minate on unsuppo! plating, but are attached at their 
ends by ves, ke tes iets to other girders as rigid as 
themselves. The importance of securing rigid end attach- 
ments is not always realised. Because of the damage 
which has been found to occur at the stringer and keelson 
connections at the bulkheads, da: which has fre- 
quently taken the form of sheared started rivets, it 
has been argued by some that it was the bere’ rigidity of 
the structure which had there concentra stress and 
localised injury. It has been argued, too, that a rela- 
tively flexible construction is better adapted than a more 
rigid one for an oil-vessel, and the Tt of 
“deep” frames for web-frames, for example, has 
proposed. The author does not think that such contentions 
are founded in reason, or justifiable on an examination of 
all the facts. It is true, indeed, that the maximum flexural 
strength is obtained from any girder fixed at the ends 
when the bending moment in the middle is equal to that 
at the ends, a condition p pore a definite slope at the 
ends. Forall purposes of shipbuilding this may 
be said to be an ideal suodi thon, and an any appemnpe Soeeuee to secure 
in practice 80 nice an adjustment almost certainly 
=: in an increase of the maximum bending moment 
with a change in its ition as a necessary correlative— 
that is, an increased stress on and greater resultant failure 
somewhere else than at ote ends. It is therefore a sound 
practice which aims - Ny loying that type of girder 

form of which @ greatest possible amount 
of rigidity, and whi ‘aadennonrs to approximate as far 
wr possible to = condition of ~—_ at the ends of the 


y towards simplification of construction 

, reduction af the number of parts, associated a 
The bollthend, fen with the requisite standard of 

The Pregge sides instance, could be so modified 

the strength stiffness of one set Fel 

of the horizontal pre Da 

ou the bulkheads, eo dacathc tell boon cares cate 


i 





d | variation of 3 or4 miles per hour. On comparing 





permit of a reduction in the number of webs, or, indeed, 

they might be made of such scantlings as would support 

the entire load on the from Paty: aye aly 
(To be continued.) 





ROYAL METEOROLOGICAL SOCIETY. 
THE monthly mee’ 


, the 

Stitution, Great Great | 
President, in the chair, 

A on ‘‘ Periodical Variations o, 
the Wind at Ozford,” by Mr. W. H. 
in whisk he dealt with the annual 
in the Maar 4 of the wind as 
Observatory during the last fifty 
monthly values show that there is 
as | Velocity of the wind between March 
and | equally rapid rise between ¢ 
minimum is in September. ere is a range in the an 


He 
i 


velocity with the mean monthly temperatures of 
the au finds that an increase (or decrease) of 
hour in the velocity of the wind corresponds to 
ting | [er rise) in the semporature of about 8 deg. Fahr. 
wind increases i 
warmth, and decreases wi 


5 
5 


5 4 


this growth duri 

tissues ; y, 

cation by ouds ; thus any cause 

temverature at night involves a 
uence ; this, in its turn, in the early 

at least, implies more rapid developmen: 

bringing about earlier # 
rapid accumulation of the flowers, a 





Cyroiz-Car Desicn.—The committee of the Ae ag 
Club have selected the subject of “ 
the matter of a lecture mang iy tor Boe om AE. 
Parnacott, M.R.S.A., at the Connaught Rooms, to-day, 
the 28th inst., at 8 p.m. 





ASSOCIATION FOR THE INTERNATIONAL INTERCHANGE 
or Stupents.—We have received from this association 
a copy of their third re which includes the 
on the International erence was in 
London in June of last year, and to which we referred at 
the time (see Lauer tere vnps vol, xciii., page 812). The 

opinions expressed at the conference in question are note- 


cay for their unanimous and complete support of the} The catal 


value of the movement. 





SPANISH AND ENGLISH ee e FF sage | 

4 |e ee "i= Spam - eg or: 
way terms in 
by Mr. Andrés J, V Gans 
ot Soorotaries, Principal of 
and author of ae 

re dictionaries. blished at the price of 
Ids, 6d. net by Mesere. Cousta a Limited. The 
book measures 9 in. by 6 in., and contains 350 pages. The 
words and expressions dealt with in both languages cover 
completely the construction and the operation of railways, 
and deal also with every detail of the rolling-stock. 
work is most carefully got out and well printed. It issure 
to be of great a to ass pares nae commgostens who <4 
to supervise an to carry out rai way work in Spain and in 
Central and South America. 


“Tue Apvertisers’ A BO, 1913.” 





London: Messrs. 


re eran Limited, 163, 63, Queen Yistorinctanet, E.C. 
(Brice 10s. 6d. }—This Soseeeny f is pclae into five main 
sections, w’ are denoted by means of coloured front | elsew! 


edges, eas the be quickly turned to. They are 
as follow : :—(1) peaeion Seontienand: ond and articles ; 


OS cueres) ints ond cieiaes ows (3) London news- of 


papers, magazines, 3 (4) coun’ 
| peers, snd ‘billpotere (5) eo and 
oreign pu _ Sev of these are divided into 
sub-sections. For the first Rye “5. 
pondiomeigeis ym al all ip pain sme tigg al in 

or all sorts o! are Seigies 
on advertising, billpos Sie Geieenineeidercaline 


manufacturers hg ager Summaries are given of 
the trade of the United Kingdom with Beitiok 
Oia pense Fy oh a OD 


for =e ae 
Te vole, ay earth peokabt 


po aN advice as to HE, FF E,. 
to do it, 


4 


= : 





CATALOGUES. 
Boiler Feed-Water Regulator. — Messrs. Kater and 
Ankersmit, of 34, Fenchurch-atreet, E.C., pare 6 sent pod | 


apparatus. ral particulars of this device were given in 
our issue of October 25, 1912, on page 562. e 


é&c.—A_ four- 
Galloways, Limited “ot ‘Knot h Knot Mill 

a some steam - 
eaters, pum ves, 
sdet the Glan of wath und 


Cycles 6 Mite. Cycles.—Copies of their catalogues of 
cycles and motor-cycles for the coming season have 
reached us from Messrs. Rud; Whitworth, Limited, of 


Rudge Works, Coventry. cata) are well- 
printed and illustrated, and full ticu are given, 
with prices, for both machines accessories. 

Tubular Steel Poles and Towers.—A e of 


woigsion wh ce poles for electric tramways, street lighting, 


has been issued by Messrs. Stewarts 

Log Es ted, Winchester House, Old Broad 

Secck The. catalogue reprints the British 

Standard specification for three-section tubular-steel 

tramway- and illustrates several Sastane for city, 

— —— Examples of = 
panto — and c. lighting and traction combi 
ustrated. T apo towers, and 





power-tr 


for telegra: lephone, an 
See isk si Aan tay = eh - 


Pei We have received from British Insulated and 
aay, Cables, Limited, of & cata- 
“* Prescot” enclosed fuses. The fuse-wire is con- 
Sern! nt ace Bee filled up with 
dust, which serves to e the arc. ‘The ends of the 
tubes are covered by m pelbee in electrical connection 
with te fue wire and eoured Phy sores, instead of the 
usual pins, 80 $ the operation of rewiring fuse, 
ny it has “‘ blown,” is facilitated. A device to show at 
lance whether or not the fuse has blown is also pro- 
vided. © fuses are made with several types of end- 
connections, in three series, for 250, 600, and 2500 volts, 
Prices, dimensions, and other particulars are given of all 
types. 


Brick and Tile-Presses.—Messrs. Wagstaff, M = 
and Oo., Limited, ee House, Bish te, 
who have recently been inted export agents = 
the ** Hercules” brick oa tile-presses made by Messrs. 


Leon Speltinckx and Oo., have sent us copies of two 
pamphlets illustrating and ‘describing the construction of 


, | these machines and explaining the method of usi: 


= yp er oag by hand-power, and are es y suit- 
for foreign and colonial use. frames are con- 
snes of rolled-steel sections, bolted , 80 as to 


combine lightness and strength, and also to facilitate the 
division of a machine into small loads in case it should 
have to be rted overland by bearers. The pam 
<= particulars, including shipping weights and 
ons. 

Steel-Plate Goods and Sundries.—Messrs. T. Toward and 

yah wm of St. yn Tron Works, Newcastle-on- 
ve sent us & or 

tions, which include steam-jacke' pans, 
asphalt and tar boilers, tar-spraying = 
macadam mixing-machines, stone-dryers, 
tanks, and other SPs laa 
also deals with road-wheels f 
a, paler, shafting, steam-traps, eo beget | 
fittings, pumps, boiler mountings, steam fi and with 
& composition, sold under the name of “ Pur 

moving incrustation from steam boilers; a non-conducting 
composition called *‘ Insulox” is also referred to. Prices 
are stated and full particulars are given of all the articles 
included in the list. 


motor vehicles, 


Steel Piling.—A catalogue giving particulars of their 
Type D prose 4 interlocking sheet piling has been oe 
from the - ver Mehr Maen: Co 


Limited, “eee - ‘address melee baw = 
minster, © section em: has been speciall 
designed for piling work ; it is trough » with 4 


th sides to form in 


Cet eee Seley Rest Santee 
oe ma ae pe Be cenet ent Ge 
w design is such that a given weight piling covers 
She pees ree other 


poe I me pe aay A. than timber piles, the area 

a steel pile about one-ninth of that of a timber 

le of equal iles are made in single 

up to 60 ft.; they can be driven to form a circle 

with a minimum diameter of 8 ft. For heavy duties and 

long lengths built-up piles f by riveting together 
two ordinary 
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THE PHYSICAL SOCIETY OF LONDON. 
Av th nual ral meeting, February 14, 
the Imperial © loge of Scipuos, sor A. Schuster, 
E.S., ident, in the chair, t elgeted for 
6 ensuing year were as follow :—P ¥ 

ter, Pb.D., F.RS. Vi : 08e 


56. 


> 


d on 
ae PE 


= an catatty aie belief in the limitations 
, the modern piano-player has been con- 


spicuous by the absence of reference to it in scientific and 


tec journals. present paper, which arises out 
of an sevens ep-ob sain cloner degree of spproximation 
to playing the piano with these instruments, indicates that 
they open up some interesting problems in the study of 
acoustics, 





Fro! COLONIAL” AND FOREIGN ENGINEERING 
! PROJECTS 


to 
We give below.» few. data on several colonial and | 


ee ea ae clatntncies fom oe 
the 
Board. of 'T: i 

Mustralie The Booed i 
of the. follo Acts passed by the 
Parliament :—No. 1094, au i the South. Austra- 
lian., Railways Commissioners to construct.a 3-ft. 6-in. 


jan 
gauge railway from Yeelanna, on the existing railway 
rom Port Lincoln, to Mount Hope via Two Wells. No. 





yer- | 1097, authorising the South Australian Railways Com- 


pianos, and the wi 

never reproduce the touch of the human 
the rendering of many commercial 

hands of an average rmer | 

to the ormance of a professional 

finds that there is generally . 
element missing even in music played by a skilled per- 
former on a first-class modern piano-player, this mise 
element being commonly associated with what is descr! 

as “touch.” In view of the great yalue of piano-players 
to lovers of music, it thus mes interes: to examine 
more closely what is meant by “touch,” whether it 
is capable of being reproduced wl A yaad extent than 
hitherto upon pneuma’ controlled pianos, _ 

The question turns very largely on the extent, if any, | 
to which the quality of individual notes can be variec 
by striking the notes in different ways. Such a possi- 
bility involves the inferences that (a) the intensities of 
the fundamental tone and its several ics, are 
capable of independent variation; (b) these variations 
can only produced by varying the behaviour of the 

janoforte hammer while it is in contact with the string— 
or example, by lengthening or shortening the duration 
of contact ; (c) such an effect can only be produced by 
rapid time variations of the pressure applied:to the keys 
while they are being depressed—e.g., by a fairly rapid 
decrease or increase of pressure produ by smartly 
striking or heavily pressing on the key. f “ 

The author finds that Kaufmann’s investigation fails 
to account for any such effects, and that difficulties arise 
even when the equations are modified so as to take account 
of impreseed forces on the hammer comparable with th:se 
due to gravity. On the other hand, he describes expsri- 
ments which appear to indicate beyond all reasonable 
doubt the existence of such effects of ‘‘touch,” and which 
certainly demonstrate the possibility of reproducing them 
by means of the modern ‘‘ pneumatic” instrument. For 
this purpose the author’s piano-player, which is a first- 
class instrument of the “Standard” type, but with the 
whole keyboard under one common control, was fitted 
with an “auxiliary lever” for which a patent application 
has been filed. This lever operates directly on the face 
of the auxiliary regulating bellows, and the air-tension 
in the bellows can be regulated by means of a sliding 
weight placed on the lever, or by epplying hand pressure 
to the lever itself. In this way the touch of the human 
hand can be transmitted directly to the keys of the piano. 
So far as the experiments go, they indicate that even if 
the lever is worked in conjunction with suitable ex- 
pression marks, as could be done by a person of moderate 
experience, increased breadth of contrast is obtained ; 
while by varying the position of the load indepen- 
dently of the pedalling a variety of dynamical effects 
can be produced, which can further be increased by hand 
yen h rod bright ringi 

A short, sharp pressure produces a % ringing 
treble with a light bass ; a sustai pressure produces a 
rich bass with a soft treble ; the general character of the 
tone being suitably described as ‘‘ metallic” in the first 
case and ‘‘ woody” in the second. A very conspicuous 
feature of these experiments is the marked differentiation 
which they show between notes in different of ‘the 
seale, especially in chords, the notes of which are accu- 
rately ranged (as is unfortunately often not the i 
music rolls). duration of the pressure req 
produce the maximum effect on a particular 
pane varies continuously from the treble 

ing least in the treble abd greatest in 
means of this cr i 

part of a 


thor | tralia, which 





missioners to construct a railway of 5-ft. 3-in. gauge from 
Pinnaroo, in South Australia, to Murrayville, in Victoria, 
as provided in the t entered into between the 
Governments of the States of Victoria and South Ans- 
t also provides for the construction 
rthe State of Victoria of a line from Mumbannar, in 
ictoria, to Mount. Gambier, in South Australia, This 
Act does not effect until the State of Victoria has 
i No. 1905, authorising the Com- 
to construct the waterworks 
Reservoir Water Scheme, and to 
water to the district. 
in: The Gaceta de Madrid announces that plans 
specifications are to be invited by the Ministry of 
Fomento for the construction of ‘a railway from 
to Orense. Plans and specifications must be 
submitted within six months from the date of the publi- 
cation of the competition in the Gaceta. The Gaceta also 
states that.an application has been made by the Com- 
ia de Tranvias Electricos de Granada for a concession 
‘or the construction of a steam tramway from Granada to 
Santa Fé. 

Morocco: H.M, Consul-General at Tangier reports that 
tenders are invited by the Special Committee for Public 
Works for the construction of the second section of a road 
from Casablanca to Boulhaut Camp, a distance of 9600 
metres, at an estimated cost. of 115,540 francs (462i/.). 
Tenders will be received, by ‘‘M. le Président du 
Comité Spécial des Travaux Publics, Dar En-Niaba,” 
Tangier, up to 11 a.m. on April 12. A deposit of 
2000 francs (80/.), ther with a certificate of com- 
petency to execute the contract, must accompany each 
tender. Adverting to the proposed purchase by the 
Moroccan Government of a steam coas' ship for the 
repression of smuggling, it is notified that the name of 
the firm who have obtai the contract for the con- 
struction of the vessel has been received from H.M. 
Consul-General at Tangier, and may be obtained by 
United Kingdom manufacturers of shipbuilding mate- 
rials and ‘accessories on a cverpey to the Commercial 
Intelligence Branch of the of Trade, 

Russian Far East - The following information is from 
the report by H.M. Consul at ivostok on the trade 
of that district in 1911, which will shortly be issued :— 
The building of the Amur Railway and the construction 
of numerous military and naval works have created a 
very large demand for cement. For these purposes only 
Russian cement may be used, and, but for the customs 
duty, a large import of foreign cement for private and 
municipal purposes would have been assured, As it is, 
prices for cement have been continually rising, and the 
only in this region—situated at aya im the 
Ussuri Valley—is compelled to double its plant while 
its whole output is being taken by the Government. 
It has been found possible recently to bring in consign- 
ments of German cement, and there is no doubt that, 
with the high prices prevailing and the assured Govern- 
ment demand several years to come, openings must 
occur for occasional shipments of foreign cement. On the 
Amur especially a stock of cement should be profitable, 
the current price at Blagovestchensk, where there is a 

and increasing current demand, being 10 roubles 
(about 21s.) the barrel. At the ss of 1911 a project 
was drawn up for building at Shkotovo, on the Ussuri 
, some 30 miles from ivosiok, a cement factory, 
to be in private hands, and to have a guaranteed annual 
sale for 15 years to the Government of from 150,000 to 
200,000 barrels, the price for which during the life of the 
contract would befixed’ by tender at the outset. Invita- 
tions to tender were sent to various firms and the competi- 
tion was actually held, but for some reason the project was 
thdrawn. Another scheme on same lines is now 

believed to be again under consideration. 
harbour improvements at Vladivostok, acco tion 
is to be provided for not less than twenty-five ocean- 
The have not yet been approved 
it, in addition to the ves 

will be 


coal, | structural materials ; the next to 


Say, WIN 0 ta’ fas as On: 


y communication with 6 





coal and timber wharves. The cost of the harbotir exten- 
sions will be’ approximately 6,000,000 roubles (about 
633,3002.), exclusive of the railway, which will ‘be in the 
neighbourhood ‘of 3,500.000 roubles (about 369, 4002.), and 
the of construction probably five’years: A com- 
ject has been drawn up for tho: ky equipping 

the port with cranes, elevators, repairing owns, 
rating plant, and electric installations; ‘but this is 

jor Ritesont of A tpsarve! ren: to proceed with 
t port ly as necessity arises. 

In the meantime, 150,000 rou les (about 15, 8002.) have been 
for an electric power station. The work 

on the harbour extension will be let out at ptiblic auction 
The main jon, outstanding 

J h the growing popu- 
and improvement in general conditions, the lack of 
water is becoming a more and more serious matter, and 
a of which the eer cannot long be delayed, par- 
icularly as.new wells sunk give unsatisfactory results, 
The Government have now realised the of the 
situation, and detailed information on the’ sources 
of supply has been sent to the Ministry of-the Interior, 
An expert has been sent to examine conditions, and 
a grant made for experiments! purposes. The problem is 
not one which should prove by any means insa ble, 
for the average annual rainfall is about 25 in., of which 
some 4 cent. falis in ‘the winter, 17 eent. in the 
spring, per cent. in the summer, 29 per cent. in 
autumn, and the town is situated at the base of ranges 

of hills, the formation of which should render the con- 
struction of reservoirs feasible. The question of sewerage 
is also. one the setilenient of which cannot long be 


Siam: H.M,. Consul at. Bangkok reports that tenders 
are invited by the Siamese Minister of unications 
for the supply and delivery of eight i 
carriages various spare 
Siamese State Railway (Southern Line). 
weg Bh ere as : of oy re og — 
up to 10a.m. on 7, r. H. Gittins, Controlli 
en ineer, Southern Line, Bangkok. A = 
exico: The Diario Oficial states that a concession has 
been granted to the Compaiiia Eléctrica de Luz, Fuerza y 
Traceién de Tampico; for the construction and working of 
a railway in the State of Tamaulipas—viz., between 
Tampico and La Barra. The concession is for a term of 
99 years. ‘Two years are allowed for the completion of 
the line. The Diario also notifies that a concession has 
been granted to the Sociedad Fernandez y Compaiiia to 
utilise 800 litres of water per second from the River 
Turibo. concessionary company will be allowed 
exemption from customs duty on any material which it 
necessary to import for rr ta out the work. 
_ Brazil: The Diario Oficial publishes a decree approv- 
os definite plans and estimate of 10,693,712 milreis 
(about 713.0002.) for the construction of the line from Sio 
Luiz to io, with a 44-mile extension of the Sado 
Luiz-Caxias Railway. The Diario also announces that 
tenders will be received on April 26, at the offices of the 
Directoria Geral de Viacio, Rio de Janeiro, for the con- 
struction of a railway from Piquete to Itajubé. The line 
must be completed in 30months. A deposit of 20,000 
milreis (about 13301.) will be required to i any 
tender. Local representation is necessary. The Diario 
further contains a notice, issued by the Ministry of Com- 
munications and Public Works, authorising the Soroca- 
bana Railway Company to purchase 100 covered goods 
wagons and 75 cattle trucks at a total cost of 745,143 
milreis (nearly 50,0007.). 





Tue [rattan Navy.—We read in the Moniteur de la 
Flotte that the Italian Admiralty Council met in Rome 
on the 11th inst., in order to consider the characteristic 
features of the four new super-Dreadnoughts. Two types 
are proposed, one having a displacement of 28,000 tons, 
armed with nine 381-mm. (15 in.) guns in three triple-gun 
turrets, the other having a displacement of 35,000 tons, 
armed with twelve 15-in. guns in four triple-gun turrets. 
Both types would have & speed of 24 knots and a belt 
armour 32 cm. (12.6 in.) in thickness, 


THe Aviation Pocket-Book ror 1913. By Mr. R. 
Borlase Matthews. London: Messrs. Crosby Lockwood 
and Son, 7, Stationers’ Hall-court, Ludgate-hill, E.C. 
[Price 3s. 6d. net.}—This little comprises informa- 
tion useful to those who are interested in modern aero- 
nautical matters, more particularly aviation, but not 
jorscyerass It is curious how short a time has ela 
since works on aeronautics were almost wholly concerned 
with the so-called ballooning, and nothing else. That 
serge oy has, of course, not fallen altogether into disuse, 

t its interest for the majority is now small. Aviation 
greater scope that~there is no com- 
parison the two. Even the dirigible has far 
greater possibilities than the old helpless balloon, while 
the aeroplane is now, and bids fair to continue to be, the 
superior of both. This book, compiled by Mr. Matthews, 
is prin¢ipally devoted to subjects connected with the 
use of nes, though dirigible balloons have some 
space allotted to them. The. volume is. in “‘divisions, 
which, as no continuous tale runs h any section, 
and each consists chiefly of an accum of useful 
tables, is, in the circumstances, a more opriate 
designation than “chapter.” Division 1 deals with air- 
pressure and resistance, and summarises the results of 
recent research on these matters. The next division 18 
devoted to aeroplane theory and design; the next to 

engines, and so on. In 


presents so much 
i between 


concerned with 
information, &c. The k is one which we are sure 
many will find useful and convenient. 
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Tue tragically sudden death of Sir William 
White, on the 27th ult., following seven hours 
after a paralytic seizure about noon, at his office in 
Westminster, has awakened deep regret through- 
out the country and in shipbuilding circles through- 
out the world. The extent. and intensity of the 
regret, and the universality of the tribute paid to his 
genius, are only just recognitions of the great ser- 
vice which Sir William White rendered in advanc- 
ing naval architec- 
ture from both scien- 
tific and practical 
standpoints, and of 
the conscientious 
and most successful 
work he did in the 
responsible position 
he held for seventeen 
years at the Admi- 
ralty. The results of 
his efforts were, how- 
ever, not confined to 
the products of his 
research and design, 
satisfactory as these 
invariably were; they 
had further reaching 
effects. He set an in- 
spiring example, and 
readily won many 
disciples, by his prac- 
tice of tackling ship- 
design problems at 
their base and on 
purely scientific 
lines, and by his 
continuous desire to 
introduce a higher 
standard of training 
and to advance the 
status of the profes- 
sion technically and 
ethically. His enthu- 
siasm, combined with 
his high reputation, 
enabled him to 
achieve great results 
as a leader in such 
causes, and thus in 
his life he not only 
accomplished a large 
volume of practical 
work, but exerted 
powerful influences 
which will live long 
after his | practical 
work has gone the 
way of all things 
material. 

There is in White’s 
record immense en- 
couragement for 
every youth, as he 
worked his way to 
prominence and suc- 
cess in his profession 
without influence or 
extraneous support ; 
study, strenuous 
work, courage and 
consistency were the 
agents which carried 
him forward. Born 
at Devonport, on 
February 2, in 1845, 
m circumstances 
which gave him no 
advantage over his 


the earliest entrance examination White took first 


‘Science and Art Department—-a school merged | 35 years’ career embraced in this brief chronological 
THE LATE SIR WILLIAM H. WHITE, | later in the Royal Naval College at Greenwich. At record, White won high recognition for original and 


arduous work in connection with the development 


place, and continued during his three years student- | of the science of naval architecture generally, and of 
ship to be first, graduating in 1867 with the Diploma | warship design particularly, and for his encourage- 
of Fellow (first class). It is significant that the | ment of scientific study by means of professional 
future Director of Naval Construction served his | papers and service given freely to technical institu- 
apprenticeship while attending special classes before | tions, and, through treatises, in more permanent 


taking his college course, a procedure which enabled | book form. 


him the better, as a constructor at the Admiralty, to, Circumstances favoured him during the period 
combine supervision of work in progress with the when he was preparing for the more responsible 
preparation of designs. Indeed, this blending of work of his life, and he availed himself of these 





Maull and Fox, Photographers. 


Gn 
tic 


to the fullest extent. 
When he went to the 
Admiralty the chief 
of the designing staff 
was Sir Edward 
Reed, who recog- 
nised White's worth, 
and entrusted him 
with the solution of 
scientific problems in 
design and with the 
preparation of much 
data for his books 
on naval architecture, 
notably on ‘‘ Ship- 
building in Iron and 
Steel,” and for his 
pers to the Royal 
Society. In 1870 
White began his 11 
years’ lectureship at 
the Royal School of 
Naval Architecture, 
which in the inter- 
val was removed to 
Greenwich. In 1870 
also, when Reed re- 
tired, and a Council 
of Construction of 
the Navy was formed 
under Mr. (now Sir) 
Nathaniel Barnaby, 
White was appointed 
secretary, and con- 
tinued so until Sir 
Nathaniel became 
chief of the design- 
ing department, in 
1872. In the early 
‘seventies White, in 
association with his 
old _ fellow - student 
and life-long brilliant 
friend, the late Mr. 
William John, under- 
took a close study of 
the stability of ships, 
in connection with 
the inquiry by Lord 
Dufferin’s Commis- 
sion on the loss of 
Cowper Cole’s ‘‘Cap- 
tain,” and in this way 
he greatly advanced 
the science of ship 
design. In _ these 
respective capacities 
there were developed 
that love of research, 
that perspicacity in 
ju ent, and that 
ucidity in exposition 
which were his strong 
characteristics. 

In appraising his 
work as a designer of 
warships, it must be 
recognised again that 
fortuitous circum- 


fellows in the race of life, he, after educa- | theory and practice gave him experience and con- | eamoce assisted him. When at Elswick, in 1883 to 


tion in the local schools, began work as an 
apprentice shipwright in the Royal dockyard 
in his native town, attending meanwhile the 
dockyard school. There he excelled, winning an 
Admiralty scholarship in 1863. There were then 
no technical schools at which students in naval 
architecture could take advanced courses, the 
Portsmouth School of Naval Architecture having 
been closed in 1853, But fortunately for White, the 


establish the Royal School of Naval Architecture 
at South Kensington in conjunction with the 


fidence in the highly responsible duties of later 


White entered the Admiralty in 1867, was pro- 





cruisers were bou 
moted to the rank of Assistant Constructor in 1875, |ton. When Lor 
advanced to Chief Constructor in 1881, and after | getting him released from his e ment with Sir 
about two years at Elswick, between 1883 and 1885, |W. G. Armstrong and Co., and he returned to the 


1885, he had a free hand and a fuller scope than 
years, notably in connection with the selection of |in his prior design work at the Admiralty. He 
firms to undertake their first naval work under the | did good work for Austria, Italy, Spain, China, and 
Defence Act of 1889. | 7anem, while his designs for two United States 

ht by the authorities at Washing- 
George Hamilton succeeded in 


4 returned to Whitehall as head of the Constructive | Admiraltyin October, 1885, as chief of the Construc- 
Admiralty in 1864, acceding to the recommendation | Department, holding the offices of Director of | tive Department, the Navy wasin an unsatisfactory 
of the Institution of Naval Architects, decided to | Naval Construction and Assistant Controller of the condition. The Fleet was made up of a t variety 


Royal Navy from October, 1885, to February, 1902, | of types, the only attem 
when he retired owing to ill-health, During the | ships of the ‘‘ Admiral’ 








at uniformity being in the 
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ship had given place to the turret vessel with low 
freeboards forward and aft, and it was doubted 
whether the guns could be fought in a roi sea. 
White’s first work was the expediting of the build- 
ing of the ships under order. He designed several 
small ships for an Australian fleet. Then followed 
Lord George Hamilton’s comprehensive scheme 
embodied in the Naval Defence Act of 1889, 
including 70 vessels, costing 21 millions. This gave 
White a splendid chance to achieve homogeneity of 
types, and again he availed himself of his oppor- 
tunity. 

The result was the eight ships of the Royal 
Sovereign class. These marked a great departure 
in battleships, not so much in their size—although 
they were of about 4000 tons greater displacement 
than any preceding ship—but use of their high 
freeboard, with a pair of 13.5-in. 67-ton guns in 
barbettes forward and aft respectively, and five 6-in. 
quick-firing guns in armoured casemates on each 
broadside. The water-line belt was of 18-in. armour 
with 5 in. above this, and the barbettes of 
17-in. armour. No advance, however, was made 
in speed ; White never advocated high speed in 
ships-of-the-line, contending that it was dearly 
bought at the expense of the power of attack or 
defence. When, with Admiralty sanction, in a 
paper he read at the Institution of Naval Archi- 
tects, he revealed the principles underlying all the 
elements of design, and described in greater detail 
than in any previous communication to a technical 
society the features of the ship, there was expressed 
unstinted approval, an approval which was even 
more convincingly displayed in the acceptance in 
subsequent foreign ships of all the main points he 
advocated. Under the Spencer programme of 1894 
White produced nine Majestics. Here the activity 
in experiments of the armour-plate maker and of 
the ordnance manufacturer, as well as the progress 
in explosive compounds, which White himself con- 
tinuously encouraged, assisted him. As the super- 
carburisation and chilling of armour intensified its 
resistance to attack, he was enabled to reduce the 
thickness of armour to 9 in. over the water-line, and 
to increase its height and length. The increase in 
gun-power made the 12-in. gun more effective than 
the PS 5-in., and the former replaced the latter. 
But there were still retained the unarmoured ends, 
while the disposition of guns was unaltered. 

In 1889 and in 1894 effort was made to ascertain 
whether smaller ships could not be produced, and 
in the former year the Barfleur and Centurion 
resulted, while in the latter year the Renown 
was designed, in all of which lighter armour was 
adopted. This policy was pursued in the six shi 
of the Canopus class, designed in 1896, and the 
results were not quite happy, so that when the 
Goschen programme was entered upon in 1896, 
the eight Formidables were made aval and in 
every way more powerful, and had armour right 
up to the stem, although there of only 2 in. thick- 
ness. Again, inthe Duncans, when Krupp cemented 
steel was available, the armour was thinned amid- 
ships, but thickened forward; the displacement 
was reduced, and the designed speed was increased 
to 19 knots—the furthest White went in battle- 
ships. The last ships he designed were those of 
the King Edward VII. class, of which eight were 
built. Their most notable feature was the adoption 
of single 9.2-in. guns in barbettes on the four 
quarters of the ship, in addition to pairs of 12-in. 
guns forward and aft, and the fitting of the ten 
6-in. quick-firers in a citadel behind the broadside 
armour, extended for this pur from the main 
deck to the upper deck. In addition to the armour 
forward, the water-line belt was continued aft, but 
of lessened thickness. 

The largest ship a to White becoming chief 
of the Constructive Department was 340 ft. long and 
of 10,600 tons displacement ; his Royal Sovereigns 
were 380 ft. and 14,150 tons, while his King 
Edwards were 425 ft. and 16,350 tons. The speed 
increased from 17 to 19.4 knots, with an augmenta- 
tion of designed power from 13,000 to 18,000 indi- 
cated horse-power. The armour was increased in 
resisting power and in the area covered, while the 
offensive qualities were augmented. In the light of 
subequent developments it is easy tocriticise. Two 
facts, however, must be remembered. It is the 
function of the designer at the Admiralty to embody 
only the fighting qualities laid down by the tacticians. 
To restrictions on this point there was added in 
White’s case a desire for smaller and less expensive 
ships. To this latter aim we have made reference. 
It may be that had White desired more freedom in 








design to ensure higher speed, more adequate 
armour protection or greater gun power, his 
strength of will and faculty in dialectics might 
have won the day. As we have said, he was not 
enamoured of great speed in ships-of-the-line. He 
ever contended that all his ian had adequate 
—_- ee ag buoyancy, and that a mixed 

ttery, including many quick-firing guns, was 
preferable to the battery b the earlier Dread- 
noughts. These points he strenuously advocated 
to the last, actetlisendio that he was in a great 
minority. A war is the only real test, and that no 
one desires ; but it is significant that the later 
Dreadnoughts, so far as armament is concerned, 
have, like the most of White’s ships, a battery of 
12-in. and 6-in. guns, although the numbers, like 
the length and displacement, and cost of ships, 
have considerably increased. The speed, too, has 
gone up to 22 knots and more. 

There has been more divergence of opinion re- 
garding some of the cruisers he designed since the 

te of the Naval Defence Act fleet, first because of 
reliance on horizontal instead of vertical armour, 
and, secondly, because of the adoption in some 
of too light guns owing to their rapidity of fire. 
Both preferences were supported on the pleas of 
limitation in size and increase in speed. Objection 
has been taken, on both grounds, to the Powerful 
and Terrible, designed in 1894, and to the eight 
Diadems, designed in 1895. Since then the six 
Cressys, the 16 ‘‘ County” cruisers, and the four 
Drakes, have been designed with vertical armour, 
although, to reduce size, the belt in the ten earlier 
‘** County ” cruisers was only 4 in. thick. It is con- 
tended, too, that the vessels were too lightly armed. 
They had only 6-in. quick-firing guns ; the Cressys 
and Drakes had in addition one bow and one stern 
9.2-in. gun. But our observations regarding the 
enunciation of tactical qualities by the executive 
officers must again be remembered. 

The speed of armoured cruisers during White's 
régime increased from 17 to 244 knots, the length 
from 315 ft. to 500 ft., and the displacement from 
8400 tons to 14,100 tons. The introduction of water- 
tube boilers and fast-running engines, both of which 
he supported, conduced to the greater speeds. Again 
it must not be forgotten that since he left the 
Admiralty the substitution of turbines for recipro- 
cating engines has greatly simplified the problem 
of the naval architect, the weight saved enabling 
the fighting power to be augmented. In the design 
of small craft, light cruisers, gunboats, and torpedo- 
boat destroyers, White was invariably successful, 
and in respect of the last named he did great 
service. 

In several important features his work was most 
accurate. In nota single case did the actual ship 
exceed in -— or displacement the estimates of 
the design. High propulsive efficiency was always 
realised, and in no instance did a ship of his fail to 
attain her legend speed. But for the difficulties 
in connection with the Royal yacht Victoria and 
Albert, when indifferent health precluded him from 
personally checking all data, his recurd on the 
matter of stability is equally flawless. 

The significance of these facts is only appreciated 
when it is noted that during his seventeen years’ 
tenure of office he was responsible for the design 
and construction of 43 battleships, 26 armoured 
cruisers, 21 first-class, 48 second-class, and 33 third- 
class protected cruisers, and 74 smaller vessels, 
exclusive of destroyers. These 245 vessels cost 
about one hundred million sterling. His rewards 
of a C.B. in 1891, of a K.C.B. in 1895, and of a 
special grant by vote of Parliament in recognition 
of ‘‘exceptional services to the Navy,” certainly 
did not err on the side of extravagance with public 
money or official honours. 

When restored to health, which had been so 
undermined by his strenuous work at the Admiralty, 
White gradually took up various appointments 
where his experience and ability were valuable. 
Thus, he was on the Cunard Commission which 
settled the question of the type of machinery to 
be placed in the Lusitania and Mauretania, and 
was a director of Messrs. Swan, Hunter and Wigham 
Richardson, Limited, the builders of the latter 
vessel, during her construction. He was a director of 
Parsons Marine Turbine Company, and consistently 
advocated the application of the system, and later, 
the use of gearing. He was also a director of the 
Grand Trunk Railway from the time the company 
entered upon the ownership of steamships. He 
designed steamers with geared turbines for the ser- 
vice from India to Ceylon, and lately was appointed 





by the Government Commissioner to inquire into 
the question of the load lines of merchant ships. 

Reference has been made to White’s services to 
the science of shipbuilding, apart from his design 
work. His ‘‘ Manual of Naval Architecture,” first 

ublished in 1877, and since revised, is a classic, and 

been translated into German, Italian, Russian, 
and Spanish. No less valuable is his ‘‘ Treatise on 
Shipbuilding.” It would occupy too much space to 
enumerate his contributions to technical societies, 
His eleven years’ lectureship (1870-1881) resulted 
in the accession to the naval service, and to the 
ranks of the staffs of private works, of a new and 
much-needed class of designer, who combined with 
sound practical training a fuller theoretical know- 
ledge than formerly obtained. White’s researches 
on the stability of ships, already referred to, were 
described in a paper to the Institution of Naval 
Architects, and incited others towards work on 
similar lines, while advancing theoretical knowledge 
oe: His exposition on the design of the 
yal Sovereign was a treatise of high educational 
value. Notable among others were his papers on 
the rolling of sailing-ships and on the effect of bilge- 
keels on the rolling of battleships. To the Institu- 
tion of Naval Architects he naturally contributed 
most of his professional papers, but other institu- 
tions and the Royal Society were also favoured. 

All societies, too, honoured him by electing him 
to offices of distinction. He was a Honorary Vice- 
President of the Institution of Naval Architects, the 
highest distinction that body can bestow on a pro- 
fessional member. He was a Fellow of the Royal 
Society. His list of presidencies is probably un- 
excelled. In 1893 the Institution of Marine Engi- 
neers elected him ; then in 1898 the Junior Insti- 
tution of Engineers. In the next two years he 
filled the chair at the Institution of idechanical 
Engineers, and in 1903-4 was President of the 
Institution of Civil Engineers. In 1909 he was 

resident of the recently-formed Institute of 

etals, and in 1909-10 was chairman of the Council 
of the Society of Arts. He was the President- 
Designate of the British Association, of the Mecha- 
nical Science Section of which he was president a few 
years ago. To each institution he delivered an address 
which was characterised by breadth of view, lucid 
diction, and elevated sentiment. Of the dignity 
of the profession he was a jealous guardian and an 
active advocate from the time that he succeeded, 
soon after he became Chief of the Constructive 
Department, in inducing Admiral Sir Houston 
Stewart to create the Royal Corps of Naval Con- 
structors at the Admiralty. He was head of the 
corps, his official designation thenceforth being 
Director of Naval Construction, as well as Assistant 
Controller. The corps has certainly lived up to 
the high ideal he set at the time. 

He greatly encouraged all technical colleges, 
and was in frequent request as a speaker at the 
distribution of prizes and other functions, when he 
stimulated students by his practical advice. Under 
the auspices of the Institution of Civil Engineers 
he took a large part in the collection of the opinions 
of engineers on the course of training desirable for 
youths entering the profession. He was a member 
of the governing body of the Imperial College of 
Science and Technology. 

Several universities have honoured him. He 
was a D.Sc. of Cambridge, an LL.D. of Glasgow, 
a D.Eng. of Sheffield, and a D.Sc. of Durham and 
of Columbia, N.Y. He was a Past Master of the 
Shipwrights’ Company of London. Many foreign 
institutions elected him an honorary member, and 
in 1911 the John Fritz Medal was awarded him for 
his ‘‘ notable achievements in naval architecture ” 
by a special Board of Award appointed by the four 
leading engineering societies in America. The 
King of Denmark conferred upon him the dignity 
of Knight Commander of the Order of Dannebrog. 

Of White’s pérsonal character it seems almost 
superfluous to write in an engineering journal, as he 
was known to all engineers. He was, above all, 
straight and manly. His mind was of the judicial 
type, ready to see the points of his opponents, but 
he was as vigorous and steadfast in the advocacy of 
his own convictions as he was tolerant of the views 
of those disagreeing with him. There remained 
after a fight in dialectics, which he dearly loved, no 
feeling of resentment. He was impatient of shams 
or of opinions based on self-interest ; but was ever 
encouraging to the youth who had something to say 
at a technical meeting. These qualities were often 
displayed in his conduct of public meetings and his 
frequent participation in debate. Equally useful 
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work was done by him in the committee rooms. | 
He was of those whose presence in any deliberative 
committee could not remain for an instant undis- 
closed. In private he was a genial companion, a 
great and attractive talker, reminiscent and instruc- 
tive, but never far from professional work. 

He was twice married, first to Miss Alice Martin, 
who died in 1886, daughter of Mr. F. Martin, a 
chief constructor in the Navy; second, in 1890, 
to Miss Annie Marshall, daughter of Mr. F. C. 
Marshall, who, as directing engineer of Messe. 
Hawthorn Leslie. and Co., did so much for the 
advancement of naval machinery. He has issue 
three sons, all of whom are officers in the Navy, 
and one daughter. 

The funeral took place on Monday last, the body 
being conveyed from Cedarcroft, Putney Heath, 
to Holy Trinity Church, Roehampton, where the 

part of the service was held, the interment 
subsequently taking place at Putney Common 
Cemetery. Simultaneously with the service at 
Roehampton, a memorial service was held at 
St. Margaret’s, Westminster. Proof of the high 
respect in which Sir William White was held, and 
of the deep sympathy with his family, was shown 
by the very large attendances at both services. 

he company included very numerous and im- 
a representatives of the Admiralty and the 

aval service. The Royal Society, the Institution 
of Civil Engineers, the Institution of Mechanical 

“ngineers, the British Association, the Institu- 
tion of Naval Architects, the Iron and Steel 
Institute, the Royal Society of Arts, the Institute 
of Metals, and other scientific bodies with which 
Sir William was connected, were all very fully 
represented by their Presidents or Members of 
Council. The University of London, the Shi 





Wrights’ Company, the Goldsmiths’ Company, the 
Trinity House, Lloyd's Register, and a number of ! 





other important bodies were also represented, while, 
besides these, there was a very large gathering of 
personal friends. 





SOME INDIRECT CAUSES OF IMPER- 
FECT INTERCHANGEABILITY. 
By A. WHITEHEAD. 


Mvuc# attention has been given to the establish- 
ment of systems of tolerances or limits of error in 
machined work during recent years, with a view to 
obtaining interchangeability and to reduce the 
amountof hand-work. The utility of such systems 
for this purpose is obvious, and a have been 
invented and employed with more or less success. 
But when it is considered how accurate the product 
of our modern machine-shop appears to be when 
tested in the usual way by limit-gauges appropriate 
to the particular tolerance system in use, the 
amount of su uent adjustment frequently found 
necessary in the fitting or erecting-shops must seem 
extraordinary. Ingenious and expensive appliances 
are made in order that interchangeable work may 
result, yet the outcome may be disappointing in that 
respect. Clearances cannot be exaggerated in high- 
class work ; moreover, the interchangeability, to be 
perfect, should be of that degree when parts will 
not only assemble, but will run well together 
without any alteration or selection. This condition 
is attainable, for it has been reached in certain 
branches of manufacture, branches somewhat 
removed, however, from ordinary engineering goa 
tice by reason of the size and quantity of the 
evolved product, which enable special manufactur- 
ing means to be adopted. Such means must have 
been wisely chosen and consistently employed to be 
successful. 


mis 
an 





methods, although these are sometimes justified. 
An exact knowledge of the function of the piece to 
be made, governed by common-sense, will often 
enable the very best quality work to be produced 
—though not very expeditiously, maybe—with the 
aid of special tools, few in number and simple in 
character. At the same time may be made 
with the aid of a most elaborately equipped 
plant which, although they pass inspection readily, 
do not deserve to do so, and could not under a 
better system. The more searching tests of 
assembling or running will reveal faults: rotating 
pieces will not run true, or parts will fail to align or 
to match, until some adjustment is made. The causes 
are always to be found on investigation, but, un- 
fortunately, an inquiry is rare, because the magni- 
tude of the defect in any particular case is seldom 
large enough to force one. Besides, it a 
absurd to suspect any defect in machinery which is 
known to be correct within a very minute fraction 
of an inch; it is easier to attribute it to some 
unknown evil influence. With the exception of 
certain aspects, such as cost-accounting, card 
systems, and the like, the science of manufactur- 
ing has received an unjustifiably scant attention 
from educated engineers. A few weekly papers 
are devoted to the subject, itis true, but on the 
whole the treatment is far from what it ought to be. 
There is a real need for men who can arrange 
and direct manufacturing processes in just the same 
manner that design is controlled by the drawing- 
office ; that is, minutely to the smallest detail, yet 
with breadth of judgment and certainty. But such 
men as have acquired that almost instinctive per- 
ception of difficulties and troubles likely to attend 
certain procedure which comes from long shop 
experience, rarely have had the advantage of under- 
going the discipline of a good education and training 
in physical science. They have instinct with little 
understanding or powers of expression. On the 
other hand, the man of limited shop experience, 
and therefore superficial knowledge of processes, is 
frequently superabundantly blessed with powers 
of expression. His efforts to direct will result in 
delay, expense, and ill-feeling, until in time his 
knowledge increases ; or, crushed at last, he meekly 
yields entirely to the shop foremen. The right 
man will rapidly become guide and counsellor to 
foremen and draughtsmen too. His rule over shop 
rocesses will be absolute, but not despotic. What 
follows illustrates the kind of trouble he will con- 
stantly have to meet and overcome, anticipating 
when possible all manufacturing needs. 
Everybody knows that turned work is never 
symmetrically disposed with respect to one axis 
unless it is completely machined at one setting or 
finished all over on centres; but a very close 
approximation to perfect symmetry can be arrived 
at by taking special precautions. The operation of 
turning is not presented as the only faulty one, but 
as a very fair example. The turner, be he foreman 
or journeyman, is mainly interested in the maximum 





There is rarely need for intricate or elaborate 


quantity of work he can get satisfactorily through the 
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view-room. Naturally, therefore, he tends to study | 
his own convenience and to sacrifice aught that 

tells against rapid production. Experience and 

tradition will be his guides when engaged on parts | 
the purpose of which he fully understands (or the 
inspector fully understands), and lead him to pre- 
serve to the best of his ability true relationship 
between essential features, and to sacrifice, if 
necessary, those less important. But what is there 
to indicate a right selection on new and strange 
pieces whose exact purpose it may be troublesome 
for him to discover, or possibly beyond his com- 
prehension ? 

It would be absurd to insist on perfectly true 
relationship between every part of every piece, 
because the expense would increase out of propor- 
tion to the improvement. But experience proves 
that it pays to be over-exacting, if anything, even 
if it involve operations which, on the surface, ap 
less economical than an alternative series. Pott 
to themselves the shop foremen will generally con- 
trive at last to arrange processes so that a satisfac- 
tory result ensues. But at what a cost. And when 
a critical examination is made of the means they 
have adopted, it will be found too frequently that 
they have forsaken economical methods rome Hey 

It might be a gain if draughtsmen would recognise 
the difficulty, and would assist to overcome it by stat- 
ing which features they required to be perfectly in 
right relationship, and if they assigned limits to per- 
missible departures from perfection. For example, 
suppose some small wheels were being turned from 
bar stock for a purpose which allowed the periphery 
to be somewhat eccentric with the bore with no evil 
result. The drawing might stipulate that the 
eccentricity should never exceed 0.002 in., say. 
Unless the inspector were informed by some means 
of this tolerance, he might reject perfectly satisfac- 
tory wheels; on the other hand, he might never 
dream of testing the relationship, assuming it 
needless to do so. 

Although completed at one setting, many pieces 
made from the are by no means free from 
irregularities such as that instanced, due very 
often to an improper choice or application of tools. 
It is better to recognise the fact and legalise it than 
to ignore it and lose control. Should it happen 
that much scrap resulted from the adoption of a 
tolerance, the right policy would not be recourse to 
an extra ‘‘truing up” operation on another machine, 
but to careful revision of the tools on the turret 
lathe. This effect on the methods of machining by 


the addition of a tolerance in this simple case is 
worthy of note. 
There might be objections to a universal appli- 
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cation of this extension to tolerance systems ; it 
might prove complex and unwieldy. But, gener- 
ally, a short note on a drawing could be made to 
convey vital information of this character. Un- 
happily, few draughtsmen could be depended upon 
to know when it was desirable or what was the 
most convenient form in which to present it. 
Whereas a few years ago a piece would have) 
been completely machined, perhaps, in two opera- 
tions on an engine lathe, the same piece might 
now have two or more operations on a semi-auto- 
matic turret lathe, another or two ona screw-miller, 
and be finally ground. Anything from ten to! 
twenty distinct operations may often be found | 
necessary to obtain economical production. On 
the other hand may be seen splendid manufacturing 
machines used in a way best described as ‘‘ poking,” 
and justitied by the phrase ‘‘ Our work is so very 





fine.” There are extremely few cases, however, in 
which s and essential acc of production 
cannot combined, providing the determining 


factors of each process are designed by one mind— 


899. 


a critical mind cognisant of the fallacy of the popular 
belief that a system of jigs merely accurate in con- 
struction is bound to produce accurate work. 








FOUNDRY PLANT AND MACHINERY. 
No. LVITI. 
By Josep Horner. 


A SAND-BLa8stT tumbling-barrel is shown by the 
groups of Figs. 893 to 896, page 313, and the 
photographs reproduced in Figs. 897 to 899, 
above, which has the singular feature of being 
self-contained—that is, the rotating barrel contains 
within itself the sand-hopper and the air-nozzles— 
with provision for elevating the blasting material 
to the hopper for use over —_ No extraneous 
conveying system or any elevating buckets are 

uired, and no space therefore is occupied except 
that taken up by the tumbler itself. Everything 
is arranged in an ingenious but simple fashion, 48 
a study of the views will show. The machine 
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Fig. 900. 


is manufactured by Peter Hooker, Limited, of | 
Walthamstow, London, E. 

The cylindrical part of the drum consists of two 
casings. The inner one B, of sheet steel, is per- 
forated with small holes, through which the sand, 
after having been discharged among the castings, 
passes to the interspace between it and the outer 
shell A. Here, in the intérspace, it is picked up by 
the buckets C and taken to the top of the drum, 
and falls thence, through the perforations of the 
screen E, into the sand-hopper D, to be again dis- 
charged through tle nozzles F. ‘The sand is thus 
used over and over again until it has become a 
mere dust, which is carried away through the 
exhaust branch G. 

While the barrel revolves, the hopper and the 
discharge-nozzles (compare with the photograph, 
Fig. 899) remain stationary. This is provided 
for by making one end cover stationary, and 
attaching the hopper, with its nozzles, to that, and 
attaching the air-supply inlet and the exhaust-pipe 
to it. The two casings A and B are sec to 
cast rings which run on the friction rollers seen, 
and the joint of the stationary head, with the ring 
adjacent, is covered by a lining J. The other 
door is hinged (Fig. 899) and through the opening 
there the castings and the blasting material are 
placed, the operation of charging or discharging 
occupying less than a minute. As the sand is used 
several times over, a full charge is not made with 
each charge of castings, but only a small supply 
sufficient to make up for waste. A full charge is 
only inserted when a drum is first put into service. 

_ the sand-nozzles F, numbering from three to 
Six, are placed in one header underneath the 
hopper, which hopper is filled, as stated, and kept 

led by the revolutions of the drum. As will 
seen by the sectional view, Fig. 895, the sand 
descends by gravity alone, and is not taken up by 
the current of air until it has entered the discharge- 
nozzles. Only the actual nozzle therefore wears, 


rm the horse-power required to operate is less 
an when the sand is carried under pressure 
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Fic. 903. Sanp-Biast Apparatus; J. M. 
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graph, Fig. 899, is locked when closed by giving 
the hand-wheel on it, Figs. 894 and 898, a quarter 
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MASCHINENFABRIK, DURLACH. 


turn. The barrel makes from three to five revolu- 
tions per minute, and a charge of castings can be 
cleaned in from 10 to 20 minutes. Both sets of 
rollers are gear-driven. A single belt-pulley is 
used, clutch-operated by a lever. Levers are pro- 
vided for the control of the air and sand-valves. 
Two sizes of this barrel are constructed; the smaller 
one measures 26 in. in diameter by 30 in. long, and 
can deal with from 2 to 4 tons per day. The larger 
is 36 in. in diameter by 46 in. long, and will deal 
with from 5 to 10 tons per day, depending on the 
character of the castings and the degree of finish 


required. 

Figs. 900 and 901, above, with the photograph 
reproduced in Fig. 902, illustrate a revolving-drum 
type of sand-blasting machine, by the Badische 
Maschinenfabrik, of Durlach. The castings are put 
into the drum through the doorway seen in Fig. 902, 
into which drum the sand is supplied from the box 
to the right (Fig. 901), and air through the branch 
to the left, to the flange of which the air-pipe is 
connected. The drum is built up with cast ends, 
dished (Fig. 901), between which the cylindrical 
body of sheet iron is secured. The body is pierced 
with small holes, through which the sand and fine 
particles of metal fall after their e; between 
the castings. The sand then f through the 
grids below—the upper one being removable—on 
to the spiral conveyor, and is carried along by this 
to the elevator at the side (Fig. 900), which takes it 
up and discharges it into the sand-box (see Fig. 901), 
The light floating dust is removed by an exhaust-fan 
through two openings, one being located just above 
the cylinder-casing, the other at the top of the 
conveyor-casing. 

The driving is done from a single pulley clutched 
by the lever seen. The pulley-shaft carries two 
pitch-chain wheels. The outer one drives a chain 
which passes round two wheels (compare with the 
photograph, Fig. 902), on the shafts of which 
are carried flanged friction-rollers, by means of 
which the drum is rotated slowly. The chain is 
maintained taut by a binder- wheel having a 
movable axis counterbalanced by a — The 
other pitch-chain wheel on the pulley-shaft drives a 
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small wheel, the shaft of which passing through the 
drum, and enclosed within a dust-proof casing, 
actuates the sand-valve, by which the sand supp'y 
is controlled. Bevel-gears driven from the pulley- 
shaft operate the pitch-chain wheel which drives 
the elevator-buckets. This machine is of the type 
in which a slotted stationary nozzle is used, suitable 
for operation by fans or pressure-blower. 

Portable plants are built by the Badische Mas- 
chinenfabrik, of Durlach, on the vacuum system. 
The sand supply is contained in a bin, preferably 
mounted on wheels to lessen the length of hose 
required. The air-compressor, the air-receiver, 
and the blast-pipe are held and directed by the 
attendant on the work to be done, which comprises 
castings that are too heavy to be put in any 
machines. The e of the air under pressure 
from the receiver draws the sand, on the B cag ear 
of the injector, from the supply-bin to the blast- 
pipe. his is of gutta-percha, armoured with 
steel, and contains two distinct passages, one for 
the air, the other for the sand, both meeting in a 
gutta-percha nozzle, which wears out, but is easily 
renewable. Two styles of these pipes are made, 
one with the nozzle straightforward, the other 
being bent at a right angle with the axis of the 
pipe, to suit different kinds of work. Six sizes of 
these portable plants are built by the firm. The 
smallest has a capacity of 2110 cub. ft. of free air 
per minute, and requires 4 horse-power to drive 
the compressor at a pressure of 14 atmospheres. 
The largest has a capacity equal to 16,880 cub. ft. 
of free air per minute, and takes 28 horse-power 
to drive it. 

A sand-blast apparatus which operates on a 
modified injector principle is illustrated by the 
drawing, Fig. 903, page 315. Its principal feature 
is the subdivision of the air-supply, producing a 
thorough mixing of the air with the sand, which 
secures the most effective utilisation of the indi- 
vidual grains. It is by Mr. J. M. Betton, of 
14, Park-place, New York. The capacity of the 
apparatus is measured by that of the sand-bin, 
wich, made in five sizes, ranges from 60 lb. to 
2000 lb. The supply of sand is regulated by a 
sand-valve in the conical-shaped base of the bin. 
Through this a small vertical jet of air passes, 
creating a small preliminary vacuum. A second 
jet below—more powerful—im a good speed 
to the currents of air, increased again by contract- 
ing the walls of the mixing-chamber. The air and 
sand become intimately mixed, and a third hori- 
zontal air-jet delivers the mixture of air and sand 
to the discharging rubber hose, which is provided 
with a steel nozzle—renewable—in a nozzle-holder. 

The pressure of air is varied to suit different 
classes of castings, and may range from 5 lb. to 
75 lb. per sq. in. For general work a pressure of 
15 Ib. to 30 1b. is suitable ; for steel castings, 30 Ib. 
to 75 lb.; for light articles, 5 lb. to 101b. When 
the ordinary compressor, working at, say, 801b. per 
inch, is already installed for operating pneumatic 
tools, a reducing-valve is necessary. 
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Radioactive Substances and Their 


ir Radiations. By E. 
RutuerrorD, D.Sc., Ph.D., LL.D., F.R.S., Nobel 
Laureate ; Langworthy Professor of Physics, Univer- 


sity of Manchester. 

| Price 15s. ] 
Seven years, Professor Rutherford reminds us, 
have passed since he gave an authoritative exposi- 
tion of what was then known of the properties of 
radioactive bodies. Since that time the inquiries 
of many workers have widely extended the limits of 
the subject, experiments have been made in many 
directions, and the work of dovetailing the infor- 
mation into a consecutive harmony has necessarily 
become more severe. But the task has not proved 
too onerous for the master hand to whom we are 
indebted, not only for much acute and suggestive 
research, but also for a working hypothesis by 
which the facts collected from many sources could 
be rigorously correlated. This fruitful hypothesis 
is known as the disintegration theory ; it supplies 
the foundation on which the whole superstructure 
of the science has been reared, and must be 
regarded as one of the great thoughts of the 
century or of all time. This theory regards 
the atoms of radioactive elements as undergoing 
spontaneous disintegration, and giving rise to a 
series of other radioactive substances, differing 


Cambridge University Press. 





from the parent stock from which they took 
their origin. This suggestion has been singularly 
productive both of thought and work. Its 
novelty has attracted a number of able experi- 
menters, and at the same time it has proved a 
trustworthy — to assist the investigator in 
interpreting the results of experiments. The for- 
ward strides that have been made towards an 
accurate a of radioactive phenomena are 
mainly due to the directive influence of the dis- 
integration theory; and how great these strides 
have been is shown by the fact that after the lapse 
of seven years it has not been found possible to 
utilise more than a few pages of the earlier work. 
An entirely new book been necessary, but it 
is one that fully maintains the reputation of its 
predecessor for completeness and suggestiveness of 
treatment. 

It is well to recall that at the time of the earlier 
treatise physicists were not fully convinced that 
the a ray was identical with an atom of helium. 
The data collected were not sufficient to establish 
the point with certainty, though Professor Ruther- 
ford, with the insight that has characterised his 
work, and has rarely allowed him to subscribe to 
any unsound view, was inclined to decide in favour 
of helium. Now that experiment has succeeded in 
photographing a single ray, in counting the number 
of particles emitted, and in widely extending the 
known series of transformations, some idea may be 
formed of the extent of the ground that a new 
review of this department of research will have to 
cover. To enter into any details is impossible ; 
the book is crowded with facts drawn from an 
extensive literature, and the interest and import- 
ance of each are seen in true perspective by being 
given their proper place in that scheme of inquiry, 
which, within a few years, has so materially advanced 
our knowledge of the behaviour of radioactive bodies. 
We can only indicate the plan on which Professor 
Rutherford has constructed his work. 

In a preliminary chapter he defines the main 
characteristics of radioactive substances, drawing 
precise distinctions between those which are pro- 
perly so called, and others which may give rise to 
phenomena that, in some aspects, resemble true 
radioactive effects. As the property of spon- 
taneously emitting radiations that Sees the power 
of discharging electrified bodies is an essential 
feature, a chapter is devoted to the ionisation 
of gases. This is followed by one on the methods 
of measurement. The directions in which photo- 
graphy can be advantageously used for the 
measurement of the action of the ray are indicated, 
but for quantitative determinations the author 
relies on the electrical method, or the ionising 
action, involving the use of much delicate apparatus, 
in whose description is evidenced the mastery 
gained by long experience. Three chapters on a, 
8, and y rays respectively, in which are sum- 
marised the experiments of many workers, give the 
history of the research with the facts on which 
alone hypotheses can be constructed. Those actively 
engaged in similar inquiries may find it necessar 
to consult original authorities, but all others will 
be amply satisfied with the analysis here presented. 
The progress made in our knowledge of the nature 
of thea ray, the discovery of the recoil of radio- 
active atoms, and the general advance that has 
been made within the last few years, has shifted 
the centre of interest to the 8 and y rays, whose 
connection and interchangeability present now as 
many puzzling problems as did the a rays when 
the earlier treatise appeared. 

The properties of the radiations form the subject 
of another chapter, leading to the consideration 
of the most interesting feature, and one that has 
aroused public attention more than any other pro- 
perty exhibited by radioactive substances, the pro- 
duction and decay of radioactive matter. Con- 
nected with the observed phenomena, and perhaps 
due to some misapprehension as to the manner in 
which the changes are produced, as helium from 
radium, a hope, not very clearly defined, has been 
entertained that the transformation of inactive 
elements —— the triumph of the near future. 
Prominence been given to experiments offer- 
ing some evidence that copper had been trans- 
formed into lithium. Professor Rutherford is not 
inclined to accept this result as proved. What 
transformations have been effected have been due 
to the essential properties inherent in radioactive 





The philosopher’s stone still remains an elusive 
chimera. 

In the next two chapters is given an account of 
the properties of radioactive emanations and the 
temporary activities imparted to bodies that are 
exposed for some time in the presence of radium, 
thorium, or actinium. The author next pursues 
the theory of the variation with time, under dif- 
ferent conditions, of the number of atoms of the 
successive products, when the period and number of 
the changes are given, and compares this theory with 
the results of practical investigation, in which the 
inverse problem is presented of deducing the period, 
number, and character of ad graye ne by analyses 
of the activity curves obtained by varying the ex- 
periment. ‘‘In the case of radium, where at least 
seven distinct changes occur, the problem has been 
one of considerable difficulty, and a solution has 
only been possible by devising special physical 
and chemical methods for isolating some of the 

roducts.” Starting with the transformation, 

ranium ~> Ur X ~> Ionium ~> Radium and its 
products we have a very able discussion of the 
origin of radium, a transition element, which is 
half transformed in about 2000 years. The pro- 
ducts of actinium and thorium are treated as 
exhaustively as those of uranium. A chapter is 
devoted to helium, and rightly, on account of the 
dramatic interest connected with its discovery. 
Moreover, the announcement of the discovery that 
radium emits heat at a rate sufficient to melt more 
than its own weight of ice per hour, without any 
apparent loss or change, has excited much atten- 
tion. The heat emitted is shown to bea secondary 
effect arising from the energy of the radiations 
expelled from the active matter. The enormous 
amount of energy released in transformation is 
startling. For comparison, Professor Rutherford 
instances the heat emitted in the combination 
of hydrogen and oxygen to form water. This 
reaction is accompanied by a larger release of 
energy than any other known to chemistry. Yet 
the radioactive emanation gives out more than 
ten million times more energy than that exhibited 
in the chemical combination. 

The last two chapters will probably attract the 
greatest amount of public attention, for in these 
pages the author considers a number of subjects 
on which intelligent curiosity has long fastened. 
What is the effect of radium in the earth and sun? 
How does it affect the economy'of the cosmos! 
How has it lengthened the life of the system in the 

t ? How will it affect our weather to-morrow? 

hat is the constitution of the atom; will the 
hypothesis of Prout survive, or must the sugges- 
tions of Sir J. J. Thomson be modified ? What is 
the final product of disintegration when radio- 
activity ceases? Is the “process of transformation 
reversible? These are some of the questions that 
the author suggests, but he does not satisfy our 
curiosity. He tells us what various authorities 
have attempted in order to obtain an answer, but 
he leaves us to draw our own conclusions. He is 
writing a scientific treatise, not pandering to sen- 
sationalism or excitement, though many of his 
chapters may possess the charm of the rarest works 
of imagination. 


Papers in Physics and ineering. By Professor JAMES 
Teouson, D.Sc. TL ERS Selected and arranged 
with unpublished material and brief annotations, by 
Professor Sir J. Larmor, Sec. R.S., and James THOM- 
—y M.A. Cambridge University Press. [Price 15s. 
net. 

Tuis work offers one of the pleasantest tasks 

that could fall to the lot of the honest reviewer. 

So many books are written nowadays, and from 80 

many motives; there are some men who seem 

to feel obscurity irksome, and seek alleviation 

authorship ; others having made a discovery 1 

thermometry, feel duty bound to write a treatise 

on physics; and not a few, unfortunately, are 
obliged to ‘‘ boil the pot.” The work under review 

does not spring from any such conditions; it 6 

obviously a splendid exception. The contents are 

full of interest ; an excellent photogravure faces the 
title-page, and, following a brief preface by Sit 

J vot 5, pr comes the biographical introduction, 

written largely from materials accumulated by Pro- 

fessor James Thomson’s daughter, Mary Hancock 

Thomson. This introduction, occupying 90 pages, 

makes fascinating reading. One sees a fine character 


matter. The skill of the experimenter has neither | portrayed during all the vicissitudes of seventy 


accelerated nor altered the process. He has only 
observed ; he has not assisted the transformation. 


years ; one sees his troubles and pleasures, his 
relatives and friends, and one cannot help seeing his 
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patience and striving. His friendships throw inte- 
resting mames forward at every turn—Thomas 
Andrews, Fitzgerald, the Pursers, his brother, Lord 
Kelvin, and P. G. Tait. These and others of the 
like were in his circle. There is a testimonial to 
his ability and character from Helmholtz. After 
the biographical introduction is a reprint of the 
Royal Society obituary by Dr. J. T. Bottomley, and 
following this come the papers proper, occupying 
480 pages. ; 

James Thomson was an extraordinary man ; 
probably much more so than is merally recog- 
nised. He was born in 1822 and died in 1892. 
He was the son of a professor of mathematics, 
Lord Kelvin was his brother and two years his 
junior. Their mother died in 1830, leaving four 
boys and three girls, of whom the eldest was but 
twelve years old. The father was an ideal parent, 
and played a great part in the life and education of 
his children. James and William owed a great deal 
to his tuition. They entered Glasgow University 
at the ages of twelve and ten respectively and did 
splendidly in every subject ; William, [. 
being usually first, and James second. ey both 
took the degree, and William proceeded to Cam- 
bridge and Paris, while James entered on engineer- 
ing. Bad health baffled him for some time; at 
Millwall, where he was apprenticed to Sir William 
Fairbairn, he suffered greatly from colds. At 
twenty-three he was thought to be beyond re- 
covery, but after some time of physical inactivity 
he regained health. During this period he was 
not idle; his inventive faculties were busy. 
During his apprenticeship he had an idea for 
smoke prevention and a scheme for obtaining 
fresh from salt water by double distillation. Before 
he was twenty-six he had invented a water-turbine, 
which he improved shortly afterwards, and during 
his twenty-sixth year he communicated three papers 
on ‘Strength of Materials as Influenced by the 
Existence of Certain Mutual Strains among the 
Particles Composing them,” on ‘‘The Strength 
and Elasticity of Spiral Springs and of Bars Sub- 
ject to Torsion,” and on ‘*‘The Lowering of the 

reezing-Point of Water by Pressure” respec- 
tively. The last-mentioned paper was epoch- 
making. It was more than a mere contribution 
to knowledge. It was an innovation of method. 
James Thomson predicted (and calculated the 
amount) from theory that the freezing-point of 
water would be lowered by pressure ; his brother 
William verified the calculations by experiment 
shortly after. By this investigation James Thomson 
lifted thermodynamics out of the bounds of heat- 
engine theory, and gave a new method of attack, 
which has since proved most fruitful in connection 
with radiation, osmotic pressure, and other branches 
of physical science. In 1851 he moved to Belfast 
and setup as a civil engineer. In 1853 he married 
and took up the duties of professor at Queen’s 
College, Belfast. In 1873 he was appointed pro- 
fessor at Glasgow in succession to Rankine, and 
here he remained until 1889, when failing sight 
enforced his retirement. He died in 1892, barely 
two months after his = on “The Grand 
Currents of Atmospheric Circulation” had been 
read as the Bakerian Lecture of the Royal 
Society. 

James Thomson’s papers and the associated 
correspondence are reprinted, in the volume under 
review, under sixty-eight titles, and may be classed 
in three main groups. The first, dealing with 
fluid motion, represents an important sphere of 
his activity. He studied fluids for the sake of 
truth, and applied his reeults to the lasting benefit 
of industry. He discovered the free vortex, and 
applied it to turbines and centrifugal pumps. He 
invented the jet pump, and applied it to the 
drainage of lands. He studied the laws of flow, 
and devised simple methods of accurate measure- 
ment, notably his V-notch. He explained the 
origin of winding rivers in alluvial plains, the varia- 

of velocity over a stream section, and the 

uming action of floating matters. He gave a 
scientific discussion of whirlwinds and waterspouts 
and of the grand currents of the atmosphere. The 
Second main group springs from thermodynamics. 
From his paper on the lowering of the freezing- 
point of water by pressure he was led to discuss 
the phenomena of glacier action and regelation, and 
their application to geological questions. In later 
years he became interested in problems of change 
the, continuity of states in matter. He was more 
Be passively interested in the work of Andrews at 

fast. In the third main group various problems 


in elasticity and dynamics may be placed. The 
laws of similitude of structures and questions 
of safety under repeated and varying stresses 
were treated by him, and always with a hand of 
mastery, There are also papers on units and 
fundamentals in mechanics. But these three 
groups did not limit his activities. He discussed 
the jointed prismatic structure of basaltic rock, 
atmospheric refraction of light, and mechanical 
integration. He wrote on matters such as town 
parks and the nationalisation of public works ; 
and he devoted a great deal of time and thought to 
the warming and ventilation of buildings. 

The volume under review, unlike many collec- 
tions of scientific papers, is supremely interesting 
and very readable. It abounds with personal 
touches. The reader with religious interests will 
find James Thomson’s doubtings and struggles 
attractive, while the mathematical student who has 
read Osborne Reynolds may derive comfort from a 
letter of Lord Kelvin to his brother James, wherein 
is stated: ‘‘Osborne Reynolds founds entirely 
on Darcy and Bazin’s observations besides his own. 
He does not use their empirical formula, and 
uses their results very unclearly and unexplicitly. 
Altogether, although his paper is very important, 
it is made quite needlessly difficult. as oe 
are many more sidelights on his life and work 
throughout the book ; especially interesting to us 
are the opinions of his colleagues and pupils. 
Professor Purser counted him his most congenial 
colleague, and said: ‘‘Of the scientific men I 
have come across, he most fulfilled the idea of a 
philosopher, his ever-working brain always thinking 
of the causes of things Most modest and 
retiring, and it was only on closer acquaintance 
that you realised his original power as an investi- 
gator, and the tenacity of his hold on physical prin- 
ciples . . .” One of his most brilliant pupils, 
Professor John Perry, F.R.S., describes him as 
‘*one of the kindest of men, with a very strong 
sense of duty. He was always nervously anxious 
that his pupils should have correct notions of the 
scientific principles of engineering methods . . . 
What is especially interesting in his career is that 
he did not goes much, but everything he pub- 
lished was of sterling importance to the physicist 
and engineer, and no one has ever had to correct 
hisresults . . .” Another distinguished pupil, 
Professor Archibald Barr, said his characteristic 
trait ‘‘ was his endeavour at all times to reach the 
greatest clearness in his own thoughts, and his 
scrupulous conscientic in endeavouring to 
impart to others in the clearest and least ambiguous 
language attainable the exact ideas he desired to 
convey.” This precision of thought and of terms 
was, no doubt, his most obtrusive characteristic ; 
in fact, with the every-day things of life his scrupu- 
lous examination of minutizw could be annoyingly 
exact. In his scientific papers words are chosen 
with great exactitude or new terms invented ; 
he was the inaugurator of the now well-known 
‘‘radian,” ‘‘ interface,” ‘‘unital stress,” ‘* poundal,” 
and a score of others. He did not indulge much in 
mathematical symbols, but his mind was none the 
less precise. He had great patience in observing 
things, no matter how trivial they might appear, 
and an extraordinary faculty of thinking into 
internals combined with ‘‘. . . singular persistence 
in brooding over a train of thought, and following it 
out into all relevant details and ramifications.”” He 
was singularly free from mental hemiopia. He could 
not see things by halves, not even errors. Huxley, 
in his well-known lecture on the circulation of the 
blood, cites William Harvey as a splendid example 
of intellectual honesty. James Thomson was not 
behind Harvey in this respect. His letters and 
life show it. He is said to have been crotchety ; 
but he was certainly kind. He was pure in mind 
and deed; he was the soul of gentleness and 
generosity. 
Goethe described a good critic as one who could 
discern the best in a work. From this point of view 
the book before us does not offer a difficult task. It 
may be wholeheartedly recommended. The arrange- 
ment and treatment of the matter is excellent, and 
Sir Joseph Larmor and Mr. Thomson have by their 
work earned the gratitude of the engineering and 
scientific public. They have collected from some- 
what inaccessible journals and proceedings valuable 
ag which will serve as a salutary corrective 

the ultra-mathematical physicist, as a model of 
patient inquiry for the thinking engineer, and as a 
monument to the genius of the man who wrote 








them. 
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Tue Larcest O1-Tank STEAMSHIP IN THE WORLD. 
—The s.s. San Fraterno, launched on the 22nd jaar | 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for the Eagle Oil Transport Company, 
Limited, Tondon, is the t oil-tank steamer yet 
built, being 5414 ft. long over with a breadth of ” 
and designed to carry 15,500 tons of oil on a draught of 
28 ft. Her speed on a fully-loaded trial is to be 11} knots. 
The owners have ten of these great ships under construc- 
tion, three being built at the Wallsend Shipyard. The 
owners also have a number of 9000-ton yr tty eng 
being built, some of which are also in the hands of Messrs. 
Swan, Hunter, and Wigham Rich Limited. The 
San Fraterno has been built upon the Isherwood system. 
The oil-holds and bunkers are divided into fourteen com- 
partments by transverse bulkheads, and are further sub- 
divided by a central longitudinal bulkhead which is 
carried through all the holds, pump-rooms, and coffer- 
dams. There are cofferdams 5 ft. in len at each 


end of the range of oil-holds. The quadruple-ex ion 
engine and the boilers have been built by the Wallsend 





Shpway and Engineering Company, Limited, and will 
be placed in the ‘after end of the | ship. ‘The Wallsend- 
iquid fuel is being 


Howden patent apparatus for burning 
fitted. 
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23-HORSE-POWER DJINN PETROLEUM MARINE MOTOR. 


CONSTRUCTED BY MESSRS. 


BRAZIL, STRAKER AND ©O., LIMITED, ENGINEERS, BRISTOL. 








Tue illustrations on this and the opposite e 
show a two-cylinder marine oil-engine which is 
manufactured by Messrs. Brazil, Straker and Co., 
Limited, of the Vulcan Iron Works, St, Philip’s 
Marsh, Bristol. The engine is designed to use 
petroleum fuel, and gives 23 brake horse-power at 
440 revolutions per minute. It is intended for 
almost any class of small vessel, such as yachts, 
barges, &c., and is fitted with a reversing gear, 
which is carried on the same bed-plate with the 
engine. The weight of the engine with the revers- 
ing gear is 29 cwt., which is quite moderate ; the 
whole design betrays no flimsiness, the weight 
being concentrated where it is needed. The 

neral lines of the engine will be quite clear 
rom our illustrations, and it will be seen that it is 
of straightforward and strong construction. The 
whole of the bearings and supports on the bed- 
plate, for both the engine and reversing gear, 
are bored at one setting, so that everything is 
bound to come in line. he cylinders are secured 
by through bolts, which go down to the bottom of 

e bed-plate. 

The cam-shaft is carried along at the bottom of 
one side of the engine, and is gear-driven from the 
crank-shaft. It is fitted with a single eccentric at 
its after end, which drives the pumps for supply- 
ing cooling water, fuel, lubricating oil, and for drain- 
ing the bilge. This method of driving all pumps 
together naturally tends towards the reduction of 
working parts. e arrangement can be best seen 
in Fig. 4. The Ey all of the plunger type, 
and are of bronze. e bilge-pump is capable of 
being thrown out of action whether the engine is 
running or not. All bearings, including those of 
the cam-shaft, receive oil under pressure. The 
pistons are oiled by drips mounted at the aft end. 
As stated above, the engine is designed to use petro- 
leum fuel, and the vaporiser is heated by the 
exhaust. Air is admit through an automatic 
valve, and, once adjusted, the fuel and air supply 
are self-regulating. A hit-and-miss governor is 
fitted, but only comes into operation with a free 
engine, or should the engine race from any cause. 
Normally the engine is driven on the hand-throttle, 
which is mounted on the aft cylinder, close to the 
reversing-handle, as can be seen in Figs. 1 and 3. 
ae is by a Bosch magneto, which is mounted 
above the cylinders and enclosed in a water-tight 
cast-iron case. It is operated by a vertical shaft 
driven by bevel gearing from the end of the cam-shaft. 

A starting-lever is provided at the forward end, 
driving with a chain on to the crank-shaft. The 


pedestal supporting the upper chain-wheel forms a 














Fig. 2. 


guard over the fly-wheel. Half-compression is arranged 
for when starting, and the engines can be run from 


cold in 7 minutes with a hand-lamp, or can be started 


immediately with petrol. The engine is very ready 
at manceuvring, and will run d slow or light for 
any length of time, and pick up instantly. The fuel 
consumption is guaranteed not to exceed 0.6 pint per 
brake horse-power per hour. The oil consumption is 
0.008 pint per brake horse-power per hour. 

The question of ibility been kept pro- 





minently in view throughout the design. The pistons | 





yay rst T- 


et 


and connecting - rods can be removed in a few 
minutes through a door in the port side, while the 
crank-shaft can be removed sideways through s 
long door in the starboard side. he door also 
gives access to the timing-wheels. The reversing 
gear can be removed without disturbing the pro- 
peller-shaft or any part of the engine. The cylin- 
ders, as will be seen from the figures, are fitted 
with flat doors to the water-jackets, which allow 
ample access to the jackets for cleaning. The 
valve-caps, valve - tappets, and springs can be 
removed in s few moments. Before leaving the 
engine we should point out that different forms of 
reversing-gear drive are shown in Figs. 1 and 3. 
The two forms, either hand-wheel or lever, may 
be fitted as desired. The lever makes the most 
suitable arrangement when the engine is to be 
controlled from the deck. It will be noticed that 
the lever arrangement is shown by dotted lines in 
Fig. 3, as well as in Fig. 1, 

We may say, in conclusion, that the engine and 
gear are of entirely British manufacture, and are 
made by Messrs. Brazil, Straker throughout. The 
firm build a large range of engines of this class. As 
an example, they have a 160-brake-horse-power six- 
cylinder model, which runs at 500 revolutions per 
minute. Asin the above case, the cylinders are cast 
in pairs, and the reversing gear is carried on the 
same bed-plate with the engine, The large doors for 
inspection and repairs are fitted as in the 23-brake- 
horse-power engine, and the method of driving 
seve pumps from a single eccentric is also 
adopted. There is a small independent eccentric, 
however, for driving the air-compressor, which is 
fitted for starting purposes. A hand drive is also 
fitted for the air-compressor in case the sir-receiver 
should be allowed to become discharged. An oil- 
cooler is fitted, which is situated in the path of the 
jacket water before it reaches the cylinders. 








German ENTERPRISK. — We are informed that the 
Allgemeine Elektricitiits Gesellschaft, Berlin, have 
produced a series of cinematograph films showing the 

rocess of manufacturing electric cables from start t 


| finish, and are prepared to lend these films for lectures to 


technical societies and institutions. Every stage of manu- 
facture is shown, from the arrival of the copper ingots to 
the despatch of the completed cable. The company have 
also pre an explanatory note to accompany 
exhibition of the films. If neces , they are willing t 
send an expert to deliver a special lecture. Application 
for the loan of these films should be made as early #8 

ible to the Electrical Company, Limited, Charing 
Genent. London, W.C., who are the British repre 
sentatives of the A. E.G. 
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_THE unrest on the Midland Railway, caused by the 
discharge of the man Richardson, at one time during 





23-HORSE-POWER DJINN PETROLEUM MARINE MOTOR. 


CONSTRUCTED BY MESSRS. BRAZIL, STRAKER AND ©O., LIMITED, ENGINEERS, BRISTOL. 





INDUSTRIAL NOTES. 


the past week looked threatening, but the situation 
has undoubtedly improved in the course of the last 


couple of days. 


The men appeared anxious to settle 


a broad dispute on the company, and, in the event of 
rupture, other companies would then certainly have 
been involved. However, on Tuesday last the serious 
rs of things was somewhat relieved by the position 


en up by the Midland Company. This was a con- 


ditional offer by the company to reinstate Richardson. 
This offer is contained in a letter by Mr. G. Murray 
Smith, which has been published in the daily papers, 
and which relates to the interview in which Richard- 
son is reported to have said that the control officer 
did not tell him that he had instructions from 
Derby to vary the loading, and that if he had been 
told, he would have taken the load, and reported 


the case. 


The chairman states that this attitude is 


exactly the opposite to that which Richardson adopted 
when the chairman and other directors had their 


interview with him. 


On that occasion Richardson 


justified his conduct on the ground of principle, 
aad said that he would not act on orders which, 
in his view, were in conflict with the appendix, 


even if the 


general manager gave them himself. 


Mr. Murray Smith also said that if the statement 
reported te have been made by Richardson to the 
representatives of the Press had been made to Mr. 
Owen, things would have been quite different, for 
Richardson would not then have received notice to 
eave, and ‘‘ there would be no objection on the part of 
any director or officer to reinstate him at once if he 
ra that statement now, and undertook that in 
uture he would obey the orders of his superior 


Officers.” 
fact. that 
Richardson it woul 
railway. 


The chairman again calls attention to the 
if employees acted on the principle of 
be quite impossible to work a 


The executive committee of the societies involved 
met on Wednesday to consider the situation as altered 


by Mr. Murray Smith’s communication, and, after a 


dispatched to the compan 


discussion, agreed on @ resolution which has been 
This resolution called 


for the reinstatement of the guard Ri 
ichardson, and 
asked for an undertaking ‘“‘ that when men are asked 


to vary any 
} ne ty shall be given to the employees so 


printed rule or instructions, written 
: uested.” 
Richardson himself now adopts the attitude that 


18 action was due to a misunderstood remark on the 


will bi 


phone, it is to be hoped that this threatened storm 


Ow over, and that the relations between the 
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company and the men on the Midland system will 
become more amicable than they have been of late. 
The London and North-Western Railway Company 
are in trouble with their men at Garston Docks, for on 
Monday last the employees struck because the members 





of the National Union of Dock Labourers refused to 
work with members of the other unions or with non- 
unionists. Wages and hours of duty do not enter into 
the question. The difficulty seems to be entirely due 
to the men breaking an agreement which they made 
with the masters last year, for on September 20, 
1912, according to the general manager of the com- 
pany, a conference was held between the company’s 
representatives and their dock staff in order to settle 
matters about wages, hours of work, overtime, piece- 
work rates, &c., and an undertaking was then given 
by the employees’ representatives on behalf of the 
men to accept the offer the company made as a full 
and complete settlement. It was also agreed that the 
improved conditions of service should remain in force 
till July 31, 1915, and afterwards, if no fresh agree- 
ment were made to alter them. The men had asked 
that they should be allowed to wear the trade-union 
button on the stand and that no discrimination should 
be made by the company in favour of non-union 
labour. On their part the union officials undertook 
to do all they could to secure that work should be 
carried out efficiently. In reply to the request of the 
men the employers said that they did not discriminate 
between the union and non-union men, and the 
clause referring to this was therefore withdrawn 
by the men’s representatives, and it was agreed 
that the conditions under which the men worked 
should continue as before. In ~~ of this agree- 
ment, however, on February 23 last a letter was 
received by the company from the secretary of the 
National Union of Dock Labourers stating that the 
men had passed a resolution to the effect that all men 
started must wear the union button, and that should 
any men be started who did not belong to the Dockers’ 
Union the union men would refuse to work with them. 
The letter went on to state, however, that if the 
company had any trouble in filling the places of the 
men who refuse to join the union, Labour Exchange 
men might be employed, but the union men would not 
work with any others. As the company paid no 
attention to this officious resolution, ie: men of the 
National Union of Dock Labourers struck work. 





The following oe has been drawn up by 
the men on the North-Eastern Railway which it is 
intended to place before the company at the end of 
1913, when Sir James Woodhouse’s award expires :— 
1. An eight-hour day for all men on the North 
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Eastern system. 2. Application for an advance of 2s. 
a week for all men in receipt of less than 303. a week. 
3. The system of classification as the basis of pay- 
ment to be abolished in all grades, and a method of 
advance in status and pay, to be based on service to 
the company, to be substituted. 4. All piecework, 
tonnage, and the bonus system of payment to be 
abolished in the goods and engineering department. 


Oa Friday last at a meeting at Newcastle-on-Tyne 
between the representatives of the Northumberland 
Coal-Owners’ Association and the W. Board of the 
Miners’ Association, it was decided that the miners’ 
wages should be increased by 3} per cent., making 
them 424 per cent. above the basis of 1879, the advance 
to date from last Monday. During last year four 
advances were given—namely, 1} per cent. in January, 
3% per cent. in May, 24 per cent. in August, and 3 
per cent. in November. 


A protest has been made by several thousand men 
employed at the works of Messrs. Vickers Sons and 
Maxim, Limited, Barrow-in-Furness, inst what is 
declared to be excessive overtime. The employers 
have, it is said, to receive representatives of 
the men, but have declined to meet the Engineers and 
Shipbuilding Federation, which embraces fifteen socie- 
ties. On Friday last, at a meeting of the men, it was 
resolved that if the masters continued to refuse to meet 
a deputation from the Federation the men would not 
work overtime. Under the Carlisle Agreement, the 
Steam-Engine Makers and the United Machine- 
Workers are exempt from this action. 


Up to the time of going to press the strike of the 
Lancashire and Yorkshire Railway Company’s dock 
labourers at Goole had not been settled, and is now in 
its third week. Attempts at settlement have been 
tried, the local manager having been waited on by 
some of the strikers, but without result. The com- 
pany will not ise the union officials, and asks 
that the men shall work on Saturday afternoons on 
the terms of the 1911 agreement. On their part, the 
men ask for an increase of overtime pay. 


The monthly report of the National Union of Boot 
and Shoe Operatives for February, recently published, 
states that trade in the industry during the month of 
January was fairly good, though there was a slight 
decline in employment compared with the previous 
month; compared with a year ago it was better. 
Returns from firms employing 68,993 workpeople 
in the week ended January 25 showed an increase 
of 0.05 per cent, in the number employed, and a 
decrease of 1.8 per cent. in the amount of wages paid, 
compared with a month ago. Compared with a year 
ago there was an increase of 3.2 per cent. in the 
number employed and of 5.5 per cent. in the amount 
of wages paid. At Leicester employment was fairly 
good, and better than a month ago and a year ago. 
At Northampton it continued fair, and was much 
better than a year ago. The report from Kettering 
is not quite so good, but employment on the whole was 
fair and about the same as a year ago. In Scotland 
employment was fairly good, and better than a month 
- and a year ago. The total membership at the end 
of January was 42,349. 


The prospect of the iron and steel trade in the Mid- 
lands appears to be very good, at any rate if we are 
to judge by remarks made at Birmingham before 
the annual meeting of the Midland Iron and Steel 
Wages Board on Monday last by Mr. G. Macpherson, 
the chairman of the Board. From what was said we 
gather that during the time the Board has been in 
existence—thirty-seven years—peace has been main- 
tained in the trade, not only in North and South 
Staffordshire, but in Shropshire, Lancashire, South 
Yorkshire, North and South Wales, Cheshire, and 
Derbyshire. Mr. Macpherson said that puddlers’ 
wages were now 108, 3d. a ton plus 6d. bonus, 
compared with 9s. at the beginning of the year. 
It was necessary to attract young men to the 
trade and to make the conditions of work better. 
The prospects of the iron and steel trade are 
now very bright indeed, better than has been the 
case for many years, This statement is based on the 
returns of the seventeen selected firms whose books 
were examined by the Board. The amount of iron 
turned out by the seventeen firms mentioned was 
nearly 5000 tons more than in the previous year. Had 
it not been for the great coal strike last year it would 
have shown an increase of nearly 20,000 tons. Mr. 
Macpherson was glad to state that buyers and engi- 
neers were, after a great many years, reverting to the 
use of iron instead of steel. During the year the 
income of the Board had been 1198/., and the expen- 
diture 1142/. The vice-chairman, Mr. T. Harris, 
stated that if the bonus of 6d., which was being 
offered to the ope did not attract young men it 
would have to be increased. 





Lock-out warnings, likely to affect some 40,000 
hands, had been issued by the Masters’ Union in the 
metal and other industries in Denmark, the reason 
being a series of disputes ; but an arrangement has in 
the meantime been arrived at with the coopers and 
labourers, embracing some 20,000 hands. A strike in 
the sugar factories was avoided, and work at the 
cement works was resumed after a day or two of 
stoppage. The conflict at the shipyards with the 
carpenters and painters seems likely to prove more 
obstinate, and if not compromised will mean a lock- 
out in the iron industry, affecting some 20,000 men. 
A mediator will probably have to be called in. 


Supporters of the new Norwegian Government urge 
the withdrawal, for purposes of further consideration, 
of a measure introduced in the Legislature by the 
former Government about mediation and arbitration 
in labour conflicts. A new Bill would then be laid 
before the Storthing, bit this should be done so 
promptly that the measure could be in time to 
stop the printers’ strike, which will otherwise com- 
mence on April 1. . 


There are prospects of more trouble over the non- 
unionist question in the South Wales coal-field. On 
May | there is a likelihood of about 53,000 men being 
idle in the Rhondda and Rhymney Valleys. In both 
districts the federation men have decided to present 
their notices on April 1, and an anti-non-unionist 
campaign will be commenced. 





THe Propuction Manacers’ AssociaTION.—An 
inaugural meeting, at which the above Association was 
formed, was held at the Holborn Restaurant on the 27th 
ult. Mr. J. W. Stannard, who was in the chair, dealt 
with the subject of “‘ American Meth versus British 
Conditions” in a short address. The Association pro- 
poses to hold monthly dinners at which one or two 
selected guests will deal in brief speeches with some 
aspect of production, the subject afterwards being debated 
by the members present. It is intended that the scope 
of the Association shall cover production of all classes, 
and no attempt will be made to restrict its discussions to 
any particular trade or class of trades. Mr. Charles F. 
Warren, of 42, Queen Anne’s Chambers, Westminster, 
S.W.., is for the present acting as honorary secretary. 


Tue British Fire-PREVENTION CoMMITTEE’S TESTING- 
Station.—Owing to the greater demands made upon the 
Committee for testing facilities, it has been decided to 
enlarge their testing-station and to add to the Com- 
mittee’s plant. The main building is also being re- 
arran in such a form that the principal rooms will be 
available for the Committee’s interesting technical and 
historical collections. It is anticipated that the altera- 
tions will be completed early in April, when the testi 
operations of the new session will be commenced wit 
several tests on fire-resisting doors, several forms of 
glazing, and some new extinguishers, and certain further 
tests with concrete floors, &c., and with partitionin 
materials, will also be carried out. Apart from the usua 
applications for fire-tests emanating from Great Britain 
and the Colonies, there is a marked’ increase of requests 
for tests from Germany and from the United States, 
where the Committee’s reports also enjoy the recognition 
of the public authorities. 


Tue Roya Instrrution.—The following are the lecture 
ee at the Royal. Institution after Easter :— 
Dr. A. 8S. Woodward, two lectures on ‘ Recent Dis- 
coveries of Early Man.” Professor W. Bateson, Fullerian 
Professor of Physiology, two lectures in continuation of 
his before Easter course on ‘‘The Heredity of Sex an 
some Cognate Problems.” Professor W. Stirling, three 
lectures on ‘‘ Recent Physiological Inquiries” :—1. ‘‘ Pro- 
tective and other Reflex Acts.” 2. Rauilibeiam and the 
Sixth Sense.” 3. ‘‘ Ductless Glands and their Dominating 
Influence.” Professor ; , three lectures on 
‘Recent Advances in the Production and Utilisation 
of Wheat in England.” Dr. E. Frankland Armstrong, 
two lectures on:—1. ‘‘ The Bridgeinto Life.” 2. ‘*Colour 
in Flowers.” Professor J. Garstang, three lectures on 
“The rigs Hittite Studies: ”—1. ‘‘Recent Explora- 
tion.” 2. ‘* Religious Monumentsof Asia Minor.” 3. ‘‘Cults 
of Northern Syria.” Mr. Edward Armstrong, two lectures 
on ‘‘Florentine Tragedies:”—1. ‘‘ The Exile of Dante.” 2. 
‘The Burning of Savonarola.” Professor W.J. Pope, three 
lectures on ‘* Recent Chemical Advances”:—1. ‘‘ Mole- 
cular Architecture.” 2. ‘‘Chemistry in S ae: 
“The Structure of Crystals.” Mr. A. M. Hind, two 
lectures on: 1. ‘‘ Van Dyck and the Great Etchers and 
Engravers of Portrait.” 2. ‘‘ Rembrandt’s Etchings.” 
Professor Sir Walter Raleigh, three lectures on : 1. 
** Boccaccio.” 2. ‘* Medieval French Novelists.” 3. 
“Chaucer.” Mr. H. A. Humphrey, two lectures on 
My Internal-Combustion Pumps.” Professor 
E. Rutherford, three lectures on “ loactivity ”:—1. 
“** The Alpha Rays and their Connection with the Trans- 
formations.” 2. ‘‘ The Origin of the Beta and Gamma 
Rays and the Connection between them.” 3. ‘‘ The 
Radioactive State of the Earth and Atmosphere.” The 
Friday evening meetings will be resumed on April 4, 
when Mr. James J. Dobbie will deliver a discourse on 
“The Spectroscope in Organic Chemistry.” Succeedi 
discourses will probably be given by Mr. C. J. P. Cave, 
Dr. T. M. Lowry, Professor J. Garstang, Mr. H. G. 


Plimmer, and other gentlemen. 





CURRENT RAILWAY CONSTRUCTION. 


THE second half of 1912 was not very striking as 
regards new construction on British railways, the 
operations undertaken relating principally to the 
widening of existing lines and the introduction of 
electric working. 

The new nm carried out by the Barry, the Metro. 
politan District, the North Staffordshire, the Midland, 
the Midland Great Western (Ireland), the North Lon. 
don, the Rhymney, and the Taff Vale Railways do not 
call for special notice. 

A contract has been let by the London and North. 
Western Railway for the rearrangement of its main 
line, and the laying down of additional lines at Chalk 
Farm station ; for additional tunnels at Primrose Hill; 
and for widening the system to the north end of 
Kensal Green tunnel at Willesden. These works 
form the last link in the Euston and Watford new 
line. The section between Willesden and Harrow 
has been in operation since June, 1912, and another 
section between Harrowand High-street, Watford, with 
stations at Headstone-lane, Pinner, and Bushey, was 
opened for local traffic in February this year. Steam 
traction is at present in operation, but preparations 
are being made for an electric power-station near 
Wembley. Materials are being delivered for the elev. 
trification of the West London line between Willesden 
(High Level) Station and Earl’s Court Junction. A 
short up loop line at Cheddington was opened in 
October, and at Weedon another up loop line will be 
brought into operation this month. The construction 
of a down loop at Welton and an up loop at Stafford 
is about to be commenced. The earthworks on a new 
loop line at Coventry are about half finished. On the 
widening of the Trent Valley line between Armitage 
and Rugeley the earthworks are nearly completed; six 
out of ten bridges are finished, and the piers and 
abutments for a viaduct of four spans over the Trent 
are built. 

The Great Western Railway has made satisfactory 
progress with various works. In South Wales the 
remaining portion of the Swansea district lines, from 
Morriston to a junction with the Llanelly section near 
Pontardulais, is expected to be available for goods 
traffic in the spring ; the construction of the Clydach, 
Pontardawe and Cwmgorse Railway is to be com- 
menced ; and steps are being taken for the acquisition 
of land for the Clydach Valley Extension line. 
contract has been let for the erection of an engine 
shed at Maesglas, Newport, and provision has 
been made for dealing with increasing traffic at 
Swansea docks by the establishment of additional 
siding accommodation at Briton Ferry-road. The 
widening of the line between Hockley and Soho, 
Birmingham, has been brought into use ; a new station 
at Snow Hill, Birmingham, is approaching completion, 
and works at Moor-street and widening south of 
Birmingham are making good progress. Works for 
extending and improving accommodation at Padding- 
ton are being pushed forward ; a warehouse at South 
Lambeth has been vompleted and brought into use; 
and a contract has been let for the construction of 4 
line between Ealing and Shepherd’s Bush. 

The —- expenditure made by the (reat 
Northern Railway in the first half-year related to the 
Kirkstead and Little Steeping line, which absorbed 
86,7781. Upon lines open for traffic an expenditure of 
10,923/. was also made upon a new overbridge at Peter- 
borough, of 34,3497. upon widening the Corby and 
Essendine line, and of 23,740/. upon widening the Little 


d| Bytham and Stoke line. The southern section between 


Little Bytham and Corby is expected to be ready for 
traffic in the course of the spring. An up slow line 
between Nostell and Hemsworth south junction on the 
West Riding and Grimsby joint line has been brought 
into use. Contracts have been let for the construction 
of the second portion of a line between Enfield and 
Stevenage. 

The most important new work which the (reat 
Eastern Railway has had in hand during the last few 
months has been the electrification of the East London 
line, which involved an outlay of 33,491/. A further 
expenditure of 7829/. was made upon the Elsenham 
and Thaxted light line, and 4401/. upon additional 
works at Parkeston quay. 7 

Of the 388,456/. expended by the Great Central Rail- 
way in the second half of last year, 269.089/. was repre- 
sented by additions to working stock ; an outlay of 
20,005/. was also made for dredging plant. An alloca- 
tion of 32,500/. was further made for works to be 
carried out by the Hull and Barnsley and (ireat 
Central Joint Committee. The chief work which has 
occupied the attention of the Great Central Railway 
interest for the last few years has, of course, been the 
construction of the Port of Immingham. __ 

The North-Eastern Railway is constructing 4 new 
west entrance to Hartlepool Docks. A contract has 
also been let for the construction of a line from 
Monkseaton to Seaton Sluice, the line involving 4 new 


8 | station at Monkseaton ; the estimated cost of the 


work is 73,000/. The line will be connected with 
the Tyneside electrified lines, and it is proposid to 
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work it by electric power. It has also been decided 
to equip electrically 18 miles of line between Shil- 
don a Newport (near Middlesbrough), and to work 
the traffic between these points, which consists mainly 
of mineral trains, by electric locomotives. 

Works on the Hull joint dock, which are being pro- 
ceeded with by the Hull and Barnsley and the North- 
Eastern Railways jointly, have been steadily advanced, 
and the look-gates and other equipment are being 
pressed forward with a view to the opening of the 
dock during the current year. The construction of the 
Gowdall and Braithwell joint railway of the Hull and 
Barnsley and the Great Central Companies is pro- 
ceeding satisfactorily. The outlay made by the 
Hull and Barnsley Company upon the Hall joint 
dock in the second half of last year was 105,509/. An 
outlay of 37,5001. was made by the Hull and Barnsley 
and Great Central joint committee, and another out- 
lay of 12,2781. for the Hull (Alexandra) docks, piers, 
additional sidings, &c. 

The Lancashire and Yorkshire Railway was occupied 
during the past half-year with the construction of a 
new west goods shed at Goole docks. The main por- 
tion of the steelwork of the shed has been erected 
and about half the brickwork has been built. A new 
cotton shed at New Hey has been practically com- 
pleted, and a cotton warehouse at Knowsley-street 
goods yard, Bury, has also been finished and is now 
in use. Among other works completed during the 
past half-year were a goods-station at Southport and 
a grain and cotton warehouse at Radcliffe. The 
heaviest expenditure made by the Lancashire and 
Yorkshire Railway on capital account during the past 
six months was, however, an outlay of 96,094/. for 
additional rolling-stock (principally trucks). 

Southampton dock invelved the London and South- 
Western Railway in the past half-year in an outlay 
of 117,193/., in which the new dock, quays, ware- 
houses, &c., were represented by 113,316/. Expendi- 
tures of 11,795. were made upon the enlargement of 
Waterloo terminus, and 11,888/. upon widening works 
in North Devon, and between Studland-road and 
Acton-lane. The London and South-Western Railway 
proposes to expend 511,000/. during the balance of 
1913 in completing new lines, widening lines, electri- 
fying suburban lines, and providing additional accom- 
modation at various points upon its system. 

The new capi expenditure of the London, 
Brighton, and South Coast Railway amounted for the 
iiteee to 72,497/.. It was really more, but was 
reduced from an accountant’s point of view to the 
extent of 12,517/. by sales of lands at Tooting, 
Amberley, Bans , Beddington, Eastbourne, 
Mitcham, &c. Outlays of 15,889/. were made for 
workshops at Lancing, Peckham Rye, and Norwood 
Junction, and 12,266/. for the equipment of suburban 
lines for electrical working. Additional working 
stock, machinery, and tools cost 38,720/., of which 
33,558/. was for third-class bogie corridor-cars, elec- 
trical motor-coaches, and electrical trailer-coaches. 

As regards the South Eastern and Chatham Railway 
we may note that the Dover Harbour Board has nearly 
completed the reclamation of land for a re new 
marine station, and that the site will be shortly 
handed over to the South Eastern and Chatham 
managing committee. The committee has accordingly 
placed a contract for the steel and iron work required 
tor the new station, and the erection of the platforms 
and station buildings is expected to be shortly com- 
menced. In the six months just ended the South 
Eastern and Chatham Railway expended new capital 
to the extent of 83,527/. Additions. to workshops 
at Ashford cost 18,241/.; the reconstruction and 
strengthening of bridges, 19,465/.; and protective 
works between Folkestone and Dover, 8397/. 

The Great Northern (Ireland) Railway reports a 
capital expenditure of 49,759/. for new works; 14,514/. 
of this amount was, however, disbursed for additional 
working stock. Additional goods accommodation at 
Belfast involved an outlay of 12,451/., and new sidings 
at Adelaide and Windsor, 8171/. New wagon shops 
have been provided at Dundalk. 

The additional capital expenditure of the Great 
Southern and Western (Ireland) ogee | in the past 

-year was moderate, amountin ether to 
75,856/., of which 40,538/. was for additional working 
stock. A further expenditure of 12,308/. was made 
upon new carriage and wagon shops at Inchicore. 

The London Electric Railway made satisfactory 
progress with the construction of its Charing Cross 
and Paddington stations. Work was also commenced 
on the Queen’s Park extension and on the installation 
of escalators at Oxford Circus station. Altogether, 
capital was expended in the half-year to the extent of 
279,322/., the most formidable item being 159,252/. for 
an extension from Golder’s Green ; the Earl’s Court 
escalator cost 14,518/. ; the outlays upon the aoe | 

and ee extensions were 35,224/. an 

831/. respectively. 

Upon the Metropolitan Railways electrical plant 


high price of fuel. In order to provide for an increased 
service of trains between St. John’s Wood and the 
City, and the contemplated working of an electrical 
service over the East London, it has been necessary 
to proceed with the laying of an additional cable 
between Neasden and Moorgate-street, and the in- 
stallation of another ro’ converter at Baker-street 
sub-station. Subways at Moorgate-street, connecting 
the station with those of the City and South London 
and the Great Northern and City Railways have proved 
a decided convenience to passengers. 
tion of the East London Railway is rapidly approach- 
ing completion, and through Metropolitan trains will 
be shortly run over the East London line. Further 
contracts for widening the Metropolitan Railway 
between Finchley-road and Wembley Park, and for 
improvements at Finchley-road station have been let. 

The Metropolitan District Railway is constructin 
@ fly-over junction at Earl’s Court ; this is enpeuted 
to improve train-working considerably. 

The principal work carried out upon the Central 
London Railway was the completion of the extension 
from the Bank to Live l-street. This extension has 
been attended with fairly satisfactory results, and the 
position of the system is expected to be further im- 
proved when another extension to Ealing is brought 
into operation. It is doubtful, however, whether this 
Ealing line will be ready for traffic when the year 
closes. 





STEAM, ELECTRICITY, AND CON- 
DENSATION. 

To THe Eprrog oF ENGINEERING. 
Srr,—With your kind permission I should like to offer 
a few remarks in connection with your interesting re- 

rts on Sir J. J. Thomson’s lectures at the Royal 
nstitution, more especially with that contained in the 
current issue of your valuable journal and the footnote 
which you have added thereto. 

It seems almost a forgotten thing nowadays that long 
ago Armstrong’s so-called hydro-electric machine pro- 
duced electricity ; and although the accepted explana- 
tion of the phenomenon is that the creation of electricity 
was due to “friction,” I venture to think that even 
so eminent an avthority as Faraday would, under 
y's ideas of condensation, revise this dictum. In 
short, I cannot get myself away from the belief that 
the electricity produced in the machine under discussion 
was due to the condensation process in the steam imme- 


simultaneous effects in part screened this, taking the 
investigators off the scent. I remember vividly how, 
touching the cast-iron body of the condenser of an engine 
exhibited at the Paris Exhibition, 1889, I received smart 
little shocks, and found I could extract intermittently 
sparks as from the globular knobs of an electrical ma- 
chine. The same thing on a huge scale we seem to 
witness during a thunderstorm, or rather after its passage, 
and it appears to me that the great discharges of electri- 
city taking place in the form of lightning are due to the 
fall of temperature during such storms. in, the 
same thing I have observed to occur as the immediate 
consequence of auroral displays, which in many cases 
were interrupted, or followed, by a sudden haziness 
covering the just previously perfectly clear sky, - 
sently occasioning a soft misty drizzle, almost negligible 
for umbrellas, certainly in no way affecting rain-gauges, 
and indeed unobserved by many. athe 

I have myself found that, under certain circumstances, 
live steam being deliberately led into cold water, with 
tanks and conduits suitably insulated, shows this creation 
of electricity in all probability to be due to the violent 
and rang condensation taking place, which can easily 


be jud, by the noise which accompanies the process. 
It may be a fanciful picture, but I venture to s b 
investigation of these matters, since it would in be 


a gain if electricity could be generated by condensation 
of steam alone, without the interposition of either 
reciprocating or ae mechanical prime movers, with 
their generators attached. 

Yours respectfully, 
ALBERT ALFRED Buss. 


‘* Barrowdale,” 22, Egerton-road, Chorlton-cum- 
Hardy, Manchester, March 2, 1913. 





THE LATE MR. RICHARD F. TREVITHICK. 
To THe Eprtor oF ENGINEERING. _ 
Sir,—Your report of the death of Mr. Richard F. 
Trevithick recalls to my memory a pleasant incident of 
many years . As an engineer with Messrs. James 
Simpson and Co., Grosvenor-road, Pimlieo, I was sent in 
1870 to the Dolcoath Mine to assist in introducing 
Douring’s air-driven rock-boring machine. Being quite 
a novelty it attracted great attention. Amongst others 
who came to see it were Mr. Francis Trevithick and his 
son, who, he told me, was about to start for South 

_ =r delighted with its perf hich 

ey were de with i ormance, w was 
quite —_ a not only adjusted itself to the forward 
movement of the drill, but caused the drill to revolve a 
little at each stroke. When the carriage was put into 
position, all that the miner had to do was to stand and 
watch and move the carriage into position for the next 
boring. Simpson’s also supplied the air-compressor. 
Mr. Francis was quite in humour, and when thank- 





originally installed at Neasden has been replaced by 
improved machines, and a substantial saving in cost of 
current has been effected thereby, notwithstanding the 


ing me tried to speak Scotch, and told me I would “‘ne’er 


he electrifica- | had 


diately on leaving the fine nozzles, and that other bei 


thick at the same time. A very old man, employed about 
the engine-rooms, asked me to come and see an old engine 
that had been out of use for many years. He said that 
it stopped one day, and they had to send for ‘Cap'n 
Dick to make it go. Oap’n Dick he had a look all 
over, and lay down on his back on the floor and shut 
his eyes. In a little while he got up and shouted for a 
sledge-hammer, then gave one of the plummer-blocks two 
tremendous blows, and ealled to turn on the steam, when 
away went the ine.” Another feature recalled was 
an old steam cylinder of large dimensions, out of use. It 
been Lm] by gone oe -~ Watt, and after many 
years’ wor been replaced by a new pumping-engine 
supplied by Harvey, of Hale. The old pew was & 
splendid piece of workmanship for the time, the steam- 
jacket being formed with flanged segments and carefully 
fitted. It had been offered to the South Kensington 
Museum authorities, but was declined, I presume, on 
account of its great balk and weight. 

I saw an account of Mr. Francis’s death in the papers 
anne yee ago. I was pleased to see such an honourable 
record of his son in your valuable jou 

Yours truly, 


Rayleigh, Essex, March 5, 1913. Moopiz. 





Tue Surveyors’ Institotion.—It has been found 
necessary to alter the dates of the country meeting, which 
will be held at Oxford, from Thursday and Friday, 
May 22 and 23, to Friday and Saturday, May 23 and 24. 





THE LATE Mr. Inwine Jonn Wuitry.—We b to 
have to record the death of Mr. Irwine John Whitty, 
M. Inst. C.E., which occurred at his residence, Redland. 
Bristol, on February 22. Mr. Whitty was aw 
er of age. He was a son of the late Rev. Henry 

itty, Rector of Kilrush, and a grandson of the late 
Archdeacon Whitty, of Ennislymon, County Clare. Mr. 
Whitty assisted in the construction of the Cork and 
Bandon Railway, and then left for India, where he was 
employed in the surveys and construction of the Chord 
Line of the East India Railway Company and upon other 
parts of their extensive system, being afterwards ap- 
inted general manager of their large collieries at 
iridhi. He was [meena A in the construc- 
tion of the Bengal-Nagpur-Tirhoot line, the Darjeeling 
and Himalaya Railway, in which he overcame the serious 
difficulties of gradients with circular loops, and he filled 
other important appointments. Mr. itty retired 
home after a long active service. The funeral service 
was conducted by Canon Haigh, at St. Paul’s Church, 
Clifton, and the interment took place on Wednesday, 
February 26, at Christ Church, Hanham, many tributes 
of affection ~~ cm circle of relatives and friends 
ing paid the d > 





Tue British WestincHouse Cius.—The official open- 
ing of the British Westinghouse Club, at Trafford Park, 

chester, took place on Monday last, when Sir William 
H. Bailey delivered an interesting inaugural address, 
taking as his text ‘‘The Art of Seeing and the Art of 
Remembering, and their Possible Influence on Genius.” 
The er remarked that there was no icular merit 
in loving truth, which was a purely negative virtue. The 
really useful — being a fear of error, an attitude of 
mind which he dub “puritanical science.” The 
study of scientific literature, he continued, had a as 
influence in assisting the imagination by the logic 
of facts, and he emphasi the im ce of 
studying failures as well as successes. n this con- 
nection he drew attention to the co-operative cata- 
logue of building and architecture, which has been 
compiled with the assistance of the librarians of the 
different Manchester libraries. This work contains the 
name of every work on the subjects covered which is to 
be found in any of the principal libraries of Manchester 
and Salford. Sir William further mentioned that Richard 
Roberts, the inventor, whom he had known well, was ». 
on reader, being thoroughly acquainted with the 
literature ing on all his engineering pursuits. He 
also stated that the same might be said about Sir Joseph 
Whitworth. Sir William Bailey also laid deserved stress 
on the advantages of a et memory, and of the import- 
ance of developing this faculty to the utmost. 





Tur Copper Marxet.—In their monthly report, dated 
the 3rd inst., Messrs. James Lewis and Son state that 
page whe in  .. value of an oper which 
took pi uring January contin uring the t 
month euill G5, ‘ta O48. cue egcupted fer cush:en the 
18th—a fall of 142. 2s. 6d. since the beginning the year. 
There was a recovery to 64/. 17s. 6d. on 20th, but 
under the influence of weak American advices values 
declined again to 63/. 15s. on the 25th, woéy - how- 
ever, on “bear” covering and a better demand 
from consumers to 65/. on the 28th. On the 3rd inst. 
buying had continued, and with a strong market there 
been a further advance to 66/. 7s. 6d., this being the 
closing value for both cash and three months. The 
losses due to the serious fall in the value of copper since 
the beginning of this year had mainly fallen u Ameri- 
can producers and refiners, who withheld their copper 
from the market and refused to sell at prices which 
European consumers were willing to pay, and had now 
uivalent of 68/. 10s. to 69/. per ton o.i.f. 

extent to which the stocks held by 
English and French manufacturers had been denuded 


was shown by the small quantities of copper taken for 
consumption from the arrivals and from the public stocks ; 
900 tons of American wire bars and ingot had been 


t into warehouse here and large quantities on the 
Continent during the past month, on account 





ae back agin.’ 
4 had = a reminiscence of the great Richard Trevi- | 


y 
of the producers. Exports from the United States for 
the past month were advised as 26,767 tone. 
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THE SPANISH QUADRUPLE-SCREW LINER 


“REINA VICTORIA-EUGENIA.” 


BUILT AND ENGINED BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, LIMITED, NEWCASTLE-ON-TYNE. 








Two new steamers have recently been completed in 
this country for the passenger and mail service of the 
Compajia Trasatlintion, of Spain, between Spain and 
the South-American countries—a service which is of 
the first importance in view of the affinity between 
Spain and their descendants across the sea. The ships 
built are a direct consequence of a new contract 
between the Spanish Government and the steamship 
company to which we shall refer later, and signalise 
& great step in advance on the part of the latter, while 
affording evidence of the high degree of efficiency 
pr haan by the company in the course of its successful 
history. 

One of the steamers, the Reina Victoria-Eugenia, 
has been built and engined by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Newcastle-on-Tyne, 
and the other, the Infanta Isabel de Borbon, by Messrs. 
Denny, of Dumbarton. So far as the arrangement of 
the ships is concerned there is great similarity, but the 
machinery differs materially. Phe owners, in consider- 
ing the type of propelling machinery to be adopted, 
decided to fit combination machinery—i.e., recipro- 
cating engines exhausting to Parsons low-pressure 
turbines—an arrangement which has certainly proved 
very economical as compared with reciprocating 
engines only. In this decision the company have 
shown enterprise. Although the system has been 
well tried and approved in the merchant service, there 
are, 80 far, no steamers with turbines trading to South 
America. A distinct\service is being rendered to 
one also in the fact that alternative systems 
have been fitted to the two ships. The Reina Victoria- 
Eugenia is driven by four screws, each with one pro- 
peller, the two inner shafts having reciprocating 
engines, and the two outer shafts exhaust turbines, 
while in the case of Messrs. Denny's ship, the Infanta 
Isabel de Borbon, there are three shafts, each with 
one propeller, the outer shafts being driven by recipro- 
cating engines, and the centre shaft by the fem. st 
taking the exhaust steam from both piston engines. 

The advantages claimed for the four-screw arrange- 
ment are :— 

1. Complete subdivision of machinery into two 
independent units and possibility of using auxiliaries 


case of breakdown. 





(circulating-pumps, air-pumps, &c.) for either side in | system of fire-extinguishing apparatus is fitted. There 





Fic. 1. View or VEsseL On TRIAL. 


2. Best propulsive efficiency is obtainable with 
greater certainty than with the three-screw arrange- 
ment, as shown by numerous experiments with a self- 
propelled model. 

It may be mentioned in this connection that the 
interference between the forward and after propellers 
is naturally minimised owing to the large distance 
they are apart. 

3. Saving in hold capacity owing to tunnels. 

4. Propeller-tips less exposed unless overlapping of 
propellers be resorted to, which has been found inad- 
visable. 

5. Less liability to cause vibration. 

In respect of efficiency, the difference between the 
two ships is largely a question of the suitability of the 
propellers. It has yet to be determined in service to 
what extent the propeller efficiency of each ship will 
influence the over-all efficiency of the RO? It 
is the intention of the present series of articles to 
describe these two ships with special reference to the 
machinery. 

We begin this week with illustrations of the Reina 
Victoria-Eugenia, the first of the ships to be com- 
— On this page is a view of the vessel on trial. 

n the two-page plate there are reproduced a longi- 
tudinal section and plans of the various decks, and 
on pages 323 and 326 perspective views of the ship and 
of the principal public saloons. 

The vessel is 480 ft. in length, 61 ft. in breadth, and 
35 ft. 9 in. in depth, the gross tonnage being 9727. 
The vessel will carry 2100 passengers, of whom 
200 are in the de /uxe class, 146 in the first-class, and 
80 in the second-class quarters, the remainder being 
emigrants. The dead-weight capacity is 6500 tons, 
and as the trial-trip speed was over 184 knots, a good 
compromise has been made in the interests of profitable 
working as well as efficiency in mail and passenger 
service. 

As the longitudinal section on the two-page plate 
shows, the hull is divided into water-tight compart- 
ments by eleven transverse bulkheads, fitted with 
quick-closing doors on the Stone-Lloyd system, worked 
trom the bridge. A double bottom extends right fore 
and aft. As a further measure of protection, Clayton’s 


is also a wireless telegraph installation and a sub- ' 








marine signalling set. The lifeboat equipment is clearly 
shown on the section, and the plan of the boat-deck 
in Fig. 3. The accommodation for passengers is shown 
on the plans on the two-page plate, and the details are 
given in Table I. on page 324. 

It may be said generally that the accommodation is 
in accordance with the best practice. As the vessel 
will pass through the tropics, special consideration 
has been given to ventilation, and electrically-driven 
fans are fitted in all parts. An electric passenger 
lift is included in addition to the spacious companion- 
way. A ae is a notable feature which will 
be acceptable to passengers. For emergency an isolated 
hospital is provided. 

Fig. 3 shows the boat-deck reserved for the accommo- 
dation of lifeboats and collapsible boats and rafts. 
The officers are housed immediately abaft the bridge. 

Fig. 4 is a plan of the promenade-deck, on which are 
several of the more important public rooms, including, 
beginning forward, the de /uxe class library, music 
salon, hall or lounge, special suites of state-rooms, & 
gallery and restaurant, the smoking-room, and 4 
veranda café. The first-class music and smoking: 
rooms are in a separate deck-house aft on this deck. 
On the p, far removed from all living quarters, 18 
the hospital, with all its accessories. A perspective 
view of the promenade is given in Fig. 9, om 


Page 323. 
he shade-deck plan is given in Fig. 5. On this deck 
there is on each side of the ship a sheltered promenade 
with a long deck-house, having at the forward end the 
de luxe dining-saloon, and at the after end the first- 
class dining-saloon. Except in the very roughest of 
weather these rooms can thus be ventilated by the large 
side and end windows opening on to the promenade. 
This is an arrangement preferable to the location 0 
the dining-room on a lower deck within the moulded 
structure of the ship, where port-holes cannot be opened 
in bad weather. In the rooms also wells extend to 
skylights and ventilating ports on the boat-deck, not 
only from these dining-saloons, but from the variout 
ublic rooms on the promenade-deck. These have 
n utilised. to add to decorative effect and to the 
heights of the ceilings of the rooms, as shall be 
described presently. Between the two dining-room® 
on the shade-deck are many state-rooms. The arrange 
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ment of the cargo-loading appliances can be seen on 
this plan. 


TABLE I.—Particulars of P: 9 





dation. 


lass. 





Suites de Luxe on Promenade Deck. Two Suites. 
De Luxe Class, Preference Rooms. 


Shade Deck... ae “el 6 | 3 18 
en 9 2 18 


36 


Total _ 


De Luxe Cla:s. 
Upper Deck 


” ” 
” ” 


Total és 
First Class. 


Upper deck 10 


Main deck 


” ” 


2 
21 
2 
5 10 


Total 


Second Class. 


Upper deck 


” ” 


Total 





Grand total .. 
TaBLe Il.—Particulars of Emigrants’ Accommodation. 





Compartment. —_ 
Main deck— 
No. 1 compartment 
No. 2 compartment 
No. 3 compartment 


Total on maindeck ..  ..| 


Lower deck— 
No. 1 compartment 
No. 2 compartment 
No. 3 compartment 
No. 4 compartment 
No. 56 compartment 


165 
88 
200 


"| 
‘<i 


Total on main and lower decks) 1481 161 


Hospital on main deck—men .. 
Hospital on main deck—women 
Isolation hospital—men .. 
Isolat‘on hospital—women 





Total 1481 232 1713 


The upper deck, Fig. 6, is given over entirely to 
state-rooms, as is also the central t of the main 
deck, Fig. 7. The remainder of this deck and the 
whole of the lower deck, Fig. 8, is devoted to the 
accommodation of emigrants. 

The public rooms in the ship have been decorated 
and furnished by Messrs. Waring and Gillow, Limited, 
of 180, Oxford-street, London, who have large experi- 
ence of such work, and have achieved marked success 
in this vessel, whether regard be had to comfort or the 
originality and artistic effect of the treatment. Several 
of these rooms are illustrated on pages 323 and 326. 

The dining-room de luxe is shown in Figs. 10 and 11. 
The scheme accords with the Louis XVI. period. The 
whole of the wall panelling is in solid mahogany, the 
lower dado being polished to a rich shade and the 
upper part painted white, with the enrichments 

the caps to the columns in gilt. The floor is of 
Rarquetry, having runners of carpet between the tables. 
here is seating accommodation for 200 people, 
with a sideboard at each end, and serving-tables 
at intervals. The chairs are a reproduction of an 
old model and have reversible seats, so that during 
the colder weather the passengers can use the seat 
that is upholstered and covered in tapestry, while 
during the hot periods they can have the comfort of 
the reverse side, which is of perforated wood. Over 
the we, at og! fore end of the ship, there is a 
ificent piece of Spanish tapestry by the Spanish 
artist Goya. From this room ca ae ike ay in 
the ceiling, an enclosed metal and glass screen in 
the music-room, to be referred to later. The whole 
of the loose furniture is in a rich shade of polished 
mahogany, while the curtains and carpets are of a deep 
rose colour with applique in silver. 

The music-room de luxe, Fig. 12, is exceptional in 
every way. The — of the decoration is, in this 
case, also Louis XVI., and everything is desi 
in perfect harmony. The princi feature is a 
metal and glass enclosure which surrounds the 
well from the dining-saloon. This enclosure gives a 
charming effect, at the same time. excludes all 
reminders that the dining-saloon is below. 
walls are led, and are painted in two shades 





panel 
of French grey, the enrichments being all picked out 


in gold. The carpet is a deep shade of rose. The 
furniture is polished satin-wood inlaid, and the whole 
ensemble is refined and comfortable to the last degree. 

The social hall or lounge, Figs. 13 and 14, is 
probably one of the finest apartments seen on board 
a steamer. The decorations of the room are in 
the Georgian style, but the dominant feature which 
will strike every visitor is the great height of the 
lounge, secured by taking the apartment through two 
decks, the outer deck being hidden by the transom 
bar of the window and door respectively. Another 
attractive feature of the room is the large and effective 
inner windows going right up to the richly-moulded 
ceiling. In fact, with its beautifully - modelled 
pilasters and central-domed ceiling, its carved marble 
mantelpiece, its furniture, reproduced from fine old 
models, and its hand-made carpet of the period, the 
hall presents a picture of refinement and luxury. Over 
the staircase is a beautiful full-leagth portrait of the 
Queen of Spain, from whom this vessel takes her 
name. This picture has been painted by the well- 
known Spanish artist, Moreno Carbomero. The floor 
is covered with rubber of a design suitable to the 
surroundings. 

The library and writing-room, Fig. 15, is en suite 
wi'h the music-room, the only division between the 
two being the metal and glass screen, which has 
a low wood-panelled dado below, and divides the 
two rooms without preventing a full view by any- 
one using the room. The same scheme of decoration 
and furnishing is followed in the library and writing- 
room as in the music-room. There are windows not 
only at port and starboard sides, but also in the fore 
part of the room. An uninterrupted view can be 
obtained from the library right through the music- 
room, social hall lounge, and gallery straight into the 
smoking-room. 

The gallery and restaurant, shown in Fig. 16, is 
decorated in a modern style. The most attractive 
features of this room are the beautiful landscape pic- 
tures, specially painted for it by Mr. Luna, the artist 
of the Compajia Trasatlantica. A treillage with roses 
growing up it is produced by means of special tiles, the 
joints of which are hidden. At intervals there are 
pilasters of solid marble in a shade of rose pink, with 

ilt caps and bases. The ceiling is hand-painted, 

eveloping the treillage design of the walls, and the 
furniture and furnishings are in cane, coloured to 
harmonise. In the centre of the gallery there is a 
large jardiniére, in which flowers can be placed against 
a background of mirror glass. The flowers can be 
trained through a gilt trellis which forms a cove above 
the jardiniére, giving a new decorative effect. 

The smoking-room de luxe is a handsome and 
comfortable apartment following the Jacobean style ; 
the wall panellings in a warm shade of oak, with 
curtains and coverings in blue. Some of the chairs 
are covered in blue morocco, and the remaining 
chairs in a chintz design tapestry on a blue ground, 
which tones with the prevailing colour scheme. There 
is a fine dome to the room which gives the impression 
of lightness and height, and does away with that dis- 
agreeable depressing feeling one so often experiences 
on board a steamer through the ceilings appearing so 
low. This room has also a bar. 

The scheme for the verandah café is also unusual. 
It ison modern lines; the port and starboard bulkheads 
have the special tiles which give the appearance of 
treillage, and have natural coloured roses painted on 
them as in the gallery and restaurant. n the aft 
bulkhead there is a fine colonnade effect, which is 
realistic. On the fore bulkhead are the windows to 
the smoking-room. The furnishing of this room is in 

n cane, with wood tables, because of the necessity 
or reliability as well as decorative beauty, owing to 
the furniture and furnishings being open to the sea 
and air. Notice must also be taken of the chapel 
which is fitted up on board, and which contains two 
fine paintings by Mr. Luna, the artist to the Cia. 
Trasatlantica. 

There are two complete suites de luxe, each suite 
consisting of a sitting-room, a bed-room, and a bath- 
room. e style of the decorations is modern, the 
walls being elled in solid mahogany, painted 
white, the furniture in polished sycamore with 
inlaid lines. One of the suites is in a scheme of blue 
and the other is in m. The loose furnishings in 
each instance have inlaid lines of blue or green, so as 
to be en suite with the scheme of colour. Each of 
the bed-rooms has got an enclosed washstand, with 
hot and cold water supply, and each of the sitting- 
rooms is 80 arran that it can, if so desired, be 
turned into a -room. The back of the settee 
can be let down and a bed disclosed with mattress 
and lee-rail all complete. The same class of settee 
is used in the bed-room, so that one bed only need 
be prominent; the other can be closed up during 
the day and used as a settee. Aft of the state-rooms 
for the de luxe class of passengers,.and quite at 
the end of them, we have the very interesting room 
known as the children’s dining-room. This is deco- 
rated in a way to please its inhabitants, the frieze on 
the walls illustrating various nursery rhymes. 





The first-class dining-saloon is in the period of 
William and Mary. The wall panelling is in oak, 
quartered, in order to secure the advantage of the 
beautiful grain. The floor has runners of carpet, the 
predominant shade of which is a deep blue, and this 
same scheme of colour is followed in the upholstered 
seats of the chairs, which have the advantage of 
being reversible, as in the de luxe class dining-room. 
To give an air of lightness to the room, the curtains 
are in a light-ground chintz, and the frieze is panelled 
out in a material en suite. In the first-class music. 
room the modern style has again been followed, 
the wall panellings being in solid mahogany, polished. 
The room has in one corner a luxurious corner seat 
with bookcase over it. The loose furniture is also 
in polished mahogany, covered in tapestry. The 
floor has a floral-design carpet in a soft shade of 
green, with carpets to match. In the first-class 
smoking-room the Jacobean style is followed, with 
the oak-raftered roof and the walls all panelled in 
oak to match. The effect is quaint and pleasing. 
The furnishing is in oak to match the walls, some 
of the chairs being upholstered in morocco leather, 
and the remainder a pleasing design of tapestry, 
which gives a most harmonious effect. The second- 
class accommedation is fitted up in the poop, with 
entrance-hall, staircase, saloon, and state-rooms, bath- 
rooms, W.c., &e. 

In our next article we hope to illustrate and describe 
the machinery. 

(To be continued.) 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
gaa market developed strength, and with more 

yers Econo than sellers, Cleveland warrants madea 
good vance. The dealings amounted to 5000 tons 
at 61s. 6d. cash, 62s. nineteen days, from 6ls. 3d. 
to 62s. and 61s. 9d. one month, 62s. 44d. April 25, and 
at 62s. 14d. and 62s. three months, and closing sellers 

uoted 61s. 9d. cash, 62s. 14d. one month, and 62s. 3d. 
three months. Buyers of hematite quoted 79s. cash 
and 79s. 6d. one month, and sellers named 80s. three 
months. The tone was easier in the afternoon, when 
3500 tons of Cleveland warrants were done at 61s. 6d. 
nineteen days, from 61s. 7d. to 61s. 44d. eight days, 
and at 61s. 7d., 61s. 9d., and 61s. 8d. one month, 
and closing quotations were 6ls. 5d. cash and 
61s. 10d. one and three months’ sellers. On Friday 
morning Cleveland; warrants got another set-back and 
changed hands at 61s. cash, 6ls. 6d. May 5 and 7, 
at from 61s. 6d. to 61s. 4d. one month, and from 
61s. 44d. to 61s. 34d. three months. The turnover was 
6000 tons, and there were sellers over at 61s. 1d. cash, 
61s. 44d. one month, and 61s. 4d. three months, and 
sellers of hematite quoted 80s. three months. Quiet- 
ness ruled in the afternoon, when one lot of Cleve- 
land warrants changed hands at 61s. 6d. one month, 
with closing sellers at 61s, 2d. cash, 61s. 64d. one 
month, and 61s. 6d. three mont Hematite was 
quoted firm at 80s. sellers three months. On Monday 
morning the presence of “bears” repurchasing caused 
the market to be irregular. Cleveland warrants ad- 
vanced sharply, and 3000 tons were dealt in at from 62s. 
to 62s. 44d. cash, at 62s. 3d. one month, and 62s. 6d. 
May 7. Sellers’ closing rates were called 62s. 5d. 
cash, 62s. 94d. one month, and 61s.. 74d. three months, 
with no buyers quoting for the latter position. In the 
afternoon the business of 3000 tons of Cleveland warrants 
was all for odd dates, and the three months position was 
again neglected. The dealings were at 63s. four 
and eighteen days and May 26, 63s. 1}d. twenty- 
five days and May 5, and 64s. 6d. twenty-eight days, 
and closing sellers’ quotations were 63s. 3d. cash, 63s. 6d 
one month, and 61s. 9d. three months. On Tuesday 
morning Cleveland warrants were in strong, and 
advanced. 1s. and 1s. 1d. per ton. The turnover was 
3000 tons, at 64s. 3d. thirteen and fifteen days, 64s. 3d. 
one month, 64s. 4d. April 23 and 30, and at the close the 
prices quoted were 64s. 3d. cash, 64s. 7d. one month, and 
62s. 9d. three months sellers. The afternoon session was 
quiet, and Cleveland warrants were easier, the business 
only amounting to 1000 tons at 64s. fifteen days, with 
sellers over at 63s. 9d. cash, 64s, one month, and 
62s. 6d. three months. When the market opened to-day 
(Wednesday )some weakness prevailed, and Cleveland war- 
rants dropped away in value. The dealings totalled 5500 
tons at 62s. 9d., 633., and 62s. 8d. cash, 62s. 11d. twenty-one 
days, 63s. 14d. twenty-nine days, 63s. 3d. one month and 
April 30, and 62s. three months. At the close the decline 
in sellers’ prices was 1s., 10}d., and 6d., to 62s. 9d. cash, 
63s. 14d. one month, and 62s. three months. In the after- 
noon the market was quiet, and 1500 tons of Cleveland 
warrants were put through at 62s. 5d. May 20, 63s. 3d. 
one month, and 61s. 6d. three months, the latter trans 
action showing a decline of 6d. The session closed with 
sellers at 62s. 10}d. cash, 63s. 3d. one month, and 61s. 9d. 
three months. 

Sulphate of Ammonia. —The sulphate of ammonia market 
has exhibited an easier tone during the past week, ®! 
the domand has only been moderate. The current quote- 
tion is called 141. 4 6d. per ton, for prompt delivery, 
Glasgow or Leith. By a clerical error the price mention 
last week was 14/. 15s. instead of 14/. 5s. 

Scotch Steel Trade.—In the Scotch steel trade makers 
are being kept actively employed to cope with —s 
of orders for ship-plates, but for boiler-plates the demap 4 
is not so pressing. The placing of fresh contracts is stl 
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very slow owing to the general feeling that easier ices 
may shortly obtain, but it is considered very doubtful by 
many if anything will come out of this, because the pre- 
sent dull tone is probably only likely to be of short 
duration. The position of black-sheet makers has not 
changed, and they are still busy on heavy gauges, but 
doing little in the thinner, while galvanised-sheet makers 
report a very poor demand. There has been a tolerably 

request for structural material for export, and 
inquiries are considered fairly satisfactory at the moment. 
The official list of prices is unaltered. 


Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland show a no 
change over the week, and there is little doing in small 
bars, although makers are well employed on the larger 
sizes. Some of the mills sey } strips are not in 
operation, and makers are feeling the effect of foreign 
competition. _The booking of new business is very poor 
st present. The basis price for “crown ” bars is 8/. 10s. 
per ton. 

Scotch Pig-Iron Trade.—The makers of Scotch pig- 
iron continue actively employed, but the very unsettled 
state of the warrant market, with its daily fluctuations, 
has caused a lull in fresh demands for the ordinary qualities 
of iron. Nevertheless, the deliveries against contract 
are on @ large scale, and a fair quantity is again being 
shipped since the trouble with the carters has come to an 
— A heavy ag of hematite iron is going into 
consumption locally, but fresh inquiries are few. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 81s.; Calder, Gartsherrie, and Summerlee, 
81s. 6d.; and Langloan, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 82s.; Shotts(at Leith), 81s. 6d. ; 
and Carron (at Grangemouth), 83s. 

Scotch Shipbuilding.—To judge from the figures of the 
output of new tonnage from the Scotch shipbuilding 
yards during the past month one is led to believe that 
the industry isstill very busy. The January figures were 
small, but when added to those of the past month quite 
a respectable total results. The following shows the 
output :— . 


January. February. a 

Vessels. Tons. Vessels. Tons. Vessels. Tons. 
Clyde... 5 9,755 17° 47,050 = 56 805 
Forth .. 1 70 2 2,300 = 3 2,370 
Tay = _ 1 1,000 = 1 1,000 
Dee . 5 805 4 93 = 9 1,708 
Totals .. 11 10,630 24 51,253 = 35 61,883 


The Clyde total for the past month is the largest since 
1904, but the figures for the two months January and 
February combined are the smallest for four years. The 
placing of new orders has been very limited of late, 
owing to the high prices required by shipbuilders, but 
there is still quite a lot of work on order, and steady 
employment is assured for some time yet. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The actual position has 
not shown much alteration, although the progress of the 
railway trouble has been anxiously watched, and a good 
deal of uneasiness experienced during the past couple of 
days. Prices, however, have not been affected, and in 
the strong hope of a settlement, which now seems prob- 
able, colheries did not go so far as to consider the with- 
drawal of lists. With the pressure of demand, prices at 
pits have been kept up — and last Friday’s quota- 
tions showed an advance in slacks and smalls. The drop 
in exports has been made up for by the weight of orders 
onindustrial account. The recent anxiety of the general 
— has been reflected in an increased inquiry for 
ouse coal. Pits have been kept very busy, and deliveries 
have been retarded. Quotations :—Best branch hand- 
4. 15s. 6d.; Barnsley best Silkstone, 13s. 6d. to 
4s. 6d. ; Derbyshire best brights, 12s. to 13s. ; Derby- 
shire house, 10s, 6d. to 11s. 6d.; large nuts, 10s. 6d. to 
lls. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. 6d. to 11s. 6d.; ro 
ry 7s. “ to 8s. 6d. ; seconds, 6s. 6d. to 8s.; few 

. to 


Tron and Steel.—Iron — are unaltered. The imme- 
diate future of the market is so unsettled, following the 
drop in warrants, that makers realise it is unlikely users 
will place substantial forward contracts at present. For 
this reason they are not making special efforts to secure 
new business by way of reducing quotations. Yet, 
although the consumption of iron promises to continue 
on the present scale, there is a general opinion that 
prices have reached a maximum, and that any promounced 
move will be in the direction of concessions. In the 
Sheffield industries the amount of work in hand is still 
of large dimensions, but a falling off in new business has 
n experienced. In some quarters this has been held 
to presage a decline of the ‘‘ boom,” but the more probable 
view is that buyers are awaiting developments in the 
iron market, and that whilst uncertainty exists 
they will be chary of giving out big orders. The local 
manufacturers are not at disturbed by the situation. 
work in hand is still such as severely to tax their 
resources, and they would really welcome a breathing 
Space. This respite would be an equal relief to the men, 
numbers of whom have been putting in a great amount 
of overtime. The weight of work in the steel forging and 
casting departments is satisfactory, and firms are working 
st full pressure to meet the demands from engiaeers. The 
productive capacity of the steel foundries is being taxed 
to ite limit, and tool-steel makers are eq 


h tons, whilst France too 


the East End works very busy. The increase in 
France's navy estimates is reflected in some measure in 
the placing locally of important orders for battleship 
ap ere including several great turbine drums. The 
big demand for steel on Indian account is alsoa prominent 
feature. Fora railway four firms are engaged on 
a large quantity of steel switches and crossings, bearing 
and volute springs, and wheels and axles. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is unsettled, 
due to erratic movements in warrants caused by specu- 
lative operations, but the supply of pig iron is insufficient 
to meet requirements, and buyers who have to meet 
spring engagements are coming forward rather freely. 

iddlesbrough warrants have this week touched 64s. 
cash buyers—the highest quotation since the 14th of last 
month—and to-night (Wednesday) they close 62s. 10d. 
cash buyers. Makers’ pig iron is selling at more for earl 
than for forward delivery. No. 3 g.m.b. has chan 
hands this week at 64s. 3d. f.o.b., but the price is now 
63s. 3d., whilst No. 1 is 65s. 9d. ; No. 4 foundry the same 
price as No. 3; No. 4 forge, 63s. ; and mottled and white 
iron, each 62s. 6d.—all for early delivery. Merchants are 
prepared to sell at below these rates for the second 
quarter of the year. Some fairly inquiries are 
reported for East Coast hematite pig for both home and 
foreign customers, but so far as can be ascertained they 
have not, as yet, resulted in business of any moment. 
For this month’s delivery, Nos. 1, 2, and 3 range from 
81s. to 82s., and thesupply is short, but forward contracts 
can be made at 80s. ere is little or nothing passing in 
foreign ore, and market rates remain on the basis of 
21s. Yd. ex-ship Tees for Rubio of 50 per cent. quality, 
but it is reported that contracts could be made on lower 
terms. Freights, Bilbao - Middlesbrough, are 5s. 6d. 
Coke is in good request for local consumption, and 
values are firmer, 25s. being named for average blast- 
furnace kinds delivered at Tees-side works. A contract 
for furnace coke has been entered into at 21s. 6d. for 
next year. 


Manufactured Iron and Steel.—Few new orders for manu- 
factu iron and steel are coming to hand just now, but 
producers are well placed, and it is not at all necessary for 
them to seek fresh work, some firms, in fact, having con- 
tracts made which will keep them busy well into next year. 
Under these conditions there seems little likelihood of 
quotations being lowered. Common iron bars are 81. 15s.; 
best bars, 97. 2s. 6d.; best best bars, 9. 10s.; packing iron, 
6l. 15s.; iron ship-plates, 8/. 2s. 6d.; iron ship-angles, 
82. 15s.; iron ship-rivets, 9/. 15s.; iron boiler-plates, 
8l. 17s. 6d.; steel bars (basic), 7/. 17s. 6d.; steel bars 
(Siemens), 82. 5s.; steel ship-plates, 8/. 5s.; steel ship- 
angles, 7/. 17s. 6d.; steel boiler-plates, 91. 5s.; steel hoops 
and steel strip, each 8/.; and steel joists, 7/. 7s. 6d.—all 
less the customary per cent. discount. Cast-iron 
columns are 7/. 7s. 6d.; cast-iron railway chairs, 4/. 10s. 
to 4/. 15s.; light iron rails, 7/. to 7l. 7s. 6d.; heavy steel 
rails, 61. 15s.; and steel railway sleepers, 7/.—all net at 
works. Iron and steel = eorrugated sheets, 24 
gauge, in bundles, are 12/. 15s. to 13/. f.o.b.—less the 
usual 4 per cent. 


Iron and Steel Shipments.—Tees iron and steel ship- 
ments for ree: A uite up to expectations. 
Those of pig iron—which would have been heavier if more 
iron had nm available—were officially returned at 
92,851 tons, 82,731 tons ry) been loaded at Middles- 
brough, and 10,120 tons at Skinningrove. For the pre- 
vious month the total loadi of pig amoun to 
92,257 tons, and for February last year the despatches 
were returned at 106,542 tons. Of last month’s Skin- 
nil ve shipments, 9060 tons went to Scotland, and 
1 tons to Holland. Of the pig ship at Middles- 
brough during the second month of the year, 52,037 
tons went abroad, and 30,694 tons coastwise. Scotland 
was, as usual, the — ¥ customer, receiving 21,820 


Belgium, 7357 tons; Italy, tons; and Holland, 

tons; Germany, at one time Tees-side’s largest 
customer, receiving only 3560 tons. Manufactured iron 
eg ty the Te tee _) 
tons, 1 tons going to foreign ports, 7362 tons 
coastwise, and the steel cleared reached 43,516 tons, 39,668 
tons of which went abroad, and 3848 tons coastwise. e 
largest receivers of manufactured iron were the Argentine, 
5169 tons, and India, 3954 tons. India was the heaviest 
importer of steel, taking 13,664 tons, whilst the Argentine 
received 6113 tons ; Cape Colony, 5103 tons ; Japan, 2467 
tons ; and West Australia, 2364 tons. 





Tue Late Sir Witt1am Wuitsr.—The esteem in which 
the late Sir William White was held, not only in his own 
country, but abroad, is well illustrated by messages 
of condolence which have been received from many of 
the technical institutions of other countries. The Insti- 
tution of Naval Architects has received such m 

and expressions of regret from the President of 
Schiffbautechnische Gesellschaft (the German Institution 
of Naval Architects) and the President of the Italian 
Society of Naval Architects, while the American Society 
of Mechanical aoe has sent a similar message to the 
Institution of hanical Engineers. An equivalent 
message has been sent by the Association Technique 
Maritime. In this country the regret felt was ——— 
by the adjournment of the last ing of the Institu- 





' ually pocapenenn, 
te American competition. Heavy orders for armcur- 
Plate for the construction yards at Barrow are keeping 





tion of Civil Engineers aftér the adoption of a vote of 
condolence. 





7815 tons; Japan, 7701 tons ;| R 


‘ees in February amounted to 19,490} road 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown little change, 
but the tone has been one of general firmness. Notwith- 
standing boisterous weather, tonnage arrivals have been 
sufficiently heavy to ensure full working for ten or twelve 
days. Household coal and bituminous ss have 
shown scarcely any change. The best Admiralty large 
steam coal has made 19s. to 19s. 6d. ton ; 
qualities have ranged between 18s. and 19s. ; best bunker 
smalls between 16s. and 16s. 3d.; and smalls be- 
tween 15s. and 15s. 6d. per ton. Best h old coal has 
brought 19s. to 20s. ; good households, 17s. to 18s. ; No.3 
Rhondda large, 17s. to 17s. 6d.; and smalls, 15s. to 
15s. 6d. per ton. No. 2 Rhondda large has realised 16s. 
to 16s. 6d. ; and No. 2 smalls, 13s. 6d. to 14s. 6d. per ton. 
a foundry coke has been quoted at 32s. 6d. to 

6d. ; good foundry coke, 29s. to 3ls.; and furnace 
ditto, 27s. to 28. 6d. per ton. As iron ore, 
Rubio has made 21s. to 22s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 

Swansea.—The trade movement at Swansea last year 


was ter than ever before. It showed an increase 
of 190,687 tons on the amount of 1911. The imports 
were 1,021,583 tons, as compared with 1,058,529 tons 


in 1911; and the exports were 65,282,590 tons, as 
rey 5,054,957 tons. Additional sidings, which the 

reat Western Railway Company has agreed to provide 
at a cost of 100,000/., will prove of great service to the 
port. A new dép6t, now in course of erection by 
the Rhondda and Swansea Bay Railway Company in the 
King’s Dock, will be shortly available. 

North’s Navigation Collieries.—The profits of North’s 
Navigation Collieries kept up better last year than 

ight have been anticipated, notwithstanding the dis- 
tur condition of the Welsh coal-mining industry. In 
1906 the profit realised was 72,956/.; in 1907, 135,853/.; 
in 1908, 90,7572. ; in 1909, 52,2482. ; in 1910, 46,1832. ; in 
1911, 60,263/.; and in 1912, 64,6411. The ordinary divi- 
dends declared during the seven years were :—1906, 10 per 
r annum; 1907, 15 per cent.; 1908, 1911, and 


cent. 
1912, 8 per cent.; 1909, 7 per cent.; and 1910, 6 cent. 
Last year the directors were enabled to write off 11,000/. 


for depreciation, and to increase the undivided balance 
from 10,6322. to 11,2732. 


Dowlais.—The Bessemer and Siemens’ works and the 
steel caper press have effected a good output at the Goat 
Mill. The steel sleepers were made for an East Indian 
railway. The Big Mill has turned out a large quantity 
of light rails for colliery purposes, as well as ae 
angles, curves, and gutter iron. The mechanical depart- 
ments have also been well employed. 


Tenby (Pembrokeshire).—The Corporation of Tenby are 
proposing to carry out with the utmost dispatch some 
extensive works, and have formally appointed Mr. T. J. 
Moas-Flower, of 28, Victoria-street, Westminster, S.W.., 
and Bristol, as their engineer. The works contemplated 
include a cast-iron outfall sewer 4 ft. in diameter, 6-ft. 
diameter tank-sewer, and other sewers of varying dia- 
meters. 





Contracts.—Mr. H. R. Witting, 41, Berners-street, 
London, W., the sole British representative of Messrs. K. 
and Th. Miller, G.m.b. H. of Westphalia, informs us that 
he has recently booked orders for patent single pocket air- 
filters from eleven different customers in Great Britain. 





Congy Istanp Beach, New York.—Through the 
Broeklyn Engineers’ Club prizes of 150 dols. and 50 dols. 
are offered for designs for the reclamation of the former 
beach at Coney Island, now submerged, extending east- 
ward from the end of Ocean Packway for a distance of 
1500 ft. Particulars may be obtained from the secretary, 
at 117, Remsen-street, Brooklyn, New York. 


Tue Gro.ocists’ AssociaTion.—The Easter excursion 
of this Association will be to the Lizard, from the 20th to 
the 27th inst. The members will travel by the “‘ Cornish 
iviera ” Limi Express, leaving Paddington, Great 
Western Railway, at 10.30a.m., on Thursday, the 20th 
inst. Further information may be obtained from the 
secretary, Mr. George W. Young, F.G.S., 20, Grange- 

Barnes, 8. W. 





Cost or Runninec A WoLsELEY Car.—We have received 
from the Wolseley Tool and Motor-Car Company, 
Limited, a statement made out by Captain Ian Forbes, 
of Stenhouse, Falkirk, which shows the cost of running 
a 14-20 horse-power Wolseley car over a iod of four 
years. The total cost per mile, all included, except 
chauffeur, for 1909 to 1912, works out as follows :—1.5d., 
3d., 2.8d., and 2.5d., or an average for the four years of 2.4d. 


Sprocrat Entry or Navat Capets.—The Admiralty 
announces that a competitive examination for commis- 
sions in the Royal Navy will be held in June next. 
Candidates must be about the age of eighteen, and must 
satisfy an Admiralty Committee of their fitness for the 
vice before being allowed to com . The sub- 
ects of examination will com the following :— 
nglish, English History and Goagreghy 
or Latin, Mathematica, Science and Elementary 
ing, the latter subject being optional. There 
has been of late a tly augmented demand for officers, 
owing to the development of the air and submarine ser- 
vices, and to the establishment of the Dominion navies. 
This has led to a shor which it is proposed to fill in 
part as above set forth. number of vacancies to be 
competed for in June is thirty. Full particulars may be 








obtained from the Secretary of the Admiralty, Whit« hall. 
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Advertisements: The Wm. 8. Parry Co., 315, Dearborn- 
street, Chicago, and Fifth-avenue, New York. U.8.A. 


ADVERTISEMENT RATES. 
for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
ranteed. Terms for displayed advertisements on the wrapper 

and on the inside pages may be obtained on a The 
are 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 
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SUBSCRIPTIONS, HOME AND FOREIGN. 
“ ENGINEERING ” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 
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For the United Kingdom............ £1 9 2 
For Oanada— 


Thin paper copies .......... £1 11 = 6 (87.65 

Thick = epenenvese £1 16 0 ($a-70) 
For all other places abroad— 
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When fore! subscriptions are sent by Post-Office Orders, 
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Limited, Charing Oross Branch.” Post-Office Orders should be 
made payable at rd-street, Strand, W.O. 
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We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 
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Ruapine - Cases. — Reading-cases which will hold twenty-six 
Sumbers of “‘ Enemvmmrine” may be had of the Publisher or of 





NOTICES OF MEETINGS. 


Lonpon GroLooists’ Assoctation.—Friday, March 7, at 8 p.m., 
at University College, Gower-street, W.O. -‘‘The Geology of the 
Lizard,” by Mr. John Smith Filett, M.A., D.Sc., F.G.S.; ‘* The 
rr od of Northern Meneage,” by Mr. James Bastian Hill, R.N., 


THe SraFrorpsume Iron anp Sree. Instiruts.—Saturday, 
March 8, at the Lecture Hall of the Technical School, Stafford- 
street, Dudley, at 7.15 p.m., Messrs. C. H. and N. D. Ridsdale 
will read a ron, and give a demonstration of, ‘‘ Mechanicalised 
Methods of Chemical. Analysis.” 

British FounprRYMEN’s ASSOCIATION: BIRMINGHAM BRANCH, — 
Saturday, ih 8, at the Technical School, suffolk - street, 
Birmingham. Discussion on ‘‘ The Practical Effect of Carbon on 
Iron as Viewed from the Equilibrium Curve of the Iron-Oarbon 
Alloys.” This discussion will be opened by the secretary, Mr. 
George Hailstone (Carnegie Research Scholar). The chair will be 
taken at 7 p.m. 

Tue InstirvTion oF MECHANICAL ENGINEERS: GRADUATES’ Asso- 
ciaTion.—Monday, March 10, at 8 p.m., a paper entitled “ Re- 
ciprocating and Turbine Pumps for Motor Fire-Engines,” will be 
read by Mr. L. C. Miller, Graduate. Chairman, Mr. Mark Robin- 
son, Member of Council. 

Tue Surveyors’ Instrrution.—Monday, March 10, at 8 p.m., 
the adjourned discussion on the > read by Mr. William 
Woodward, Fellow, on ‘“‘ Building Bye-Laws and ulations as 
Affecting the Housing of the Working Cl ” an by Mr. M. 
Price Holmes, Fellow, on ‘Some Urban owing Problems,” at 
the meeting of Monday, February 10, will be resumed by Mr. 
Wm. Menzies, Fellow. 

Tue Roya Society or Arts.—Monday, March 10, at 8 p.m, Can- 
tor Lecture. ‘‘Coal-Gas as a Fuel for Domestic ” by Mr. 
Francis William Goodenough (Lecture II.). Wednesday, March 12, 
at 8 p.m., ‘The Use of White Lead in Painting,” by Mr. Noel 
Heaton, B.Sc., F.O.8. 

Tue ILLUMINATING ENGINEERING Society.—Tuesday, March 11, 
at 8 p.m., at the Royal Society of Arts, 18, John-street, Adelphi, 
a lecture on “The History of Gas-Lighting in this Country,” 
will be delivered by Mr. W. J. Liberty, Public Lighting Inspector 
to the City of London, in ation of the y of 
gas supply. 

Tue LxsTITUTE OF METALS.—Tuesday and Wednesday, March 11 
and 12, at the Institution of Mechanical Engineers, Storey’s Gate, 
Westminster, S.W. Annual general meeting. ae March 11, 
at 3 p.m., the newly-elected President will deliver his inaugural 
address; the annual dinner will take place in the evening at the 
Criterion Restaurant. Wednesday, March 12, at 10.30 a.m. and 
3 p.m., a selection of papers will be read and discussed. The follow- 
ing is a list of the papers that are expected to be submitted on 
March 12 :—‘‘ Corrosion of Aluminium,” by Dr, G.H. Bailey ; ‘‘The 
Quantitative Effect of Rapid Cooling on Binary Alloys,” by Mr.G. H. 
Gulliver, B.Sc. ; ‘‘ Microstructure of German Silver,” by Mr. O. F. 
Hudson, M.Sc. ; ‘‘ The Corrosion of Distilling Condenser Tubes,” 
by Mr. A. Philip, Assoc. R.S.M., B.Sc. ; ‘* Practical Heat Treat- 
ment of Admiralty Gun-Metal,” by Mr. J. 8. Glen Primrose and 
Mr. H. 8. Primrose ; ‘‘ Metal-Filament Lamps,” by Mr. Alexander 
Siemens. 

Tue Royat Sanirary Institute.—Sessional meetings. Tuesday, 
March 11, at 7.30 p.m., at the Institute. Discussion on “‘ The 
Milk and Dairies Bill,” to be opened by Mr. Herbert Jones, 
L.R.C.8.L, D.P.H., M.O.H., Herefordshire Combined District. 
Friday, March 14, at 7 p.m., in the Western Law Courts, Guild- 
hall, Plymouth. Discussions on “Our Milk Supply,” by W. J. 
Addiscott, chief sanitary inspector, Plymouth ; and *‘ The Water 
Supply of Devonport,” by F. W. Lillicrap, water engineer, Devon- 
port. Saturday, March 15, at 10.30 a.m., visits will be made to 
the electricity works and the Burrator Water Works. 

Tue InstiroTion or Crvi, Enoinnmas.—Tuesday, March 11, at 
8 pm, at the Institution of Mechanical Engineers, Storey’s Gate, 
8.W. Paper to be presented for discussion :—‘‘ Notes on City 
Passenger Transportation in the United States,” by Mr. George 
Duncan Snyder, M. Inst. C.E. And ballot for new members. 
Students’ Visit, Wednesday, March 12, to the engineering works 
of Messrs. Fraser and Chaimers, Erith. 

Tue Mip.anp InstirruTe oF Munine, Crvit, AND MECHANICAL 
EnoinEeRs. — Wednesday, March 12, at the Y.M.C.A. Hall, 
Eldon-street, Barnsley, at 3.30 p.m. A note on ‘An Electro- 
lytical Method of Determining the Percentages of Various Gases 
in Mine Air,” by Mr. D. Bowen and Dr. Coplans, of Leeds Uni- 
versity ; a paper on “‘Some Recent Experiments with Internal 
Pressures in Pneumatophores,” by Mr. Harold O. Jenkins. ‘“ The 
Generation and Use of Compressed Air in Mines,” by Mr. G. Blake 
Walker, will be open for discussion. 

Tue InstITOTION OF NAVAL ARCHITRECTS.— Wednesday, Thursday, 
and Friday, March 12, 13, and 14, in the Hall of the Royal Society 
of Arts, John-street, Adelphi. Wednesday, March 12. Morning 
meeting at 11.30 o'clock. Annual Report of Council ; election of 
the President, officers, and Council ; address by the President ; 
and presentation of the Institution Gold Medal and Premiums. 
The following papers will then be read and discussed :—“ Recent 
Developments in Battleship Type,” by Mr. Alan H. Burgoyne, 
M.P.; **The Influence of Air-Pumps on the Military Efficiency 
of Turbine-Engined Warships,” by Mr. D. B. Morison, Member of 
Council. Evening, at 7.30 p.m., annual dinner at the Connaught 
Rooms. Thursday, March 18. Morning meeting at 11.30 o'clock. 
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‘“* Mechanical Gearing for the Propulsion of Ships,” by the Hon. 
Sir Charles A. Parsons, K.C.B., D.Sc., F.R.S., Vice- lent ; 
**Compressed Air for Working Auxiliaries in Ships Propelled by 
Internal - Combustion Engines,” by Mr. W. Reavell, Member. 
“The Energy Systems Accompanying the Motion of Bodies 
through Air and Water,” by Professor J. B. Henderson, D.Sc. 
Evening meeting at 7.80 o'clock. ‘The Calculation of Stability 
in Non-Intact Conditions,” by Prof W. 8. Abell, Member ; 
**Notes on Modern Airship Construction,” by Baron A. Roenne ; 
‘** The Longitudinal Stability of Skimmers and Hydro-Aeroplanes,” 
by Mr. J. E. Steele, B.Sc. Friday, March 14. Morning meeting 
at 11.30 o’clock. ‘‘On Large Deck-Houses,” by Mr. J. Foster 
King, Member of Council ; “‘ Methodical Experiments with Mer- 
cantile Ship Forms,” by Mr. G. 8. Baker ; ‘“‘ Launching Declivities 
for Ships, and Their Influence upon Poppet and Way-End Pres- 
sures,” by Mr. A. Hiley, Evening meeting at 7.30 o'clock. 
‘* Stresses in Stayed Cylindrical Shells,” by Mr. OC, E. Stromeyer, 
Member of Council ; “‘ The Distribution of Stress Due to a Rivet 
in a Plate,” by Professor E. G. Coker, M.A., D.8c., Associate, 
and Mr. W. A. Scoble, B.Sc., Wh.Sc. ; “Stresses in a Plate Due 
to the Presence of Cracks and Sharp Oorners,” by Mr. O. E. 
Inglis, M.A. 

Tux ASSOCIATION OF ENGINEERS- IN -CHARGE. — Wednesday, 
March 12, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C., a paper will be read by Mr. Alfred E. Penn (Member), 
on ‘The Province of the Engineer-in-Charge.” The President will 
occupy the Chair. 

Tue Instrrution of AvTomostta Enoivesrs. — Wednesday, 
March 12, at the Institution of Mechanical Engineers, Storey’s 
Gate, Westminster, 5.W., at 8 p.m., a on “ Heavy Motor 
Vehicles” will be read by Messrs. Geo. W. Watson and D. 8. Ken- 
nedy. 

; Tur Royal MersoroLoeical Socrery.—Wednesday, March 12, 
at 7.30 p.m., at the Surveyors’ Institution, 12, Great George- 
street, Westminster, S.W., a lecture will be delivered on “* British 
Weather Forecasts, Past and Present,” by R. G, K. Lempfert, 











M.A., Superintendent of the Forecast Division, Meteorological 
Office. The lecture will be illustrated by lantern-slides. 

Tue AERONAUTICAL Socrety oF Great Brrratx.—Wednesday, 
March 12, at. 830 p.m., at the Royal United Service Institution, 
Whitehall. Lecture (followed by discussion), ‘Some Research,” 
by Mr. A. P. Thurston, B.Sc., A. F.Aé.S. 

Tae Concerts IxstrroTe.—Thursday, March 13, at 7.30 p.m., 
at Denison House, 296, Vauxhall Bridge-road, Westminster, 8. W. 
A paper will be read by Mr. H. ©. Joh D strator in 
Engineering, University College, Cork, entitled “The Strength 
of Cement.” 

Tue InstirvTion oF Minine AND MrETALLURGY. — Thursday, 
March 13, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, Piccadilly, London, W.. Twenty-second annual 
general meeting. Presidential address by Mr. Bedford McNeill. 

Tue Instrrvrion or ELectricaL Enernesrs.—Thursday, March 13, 
at 8 p.m, *‘ The Power Supply on the Rand,” by Mr. A. E. Hadley, 
Member. 

Tue Royat InstiruTion or Great Brirain.—Friday, March 14, 
at9p.m. A discourse will be delivered by Mr. A. E. H. Tutton, 
M.A., D.S8c., F.R.S., on “‘Great Advance in Crystallography ” 
(experimentally illustrated). Afternoon lectures next week at 
8 o'clock. Tuesday, March 11, “The Movements of the Stars : 
(IIL) Our Greater —-” by Professor H. H. Turner, D.Sc., 
D.O.L., F.R.8., Savill Professor of Astronomy, University of 
Oxford. Thursday, March 13, “Surface Energy” (Lecture II.), 
by Mr. W. B. Hardy, M.A., F.R.S. Saturday, March 15, “‘ The 

rties and Constitution of the Atom” (Lecture VI.), by Pro- 
fessor Sir J. J. Thomson, O0.M., LL.D., D.Se., F.R.8S., M.R.I., 
Professor of Natural Philosophy. 

Tue Puysicat Socrery or Lonpon.—Friday, March 14, at 5 p.m. 
(not at 8 p.m., as previously announced), in the Physics Theatre 
of University College, Gower-street. nda :—‘*Some Oscillo- 
grams of Condenser Discharges and a Simple Theory of Coupled 
Vircuits,” by Professor J. A. Fleming, D.Sc., F.R.S.; an exhibi- 
tion of Braun cathode-ray tubes and an electrostatic machine 
for working them, used as a high-frequency oscillograph, by 
Professor J. A. Fleming, D.Sc., F.R.S.; ‘*On the Stretching and 
Breaking of Sodium and Potassium” (with demonstrations), by 
Mr. B. B. Baker, B.Sc.; “‘The Latent Heat of Evaporation of 
Aqueous Salt Solutions,” by Mr. R. G. Lunnor, B.Sc. ; *‘ On Some 
Flame Spectra” (with demonstrations), by Dr. E. N. da O. 
Andrade, B.Sc., Ph.D. Before the meeting there will be a 
demonstration of spark photographs by Mr. W. B. Haines, B.Sc. 

Tue InstirvTion OF MecHANIcaAL Enoinsers.—Friday, March 14, 
atSp.m. Paper to be read and discussed :—‘‘Some Effects of 
Superheating and Feed-Water Heating on Locomotive Working,” 
by Mr. F. H. Trevithick and Mr. P. J. Cowan, Member, of London. 
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GOVERNMENT CONTROL OF 
AERONAUTS. 


Events slip the memory so rapidly nowadays 
that most people have probably forgotten that in 
1908-9 we were suffering, in this country, from a 
serious aerial scare. Sir Hiram Maxim had con- 
vinced a large section of the people that we might 
expect 100,000 foreign soldiers to be landed, any 
night, in our midst in the course of a few hours, 
and the Aerial League, ‘‘ the paramount body for 
patriotic movements and for education,” built up 

uite a strong position for itself in consequence. 

he interval between then and now has been 
passed in restless excitement. Aerial and naval 
scares have alternated, and the habit, fed with the 
sensational fancies of the less responsible section 
of the daily Press, has so taken hold upon the 
country that we seem to have lost all our former 
complacency and to have developed a very un- 
healthy nervous condition. The idea of large 
sections of the population suffering from broken 
rest at night for the thought of possible Zeppelin 
airships hovering overhead, intent on mischief, is 
really distressing, and it is doubtless in the hope of 
restoring our national equanimity that the Home 
Secretary has now issued a most interesting and 
complete set of regulations for the control of aircraft 
traffic. These regulations, which are of a most 
comprehensive character (provided the aeronauts 
will condescend to comply with them), naturally 
call to mind the conditions under which so many 
airships are supposed to have made their appearance 
recently at night in our country, and they suggest 
their application in those and other cases. 

Brietly, the new regulations insist that aircraft 
of all types coming from abroad shall land in this 
country only in certain prescribed districts ; that 
they shall do so only after having given due notice 
of their intention; and shall proceed on their 
journey only after obtaining a permit or taking on 

rd ‘‘at least one British representative.” ey 
are not to carry pigeons or cameras, telegraphic 
apparatus, or explosives, neither must they have 
contraband articles on board, and the remainder of 
the journey is to be performed according to declara- 
tion, and in compliance with the permit granted. 
All this, of course, sounds very well ; it will be very 
soothing to broken nerves. Henceforth we may 
sleep comfortably in our beds, since any airship so 
foolish as to visit these shores will (in theory) have 
placed on board it a uniformed representative of 
the British Government. 

Really we have taken up aviation in a most 
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extraordinary spirit! While other nations encou- 
rage long cross-country flights and endurance tests, 
our grandmctherly authorities send forth our army 
aviators on journeys regulated by compulsory stops. 
Perhaps in time we shall get further, and accom- 
plish in this country something, in an official 
way, which may stand comparison with the feats 
of private individuals of our own and of other 
nations. It has become quite commonplace abroad 


to accomplish, without incident, long non-stop | regula 


journeys. In fact, friends from other countries 
ve on several occasions surprised us by their 
sudden appearance on our shores. Henceforward, 
however, we are to be protected from the uneasi- 
ness which such visits might occasion. Before any 
such rash project as a descent upon our coasts is 
put into execution in future, several little formali- 
ties will have to be gone through, such as those 
long ago associated with preparations for a journey 
to bureaucratic Russia or to unreformed Turkey. 

The intending aerial voyager must now wait on 
one of His Majesty’s Consuls, and a permit to 
make the journey must be obtained. In his applica- 
tion the aviator must give the name and number of 
the aircraft to be used, its type, and in addition 
nage of all the crew, passengers, and cargo. 

ere we may pvint out a very ttable omission 
from the regulations. Over and above the parti- 
culars just cited it would be eminently desirable 
that the full specification of the aeroplane or air- 
ship, engines, &c., be demanded, together with 
names of makers, composition and particulars as 
to strength and endurance of materials, consump- 
tion of fuel and lubricants, and any other infor- 
mation likely to be of service over here in developing 
for ourselves useful types of aircraft. In this way 
we might in time uire through our consular 
service abroad most valuable data, according to the 
success or otherwise of these travellers. ere is 
no reason, if such people insist on pestering us, 
why we should not get all the information we can 
out of them, and not only useless particulars con- 
cerning their nationality. 

Having paid the visit to the Consul, the traveller 
must take especial care that he does not land in 
this country for at least forty-eight hours, The 
rules of the game require that the British Home 
Ottice should know of the proposed landing at least 
eighteen hours before it is effected, in order that it 
may have time to send its duly accredited repre- 
sentative to the a pees alighting place. This 
interval has aoohel y been carefully calculated so 
as to allow sufficient time for the warning to filter 
through to the proper department, and also to 
cover an average amount of delay arising from acci- 
dents to trains or due to fogs or other untoward 
circumstances. The permit granted stipulates that 
uo change in the proposed a2 may be made 
without the consent of the Consular officer grant- 
ing it. It is thus clear that the aeronaut must find 
himself ultimately at the prescribed landing place. 
It is assumed, of course, that having been granted 
the permission he desired, he will in return land as 
arranged and submit himself and his machine to 
the appointed Customs examination, and will have, 
in addition, the courtesy to reply to any inquiries 
which may possibly lead to his identification. 

Supposing his replies to be satisfactory, and the 
idea of continuing his journey agreeable to the 
representative of the Home Secretary, he will be 
given, at the nominal fee of 11. to 3l., according to 
the type of craft he is navigating, another permit 
to do so strictly in accordance with the conditions 
set out on that document. These, of course, any 
gentlemanly aeronaut would feel compelled to 
adhere to, after being accorded an official recep- 
tion at a place of his own selection. In the case 
of airships the journey will be continued with a 
representative of the British Government on 
board, an honour which our foreign visitors 
may be expected cordially to appreciate. The 
function to be performed by this officer is 
not precisely stated in the regulations, neither 
is any means provided for his return un- 
harmed to the Home Office. This is a distinct 
flaw, for, supposing his wishes, either as to the 
direction to S taken, or to the spot at which he 
is to be landed, not to coincide with those of the 
crew, what is there to prevent them paying no 
attention at all to him, and finally depositing him 
somewhere abroad? If that happened at fre- 

uently our national prestige would soon be ruined. 

'o have derelict representatives of the British 
Government scattered all over Europe would be 
most undignified. 





provisions, such as they are, pre- 
suppose that the aircraft will alight as required, 
according to law. What happens if it should refuse 
todescend? Why, it is first to be given the chance 
of repenting of its folly, and, if it persists, it will 
be shot at. Whether signalled to by day or by 
night, an airship must immediately land without 
making any further advance! While provision is 
made for signalling by night to such visitors, the 
tions throw no light on the difficult propo- 
sition of effecting safe landings in the dark. 

The warning si are to be fired along the 
boundaries of the itted landing areas by Naval 
or Army officers. For this scheme to be effective in 
the remotest degree, it will require series of block- 
houses surrounding all the prescribed areas, and 
manned with a staff not only capable of letting off 
the explosive signals, but also, in case of reo | of 
following up that action by tiring with a special 
gun at the recalcitrant airship. Numerous search- 
lights will also be essential to discover the where- 
abouts of the craft to be destroyed, since no airship 
intent on business will reveal its own presence by 
side and head lights, as the Government seems to 
think it must. It will be taken for granted by the 
ordinary individual that if there were any serious 
object in a flight, it would be worth while running 
the very remote risks of disablement for it. This 
view, however, does not appeal to the Government, 
who, with their new regulations, evidently think 
they have effective means of preventing aerial 
excursions. 

There is besides always a means of circumventing 
the gun incident, even supposing a suitable weapon 
to be available. It is merely necessary to signal by 
the prescribed code that stress of weather keeps 
the craft aloft! A Zeppelin in a gale is far safer 
aloft than on the ground, and what is to prevent 
an accommodating gale, at a convenient altitude, 
blowing an airship over a prohibited area, and then 
carrying it willy-nilly out to sea again before it had 
a chance to make the prescribed landing in order to 
supply the Home Office with its name and number? 
We have no aerial police to dragoon aviators into 
obedience. Even in the case of motor traffic on 
roads the arm of the law is sometimes not long 
enough, and offences are only brought home to 
those who transgress by subsequent events of a 
more or less chance character. What control can 
be. effectively imposed cn aeronauts willing to run 
risks in quest of special information ? 

Regulations have been issued before now as to 
flying over towns and crowded spaces, yet aviators 
descend in our parks, and even alight on houses, 
and in spite of Home Office rules, will continue 
to land when and where necessary. In time, as 
flying becomes less gloriously uncertain, they will 
continue their flights as they please, regardless of 
5-mile limits. fn short, the Home Secretary, 
having at hand no preventive means, is endeavour- 
ing to make believe, by a piece of bluff worthy of a 
comic opera, that he can effectually protect us from 
what is as yet a phantom menace. In the hands of 
a competent librettist, Mr. McKenna’s new regula- 
tions could be made to afford a vast amount of 
diversion ; how else they can be effectively put to 
use at present is doubtful. It is the prerogative 
of governments to furnish amusement of this kind, 
and if they ceased to exercise it, the life of the 
ordinary mortal would be robbed of much of its 
interest, and the stage of half its frolic. 

Rather than attempt the impossible, would it 
not be best to defer the formulation of precise 
rules and regulations until we have found some 
effective means of enforcing them? It would be 
grievously humiliating to summon an aircraft to 
alight and to watch it at once rise to a higher 
altitude. Had we the necessary means and skill 
in gunnery, or the required fleet of police aero- 
planes, there might be some sense in the step 
just taken. Having neither, the whole affair 
will make us ridiculous in the eyes of our more 
forward neighbours, and it is some relief therefore 
to know that steps are being taken to augment the 
number of air-craft available for the services. 
With plenty of Mr. Cody’s ‘‘ Defender” type of 
machine, surely we should be reasonably safe. 


The femgeing 





THE STRUCTURE OF THE ATOM. 

In opening, at the Royal Institution, on Satur- 
day last, the fourth lecture of his course on ‘‘ The 
Properties and Constitution of the Atom,” Sir J. J. 
Thomson said that he intended to resume the con- 


sideration of the construction of the atom, on which 





he had touched in his last lecture. He had shown 
that negative corpuscles could be obtained from the 
atom, and that it was ible to form some kind 
of estimate of the eal menker of these present. 
The limits found, it was true, were not very close, 
but, nevertheless, several lines of investigation led 
to the conclusion that this number was of the same 
order as the atomic weight. The researches in ques- 
tion indicated, in fact, that this number lay between 
two and three times the atomic weight, and it was 
almost certainly less than five times the atomic 
weight. The problem that then arose was how to 
find, within the atom, accommodation for this large 
number of corpuscles, which mutually repelled each 
other. They must in some way be bound together 
by positive electricity, and the speaker had assumed 
accordingly that the negative particles were distri- 
buted through a region of positive electricity, which 
counterbalanced their mutual repulsion. It was, he 
said, impossible to form any valle adequate theory 
of the forces which did keep the system of negative 
particles together. He had, however, worked out 
the distribution of the particles on the hasis that 
they were distributed through a sphere of positive 
electricity, and were governed by the same laws 
that would apply if the field of force was uni- 
formly distributed. It should, however, be 
pointed out that we had no definite proof that 
a negative particle, even outside the atom, exerted 
the same attraction in all directions, and that this 
attraction varied as the inverse square of the 
distance. It was, in fact, quite possible that the 
force the corpuscle exerted was not the same in 
every direction. If this were true for free cor- 
puscles, still greater difficulties arose when the par- 
ticles were confined within the interior of the atom. 
The laws of electric attraction, which had been 
proved by experiment, expressed merely the average 
effects of countless millions of particles, and it was 
a great assumption to say, even were the atom 
regarded as a sphere, that the laws of attraction and 
repulsion would be the same inside this as within a 
sphere of finite size. His only justification for 
making this assumption was its convenience, since 
if the laws were the same in character within the 
atom as inside a large sphere, the problem as to 
the distribution of the particles became compara- 
tively easy, and it was possible to deduce the 
manner in which the negative corpuscles would 
then arrange themselves. 

It turned out that they did so in rings or shells, 
the arrangement resembling that of the floating 
magnets which he had described in his last lecture. 
The number in each ring depended upon the law of 
the force, but whatever this law of force, we should, 
he said, get a discontinuous distribution of the 
particles in rings or shells, but the number in each 
ring would vary with the law of force assumed. He 
did not, he continued, propose to discuss there the 
mathematical problem of finding out the way in 
which the particles would group themselves, but 
would assume they did so in a successive series 
of rings. He would for the present, moreover, 
confine his attention to the particles at the sur- 
face of the atom. It was, Sir Joseph continued, 
to these particles near the surface that the 
whole of the chemical properties of the atom 
were probably to be attributed, and they were 
also responsible for the absorption of light and 
for the attractions developed between neighbouring 
atoms. 

He would therefore regard the atom as consisting 
of particles near the surface, surrounding a dense 
central mass made up of other negative particles 
and of positive electricity, which formed what he 
should call the core of the atom. It was only since 
the discovery of Réntgen rays, and of the pene- 
trating radiations emitted by the radioactive 
elements, that it had been possible to reach this 
core. Apart from these agents, it was very diffi- 
cult to recognise, for example, hydrogen, as it 
passed from one compound to another. There was 
not much similarity between the hydrogen in gaseous 
hydrogen and the hydrogen in the molecule of 

russic acid. This arose because in chemical com- 
Cheatin the distribution of the corpuscles near the 
surface of the atom was changed. e core, never- 
theless, remained unaltered, as could be proved by 
adopting such searching means for attaining this core 
as Réntgen rays or the radiation from radioactive 
bodies. When these agents were employed, each 
atom exhibited the same distinctive properties in all 
its combinations. The characteristic secondary 
Réntgen radiation and the obstruction offered to the 
8 rays were, in fact, independent of the other 
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elements with which the atom in question might be 
combined. 

The properties which depended upon this inner 
core of negative particles and itive electricity 
were unaltered by chemical reactions, which affected 
merely the particles near the surface. When we 
got down to this core we found that the variation 
of properties with the atomic weight was much more 
simple than that of the properties associated with 
the outer surface. In the latter case there was a 
certain periodicity which was expressed by Mende- 
lief’s law. If the ‘‘ inner core ” properties of an 
atom were plotted against the atomic weight we 
got a curve such as indicated in Fig. 1, which 
showed no periodicity. The ‘‘ hardness” of the 
characteristic Réntgen radiation, for example, 
changed quite continuously as the atomic weight 
increased. If, however, such a character as valency, 
or properties associated with the visible spectrum 
of an element, were plotted against the atomic 
weight, we got a curve showing successive peaks, as 
indicated in Fig. 2. This constituted a very 
marked distinction between the ‘‘ surface” and the 
‘“*core” characteristics, the latter depending on the 
atomic weight in a much more simple manner than 
the former. 

It was, the speaker continued, the surface pro- 
perties which caused different atoms to stick 
together. Let them consider, for example, an atom 
with just one negative particle in its outer 
ring, such as was represented in Fig. 3. Such 
a particle would be pulled in by the positive 
electricity at the core, and pushed out by the 
negative particles there, and would thus take up 
its position at such a distance from the centre that 
these two forces were in equilibrium. It would, 
however, be quite free to move, so long as its dis- 
tance from the centre was the same. It had thus 
great freedom of movement, and so light a mass 
that it would travel round very easily. 

In what followed he should, he said, neglect en- 
tirely the inner core. Let them suppose then that 
a second similar atom were brought near the first. 
The two negative particles would repel each other, 
and ultimately a condition of things would be estab- 
lished such as represented in Fig. 4. Here the par- 
ticle of the first atom was attracted by the positive 
electricity of the second, and repelled by the nega- 
tive particle. The former being the nearer, however, 
there was on the whole an attraction and the two 
atoms would cling together. It was important to 
note that if the negative particle was movable in 
this way, the atom would be attracted by either a 
positive or a negative charge, whilst if the cor- 
puscle were rigidly fixed, there would be an 
attraction to a positive charge, but a repulsion 
from a negative one. It followed, therefore, that 
the fixing of the corpuscle would diminish the 
likelihood of an attraction. This consideration, 
the speaker continued, was of very considerable 
importance in discussing the combination of various 
kinds of atoms. 

To illustrate this, he showed that when a number 
of magnetic needles were mounted on pivots fixed 
on a suspended platform, the attraction exerted on 
the latter by a neighbouring magnet was greater 
than when the needles were removed from their 
pivots and laid down at random. 

When two atoms were arranged, as in Fig. 4, 
mutually attracting each other, it would, he pro- 
ceeded, be seen that the corpuscle in each was no 
longer free, but fixed in position by the electrical 
forces acting on it. It could no longer move 
round freely, but must swing with it the whole 
heavy mass of the molecule. The speaker was, 
he said, inclined to regard chemi forces as 
analogous rather to the forces between magnets 
than to the forces between opposite charges 
of electricity. It was, he admitted, generally 
considered that in a molecule of hydrochloric 
acid there was an electro-positive atom of hydro- 
gen united with an electro-negative atem of 
chlorine. To this theory there were, he thought, 
some serious objections. From this point of view 
one atom in the combination had an excess of 
negative electricity, and the other atom an excess 
of positive electricity. He wished, therefore, to 
mention some facts in disaccord with this. If it 
were true that in chemical compounds some of the 
atoms carried a positive and the others a negative 
charge, then we should expect that, on splitting up 
& compound by raising its temperature, the one 


component would be positively electrified and the 


ions, and it would thus be a conductor of electricity. 
Many experiments on this head had, he said, been 
made at the Cavendish laboratory with Dr. Mond’s 
nickel carbonyl, a which would dissociate at 
temperatures below that of boiling water. It was, 
therefore, very easy to experiment with, and these 
experiments showed that on dissociation it did not 
become a conductor. All gases, whether dissociated 
or not, did show some traces of conductivity, but 
the conductivity of dissociated nickel carbony], was 
no greater than that of any other gas. It would 
seem, therefore, that the atoms of nickel carbonyl 
could not be electrified. 

If, moreover, the atoms were electrified by chemical 
combination, there must, since they were neutral to 
start with, be a passage of electricity from one atom 
to the other during the progress of the readjustment. 
We should therefore expect for the moment that 
the electricity would be loose and the gas become 
a conductor. In fact, for a long time there was 
little doubt but that this was actually the case, 
some experiments seeming to show this very clearly. 
Thus if a Bunsen burner were held near a charged 
electroscope, it discharged it, and it must be 
admitted, therefore, that such a flame had con- 
siderable conductivity, which had been interpreted 
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as being due to the chemical combination proceeding. 
The Bunsen flame was, however, a very hot one, 
and if the experiment were repeated with a cool 
flame, such as that of burning ether, there was, the 
lecturer showed, no loss of charge from the electro- 
scope, although chemical combination was proceed- 


ing with vigour. The conductivity of the Bunsen 
flame was, in fact, due toanother cause—viz., that 
all solid particles, if sufficiently heated, emitted 
electricity. The temperature of the Bunsen flame 
was sufficiently high to produce this liberation of 
electricity, whilst that of the ether flame was not. 
To illustrate this behaviour of heated solid bodies, 
the lecturer showed that the electroscope could 
also be discharged by bringing near it a red-hot 
iron ball. 

To show further that conductivity was not neces- 
sarily associated with chemical combination the 
lecturer exposed to diffused light a mixture of 
chlorine and hy m. Immersed in the mixture 
was a plate coupled up to the electroscope, and it 
was shown that the latter retained its charge 
whilst the reaction proceeded. The progress of 
the reaction was rendered visible to the audience 
by throwing on the screen the shadow of a water- 
uge which was coupled up with the reaction vessel. 
e hydrochloric acid, as formed, was absorbed by 
the water, so that the level of the gauge fell. 

This experiment, the speaker proceeded, con- 
stituted an argument in favour of the view that in 
chemical combinations there was no bodily transfer 
of a charge from one atom to another, and su 
ported the theory that the attraction between the 
two was more analogous to that between two 
ets. The point must not, however, be re- 





other negatively electrified. Hence a dissociated gas 
should consist of a mixture of positive and negative 


by Haber seemed, indeed, to indicate that the alkali 
metals could emit negative charges, although 
at; temperatures insufficient to account for the 
phenomenon. Haber exposed fresh surfaces of the 
alkali metals to phosgene, and found that the con- 
ductivity of the latter was considerably increased, 
though there was no increase in temperature. 
Again, if oxygen were slowly drawn over phosphorus, 
the phosphorous vapour which came over had a 
slight conductivity. Nevertheless, in the vast 
majority of cases, it was found that chemical com- 
bination did not necessarily imply conductivity. 

Another argument against the view that the 
atoms in compounds were charged could be based 
upon the behaviour of positive rays. Suppose, for 
example, that in carbon monoxide the carbon was 
always itively electrified and the oxygen nega- 
tively electrified, then when CO was split up in the 
discharge-tube, the carbon would be attracted by 
the cathode and the oxygen repelled, and we should 
thus get more carbon atoms coming through the 
cathode than atoms of oxygen. Actually, however, 
it was found that the number of each was about the 
same, a fact which indicated that it was not prob- 
able that the constituents of carbon monoxide were 
oppositely electrified, and that the attraction 
between the two elements was more analogous 
to that of two magnets than to that of two opposite 
charges of electricity. 

Two atoms arranged as in Fig. 4 resembled, the 
speaker continued, a magnet. By bringing up 
another in a particular direction, as in Fig. 5, there 
might be, it would be seen, a considerable attraction 
developed, but in all other positions the attraction 
would be small, since the corpuscles in the original 
pair had nofreedom of movement. This, then, was 
the difference between a ‘‘ saturated” and a free 
atom. In the free atom the corpuscle could adapt 
itself, and attraction could thus be exerted over the 
whole surface of the atom. In the molecule, how- 
ever, the field of attraction was much more limited, 
while that of the atom extended over its whole 
surface. Nevertheless, if attacked in the right 
— the molecule could exert very considerable 
orces. If, he proceeded, we compared the average 
forces exerted between molecules with the forces 
between atoms, the former were found to be much 
smaller, but were not, in comparison, insignificant. 
The intensity of such forces could be represented 
by considering the work necessary to separate two 
atoms and the average amount necessary to separate 
two molecules. If one started in the right position, 
the latter might, as stated, be very large, but if 
taken all round, it was much smaller. The work 
required to separate the atoms in a molecule varied 
with the compound, but was of the order of 3 to 
4 volts. In this conventional, but very convenient 
method, of representing such work, the work was 
represented by the number of volts through which 
a negative particle must fall to acquire the same 
energy. On this basis the work required to separate 
the molecules of a number of ‘different gases was 
represented by the voltages tabulated below :— 


Kind of Gas. Voltages. 

He née ~ rr 
Ne rf 
Ar 
Kr a 
X 2 
H: a6 
No iH 

ove a 
Ethylene ee et 


It would be seen that whilst, to separate two atoms 
of a compound, work eyuivalent to a fall of 3 or 4 
volts was needed, the corresponding work needed 
to separate two particles of neon was only ,}, 
volt, and this was the lowest figure yet found. 

The above table gave a kind of idea of the i- 
tude of the attractive forces between malooules. 
The method by which they had been estimated was 
due to the late Mr. Sutherland, who had been 
responsible for some ve ee work on the 
atomic theory of matter. Mr. Sutherland had shown 
that in considering the collisions between molecules 
it was necessary to take into account the attractive 
forces acting. If the molecules simply resembled 
billiard-balls, they would not strike each other so 
often as they would were there a strong attraction 
between them. In the latter case the mean free 
path would be reduced. Sutherland had calculated 
out the effect of such an attraction on the mean free 
path, and had shown that it depended only on the 
average work required to separate two molecules. 





garded as definitely settled. Some experiments 





For each gas the actual mean free path could be 
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determined by measuring its viscosity, and having 
found this, it was possible to deduce the average 
work needed to separate two molecules. 

An atom, with only one free corpuscle, was, the 
lecturer continued, to be regarded as a monovalent 
electro-positive element. The number of loose parti- 
cles corresponded to the valency of the element. In 
this connection he wished to call attention to the fact, 
demonstrated last week, that it was not ible to 
have more than a certain number of such particles 
in a ring. Chemistry afforded some evidence that 
the maximum number which could occur in the outer 
ring of an atom was eight. Suppose, then, we brought 
together an atom with one loose particle and an 
atom with seven loose particles, such as indicated 
in Fig. 6. The one loose particle, moving round 
as indicated in Fig. 7, would be equivalent to the 
addition of an eighth loose particle to the second 
atom, and this was the maximum number it could 
have. If then a second monovalent electro- positive 
atom were brought up, this would be equivalent to 
trying to form a ring with nine ype which was 
impossible, and the atom with seven loose cor- 
puscles could not therefore hold two atoms, each with 
one loose corpuscle, .The atom with seven loose 
corpuscles was accordingly to be regarded as a mono- 
valent electro-negative element. I[f there were six 
instead of seven loose corpuscles, it could hold 
two atoms each with one loose corpuscle, as 
this would again be equivalent to forming a ring 
with eight. Similarly with five loose corpuscles, 
three of the first kind of atoms could be held, whilst 
with four loose corpuscles, four electro-positive 
monovalent atoms could be held. The valency was, 
therefore, represented by the amount by which the 
number of loose corpuscles differed from eight. 

We could, however, form, in certain cases, another 
kind of compound. Starting with the original model, 
with only one corpuscle, it would be seen that seven 
more could be added before saturation. Hence, if 
such an atom acted as an electro-negative, in place of 
as an electro-positive element, it would have avalency 
of seven, and similarly an atom containing three 
loose corpuscles would act as an electro-negative 
element having a valency of 5. Each atom had, 
therefore, two valencies, according as it acted as 
an electro-positive or an electro-negative element, 
and the sum of these valencies was always 8. He 
understood that Abegg had shown that there were 
chemical grounds for Salloving that this was actually 
the case, and, in fact, it was for this reason that he, 
the speaker, had assumed that 8 was the critical 
number of negative corpuscles in an atomic ring. 








THE LATE MR. JOHN FRITZ. 

We much regret to have to record the death of 
Mr. John Fritz, which occurred on the 13th ult., 
at his home in Bethlehem, Pennsylvania, the 
‘* Nestor of our profession,” as Mr. Carnegie once 
called him, and one of the principal pioneers of the 
American steel industry. The development which 
this industry has taken in the United States is in a 
very large measure due to his foresight, his skill, 
and his energy. Asa metallurgist, Mr. Fritz had 
acquired a world-wide renown ; his was also a most 
striking personality, and his invariable courteous- 
ness had procured for hima host of friends in every 
walk of life. ‘* Uncle Fritz,” as he was called by all, 
will live long in the memory of those who are 
engaged in the iron and steel and engineering trades. 
His biography was published last year, and many 
pages of this read like ‘‘ John Halifax, Gentle- 
man,” a standard of comparison than which no 
better could be found. This analogy expresses the 
character of the deceased, and no further addition 
is needed on this point. 

John Fritz was born on August 21, 1822, at 
Londonderry, Chester County, Pennsylvania, his 
father, a millwright, having been a native of Ger- 
many. As a boy most of his time was taken up 
on his father’s homestead in agricultural work, and 
he gathered what little primary education he could 
in the village school when his services at the farm 
could be dispensed with. At the age of sixteen 
he went to a neighbouring township, where he 
remained five years, learning the trade of a black- 
smith, and carrying out repairs to all kinds of 
agricultural machinery. He then returned to his 
home and worked again for a short time on his 
father’s farm. Farm-work, however, was not con- 

nial to him, and he left his home a second time, 
in 1845, in the hope of finding employment at the 
Phoenixville rolling-mills. Failing to obtain the 
berth he wanted at this latter place, he went to the 


Norristown Iron Works where a new mill was being 
built. Aftera conversation with the managers, who 
appreciated the youth’s eagerness and intelligence, 
he was given employment as a machinist at the 
mill, and took the opportunity of learning puddling 
in his spare hours at night-time. His diligence soon 
met with the appreciation it deserved, and he 
was given entire charge of the mill, a position 
which enabled him still further to enlarge his prac- 
tical knowledge of iron manufacture. 

We next find him employed at Safe Harbour, 
near Lancaster, Pennsylvania, where he went on 
the invitation of the owners of iron works in that 
town, to erect the plant and machinery for a new 
iron-rail mill. 

He had then acquired practical experience in 
the manufacture of iron in all its branches, with 
the exception, however, of the manufacture of pig 
iron, and an offer having been made him to repair, 
remodel, and start running afresh an old blast- 
furnace situated on the Schuylkill River, near 
Philadelphia, he accepted it readily, and carried 
out the work most successfully. In 1854 he rebuilt 
the rail-mill of the Cambria Iron Company, John- 
stone, Pennsylvania, a company which had secured 
his services, and for whom he put down, in the 
year 1857, the first three-high mill ever built. 

Mr. John Fritz was better known outside the 
United States by reason of his connection with 
the Bethlehem Company. He was appointed 
general superintendent of this company in the year 
1860, a position which he held uninterruptedly 
until 1892, when he retired from active service 
with them, being at the time 70 years of age. His 
connection with the Bethlehem Company marks 
the starting and the development of steel manufac- 
ture in the United States. We may note here that 
Mr. John Fritz was appointed president of the 
American Society of Mechanical Engineers, and 
his address, delivered in December, 1896, on the 
occasion of his retirement from the chair at the 
termination of his presidency, attracted great 
attention, chiefly, no doubt, on account of his per- 
sonality. He took as his title the ‘‘ Progress in 
the Manufacture of Iron and Steel in America, 
and the Relations of the Engineer to it,” 
and no one was so well qualified as he to deal 
with the subject, since he was among the 
principal pioneers, if, indeed, he was not the 
chief pioneer, of the American steel industry. In 
this address he stated that few people knew any- 
thing of the labour, the troubles, trials, vexations, 
surprises and disappointments which were en- 
countered during the early stages of that great 
industry, the Bessemer process. This process was 
introduced in the United States in 1864, and it 
soon became evident to American specialists that 
in a very short time it would revolutionise metal- 
lurgy. In reviewing the period of its introduction 
and improvement, he stated that that period would 
always remain one of the most interesting and im- 
portant epochs in the whole history of the iron 
trade, and he paid an affectionate tribute to the 
men, his co-workers, who were then ‘‘ called to the 
front, and who so nobly did their duty ; no set of 
men ever worked more faithfully or earned their 
diplomas more honestly than these men did.” 
Conspicuous among these men, the co-workers 
with John Fritz, stand A. L. Holley, Robert W. 
Hunt, and Captain Jones. 

Of course, the Bessemer process had to give way 
in the course of time before the Siemens-Martin 
open-hearth process ; this was put down at the 
Bethlehem Works in due course, and soon developed 
on a very large scale. The Bethlehem Company, 
in fact, were the first to undertake the manufac- 
ture for the United States Government of Siemens- 
Martin steel forgings for heavy guns and other 
mechanical parts, and also the manufacture of 
armour-plates. These latter they manufactured 
on the Schneider, Creusot, process, following com- 
petitive trials held at Annapolis with the Schneider 
plate and the compound armour- plates of the 
period, the eighties of last century. 

As above stated, Mr. John Fritz retired from 
the Bethlehem Company in 1892, but he continued 
active service as an expert, and his counsels were 
constantly in demand and always freely given 
down to the time of his death. He was an 
honoured member of practically every American 
association, and a memorable occasion in the course 
of his life, one that marks the esteem in which he 
was held by all the members of the metallurgical 
and engineering professions, was the ‘‘ John Fritz 


October 31, 1902, to celebrate the recent founda- 
tion of the John Fritz Gold Medal of the United 
Engineering Societies, the object of which is to per- 
petuate the memory of the celebrated American ; 
it is awarded for notable scientific or industrial 
achievements. Mr. John Fritz was an Honorary 
Member of our Iron and Steel Institute since 1893 
and an Honorary Vice-President ; he was awarded 
the Bessemer Medal, the highest recognition in the 
gift of the Institute, in that same year, 1893. He 
was also an Honorary Member of the Association 
of German Ironmasters. 








ACTIVE NITROGEN. 

In his Royal Institution discourse on Friday 
last, the 28th ult., Professor the Hon. R. J. Strutt, 
F.R.S., of the Imperial College of Science, gave 
demonstrations relating to researches which have 
occupied him during recent years, and to which 
we have referred on several occasions. He ex- 
plained that in his experiments he passed a 
current of nitrogen through a tube A (Fig. 1) 
in which it was exposed to a jar-discharge be- 
tween two wire electrodes; the nitrogen then 
entered a larger bulb B, which in some experi- 
ments (to be referred to later) was also connected 
with a flask C. The bulb B was connected to an air- 
—“ which sucked the gas through the tubes A and 

. The electric discharge transformed the nitrogen 
—generally considered an inert gas, little inclined to 
combine with other elements—into an active modifi- 
cation by dissociating the nitrogen molecule N, into 
two atoms of N. These atoms recombined in the 
second vessel B, and during this recombination 
the gas gave out a luminosity which in the first 
experiment was visible for only a few seconds under 
the most favourable conditions, but under other 
circumstances would remain faintly detectable for 
half an hour. The charge had first to be kept on 
for some minutes to flush the tubes properly with 
nitrogen in order to remove air left in the appa- 
ratus. The discharge tube A, after first appearing 
pink, then assumed a bluish colour ; whilst the gas 
whirled in the tube B looked yellow or slightly 
greenish-yellow (perhaps by contrast). 

If his explanation were correct, the lecturer 
continued, the apparatus should not contain any- 
thing but nitrogen. Recently some German 
scientists had suggested that the presence of a 
trace of oxygen was necessary. Without entering 
into the details of this controversy, Professor Strutt 
pointed out that he had kept his nitrogen, which 
to start with was the commercial gas, in contact with 
phosphorus until every trace of phosphorescence, 
due to the interaction between any oxygen present 
and the phosphorus, had disappeared. He had found 


1 
that the presence of even 100,000 part of oxygen 


in ordinary nitrogen would render such nitrogen 
faintly phosphorescent when in contact with phos- 
phorus. On the other hand, he had proved by 
adding oxygen to his nitrogen that the presence 
of 2 per cent. (or J, part) of oxygen would quench 
the yellow luminosity of his active nitrogen entirely, 
and that smaller quantities of oxygen certainly 
—- the effect. Je 

rofessor Strutt then produced this luminosity in 
another way by electro-magnetic induction, by 
placing bulbs charged with nitrogen in a coil, 
through which a high-frequency discharge was 
passed. The coil formed a cylindrical ring, and 
the bulbs were glass spheres provided with long 
tubular stems. The discharge made the gas in the 
bulb flash up in bluish light ; but when they were 
taken out of the coil, the yellow luminosity could 
be seen, and continued for several minutes. 
Two bulbs inserted several times for short periods 
could be made to assume the same degree of 
luminosity. When one of them was cooled in 
liquid air the luminosity disappeared, whilst it 
continued in the other. This extinction of the 
luminosity Professor Strutt ascribed to an acce- 
leration of the recombination of the nitrogen 
atoms, and to prove this view he arranged the 
experiment in the following way :—He placed & 
bulb, which was provided with a long tubuler 
attachment and coupled to a pump, inside a coil. 
As long as the nitrogen pressure in the bulb 
was high, the discharge made the gas glow pink ; 
when the gas pressure was reduced the discharge 
appeared blue, and a yellowish luminosity shot = 
the tube. But when the tip of the tube was cool + 
by being dipped into a glass cup filled with liqus 
air (not in a vacuum jacket filled with liquid air 
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bulb was invisible as long as it was inside the 
jacket) the cold tip was seen to glow more brightly 
than the uncooled portion of the tube. Thus the 
reaction was more intense in the cold than in the 
warm gas. This experiment was very remarkable, 
for it was the only case so far known in which cold, 
instead of retarding a reaction, actually accelerated 
it. The lecturer did not allude to the possibility of 
some other interpretation of the observation. 
Professor Strutt then demonstrated the influence 
on gas reactions of porous surfaces and of catalytic 
agents, to which Bone and Schnabel have recently 
drawn attention in connection with gas combustion. 
For this purpose he took a bulb with a long tubular 
attachment containing a rod of copper, slightly 
oxidised on its surface. When the bulb was held 
horizontally, the rod would be in the tube ; when 
turned vertically, the rod would drop into the bulb, 
as indicated by the dotted line in Fig. 2. When the 
bulb had been placed horizontally in the coil and 
taken out again, the bulb shone with the yellowish 
light ; as soon as the bulb was turned so that the 
rod dropped, the luminosity vanished. This was 
repeated several times by again placing the bulb 
in the coil and subsequently letting the rod drop. 
Such catalytic reactions, the lecturer said, were 


Fig.1. 


* 





over the cold mercury, the colour in the bent tube 
was yellowish, as before in the B tubes. But when 
the mercury was heated from outside by a - 
burner, the colour changed to green, and a & 
deposit settled on the inner walls of the bent tube, 
spoiling its a . A mercury nitride was 
thus formed. hen this tube was removed from 
the apparatus, and the black deposit locally heated, 
it began to crack audibly, and Professor Strutt 
pointed out that some of these mereyry compounds 
were explosive. In concluding, Professor Strutt 
read a letter which Faraday had addressed to 
Schénbein, the discoverer of ozone, in which 
it was pointed out that the apparently inert 
nitrogen might, after all, be found to be very 
active under suitable conditions. 

We would like to add that metallic nitrides— 
i.e., compounds between nitrogen and metals not 
containing any other elements—have, of course, 
long been known. Lithium burns in nitrogen, 
mercury forms several nitrides, and magnesium 
binds nitrogen when heated to form Mg,N,. A 
= process of fixing the nitrogen, isolated 
rom the atmosphere by the Linde process, by pass- 
ing nitrogen over a mixture of metallic magnesium 





(which might be replaced by aluminium) with lime, 
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more frequent and important than was generally 
believed. 

Passing to modifications of the phenomenon by 
the presence of foreign substances, Professor Strutt 
said that the tube C of Fig. 1 was used for intro- 
ducing other elements into B—that is to say, into 
the active nitrogen, without exposing the other 
elements or compounds themselves to the discharge 
in A. When acetylene was in this way introduced 
into B, the luminosity changed to a lilac colour 
like that of burning cyanogen ; and the cyanogen 
lines, the lecturer added, were seen in the spectrum 
of the gases. When chloroform was introduced 
the colour changed into red, and the spectrum 
showed prominent red lines. That the organic 
compounds really formed some cyanogen compound 
(probably hydrocyanic acid) with nitrogen under 
these conditions, was proved by letting the gas 
mixture pass from B into a vessel in which it was 
cooled by lowering a test-tube containing liquid air 
into the vessel. Some of the cooled gas (resulting 
from the reaction of the gases in bulbs B and OC) 
was then condensed on the outside of the test-tube, 
and when this tube was taken out of the vessel 
and dipped into caustic potash, potassium cyanide 
was formed, which, when mixed with iron salt 
and with hydrochloric acid, gave a distinct precipi- 
tate of Prussian blue, and not only a green colour, 
which would have indicated the presence of traces 
of cyanide. 

In some cases, the lecturer proceeded, the lumi- 
nosity seemed to be due rather to the additional sub- 
stance introduced than to new compounds. Thus 
when vapours of tin chloride were admitted into the 
tube B, the yellow colour changed into a beautiful 
deep blue; a somewhat similar colour was seen 
when tin chloride was evaporated in the flame of a 
Bunsen burner. When carbon disulphide (CS,) was 
introduced into B, there was no brilliant colour 
effect, but a brown deposit was formed, representing 
& nitrogen-sulphur compound. There were also 
indications that the monosulphide of carbon (CS) 
on which Sir James Dewar lectured last year, was 
produced. Professor Strutt did not give particulars 
about these researches, which he is now conduct- 
ing in conjunction with his colleague, Professor 
Brereton Baker, F.R.S., but passed on to describe 
the reactions of active nitrogen with metals. 
When a metal gave vapours at moderate tem- 
peratures, the spectrum, he said, showed the 
metallic lines, and there was not apparently 
always chemical combination. ‘Thus thallium, tin, 
and nickel gave their own spectra ; in some other 
cases combination did take place. He demon- 
strated this with mercury. A narrow tube A was 
op not to the tube B, but to a glass tube, 
bent at an obtuse angle, and containing mercury 
in the bend, As long as the active nitrogen passed 





is now being tried. Another method of fixing 
nitrogen by sending electric sparks through air 
in order to oxidise the nitrogen was practised by 
Cavendish, and is the basis of the present day indus- 
try of making NO, from which is obtained nitric 
acid and nitrates by means of the electric arc 
flame. Again, nitrogen is bound by calcium 
carbide at Odda, in Norway, and elsewhere. But 
if Professor Strutt can easily obtain nitrides with 
the aid of the Leiden jar discharge—he con- 
sidered the jars essential — there will be an 
opening for this new process. In another syn- 
thetic way of binding nitrogen, by bringing nitrogen 
and hydrogen together in contact with one another 
and with a catalyst at high pressures (200 atmo- 
spheres) and temperatures (700 deg. Cent.), which 

aber and Le Rossignol worked out scientifically 
in recent years, and which the Badische Anilin und 
Sodafabrik has taken up in its new works at Oppau, 
nitrides play an undesirable part; the nitrogen 
as well as the hydrogen attack the iron under the 
experimental conditions, and there has been diffi- 
oie in constructing apparatus which will stand 
the high pressures and temperatures. Another ob- 
jection to most of these processes, including those 
of Strutt and of Haber, is that the nitrogen must 
be very pure: in this respsct the electric arc 
burning in air is superior to all other processes. 
But technical science has learnt how to prepare 
pure gases, and when the demand for them in- 
creases, higher purity will also be realised. 





EXPLOSION-PROOF ELECTRIC 
MOTORS. 

Recent explosions in collieries have again accen- 
tuated the prejudice against the use of electric 
motors in coal-mines. Coal-dust, we know now, 
involves as much danger almost as fire-damp, and as 
the dust seems to be irrepressible, it is, undoubtedly, 
a general source of danger. If all the motors and 
electric machinery could be hermetically sealed, 
electric sparks could not set fire to gasordust. The 
absolutely encased motor is, perhaps, not so im- 
possible as it appears. It certainly does not enjoy 
favour at present, however. Some ventilation for 
the motor is deemed indispensable, and the simplest 
and, apparently, only way in which this can be 
effected is on the Davy lamp principle. In the lamp 
air must have access to the flame, but the flame 
must not be allowed to penetrate outside the lamp. 
For this purpose Davy surrounded the flame with 
one or several sheaths of wire gauze. The flame 
may heat this gauze ; but if there is sufficient metal, 
the flame will be too much cooled to get through 
the gauze. The ventilating openings in motor 
casings have hence been closed by wire gauze ; but 





the gauze is apt to become clogged with dust or to 


be broken, and more elaborate devices, such as 
labyrinth packings, &c., have been tried with 
moderate success. 

The United States Bureau of Mines has recently 
taken up this question, and Bulletin No. 46 of 
the Department of the Interior contains an 
account, by Mr. H. H. Clerk, of an experimental in- 
vestigation into the efficiency of protective devices 
for explosion-proof electric motors. The bureau 
called upon manufacturers of electric motors for 
mines to submit motors for testing. Five electric 
motors, all differing in the construction of their 
protective devices, were sent in. It cannot be said 
that the report reflects particular credit upon the 
unnamed makers. One type of device was at once 
rejected, one failed completely in the test, and the 
other three failed to satisfy certain conditions. But 
the conditions were severe, one or two types 
certainly had their good points, and, as regards 
the interest of the report, accounts of failures are 
as instructive as those of successes. The report 
indeed clearly demonstrates — though the point 
is not .accentuated—that such tests are ve 
difficult to perform, and that a device which is 
apparently quite safe may really prove unsuitable 
when properly tested. Manufacturers may believe, 
on the strength of insufficient tests, that they have 
turned out a good article. They can only prove 
that if they have a properly-equip testing 
gallery; but they can at least see that their articles 
are carefully made of suitable materials. Several of 
the motors submitted were structurally defective. 
If that can happen in motors especially intended 
for examination, one cannot have much con- 
fidence in the care and workmanship of goods 
supplied in the ordinary way. 

he experiments we wish to deal with were con- 
ducted at Pittsburg, and they form the basis for a 
schedule of tests which the Bureau of Mines is pre- 
pared to undertake in order to draw up a list of 
permissible protective devices and motors. The con- 
ditions constant to all the tests were that the motor- 
casing should be completely filled with an explosive 
mixture and completely surrounded by a similar 
mixture, and that sufficient sparking should occur in 
the motor to cause ignition. The controlled variable 
conditions were the ratio of gas to air in the mix- 
ture, the point within the motor-casing at which the 
mixture was ignited, and the presence of coal-dust 
within the casing. The temperature was not 
controlled, because it was considered that tem- 
perature conditions might vary in mines to a 
considerable extent, and that, though the danger 
would certainly be greater at higher temperature 
than at lower temperature, there would also be 
less gas in the casing when the temperature 
was raised, and hence less heat to be taken 
up by the protective devices. For the leading idea 
of a protective device is, that it shall be of sufficient 
mass to take up the heat of a minor explosion 
within the casing ; in that case a flame would either 
be stifled, or, if penetrating outside the casing, 
would not be hot enough to cause ignition of the 
surrounding gas. Yet any flame shooting out of 
the motor-casing would, of course, constitute an 
element of danger, as it would only depend upon 
more or less accidental circumstances whether or 
not an explosion might arise. Thus the report of 
the experiments by the Bureau of Mines, whilst 
rightly distinguishing between ‘* punctures,” i.¢., 
flames striking through the protective device and 
causing an explosion, and ‘‘ outside flames,” not 
causing an explosion, does not underrate the signifi- 
cance of flames. 

The experiments were conducted in a special 
testing-gallery—a horizontal cylinder of boiler- 
plates, 10 ft. in diameter and 30 ft. in length, in 
which the motor under test was placed between 
partitions, formed in the customary way, of heavy 
manila paper reinforced with cheese-cloth and 
painted with one coat of oil and white-lead to make 
the — gas-tight. Manholes and observation 
windows were provided in the gallery, and electric 
leads introduced through bushings. The explosive 
gas used was the natural gas supplied to the city of 
Pittsburg ; the gas contains about 82 per cent. 
of methane, 16.4 per cent. of ethane, 1.5 per cent. 
of nitrogen, and is most explosive in a mixture 
containing 8.6 parts of the gas in 100 parts of air; 
this proportion was applied in most of the 
tests, but ‘‘over-gassing” and ‘‘ under-gassing” 
were also tried. The gas was circulated by 


means of a fan, which could draw the mixture 
through the gallery and the motor-casing, or force 





air into them. The gas percentage was continuously 
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determined by means of an instrument, in which a 
small quantity of the mixture was burnt in close 
proximity to a thermocouple joined to a milli- 
voltmeter. This device was connected to the 
fan discharge, and the valves in the pipes 
joined to the casing of the motor under test 
could be so set that the moment was indicated 
when the motor - casing was completely filled 
with the gas mixture of known composition. In 
order to measure the explosion pressure, @ gas- 
engine indicator was mounted on the motor ; its 
card was wound on a drum, the spring of which 
was released by a ratchet wheel, operated by an 
electromagnet at the moment the igniting spark 
passed. It is not claimed that the indicator recorded 
the true variations in the pressure, especially not 
for the alternate positive and negative values, but 
it probably gave the required information. The 
pressures marked during the actual tests never 
exceeded 47 lb. per sq. in. 

Ignition was in a few cases effected by the spark- 
ing of the running motor. In most cases, however, 
the motor was kept at rest, and ignition was 
effected by one or several ~— spark- plugs 
mounted at different spots within the casing, 
because the conditions were more easily controlled 
by this arrangement than with brush sparks. In 
the early tests the gas pressures observed varied in 
an annoying manner, and it was only after several 
months that the cause was traced down to the 
irregular filling of the casing with the mixture. 
Originally the gas had been introduced into the 
casing by two openings only, and the pipe con- 
necting the case to the intake of the circulation- 
fan was tapped into the former at only one point. 
With this arrangement the gas mixture prob- 
ably passed through the casing in thin streams, 
without filling corners and crevices. Four or six 
openings were subsequently provided in the motor- 
casing, and the casing was tapped at four points for 
connection with the intake. All these openings were 
fitted with quick-closing gate-valves, for isolating 
the casing from the gallery air and from all exterior 
piping before applying the spark. These some- 
oe elaborate arrangements were, no doubt, essen- 
tial ; they can hardly be made in the workshop, 
and it was for this and other reasons that we ex- 
pressed the opinion that workshop tests, though 
certainly necessary, should not be relied upon as 
conclusive. Such work might be taken up in this 
country by the Explosions in Mines Committee. 

The five motors submitted were, as stated already, 

rovided with five different protective devices. 
The first device consisted of three layers of brass- 
wire gauze, protected on the outside by a poppet- 
valve ; the motor was equipped with two of these 
devices, one fastened to each side of that part of the 
casing which covered the commutator. The openings 
had diameters of 2% in., and the unoccupied space 
in the casing was 1.2 cub. ft. The motor was a 
260-volt, compound, direct-current machine, for 
driving a coal-cutter, guaranteed to deliver 24 horse- 
power for 30 minutes with a maximum temperature 
rise of 75 deg. Cent. (135 deg. Fahr.). The motor 
was submitted to 191 tests (some preliminary) under 
45 different conditions. The poppet-valves were 
kept plugged or open ; sometimes both valves were 
‘‘free” and open, which means that the springs 
were removed from the valve stems, and the poppets 
pulled out before the explosion. The combined 
minimum area of the relief openings in the = 
tective devices amounted to 5.2 sq. in. e 
ignition plug was placed above the commutator, or 
screwed into the pinion end of the motor-casing. 
Outside flames were observed in all the tests, but 
only four punctures altcgether. Three punctures 
occurred in the same group (of three experiments 
only) with both valves free and open. e other 
puncture resulted in one out of ten experiments 
under special conditions ; coal-dust was heated 
by one explosion, but did not catch fire until the 

-valves were suddenly opened a few seconds 
ater. The poppet-valves probably assisted in 
cooling the escaping gases by discharging them in 
a manner most conducive to loss of heat, and by 

ualising the pressures on both sides of the gauzes, 
which might otherwise have been torn out of their 
seats. But the projecting ts of the poppet- 
valves were liable to mechanical injury in the mine 
from falling material and careless handling. It is 
further noteworthy that explosions (within the 
casing) took place under all the varied test con- 
ditions (valves open and closed) at different gas 
percentages and pressures, and that in only four 
cases (out of 191) the flames did not appear outside 








the casing. Thus the verdict is not in favour of 
the device. 

The type B device consisted merely of two un- 
protected layers of gauze, leaving an exposed area 
of 4 in. by 54 in. This area was mechanically 
weak, and the manufacturers were informed that 
the tests of type A seemed to exclude type B ; the 
manufacturers thereupon withdrew their motor. 

The type C consisted of a labyrinth packing of 
five baffle-plates so disposed as to form a zig-zag 
passage approximately 28 in. long, with a cross- 
section of 4 in. by } in.; the area of cross-section 
of the openings at alternating bends was 1} sq. in., 
and the combined minimum area of the discharge- 

in the two protective devices was 2 sq. in. 
The construction was considered faulty ; and a few 
tests, indeed, demonstrated that the device was a 
failure. The chief reason seems to be the follow- 
ing:—The openings in the baffle-plates were too large 
to cool and stop flames ; the passages would be 
filled with the explosive gas mixture, and the 
advancing wave would be fed with fresh gas in the 
passages ; hence even a multiplication of the bafile- 
plates would not afford good protection. 

D was entirely different from those men- 
tioned. ‘Two devices were fixed, one at each end 
of the cylindrical casing. Each device consisted of 
forty-three ring-plates of sheet-iron, 1 mm. in 
thickness, and spaced 1 mm. apart by distance- 
pieces of the same iron as that from which the 
plates were made; the rings were flat, and had 
an outside diameter of 40 cm. (15? in.), and an 
inside diameter of 30 cm. (11.8 in.) ; the total relief 
area of each set at the inside edges of the plates 
was 24 sq. in., and at the outside edges 34 sq. in. 
The motor was a 4-pole 250-volt machine, shunt 
wound, guaranteed to deliver 10 horse-power 
continuously with a rise of temperature of 40 deg. 
Cent. (72 deg. Fahr.). The unoccupied space 
within the motor casing was 5 cub. ft., and the 
combined minimum area of the relief openings, 
consisting of eight holes in the cylindrical casing, 
was 48 sq. in. The air thus entered the interior 
of the casing through the forty-two narrow passages 
between the flat rings. The armature-shaft carried 
a fan so placed with reference to the relief openings 
as to maintain a brisk circulation of air through 
the motor-casing when the armature was revolving ; 
the fan consisted of sixteen blades, 2} in. by 14 in., 
mounted radially and in the plane passing through 
the shaft axis. 

This D motor was submitted to 236 tests under 
26 different conditions. Of these, 141 tests were 
considered satisfactory, no puncture being observed ; 
the motor was at rest in these tests. In thirteen 
cases when the motor was revolving, two punc- 
tures were observed, and more seemed likely to 
occur if the tests had been fully carried out. In 
four cases the motor ran without the fan ; there 
was no puncture, but after-burning was noticed ; 
that is to say, a flame appeared at the inside edges 
of the protective plates s the burning of gas which 
was not within the casing at the moment of the 
— this gas being forced in by the atmo- 
spheric pressure. The after-burning would have 
ruined the armature insulation if the motor had 
not been stopped ; whether it might have caused 
explosion of the outer gas-mixture is not certain. 
Two experiments with the motor running at more 
than its normal speed, and the fan acting, did not 
give rise to puncture. 

Thus the protective devices answered as long 
as the motor was at rest or running without the 
fan. When the fan was acting, reddish flames, 
4 in. to 6 in. long, issued from the protective 
devices at the commutator end. But these flames 
were quickly stifled, and they did not produce 
puncture except with a series of at least five 
explosions inside the casing. The fan in opera- 
tion, it would appear, increased the effective resist- 
ance of the pulley-end relief openings, and thereby 
the gas pressure, while it also caused more heat 
to be discharged from the commutator end and 
refilled the casing with gaseous mixture. To a 
certain extent the end conductors of the armature 
coil had this fan effect, causing after-burning with- 
out explosions, because the gas was burned at the 
inside edges as soon as drawn in. The weak point 
in type D was thus due more to the severe con- 
ditions imposed by the motor design than to 
imperfections of the protective device proper. It 
would be difficult, however, to construct a device 
of reasonable size to absorb all the heat produced 
by the continuous operation of such a motor, and 
any slight further separation of the plates sub- 








sequently produced by mechanical injury would 
frustrate the efficiency of the device. 

We finally come to type E device. It consisted of 
two sets of combined gauze and baffle-plates, one set 
being placed at each side of the motor casing at the 
commutator end. Each set consisted of five sheets 
of 30-mesh brass gauze, 44 in. by 6 in., separated to 
a distance —F in. by five grids or bronze spacers, 
each provided with sixteen holes, } in. by 1} in., 
the whole being enclosed in a bronze cover having 
a double baffie-plate (zig-zag passage) at the outlet. 
The motor was again a 200-vo't compound four- 
pole machine, rated to give 20 horse-power for one 
hour, with a temperature rise of 75 deg. Cent. The 
starting-box was similarly protected, the parts of 
the device being smaller ; it was a dial type rheo- 
stat, the resistance being enclosed in a gas-tight 
non-removable case, with contacts mounted on a 
slate slab. The box was screwed to a cast-steel 
base, itself screwed to the motor-casing. This 
device was submitted to 268 tests under 26 dif- 
ferent conditions. The results were not always in 
satisfactory accord as to pressures observed with 
ignition at different points. But there were alto- 
gether only four punctures, one of which was due 
to an overlooked hole in the casing. In the 26 tests 
in which the motor was kept running no puncture 
was observed at all, nor did the starting-box, 
when filled with explosive gas mixture and fired by 
a spark-plug, ever cause an explosion of the gas 
outside. In fact, flames never issued from the 
relief-valves on the motor or starting-box. 

The maximum pressure observed—the highest 
pressure recorded during this investigation—was 
47.2 lb. per sq. in.; the spark-plug was in that case 
fastened at the pulley end of the motor furthest 
away from the relief opening ; this seems to be the 
condition under which the maximum amount of heat 
is developed and discharged in the shortest time. 
We stated that the-flames were never noticed out- 
side the casing, though there were three punctures 
(not counting the one due to a defect). In one 

uncture the one relief device had been cut out. 
n another puncture, coal-dust, sifted into the 
casing, was driven out in a cloud, and from this 
the explosion started ; the dust was apparently very 
hot, but did not break out into flame before finding 
more air outside. The third case was similar. 

When we sum up the results of the research we 
find that, though all the devices tested had their 
weak points, promising results have been obtained 
on which we can base conclusions. The type A 
did not cause many explosions, but it gave flames, 
which left too small a margin of safety. Types B 
and C proved unsuitable ; type D was mechanically 
defective, and type E alone would generally 
satisfactory, if it were not for the danger arising 
from coal-dust settling in the labyrinth passages from 
which it might be blown out. Weare thus once 
more confronted with the dust problem, which so 
far baffles all attempts of solution. . Apart from the 
dust danger, simple gauze wire screens, properly 
protected against mechanical injury, might answer, 
as they do answer in the safety lamp which can be 
inspected and cleaned every day. This examination 
takes place above ground, but that is out of 
question in mine moters which are to run con- 
tinuously for long perieds. An occasional cleaning 
of the motor and starting-box down below might, 
however, be unobjectionable, though frequent inter- 
ference with these machines is undesirable. The 
motors as well as the starting-boxes, which require 
quite as much attention, should be strong and 
simple, and though sealed to the obtruder, easily 
accessible. These properties are not easy to 
combine, and the miner may argue that so many 
demands are now made in the interest of safety 
that he is compelled to study economy in his 
machinery. Safe explosion - proof motors need 
not be especially expensive, however, and even 
if they were, the country would be justified in 
insisting upon none but safe electric motors and 
appliances being admitted in coal-mines. 

t would mean, in the first instance, good 
workmanship. Defects like those discovered in 
several of the motors submitted to the tests we 
have described —an oil-drain hole, filled with 
grease and dirt, &., in an apparently solid wall, 
e.g.—should never occur. They may be difficult to 
detect afterwards ; one of the defects of the E motor 
escaped the attention of the investigators until its 

nce was revealed by an explosion. Two other 
efects were repaired. Electrical leads should be 
introduced into the motor-casing through efficient 
bushings. The casing should have few openings, 
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none unprotected, and leave little space unoccupied 
for the accumulation of gas and dust. The protec- 
tive devices should be sufficiently massive to absorb 
as much heat as possible, and for this reason the total 
area of protected openings should not be too small. 
This would, in addition, be desirable for the purpose 
of reducing the explosion pressures. The lower the 
gas pressure, the slower the Propagation of the flame, 
and it is fortunate that the advancing edge of the 
flame first strikes the coolest part of the protective 
device. If feasible, these devices should all be en- 
closed within the motor-casing. Cooling-fans for the 
motor should be avoided ; they are apt to do more 
harm than good. Finally, no electric motor should 
be installed in a coal-mine before having 
stringent tests. The problem, though old enough, 
is not sufficiently advanced yet for definite rules to 
be laid down for such tests ; but systematic investi- 
gation should soon supply the data on which to 
base such rules. 








NOTES. 
O1-Furnace ror Mettinc Merats. 

In the Siegen-Lothringer Werke, at Geisweid, 
a new kind of oil-furnace is working very satis- 
factorily. The furnace is meant to replace a small 
cupola, but is much more convenient to handle 
than a cupola, and very suitable, for instance, for 
test and research work when a few hundredweights 
of different castings are to be pre e 
furnace is of the American cylindrical-drum type. 
The drum consists of sheet-iron, and is lined with 
fire-proof material; it lies horizontally in trun- 
nions, a hand-wheel or tilting-lever being attached 
to the one trunnion and the oil-nozzle entering 
through the other. In the ordinary case the 
cylinder has a length of 5 ft. and a diameter of 
nearly 24 ft. The flame strikes the opposite wall 
and leaves through a circular or oval hole on the 
top of the furnace. When the charge is to be 
poured the hand-wheel is turned, and the hole 
through which the metal was charged serves as 
exit. Furnaces of different sizes can take from 
300 kg. up to 1500 kg. of metal. According 
to some figures given by H. Haedicke in Stahl 
und Eisen, of February 27, 1913, it took 1? hours 
to melt 430 kg. (955 lb.) of grey iron, and the oil 
consumed cost 1.40 marks, or 1s. 5d., per 100 kg. 
A mixture of 41 kg. of hematite, 160 kg. of old 
rivets, 2 kg. of ferro-silicon, and 2.5 kg. of ferro- 
manganese (of 50 and 80 per cent. ), forming a charge 
of 205 kg. of steel, was fused in 2} hours, and the 
cost was 2.40 marks per hour. With larger charges 
the costs are considerably lower. The furnace is 
preheated by burning some waste cotton in it, and 
the oil is then turned on ; the flame should gene- 
rally be reducing, sometimes oxidising, and the 
attendant can easily control this by watching the 
flame issuing from the hole. Iron, steel, copper, 
and bronzes are said to yield superior melts, as all 
contamination with coke and its impurities is 
avoided. The linings are said to last a long time. 
There is no particular novelty in the design, except 
as regards the nozzle. 


Tue Sun-Power Moror. 


Mr. Frank Shuman gave a few interesting 
particulars concerning this motor at the fourth 
ordinary general meeting of the Sun-Power Com- 
pany (Kastern Hemisphere), Limited, which was 
held at Winchester House, Old Broad-street, E.C., 
on Wednesday last, the 5th inst. After a few 
remarks upon the world’s coal and oil supplies, 
which, he said, were calculated to last for about 

years more only, at a gradually increasing 
cost, he stated that although the utilisation of the 
sun’s rays for power-raising was not applicable to 
many countries, England in particular, it yet 
formed the right source of power supply for a 
large proportion of the inhabitants of the earth—i.e., 
for those who inhabited the lands situated in the 
zone between the 20th degree parallels, north and 
south of the equator, where the sun’s rays were 
most intense. ‘The sun-power plant had been tried 
by scientists in laboratory work in a small way, with 
good results, but, with the conditions which for- 
merly ruled, it had failed in actual practice owing 
the high initial cost. The low-pressure steam- 
®ngine had since been perfected, and this had 
gteatly facilitated the practical introduction of the 
Plant. The company had put up a 100 horse-power 
pumping plant at Cairo; they commenced its 
Construction in January, 1912, and completed 
it in the month of September following. It 
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was immediately started running for driving a 
pump, and it worked satisfactorily. After three 
days, however, it was found that the zinc boilers, 
which acted satisfactorily in the United States, 
were unable at Cairo to stand the heat. They 
leaked, and had to be discarded, and the plant was 


at a standstill > the delivery of cast-iron 
boilers } in. thick. He hoped these would be fitted 
in on May 15, when the plant would start running 


afresh on June 1 next. In the course of his remarks, 
Mr. Shuman said that they had selected cast-iron 
boilers, in order to obtain quicker delivery. In 
future they would use dished steel-plate boilers, 
for the manufacture of which it would be neces- 
required sets of 
dies. e advantage of the sun-power plant was 
that the heat was delivered f.o.b. inside the 
boiler, there was less expense, and also less 
wear and tear. It could compare, on general 
lines and theoretically, with a coal-heated plant 
in which the coal was supplied absolutely free. 
The first cost was a heavy one, being probably 
twice that of a steam plant of equal capacity, 
but after the first cost there was no further expen- 
diture and much less labour. In actual practice it 
might be stated that when coal was supplied to the 
steam plant at the price of 10s. per ton, the sun- 
power plant could compete with it; when the coal 
cost more than 10s. per ton, then the sun-power 
plant made a profit. At Cairo the profit would 
equal the difference between 45s. and 10s., whilst 
in the Soudan the ratio would be 65 to10. The 
sun-power plant could be used for any purpose, 
but in Egypt and in the Soudan the intention for 
the next ten years, at least, was to put it down for 
irrigation. At Cairo, when they started the plant 
at 6 a.m., they had steam at 6.15. When start- 
ing at noon, with cold water, they had steam 
in three minutes. The steam from the engine was 
exhausted into a condenser of the ordinary type, 
the condensed steam supplying afresh the boiler 
feed. The low-pressure engine was a special type of 
engine. The tests were being eagerly followed in 
Egypt. Professor C. V. Boys, consulting advisory 
expert to the company, said that the actual design 
of the boiler system, as it stood to-day, was one 
which would substantiate what had been advanced 
in regard to it. The proportion of heat which fell 
on the outside atmosphere, as compared with that 
which was found as steam in the boiler, was very 
large indeed, since over 50 per cent. of that heat 
was returned as steam in the boiler. It was on the 
utilisation of that heat as steam that he felt they 
were bound to concentrate their attention. 


ADVANCES IN SHIPBUILDING. 


The year 1912 was a record one in the shipping 
industry, and this happy state of affairs was re- 
ferred to in the statements put before the 23rd 
annual meeting of the British Corporation for the 
Survey and Registry of Shipping held last week 
at G w; not only have the builders done 
more work than they have ever turned out in one 
year before, but the owners have also had a more 
prosperous time. During the year the amount of 
shipping classed by the Corporation was 330,000 
tons, and the amount in hand and to be commenced 
was 415,000 tons. Since the Corporation was 
formed more than 3,000,000 tons have been built 
to its classification, one-fourth of this being owned 
outside the United Kingdom. During last year 
about one-third of the tonnage classed was for the 
colonies. According to the chairman of the Tech- 
nical Committee the fleet of ships built during 
1912, and at present on hand for survey, includes 
almost every kind of design at present known 
between the limits of 35 ft. and 600 ft. in 
length. Single-deck cargo-boats have much in- 
creased in popularity, as have also single-deck 
steamers with shelter-decks. They have proved 
particularly strong, as well as economical in the 
amount of material required in relation to dead- 
weight carrying capacity. Seaworthiness is also 
a characteristic of this class, more particularly 
perhaps with regard to the smaller vessels, the 
great height of platform in ae gg to the length 
of hull being responsible for this. With the larger 
vessels it seems as though past experience regard- 
ing height of platform was being ignored, though 
the movement has not been encouraged by the 
technical committee of the Corporation, for what 
this committee felt was that a flush-deck ship, 
with a small freeboard, would be found to 
be a danger to life and property, this having 
been shown by past experience. Great things are 


hoped for from a vessel now building on the North- 
East Coast for Diesel motors in conjunction with 
Mr. Mavor’s system of electrical transmission of 

wer, this being, Mr. Fred. J. Stephen said, the 
atest competitor in a race which it was hoped 
would have no end. Another vessel, the Escalona, 
is being fitted, under British Corporation survey, 


with large cylindrical tanks to carry oil. ese 
tanks are arran horizontally in series, being 
carried on steel rs, fitted, both athwartships 


and fore and aft, in such a way as will, it is hoped, 
prevent any movement on their bases. A ship of this 
class can be converted into an ordinary trader at any 
time by unshipping the tanks. The Corporation 
in the past had to bear much criticism, and it is 
not long ago that they were told that it was 
impossible to build ships of the necessary strength 
with the weight of material called for by their 
rules. Since then, however, this criticism has 
been completely refuted. The advent of the 
oil motor-ship has been accompanied with such a 
measure of success as to encourage the hope that 
great possibilities are in store for it. A vessel— 
the Cairnross—recently built by Messrs. Doxford 
for British Corporation classification, was fitted 
with turbines driving through helical gearing to 
a slow-running propeller, and from the trials, which 
showed a very considerable economy, the combina- 
tion will, it is thought, prove very beneficial. 





KRUPP GUNS FOR SUBMARINE-BOATS. 

Messrs. Friep. Krupp, Essen, have designed for 
the armament of submarine-boats a 7.5-cm. (2.95 in.) 

, which is mounted upon a reversible mounting. 

The , with its mounting complete, weighs 860 kg. 
(1898 Ib. ). For navigation under water, the gun 
and mounting are brought down backwards and 
stowed into a compartment which is located between 
the upper deck of the submarine and its inner 
hull. he arrangement is illustrated in Figs. 1 to 6, 
page 334, which illustrate an experimental pletform 
and show the compartment closed with gun 
stowed, the compartment opened, the raising up of 
the gun, and the gun laid for firing at different 
anglesofelevation. For the raising up and the lower- 
ing of the gun the lower part of the ———s 
turns in a bearing which is contained in the forw 
part of the fixed foundation on the boat-deck. When 
the cover is opened it is only necessary to draw 4 
bolt (see Fig. 3) for the gun to rise up automatically 
in a vertical position under the action of a sprin 
buffer. The mounting is held fast in the verti 

ition by spring-catches which come into play imme- 
iately it reaches the position shown in Fig. 4. 
These spring-catches are disen when it is 
required to stow the gun back n for submarine 
navigation. The gun is raised from its compart- 
ment ready for firing, including the fitting up of 
sights and shoulder-rest, in twenty seconds; the 
removal of these latter and the stowing back of the 

n in its compartment occupy the same time. 
revious to stowing back the gun is raised up to its 
vertical position, in which it is maintained by the 
spring-catches referred to. 

The compartment does not close water-tight, and 
the gun is made of steel containing a high per- 


centage of nickel, to ensure its immunity from 
corrosion. It is fitted with a wedge breech-block, 
which moves up and down ins of laterally. 


The cylindrical cradle surrounds the cylindrical por- 
tion of the gun-tube; the cradle pivots round its 
trunnions in the brackets of the gun-support, and 
is fitted with the recoil-cylinder and the running- 
out springs. The recoil-piston is screwed on to an 
extension at the breech end of the gun, and follows 
the latter in its recoil and runnin up. A socket 
is provided on the left-hand side o e cradle for 
inserting the shoulder-rest. The cradle support is 
fitted with the trunnion bearings, round which the 
gun turns for elevation, and is provided with the 
pivot for lateral training. It is also so shaped as 
to allow the gun to occupy the vertical position for 
stowing back, and to fire under high angles of eleva- 
tion inst aircraft. The pedestal has the shape 
of a short column. It carries at the top the pivot 
bearing ; its lower part is widened out for taking the 
hinge-bolts and the spring catches. The spring-buffer 
acts upon its lower end. The shoulder-rest is seen in 
Figs. 5 and 6, Fig. 5 showing its position for small 
angles of elevation. For large angles of elevation, 
such as would be required for firi — aircraft, 
the shoulder-rest is turned round 180 deg. in its 
socket, to ocoupy the position shown in Fig. 6. 
Previous to stowing back the gun in ite compart- 
ment, the shoulder-rest is removed, together with 
the sights, and taken inside the submarine by the 

ner in charge. The latter fires the gun with his 
feft hand by means of a lever which pivots on the 
arm of the shoulder-rest. The gun is served by three 





men: the gunner in charge, the man at the breech, 
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DISAPPEARING GUN FOR SUBMARINE- BOATS. 
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and a man for loading; in case of an emergency, , deck and the inner hull upon a flanged distance- 
the man at the breech can also insert the charges in | piece, so that any strain upon the mounting is taken 
the gun. up by the inner hull. When required for action, the 
Messrs. Krupp have also designed for submarine | gun in its cradle is fitted on the top of the mounting, 
boats a 3.7-cm. (1.456-in.) gun, fitted on a fixed pivot | where it is firmly held by means of clamps, and the 
mounting, having a total weight of 265 kg. (584 Ib.). | shoulder-rest, sights, and cartridge-holder are put in 
The fixed mounting is conical and lenticular in shape, place. The cartridge-holder is on the right-hand side 
so as to minimise the resistance to travel when the | of the gun and contains five cartridges. 
submarine is immersed. The gun is fitted with a) 
wedge ——- similar in 2 aig marge to er > -< | Tur Inox tienes ite Yy Boo 
the 7.5-em. gun. It is carried on top of the fixed! , “THE MONGER AL Market YeaR-Book.— 
mounting in a cylindrical cradle, in P hich it slides| We have received a copy of this year-book for 1913, the 
backwards and forwards when in action. Recoil jg | Seventh year of publication, which is issued by The 
controlled by an hydraulic brake, the piston of which | 7nmonger at the Price of 2s, Od. nok. | 1% gives Me prices 
travels with the gun on its recoil and running up. | of co roe tin, lead, spelter, pig-iron, iron and steel, &c., 
The recoil-cylinder contains the springs which run} for the past year, with fi of production, imports, 
up the gun at the end of recoil.. The fixed/ and exports. It will be found most useful for reference 
mounting is supported in the space between the/ purposes. 
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Tue Impertat CoLttece or Science AND TECHNOLOGY. 
—We are informed that Dr. Forsyth, F.R.S., has been 
appointed Chief Professor of Mathematics at the College. 
Dr. Forsyth is at present in India, and his return 6 
expected in April. 


Tux Sociery or Enaingers (INconrorateD).—Mr, 
Arthur Valon, A.M. Inst. C.E., delivered his inaugural 
address as president of the Society of Engineers (Incorpo- 


rated) on Monday, the 3rd inst. In this he referred to & 
number of questions affecting the engineering profession. 
He pointed out that the inventive ingenuity an scientific 
knowledge brought to bear upon the smallest details of 
engineering work increased the number of practicable 
solutions to any given problem, and engineers were there- 
fore obliged to specialise. So far as specialisation led to 
economy, due to division of labour, it was advantageous, 
but rigid ———— was detrimental both to the eng! 
neer and the community, 














= Marcu 7, 1913.) 


ENGINEERING 


335 





THE WARD CO, RECORDER 


MESSRS. JAMES LUMB AND SONS, LIMITED, ENGINEERS, ELLAND, YORKSHIRE. 


CONSTRUCTED BY 















a 


{Bore Aluminium Pipe, or 


Figl 


i 
































7 





or ey oe 





4Bore Iron Pipe for Flue Gases. 


4 Her, — 














st | 

' + {BoreLead or Cpe Tubing | Z| iy 

x * | ,—J LV | 
eee < eee 7 : 
Boy * ih | 
s - ores ee Water. Vz ? | 





BS SSeS SSeS SAS | SS Se | 


THERE is little need, at the present time, to dwell 
on the advantages of an instrument that will indicate 
and record the percen of carbon dioxide in the 
flue-gas from a boiler. The value of such an instru- 
ment, from the point of view of the fuel-bill, has long 

generally understood, and it is more than 
probable that the rising fuel costs of the present day 
will bring such instruments into even ter use in 
the future than has hitherto been the case. At 
one time and another we have described many CO, 
recorders, and we are pleased to be able to add what 





ppears to be a remarkably good instrument to the 


list. The Ward CO, recorder, which is illustrated in 
Figs. 1 to 12, above, and is manufactured by Messrs. 
James Lumb and Sons, Limited, of Perseverance 
Works, Elland, Yorkshire, is a straightforward instru- 
ment, and has given most excellent results on test. 
Before describing the recorder in detail it will be 
well to indicate its method of operation in a general 
way. This may be done by reference to Figs. 1 to 3. 
Fig. 1 is a ral view of the instrument, Fig. 2 a 
more or less diagrammatic indication of its main 
and "/~? a sketch showing its relation to the boiler 
flue. e action of the recorder is based upon the 




















x Se 





measurement of a pone of the flue-gas, a treat- 
ment of the sample by caustic potash so that 
the CO, is dissolved out, and the remeasurement 
of the sample after treatment. The differences of 
volume shown gives a measure of the of 
CO, present. he instrument, as shown in Fig. 3, is 
connected up to the flue by a pipe a. Through this 
pipe a constant stream of gas is drawn by an aspirator 
situated in tank b. The gas, together with the water 
which operates the aspirator, is discharged down the 
pipe c, which is shown in both Figs. 2 and 3, the gas 
escaping into the atmosphere. 

Referring now entirely to Fig. 2, the water flows into 
the tank d and out again over a weir, so that the level is 
kept constant. The sample of gas to be analysed is taken 
off the pipe a through the branch ¢ at definite intervals. 
It passes into the measuring vessel /, and from there, 
by the pipes shown, it over the surface of the 
caustic potash in the tank g, so that the OO, is absorbed 
from it. The gas then into the interior of the 
bell-float h. The bell-float rises in virtue of the gas 
which enters it, and it is clear that the amount it rises, 
depending on the volume of gas entering it, will be a 
direct measure of the amount of CO, in the original 
flue gas, since the volume of the sample taken is 
always constant and equal to the volume of vessel /. 
The rise of the bell-float A is accordingly used to draw 
the CO, curve by means of a series of vertical lines on a 
revolving drum. The type of curve obtained is shown 
in Fig. 4. 

The operation of the recorder is described very 
briefly above, and in order properly to trace its cycle 
it will be necessary to refer to its details a little more 
closely. We may deal in the first instance with the 
aspirator, which is contained in the tank }b, shown in 
Fig. 3. The appliance, which is shown in detail in 
Fig. 7, is of a very simple nature. It will be seen 
that the pipes a and c, which enter the tank from the 
bottom, are connected up by a pipe containing s 
circular bend with a series of holes in the pipe above 
it. Water is maintained at constant level in the tank 
by a ball-tap and flows into pipe c through the holes. 
As it flows round the cleoulat bend it traps a com- 
paratively large volume of the gas which enters 
through pipe a. The gas and water are discharged at 
the bottom of the pipe c into the tank d, as shown in 


Fig. 2. The aspirator is started and swnees by means 
of the cock in the pipe c, while its working may be 
tested by closing the gas-cock on the pipea. If this 


cock is closed and the aspirator is working properly, 
there is a violent bubbling of air through the glass 
relief vessel j. 

The charging of the vessel with a measurad quantity 
of gas, which takes place at regular intervals, is carried 
out by the movements of the cock k, which at the right 
moment puts the branch-pipe ¢ into communication 
with vessel f. The cock k& is operated by the bucket /, 
which is connected up to it by the link and crank-arm 


336 


ENGINEERING. 


(Marcu 7, 1913. 





shown. The cock k also serves to put the vessel / in 
communication with the bell-float ; atthe right moment, 
and, in turn, to put this bell-float in communication 
with the atm ere after the diagram line has been 
drawn. There are two through the cock k, as 
shown in Figs. 8toll. Figs. 8 and 9 show the two 
positions of the front passage, and Figs. 10 and 11 
= _— bo. tear nen passage. pat adh vessel / is 

ing © the gas passes through the front e, 
whih ches is in the position shown in Fig. 9. The 
gas is drawn into the vessel / owing to the water flowing 
out of the tank m through the siphon shown. When the 
tank m is empty, the action of the 04 stops, and 
the constantly flowing stream of water from the tank d 
fills it up in. Asa result of this the rising water 
forces the o of gas out of the vessel f. It does 
not, however, force it along the branch-pipe e again, 
since the cock k will, by this time, have moved into 
the position shown in Fig. 8, owing to the rising of the 
bucket / due to the water which entered it from 
the tank m through the siphon, being discharged 
through the second siphon shown. 

As the measured quantity of gas is forced out of the 
vessel / by the rising water it travels over the caustic 
potash in the tank y by way of the pipes shown and in 
the direction of the arrows in Fig. 2. This action dis- 
solves out the CO,, as already explained. The gas is 
made to travel a labyrinth passage over the surface 
of the caustic potash in order to increase its time 
of contact with it. The arrangement of the labyrinth 
passage is shown in Fig. 6. From the tank g the 
passes into the bell-float h by way of the mid-section 

in the cock k, which is then in the position 
shown in Fig. 10. The bell-float rises when the gas enters 
it, and, as before explained, the amount it rises is a 
measure of the CO, extracted in the tank y. As the 
maximum proportion of CO, in flue gas is very rarely 
more than 15 per cent., the range of registration of 
this instrument has been limi to a proportion of 
20 per cent. This gives an ample margin on the 
safe side. If 80 per cent. of the pee in the original 
charge from the vessel / enters the bell-float, it does not 
rise. If 90 per cent. enters, it rises for half its ible 
stroke, andsoon. The result gives the type of record 
shown in Fig. 4, in which the scale of proportion of 
CO, reads from the top downwards. The instrument 
is so arranged that after the bell-float ) has made its 
stroke the bucket / sinks, owing to the accumulation 
of water in it flowing from the tank m. As a result of 
this, the cock k is again moved into its first position, 
and the gas in h is expelled te the atmosphere through 
the ge, as shown in Fig. 11. At the same moment 
a further charge is drawn into the vessel / through the 
other passage in the cock, which is then as shown in 
Fig. 9, and the cycle commences again. 
the above description we have not dealt completely 
with the mode of action of the tank m and the vessel /. 
It will be understood that the capacity of the siphon 
which empties tank m is ter than the rate of inflow 
of water from tank d, which is constant. The tank 
empties as soon as the water has reached the top bend of 
the siphon, and the rate of filling and emptying of both 
the tank m and the bucket / are, of course, arranged 
so that the various actions of the instrument shall take 
place at such a rate as to allow ample time for the flue 
to be acted on by the caustic potash, and for the 
iagram pencil to reach the top of its stroke before 
the interior of the bell-float 4 is put into communica- 
tion with the atmosphere, and the gas forced out b: 
the water, which rises into the bell from below. It 
will be noted- in Fig. 2 that vessel f is shown 
carrying a certain amount of water around its outer 
circumference, and that there is a space between 
it and the level of water in the tank m. The object 
of this arrangement is to secure that the gas in the 
bell-float ) and the vessel f shall be at the same tem- 
rature at the time of measurement of volume. 
is is obviously an important point, since the 
accuracy of the instrument depends entirely on 
the comparison between the volumes of the before 
and after treatment. The same water which sur- 
rounds the bell-float 2 afterwards forms the jacket 
around the vessel /, so that their temperatures are 
maintained constant. The water-jacket is formed by 
arranging a | around the greater part of the cir- 
oumference of the vessel f at its bottom end. Com- 
munication between te upper and lower parts of the 
tank m is maintained by two small passages formed in 
this ledge, as shown in the cross-section, Fig. 5. 
These are small enough to trap a proportion 
of the water for long enough to ensure that when the 
tank m is emptying there shall be a water-jacket on 
the vessel f during the time of measurement of the gas 
volume. 

The ny, Rane | feature of the instrument with 
which we have to deal is the gas-filter, which is shown 
at » in Fig. 3, and in section, to a larger scale, in 
Fig. 12. The filter is fitted to the pipe which pierces 
the flue-cover. The course of the gas through it is 
indicated by arrows in Fig. 12. Any moisture con- 
tained in the flue gas is ensed on the inner sur- 
face of the top cover and the upper surface of the 
inner cover, the moisture being conducted 





by a circular channel to a collecting-trap, from which 
it is discharged as it accumulates. The arrangement 
of the trap is clearly shown in Fig. 12. e gas 
passes downward from the top of the filter 
through a special cloth south 2 on a wire grid of 
}-in. mesh. The cloth is indicated in Fig. 12 by the 
dotted line below the inner cover. It is stated that 
the filter acts so perfectly that soot makes cake 
~~ the upper surface of the cloth to a thickness 
of ;; in., while the underside remains as clean as 
when first put in. Before leaving the details of the 
instrument, we should say that when desired a 
draught-recorder may be fitted in conjunction with 
it, as shown in Fig. 1 fand 3. The method used to 
combine the CO, and draught curves on a single dia- 
gram is clearly shown in Fig. 1. 

The Ward CO, recorder has been tested against an 
Orstat apparatus by Professor G. F. Charnock, M. Inst. 
C.E., of the City of Bradford Technical College. As 
a result of a series of twenty-four tests the Ward 
recorder had an error of only + 0.21 per cent., as com- 
pared with the Orstat record, and on a second series 
of twenty-nine tests had an error of only — 0.12 per 
cent. In his report on the tests Professor Charnock 
referred to the gas control cock (k) and to some }-in, 
copper pipes which had been in use on a Ward recorder 
in a Bradford mill for fifteen months. 
nock stated that these parts showed no signs of corrosion 
or deposit. He also stated that the efficiency of the gas- 
filter, which had been at work for over four months in 
the Bradford Technical College installation, was such 
that after that time there was no evidence of any 
deposit between the filter and recorder. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
eighth general meeting of the session of the Institution 
of Automobile Engineers will be held on Wednesday, 
March 12, 1913, at the Institution of Mechanical Engi- 
neers, Storey’s Gate, Westminster, S.W., at 8 p.m., 
when a paper on “‘ Heavy Motor Vehicles” will be read 
- f Messrs. Geo. W. Watson and D. 8. Kennedy. Tickets 
of invitation to the meeting will be sent to those who are 
interested in the subject, and application should be made 
at the offices of the institution, 13, Queen Anne’s Gate, 
London, 8.W. Representatives of makers and users of 
this class of vehicle are specially invited to attend and to 
give their views in the subsequent discussion on the 


paper. 


Tur GERMAN CEMENT INDUSTRY.—According to official 
statistics which have now been made available, and which 
refer to the years 1910 and 1911, there are in Germany 
135 cement factories, of which 117 manufacture Portland 
cement, and the rest various specialities. Although the 
number of factories remained the same, the output durin; 
1911 materially exceeded that of 1910, the quantities an 
values — respectively :—In 1910, 34,512,283 casks of 
176 kg., of the value of 121,917,000 marks ; 1911, 39,128,216 
casks of 170 kg., of the value of 140,263,000 marks. During 
1911, on an avenge 4211 hands were employed in working 
the raw materials from proprietary or rented deposits. 
The wages paid to these amounted to 4,997,000 marks. At 
the cement factories there was an average aggregate of 
22,905 hands, who earned a total of 26,949,000 marks. The 
power employed amounted to 153,226 horse-power. The 
consumption of fuel during 1911 was as follows :—Coal, 
2,189,618 tons ; lignite, 014 tons; coke, &c., 378,220 
tons. The sale of cement was as follows in 1911:—Sale to 
the home market, 34,869,725 casks; used at own works, 
440,694 casks ; sale to other European countries, 1,870,834 
casks; sale to over-sea countries, 2,856,861 casks ; stocks 
at the end of 1911, 2,160,409 casks. The number of casks 
manufactured amounted to 3,471,964. 


_ Liquip Fug For THE PROPULSION OF SHIPs.—An 
interesting paper on “‘ Liquid Fuel as a Source of Energy 
for the Propulsion of Ships” was read by Mr. C. Zulver, 
Member, at the Institute of Marine Engineers, Stratford, 
on Monday, the 24th ult. In this the author stated that 
for a number of voyages of the same ship, with boilers 
burning either coal or oil, and the engines kept running as 
nearly as possible in the same condition as regards 
vacuum, revolutions, &c., it had been found that in a 
ship with a deadweight carrying capacity of 7700 tons 
there was a mean saving by weight in fuel consumption 
of 33 per cent. As a direct consequence it was found that 
the ship carried about 150 to 200 tons more cargo, and 
also that an appreciably better speed had been maintained 
by the oil-fired steamer. In connection with the Diesel 
engine, the author said the fuel consumption of the 
M 8. Vuleanus had not been found to exceed 2 tons of 
**Solar” oil per day, or about one-fifth of the coal con- 
sumption of a steamer of like capacity, while her cargo- 
carrying capacity was from 12 to 15 per cent. more. 
The exhaust-valves, which were usually looked upon 
as a weak point in the four-cyc’e Diesel engine, gave 
no trouble in the Vulcanus. At the present s 

of advancement he was convinced of the value of the 
four-cycle Werkspoor Diesel engine, as compared with 
two-cycle large marine engines. The principal draw- 
backs associated with the two-cycle engine, in his opinion, 
were (1) double heat generation in pistons; (2) ports in 
bottom of cylinder, making the permanent tightness of a 
liner doubtful ; (3) complications with scavenging-pump ; 
(4) higher fuel consumption ; (5) no relief to moving parts, 
thus necessitati bearing surface ; (6) long trunk 
piston necessary to close the ports in the bottom of 
the cylinder. 


Professor Char- | 27: 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
—_ mame ay | projects, taken from the Board of 
Journal. Further particulars concerning these 
projects can be obtained from the Commercial Intelli. 
= Branch, Board of Trade, 73, Basinghall-street, 
mdon, E.C. 
South Africa: The Union Gazette notifies that a con- 
tract has been awarded for the construction of an earthen 
dam across the Loopspruit, near Potchefstroom, at a cost 
of 57,9457. The name of the successful contractor may be 
obtained by manufacturers in the United Kingdom on 
application to the Commercial Intelligence Branch of the 
of Trade. 

Australia : The Commercial Intelligence Branch of the 
Board of Trade is in receipt, through the Colonial Office, 
of a copy of an Act (No. 50, of 1912), dated December 5 
last, authorising the Governor of Western Australia to 
raise a loan of "5 600, 0002, for public works, as follows :— 
Railways and tramways, 2,673,300/.; harbour and river 
works, 148,000/.; water on og Ba sewerage, 915,500/.; 
boring for minerals, State tteries, on treatment 
plants, 125,000/; agricultural development, abattoi 
cold storage, agricultural implement works, &c., 937,000/.; 
roads, bridges, and public buildings, 91,500/.; sawmills, 
120, 0007. ; steamships, 100,000/.; other State undertakings, 


0002. 

France (Algeria) : The Nachrichten fiir Handel (Berlin) 
states that it is proposed to carry out important im. 
provements in the harbour of Oran, the more urgent of 
which are to be in immediatelyt The second part of 
the project, which includes a further enlargement of the 
harbour, is to be postponed. The Oran Chamber of 
Commerce has petitioned for leave to execute the more 
— works at its own expense, estimated at about 

,000,000 francs (1,080,000/.), and as soon as the official 
formalities have been concluded work will be begun. 
The present works comprise the following :—Lengthening 
of the outer pier by metres, to follow the same diree- 
tion as the extremity of the present structure ; construc- 
tion of a new pier, 540 metres long, at a point 650 metres 
east of the ‘‘ Ravin Blanc” pier, to start at the coast and 
run at right angles to the ‘* Hauts Fonds” quay, joining 
the foot of the latter ; construction of a quay 520 metres 
long, at right angles to the foregoing, so that there may 
be a quay with a breadth of 160 metres at the coast, and 
50 metres broad at its other end, terminating parallel to 
the outer pier ; dredging of the space left by the angle of 
the ‘‘ Hauts Fonds” quay and the projected Quay No. 3 
to a depth of 10.4 metres. 

Spain: The Gaceta de Madrid states that plans and 
specifications will be received at the Ministry of Fomento, 

adrid, up to June 21, for the construction of a strategic 
railway from Verin to bria. The line must be con- 
structed so as to be capable of —— pieces of artillery 
weighing 6} tons each. The railway may be worked 
either electrically or by steam. Local representation is 
necessary. The Gaceta also notifies that a concession has 
been granted to Sefior Don Nicol4s Escoriaza y Fabro 
for the construction of a ‘‘secondary” railway from Haro 
to Ezcaray. 

Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Special Committee for Public 
Works for drainage and paving works in the native 
quarter of Tangier, at an estimated cost of 28,560 francs 
(1142.), Tenders will be received by M. le Président du 
Comité Spécial des Travaux Publics, Dar En-Niabe, 
Tangier, upto 1la.m.on April14. A deposit of 150 francs 
(61.), together with a certificate of competency to execute 
the contract, must accompany each tender. The con- 
— must elect domicile in the neighbourhood of the 
wor! 

Brazil: The Diario Official publishes a decree ear- 
—. > favour of the Ministry of Communications 
and Public Works, a sum of 1,000,000 milreis (about 
66,7000.) for the cutting of a canal from Lake Mirim, be- 
tween Santa Victoria and the River Sao Gongalo, with a 
branch to Jaguardo, as well as to the ports of Santa Vic- 
toria and Jaguario. The Diario also publishes two 
decrees, yy in favour of the Ministry of Com- 
munications and Public Works (1), a credit of 400,000 
milreis (about 26,600/.), for the construction of various 
lines of railway in the State of Rio Grande do Sul; 
(2) a credit of ,000 milreis (about 20,0007.) to defray 
the preliminary expenses in connection with the con- 
struction of the Ataxa-Uberaba section of the Goyaz 
Railway, and of another section which will start from 
some convenient point and, passing by way of Monte 
Alegre, in Minas, will terminate at the River Verde, in 
the State of Goyaz. 








Mininc Macuinery.—The value of the mining machi- 
nery exported in January was 88,047/., as compared with 
97,1411. in January, 1912, and 86,764/. in January, 1911. 
In these totals British South Africa figured for 43,859/., 
46,369/., and 38,161/. respectévely; British India for 
7223/., 8048/., and 5214/. respectively ; and Australia and 
New Zealand for 9152/., 8753/., and 16,852/. respectively. 


Liquip Fug AND 1Ts BURNING FOR THE PRODUCTION 
or Powrr.—A paper having the above title was read on 
hey ew the 21st inst., before the Wolverhampton 
and District pnagneeting Society, by Mr. W. D. Kirk- 

trick, A.M.I. Elec. E., in the absence of Mr. J. J. 

<ermode, M.I. Mech. E., the liquid-fuel expert who is at 
present en upon important experimental work for 
the Russian Government. The paper dealt exhaustively 
with the composition of oil fuel, its use for steam-raising, 
and the numerous ac vantages it confi 
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THE DESIGN AND CONSTRUCTION OF 


OIL-STEAMERS.* 
By James Montcomerig, B.Sc. 
(Ooncluded from page 309.) 


buildi 
are the 


are on the longitudinal system. Am t these 
it ships that have yet Neon built 


for this trade, 


| and Figs. 10 to 22, on thisand the opposite page, are inte- 
| cag os showing not only the general principles of 
| Mr. Isherwood’s designs, but the detailed scantlings of a 
steamer 525 ft. in length, 66 ft. in breadth moulded, and 

System of Construction —Longitudinal System.—If this | 34 ft. indepth moulded. It is of the shelter-deck type, and 
paper had been written five years ago, my remarks on | contains twelve oil-tanks situated below the upper deck, 
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this division of the subject would have ended with the ten of these being 22 ft. 6 in. in length, and two 28 ft, Oil 
of the previous sentence. In that time, however, | fuel is carried in a tank in the boiler-room (the machinery 


Mr. Isherwood had produced his longitudinal designs, | is placed aft) and in a deep tank forward. 


e distinguish - 


and these, particularly in regard to oil vessels, have been | ing features of the systems are the same here as in ordi- 


Widely adopted, as will be evident from the fact that | nary | 


. t less than 76 per cent. of the number of oil vessels now 





* Paper 
Ship\uilders in Seotland on J anuary 21. 





read before the Institution of Engineers and | 


known, 





verses are fitted between the 
deck, sides, and bottom, while the shell and 
is locally stiffened by the longitudinal girders. These 


ongitudinal cargo ships, and as they are now widely 
need not go into them in detail. 


Deep trans- 
ing the 
plating 


bulkheads, su 





latter are cut at the bulkheads, and are worked in asso- 
ciation with the horizontal stiffeners on the bulkheads, 
to which they are attached by brackets. One transverse 
is fitted in each of the 22-ft. 6-in. tanks, and two in those 
28 ft. in length. 

Without venturing on a detailed comparison between 
the transverse and longitudinal systems as applied to 
oil-vessels, I may be permitted to make one or two 
observations on the latter. The first is that the two 
characteristics which have been held as essential in the 
hull construction of an oil-ship are seoured here also. 
The girders which actually support the loads on the 
decks, sides, and bottom are designed of a very deep, 
stiff nature. These girders also and the intermediate 
bulb angle stiffeners are continuous, making possible 
rigid attachments at their ends. Again, it may be 
Requantiy pened exged ageiass loagivetion! veneclp wien 
requently u inst longitudi Vv when 
they were first heotieesl ¢ to the effect that they did not 
offer sufficient resistance to racking stresses, certainly 
does not apply here. The transverse s' of the 
vessels shown in the drawings reproduced, © upasit is 
by bulkheads closely oe, and webs, is, at least, equal 
to that obtained in the transverse system. Further, it 
may be held that the aan wey pas system, as a system of 
construction, can be employed more advantageously in oil 
vessels than in the majority of other types of cargo 
steamers. 

I think it is not generaily realised that, owing to 
the distribution of weight in a fully-laden tanker, with 
machinery aft, the maximum bending-moment occurs in 
the sagging condition, in opposition to that found in the 
case of an ordinary eargo v with machi amid- 
ships, where the maximum is generally found in the 
hogging condition. The maximum structural stresses, 
although they may be the same quantitatively, are more 
severe because reversed in direction, and they repre- 
sent in oil ships a state of compression in the topside 
materials. 

It is well known how difficult it is to provide against 
compressive forces in the deck plating, and that the 
only effective provision is the fitting of intercostal girders, 
which stiffen the deck-plating locally between the 8. 
I need hardly insist on the effectiveness of the shelter- 
deck plating to resist compression in the v shown 
in Figs. 10 to 22, in respect of the number and dimensions 
of its longitudinal supports. 

I may draw attention to an inference of practical value 
derived from a consideration of the above. When oil of a 
— specific gravity is carried, it is sometimes unavoid- 
able that one tank should be empty, and since the maxi- 
mum stresses are in the sagging condition, the empty 
tank should be situated amidships, and not at the 


ends. 
The scantlings of the transverses, longitudinals, &c., 
are determined, for the most part, on | considerations. 


A certain condition is assumed, and the same stress (or 
as near to that as possible) is worked to in each case for 
each set of girders. The condition generally assumed is 
a load represented by a head of water to the upper deck, 
and under this and other assumed conditions the resultant 
stresses in the various parts are as shown in Table L., 
the girder being taken as fixed at the ends, and the 
effective length being taken to the middle of each 


bracket. 
Tasue I. 
Item. Load. | Stress. * 

Bottom transverses Head of water to upperdeck | 4.25 
Side transverses | Ditto | 8.46 
Upper-deck transverses (10 ft. head of water 3.40 
Shelter-deck transverses (As in ordinary — ships 4.80 
Webs on transverse bulk-|Head to upper dec’ 5.00 

heads 
Webs on longitudinal bulk- Ditto | 4.80 

heads | 
Bottom longitudinals Ditto 2.80 
Side longitudinals below) Ditto | 6.00 

second deck | | 
Upper deck longitudinal (10 ft. head of water | 6.40 
Longitudinals on trans-|Head to upper deck | 4,20 

verse bulkheads | 





* The stress units are inches and tons. 


In connection with the foregoing some theoretical 
objection may be raised to the practice of determining 
the scantlings of structural parts on local considerations, 
but it does not ap’ that such objections are of much 
weight if the method be judiciously applied. It is, in 
fact, the only practical method at the present ange. If 
a collection of scantlings were at one’s disposal, derived 
from the results of experience over a sufficiently | 
period of time, and from a sufficiently large and vari 
number of cases, it would be easy to frame rules which 
would take account of all the principal fac Take, 
for example, the case of the bottom longitudinals. If 
one knew the scantlings which had been proved to be 
suitable from a number of representative cases, these 
could be expressed hically by a curve, the ordinates 
of which might be the longitudinal number of the vessel 
and the abscisse a number of the dimensions of a simple 
bending moment. But these scantlings not being avail- 
able at present, one is forced to the employment of a 
simple stress as being the next best . It 
should be remembered, however, that the method is 
approximate and partial, and does not take into account 
some important factors. For example, the longitudinals 
which are cut at the bulkheads and extend through the 
transverses are treated as so many beams fixed at their 
ends and of a certain length. But they are really con- 
tinuous beams with one or two intermediate supports, and 
the above assumption really implies the perfect .— 
and consequent zero deflection of these supports. Even 
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a small deflection there, however, will make a sensible 
difference in the result. waning Tee itudinals on the 
side below the tank-deck, and wing for a deflection of 
vy in. under test (a very small deflection, one | 
on the observed result of an actual case) the variation of 
stress from that found on the former assumption is clearly 
shown in Fig. 23, below. By basing the size of the 

itudinals on depth alone, neither the effect of any 
ight deflection of the transverse, nor the effect, more 


Fig.18. 


- Fig. t6. 


UPPER D® 





from that adopted in the case of longitadiont vessels. | 
In the former case the form of the hull is defined by a | 
series of bulkheads and closely-spaced transverse frames, | 


based | which are faired in their true positions by horizontal | 


ribbands, each of which is marked for the position of the | 
frames. In the latter case the form of the vessel is first | 
determined by the bulkheads and transverses when placed 
in position. These are generally faired by two ribbands, | 
one at the lower turn of the bilge and one in the vicinity 
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important haps, of longitudinal bending has been 
penbeie on tee account. If the simple stress 
method for the determination of scantl be applied 
judiciously, we shall not i either of these; but the 
fact will be dul recognised that, as will be seen from the 
curve, the in this instance to neutralise one another, 
since, as stress due to a bending increases, 
ag a es ge a ee | 
Brecting, Riveting, —_ process of erection in 
case of a transverse ship is obviously somewhat different 
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of the second deck. The longitudinals are then placed in 
Lo between the bulkheads, and the fairness of the 

ip as a whole depends upon the fairness of the bulkheads 
ant pansversea, and between these upon the longitudinals | 

ing tie to set. The position of the longitudinals can | 
be atljusted slightly at the points of attachment to the | 
transverse mem but, as before stated, their fairness | 
between these points depends mainly on the accuracy of | 
the work done vious to erection. The work of pre- | 
paring and erecting a longitudinal ship therefore demands 
more skill and care in the transverse system, par- 
ticular i ae Sire Ty med ~_ in a to —_ 
mise sim inary work as far as possible 
in some cases the second or tank-deck has been made 
parallel to the keel fore and aft. 


The process of erecting depends to a large extent upon 
the amount of eet b can be done on the. ground, 
and it is highly desirable that this should be a maximum. 
The efficiency of all oi] vessels depends pre-eminently, as 
records of Soha prove, upon the efficiency of the 
riveting, and one need y labour the point that 
riveting done on the skids is very much to be preferred in 
point of efficiency to that done on stages by hand after 
erection, circumstances permitting in many instances 


Fig23. DIAGRAM SHEWING 
INCREASED STRESS 
ON SIDE LONGITUDINALS 
DUE TO DEFLECTION 
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we INCH. 
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1g. 28. ARRANGEMENT TO PERMIT OF RIVETING OF 
BRACKETS ON LONGITUDINALS BEFORE EREGTION. 
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single-handed work only. The amount of riveting done 
prior to erection will depend, amongst other things, on 
the lifting appliances available. The floors and ne 
plates of the transverse bulkiseAds should, if possible, 
repared and lifted in one piece with the angles for i 
bracket attachments of the longitudinals in position an 
riveted and caulked. The shell connection angles on the 
floor and wing-plate are also riveted and caulked. At 
the intersection of the transverse and middle-line bulk- 
heads a “‘ cruciform” section is often adopted in both trans: 
verse and longitudinal vessels. The plates forming this 
can be fitted in four separate plow ee > 25 to 27), 80 
as to make hydraulic riveting possible, and, at the same 
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time, to keep the adjacent vertical landings clear of the 
outer extremities of the brackets, thus facilitating oil- 
tight work. On this cross-piece also the bracket-angles 
for the longitudinals are riveted and caulked. The trans- 
verse and fore and aft plating of the transverse and 
middle-line bulkheads respectively have the horizontal 
stiffeners riveted to them, and are lifted into position in 
a lift of one or two tiers of plates as facilities may offer. 
The above procedure demands fairly good lifting facili- 
ties, but the advantages following upon it are apparent. 
All, or nearly all, the riveting and caulking of the three- 
y work at the sides and centre are done on the ground 
instead of in the vessel, and by hydraulic riveting ins 
of riveting by hand. When the arrangements of the 
yard do not permit of this being done the bulkheads, 
may be pre and erected in another manner to achieve 
the same end. The bulkhead may be plated entirely 
horizontally, and each strake of plating prepared inde- 
pendently with two horizontal stiffeners attached to it 
and lifted into place (see Fig. 24). Here, again, the 
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riveting of stiffeners and three-ply work at the sides and 
centre can be completed before erection, with results 
which will be appreciated when the tanks come to be 
tested. The ts attachment angles at the centre and 
ides in transverse ships are caulked right round on both 
sides of the bulkhead, and in longitudinal vessels the best 
practice is to caulk both heel and toe of the bars. This 
18 Recessary, or desirable, for if one side only be caulked 
and the tank found tight under test when the test comes 
to be applied from the opposite side a slight leak has 
found to occur at these attachments, which is trouble- 
some to deal with. 
connection with the foregoing, I may say that I was 
impressed when in America last year with the amount of 
Work done upon the material on the ground prior to 





rection, and with the extent and thoroughness of the 
Work done in the drawing-office and moulding-loft. This 


was especially the case in the manner of dealing with 
longitudinal vessels ; the preliminary work ry 
these ships appeared to suit established practice. 
a eee per are very , in one case the trans- 
verse bulkheads of a small oil-vessel being completed on 
the ground and lifted into place. 

Another expedient adopted in longitudinal ships to 
get as much riveting at the sides and centre done on 
the ground may be mentioned here. A glance at 
Fig. 29 will show the stiffeners on the transverse and 
longitudinal bulkheads and their attachment to each 
other and to the shell longitudinals. Instead of extending 
the longitudinal intact to the side of the vessel, the 34-in. 
flange is cut off from the inner edge of the bracket, and 
the connection made to the bulkhead by « short length 
of angle riveted to the horizontal flange of the bulb-angle. 
This angle scarphs the 34-in. flange of the bulb-angle to 
avoid discontinuity. The angle can rive’ to the 
wing-plates and caulked on the ground, and, when erected, 
is in position to take the bulb-angle stiffeners. 






































Me ih 


<\ 


(33/4.P) 













LZ 





Unlike the transverse oil-ship, the bracket attachment 
angles in longitudinal vessels have unequal f these 
being 4 in. by 34 in. instead of 34 in. by 34 in., as in the 
former case. In the best practice, as before stated, these 
angles are caulked all round, and the 4-in. flange allows 
room to caulk the heel effectively, the edge of the bracket- 
plate being stopped short of the same. ' 

After the bulkheads and transverses are in place and 
faired, the longitudinals are placed in position. These 
have to take the bracket connections at the b eads 
and the slots in the transverses. It facilitates and 
cheapens the construction if the longitudinals have the 
end brackets riveted to them before erection. 

But in general it is not possible to do this unless some 
special device be adopted. The double shell angles on 
the bulkheads [ae the longitudinal with bracket 
attached being slipped square into position. An expe- 
dient which does not involve any increase of weight or 
lubour, and at the same time allows the brackets to be 
riveted to the longitudinal before erection, consists in 
making the attachment bars on the bulkheads of angles 
8 in. by 34 in. (see Fig. 28). The brackets then lap 34 in. 
on the 8-in. flange, the excess weight of the lugs is 
balanced by the caving on the bracket, and the longi- 
tudinals can be comple on the ground and lifted in 

lace with brackets attached, clearing the bulkhead shell 

without difficulty. The same device can be adopted, 
I need hardly say, in respect of the fitting of the deck 
longitudinals, ? 

Although the practical difficulty of three-ply work is 
largely got over by the use of hydraulic riveting, yet it 
should be avoided whenever it is possible to do so without 
impairing efficiency. It should not be avoided by simply 
reversing the bar, as in Fig. 29, as the rivets 





second f 
in the connection then pull on the bulkhead plating 


alone. In transverse ships, in order to increase the 
amount of two-ply work and to facilitate the use of 
hydraulic riveting, it has recently become usual to 
effect the connections of the side stringers and side 
keelsons to the bulkheads, and the connections of the 
floor to the centre-line bulkhead, &., by means of 
T-bars, the widths of the a te which are 64 in. by 
64 in. Figs. 30 to 37 show these connections made in 
this manner, the T-Lars being, of course, riveted to the 
bulkhead wing plates, &c., and caulked on the ground. 
This method of connection is a great improvement on the 
practice of getting double bars. 

The remarks just made lead naturally to the question 
of the number of 1ivets proper to any given connection, 
and to the forms of rivets generally used in oil work. In 
shipbuilding practice the number of rivets in bracket 
connections is almost exclusively go yt D aay 
experience, and in some of the earlier oil-ships the 
number of rivets in the connections of stringers and 
keelsons to bulkheads was so reduced that no relation of 
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equality was obtained between the efficiency of the joint 
and the strength of the girder itself. -It is desirable, 
therefore, to find some rational basis upon which to work 
or to put some check on rules, for the eed pe arbitrary. 

_ The following method, which is suggested for considera- 
tion as a means of determining approximately the number 
of rivets n in a given end jae, depends 
way wy A the assumptions that the critical loading 
or the girder is that which induces maximum stress in 
the rivet farthest removed from the heel of the bracket— 
an assumption the validity of which is established by 
the great majority of cases of damage. It is also assumed 
that, in that case, the rivets effective in resisting defor- 
mation are, for all practical purposes, the rivets in the 
brackets alone, that the shear force at the end is uniformly 
distributed over these rivets, and that the stress in the 
rivets due to the bending moment varies directly as the 
distance of the rivet from the heel of the bracket. The 
units being inches and tons, let 


W be the shear force at the ends of girder under any 
assumed conditions. 

M be the bending couple at end. 

n number of rivets in each arm of the 
bracket. 

a be the area of each rivet. 

d_ be the spacing of rivets from centre to centre. 


Then the shear stress on each rivet = —~— = q. 
na 


Let p, be the stress due to the bending moment on the 
rivet farthest from the heel of the bracket :— 
Then the stress on the adjacent rivet will be p, (2-3). 
The sum of the moments of the rivets taken about the 
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rivet nearest the heel of bracket will be. 
| [im - 17 + (n - 2)? + (n — 3)? + 


+ Jaa. 
and if this be equated to the end couple, 
(n-1)M 


Pi =n — iP + (mn — 2)? + (n—3 + - - -) da’ 
and q may be compounded, giving maximum prin- 
cipal stress p—such that 


(n-1)M (n-1)M\?_— 

ae= age V (Teraa) +40 
where 

8S? =[(n-—1)?+(n-2)?+ - - 


The above method, I need hardly say, gives only approxi- 
mate results ; but it may be sometimes usefully employed 
in checking the number of rivets actually fitted in any 
given case, The final stress found should be related in a 
comparative sense to the stress provided for in the girder 
itself. In using it, it is necessary to bear in mind that 
it takes account of the external loads only, and the result 
obtained may in some cases be increased considerably 
due to structural straining action. ' 

As « practical example, it has been applied to the con- 
nection of longitudinal No. 6 to the bulkheads (see Figs. 10 
and 11, page $57). The result of the method is expressed 
graphically in Fig. 38, the maximum stress being 4 tons 
per sq. in. The stress in the girder itself under the 
conditions assumed is 6 tons per sq. in. It is sometimes 
proposed to make such a connection by means of the 
same number of rivets ina smaller bracket, double-riveted 
in each arm. Fig. 39 shows the effect of making such 
an economy in the material of the bracket. The same 
number of rivets is fitted, but the maximum stress has 
been increased 70 per cent. I should add that Mr. 
Isherwood has always been alive to the importance of 
this in the ay tion of his designs. wes: 

As rega' the form of rivet employed in different 
parts of the structure, this varies much in different dis- 
tricts. In the paper on “‘Oil-Ships,” written by Mr. 
Martell in 1893, he condemned the use of what he calls 
** plug-headed” rivets, and alludes to the r results 
obtained in many cases from their use. The bulk of the 
rivets used in oil-ships are ordinary pan-headed rivets 
with swollen necks, and rivets with raised countersunk 
heads. The use of these, as stated, differs in different 
districts and in different yards. On the Clyde the 
hydraulic riveting on the bulkhead wing-plates, including 
the riveting of the bulkhead frames to the same, the 
bracket connections, angles, and three-ply work gener- 
ally, is done with pan-headed rivets, the hydraulic tool 
finishing these with snap-head and point. Sometimes also 
the riveting of the keel angles, keel, and vertical keelson, 
the butts of the centre keelson, and the riveting of the 
longitudinal girders to the latter, is also done in this way. 

I may mention that, as a rule, it is advisable to arrange 
for the hydraulic or other riveting done prior to erection 
to be done on the surfaces which are to be ultimately oil- 
tight. For example, in Figs. 10 to 12, in the case of the 
connections of the transverses to the centre keelson, it is 
optional whether these connections be riveted to the 
transverse before erection or to the centre keelson. It is 
desirable, however, that the latter course be followed, 
when the work on the oil-tight surface can be made as 
perfect as possible, and any subsequent necessary adjust- 
ment is done on that are notoil-tight. Rivets with 
countersunk heads are chiefly used in the bulkhead frames 
through the shell and through the bulkhead when done 
by hand, also in bulkhead deck-bars through deck and 
through bulkhead when done by hand, in all collars, and 
generally in three-ply work when hand-riveted. It is not 
usual to caulk the Gaede and points of the rivets in the 
bulkhead connections just referred to, but it is someti 
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It has been found to lead to good results when rivets 
with countersunk heads are used to make the angle of 
countersink in the plate less acute than that in the head 
(Fig. 40), so that the holding-on hammer swells the head 
out to fill the holecompletely. It is found that this prevents 
the spreading of the rivet-head on the plate round the 
countersink, which sometimes happens when the rivets 
are supposed to have the same angle of countersink as the 
plate, Especially in light work is it necessary that the 
— of ie — should be Jeft full, “ya = > - — 

use of the holding power possessed by the full point, 
as is often supposed, but because full points v4! a suffi- 
ciently long rivet, ample material on which to hammer. 
and in getting the rivet down there is a ter likelihood 
that the hole will be completely filled. he best practice 
in three-ply work is that by which the middle thickness 
is poten | small and then rimered out. All punching 
should be done with a clean die, thus avoiding burrs, and 
the use of packing should be reduced to a minimum by 
thoroughly screwing up the work. The packing used is 
generally oiled paper, and the method taken to ensure 
water-tightness at the oil-bulkheads at the deck and at 
the side is shown in Fig. 41. 

Pumping, Ventilating, &c.—The general principles 
governing the design of the pumping arrangements are 
the same in all oil vessels, the details differing with the 
requirements of different owners. The saws are kept 
entirely separate from the pumps which fill or clear the 
water-ballast spaces of water, and no water-ballast pipe 
passes through an oil compartment, or vice versd. In a 
typical case two main lines of steel suction-pipe are fitted 
one on each side of the longitudinal bulkhead. Each line 
has a suction into each tank on its own side of the ship, 
and one passing through the longitudinal bulkhead to 
the corresponding compartment on the other side. Two 
valves are fitted to each suction, and these are actuated 
by wrought-iron rods carried up to, and passing through, 
the weather deck, and fitted with stuffing-boxes and 
glands. There are thus two suctions in each compart- 
ment and four in each tank, an arrangement which 
permits both sides of the vessel to be dealt with through 
the same line simultaneously. In other cases each line 
has only one suction on each side of the middle-line bulk- 
head fitted with valves worked from the upper deck, a 
master valve being fitted to each line at each bulkhead, 
also controlled from the upper deck. 

When oi] cargo is carried in the summer tanks these 
spaces are sometimes fitted with drop-valves, which per- 
mit of the contents of each space being drained into the 
hold compartment immediate y below, when it can be 
discharged through the main lines. This involves carry- 
ing the same quality of oil in the ’tween deck spaces as is 
carried in the corresponding hold space. More often the 
summer tanks are dealt with by means of an independent 
line of about 4-in. bore. 

In the typical case referred to above two pumps 
are p in each pump-room, and the discharges are 
arranged so that there are two on each side at the after 
pump-room, two on each side at the forward pump-room, 
and one over the stern. The discharging arrangement 
adopted in various cases will obviously vary with circum- 
stances. 

In emptying the tanks of oil, the pumps will clear the 
whole of the cargo in the tanks, but will leave the pipe- 
lines full. In the ordinary way this is drained into the 
end compartment and dealt with by a hand-pump or by 
buckets. This trouble and waste are avoided if, at the 
end of the line furthest from the pump, a blow-out pipe is 
fitted extending to the deck. © pump is reversed and 
the contents of the line are forced up this pipe and into 
barrels on deck. Similarly, when water is carried as 
ballast before loading cargo, the main lines can be cleared 
of water quickly by this means. 

_ The more extended use of oil fuel is a prominent feature 
in the oil vessels now being built, and in June last oil- 
fuel bunkers were being constructed in forty-five oil- 





done. For two-ply work in shell, bulkheads, decks, and 
trunks, rivets with pan-heads are used. : 

On the north-east coast again it is usual in hydraulic 
riveting the wing parts of the bulkheads on the skids to 
use countersunk rivets with raised heads, the machine 
leaving them with snap heads and points. If hand 
riveting be employed, the same type of rivet is used. For 
the riveting of bulkhead bars to deck, also the pen | 
of the trunk sides, and generally for countersunk wor 
in light thicknesses, excluding the shell, it is customary 
to use rivets with flat countersunk heads. _ 

Pneumatic riveting has been adopted with advantage 
in oil-ships at those parts where accessibility for efficient 
hand riveting cannot be obtained, as at the bilges of 
longitudinal ships, for example, for the bracket attach- 
ments of those longitudinale which converge on the bulk- 
head. The rivets have — heads and are finished off 
with a boiler point. The principal precaution to be 
observed in pneumatic riveting is to see that there is 
~. of length in the shank of the rivet. If this be not 

one, the point of the »neumatic tool bears on the plate 
before the rivet completely fills the hole, and in the final 
stages of the operation energy is being expended on the 
surface of the plate instead of upon the rivet. 

The actual operation of riveting is of great importance. 
Mr. age in a paper read before another technical 
society, said that, in his opinion, the secret of satisfactory 
results in oil-v was principally a matter of local con- 
nections and sound riveting, which should approximate 
to the standard of boiler work. Attention should be 


ci directed to securing holes as fair as ible, 

~~ all unfairness i ceseien, and not by drift. 

ing, and to seeing that the points of the rivets are left 

full, The spacing of the rivets in the different parts of 

the vessel is now fully set forth in the published rules of 
i and these have 


Lloyd’s Register, been ado; after a 
fell scoaldttanien of the best practice in this - oy of work, 





carrying vessels building under survey with Lloyd’s 
Register, and complete oil-burning installations are in- 
tended to be fitted in thirty-five of these. The fuel oil 
hitherto used has had a flash-point of not lower than 
150 deg. Fahr., and the bunkers in which it has been 
carried have been placed on each side of the boilers, or at 
the sides of the expansion-trunk, or in tanks forward of 
the oil space. 
_ Recently, however, there has been a great development 
in the supply of oil fuel having a lower flash-point than 
150 deg. Fahr., and when such low-flash ‘oil is used the 
ment of bunkers, &c., must be materially modi- 

fied. In that case the fuel-oil spaces are separated 
entirely from the engine and boiler s hy a safety 
space or cofferdam. When ordinary ey oil-fuel 
is carried, the fuel-pumps for pumping the oil into the 
settling-tanks and boilers are usually p in the stoke- 
hold. When low-flash oil is used as fuel, however, a 
— pump-room is constructed in the boiler s 
abaft the cofferdam. This pump-room is a water-tight 
compartment, is tested by being filled with water to the 
top, and has no direct communication with the machinery 
space. It contains only the pumps and a ventilating-fan ; 
the engines for driving these are placed outside, so that 
no steam-pipes are in the room. The ventilating-fan is 
capable of renewing the whole of the air in the room in a 
very short time, and, in addition, supplementary venti- 
lation es in the form of a steam jet ginced in the 
up-cast Bs of: a 

Steam fire-extinguishing aqpeeie is fitted in all oil 
vi and provision must made also for steaming 
out the tanks after the cargo has been disch . 
many cases the latter arrangement consists in the provi- 
sion of. hoses which take steam from the steam-line on 
> and deliver it a —_ _ In other cases a system 

copper pipes, about 14-in. bore, is led to each of 
the vesss] extending to whinte a foot of the Cosas af “ie 





tank. In that case the fire-extinguishing installation 
and steaming-out arrangement may be combined in one 
set of pipes, by having a circumferential aperture of 
suitable size cutin the pipes just below the deck. 

San pe enep © te be eanien, Ge tants on 
ventila in the ordinary way, by u t and downcast 
ventilators, and when oil is carried these ventilators are 
closed by blank Except in vessels carrying 
benzene, the tanks are kept as far as possible sealed, a 
vapour cock only being fitted in the side coamings of the 
hatchways. When benzene is carried, a system of vapour- 
a is fitted, of about 24-in. bore to main tanks, of about 

in. bore to summer tanks, with cocks at each tank, and 
led to a main pipe of about 3-in. bore, which extends up 
the fore and main masts. Natural ventilation is provided 
for in other parts of the vessel, in pump-rooms, coffer. 
dams, bunkers, &c. 

In any survey of a subject so complex and of such 
scope as the one I have endeavoured to deal with, it is 
unavoidable that much must be omitted which otherwise 
might have been discussed with profit. It has been m 
aim, however, to set forth the general principles, as 
conceive them, upon which construction should be based, 
and I have pleasure in submitting these 4s being a very 
worthy subject for discussion. 








Tue Farapay Society: COLLOIDS AND THEIR Vis- 
cosiry.—The next meeting of the Faraday Society will 
take the form of a general discussion on colloids and 
their viscosity, and will take place on Wednesday, 
March 12, in the rooms of the Chemical Society, Bur- 
—o House, Piccadilly, London, W. The meetii 
will be open to Fellows of the Chemical Society ro 
members of the Society of Chemical Industry, the Insti- 
tution of Electrical Engineers, and the Physical Society 
of London. Others interested in the subject desirous of 
being present should apply to the secretary of the Fara- 
day Society. 82, Victoria-street, London, S.W. The 
President, Dr. R. T. Glazebrook, C.B., F.R.S., will 
preside over the discussion. The following provisional 
programme has been arranged :—Tea will be served at 
4 p.m. before the meeting. At 4.30 to 6 p.m., the follow- 
ing papers will be read :—‘‘On the Bearing of Viscosity 
on the Study of the Colloidal State,” by Dr. Wolfgang 
Ostwald (Leipzig). ‘The Determination of the Size of 
Colloid Particles and the Relation of the Size with the 
Viscosity of Disperse Systems,” by Professor Victor 
Henri (Paris). ‘‘ Viscosity and the Electro-Chemistry 
of Protein Solutions,” by Professor Dr. W. Pauli 
Ma mg **On the Rate of Coagulation of AL(HO), 

lution as Measured by Change in Viscosity,” by Pro- 
fessor Dr. H. Freundlich and Dr. N. Tshizake (Bruns- 
wick). At 6 p.m. the meeting will adjourn for dinner at 
the ero Restaurant. The discussion will be re- 
sumed at 8 p.m., when Mr. Emil Hatcthek will read a 

per on ‘* The Mathematical Theory of the Viscosity of 

wo-Phase Systems.” Professor F. G. Donnan, F.R.S., 
will speak on ‘‘ The Viscosity of Soap Solutions.” Dr. 
8. B. Schryver will speak on ‘* The Relation of Viscosit 
to Solubility.” Professor W. Nernst, Professor W. M. 
Bayliss, F.R.S., and Professor W. B. Hardy, F.R.S., 
will also take part in the discussion. The subject will 
then be open for genera] discussion. 


AERONAUTICAL ProgREss.—In connection with the 
Aero Exhibition held last week at Olympia, particulars 
concerning which appea in our last two issues, 
it is interesting to put on record a most interesting 
paper on “‘ Aeronautical Progress,” which was read on 
Wednesday, the 19th ult., by Colonel J. D. Fullerton, 
R.E. (retired), at the Royal United Service Institution. 
He referred to the former lectures he gave in 1892 
and 1906 before the Institution, gave a brief review 
of the present state of aeronautics, and pointed out the 
probable lines on which development was likely to take 
— He entered very fuily into the research work which 

ad been carried out, and laid great stress upon the use- 
fulness of experiments with models in the matter of aero- 
planes. In regard todirigibles, whether rigid, semi-rigid, 
or non-rigid, he thought it very doubtful whether it was 
worth while building this type of air-craft. They would 
certainly be found useful for meteorological work, and 
= also for war purposes, until larger aeroplanes were 

uilt ; but the larger target they formed, and the risk of 
explosion, were such serious disadvantages that it did not 
seem desirable to undertake their manufacture on any con- 
siderable scale. The greater part of his remarks was devoted 
to the heavier-than-air machines, which he classified a8 
(a) monoplanes, biplanes, &c. ; (b) helicopters, or direct- 
lift machines; and (c) ornithopters, or machines Wi 
flapping wings, different types of which he described. A 
ona aeroplane should carry a useful load of about 
400 Ib.; the total weight carried per _horse-power 
should be 25 Ib., the speeds being, fast, 80 miles, and, 
slow, under 60 miles per hour, with a gliding angle 
about 1 in 7, and rate of climbing 4} ft. per second. 
The turning circles should not, as a rule, be less than 
100 yards in radius (banking angle, 20 deg.), and no 
sudden change of direction should be made, especially in 
the vertical plane, as changes of this kind subjected the 
machines to very severe strains. The advantages of 
aero were the following :—High speed, absence of 
inflammable gas, the presentation of a small and difficult 
target in war, small cost, small sheds required, and fair 
chance of successful use as fighting-machines. They, 
however, had alsu their disadvan these were :— 
Their small size and the small useful load carried, the 
difficulty of increasing the size of present types, owing to 
the starting and alighting question, their inability t 
stand still in the air, the difficulty of using them for wire- 
less telegraphy, their poor stability, and their unsuit- 
ability for night work, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
DeceMBER, 1912. JANUARY, 1913. Ferprvaky, 1913. 
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Ix the accompanying diagrams each vertical line represents a market day, and each horizontal line 


represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. | Th: 
bottle 


The price of quicksilver is per , the contents of which vary in weight from 70 lb. to801b. The metal 
Prieesare per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 
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Frrcusson’s Percentacr Compass.—Messrs. Long- | or, in other words, the latitude and de ure of the 
mans, Green and Oo. are issuing a series of compass-| course are respectively 100 and 3. A N.E. course is 
cards divided on the os.) system, introduced by | therefore either N. 100 per cent. E. or E. 100 per cent. 
Mr. J. C. Fergusson, Inst. C.E. In these cards the|N. An additional scale engraved round the card makes 
dial is divided both into degrees and on the percentage | easy the reduction to latitude and departure of a course 
- . Using the latter method of division, a bearing | of a stated length run in any given direction, and can also 
read as, say, North, 3 per cent. E., which means that | be used as a substitute for ordinary trigonometric tables 
for every 100 yards the course lies N. it lies 3 yards E. ; | in solving triangles. 





CATALOGUES. 


Electrical Supplies—We have received from Messrs. 
omen Dees Drsame Werke, Laaies, 38 = 39, 

pper mes-street, -» ® special catalogue arc- 
lamp carbons, wire-filament lamps, lamp-shades, signs, 
fuse-boards, small motors, fans, motor-generators, and 
other apparatus for use in cinematograph theatres. 


Motor-Cars.—We have received from Messrs. De Dion 
Bouton (1907), Limited, 10, Great Marlborough-street, W.., 
a copy of their catalogue of motor-cars for the present 
year. After some general remarks on the company’s 
methods, including some illustrations of the Puteaux 
Works, the many distinctive features of De Dion cars 
are pointed out. Ten models, varying from 7 to 50 horse- 
power, are made, Prices, specifications, and full par- 
ticulars are given of each model, and numerous illustra- 
tions of coachwork are included. The catalogue also 
reprints several testimonials from users of De Dion cars, 
some of which have covered over 100,000 miles. We 
learn that the company have recently received an order 
for twenty motor-omnibuses for use in Vienna. Each 
chassis is fitted with a 25-horse-power four-cylinder 
engine located beneath the driver’s seat, so that the maxi- 
mum possible length of frame is available as body space. 
Power is transmitted from the propeller-shaft to the 
differential by means of worm-gearing. 


Tools for Truing Grinding Wheels.—From the Carbon 
Tool Company, Alban , Coventry, we have 
received a catalogue of diamond tools for truing and 
dressing abrasive wheels of all kinds. Some useful notes 
on the selection and use of these tools are given, and 
— are stated for several patterns for hand use and for 

xing in tool-holders. Particulars are also given of 
Huntingdon wheel-dressers, the cutters of which consist 
of a series of steel star-wheels mounted on a spindle with 
thin discs of steel between each pair. In another type of 
wheel-dresser listed, a stick of carborundum held in a 
steel tube is employed. One end of the tube is split, 
screwed externally, and fitted with a knurled sleeve, 
which, when screwed up, compresses the tube so that it 
grips the carborundum stick firmly. When the exposed 
part of the stick has worn away, the sleeve is loosened 
and a fresh length of carborundum drawn out. This 
dresser is recommended for roughing down wheels to the 
approximate shape or size, the wheels being finished to 
exact dimensions by means of a diamond tool; the wear 
on the latter is considerably reduced in this way. 


Marine Propelling Machinery.—A pamphlet addressed 
to shipowners and marine engineers has recently been 
issued by Messrs. Richardsons, Westgarth and Co., 
Limited, of Hartlepool, relating to the ‘‘Contrafio” 
system of using the exhaust steam from marine auxiliary 
machinery for heating the feed water, the heat thus saved 
being utilised for increasing the propelling power of the 
main engines. To enable this to be done the temperature 
of the air-pump discharge must be low enough to enable 
it to absorb the available heat in the exhaust steam, 
and the vacuum carried in the condenser must be 
comparatively high. Suitably designed valves, ports, 
and passages on the low-pressure cylinders of the 
main engines then enable them to develop additional 
power means of the increased vacuum. The 
pamphlet fully explains the system (which was dealt 
with in ENGINEERING, vol. xe., on 779 and 809), 
and illustrates the various methode of arranging the 
apparatus. Illustrations, and a few particulars are also 
given of Richardson’s marine engines, which are 
specially designed to work with a high vacuum. 


Boiler. Furnaces and Stokers.— Messrs. Ed. Bennis and 
Co., Limited, of Little Hulton, Bolton, have issued a 
pamphlet illustrating and describing an installation of 
their high-temperature coking stokers and Be 
air furnaces in the boiler-house of the Royal Liver 
Friendly Society’s building, in Liverpool; the coal- 
handling plant in this ins tion was also supplied b 
Messrs. Bennis. The boilers, which are of the dry-bac 
return-tube type, supply steam for heating the whole 
building, and for the production of electric light and 
power. One of the conditions to be complied with was 
that the plant should operate noiselessly, and this con- 
dition has, we understand, been satisfactorily met. It 
was also desired to burn slack coal smokelessly and with- 
out emitting dust or grit from the chimney, and this has 
also been accomplished. It is interesting to note that the 
building is heated by a system of anal pipes embedded 
in the walls and floors. The system was recently dealt 
with in a paper by Captain H. Riall Sankey, before 
the Junior Institution of Engineers, and reprinted in our 
issue of January 17 last, on page 97. 

Electrical Measuring Instrwments.—A catalogue giving 
prices and particulars of various electrical measurin 
instruments has reached us from Messrs. William Gei 
and Co., Vulcan Works, St. Thomas-street, S. E. 
apparatus dealt with includes ampere-hour meters, watt- 
hour meters, ammeters and voltmeters, current-limiting 
devices, and a special meter designed to record the time 
during which any current-consuming apparstus is in use. 
is meter contains a clockwork mec! which runs for 
500 hours with one winding, and gives a record up to 1000 
hours by one-minute divisions. The mechanism is started 
by an electro-magnet when the load is switched on, and 
stopped automatically when it is switched off. The 
instrument is suitable for use with heating appliances 
and any other ap tus in which the current consumed 
is uniform, its indications then being proportional to the 
energy used. It has the advantages of being simpler and 
cheaper than an integrating meter, and also of using less 
energy. Two types are made—a series type for currents 








pA 30 amperes, and a shunt type for pressures up t 
500 volts. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


3ELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
pm OATIONS — THE AOT OF 1907. x 
Ae yt tee ty pt ge ae 


tli: 
Where inventions are communicated from abroad, the Names, &c., 
are given in italics. 
fe obtained at the Patent Office, Sale 
Buildings, Chancery-lane, W.C., at 


oS oa 


Datént on ony of the 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


6490/12. Sunbeam Motor-Car Company, Limited, 
and L. Coatalen, wervertamaten. Internal-Com- 
bustion En (2 Figs.) Mi 15, 1912.—This invention 
relates to compressed-air starting systems for use with internal- 
combustion engines as used on motor vehicles, and provides an 
improved ing system of the in which a separate com- 
prandels engine is used to rotate the engine crank-shaft. The 
nvention consists in the employment of a dead-centreless starting- 
engine transmitting its power through ong oo | ing to the 
internal-combustion engine, such gearing inc nding an over- 
running clutch and a sliding gear wheel. The compressed-air 
starting-engine A is of the three-cylinder type, with ite cranks 

at 120 deg. to each other, and it drives by chain re- 
ducing gearing on to an intermediate shaft C through a free 
wheel D or over-running clutch. The intermediate s C is 
adapted to be engaged at starting with the engine shaft. In the 

















example illustrated, the intermediate shaft C carries a spur-gear 
adapted to mesh with teeth F on the main engine fiy-wheel G. 
Thus a considerable gear reduction is provided, and directly the 
internal-combustion engine is started the free-whee] clutch over- 
runs, preventing damage to the starting-engine. The spur-gear 
member on the intermediate shaft C may be slid into and out of 
mesh when required. It will be seen, therefore, that a very con- 
siderable reduction may be a between the starting- 

crank-shaft of the internal-combustion eugine, so 

g-engine can be of small dimensions, rendering it 
easily applicable to existing engines. Further, owing to the 
intervention of the free-wheel clutch, the starting-engine is not 
80 likely to be damaged directly the internal combustion is 
started. The free-wheel clutch is not normally running as the 
intermediate shaft C is normally stationary, its spur-gear member 
being out of apetnest with the engine crank: t, except just 
at starting. (Accepted December 31, 1912.) 


LIFTING AND HAULING APPLIANCES, 
14,131/12. A. 
[9 My 


Anderson, Liscard. Pulley-Blocks. 
#.) dune 17, 1912.—This invention relates to multiple- 
sheaved pulley-blocks for gaining power with a decrease of 

in this type of block the sheaves have been arranged 


to run on 
the same in each block in parallel planes, or one above the 
other in vprallel lanes on separate pins in each block, these being 
ar ments which have been known since very early times. It 
has been pro to arrange the sheaves eccentrically in 
parallel planes. e disadvantage is that each portion or run of 
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this threw the blocks out of balance | to 





a wall of separation between, and a sheave or sheaves C mounted 
on ao axis at right angles to the axis of the sheaves A. This 
sheave C is, according to Figs. 1 and 2, mounted in an exten- 
sion B! of the side cheeks B ; or, according to Fig. 3, in separate 
side-cheeks D, pivotally connected at right angles to the side- 
cheeks B. Any ordinary hook, or a plain or swivel eye such as E, 
a _— at the end of the lower block. (Accepted December 31, 


MOTOR ROAD VEHICLES. 


603/11. Bergische Patentachsenfabrik G.m.b.H., 
Ae Germ Wheel 


= (2 Figs.) De 
cember 19, 1910.—This invention consists of a for car- 
riage-wheels, according to which the bush or axle-box is secured 
to the axle by means of balls, which are seated in a circular 
groove provided on the axle, and lie against a suitably excised 
part of the bush. According to this invention, the part of 
the balls yjecting out of the groove in the axle journal and 
towards the axle-box lies directly in front of the outer end 
of the bush, which is formed as a hardened ball-race of quad- 
rantal cross-section, this ball-race being provided in one a 
with an _ for introducing and removing the Is, 
which is ly closed by a sheet-metal cap fixed on the 
end of the axle journal. In the axle a the circular groove c is 
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vided, which isi ntended to receive the balls m which secure 
he bush b against lateral displacement. The balls lie on the one 
hand against the sides of the groove c, and on the other hand 
against the end of the bush that is formed as a ball-race. The 
balls are introduced into the circular groove c through an opening e 
a in the outer end of the bush when in its upturned position. 
n order that the balls may not be able to come out of their bearing 
when the bush ig rotated on the axle, a cap /f is provided that 
covers the opening ¢«. This cap is secured to the end of the axle 
by any suitable means; for example, a pin which is put through 
an extension of the axle. The bearing is closed in and protected 
from dust by means of a cup that is screwed on to the bush, and 
which serves likewise for receiving the lubricating material. 
(Accepted December 31, 1912.) 


MINING, METALLURGY, & METAL-WORKING. 


29,224/11. Fried. Krupp Aktieng Gru- 
sonwerk, Magdeburg-Buckau, Germany. Magnetic 
Separa (2 Figs.} January 12, 1911. — This invention 
relates to magnetic separators having a number of magnetic 
fields—i.e., work arranged in a circle around a vertical 
axle or shaft. present invention consists in the com- 
bination with a magnetic separator having a fixed magnet- 
pole and a fixed armature or two fixed magnetic poles in the 
magnetic field of each work-place, of a non-magnetisable rotating 

ing member, which protects or shields the magnet-poles or 
the like and the field-gaps of each magnetic field from the material 
under treatment. By this combination, the result attained is 
that both the magnet-poles and the armature of each magnetic 
field simultaneously furnish positive work—that is to say, they 
both assist in holding the material firmly on the carrying member. 
Several magnets 6 provided with a common core @ and each 
energised by a coil c are fixed around a vertical shaft, and above 
the magnets b a magnetisable annular body d is arranged, which 
serves as a common armature for the n ets b. A non-mag- 
netisable annular rotating carrying member ¢ surrounds the 
magnet-poles b and the armature d in such manner that the 











latter and the field of the several magnetic fields are = 
tected or shielded from the material under treatment. e 
rotating carrying member ¢ in the construction illustrated is con- 
nected by arms with a hub which is keyed to a shaft k. The 
shaft & can be rotated by any convenient gearing. The 
operation of the is as follows:—The material to be 
treated is conducted by any convenient apparatus on to the 
inclined supply tables /, by which it is conveyed to the several 

8 at the lower end of each supply table f. The 
magnetic material is then simultaneously attracted by the 
magnet-pole b and armature d of each magnetic field. The non- 
magnetic material falls into a suitable receptacle at the lower end 
of each supply table, while the magnetic material collects on the 
carrying member ¢, bee Spa oe the poles b and the armature d 
from the supply of material ; the is then carried out of 
the several magnetic fields and it falls in the space between two 
adjacent magnetic fields. In order to prevent the magnetic 
material from being carried to the next magnetic field when the 
carrying member ¢ rotates » & spraying device, scraper, 
brush, or the like can be arranged between each pair of adjacent 
fields. (Accepted December 31, 1912.) 


PRINTING AND ALLIED MACHINERY. 
1968/12. R- Mine and Oo, Eimited, and ¥. S. Lengee, 
Electrotypers. 


(4 Figs.) January 2%, 1912.—The mould or case, which is com- 
monly of pre Seen oo eneteeerpe fa he Ne aed Bee 00 
be coated with a metallic cover it is subjected to the 
b Maply the ponder ine tery tow stpeben, ana th 
power er in a very few e8, ey 
therefore have to be sto; at frequent intervals for the removal 
of the moulds and the substitution of others. The object of the 
present invention is to provide means for the machine 
au , which means are adjustable so they can be set 
the machine after a predetermined number of strokes. 
t invention, the a; ts fit in connection 
carrries the ection with 
some other reciprocating part of the machine, a ratchet mechanism 
which engages a rotating disc, a slide, or other equivalent device, 





or in conn 


ich are driven | The sta 





This dise or slide is provided with holes progressively 

and to receive a pin or peg. The movement of the See 
or slide under the impulse of the ratchet, mechanism advances the 
pin until it strikes against and operates a device which controls the 
driving mechanism of the machine. a is the framing of the 
machine, inside which the bed or table b (see Fig. 2) is reciprocated 
in any convenient manner. On the outside of the framing on a 
centre is a disc d, loosely mounted on the centre and furnished 
circu! rene with ratchet teeth. Behind the dise d, mounted 
concentrically therewith on an annular bearing, is a ring / fur. 
nished with a handle g, and with two circumferential inclines 
m,n. The ring fis pulled towards the left by a spring (see Fig. 1) 
one end of which spring is attached to the ring and the other end 
to the framing. A pin on the framing en with a segmental 
slot in the y y= limits the rotary movement of the latter, 
The ratchet disc ¢ has a spring attached to it at one end and to 
the framing at the other end, by means of which spring the disc is 
given a tendency to rotate to the right, so ag to bring a stop 
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thereon into contact with a stop on the framing. A series of holes 
in the disc d are adapted to fit apin p. On the disc d being 
rotated to the left the pin p will strike and lift the radial arm ¢ 
which rests normally on the stop ron the framing (see Fig. 1). 
The rotation of the disc d to the left is effected by a paw! on the 
slide t, which is moved towards the right against the tension of a 
spring by means of a rod w (see Fig. 2) which is struck by the 
table b and caused to press against the turned-in end of the slide t, 
so as to move the latter to the right at every stroke of the table. 
The pawl engages with the teeth of the disc, rotates the latter a 
distance of one tooth at every stroke, and returns with the slide 
to en afresh tooth. To prevent the disc from returning when 
re’ by the pawl a second paw! w is provided, pivoted on the 
framing, also engaging with the ratchet teeth. From the fore- 
going it will be seen that after a predetermined nun. ber of strokes 
of the table / the disc will be rotated sufficiently to bring the pinp 
into contact with the arm g. The arm gq is connected m i- 
cally or electrically with a belt-shifter or similar appliance, not 
shown, by nite ans of which the machine may be stopp: d. (Accepted 
December 31, 1912.) 


STEAM-ENGINES, BOILERS, EVAPORATOBRS, & 


Fried. Krupp Aktiengesellschaft Ger- 
maniawerft, Kiel-Gaarden, Germany. Steam-Tur- 
bines. (4 Figs.) February 9, 1912.—This invention relates to 
the formation and the fixing of the blades in stator discs of steam- 
turbines. According to this invention, the blade rim in the 
direction in which the steam flows consists-of two separate 
systems of blad+s which regulate the inlet and outlet of the 
steam, and of which one is so constructed that, in addition to 
guiding the steam in the first place, it serves to fulfil the 
stren; requirements of the rim, while the second system is 
merely constructed for the purpose of accurately guiding the 
steam. A is the disc of the stator of a steam-turbine, B is the 
ring which bounds the stator disc on the outside. The stator 
blade-rim proper consists, according to this invention, of two 
separate systems of blades—that is to say, a blade-rim C for the 
admission of the steam, and a ring of blades D for the outlet of 
the steam. The blade-rim C consists of straight or curved plates, 
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which are cast into the stator disc A B. The second blade-rim D 
is connected to the outlet end of the first blade-rim ©, the 
divisions between the blades D being in the example shown 
smaller than the divisions between the blades in the rim C. boy 


inserted intermediate pieces E. 
ring may in this case be divided or provided with = 
opening for the introduction of the blades. The above descrite 
arrangement of the stator has the following advantages :—F irst 4 
the cast in steam-inlet blades C favourably influence the ty 
of the entire rim even when the blades are of great length : 
under full admission. These blades may also, as they are mostly 
8 t or only slightly curved, be constructed without making 
too severe demands on the foundry, and the theoretically — 
distribution maintained, whereby good guiding and a favou ; 
action = the speed of the steam issuing from the adjace”! 
rotor is obtained. (4ccepted December 31, 1912.) 
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RECENT MOTOR EQUIPMENT IN THE 
NEW YORK FIRE DEPARTMENT. 


TurovucHout the United States there is taking 
place a gradual, but nevertheless important and 
radical, transformation in the apparatus and equip- 
ment of municipal fire departments. Conditions 
of building and maintenance in America are such 
that an enormous annual fire loss is inevitable, and 
that this is not larger is due in great measure to the 
equipment, organisation, and activity of the fire 
departments, differing, however, as they do in size 
and efficiency. It is but recently that anything 
like adequate attention has been paid in America to 
the important matter of fire prevention, though a 
disproportionate amount of consideration has been 
given to fire-fighting as such. Too often in the 

pular mind, as well as in municipal councils, the 
struggle with the destructive element has been 
looked upon rather in the light of a contest in 
which heroism and personal effort must figure than 
as an engineering undertaking where organisation, 
equipment, and method must be thoroughly co- 
ordinated with successful leadership and individual 
performance, in order to secure the best results. 
Only recently has it been realised that the pre- 
vention of fires, rather than the fighting of large 
conflagrations, is the true réle of a fire department. 

Furthermore, the control of the fire-fighting 
forces in the United States, even when not impaired 
by political influences, has been more in the 
hands of men who have risen from the ranks in 
the various departments, or of directors or com- 
missioners appointed from civil life for short terms, 
rather than in those of men of engineering or mili- 
tary training and antecedents, by whom continuous 
policies could be developed. That such men often 
have attained marked successin dealing with great 
conflagrations, and with smaller local fires, is univer- 
sally conceded, and methods, both ingenious and 
effective, have been evolved by them, along with 
appliances and apparatus of the highest utility. Yet, 
withal, there has prevailed a spirit of conservatism 
that possibly has been excusable, and often a dis- 
inclination to adopt radical innovations, either in 
equipment or method, until the wisdom of the 
step was shown beyond peradventure. Notwith- 
standing their well-trained men and horses, and 
the wonderful agility and celerity displayed both 
in drill and action, there are some respects in 
which the brigades of America are behind the best 
European practice, and one of these has been the 
development of automobile apparatus. 

While self-moving American ‘fire apparatus is by 
no means a novelty, yet it has been only within a 
few years that it has been adopted on as large 
a scale, as in Europe, and even now the determi- 
nation of the most satisfactory types of machines 
has only passed beyond the experimental stage 
in few classes. Manufacturers, brought face to 
face with the fact that there is practically no 
demand for horse-drawn apparatus, or for steam fire- 
engines unless motor-propelled, have been carrying 
on most costly experiments with varying degrees 
of success. But, mindful that within the next ten 
years every fire department in the United States 
and Canada must be radically reconstituted and 
reorganised as regards its apparatus, all are alive 
to the vast commercial ibntities that will follow 
the evolution of successful or standard types. As 
aresult there have been some interesting mechanical 
and motor developments in this field, and the 

present efforts to improve American fire depart- 
ments along these lines are worthy of consideration. 

The problems of ‘‘ motorising ” fire apparatus are 
not confined to the large cities. An important 
amount of the annual fire loss in the United States 

and Canada falls upon wooden-frame buildings, 
often at a distance from centres of population, 
where their inaccessibility has prevented any 
effective attempt at salvage. Now, prompt effort 
and a few cinta measures on the part of resolute 
and trained men often can produce notable results 
in the saving of life and property, and a high-speed 
motor-car can travel a country road rapidly enough 
Yo reach the scene in time to bring firemen and 
extinguishing devices. Such a vehicle has been 
ound an important element in country’ fire pro- 
tection, and throughout the United States hundreds 
villages are providing themselves with fast motor 

Te-cars to be maintained at some central point for 
this service. After the initial cost of the machine, 
and the building housing it, there is but little 
e for maintenance. 

construction and equipment these cars, now 





extensively manufactured and used in America, 
present noteworthy features suggested by experi- 
ence and circumstance. They are built with 
appropriate bodies on chassis of standard design, 
as used for motor-cars and other vehicles, possess- 
ing, of course, their advantages and defects. They 
carry such tools as axes and pikes, portable extin- 
guishers and hose. With the larger cars chemical 
tanks up to 45 gallons capacity are provided, 
and a pump, driven from the propelling engine, is 
added in the case of many of the _— machines. 
The possibilities of such protection for rural dis- 
tricts are, of course, very varied, and the speed of 
the apparatus is such that it is now quite common 
for adjoining towns to arrange for co-operative 
effort on an outbreak of fire. On a telephone alarm 
they send their apparatus to each other's assistance, 
as a run of 10 miles can be made in from 15 
minutes to half an hour. 

It is, however, in cities that motor apparatus is 
playing the most important part and one that is 
destined to grow, for to-day not only considerations 
of increased efficiency, but also economy of main- 
tenance, demand the elimination of the horse for 
all service, from that of the light official car to the 
heaviest. water-tower or steam fire-engine. As in 
other problems of the horseless age, there is the 
question of increased initial cost to consider. But 
fire apparatus stands in a class by itself, in that its 
annual mileage is most limited, while in actual 
service s and.power are so desirable and 
valuable that they may outweigh other con- 
siderations. Thus, with the extraordinary con- 
flagration hazard that exists in practically every 
city of the United States, it is essential that an 
outbreak of fire, however small, should be dealt 
with at the earliest moment. After an alarm is 
received it is obvious that every second counts, 
and speed in reaching the scene of fire often may 
result in a valuable saving of life, as well as of 
property. Yet this speed must not be such that 
it will endanger accident or impairment of the 
apparatus, which must be of such design and solid 
construction as to be absolutely sure and reliable 
in reaching the fire and there performing its 
appropriate function. 

ut not only speed, valuable as it is, is obtained 
in self-moving fire apparatus, but also increased 
wer, which means that heavier apparatus can 
employed than previously, when the limit 
was set by the weight that could be handled at 
a useful speed by three horses. This is particu- 
larly valuable in view of the tendency of the 
American firemen to employ what often would 
be considered in European practice inordinate 
quantities of water in drowning out a blaze rather 
than to take measures which, while reducing water 
damage, might in the end prove less effective. This 
desire of American firemen to use machinery and 
appliances of adequate capacity is not confined to 
portable pumping units. Large lengths of hose 
may be needed, and consequently a liberal supply 
always is carried on trucks or vans of spacious 
capacity. A strong stream through an.upper window 
opening may be desirable, and therefore a water- 
tower with elevated nozzle is provided ; or an 
extension or aerial ladder or escape that can be 
wheeled to a burning building may be wanted. All 
of these machines are heavy, slow, and unwieldy, 
especially under winter conditions, and when horse- 
drawn their movement may be attended with diffi- 
culty. Yet any, or all, may be needed at an early 
stage of the fire, and consequently the increased 
8 of travel given by motor propulsion makes 
them fundamentally more useful. This will appear 
when we consider the various classes of apparatus 
in more detail. 

Of course, there is, broadly speaking, an increased 
initial cost of about 100 per cent. in self-moving 
over horse-drawn apparatus. Yet in the main- 
tenance striking economies are shown, for fire 
apparatus does no useful work except at a time 
of emergency, and its economy must be con- 
sidered solely with such service in view, infrequent 
and irregular as it may be. Consequently there is 
little deterioration due to a large. mileage, and 
tyre-wear, that serious consideration for a com- 
mercial car, is very small. There are only petrol 
and lubricants as compared with forage, shoeing, 
veterinary attendance, and harness. n the score 
of os the horse shows an annual depreciation 
of about 20 per cent., which is far greater than that 
of any motor maintained for fire service. There 
is also an important saving in the space used, or 
needed, as quarters for a fire company, so that more 


apparatus can be installed on the same floors 
or a smaller house may be built. =, 

It may also be urged that fewer firemen are 
needed for a company equipped with self-moving 
machines. This is an argument that insurance 
authorities and property owners will not be apt to 
concede, as they claim that greater protection, at 
the same annual expense, is needed, and a force 
adequate for any emergency, rather than a strength 
computed on maintenance conditions alone. The 
time released from the care and exercise of the 
horses can be spent profitably on more efficient 
neighbourhood inspections and on gaining a more 
intimate knowledge of the buildings and fire condi- 
tions of the district protected by the company. 

It may be suggested that, in view of the ex- 
tensive independent high-pressure water systems 
that are being installed in the larger American 
cities, the question of mobile apparatus loses 
much of its importance, but a moment’s reflection 
will show that such is not the case. The trans- 
portation of firemen, hose, valves and other tools 
will always be needed, while fire-engines must be 
held as a reserve against any possible failure of the 
central “7% station and its high - pressure 
mains. It has been stated by the engineer of 
maintenance of New York that while there has 
been but one failure in its high- ure system in 
a service of over four years, it is not desirable or safe 
to do away with the figesengines. For this purpose 
it is probable that old-style steam fire-engines will 
be retained, and to move them from their station to 
a point where needed in any emergency will require 
some form of mechanical propulsion or tractor that 
will involve a minimum of cost for installation and 
maintenance. 

The mechanical problems involved in the pro- 
pulsion of fire apparatus have been solved with 
practical satisfaction, but the chief mechanical 
question, and one for which American fire-engi- 
neers are frank to say that no adequate solution 
yet has been found, is to secure an efficient and 
practical internal-combustion pumping-engine that 
will’ compare favourably in all respects with the 
present type of steam fire- engine. If such a 
pump can be arranged in connection with the 
propelling motor, so much the better, for there 
would then be adequate power, economically de- 
veloped and readily controlled. ~The advantages 
of the internal-combustion motor for this work 
are as patent as in other fields of mechanical 
engineering, and theoretically there would seem to 
be no reason why a petrol fire-engine could not 
be constructed at least as large as an extra first-size 
metropolitan steam -fire-engine; with a capacity of 
1200 gallons per minute. Once such a machine is 
obtained, the steam fire-engine must of necessity go 
to the scrap heap, but as yet only one motor fire- 
engine has been submitted to the New York Fire 
Department that, on test, has met the specifications 
prepared, which aimed simply at securing the 
pumping equivalent of a second-size engine, or 700 
gallons per minute against 120 pounds and 420 
gallons per minute against 200 pounds pressure. 

Fire-engines, motor-driven and operated, of this 
and greater capacity are in service in the United 
States in some of the smaller cities, but they are not 
yet considered sufficiently developed to warrant their 
use in the largest fire departments. Smaller com- 
bination engines and hose-wagons, with pumps of 
limited capacity, are in wide and effective use, and 
mf are 4rd a machines for smaller cities. 

ese may have either a rotary or a piston pum 
driven from the main shaft of the engine, aa tor 
prompt action, and a limited pumping capacity, are 
invaluable. But they cannot be considered as suit- 
able for use in built-up districts until their power 
is considerably increased. Though of limited size, 
these machines warrant consideration which cannot 
be given in this article, concerned as it is with 
the heavier apparatus and the work of the larger 
fire departments, as typified largely in New York. 
In that city the results of some recent experi- 
ments have been noteworthy, and many other 
cities have been waiting on the experience of the 
American metropolis before introducing innova- 
tions. 

In New York two main considerations have 
obtained. First, to get apparatus of adequate power 
and capacity, and, second, to secure machines that 
will lend themselves to standardisation—and by that 
is meant a complete standardisation and inter- 
changeability of such parts as wheels, axles, &. 
A number of American cities, such as Springfield, 





Mass., are to be found with more complete 
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Scout Car; Comsinep Motor CHemicaL ENGINE. AND Hosg-Truck. 
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Fic. 2. Hicu-Pressure Truck Carryinc Heavy Hose. 


motorisation than New York, but the problem has|companies as they camefup. The great utility‘of 
not been handled on as large a scale or as|this scheme led to its adoption in a number fof 
systematically as in the latter city. Here a begin. | cities, and special types of cars have been devised 
ning was e, as is usually the case, by providing | for those organisations, known as flying, auxiliary, 
motor-cars for the officials and annually increasing or emergency squads. Such cars are provided 
their number. These differed but little from the with a body capable of accommodating eight or 
better types of touring-car and runabout, save| ten men, and are supplied with a life-saving net, 
for their customary coat of red paint and large scaling-ladders, ropes, hooks, axes, surgical kit, 
brazen locomotive bell or loud siren. The prompt- | respirators, hand-extinguishers, etc. These squads 
ness with which the officials could be transported usually respond over a much more extended terri- 
to a fire, often in advance of the working apparatus tory than the separate local companies, the high 
and firemen, led in certain cities to the organisa- speed of the car, which may run up to fifty or more 
tion of squads of firemen to accompany them, miles an hour, more than compensating for the 
and thus to be on the ground before the regular | increased length of run. 

apparatus, making preparations and plans for the, Ina city where there are not too many alarms 





in the course of a day, these auxiliary squads are 
maintained at headquarters, and are sent out on 
every alarm, often being a very welcome reinforce- 
ment to the companies regularly due to respond. 
While the idea of the flying squad does not find 
application in the New York Fire Department, ar 
ere are being organised for the suburbs a2 
residential districts so-called scout companies, W! 
high-speed motor -cars carrying two 35-gallon 
chemical tanks and 300 ft. of small chemical hose, 
in addition to 1200 ft. of regular hose for the 
following fire-engine (Fig. 1, above). These com- 
panies, using their chemical hose and tanks, sre 
considered ‘sufficient to deal with any incipient 
fire in a dwelling, often extinguishing it with far 
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less damage than would be caused by simple water. 
The cars for these companies have been designed 
with great care by the New York Fire Department, 
and the specifications, which call for a chassis of the 
same general type as that employed on the best 
and most powerful Ameriean touring-cars, demand 
speed, capacity, strength and power, so that the 
reliability of the car will be fully guaranteed. 

Quite in contrast with these scout cars are the 
motor hose-tenders used in the districts of New 
York City covered by tke high-pressure fire service 
(Fig. 2, page 344). In this work there is used 
extra heavy 3-in. hose, tested up to pressure of 
400 lb., in lengths of 50 ft , each with heavy coup- 
lings. The regulation supply for each company 
amounts to 42 lengths, with hose of smaller size, 
and this, along with tools, valves, &c., must go out 
with the firemen when they answer an alarm. 
Accordingly this hose is stowed in the steel body 
of a powerful motor truck, on which is mounted 
behind the driver’s seat a turret nozzle, to which 
several lines of hose can be joined. The chassis 
of this hose-tender is essentially that of a 3-ton 
goods truck with a wheel base of 149 in. The 
engine is of the 4-cylinder, 4-cycle, water-cooled 
type, with cylinders 5} in. in diameter by 54 in. 
stroke, and the power is transmitted to the rear 
wheels by a chain drive from a sprocket on a 
counter - shaft. The engine develops about 60 
horse-power, which is sufticient to carry the truck 
loaded over city pavement with.a speed up to 40 
miles an hour, and to climb hills of 10 per cent. 
grade, In practice, however, these tenders, which 
weigh fully equipped about 5 tons, are rarely driven 
faster than a speed of 12 or 15 miles an hour, which 
answers every need and is as high as is consistent 
with safety on a city street. The wheels are 36 in. in 
diameter, with solid tyres, the tread being single on 
the front: wheels, and double on the rear wheels. 

Similar hose-wagons, but of slightly smaller size, 
have been built for use outside of the high-pressure 
districts, and especially for some of the brigades 
equipped with motor-driven fire-engines. hese 

are essentially commercial trucks adapted for 
fire purposes and developed to a degree of useful- 
ness and speed in excess of that demanded for ordi- 
nary commercial haulage. 

Power and speed are both needed for the water- 
tower, which is the heaviest piece of apparatus 
used in the New York Fire Department. Weighing 
as it does 74 tons, and havinga wheel base of 35 ft., 
its rapid transportation and ready manceuvring 
— a serious undertaking for a team of three 

Tses, even under favourable conditions of pave- 
ment and weather. In the warehouse districts of 





New York and Brooklyn, where old buildings, often 
from fire-proof, are filled with inflammable goods 


Fic. 3. Moror-Driven Water-Tower. 


and afford the hottest kind of a fire, the water-tower | 


has proved invaluable for penetrating the upper 
windows and delivering a powerful stream directly 
on the flames within. This action is rendered 
possible by means of a nozzle at the upper extremity 
of a telescopic pipe, swung into a vertical position 
and extending 65 ft. above the ground. Similarly, 
from a deck pipe on the frame of the supporting 
truck, another powerful stream, formed by joining 
two or more lines, can be delivered. 

This apparatus, with its hydraulic mechanism, 
naturally requires to be strong and stable when in 
use ; while, when arranged for travel, the pipes and 
nozzle overlap the rear wheels by some 15 ft. 
Although not the first machine required at a fire, 
yet its early arrival is often desirable, and accord- 
ingly it furnished an interesting problem for auto- 
propulsion. This was solved by the use of a 
semi-trailer tractor that had proved eminently 
successful with heavy vans and delivery trucks, 
especially those used for transporting coal and 
lumber. These tractors had worked satisfactorily 
with loads up to 10 tons, and it was only necessary 
to provide sufficient speed and power of manceuvring 
to meet the conditions of fire service (Fig. 3, 
above). 

Accordingly, for the front wheels and horse- 
draught gear of the water-tower, there was substi- 
tuted a four-wheel petrol -electric couple - drive 
tractor, the turntable of the water-tower resting on 
an appropriate bearing-surface or platform without 
other adjustment. This tractor made use of the 
couple-gear principle, according to which an indi- 
vidual electric motor is located at each wheel, and 
proved so successful that its adoption for all of the 
water-towers in Manhattan followed a year’s trial of 
the initial machine in actual service. The same prin- 
ciple, applied directly to mechanical propulsion with- 
out the use of a tractor, has worked successfully also 
with aerial ladder trucks and other fire a. 

As arranged for the water-tower, the motor- 
tractor essentially is a chassis with a four-wheel 
drive and steering arrangement. The current for 
the four motors, one at each wheel, is supplied from 
a generator direct connected to a petrol-engine. 
The field coils of the motor are carried by an 
extension of the axle, and the entire motor is en- 
closed within the casing of the wheel, which is built 
up of compressed-steel disce, connected by forged- 
steel bands, to which solid rubber tyres are attached. 
The motor is of the direct-current type, with four 

les, series-wound. Each motor is rated at 3 
sree power and has s momentary overload capa- 


city of 200 per cent. The armature has a pinion 


at either end which meshes into an internal bevel 
gear on the steel discs at the periphery of the 
This armature is carried at a slight 


wheel, 








angle to the plane of the wheel, so that the pinions 
at either end engage circular cog-racks on opposite 
discs of the wheel, with the result that when one 
pinion is pulling up, that on the opposite side is 
pulling down. A spring device, or “‘ evener,” per- 
mits of compensating movement, and distributes 
the. force evenly on the two halves of the wheel. 
The gear reduction is 25 to 1 direct, and 97 per 
cent. of the energy developed by the motor is said to 
be transmitted to the rim of the wheel. 

The motor is entirely enclosed, and is dust and 
water-tight. Hand-holes or doors give access to 
the interior mechanism for cleaning, lubrication, or 
adjustment. A projecting arm, or stub of the 
wheel, is keyed into a taper sleeve in the steering- 
knuckle, and through its centre the conductors are 
led to the motor. All of the wheels of the various 
tractors are interchangeable, and an extra wheel, 
furnished by the manufacturers, is available 
immediately in case of accident, and can be fitted 
in less than an hour by the motor operators. 

The electric generator is a six-pole machine, 
compound-wound, and is included in a self-contained 
petrol-electric power-plant, carried on a three-point 
suspension from and within the main frame, and is 
rated at 124 kilowatts at 100 volts when running 
at 680 revolutions per minute. It runs without 
sparking with an ampere load 200 per cent. in excess 
of the normal rating and with a 100 per cent. rise 
in speed. The voltage can be varied over a wide 
range, and even at maximum speed can be held as 
low as 40 volts. The generator, which alone weighs 
765 pounds, is direct-connected with the engine by 
a 2}-in. crank-shaft carried on five sleeve-bearings. 
The water-cooled motor, of the 4-cycle type, has four 
cylinders of 5} in. bore and 6 in. stroke, weighing, 
with the fly-wheel, 800 pounds. The carburettor is 
of the float-feed automatic auxiliary air-intake type, 
throttle-operated, while the ignition is of the high- 
tension dual system, comprising a jump-gap with 
magnetos and batteries. Lubrication is effected by 
both force feed to the main parts and by the splash 
system to minor bearings. 

The control of the motor is by the throttle, 
operated by a foot-lever, and a nicety of regulation 
is secured that varies from a mere turning over of 
the armature of the generator to the production 
of a current powerful enough to carry the tractor 
and its load with ease up a 15 per cent. grade. 
While the foot-throttle suffices for ordinary con- 
trol, there is provided at the operator’s left hand a 
controller of the street-railway type, that enables 
the motors to be operated either in series, series- 
parallel, or parallel. Thecontroller is also provided 
with a reverse lever which affords the same speed 
backward as forward, and means for operating an 
electric brake. This wide range of regulation is of 
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the highest value in fire apparatus. On agrade, or 
on snow, additional power may-be required while 
backing a water-tower into position and turning it 
in a narrow street ; this manceuvre is all but — 
sible with horses, but is now readily accomplished. 
The engine of the tractor can be set in operation 
instantly and brought to full speed in 30 seconds. 
On level pavement a speed of 15 miles an hour 
can be made, and grades as high as 15 per cent. can 
be climbed. The steering-gear is of the irreversible 
type, on the worm and sector principle, operating 
with reverse action on the forward and rear wheels 
simultaneously, so that the water-tower can be 
turned about its rear wheels asa pivot. The length 
of the complete machine is considerably less than 
with horses. Such a tractor obviously can be used 
with a steam fire-engine, a hook-and-ladder truck, 
or other forms of apparatus, and, in fact, has been 
so arranged either experimentally or in regular 
service, as in the city of Springfield, Massachusetts, 
where an extension -ladder truck is handled by 
sucha machine, though driven by a storage battery. 


(To be continucd.) 





THE STRUCTURE OF THE ATOM. 

In opening, at the Royal Institution, on Satur- 
day last, the fifth lecture of his course on ‘‘ The 
Properties and Constitution of the Atom,” Sir 
J. J. Thomson said that on the last occasion he 
had given a sketch of a type of atom suggested 
by the results obtained in studying the discharge 
of electricity through gases. This type of atom 
was supposed to hold within it a number of cor- 
puscles proportionate to its atomic weight. These 
corpuscles were ked into a mass of positive 
electricity. This held together, by its attraction, 
the corpuscles which tended mutually to repel each 
other. For the greater part these corpuscles were, 
he said, collacted into the centre of the atom, form- 
ing its core, whilst a smaller number, much more 
loosely held, were distributed near the outside sur- 
face. The whole of the chemical properties of the 
atom were supposed to depend upon these outside 
corpuscles, which, as stated, were much more 
loosely attached than the corpuscles in the core. 

The number of corpuscles in the outer ring, the 
lecturer proceeded, determined the position of an 
element in the periodic series. If there were in 
this outer ring but one corpuscle, the element 
belonged to the first group, and was a monovalent 
electro-positive element. If there were two such 
corpuscles, the element belonged to Group II., and 
if iene were three, to Group ITI., and so on. 

He had also shown that, from the conditions 
governing the equilibrium of mutually repulsive 
systems, there was a limit to the number of cor- 
puscles which could be arranged in a ring, and be 
in stable equilibrium. This limiting number 
depended upon the nature of the force which held 
the system ether, and there were chemical 
reasons for concluding that the force was such that 
eight was the maximum of corpuscles it was 
possible to have in the outer ring. If we took this 
view of the atom, it followed further that each 
atom had two valencies, according as it was asso- 
ciated with elements more electro-positive or more 
electro-negative than itself. The sum of these two 
valencies was always equal to 8 if this were, as 
assumed, the maximum number of corpuscles 
which could form a stable ring. 

In continuation of last week’s discussion, he 
wished now, he said, to say a word as to unsaturated 
compounds in which the atoms were not arranged so 
as to satisfy the condition of constant valency. In 
studying this point it was necessary to consider not 
merely the maximum number of atoms that could 
form a group, but also to consider whether a 
smaller number might not arrange themselves so as 
to have but little residual attraction left. If this 
were the case, the compound would, he said, be 
stable, although some valencies were unsatisfied. 

The difference between a free atom and an atom 
in combination was regarded as due to the negative 
corpuscles on the surface of a free atom being very 
mobile, and they thus moved round easily into posi- 
tions which caused the atom to be readily attracted 
by other systems and with very considerable force. 
If the corpuscles were fixed, however, and no longer 
able to move, they could not adjust themselves to 
positions in which they would be attracted. Hence 
in a free atom the attractior. was universal, but in 
a combined atom attraction would only be deve- 
loped in certain very special positions. Anything 
which held the surface corpusc!es in a fixed position 


without fixing other aggregations. 

Carbon monoxide, the lecturer continued, was a 
most flagrant example of an unsaturated compound. 
How, then, was the existence of this body to be 
reconciled with the theory of valency given in bis 
last lecture? On the view there set forth, the 
carbon atom contained four corpuscles in the outer 
ring, and to fix these four more would be needed. 
This fixation might be effected by the four corpuscles 
of another carbon atom, the two atoms being then 
held together by the corresponding forces. 

The question to be considered was, however, 
whether it would not be possible to have a com- 
pound of carbon with oxygen, in which the two 
corpuscles of the latter held the four of the carbon, 
so that there was very little outside attraction. 
This, the speaker thought, was quite possible if the 
oxygen corpuscles were arranged so as to have a 
large stray field. The forces emanating from the 
oxygen atom would then spread through the carbon 
atom and hold the four corpuscles of the latter in a 
quasi -rigid position. If the stray field, thus 
assumed, were sufficient to do this, the oxygen atom 
might be said to saturate the carbon atom, and 
a compound such as CO might exist and yet not 
exhibit any considerable attraction for further 
oxygen. In this way he thought, he said, thatit would 
be possible to account for the existence of unsatu- 
rated compounds, and the fact of variable valency 
brought into accord with the ideas set forth as 
to the constitution of the atom. 

On this theory it was the corpuscles on the sur- 
face which held the atoms together, and on them, 
moreover, all chemical properties were wholly de- 
pendent. The chemist, in fact, dealt merely with 
the superficial properties of the atom, and if he 
desired to stir an atom to its depths, he must use 
physical means or go to the radioactive bodies. 

These radioactive changes took place, the speaker 
said, in the inner core. They were of two kinds. 
In the one an a particle was expelled, this a par- 
ticle being an atom of helium carrying two positive 
charges of electricity. Such a change was known 
as an a-ray change. In addition there was the 
B-ray change, in which a negative corpuscle was 
expelled with an enormous velocity. The energy 
displayed in both types of change was so great that 
it proved that the particles must come from the 
inner core, and not from the surface of the atom. 

If this were the case, he asked, what would be the 
effect on the atom if, for instance, an a particle were 
expelled? To fix the ideas, assume, he continued, that 
the radioactive body belonged to the second order of 
elements, having, therefore, two corpuscles in its 
outer ring. From this an a particle was suddenly 
shot out, carrying with it two charges of positive 
electricity. The core was then left with a strong nega- 
tive charge, and the whole atom would be accordingly 
negatively electrified. Itcould not stay so, but must 
get neutral. It did this by ejecting two corpuscles 
from its surface system, leaving none, and the atom 
thus passed into the group of helium, neon, argon, 
and the radium emanation. The loss of an a particle, 
therefore, was followed by a loss of two surface 
corpuscles, the latter change being equivalent to a 
drop of two in the order of the chemical group. 
Hence a second group element would drop to group 
No. 0, and a fourth group element to group No. 2, 
and soon. In the 8-ray change, onthe other hand, 
the expulsion of the negative corpuscle from the 
core left the atom positively charged, and it mus}, 
as before, get neutral. This it could very easily do 
by attracting iato its surface a corpuscle of which 
there was always a plentiful supply. If then there 
were vriginally two corpuscles in this outer ring 
there would be three when the atom became 
neutral again after a 8-ray change. Hence instead 
of losing two surface corpuscles, as in the a-ray 
change, the atom gained one ina 8 change. This 
gain would alter the chemical group of the element, 
taking it out of the first into the second, out of the 
second into the third, and so on. 

Quite recently, Sir Joseph proceeded, some moat 
interesting work on the chemical properties of the 
products of radioactivity had been carried out. Soddy 
was, however, the first to call attention to the fact 
that the emission of an a particle always made a drop 
of two in the chemical grouping of the body con- 
cerned, and had pointed out later that there was 
evidence in favour of the view that the §-ray 
change caused, on the other hand, a rise in the 
chemical group. 








In the Physikalische Zeits-hrift of February 15 


took away from the atom its power of attracting | last, Dr. Fajans had followed out this point of view 
other atoms, and would enable the system to exist in the case of radium and thorium, me 


his results 
were indicated in Fig.1. Here the ordinate repre. 
sented the atomic weight of each successive pro. 
duct of the radioactive changes, and the absciss» 
the chemical groups. 

Radium, Professor Thomson continued, was very 
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(367.4) 
like barium in all its ‘‘uninteresting” properties and 
belonged accordingly to group No. 2. The emana- 
tion was produced by an a-ray change, and thus 
this emanation was two groups below radium, 
belonging therefore to group No. 0, the elements 
belonging to which had no valency. The emana- 
tion next lost an a particle and became radium A. It 
had thus to drop two groups. Here it should be 
noted that the condition of no valency corresponded 
either to no corpuscles in the outer ring, or to eight 
corpuscles there. Hence a drop of two would 
bring radium A into group No. 6, as indicated in the 
figure. The change from radium A to radium B 
was another a-ray change, so that radium B be- 
longed to group No. 4. In the next two changes 
B particles were lost. Each of these raised the 
order of the group by one, so that radium C be- 
longed to group No. 5, and radium C' to group 
No. 6. The change from radium C' to radium D 
was an a-ray change, so that radium D belonged 
to group No. 4, and its atomic weight was four less 
than that of radium C'. Following this were two 
8-ray changes, giving in succession radium K and 
radium F, the latter being identical with polonium. 
This was as far as the changes had, as yet, been 
traced, but it was supposed that there was an 
a-ray change which converted polonium into lead, 
as indicated by the dotted line. 

Taking the corresponding Sone with thorium, 
thiselement belonged to group No. 4. The first 
change was an a-ray chaage to meso-thorium (1). 
This was followed by a §-ray change to meso- 
thorium (2). There was then a second §-ray change 
to radio-thorium, which, as shown, belonged to group 
No.4. An a-ray change now produced thorium X, 
bringing down the number of the group by 2 
Thorium X, by an a-ray change, gave the emsna- 
tion which belonged accordingly to group No. 0. 
This emanation then, by an a-ray change, p3ss 
to an element belonging to group No. 6, which 
was as far as the changes had, for the present, been 
traced. : 

The theory he had set forth made it possible to 
predict the effect, on the chemical grouping of a0 
element, of either an a-ray or a §-ray change. 
far as the matter could be tested, experiment b 
verified these predictions. The changes, it was true, 
were difficult to follow, but the scheme above seb 
forth was in agreement with the a so far 
as they went, the groups indicated by theory being 
the groups found by experiment. This, moreover, 
was not the only interesting point which follow 
if the atom were constituted as he had described. 
Let there be considered, for example, an a change 
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loss of two corpuscles from the outer ring, but the 
latter the gain of two corpuscles. An example of this 
was the series of changes from radium A to radium 
©, It would be seen that radium C' had as many 
corpuscles in its outer ring as radium A, and, so 
far as the chemist was concerned, the state of the 
inner ring was the same as before, so that, by 
chemical tests, radium A should be indistinguish- 
able from radium C!, and we might thus have two 
elements of different atomic weights of which the 
one could not be differentiated from the other by 
means of chemical analysis. Ordinary spectrum 
analysis was equally at fault, since the character of 
the luminous spectrum was wholly due to the outer 
ring of corpuscles. Hence we might have elements 
apparently identical in their spectral and chemical 
properties, but differing by four in their atomic 
weight. The positive-ray method of analysis would, 
on the other hand, distinguish between two such 
elements, since in this the weight of the individual 
atom was determined. He might add that those 
who had been most concerned in the investigation 
of the radioactive elements had arrived at the con- 
clusion that some of the successive products of 
radioactivity were indistinguishable one from the 
other by chemical means. If the last stage of radium 
were lead, we ought, from the scheme shown in 
Fig. 1, to have three leads, all differing in their 
atomic weights, but incapable of separation by 
chemical tests. As stated, however, the positive- 
ray method of anaiysis would be able to distinguish 
between them. 

On the other hand, in the 8-ray changes chemical 
methods would succeed, whilst the positive-ray 
method failed. In the f-ray transformation the 
atomic weight was only altered by ;7,,th part of 
the atomic weight of hydrogen, so that the change 
left this atomic weight practically unaltered. Since, 
however, the change raised the group of the element 
by one, the chemical properties would be entirely 
altered. Thus radium B belonged to the fourth 
group, radium C to the fifth,‘and radium C' to the 
sixth group. All these three elements had thus 
the same atomic weight, but entirely different 
chemical properties. The sketch above given (Fig. 1) 
embodied, he said, some of the very interesting 
points suggested by the model atom he had brought 
forward, and they were, he thought, worthy of con- 
sideration. It did not, indeed, appear possible to 
test the matter experimentally. It might, however, 
be observed that Rontgen rays, when they fell upon 
an element caused it to emit 8 particles, which, 
whilst nothing like so rapid as those liberated by 
the radioactive elements, had nevertheless so much 
energy that they were believed to come from the 
inner core. If this were so, the exposure of an 
element to Rontgen rays should change the chemical 
properties of the atoms affected, and it would be 
extremely interesting if evidence could be obtained 
of such an effect. He feared it’ was a forlorn hope, 
since such a minute fraction of the whole atoms 
present were affected ; but it was one of the charms 
of physics that forlorn hopes were always coming 
off, and he thought, therefore, it might be worth 
while to try if on exposure of an element to the 
Réntgen rays some evidence might not be obtained 
of a minute chemical change in the substances thus 


— 

t would, he said, be seen that the radioactive 
transformations lent considerable support to the 
model of the atom he had described. Further 
evidence could be obtained from the radiations 
emitted from the core of the atoms and from the 
surface. 

Fortunately, within the last two or three years 
something had been learnt as to the inside of the 
atoms. Nothing whatever was known as to this till 
Professor Barkla discovered the ‘‘ characteristic ” 
Réntgen radiations. He found, in fact, that 
each of the elements (at least each of the heavier 
elements) emitted a characteristic Rontgen radia- 
tion, which was merely a form of light. That 
this was so, had been known from theoretical 
considerations for a long time, but, until recently, 
there had been no very direct experimental 
a of the wave-like character of these rays. 

condition of things arose because the wave- 
length of the Réntgen rays was only about one- 
tenth the diameter of a molecule. As against 
the wave character of these rays it had been 
contended that they had not been reflected, nor 
interference effects been obtained with them 
oe they were allowed to fall on an ordinary 
ing. 


between the wave-length of the light from which 
interference was expected and the spacing of the 
lines of the grating used. The benches upon which 
his audience sat were equally spaced, but it was no 
argument against the wave theory of light to say 
that the light received from them showed no signs of 
interference. The spacing of the grating and the 
length of the wave must, in fact, be ‘‘ within the 
same street.” Hence, if the wave-length were com- 
parable with the diameter of a molecule, the lines 
of the grating must not be more widely spaced 
than the distance between one molecule and another. 
Similar considerations applied to the phenomenon 
of reflection. To give a regular reflection a surface 
must be flat-—that was to say, the distance between 
the hills and the valleys must not be large as com- 
pared with the wave-len Ribbed glass, for 
instance, did not reflect light regularly. 

In the case of the Roéntgen rays, therefore, a 
surface was required so smooth that its inequalities 
were not large in comparison with a molecule. 
Good as was the work of modern opticians, they 
were not able to produce a mirror true to a single 
molecule. It was, however, possible to find mirrors 
produced by the forces concerned in the formation 
of crystals. In these the molecules were arranged 
with extreme regularity, and it was possible to find 
in such crystals true reflecting planes. Considera- 
tions of this kind had led to experiments on the 
interference of Réntgen rays, and in Fig. 2 was 
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reproduced the first eer which showed the 
reflection and interference of Réntgen rays. This 
work, using crystal planes as reflectors, was carried 
out at the Cavendish Laboratory by Mr. W. L. 
Bragg. Mica was the substance used as the reflector, 
and in this material there was a great concentration 
of molecules along the cleavage planes. The large 
spot in the figure was produced by the incident 
radiation and the smaller by that reflected. Mea- 
surement showed that the reflection was regular, 
the angle of incidence being equal to the angle of 
reflection. The smaller patches visible were inter- 
ference fringes, and from these it was possible to 
calculate the wave-length of the Rontgen rays, 
which were undoubtedly a kind of light having, in 
the case of the rays used in producing Fig. 2, a 
wave-length of 10-*cm. 

Further evidence in support-of the view that 
Roéntgen rays were a kind of light was afforded by 
the experiments of Barkla, who had shown that each 
element emitted from its inner core characteristic 
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Réntgen radiation. In Fig. 3 was reproduced 
acurve of absorption of such rays. The abscisse 
represented the absorption in aluminium of rays 
of varying hardness, and the ordinates the corre- 
sponding absorption in another metal. It would 
be seen that as the waves became harder the 
absorption in the metal under examination dimi- 





There ought, however, to be some proportion 


nished from Ato C. At C the rays were of the 


same quality as the characteristic radiation of 
the metal under test, and, as would be seen, the 
absorption suddenly shot, up in a manner quite 
analogous with absorption of particular wave- 
lengths of light by bodies which naturally emitted 
waves of this special length. One beauty of this 
characteristic Réntgen radiation lay in the fact 
that it was connected in an extremely simple way 
with the atomic weight. In no case was the 
Réntgen spectrum complicated, though many 
bodies were capable of emitting two sorts of Réntgen 
radiation. 
The hardness of Réntgen rays, he went on, 
could be specified by the speed of the cathode 
ticle needed to produce them. Mr. Withington 
ad shown that, taking the first kind of character- 
istic radiation, the cathode particle to excite it 
must have a velccity given by the followin 
purely empirical rule :—Velocity in cms. per saan 
=10° x W, where W denoted the atomic weight. 
This first type of Réntgen radiation was known as 
the K type. The second line in the Réntgen 
spectrum was known as the L line, and there was a 
very simple connection between the atomic weights 
of two bodies, of which the K line of one was the 
same as the L line of the other. According to Mr. 
Withington the following rule held :— 


Wx = 4(Wi - 48), 


where W, denoted the atomic weight of the first 
body, and W, that of the second. 

It would be seen, therefore, that if we knew the 
atomic weight of an element, we could predict forth- 
with the hardness of its characteristic radiation. 

He had already stated than when Réntgen rays 
fell on a body they made it emit negative corpuscles, 
which moved with very great speeds. The harder 
the incident rays the higher was this speed. 
Light, too, when it fell on certain bodies caused 
the emission of negative particles, the speed of 
which depended on the wave-length of the light, 
being higher the smaller this wave-length. 

This fact was illustrated by the lecturer by means 
of a zinc plate connected up to a c ed electro- 
scope. is was illumined by the spark produced 
between two aluminium terminals by an induction 
coil. By placing a piece of glass between this light 
and the zinc the discharge of the electroscope was 
entirely prevented, since the glass, though trans- 
parent to the visible spectrum, absorbed the light 
of short wave-length. On removing the glass, the 
electroscope was almost instantly discharged, as 
the ultra-violet light, which then reached the zinc 
plate, gave the particles sufficient speed to enable 
them to escape. 

Though the inner core radiation was, as stated, 
very simple, that from the outer surface con- 
stituted, the lecturer said, an extremely difficult 
study. Though there were but very few corpuscles 
in the hydrogen atom, the second spectrum alone 
comprised about 100 lines, most of which were 
given out by corpuscles in vibration, as could be 
proved by the Zeeman effect, The difficulty was 
to account for the large number of these lines in 
view of the small number of corpuscles. 

A corpuscle could, however, vibrate in more 
than one way. It might, for example, oscillate 
like a pendulum about a position of equilibrium, 
but it would then have but one definite periodicity. 
In addition to the simple pendulum, however, we 
had also the conical pendulum. In this the bob 
went round in a definite period, but there were any 
number of such periods ible. If a corpuscle 
acted like the bob of a conical pendulum, we should 
have, the lecturer said, more material to draw upon 
in endeavouring to account for the multiplicity of 
the lines. That the negative corpuscles could be 
sent round in a circle was shown by means of an 
exhausted bulb containing a Wehnelt cathode. This, 
the lecturer stated, consisted of a piece of platinum 
carrying a speck of barium oxide. If this platinum 
were made red-hot and negatively electrified, the 
barium oxide gave off a copious stream of cor- 
puscles, and by means of an external electro- 
magnet it was shown that this stream could be 
bent round into a circle, each therefore having a 
motion similar to the bob of a conical dulum. 
It was not, the lecturer said, necessary that a mag- 
netic field should be provided to secure this, as an 
electrostatic one would also serve and give the cor- 
puscles definite orbits. 

It was to some action of this kind that the speaker 
was inclined to look in accounting for the presence 
of numerous lines in the spectrum of elements of 





small atomic weight. 
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THE CHINGFORD RESERVOIR OF THE 
METROPOLITAN WATER BOARD. 


Tue Chingford reservoir, which is to be opened 
by His Majesty the King to-morrow, makes a very 
notable addition to the series which make of the Lea 
Valley a miniature lake district. The previously 
existing reservoirs there belonged to the old East 
London Company, and have, on the aggregate, a 
capacity of 2468 million gallons ; but the new one, 
which has been constructed in the area lying just 
north of a straight line drawn between the Ponder’s 
End and Chingford Stations of the Great Eastern 
Railway, is capable of impounding no less than 
3000 million gallons. 

The location of the new reservoir, which has 
been constructed to the designs of Mr. W. B. 
Bryan, the chief engineer to the Metropolitan 
Water Board, is well shown in the sketch-map 
reproduced in Fig. 1, annexed, and this also shows 
its relationship to the old East London reservoirs. 
The site on which it has been constructed is 
considerably higher than the area covered by the 
older reservoirs, and, as already explained in an 
article which we published in our issue of February 
14 last, it has accordingly been necessary to 
instal a very powerful battery of pumps to lift 
the water into the reservoir from the Lea River 
and the Lea Navigation, whilst into the older 
reservoirs about 1900 million gallons can be 
by gravitation pure and simple. 

The population now supplied by the Metro- 
politan Water Board numbers about 7,100,000, 
and is steadily increasing. Could a normal rain- 
fall be relied on for each individual year the older 
reservoirs would nevertheless have met all needs for 
many years to come. Water-works engineers have, 
however, to provide for the fact that at certain 
intervals there comes a period of prolonged drought, 
and unless provision very much in excess of normal 
requirements is made for this contingency, a water 
famine, or an approximation thereto, may be ex- 
pected, in this climate, to recur about every twenty 
to twenty-five years. To meet this danger, it is 
accordingly indispensable to undertake costly works, 
the necessity of which is demonstrated, perhaps, not 
oftener than some four to five times in a century. 
It is only fair to point out that the necessity for 
works of this emergency character was recognised 
as fully by the old water companies as by the 
Metropolitan Water Board, which has succeeded 
them. The scarcity of water in the Hast London 
district during the drought of 1898 arose simply 
because the politicians, who then controlled the 
London County Council, ignorant in this as in most 
other practical matters, persuaded Parliament to 
reject a scheme for greatly increased reservoir 
accommodation which was promoted by the East 
London Company in 1893. Under this scheme the 
reservoir accommodation would have been so much 
augmented that the drought of 1898 would have 
been bereft of its terrors. It was, however, the ex- 
perience gained in 1898 which was directly respon- 
sible for the installation at the northern end of the 
Chingford reservoir of the very powerful pumping 
plant which we described on February 14 last. In the 
year named the drought lasted from May until July. 
There then occurred a freshet in the river, and had 
a sufficiently powerful pumping plant been available 
the reservoirs might have been refilled. The flood, 
however, passed off in rather less than three days, 
and the drought was renewed, and continued until 
the early days of the following December. 

The reservoir,accommodation on the Lea is pro- 

vortionately very much greater than that in the 

hames Valley. The reason for this lies in the 
fact that the fluctuations in the flow of a small 
stream are proportionately very much more serious 
than are those of a large river. Thus the flow of the 
Lea ranges from something under twenty million 
gallons per day to oven two thousand million gallons 
‘ond y. The inexpert do not always see the 
me ing com . rage ct gy the amount of 
storage n . For example, in opposing the 
Bill of 1893, Professor Stuart, who "Tae at that 
time a Member of Parliament, took advan of the 
inevitable Lager of Members in technical matters 
to point out that the sto capacit; vided 
by the East London Sieeeae ver masala 
double that of any other of the London companies. 
The statement was true but misleading, since the 
sources of supply were not the same, and the bearing 
on reservoir requirements of considerations of this 
character was ignored. It is, in fact, the enormous 


fluctuations in the volume of the Lea which has 








rendered necessary the large provision of reser- 
voirs. Much of the capacity will, as stated, only 
really be needed at rare intervals, but it is pos- 
sible that, having it available, the engineers may 
decide to make use of it for the purpose of sub- 
sidence, since it has been proved that storage alone 
affects a marked improvement in the quality of the 
water, and thus reduces the work of the filters. 

A general plan of the new reservoir is given in 
Fig. 2, subjoined. Roughly speaking, it measures 
2 miles in length by rather over 4 mile in width at 





puddle used was 253,000 cubic yards, the whole of 
which was excavated: from the interior of the 
reservoir, mainly at its upper end. 

The designed water-level is 71 ft. above (rd- 
nance datum, the original level of the ground vary- 
ing from about 52 ft. above Ordnance datum at the 
northern end of the reservoir to about 42 ft. at 
the southern end. The top of the bank, which igs 
5 ft. above high-water level, is 76 ft. above Ord- 
nance datum. Owing to the large area covered, 
special precautions had to be taken against wave 








Fig. 2. 
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its narrowest re. The actual area covered is 
416 acres, and the total length of embankment 
is about 44 miles. The site was pretty nearly an 
ideal one for a reservoir of this character. It was 
nearly level, the fall in the 2 miles being only about 
2 ft. Though, as shown in the plan, the reser- 
voir straddles the old course of the Lea, there was 
no ditticulty at any point in reaching the London 
clay, the greatest depth of the puddle trench at any 
part being 30 ft., and this depth was needed for a 
short length only, whilst for long stretches the 
depth did not exceed 15 ft. The total amount of 





action. To this end the reservoir is divided into 
two, a bank crossing it near the centre, as indi- 
cated in Fig. 2. This bank being intended merely 
to serve as a breakwater, reducing the fetch of 
the waves, has no puddle-trench, and it 1s pro 
vided with an opening by which the two sections 
of the reservoir are in permanent communication 
with each other. As a further precaution, the 
slopes of all the banks are faced with concrete 
this protection being most complete at the north- 
eastern corner of each compartment of the reservoir, 
since this is the direction in which the waves T 
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by the most prevalent winds run highest. The total | stalled on the eastern side of the reservoir, and | diversion channel and a catch-water drain. 


To 


amount of earth-work in the 44 miles of embank-| from this the current was conveyed by overhead | these further reference will be made later on. 
ment is 2,060,000 cubic yards, the whole of which | lines to wherever it was needed. 


was excavated from the interior of the reservoir. 
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The contractors, Messrs. Charles Wall, Limited, 





sented in Fig. 3, Plate XVI. 


As will be seen, the 


on, used, to a considerable extent, electric | outer slope is at 2} to 1, whilst the inner is 3 to 1 
power for operating the excavators and other | on the upper lined portion and 4 to 1 below. 


ery, a temporary power-house being in-| 


On the left of the figure is shown the River Lea 







The puddle-wall in the heart of the bank is 


A typical section through the bank is repre-|5 ft. wide at the top, and, as shown, tapers uni- 
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formly for a depth of 234 ft., at which level it is 
9 ft. thick. his thickness is maintained con- 
stant from this point to a depth of 24 ft. below 
ground-level, et ee is then reduced to 6 ft., as 
shown, a thickness which is maintained until it 
reaches the London clay, into which the puddle is 
keyed for a depth of 3 ft., as shown. 

The slope on the water face of the bank is not con- 
tinued to the crest, but, as best shown in Fig. 4, 
Plate X VI., terminates in a vertical wall, 1 ft. 3 in. 
thick, of concrete faced with brick, this wall being 
capped by a moulded concrete coping 2 ft. wide. 
From the base of this coping the bank is protected 
by a sheet of concrete 9 in. thick, faced with brindle 
bricks on edge. This extends from the foot of the 
crest wall for a distance of 19 ft. 6 in., and below 
this the protection is continued for another 20 ft. 
as a layer of concrete slabs 6 in. thick, but without 
the brick facing. 

The five large Humphrey pumps, by which the 
water is to be raised into the reservoir, were fully 
described in our issue of February 14 last. They 
are situated in an engine-house, which has been 
constructed on the north side of the embankment, 
as indicated in Fig. 2, page 348. The water to be 
pumped can be taken from the River Lea and 
also from the River Lea Navigation. A section 
through the intake channel from the latter is 
represented in Fig. 6, and of the other supply 
channel in Fig. 7. The fore bay runs along the 
northern side of the engine-house, and from 
it inlet channels provided with independently 
adjustable sluice-valves lead to the pump-pite. 
The discharge - pipes from these pumps are 
4 ft. in diameter, and, as shown in Figs. 10, 11, 
and 13, Plate XVI., they are buried on the outer 





slope of the reservoir embankment. They pass 
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through the top of the embankment and discharge 
into a basin 13 ft..3 in. wide by 52 ft. long. From 
this basin the water escapes over the crest of a 
weir and flows down into the reservoir over a series 
of water cushions, the arrangement of which is 
clearly illustrated in Figs. 10, 11, and 12. 

As has been already mentioned, although the 
central bank, which serves as a wave-breaker, is 
made of pervious material, an opening through it 
is also provided to facilitate the passage of the 
water from the northern to the southern division. 
Details of this culvert are illustrated in Figs. 14 to 
17, Plate XVI. It is constructed of concrete, as 
shown, in a trench about 12 ft. below the original 
surface of the ground. A fore bay and a tail bay, 
with concrete side walls, continue the waterway 
through the toe of the bank on each side. The 
slopes of this central embankment are, moreover, 
protected from wave action in the same way as the 
main banks of the reservoir. The protected portion 
of the slopes is pitched at a slope of 3 to 1, the 
remainder being at a slope of 4 to 1. 

The outlet from the reservoir is provided at its 
south-eastern corner, as is clearly shown in Fig. 2, 
page 348. Details of the outlet tunnel and valve- 
shafts are represented in Figs. 18 to 24, Plate XVI. 
The bank here is extended, as shown to the right 
of Fig. 18, to include the outer of the two shafts, 
but the shaft on the reservoir side comes up through 
the inner slope as indicated. The — walls of the 
fore and tail bays are of concrete, built to a batter 
of 1 to 6 on the outside, the thickness on the 
inside being reduced in steps, as represented in 
the cross-section, Fig. 19. The valve-shafts are 
10 ft. in diameter, having concrete walls, which 
have uniformly a minimum thickness of 4 ft. in 
the case of the inner shaft, but this thickness is 
reduced for the upper levels of the outer shaft. The 
two shafts are connected at the bottom by a 
tunnel of brindle brick in cement, 5 ft. in diameter, 
sunk well below the upper level of the London clay. 
The valve-houses are octagonal structures, built 
of concrete, their general c ter being best set 
forth in the enlarged detail, Fig. 21. This also 
illustrates a cross-section through the bridge which 
connects the inner valve-house with thetop of the 
reservoir embankment. This bridge is of reinforced 
concrete, the parapets being arranged to act as 
girders. In the case of the inner valve-shaft there 
are, it will be seen, two sets of valves. Those on 
the outside are emergency valves, to be used when 
it is necessary to obtain access to the inner valves 
for cleaning or repair. The brackets which support 
the spindles to these outer valves are of reinforced 
concrete, monolithic with the wall of the shaft. 
There are, it will be seen, two 36-in. pipes on 
different levels, to connect the fore bay with the 
interior of the shaft. 

Details of the 36-in. valves are reproduced in 
Figs. 24 to 35, page 349. The outer valves are of 
a type less frequently used than the inner valves. 
As shown in Figs. 26 to 30, page 349, they are simple 
discs sliding between guides, and are wedged on to 
their seats at the bottom of their travel by two lugs, 
a cross-section through one of which is represented 
in Fig. 27. The bearing surfaces are of bronze rings, 
one being secured to the seat, and the other to the 
slide, as is, perhaps, best seen in Fig. 29. 

The inner valves are of a more usual pattern, and 
are illustrated in detail in Figs. 30 to 34. Details of 
the head-gear, by which the valves are operated, are 
reproduced in Figs. 36 to 38, page 349. As there 
shown, the valves are operated by worm-gearing 
which rotates a nut engaging, in its turn, with the 
valve-spindle. An indicator, represented in Figs. 37 
and 38, shows the amount of the valve opening. 

As already stated, the reservoir crosses the old 
bed of the River Lea, and it was necessary 
accordingly to divert this river. The new channel, 
which is clearly shown in the plan, Fig. 2, page 348, 
is 55 ft. wide by 5 ft. deep, and lies on the 
eastern side of the reservoir. It is shown in 
section to the left ot Fig. 3, Plate XVI., and, as 
will be seen, has side walls of concrete. This 
cross-section also shows the catch-water channel, 
3$ miles long, which has been constructed, to 
prevent the drainage from the high lands on the 
east side of the reservoir reaching the new works. 
Below the new reservoir, the river diversion, this 
catch-water channel, and the aqueduct for taking 
off the impounded water run side by side for a dis- 
tance of nearly a mile. A cross-section through the 

is shown in Fig. 5, Plate X VI., and further 
sections in Figs. 8 and 9. The special form ado 


for the catch-water channel has the advantage of 


being self-cleaning at low rates of flow, whilst the 
great width above the benches gives a large carry- 
ing capacity when required. The benches shown 
have been put in largely to enable workmen to get 
out of the conduit easily in case of accident. 

The diversion of the has necessitated the erec- 
tion of a number of bridges. These have uniformly 
been constructed of reinforced concrete, the designs 
being prepared complete in the offices of the chief 
engineer of the Water Board by Mr. C. F. Marsh, 
M. Inst. C.E., very pleasing effects having been 
secured. 





RECENT DEVELOPMENTS IN 
BATTLESHIP TYPE.* 


By Atan H. Burcoynz, M.P., Associate. 


THE subject of this paper has frequently provided the 
basis of discussion at meetings of this Institution, yet it 
recurs with newer-ending freshness, for, though the basic 
principle of ship-type remains largely the same, the 
constant advances made in every branch of science tend 
little to settle opinions or conclusions which for many 
years now have m matters of controversy. In this 
review it is desired to trace the rapid evolution of type 
now in P particularly in as far as it touches the 
ship-of-the-line, or battleship, and to analyse the reasons 
that have led, and are leading, to a closer international 
unity of design than has hitherto obtained. This may 
be explained in by 4 curious spirit of rivalry due 
entirely to naval history, and seen in quite minor nations 
which are building vessels frankly in excess both of their 
resources and their national needs, and, also, to a com- 
me disregard in almost every case of the phical 

imitations which formerly have entered not a little into 

the consideration of those to whom the framing of = 
grammes is entrusted. To this side of the question there 
is no necessity to refer at length, but it is worthy of 
passing comment that the old distinction of first, second, 
and third-class battleships in their ry to nations 
similarly designated has disappeared, and the premier 
fighting units of quite small Powers, built or builtling, 
are now comparable on all counts to those in the front 
line of their mightiest neighbours. 

Leaving this aspect of the case, what is it that controls 
in the main the development of ship-type? The question 
is open to a variety of answers, but, accepting the axiom 
that a warship is solely a means of bringing weapons of 
destruction into contact with the enemy, or (by reason of 
their existence) preventing the solbeenk of hostilities, we 
— idly extend our argument. 

e destructive factor (gun, torpedo, &c., as the case 
may be) is therefore the primary basis. Subsidiary to 
it we find the defensive factor, and thence enter the 
realms of strategy and invoke discussion on the value 
of speed as a strategical or tactical asset. These three 
desiderata have each their claims, to the equable estab- 
lishment of which it is essential to bring into line the 
views both of the naval architect and the naval officer— 
a problem of abiding complexity. 

Opinions as to size, calibre, &c., of guns have invariably 
been controlled either by the advent of new forms of 
attack, or else by the tendency in matters of defence, 
with the result that the war betwixt guns and armour 
has been unceasing, and that from a time long before 
‘*defence” implied the sheathing of the hull, or vital 
parts thereof, with heavy metal slabs; in no phase of 
type- is the cycle of ideas better evidenced than 
in this never-ending conflict. The earliest armour-clads 
(to seta period from which —— to trace progress in 
design) were, in the main, the ships of Nelson’s day 
modified to meet new conditions. The Warrior and her 
immediate successors were admittedly experimental, and 
though, possibly, the introduction of armour-belts s ied 
up the adoption of metal-hulled warships, it argely 
synchroni with an inevitable change in building 
material already growing popular with the merchant 
service. This method, novel as it then was, of thwarting 
hostile attack on vulnerable portions of an enemy by iron 
plates, provoked immediate advances in artillery, and 
that weapon which, for many decades, had seen little 
chi , either in calibre or weight of shell, developed 
poems «A in the course of a few years out of all previous 
conception until the muzzle-loader was approaching 


100 tons in weight. The subsequent progress of the 
gun to the mt day may be outlined in a few brief 
sentences. For many years two systems of mounting 


and disposition came into conflict—in rough title, the 
turret v. the broadside. 

The latter was foredoomed immediately it became 
necessary to reconcile the growing weight of individual 
weapons with an effective arc of fire. The omega of 
turret construction in its purest sense was attained in the 
early Dreadnought, Thunderer, Devastation, and ships of 
kindred type. Apart from their four heavy wea 
mounted in pairs fore and aft, and training over a large 
area on both broadsides, these ships carried only a few 
machine guns, which, in the absence at that date of any 
real to lo menace, possessed a purpose wholly unde- 
fined. Improvementsin ae oe produced in natural 
sequence a t of craft especially fitted for its effective 
use, and change and advance in torpedo-craft, 
whether surface or submarine, has had a direct and vital 
bearing upon the armament of the capital ship, to destroy 
which they were called into being. A secondary arma- 
ment was little by little introduced, and to it was added 
a tertiary armament for man-killing purposes to which 
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to-day, with long- torpedoes and longer-range fiset 
actions, we find 40 difficult to assign a value. The ter. 
tiary armament we muy, therefore, in this connection 
ignore—the secondary armament speedily acquired a dual 
purpose. The first was to protect the ship against torpedo 
attack, the second as an auxiliary in inter-fleet actions 
to the main guns, when it was hoped that their 
quality of quick firing might not only tend to wreck 
the unarmoured parts of enemy’s ships, but, by providing 
a stream of shells, destroy on their explosion the morale 
of hostile gunners. The tendency to increase the effect. 
iveness of everything—power, speed, weight, &c.—led, as 
in the case of ships themselves, to the manufacture of yet 
larger intermediate guns fur use in the secondary battery, 
until to-day (though not all in process of mounting) many 
gun-makers’ lists show a series of calibres rising by differ. 
ences only of inches, or even half-inches, from rifle-bore 
machine-guns to weapons of over a hundred tons, 
Indeed, the secondary-battery gun of to-day would have 
proved a a se eg Ang a ship some 

ears ago, ¢.g., the 9.2 in. weapon of the King Edward 
VIL aa Lord Nelson — ‘ 

This secondary battery took its place along the broad. 
side, mounted in one or two tiers, and flanking the large 
guns, the total of which custom had fixed at four, paired 
in two turrets on the keel line, carried forward and aft, 
So, for a matter of twenty years, design remained practi- 
cally at a standstill—except, of course, such modifications 
abroad as arose from international divergence of thought. 
The above description would incorporate the larger part 
of those battleships which were built during that period 
for the majority of big Naval Powers. 

The multiplication of French torpedo-boats was the 
direct cause of creating the destroyer—a type at once 
copied by all other nations. Destroyers, from an anti- 
dote to the torpedo-boat, quickly assumed the réle of 
those units they were created to annihilate, and the 
problem presented by boats of 400 tons to over 1000 tons 
attacking contemporary large ships was of a very diffe- 
rent nature to that which constructors were called upon 
to face in “4° rarely exceeding 100 tons in dis- 
placement. Then, too, the torpedo itself had advanced 
in precision and range beyond the wildest expectations 
of ten years before, thus shortening for torpedo craft the 
period during which, in an attack, they would be within 
the danger zone of = This is one reason that led 
to the temporary abolition of the secondary armament 
in British ships; another was the increased range and 
flatter trajectory (therefore enhanced effectiveness) of 
the main armament guns, which, combined with improved 
methods of training and directing, suggested the proba- 
bility of actions being fought at distances far too great 
for the effective use of small-calibre guns as auxiliaries 
to the larger weapons. But the battleship still required 
offensive protection from the senpedio—the new idea in 
this country was for some time centred in the ocean- 
going destroyers, which have, in recent years, been added 
to our Navy in considerable numbers; these were, by 
counter attacks, to take the place of the former secondary 
anti-torpedo-craft batteries, for which, by almost general 
acceptance, the 4-in. guns now mounted form a most 
inadequate substitute. 

That the reasoning followed here did not meet with 
universal acceptance is plain from the recent designs of 
the German, Japanese, Italian, Austrian, and other 
admiralties; possibly our reversion to the 6-in. gun in 
our latest ships is a tacit if belated recognition of error 
in judgment. It would certainly be a retrogression to 
return to the days of half-a-dozen calibres; the combina- 
tion in a single hull of every gradation of naval weapon 
was a fault, the admission of which came curiously late, 
and then, to the thinking of many, swung the pendulum 
of correction too far in the other direction. The doom 
of the old idea of mixed calibres found its genesis in the 
acceptance of this axiom—that one shell that hits is 
worth any number that miss. Hitting can be obtained 
_ “ precision” in training, combined with scientific 
“observation” of the projectile’s flight, and the ‘‘spot- 
ting” of its eventual destination. The simultaneous 
discharge of a dozen different sizes of shell at the self- 
same mark gave those charged with observation but 4 
feeble chance of judging the effectiveness of individual 
calibres ; therefore, the ** effect” of a broadside must be 
accepted as a much more important factor than the 
‘*quantity ” of metal fired. A ship, bristling with 9.2-in. 
guns, would possibly fire more actual weight per minute 
than could the number of 12-in. guns capable on being 
mounted on a similar displacement, but reports of result- 
ant ‘‘effect ’ would be valueless owing to their confusion, 
whilst the lighter projectiles would lack the smashing 
power of the larger shells, a feature so essential in value 
of attack. The deductions following such considerations 
were ised in several countries at about the same 
time. In the completion of the Dreadnought we led the 
way in practical demonstration of the new idea; yet 
General Vittorio Cuniberti in Italy, Sigfrido Popper in 
Austria, and eminent designers in the United States, 
Germany, and Japan al] made suggestions during the 
parly years of the present century pointing towards the 
adoption of a ship-type mounting a single calibre for 
battle purposes. ; 

In their earliest designs contemporaneous with our 
Dreadnought, the French and Japanese did not, it 18 
true, go all the way with us; yet their Danton and Sat- 
suma classes of capital ship may not unfairly be regar ed 
in the same intermediate relation to the single-calibre 
design as stand the Lord Nelson and her sister. In the 
United States, Italy, Germany, Austria, and here (with 
several minor nations whose action smacks more of imita- 
tion than of initiation or conviction) the conversion was 
complete, and in their initial types their single-calibre 
| ships all fulfilled to a greater or lesser extent the dictum 
|enunciated by Lord Fisher of Kilverstone relative t 
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battleship armament, ‘‘ the smallest biggest gun and the 
iggest smallest = ¥ ] 

fore giving detailed attention to the main armament 
thus inaanel and its influence on defence, speed, and 
other desiderata, it were well to recall that, though con- 
siderable unity of thought in principle (if not in detail) 
was evidenced, there existed a wide divergence of opinion 
as to what calibre of gun should be retained in addition 
to the main weapons for protection against boats armed 
with the torpedo. Asan auxiliary for battle purposes the 
secondary battery had and has gone, and, with it, multi- 
plicity of calibre and resultant complexities in time of 
action; but the necessity for an anti-torpedo-craft arma- 
ment, owing to the development of mosquito flotillas, had 
increased. In the case of the United States and British 
ships the weapons provided—i.e., the 3-in. quick-firer— 
seemed more of a “‘man-killing” battery; in the German, 
Japanese, Austrian, and other designs it might be termed 
a“boat-stopping” battery. Where one gained in ayaa 
of discharge the other gained in weight of projectile fired. 
For us the 4-in. gun has recently, up to the Iron Duke 
class, sufficed ; one argument inst a rise in size, put 
forward by Mr. McKenna when First Lord of the 
Admiralty, was that the change from a 4-in. calibre to a 
6-in. calibre would add 2000 tons to the displacement of 
the vessels then under discussion. Such a reason is not 
likely to weigh either with the naval architect or the 
naval officer, both of whom have only one desire—namely, 
to obtain the finest and most efficient unit that it is 


TABLE I.—TABLE TRACING THE EVOLUTION 


| 4 The disposition of a number of main 
guns, to avoid “interference,” called for increased length. 

5. The practicability of turbine propulsion for the 
mightiest units su , in its sensible application, an 
advance in the hitherto accepted standard in battleship 


speed. 

With these five requirements as a ground-work, five 
main designs (there may have been others) are known to 
have been evolved. 

(A) The Dreadnought in Great Britain. 

(B) The Satsuma in Japan. 

(C) The Michigan in the United States. 

(D) The German Admiralty design, subsequently aban- 
doned for the Nassau class. 

(E) The forecasts of General Cuniberti in Italy. 

In each case a pacaran, bags go the whole way was clearly 
evidenced ; it is easy to be wise after the event, but it is 
fair to assume that with even a single year more of study 
of the problems, each design set up would have led to their 
abandonment as not fit to the practical needs of the 
time. Thus, in (A), the claims of the anti-torpedo-craft 
armament were almost entirely ignored ; in (B) the desire 
not to abandon old ideas too quickly is easily apparent ; 
whilst (C), with the fault of (A) strongly present, retained 


tively obsolescent mode of propulsion. (D) and (E) never 
materialised, and for exactly opposite reasons. The 
German design was out-distan at its inception, the 





Italian suggestion leapt ahead of invention progress, 


(Date or Launon GIveEn.) 


(as did all from (B) to (E)) the disadvantages of a rela- | be 


lesser extent, (b) by the number that can be mounted in a 
single gun-emplacement. Although the number of guns 

ble of effective control has not definitely been deter- 
mined (it varies in ships built or building from eight to 
fourteen), their disposition is reaching temporary finality 
in every country, é.¢., along the centre line. 

The dispositions follo by certain nations may use- 
fully be detailed :— 

1. Great Brrrain.—Dreadnought, Bellerophon, and 
St. Vincent clases, ten guns paired in five turrets ; three 
on centre line and one on either beam. 

Neptune class, ten guns paired in five turrets ; three on 
centre line and two écheloned. Orion, King George V., 
and Iron Duke classes, ten guns of increased calibre, 
paired in five turrets on the centre line. : 

Queen Elizabeth class, eight guns of further increased 
calibre, paired on the centre line. . 

2. AusTRIA.—Viribus Unitis class, twelve guns in four 
triple turrets on the centre line. > 

3. France.—Danton class, four large guns paired on 
centre line, and twelve lesser guns, six on each 
broadside. : ig 

Jean Bart class, twelve large guns paired in six turrets ; 
four fore and aft, on the centre line, and one on each 


am. 
Provence class, ten large guus paired in five turrets on 
the centre line. 

Languedoc class, twelve large guns in three quadruple 
turrets. 





OF THE BRITISH CAPITAL SHIP. 





Iron hulled ironclads 


Wooden hulled ironclads 


Unarmoured wooden hulled sailing ships——-Armoured Kinburn batteries 
. Wooden hulled ironclads 


Iron hulled ironclads 








Broadside, aden 1860 


Northumberland, 1866 
Central battery, Hercules, 1867 
Sultan, 1870 
pat 1875 


| 
Broadside, Prince Consort, 1863 


Lord Warden, 1865 


Twin -turrets, 


Devastation, 1871 





| 
Superb, 1875 


5a 
Soft ends, Collingwood, 
Royal Sovereign, 1891 
Magnificent, 1894 


Complete belt, Nile, 1888 


| 
eavemen 1898 





| 
King Edward VII., 1903 
Lord Nelson, 1906 


Dreadnought, 1906 


hatever the reasons were that influenced the over-long 
retention of the lower calibre, the adoption of the 6-in. 
weapon now adds yet further to the ee of design 
at home and abroad, which will be emphasised yet more 
when we deal with the heavy guns. 
numerical augmentation of the main armament 
may be traced in its inception to a variety of causes. 
First we find, as already noted, the natural tendency to 
progress in all directions in the matter of secondary arma- 
ments, _— to a stage where the distinctions between 
the main and subsidiary guns are almost lost. Next 
come considerations of detemen and the realisation that 
though, given sufficient thickness, armour can always 
t the gun, it may be at the expense of initia] outlay in 
construction owing to necessarily . = tonnage. A third 
point—here we enter once again the realms of contro- 
versy—was the acceptance of the turbine system of pro- 
pulsion as being superior to the reciprocating engine and 
the natural desire not to loee the superlative advantages 
of speed offered to the nation that first enemy 
accepted the tenets of the new era. Speed is not by any 
js wholly the outcome of power—it is also due toa 
lose study of thip form. The correlative value of these 
maby considerations—and there were others—led to this 
conclusion : that persistence in aset design had produced, 
: the later years of the last century, stagnation in 
fee epment, and the proper forward move would savour 
of revolution than of catching up ground already 
. The deductions arrived at might, perhape, be sum- 
Marised as under :-— 
az The raison d’étre of a battleship being to annihilate 
hot merely to injure, the value of a secondary battery 
“#auxiliary to the large guns had disappeared. 
16 acceptance of this tendency to increase in big 
kur calibre, weight of shell, muzzle-velocity, and striking 
~8y, ®n Increased ratio of defence was essential to 
maintain battle-worthiness. 
. ne necessity of a greater weight of armour, of con- 


catration of force in the main guns (probably in the 


: 
Central battery and barbettes (turrets), Téméraire, 1876 
| 


| 
Neptune, 1909 


ble to devise for the purposes of maritime warfare. | 





n of j i i 
required bigher displa — as well as increased calibre) 





it b 1875 | 


1882 Sans Pareil, 1887 


Fore and aft, Cerberus, 1868 Single turrets, aq 1872 


Conqueror, 1881 


pry 
Turret, Royal Sovereign, 1864——Early coast-defence turret, Scorpion, 1864 


1 | 
Two turrets in — Monarch, 1868 
Turrets en echelon, Inflexible, 1876 


Ajax, 1880 


Colossus, 1882 


} 

____ Swift battleship Armoured cruiser | 
| | 

Duncan, 1901 Cressy, 1899 | 

| 

Drake, 1901 | 


Complete belt, Triuraph, 1908 


Single-calibre ships 


—— turrets on centre line 


Minotaur, 1906 





| 
Complete belt, Black Prince, 1904 


Battle cruiser 


| 
Inflexible, 1907 


| | 
King George V., 1911——Princess Royal 1911 


Queen Eliza’ 1913 


and therefore remains a striking testimony to the pro- 

hetic genius of its author. A little national pride ma 
meee oned me if I submit that, of the five, the D - 
nought was undoubtedly the most practicable compromise 
of them all. 

In the followin 
detail ; the particu 
lining cry type.” 


table no attempt is made to give 
are only for the purpose of out- 

















5 
= «~. | @. cc. | mw. | © 
Displacement ..| 17,900 19,350 16 000 | 16500 | 17,L00 
“tas me. a... tons | tons 
Engines .. --|Turbine ro- yy \. 
| cating | cating | cating one 
Designed speed ..|21 knots) 20 knots /18} kts. /18 knots/24 knots 
Belt maximum ..| 11 in. 9 in. llin. | llin. | 12 in. 
Main guns. |10 12-in. {16 19-in. \ ig 12-in. |6 11-in. |12 12-in. 
Anti - torpedo- | < “. = ‘“ Pit 
os arma-» lo7 3-in. | 12 smaller | 22 3-in. |£0 3.4-in 12 3-in. 
| Qt Q. Q. Q. Q. 














* Jane's “‘ fighting ships,” 1903. t Or.ginal ai mament. 

With the acceptance of thece ideas as formulating 
“*type” came this further consideration—how best to 
utilise the value of each gun carried ? 

Cuniberti’s ship, despite her numerically superior arma- 
ment, would, owing to its disposition, have been identical 
in broadside fire both to (4) and (C) ; of her twelve guns, 
four were masked on eac ide, and of the Dread- 
nought’s ten weapons, two were masked. 

This introduced an old problem in a new form ; was it 
better to have in this wise a certain percen of the 


4. GrRMANY.— Nassau and Ostfriesland classes, twelve 
yuns paired in six turrets; two fore and aft, on centre 
ine, and two on each beam. 

Kaieer class, ten guns paired in five turrets, three on 

centre line, and two écheloned. 

E. Weiscenburg class, ten guns paired in five turrets on 
the centre line. 

5. Iraty.— Dante Alighieri, twelve large guns in four 
triple turrets on the centre line. 

te di Cavour class, thirteen large guns in three 
triple and two double turrets on the centre line. 
_ 6. Japan.—Aki class, four large guns paired on centre 
line, and twelve lesser guns paired six on each broadside. 

Fuso class, eight (or ten) large guns paired on the 
centre line. 

7. Russ1a.—Sevastopol class, twelve guns mounted in 
triple turrets on the centre line. 

U.S.A.—Micbigan class, eight guns paired in four 
turrets on the centre line. 

Delaware and Utah classes, ten guns paired in five 
turrets on the centre line. 

Wyoming class, twelve guns paired in six turrets on the 
centre line. 

Texas and Nevada classes, ten guns of increased calibre 
paired in five turrets on the centre line in Texas, in two 
triple and two double turrets in Nevada. 

Pennysivania, twelve guns, as above, paired in six 
turrets on the centre line, or in four triple turrets. 

The conclusion arrived at is, that the centre-line dis- 
position by general consent presents the most efficient 
combination ; certainly it has removed many structural 
disadvantages found in the éch/lon principle, and per- 
mitted a more effective placing of the anti-torpedo-craft 
batteries. So far, then, we find agreement. et a new 





larger armament in reserve, or, by a centre-line or a 
centre-line-plus-échelon disposition, to give full broadside 
valne to a lesser number of guns, and utilise in ether | 
directions the weight saved by their reduction? In con- | 


sidering this phase of the subject, there are the two main | clase. 


complication was already in existence as the cutcome of 
a ance of the hattle-cruiser. It isa truism to 
remark that the development of one class of ship tends 
not infrequently to its incorporation in quite another 
torpedo-boat of to-day is | , faster, and 


points calling for special attention—(1) the size of the | better armed than man nym wy still in service; the 


gune, and (2) their disposition. 


The second of these | destroyer in its t form (Swi 
is regulated (a) by the total number carried, and, to a Condell, 1430 tong; Umikaze, 1150 tons; Novik, 1260 tons) 


t, 2170 tons; Almirante 
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and profits suffer. He knows that the only way of ade- 
quately providing against this loss is by the adoption 
of such proportions as will deal with air leakage con- 
tingencies. 

A warship presents a somewhat different problem by 
reason of limitations of weight, space, and economy of 
steam under varying loads and conditions of service, the 










Fig.1. THE EFFECT OF VACUUM 
ON THE POWER OF A STEAM TURBINE. 


' { § 
iididi 


: 2 t t e t 2 


Bit WE 





Redaction in Power by Fall tre Vacuum trom.25h to27f 









































RECIPROCATING AIR PUMPS 





















































Fig.3. WET 2 ORY INDEPENDENT SYSTEM 
2) 
i 
are! * 
1 or } 
i: 3 
“GS 
= 
ZW 
4 
Piha fe S 
$553 nas 
es 
=: =~ NE 
Ssuee 3 
\ ‘\ 4 
cageag * = 


extremes being maximum power at full speed and harbour 
duty at rest. The only margins allowable in this problem 


of obtaining the greatest power from a given weight of | 


machinery, and a given quantity of fuel, are those which 
are essential to efficiency and safety under the most 
severe conditions in actual warfare. Compare, for in- 
stance, the conditions of the feed-pumps with those of 
the air-pumps on a warship, and the relative consequence 
in the event of the breakdown in action of a feed-pump 
and an air-pump, If a feed-pump breaks down entirely 
there is merely a temporary inconvenience, as ample pro- 
vision is always made in the boiler-feed system for such a 
contingency. Ina military sense the consequences would 
be nil, as the speed of the ship would be unaffected. Not 
so with an air-pump. If an air-pump break down, the 
warship at once becomes a slower and less reliable unit, 
unable to respond to the s expectations of her com- 


manding officer, and in addition there are the mechanical 
risks due to the extra water-lead to be sustained by the 








other air-pumps which may be available for parallel 
working. Fortunately the total mechanical breakdown 
of an air-pump is a rare occurrence, but the danger, of 
course, is always present. Therefore, in view of the inevit- 
able loss in propelling power from an accident, which would 
in many cases affect the vacuum system asa whole, and of 
the consequences which might result therefrom, a reason- 
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condensing plant, it would nevertheless have a detri- 
mental effect on the speed of the ship. 

The vacuum system comprises every part under the 
influence of vacuum, and what is accepted as an air-tight 
system is one in which every joint, gland, valve, cock, or 
other connection is capable of resisting the admission of 
any air. The condition is arrived at in practice by a 
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ably adequate factor of safety becomes imperative. Next 
in importance to a breakdown of the mechanisn of an air- 
pump comes its breakdown in adequacy of air-withdrawing 
capacity, should there be such a disturbance of the normal 
air-tightness as would cause the quantity of air to exceed 
that with which the air-pump can deal without a drop in 
vacuum. It should be noted that although such a dis- 
turbance would generally affect only one section of the 











Fig. 2. RECIPROCATING AIR PUMPS. 
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AIR WITHDRAWN BY COMBINED 
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process of tuning-up, which means exercising the greatest 
possible care in workmanship, going over all the joints an 

connections with paint or varnish, and carefully exam'ning 
every fitting, including even the cocks and union nipples 
of the vacuum gauges—a difficult and tedious task, 
Admiralty contractors know full well. If the oir-pans 
capacity of the ship is determined on the basis of id¢ ed 
daneene, then unless such ideal tightness is achieve : 
there can be no improvement except by driving the air 
pump in excess of the regulation limit, an expedient a 
is admittedly unsatisfactory. The all-important ques = 
is: Will ideal air-tightness be maintained under 
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severe conditions of war, and, if not maintained, can the 
possible leakage at once be located and stopped? My 
reply, based on long experience with high-vacuum 

lants of the highest class, would be in the negative, as I 
— found it futile to expect continued maintenance of 
ideal tightness. Insidious leakage always commences, 
and the invariable opinion of engineers in charge of high- 
vacuum plants is that air leakage is sooner or later inevit- 
able, and generally very difficult indeed to !<vate. If 
such is the position on land, what may be exp=cted under 
the severity of the conditions of vibration, shock, and 
stress certain to be associated with anavalac.ion? Under 
peace conditions the position never mes serious, as 
the standard of maintained excellence on a warship is 
extremely high, as is also the standard of the personnel. 
It is in war time that this question will me acute. 
The endurance of every man has its limit, and what the 

hysical condition of the engineering personnel after a 
ew days of war in deadly earnest will be is a question 
the reply to which we all pray may be long deferred. 

I wal here refer those to whom my fears may appear 
exaggerated or groundless to Fig. 1. In the next naval 
war in which modern ships are en it will be relia- 
bility of performance which will tell. It is not enough 
that a ship has travelled at her designed speed ; it is 
rather that such precautions are taken that she will travel 
at that speed when required, notwithstanding trifling 
departures from the normal. 

Having set forth the essential contention of this paper, 
it will be useful to refer in a general way to types of air- 
pumps which embody distinctive features, in order to 
ascertain to what extent an air in can be provided 
consistently with the exacting requirements of the prob- 
lem. The air-pumps in the British Navy are of the 
reciprocating type, although a rotary one, on the kinetic 
principle, was recently fitted on a torpedo- boat. 

In 1908 the writer, in a paper which he had the honour 
of submitting to this Institution, on ‘‘ The Influence of 
Air on Vacuum in Surface Condensers,” dealt at length 
with the advantages obtainable by what is known as a 
“cooled dry air-pump.” , . 

In 1909 the Admiralty adopted the air-pump shown in 
Fig. 2. It consists of twin wet and dry reciprocating 
pumps of the ordinary foot-and-bucket valve type, 
driven by one steam cylinder and levers in the ordinary 
way. ‘The wet barrel withdraws the water, and the 
so-called dry barrel the air, the feature of interest being 
that the air delivered by the dry barrel into its discharge 
chamber passes through a loaded valve into the wet 
barrel between the bucket and the delivery valves, and is 
discharged thence with the condensate in the ordinary 
manner. This valve is loaded to 41b. per sq. in., and 
therefore the load on the bucket of the dry barrel is 
lessened, thus favourably influencing the power required. 
The air-withdrawing capacity of the dry barrel is practi- 
cally unaffected by the reduction in discharge pressure, 
and in this system the pumps are not independent. : 

Fig. 3 represents another system of wet and dry reci- 
procating air-pumps. The wet and dry barrels, the 
water-cooling a: ement, and, indeed, all details are 
broadly similar in Figs. 2and 3, except that in Fig. 3 the 
dry pump delivers direct to the atmosphere. The wet 
and dry barrels are therefore independent in every way, 
so that in the event of the breakdown or derangement of 
either pump, the other can withdraw both air and water 
from the condenser. The vapour withdrawn from the 
condenser with the air, and discharged by the dry pump 
as water, may be taken from the discharge chamber by a 
small plunger pump driven from the lever and delivered 
to the feed tank or elsewhere as desired. In each of these 
systems (Figs. 2 and 3), the whole of the water is with- 
drawn from the condenser by the wet barrel, and as the 
amount at full power is considerable, and in a seaway 
erratic in supply, it follows that the speed at which the 
pumps can be driven with safety is governed by the water 
considerations of the wet pump. This is termed the 
Admiralty limit speed, and must not be exceeded on a 
warship full-power trial. 

Fig. 4, page 354, shows a semi-rotary system, whereby 
the water is withdrawn by a small] rotary pump, working 
incombination with reciprocating pumps, thus rendering 
both barrels of the reciprocating pumps available for 
withdrawing air. When in harbour, or when cruising at low 
speeds, the rotary pump may be stopped, and the water 
and air withdrawn on the wet and dry system, as in Fig. 3. 

Fig. 4 also shows a safety device placed between the 
rotary and reciprocating pumps, so that, in the event of 
a sudden stop of the rotary pump, the water would 
be automationtly and gradually delivered to the recipro- 
cating pump, thereby preventing shocks. This safety 
device is of value in combination with any reciprocating 
Water-extracting pump, particularly in a heavy seaway, 
when sudden gluts of water are inevitable. 

The semi-rotary system (Fig. 4) involves the use of a 
centrifugal water-extracting pump, driven by either a 
small steam-turbine or an electric motor. For a con- 

ser dealing with steam from a 10,000-horse-power 
main turbine the horse-power would, even with a consider- 
margin, not ex 10. Whatare the advantages? 

For example, let us take the air-withdrawing capacity 
of a pair of wet and dry pumps (Fig. 2) at the regulation 
number of strokes per minute. e air-withdrawing 
capacity of a set of pumps on the semi-rotary system, 
with the same diameter om stroke, is acnenl by about 
50 per cent. Moreover, in the semi-rotar system, as 
th barrels draw air only, and each barrel is supplied 
With « constant and uniform quantity of sealing water 
Per stroke, the regulation number of strokes per minute 
can be increased by at least 50 percent. without affecting 
the margin of safety and durability. Therefore, by the 
addition of a small centrifugal pump, the ultimate air- 


Withdrawing capacity is more than doubled. Anether 


extreme severity, for instance, at full power in a heavy 
seaway, the factor of safety on the reciprocating air-pump 
mechanism is constant. ere are neither shocks nor 
jars due to gluts of water in irregular supply, the working 
of the pumps is smooth and regular, and is totally 
unaffected by the variable quantity of condensate. In 
harbour, or when it is not necessary to work the rotary 
pump, the operation of a change valve enables the reci- 
procating pumps to be converted from parallel working 
as dry air-pumps into the wet and dry system, whereby 
the air-pump duty under light loads is maintained with a 
minimum consumption of steam. 

Fig. 5 shows a type of “‘ head and pressure ” condensate 
pump, which is very reliable in practice. There are two 
impellers—the first discharges into an air-separating 
chamber at or about the normally maintained suction 
level of the second pump. From this chamber extends 
a vertical stand-pipe, which is connected at the top to the 
condenser. No lodgment of air is possible in this pump. 
It will work under a suction-head of as little as from 6 in. 
to 9 in., and is designed to meet marine requirements. 

The steam economy of such a small turbine as 10 brake 
horse-power is low, so that an alternative drive for this 
pump would be by an enclosed water-proof electric motor, 
thereby favourably influencing the steam consumption. 





fig 8. 
IROINARY WET AIR PUMPS. 
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There can be no question as to the great increase in air 
capacity obtainable by this semi-rotary system, and not- 
withstanding all that Fig. 1 may mean to a warship, 
it might be legitimate to reduce the size of the recipro- 
cating pumps by an amount which would weg in 
part for the weight of the small centrifugals. That, how- 
ever, is a question which must be left to the decision 
of naval experts. Another feature of this semi-rotary 
system is that it can be fitted in existing ships with a 
minimum of disturbance and cost. Whenever the system 
is tried in this manner the advantages at full power, and 
ially in a seaway, will be found to be very con- 
siderable when compared with the pure reciprocating 
system, the inherent defect of which is the extremely low 
volumetric efficiency of the wet barrel as a withdrawer of 
both air and water. 

The designer of warship machinery when considering 
any new development naturally hesitates before recom- 
mending a radical change, as there are so many require- 
ments which have to be met, but the semi-rotary system 
of air-pumps involves not so much a change as anaddition 
—viz., a very small motor-driven centrifugal added to 
known and existing air-withdrawing apparatus. By means 
of this small addition, the available air capacity at the 
full speed of the ship is more than doubled, the factor of 
safety of the existing mechanism is considerably increased, 
and the admitted steam economy for harbour duty is 
retained. Moreover, the semi-rotary system is a step for- 
ward towards the realisation of the we rotary system 
—viz., the rotary water extractor. t us suppose, for 
instance, on a 30,000-horse-power cruiser there were four 





feature of advantage is that even under conditions of 





such centrifugals weighing collectively with pipes 4 tons ; 








again, let us suppose a fall in vacuum by air of only 1 in. 
Such a fall would involve an effective loss of about 20 tons 
of coal per 24 hours, or five times the weight of the appa- 
ratus. In other words, the entire weight of the apparatus 
would be represented by the coal wasted in 24 hours by a 
fall of about } in. in vacuum, caused by insufficient air- 
pump capacity. 

Sir Charles Parsons’ well-known system of combining a 
steam-jet air-withdrawing device with a reci ting 
air-pump, the steam from the jet being condensed in 
an intermediate surface-condenser, has frequently been 
described in the Transactions of this Institution, and is 
well known to be a highly efficient apparatus. 

Fig. 6 shows in diagrammatic outline a rotary air-pump 
which withdraws the air by water films discharged from 
a turbine-wheel. If sea water is used for air-expelling 
purposes, the water resulting from the condensation of the 
vapour necessarily withdrawn along with the air is lost. 
Another feature is that the theoretical limit of vacuum is 
not the barometric pressure, but the vacuum corre- 
sponding to the temperature of the sea water used for 
alr-expelling purposes. 

Fig. 7, 354, shows a complete rotary system 
whereby the air is withdrawn and discharged by means of 
the kinetic energy of combined steam and water jets. It 
is in extcnsive use on land, and has been sanctioned and 
is under construction for one of the light armoured 
cruisers at present building. An outstanding feature of 
the apparatus is that the air-expelling medium is the con- 
densate, so that the entire heat of the steam-jet, together 
with the vapour withdrawn from the condenser, is 
absorbed and conserved. There is no loss of heat and no 
loss of water ; in fact, neglecting radiation, the thermal 
efficiency of the system is unity, and, what is very im- 
portant, the basis limit of rarefaction by the apparatus is 
the barometric pressure. The condensate is withdrawn 
by a centrifugal pump and into a circulating 
receiver, from which it flows to the feed-tank. The air 
is withdrawn from the condenser by a steam-jet, and the 
aerated steam is discharged into a chamber in which 
condensate is sprayed by — jets, thereby presenting 
a large water surface by which the steam from the jet is 
condensed, and on which the air is, as it were, auto- 
matically deposited. The resultant highly aerated water 
is delivered to an annular water jet in the base of the 
chamber by which it is discharged. An ordinary centri- 
fugal pump draws water from the circulating receiver, 
and delivers it to the spraying jets and to the annular 
air-expelling jets. The steam-jet is supplied from the 
closed exhaust system ; therefore the apparatus becomes 
in effect an exhaust steam feed-water heater, but before 
heating the water the exhaust steam is usefully employed 
in withdrawing the air from the condenser. The centri- 
fugal pump is driven by a small turbine, there being no 
other moving mechanism whatever. In a 30,000-horse- 
power cruiser there would be, say, four sets of apparatus, 
the water horse-power of each sot being about 30. 

It is well known that the steam consumption per horse- 
power of smal] steam-turbines is high compared with that 
of a reciprocating engine, such as is used for driving the 
wet and dry reciprocating pumps, but when exhausti 
into the usual closed exhaust system about 70 per cent. o 
the work of which the steam, as delivered to the small 
turbines, was originally capable is still available for 
generating power on the low-pressure section of the main 
propelling turbine. In this connection it may be mentioned 
that the exhaust from this small turbine is dry, so is in 
an eminently suitable condition for admission to the main 
turbine, whereas the exhaust from the reciprocating 
engine is super-saturated. The apparatus is fascinating, 
because it is completely rotary, and, being so, it is uniform 
with the main turbines; it is also very simple. As a 
remover of highly rarefied air, such, for example, as is 
associated with 28}-in. vacuum, it is ideal. The air capa- 
city of the four sets referred to is, at 284-in. vacuum, 
more than double that of the ordinary ins tion of wet 
and dry reciprocating | my = usually fitted on a 30,000- 
horse-power cruiser. The system is essentially one for 
vacua over 26 in., and the higher the vacuum the more 
strikingly efficient it is, provided in all cases the con- 
denser is of suitable design. 

In order to obtain reliable data, a very exhaustive 
series of tests has been made on reciprocating air- 
pumps. The design meets Admiralty requirements, 
and is in accordance with recognised first-class prac- 
tice. The method of testing adopted was the usual 
one of withdrawing from a receiver into which air is 
admitted in known quantity, and through which water 

in known quantity, and at known temperature. 

he results obtained from such tests are, of course, not 

identical in a quantitative sense with what might be 

expected from a condenser in actual operation ; they, 

nevertheless, permit of exact comparisons being made. 

The pumps were arranged to work on the following 
systems :— 

(a) Water withdrawn by wet barrel and air by dry 
barrel, both discharging to atmosphere. 

(6) Water-barrel discharging to atmosphere and air- 

rrel against pressures below atmospheric. 4 

(c) Both barrels withdrawing sir in parallel as in semi- 

rotary system. 
The temperature of the water passing through the wet 
barrel ranged from 70 oF to 120 deg., and that passing 
through the dry barrel from 50 deg. to 90 deg., thereby 
covering all the conditions met with in practice. Refer- 
ring again to the basis example—viz., 284 in. condenser 
vacuum with 55 deg. sea-water, and assuming the con- 
densate to be 80 deg.—the conclusions are as follows :— 

The air-withdrawing capacity of the dry barrel is about 
three times r than that of the wet barrel. There is 
no measurable difference in the quantity of air withdrawn 
by reducing the discharge pressure from atmospheric to, 





say, 4 lb. absolute. If both barrels are worked dry in 
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rallel, as in the semi-rotary system, the air capacity 
a minute is one-half ter en on the wet and d 
system at the same number of strokes per minute. Wit 
both barrels working in parallel as air-barrels at a number 
of strokes minute 50 per cent. greater than the regu- 
lation strokes permissible on the wet and dry system, the 
smoothness of working is at least equal to that obtained 
by the wet and dry system at the regulation strokes, and 
at this increased s the air-withdrawing capacity is 
more than doubled ig. 8, page 355). 4 . 

Fig. 9 is a section of the apparatus on which experi- 
ments were made on air withdrawal by the kinetic energy 
of steam and water jets. The temperature of the con- 
densate was again assumed to be 80deg., and 5 deg. were 
added for heating by the steam jet, so that the tempera- 
ture of the water in the eon | tank was maintained 
throughout the tests at 85 deg. water horse-power 
of the centrifugal pump supplying the jets was 33. With 
no air se tely admitted, and with water at 85 deg. 
passing through the jets, a vacuum of 29.8 was main- 
tained with barometer at 30 in. A vacuum of 28} in. 
was maintained under the above conditions with an air- 
admission of 50 cub. ft. per minut Av of 28 in. 
was maintained under the above conditions with an air 
admission of 65 cub. ft. per minute. This result is beyond 
the requirements of ordinary practice, and was made to 
illustrate the possibilities of the system. , 

Having reviewed the question of air margin for 
air-pumps, the position I venture to submit for con- 
sideration is as follows :— : 

There is an ascertainable and minimum quantity of air 
passing through a turbine system to the boiler, as air in 
suspension and solution in the feed-water, and from the 
boiler into the condenser as air in the steam, this quan- 
tity being based on the assumption that the joints, &c., 
in the vacuum system are absolutely air-tight. If at full 
power the capacity of the air-pumps at the specified 
vacuum is on this quantity of air, the pumps may 
be said to have no air margin. In view of the influence 
of vacuum on power and of the influence of microscopic 
air leakages on vacuum, is it or is it not desirable to 
provide warship air-pumps with an air margin at full 
power, and if so, what should the air margin be, rela- 
tively to the normal quantity of air ing through an 
air-tight system per unit weight of feed- water ? 

In conclusion, I may say that my endeavour has been 
to set forth within the limits of a paper the influence of 
an =o ag on the military efficiency of a turbine-driven 
warship. It is a subject which shoulda 1 alike to the 
naval constructor, the naval engineer, and the command- 
ing officer. Its consideration brings into prominence the 
far-sighted policy of the new scheme of naval traini' 
whereby all the officers in H.M. Navy will have pass 
through an engineering course, and be able in the future 
to review professionally the many subtle problems 
involved in that wonderful aggregation of mechanism, a 
modern warship. 








Royat AaricutturaL Socrety’s SHow at BRIsTou. 
—lIntending exhibitors in the Implement Department 
are reminded that the entries close on ursday, 
March 20. 





CanapbiaAn INDUSTRIAL EXHIBITION ASSOCIATION.— 
The directors of this Association have decided to hold 
their sixth contest in agricultural motor competition. 
These competitions have demonstrated to the practical 
farmer the superiority and cheapness of mechanical 
horse-power over that obtained by horses. What they 
have been to and incidentally to the manufac- 
turer, may be gathered from the Customs returns of the 
Dominion, where in 1907, the year before these contests 
started, Canada imported 533 traction engines, valued at 
588,234 dols.; in 1908, the date of the first contest, 698 
were imported, their value being 1,034,172 dols., and in 
1912 this had grown to 3851, value 6,043,723 dols. 
Arrangements have been made to utilise the same ground 
ploughed in 1910, but which has not had any work done to 
itsince. Rules and conditions governing the contest will be 
issued shortly, but in all particulars they will be practi- 
cally the same, with the exception of a few changes in 
the Further information can be obtained 
from Mr. A. W. Be and Secretary, 
at the Chamber Princess-street, 
Winnipeg. 


Commerce, 1 


Tue Moron Oodster ‘“ Istzrorp.”—The Isleford, 
built nem Ardrossan Shipbuilding and Dry Dock Com- 
y, Limited, has a length of 149 ft., by 25 ft. 6 in. 
fom by 11 ft. deep, carrying’ 480 tons deadweight on a 
draught of 9 ft. 1lin, mean. The propulsive power is 
derived from one set of 320 - brake - horse-power, four- 
cylinder Bolinders direct-reversible heavy-oil marine 
engine running, when under full load, at 225 revolutions 
~ minute, on a consumption of about 18.5 gallons of 
uel-oil per bour. A finnel carries away the ex 
from the main engines, The result of this motor instal- 
lation has been increased carrying capacity to the extent 
of about 60 tons. Fuel is carried in four tanks situated 
in the engine-room—two on either side—and these are 
coupled to a 150-gallon service-tank. The trial trip con- 
sisted of twelve hours’ continuous running, during which 
time the vessel was taken over the measured mile, when 
& speed—the mean of four runs—of 8.95 knots was ob- 
tained. The best run was 9.89 knots. The motor was 
tried from full speed ahead to full speed astern and 
reversed in 15 seconds, and the ahead way was brought 
up to astern way in 1 minute 15 seconds. The engines 
were then run slow, the revolutions ahead and astern 


being 120 and 180 respectively. The vessel completed a 
compete circle in 2} minutes, the radius of the circle 
being twice the vessel’s length. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


Tue Institution of Naval Architects opened their 
meeting at 11.30 a.m. on Wednesday last, the 
Marquis of Bristol, President, occupying the chair. 
The proceedings were commenced by the Secretary 
reading the report of the Council for 1912, which 
we summarise below. 


Report oF Councit. 


The total number of new members of all classes 
elected at the last spring meeting was 98 ; the 
reductions during the year due to death, resigna- 
tions, &c., were 115, so that a slight reduction had 
resulted in the total membership, which was now 
made up as follows :—Hon. Members, 18; Mem- 
bers, 1220; Associate Members, 216; Associates, 
495; and Students, 144; total, 2093. The Insti- 
tution had lost one of its most prominent members 
by the death of Sir William White, K.C.B., 
F.R.S., Hon. Vice-President of the Institution. 
Other losses during the year had included Mr. 
James Dunn, Mr. Clement Griscom, the Right Hon. 
Lord Furness, Admiral J. J. Latoire, Mr. H. H. 
Lilliehook, Chevalier Ede Mackino, Engineer Rear- 
Admiral Corner, C.B., Messrs. Thomas Andrews, 
Clement Mackrow, J. W. Shepherd, Andrew Horn, 
and Captain R. F. Scott. 

Mr. A. F. Yarrow had given 1500l. for the per- 
manent endowment of the ‘‘ Institution of Naval 
Architects’ Scholarship, and had suggested that 
the annual value of these scholarships should be 
increased to 1001. each. The Council had deter- 
mined to make up the deficiency, and hoped that 
would stimulate interest in the movement. The 
a for the past year had been awarded to 
Mr. W. J. Drummond, a private student of the 
Royal Naval Ccllege, Greenwich. The Post- 
Graduate Scholarships of 200/. per annum had been 
awarded by the Royal Commissioners of the 1851 
Exhibition this year to Mr. P. Brimblecombe, 
B.Sc., who has entered upon a research course at 
the Armstrong College, Newcastle-on-Tyne. 

The Council had elected Sir W. E. Smith, C.B., 
to represent the Institution on the Board of the 
Imperial College of Science and Technology in the 
place of Engineer Vice-Admiral Sir John Destin, 
and also on the Engineering Standards Sub-Com- 
mittee for the testing of shipbuilding materials. 
At the Twelfth International Congress of Naviga- 
tion, held in Philadelphia, the Institution was repre- 
sented by Mr. J. Foster King, while at the Sixth 
International Congress of the Association of Testing 
Materials, held in New York, it was represented by 
Mr. Stevenson Taylor, one of the representatives of 
His Majesty’s Government being Dr. A. Denny. 

The Titanic disaster had led to the appointment 
of a Special Commission, of which the President 
was assisted by Professor Biles, Vice-President of 
the Institution. In addition, two Committees had 
been appointed ns ag Board of Trade: one on 
Bulkheads, under Dr. A. Denny, and one on Boats 
and Davits, under Professor J. H. Biles. The first 
was entirely composed of Members of the Council of 
the Institution, while on the second five members 
of the Institution were serving. The draft rules 
relating to Safety at Sea, which were submitted by 
the Board of Trade to Parliament last October, gave 
rise to much criticism, and the Council had appointed 
a committee under Sir W. E. Smith to report on 
suggested changes. As, however, shipowners and 
others had already made strong representations to 
the Board with regard to necessary modifications, 
the Council had not carried the matter further. 

It had been decided, at the invitation of the 
Institution of Engineers and Shipbuilders in Scot- 
land, to hold a summer meeting in Glasgow this 
year, from June 24 to 27. The annual Gold Medal 
for 1912 had been awarded to Admiral Sir Reginald 
Custance, K.C.B., K.C.M.G., for his paper on 
‘*The Military Principles Which Bear on Warship 

ign.” Premiums had been awarded to Professor 
Giimbel (Member) for his r on ‘‘ The Torsional 
Vibrations of Elastic Shafts,” and to Mr. A. 
Cannon (Associate Member), for his paper on ‘* The 
Effect of Internal Fluid upon a Ship's Stability.” 
These awards were subsequently presented, except 
in the case of Professor Giimbel, who was unavoid- 
ably absent. 


ELECTION OF OFFICERS. 


After the report had been adopted, the names 
were read out of the list of Vice-Presidents 





appointed for the year. They were as follow :— 








Lord Pirrie, me mg Vice-Admiral Sir J. Durs- 
ton, ‘Engineer Vice-Admiral Sir H. J. Oram, Sir 
Philip Watts, Sir W. T. Doxford, Sir C. A. 
Parsons, fir W. E. Smith, Professor J. H. Biles, 
Mr. H. J. Cornish, Dr. A. Denny, Mr. A. Gracie, 
Mr. R. H. Humphrey, Mr. J. T. Milton, Mr. 
S. P. Thearle, and Mr. A. F. Yarrow. In addition 
there have been elected: As Vice-President, Mr. 
S. W. Barnaby ; and as Members of Council, Mr. 
P. T. Caird, Mr. H. R. Champness, Mr. G. J. 
Carter, Rear-Admiral G. G. win, Mr. J. 
McKechnie, Sir James Marshall, Mr. J. R. 
Perrett, Mr. E. H. Tennyson D’Eyncourt, Pro- 
fessor J. J. Welch, and Engineer-Commander 
Winsom ; and as Associate Members of Council, 
Admiral Sir R. Custance, K.C.B., Sir J. A. Ewing, 
K.C.B., and the Right Hon. Lord Inverclyde. 


Tue PRESIDENT’s ADDRESS. 


The Marquis of Bristol, in delivering his presi- 
dential address, first referred to the loss the nti 
tution had sustained by the death of Sir William 
White. The Navy owed much to his genius 
and devotion, but the greatest debt was due to him 
with regard to the splendid work he did for the 
advancement of the scientific side of naval archi- 
tecture. It was hoped that the members of the 
institutions with which he had been connected 
would institute some permanent memorial to his 
services, and that whatever scheme was adopted, it 
should be one of practical utility to the profession. 
The statistics with regard to construction in 1912 
were most remarkable in view of the industrial 
unrest prevailing throughout the country. The 
discontent had been a source of anxiety to those 
engaged in the management of our great industries, 
and shipbuilding had not been free from that cloud. 
Wages were still tending to rise, and while that 
was not grudged to the workers, there was always 
the — of reaction later, when prices and wages 
would fall to meet a falling demand. The average size 
of vessels continued its increase and would tend to 
do so in future, the economic advantages of large 
ships having now been clearly recognised. Since 
the successful start made by the Selandia more 
than ten other ships, ranging up to 7000 tons dead- 
weight capacity, and of 9 to 114 knots, had been 
completed. At that moment there were thirty-five 
vessels with internal-combustion engines, building 
at home and abroad, aggregating 151,000 tons and 
113,000 horse-power. The question of liquid fuel 
supply was being investigated by a Commission, and 
he hoped it would be possible to make such results of 
their efforts public as would give some guidance 
to those who to design marine engines of that 
type. The stimulus given by the introduction of 
internal-combustion engines had been reflected in 
other directions, as, for instance, the development 
of gearing transmission for turbines. 
heir programme for the first time included 
papers on aircraft construction. British progress 
in that direction had been hampered by lack of 
Government encouragement and funds. The 
industry was one in which we should lose no time 
in taking a foremost place. A new weapon had 
come into existence. As in the motor and sub- 
marine industries, which at first were greatly handi- 
capped here, but had subsequently developed to 
a commendable extent, he hoped that line of work 
would develop also. It deserved wider recognition. 
The problems connected with it were well suited 
to those conversant with problems of naval archi- 
tecture and marine engineering. The naval posi- 
tion, which was for the moment secure, continued 
to be a question of great responsibility to the 
Government of the day. It was fortunate, not 
only that we had been able to bear the required 
taxation, but still more so that the Over-Seas 
Dominions had now come to the assistance of the 
Mother Country inthis matter. Our distant pos- 
sessions, once a weakness, had now developed into 


a source of a 

He regretted that there had been a tendency of 
late years to discourage the contribution of papers 
by those holding positions of responsibility 
Government service. Though it was certainly no 
good to divulge information likely to be detri- 
mental to the interests of the country, it was p0s- 
sible to go too far in withholding information. It 
was inedlvisable to lose opportunities of er 
knowledge of the principles underlying nav: 
warfare, and the highest evelopment could only 
be reached by putting matters forward for open 
criticism and ucastlin. The closer relation 
between designers and those who used the vessels 
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was also to be commended from that point of view, 
as it would be sure to bring about better results. 


Recent DEVELOPMENTS IN BatTTLesHip TYPE. 


The first paper, bearing the above title, was then 
read by its author, Mr. Alan H. Burgoyne, M.P. 
We reprint this paper in full in our present issue. 
It will be found on page 350. 

The Right Hon. Earl Brassey opened the dis- 
cussion. He said he had no doubt been asked to 
speak as the Nestor of the meeting, but, in the 

nce of so many authorities, it would be pre- 
sumptuous of him to enter into technical matters. 
It was his pleasing duty to thank Mr. Burgoyne 
for his paper. He had shown that British ships 
and British construction were second to none, and 
were outclassed by those of no other nation. Carp- 
ing criticism of our Navy was out of place, but none 
the less one could not overlook the ever-growing 
cost and dimensions of warships. It was well to 
remember that we could never build an invulnerable 
ship. Any type would be open to torpedo attack 
at night. He thought it might be profitable to 
hesitate before further increasing the dimensions 
of ships. In future we might do wisely in adding 
to their number rather than to their size. Also in 
the future we must not overlook aerial weapons. 
There was one element of our Navy which must 
always remain dominant—that was the personnel. 
In the past we had put a trust in the men of our 
Navy which had never been betrayed. This must 
and would continue in the future. 

Admiral Sir Reginald Custance was the next 
speaker. He thought ita happy thing that a layman 
should read a paper on a subject of this class, 
as it compelled professional dealers with it to put 
their ideas into simple and clear language. Mr. 
Burgoyne had included a quotation from him (the 
speaker) towards the end of his paper, and, in oppo- 
sition to the idea that the main object of battle 
was to disable the enemy’s personnel and silence 
his guns, had submitted that the main object was 
toshatter and destroy a part of his matériel. He 
(the speaker) did not differ from this, but it was a 
difficult thing to do at the outset of an action. The 
point he had been dealing with in the passage 
quoted was that the main object of battle was to 
disarm the enemy. This was an accepted military 
principle. The difference between the two schools 
of thought was that while one said the object was 
toannihilate the enemy, the other said the object 
was to disarm him. In considering this subject he 
had examined the facts of actual warfare. e had 
found that in every case an enemy had been dis- 
armed before he had foundered—before he had been 
annihilated. Time was everything in war, and it 
took less time to disarm than to annihilate. 

Continuing, Admiral Custance said that he 
thought opinion on this subject had been misled 
by the ‘single blow” idea, which had been current 
for forty years. The ram was an embodiment of 
the “ single-blow ” idea, so was the Whitehead and 
the big gun. The difficulty was to bring a single 
blow to bear ona ship in motion. In practice it 
had not proved possible. In respect to the big- 
gun phase of the single-blow idea, he thought 
opinion was misled by exaggerated ideas of the 
accuracy of fire at sea, and of the effect of a single 
shell. A great number of hits were required to 
knock out a ship—to disarm her. The guns and 
men were scattered over a ship, they were not con- 
centrated in one spot, and a single hit could not 
disable the ship. Not only were a great number of 
hite required, Pat an enormous number of. shots, 
owing to the inaccuracy of fire in action. This 
really brought us back to the secondary armament, 
and it seemed that he agreed with other schools as 
to the need of that armament. 

Where he really differed from others was in 
Tespect to the size of the primary guns. On what 
aap was this size settled ? e trusted his 

carers would not be outraged if he said that he 
did not attach very great importance to the question 
of the perforation of the thickest armour. There was 
not very much of the thickest armour, and most of 
What there was was at the water-line. You need 
tot perforate this to disarm a ship. He doubted 
it Was even n to perforate the gun armour 
% put the guns out of action. He could not under- 
the principle on which armour was applied. 

feat as the object of armour which could be per- 
crated by the primary guns, and yet was unneces- 
me thick to repel attack by the secondary guns ? 
statement in the paper that ‘‘ the adoption of 

* gun calibre beyond the 13.5 in. and 14 in. had 


quite as much negatived the value of the belt 
thickness of the Queen Mary as did the advent of 
the 13.5 in. and the 14 in., the belt thickness of the 
Invincible,” was not accurate. The belt thickness 
of the Invincible was only 6 in., and had alwa 


been ss by primary guns. The same held 
for the ought up to distances of 7000 to 
8000 yards. 


In conclusion, Admiral Custance dealt with 
questions of s . The paper stated that speed 
may be bought too dearly. is was obvious, and, 
of course, he agreed. ta comparison be made 
between the Orion and the Lion. The relative 
figures were as follow :— 


ii Orion.” iT) Lion.” 
22,500 tons. 26,400 tons. 
750 men. 980 men. 
ten 13}-in. guns. eight 13}-in. guns. 

21 knots. 28 knots. 


What did these figures mean? You were sending 


with eight guns, to fight 750 men in a ship of 
22,000 tons, with ten guns. The 980 men with 
eight guns had to beat an enemy with ten guns. 
The paper said, ‘‘rich nations could afford such 
ships,” and referred to them as luxuries. He said no 
nation could afford such luxuries. War was con- 
cerned with necessities, not with luxuries. It 
would be noted that the of the Lion was 
obtained by the sacrifice of both guns and armour. 
He objected to the sacrifice of the guns, not of the 
armour. 

Professor J. H. Biles continued the discussion. 
He said that om reading the paper he had not been 
very hopeful that it would occasion a very illumina- 
tive discussion, but if it had only produced Admiral 
Custance’s contribution, it would have more than 
justified itself. He thought that at the present 
day there was a great lack of papers of this 
class from those most competent to give them. 
Doubtless this was in part a result of Ad- 
miralty policy, but this state of affairs contrasted 
markedly with the pre-Dreadnought period, when 
they had many such papers presented. The 
question as to who initiated the Dreadnought idea 
had been raised by this paper. General Cuniberti 
had received much kudos in this connection, but he 
would point out that in the early ‘nineties, designs 
embodying eight big guns were submitted to 
various governments. They were not accepted 
because similar types of ships were not being built 
by the British Government. He would, if possible, 
like someone to indicate what consideration had 
been given to the big guns on the centre-line idea 
at the time the Dreadnought was decided on. 

He was reluctant to say much about Admiral 
Custance’s ideas, as he hardly felt himself com- 
petent to deal with them. He usually felt that 
Admiral Custamce kept much of his argu- 
ment back and hardly told them all he knew. 
He was not clear what position Admiral Cus- 
tance allotted to the secondary armament. 
He seemed to regard it as a fighting arm, but 
surely it was no good at fighting range. He (the 
speaker) understood that it was still a torpedo 
arm. He wasalso not clear what position Admiral 
Custance took up with respect to armour. Did he 
intend todo away with it altogether, or did he look 
upon present practice as correct? Then, again, in 
connection with the comparison between the Orion 
and the Lion, why should not a scheme of strategy 
be ible in which the superior speed of the ship 
with the smaller number of guns could be utilised ? 
He may have misunderstood the matter, but 
Admiral Custance seemed to assume that both 
ships would have to perform the same service. 

Rear-Admiral R. Hf. Bacon was the next speaker. 
He was grateful to Mr. Burgoyne for his able 
paper. He knew no similar statement of the 
question so clear and precise. He would like to 
deal, in the first instance, with the remarks of 
Admiral Custance. There was a di ment 
between Mr. Burgoyne and Admiral Custance as 
to whether it was better to destroy the matériel 
or the gun-power of a ship. It seemed to 
him that the two matters were so intimately 
bound up that it was hardly necessary to draw dis- 
tinctions. The difference between the two schools 
lay in the method of destruction to be employed. 
The method of his school was to employ bigger 
explosives. By this means you were more likely to 
disable a ship, and as the bigger explosives were 
what they relied on, they be age to the fire of the 





big guns being interfe with by the fire of 


to sea a crew of 980 men in a ship of 26,400 tons, | pre 


Admiral Custance had dealt with the question of 
armour. If you cannot penetrate armour, you 
cannot hurt either men or guns. The material use 
of the secondary armament was to keep up the 
armour on ships. By having secondary armament 
you must have armour to keep shells out. The 
question rose as to whether secondary armament 
was any use against torpedo attack. He hardly 
thought so. It might keep torpedo- boats at a respect- 
able distance, but still within a vulnerable range. 
By employing a secondary armament of 6-in. guns 
the range was made longer than would otherwise 
be the case. Personally, he thought the 6-in. guns 
would be better placed on auxiliary vessels rather 
than on battleships. A battleship was at one time 
complete in itself. It was not now, and must have 
torpedo craft to keep other torpedo craft at a dis- 
tance. On the question of speed, he agreed with 
Admiral Custance that the sacrifice of two guns for 
5 knots seemed a t loss, But would one be 
to send a whole fleet—the whole strength of 
the nation—into warfare with no speed to pick up 
the strength of the enemy. Unless you build fast 
ships you will have ships of other nations of the 
seas with no ship which can catch them, At the 
time the two Cunarders were subsidised the idea 
was purely to have two ships of superior speed in 
relation to the ships of other countries, even 
though, as in this case, the armament was negli- 
= We must have ships which can overtake, 

ght, and sink ships of other nations. 

Admiral 0. C. P. FitzGerald was the last speaker 
in the discussion. He said that he was afraid he 
had hardly heard the greater part of what had gone 
before, but in any case he was hardly likely to 
repeat anything that had been said by either Bar! 
Brassey or Admiral Custance, as he had disagreed 
from their ideas on naval subjects for many years. 
He thought the paper so bristled with contentious 
matter that, like a hedge-hog, one hardly knew 
where to take it up. There was a point near the 
end of the paper which he might refer to. A com- 
parison was made between a cruiser and a battle- 
ship, and the question raised as to whether an 
increase of 6 knots in speed was worth the sacri- 
fice in guns and armour it entailed. This seemed 
rather like comparing cavalry and infantry, and 
asking if three men are worth wags Mg + they 
cannot go as fast as a horse. r. Burgoyne 
referred to battle-cruisers as luxuries. He did 
not think they were luxuries any more than 
cavalry was a luxury. One must have cruisers for 
fast wing squadrons. To com battleships and 
cruisers was rather like asking how many dogs 
were worth a cat. In conclusion, he would note 
that Mr. Burgoyne had quoted Admiral Custance 
to the effect that ‘‘the main object of battle is to 
make the enemy believe that he is beaten.” He 
submitted that an even better object was really to 
beat him. If you smashed him up or torpedoed 
him he would not have much doubt as to whether 
he were beaten or not. 

Mr. Burgoyne then replied to the discussion. 
He said he had written the paper with great 
diffidence and with the idea of provoking discus- 
sion. He thought the Institution could be con- 
gratulated as to the result of this latter idea. He 
did not propose to enter into any technical 
remarks, his object had merely been to break the 
ice, and in a measure he thought he had succeeded. 
He would like to say, however, that Admiral 
Bacon’s remarks came as balm from Gilead. For 
many years now he had received nothing but 
broadsides from him. 

The President then proposed a vote of thanks 
to Mr. Burgoyne, and after it was carried the 
meeting adjourned for lunch. 


Tue INFLUENCE oF Arn-PuMpPs ON THE EFFICIENCY 
or Tursine-Driven WARSHIPS. 

On reassembling after lunch, the paper taken 
was that by Mr. D. B. Morison, entitled ‘‘ The 
Influence of Air-Pumps on the Military Efficiency 
of Turbine - Driven Warships.” This paper is 
reprinted in extenso in this week’s issue of Enat- 
NEERING. Before the ordinary discussion was 
taken, two communications on the subject were 
read by the Secretary, the one from Mr. Frederick 
Sargent, Chicago, and the other from Professor 
R. L. Weighton, of the Armstrong College, New- 
aitontibak These two communications we 
reproduce below. Mr. F. t wrote :— 


First of all, it was to realise the economic 





smaller arms, 


value of vacuum before the importance of the question 
could be appreciated. Diagram 1 in Mr. Morison’s 
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caused a 6 per cent. loss in power. at was 
broadly correct, but the higher the vacuum the ter 
the gains, provided the turbine was suitably bladed. 
In his own practice he adopted 29 in. as a standard 
for large installations. In winter a higher vacuum 
could be carried, and therefore increased economy re- 
sulted ; whilst in summer, when the vacuum was lower, 
the scheme of blading automatically became more liberal, 
and therefore relatively more economical. 

The aim of the electrical-power engineer was to produce 
electrical energy at the lowest cost, and as a fall in 
vacuum from 29 in. to 28 in. increased the coal bill by 
about 64 per cent., it might be taken for granted that no 
effort was spared first to attain, and then to maintain, 
the highest ible vacuum consistent with the tem- 
perature conditions geodon. 5 rah i5 

He agreed with Mr. Morison that ideal air-tightness 
could not be attained except the workmanship was of the 
highest class, and could not be maintained unless by 
great care and constant attention on the part of the 
operating staff. Even under such conditions air leakage 
was at times inevitable and often required a long search 
to be located and stopped. In view, therefore, of the 
economic effects of , it was undoubtedly sound 
practice to provide an air-withdrawing capacity from two 
to three times greater than that which was associated 
with ideal conditions of air-tightness. 

In land practice the problem was commercial and the 
loss merely money, but in naval practice the problem was 
one affecting the military efficiency of an entire warship. 
The loss of power due to a fall in vacuum was definite and 
known, but the effeet on a warship of a loss of power, it 
might be at a critical moment, was unknown ; it could, 
however, be imagined. 


Professor R. L. Weighton wrote as follows :— 
He was a convinced advocate of greater air-withdrawing 
capacity for the a of war vessels than that in vogue 
at the present time, and he therefore wished to support the 
contention in Mr. Morison’s paper. Mr. Morison 
his argument on the plea that, with ——— as now pro- 
portioned, the speed of the ship would fall off when- 
ever certain abnormal circumstances arose, and he further 
asserted that that falling off might be obviated, or at any 
rate mitigated, by a uae in the air-pump installation 
involving a very slight addition indeed to the total weight. 
While perfectly agreeing with Mr. Morison as far as he 
went, he would be inclined to go somewhat further, and 
his advocacy of enlarged air-withdrawing capacity 
on a double plea. Enlarged air-pumps might be looked 
upon not only as a form of insurance against loss in 
certain contingencies, but also as an investment which 
would, under all circumstances, normal or abnormal, 
yield a return of far more than cent. per cent. Air- 
Gempe for war vessels would seem at present to be 
imensioned for operating on an absolutely air-tight 
system ; the only air to be dealt with came over with the 
steam. Under these conditions a comparatively small 
air-withdrawing capacity would yield a result which had 
come to be regarded as satisfactory. That might be 
referred to as the minimum air-capacity pump. Obvi- 
ously the slightest air-leak overwhelmed such a pum 
and the vacuum fell. A pump above the minimum will 
cope with slight air-leaks without any fall in vacuum at 
all, and when the air leakage exceeded what might be 
called ‘‘ slight,” the enlarged pump would prevent the 
vacuum from falling to the extent it would otherwise 
do. There was, however, an additional effect due to 
the enlargement of the pump. Under normal, air- 
tight, and full-power conditions he had always found 
that an addition to the air-withdrawing capacit 
above the minimum, as just defined, was associated witi 
a definite increase of vacuum, the extent of the increase 
depending on the extent of the addition to the pump and 
the condenser conditions, There was, of course, a limit 
to that, but the limit was far beyond anything likely to 
be proposed or admissible in war vesse In dealing 
with the effects brought about by enlarged air-pum 
therefore, we should include that augmentation of the 
vacuum under normal air-tight conditions, as well as its sus- 
tentation, underabnormalor special air-leakage conditions. 
In war vessels the determining factor was weight. 
The loss of speed referred to by Mr. Morison as due to 
a fall in vacuum to the extent of 1 in. might be consider- 
able or it might be little, according to the maximum 
speed of the vessel, but, however much or little it might 
be, it was presumably of value; otherwise the designers 
would not have provided the machinery weight required 
to secure it, In stating the problem in terms of weight, 
he assumed, in the case of a 30,000-horse-power war 
vessel, that the ratio of horse-power to total weight of 
propelling machinery in tons was 20to 1. That figure 
im conjunction with the other data found in the paper 
itself enabled the following deductions to be made. 
By the expenditure of an extra 4 tons on the air- 
pumps, the possible los; of the power equivalent of from 
70 to 90 tons was insured against, under air-leakage con- 
ditions likely to arise in active service, and under air- 
tight conditions a return was obtained which represented 
the power equivalent of some 20 tons. In other words, 
the expenditure of weight in raising the efficiency of 
apparatus at the lower end of the scale of pressure was 
vastly more fruitful in power production and, therefore, 
of speed return, than was an equal expenditure on 
apparatus at the higherend of such scale. Within limits, 
each ton invested on the air-pumps above that required 
for the minimum yielded in power a five-fold return, and 
each ton so invested formed at the same time an insur- 


bP set forth that a fall in vacuum from 
in. 





ance covering a power and speed equivalent of from 18 to 
23 tons. 

Professor J. H. Biles opened the discussion by 
stating that it was ouly since the introduction of 





the turbine, with which high vacuum was desirable, 
that naval architects had become really familiar with 
theair-pump. The paper would be of value to those 
in the engine-room, and to all interested in the speed 
of ships. The subject resolved itself into what was 
the experience as regards loss of vacuum from air 
leakage. If the loss were small, the subject was not 
of importance ; if great, it was of very considerable 
bearing, and it would be interesting if the men who 
had experience of everyday conditions at sea would 
give them information on that subject. While the 
vacuum obtained might be good at first, it might be 
poor later, and great care was not only necessary 
to obtain, but to maintain, a good vacuum. It was 
important from the point of view of military 
efficiency, and if it was possible to obtain informa- 
tion as to Italian experiences during their recent 
war operations on the maintenance of vacuum in 
action, it would be most valuable. If there were a 
loss, it became a question whether large enough 
pumps could be fitted. The author suggested a 
means of adding to air-pump capacity while not 
a adding to their size. 

r. A. E. Seaton was the next speaker. He 
said the paper raised in his mind the thought that 
our nomenclature needed revision. The author spoke 
of a back pressure of 28 lb., but did not say whether 
that was absolute or gauge. The word ‘‘vacuum ” 
was indefinite unless reference were made to the 
barometer. He thought the use of ‘‘ absolute” 

ressures preferable. The fact that the ordinary 
indicator-card was taken with atmospheric back 
pressure was no objection in that connection. It 


based | W88 important to have spare pumps in warships, he 


thought. In old war-vessels they had had them 
until their improved reliability had allowed them 
to drift into the policy of discontinuing them. That 
had been brought about largely by the introduction 
of the independent air-pump. In the old system 
of direct-driven pumps they never knew when leaks 
occurred until there was a bad drop in vacuum. 
With the independent pump set to work as slow as 
possible consistent with the vacuum, a fall in 
vacuum due to leakage was at once noticeable. 
He would recommend two pairs of moderate-sized 
pumps, each sufficient for moderate speeds, so that 
the second could be brought into use as needed. 
The reciprocating pump had quite a future before 
it yet—everything nowadays tended to the use of 
rotary motion. Teteny pumps were already used 
for boiler feed against 200 lb. pressure, and the 
small centrifugal would, no doubt, replace the 


P; | reciprocating pump ultimately. 


Mr. William Weir said the author seemed to think 
that there was either no air margin, or that it 
was insuflicient. He contended, however, that air 
margin was not only desirable but necessary, and 
that it was provided. The diagram showing loss 
of power by loss of vacuum in the paper was carried 
too far. A fall to 20}-in. vacuum was quite un- 
heard of exceptas aresult of accident. Air-leakage 
was most important; ideal tightness was seldom 
achieved, but a reasonable tightness was commonly 
attained, and it would be unreasonable to design 
pumps to meet conditions inconsistent with good 
workmanship. His experience was that after the 
personnel had settled down on board an improve- 
ment was generally found and maintained. No air- 
pump weakness had been disclosed under service 
conditions. The opinions expressed in the paper 
did not coincide with those deducible from modern 
condenser design. The modern pumps met condi- 
tions mentioned by the author successfully, in addi- 
tion to others not mentioned by him. The author 
suggested three new methods. The first, twin 
wet and dry pumps, was handicapped by an increase 
in steam consumption and by greater complication, 
the pump suggested also Lovien been designed 
without reference to recent knowledge. The semi- 
rotary system would introduce greater complica- 
tions than would larger pumps of the usual type. 
The complete rotary system was not simple. It 
was undesirable for warships and uneconomical. 
It took 180 per cent. at full load to 300 per cent. 
at cruising _— increased steam consumption 
than the usual system. The steam-jet was objec- 
tionable and the heat conservation not possible. 
A cooler would be necessary for cruising speeds. 
If rotaries were to be used drawing from low-pres- 
sure turbines arranged horizontally, they would 
have to be placed tically in the bilge, which 
was most undesirable for high-s machines. 

Engineer Rear-Admiral W. J. Anstey said that 
the author's diagram of loss of power was rather 





misleading. The engineer was concerned with the 








steam used and what its effect would be if turned 
into the main turbines. It would be six times the 
amount shown for the power required for the 
pumps. The whole question hinged on coal, and it 
would have been an advantage if figures reduced to 
coal could have been given in the paper. The author 
stated that the air-pump was the most important 
factor in the maintenance of high military efficiency, 
That was not strictly true. ere had been cases 
of fan failures on destroyers, for instance, resulting 
in greatly reduced speed. Again, the author com- 
pared the air-pump with the feed-pump. That was 
unfortunate. Efforts were being made rather in 
the direction of reducing the feed-pump than of 
increasing the air-pump. If feed-pumps broke 
down on destroyers, a loss of power resulted. The 
conditions of the pumps were vastly different. 
The feed-pump worked in a dirty stokehold and 
at high pressures. The air-pump worked under 
favourable conditions comparatively. With regard 
to maintenance of vacuum he could not understand 
why electrical engineers got into such troubles, 
Engineers on board usually improved on the con- 
ditions of the full-power trials, and reduced the 
number of double strokes required to maintain the 
vacuum. The question of that maintenance was 
simpler now than formerly. The closed exhaust 
system was responsible for that. It was essential 
with turbines, and therefore a lot: of the former 
troubles were at once cut out. The author's dia- 
gram, comparing the value of various systems, was 
of no value without theship forms. If constructors 
would allow more space, he was afraid that other and 
more pressing claims would be brought forward than 
those presented by Mr. Morison. The maintenance 
of a tight vacuum system was simpler than that of a 
high-pressure steam system. For his semi-rotary 
system the author suggested an electrically-driven 
pump. That was undesirable, and the use of elec- 
tricity for such a purpose would only add to the 
present risks that are introduced by a failure 
due to the destruction of circuits. The rotary 
system was certainly fascinating. The Admiralty 
had recognised it, and they would welcome any 
solution of the present troubles from excessive 
consumption. The author’s diagram comparing 
systems could not be taken as based on steam con- 
sumption. That was a most important aspect of 
the whole system. 

Mr. E. Hall-Brown said the paper needed to be 
considered broadly. The efficiency and power of 
turbines depended on the vacuum, and was inde- 
pendent of the power expended in driving the 
pump. The loss at the turbine was, he thought, 
correctly shown in the author’s diagram. The 
dependence of turbines on vacuum for efficiency had 
never been so clearly stated as the author had putit 
when he said that 1 Ib. pressure loss at the con- 
denser end was equivalent to a loss of 9% Ib. 
pressure at the boiler end. The air-pump efficiency 
had been lost sight of, and all attention paid to 
discussions on condenser efficiency. The old box- 
type of condenser would condense steam, but 
unless the pump would withdraw the air the 
vacuum could not be maintained. It was un- 
doubtedly difficult to maintain an effective vacuum. 
The question was worth consideration what it would 
cost to ensure a moderate amount of leakage 
being dealt with, such as would arise from small 
defects which could not be dealt with under ser- 
vice conditions. Professor Weighton pointed out 
that an addition of 4 tons at one end was equivalent 
to a saving of 90 tons at the boiler end. That was 
important. Even from the point of view of an 
investment it was worth considering. If it were 
possible to make sure that the disablement of one 
pump would not affect the — of the ship, within 
the weight limits which could be allowed, the sub- 
ject deserved thought. The age of reciprocating 
machines was passing. The rotary type would come 
in, whether in the form of turbines which were more 
or less inefficient, or in some other form. _ 

Professor W. E. Dalby said that the main con- 
tentions of the paper were so well put that they did 
not need support. The ultimate solution was 4 
compromise. The use of wet and dry air-pumps 
required that the air should be dealt with at the 
lowest possible temperature, in order to deal with 
it in a state of maximum density, while the water 
had to be dealt with at as high a temperature 4s 

ible, in order not to have to heat the feed. 
t justified the use of two cylinders. He wou! 
like to know how the author had obtained his 
figures for the comparative value of the different 
systems. Inthe second case the author showed an 
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improvement of 3:1. If air were cooled from 
40 deg. Cent. to 10 deg. Cent. in the second case, 
the effect would be in the proportion of 218 to 233, 
which was 1:1.1, and not 1:3. He thought, 
therefore, the pressure in the two cylinders must 
be different if the author’s figures were correct. 
How, by separating the work, did the author 
increase the air-withdrawing capacity from 1 to 3? 
The author dealt with normal air leakage and with 
air margin. Would he be pre to state what 
was normal leakage and what should be the margin 
allowed? Until rates for these were decided upon 
condenser design would remain a rule-of-thumb 
system. He agreed that pressures would be better 
measured from absolute zero. That system had to 
be used in thermodynamics now; if the change 
suggested by Mr. Seaton were adopted, it would be 
of advantage. 

The last speaker was Mr. J. M. Allan, who 
regretted that there was no definite point of com- 
parison used in the paper. The author had main- 
tained 99.25 per cent. efficiency of vacuum on testing 
plant. With service conditions the normal ranged 
from 96 to 974 per cent., so that there was a differ- 
ence of 2} per cent. between performance under the 
two conditions. The author’s first diagram was not 
really so bad as it appeared. When it was remem- 
bered that all below 274 in. was outside normal 
range and might have been left out, it became 
reasonable. Even 274 in. was too low, and the 
power shown for 28} in. was not abnormal. The 
difficulties with regard to tightness were non- 
existent. With skilled workmanship, from the 
earliest work in the shop to the last touch on 
board, all such difficulties were quite overcome. 

Mr. D. B. Morison, in reply, said that the 
object of the paper had been achieved, as it had 
brought out a good discussion. Air-tightness could 
not be maintained in land practice of the highest 
class. The first authorities in England and 
America accepted that fact. Mr. Sargent recom- 
mended pumps of a size two to three times that 
associated with tight conditions. Mr. Merz pro- 
vided three to four times the withdrawing capacity 
called for by the Admiralty. If in commercial 

lants such conditions were necessary, what should 
be the case in warships? If ideal tightness could 
be maintained in times of war, there was an end of 
the matter ; but under prolonged war conditions he 
thought there was no question that it could not be 
maintained. In the late war he understood 
that turbine vessels had failed from that insidious 
leakage, and the personnel were soon overwhelmed 
with work. No one in war time would be subject 
to such stress as the naval engineer, and it would 
be advisable, therefore, to make conditions as 
favourable for him as possible. Professor Weighton 
had pointed out that 90 tons of boiler plant were 
required to produce the power represented by 1 in. 
difference of vacuum. It was advisable to protect 
that 90 tons by 3 or 4 tons at the condenser end. 
In his paper of 1908 he had made what he thought, 
all would agree, to be some contribution to the in- 
formation then available on the subject. The results 
of the researches at the Armstrong College had not 
been available to engineers before. He thought the 
condensate would soon be withdrawn by a centri- 
fugal pump. At Hartlepool they had the complete 
apparatus with which his results had been obtained, 
and he would place it at the service of any member 
if they cared to conduct tests on it. Engineer-Rear- 
Admiral Anstey had referred to aerated water. If 
air and water were passed through a pipe, the air 
would concentrate and form a core. They there- 
fore introduced a tube under the discharge-tube 
shown in his figure to remove this central core. By 
this means 90 per cent. of the air was disposed of. 
He thought some standards should be arrived at. 

The meeting then adjourned till Thursday morning. 


THe ANNUAL DINNER. 

The annual dinner of the Institution was held in 
the Connaught Rooms, Kingsway, and was very 
largely attended. The President occupied the 
chair, and gave the usual loyal and patriotic toasts, 
Admiral C. C. P. Fitzgerald and Lieut.-General 
J. H. Bor responding for ‘‘ The Naval and Military 
Forces of the Empire.” The Right Hon. Viscount 
Hythe proposed ‘‘His Majesty’s Dominions Over- 
Seas,” and the Hon. Thomas Mackenzie, High 

missioner for New Zealand, responded. The 
r expressed the desire of the over - sea 
imions to contribute to Imperial defence, 


sad advocated some form of representation in a 


Empire. He expressed a strong conviction in 
favour of the Navy being Imperial in the fullest 
sense of the term. Sir J. Alfred Ewing, K.C.B., 
F.R.S., proposed ‘‘ Our Guests,” of whom a large 
and distinguished company were present, including 
representatives of many kindred institutions, of 
the Board of Admiralty, with the Naval Attachés 
from Germany, America, Russia, Italy, Austria- 
Hungary, Japan, Brazil, and Sweden. His Excel- 
lency the Chilian Minister, Sefior Agustin 
Edwards, and the Right Hon. the Lord Provost 
of Glasgow, replied. The toast of ‘*The Presi- 
dent” was proposed by Sir Samuel Evans, Presi- 
dent of the Admiralty Court. 


Proceeptnes ON Marca 13 anp 14. 


Members reassembled at 11.30 a.m. yesterday, 
and also attended an evening meeting, which com- 
menced at 7.30 p.m. The following papers were 
read and discussed :—‘‘ Mechanical Gearing for the 
Propulsion of Ships,” by the Hon. Sir C. A. 
Parsons, K.C.B. ; ‘Compressed Air for Working 
Auxiliaries in Ships Propelled by Internal-Com- 
bustion Engines,” by Mr. W. Reavall; ‘‘ The 
Energy Systems Accompanying the Motion of 
Bodies through Air and Water,” by Professor 
J.B. Henderson ; ‘‘The Calculation of Stability 
in Non-Intact Conditions,” by Professor W. S. 
Abell ; ‘‘ Notes on Modern Airship Construc- 
tion,” by Baron A. Roenne ; and * The Longitu- 
dinal Stability of Skimmers and Hydroplanes,” 
by Mr. J. E. Steele. Sir C. A. Parsons’s paper, 
entitled ‘‘ Mechanical Gearing for the Propulsion 
of Ships,” is reprinted elsewhere in this issue. In 
subsequent issues other papers will be reproduced 
in extenso, while the discussions at Thursday’s 
meetings will be given in our columns next week. 

To-day there are again morning and evening 


taken :—On ‘‘Large Deck-Houses,” by Mr. J. Foster 
King ; ‘“‘ Methodical Experiments with Mercantile 
Ship Forms,” by Mr. G. S. Baker; ‘* Launching 
Declivities of Ships, and their Influence Upon 
Poppet and Way-End Pressures,” by Mr. A. Hiley ; 
‘**Stresses on Stayed Cylindrical Shells,” by Mr. 
C. E. Stromeyer ; ‘‘ Distribution of Stress Due to 
a Rivet in a Plate,” by Professor E. G. Coker 
and Mr. W. A. Scoble ; ‘‘ Stresses in a Plate Due to 
the Presence of Cracks and Sharp Corners,” by 
Mr. C. E. Inglis. These papers and the dis- 
cussions thereon will be dealt with in subsequent 
issues of ENGINEERING. 


(To be continued.) 





BUCKET DREDGER FOR NIGERIAN 
TIN DEPOSITS. 

Messrs. Werr Conran, Limited, of Haarlem, 
Holland, have just despatched to the order of the Jos 
Tin Area (Nigeria), Limited, the first of two bucket 
dredgers to work on the Nigerian tin deposits. This 
dredger is illustrated on page 360. 

In a comparison they have made between a tin and 
a gold dredger, Messrs. Werf Conrad, Limited, state 
that the chief differences between the two lies in the 
washing plant. A tin dredger usually contains a 
double set of transverse tables fitted under the screen, 
these tables serving practically only for —— the 
tin ore with sand and water on to the longitudinal 
tables, which form the washing tables. Double vertical 
angle-bars are riveted to the sides of these tables for 
placing wooden riffles at intervals of about 6 ft. When 
working, the tin ore gradually accumulates behind 
these riffles, and these latter are made higher as the 
tables are filled with ore. The total quantity of ore 
remaining on the tables may be 50 tons or more, but 
the vessel has always to be kept in trim. For this 
reason tin dredgers are built with large ballast-tanks 
at the stern below the tables and above the water-line, 
the distribution of the loads on the dredger being so 
arranged that the vessel lies with a normal draught 
fore and aft when the tables are clean and the ballast- 
tanks full. During the filling of the tables the water 
from the tanks is released through a set of valves, and 
whilst the tables are being cleaned up the large water- 
pump can be used to refill the ballast-tanks. 

In order to separate the tin ore from the sand, it is 
n to stir up the flow on the tables. Mechanical 
devices have been tried for this purpose, but they have 
hitherto proved unsuccessful. Their first cost and 
upkeep were too great in comparison with manual 
bons and their action was not so thorough as the 
latter. 

Tin dredgers are built generally higher than gold 
dredgers, in order that the ends of the longitudinal 
tables may be at such a height above water that they 
do not touch the tailings. This also allows the 





uly Imperial Parliament for each unit of the 


necessary height for the provision of a simple shoot 


meetings, at which the following papers will be} P° 


at the end of the screen to carry off the stones 
ety far aft to keep the doolgnr free of the 
tailings. 

The dimensions of the dredger we illustrate are 
the following :—Length, 82 ft.; beam, 33 ft.; depth, 
4 ft. 5 in. at the sides. The draught is about 
2ft.9in. The hull of the dredger is built of steel, 
and is constructed as two pontoons with a well for the 
bucket-ladder between them. Bulkheads divide each 
pontoon into water-tight compartments. The bucket 
capacity is 4 cub. ft., and this is raised ten to fourteen 
times per minute. The dredger will work to a depth 
of 25 ft., and will elevate to a height of 15 ft. The 
length of the bucket-ladder is 60 ft. between centres. 
The total number of buckets on the ladder is forty. 
They are built up of steel plates, and are of heavy 
construction, with broad cutting-edges of special 
manganese steel. The bolts and bushes are of the 
hardest and toughest available manganese steel. The 
top tumbler is squareand the bottom tumbler hexagonal. 

he spoil is delivered by the buckets into a 
longitudinal shoot in the main framing, directing 
it towards a revolving screen. The whole length of 
the screen is traversed by the discharge pipes of the 
centrifugal pump. The useful length af the screen 
is 14 ft. 6 in., while its inside diameter is 4 ft. 3 in. 
Two sets, each of four tables, deliver to both sides 
of the dredger into two longitudinal shoots runnin 
aft, directing the tailings aft overboard. The total 
surface of the tables is 1100 sq. ft. The screen and 
tables have a variable incline between the extremes, 
which can be adjusted at will. The elevator is of 
the continuous bucket type, the total length between 
centres being 35 ft. The capacity of the centrifugal 
pump is 150,000 gallons per hour. 

The mancuvring winch has seven barrels—one for 
the wire rope of the ladder, one for the wire rope of the 
forward anchor, four for the wire ropes of the forward 
and after side anchors, the other barrel remaining 
free for auxiliary purposes. The dredger is provided 
with three one-cylinder crude-oil motors of 40 horse- 
wer each. These motors are so connected by belt- 
ings and couplings that either of the three may be in 
reserve, whilst the other two drive the dredging-gear, 
screen, elevator, pump, and winch. Complete elec- 
tric light plant is installed, including a one-cylinder 
erude-oil motor coupled direct to a dynamo. The 
dredger is sectionalised, so that the maximum weight 
of any one package for transport does not exceed 
3 tons. Thedredgers for Nigeria were built under the 
direction of Messrs. Lake and Currie, of Norfolk 
House, Laurence Pountney-hill, E.C., consulting engi- 
neers to the Jos Company. Similar dredgers have 
been constructed by Messrs. Werf Conrad, Limited, 
for the recovery of tin by dredging in Siam, the Dutch 
East Indies, and other parts of the world. 








PersonaL.—Mr. Leo. Eppenheim, 31, Duke-street, 
St. Mary Axe, E.C., states that he has admitted into 
partnership Mr. Percy Levy, and that his business will 
now carried on under the style of Leo. Eppenheim, 
Levy and Co.—Messrs. Andrew Barclay, Sons and Co., 
Limited, locomotive makers, and makers of winding 
engines and colliery plant generally, have appointed Mr. 
Arthur Russell, Wigan, to act as their representative in 
the colliery districts of South Yorkshire, Derby, and 
Nottingham.—The Carron Company have been appointed 
grate-makers to His Majesty the King. 


Basoock AND WILcox Boriters.—Mr. J. H. Rosenthal, 
in a paper read on the 3rd inst. at the Institute of Marine 
Engineers, stated that, since the trials made by the 
me apne Special Boiler Committee of 1900, the Bab- 
cock and Wilcox builer had been extensively adopted for 
large naval vessels. In the mercantile marine up to 
June, 1912, 542 Babcock and Wilcox boilers had n 
fitted in 253 ships, the total horse-power being 411,479. 
A comparison of the cross-Channel steamers Victoria 
fitted with cylindrical boilers, and Engadine, fitted with 
Babcock boilers, showed that, on 79 and 94 double trips 
respectively, the Victoria attained an average speed of 
21.272 knots, and the coal used was 24.59 tons per trip ; 
while on the Engadine the figures were 22.367 knots and 
24.77 tons. It had also been found that on the Stranraer 
and Larne service there was economy in fuel in favour 
of the Princess Victoria over the Princess Maud, a sister 
ship of the same power fitted with cylindrical boilers. In 
the case of three sister ships of 8000 tons displacement, 
engaged on the nger service between New York and 
New Orleans, the one consumption for a series of 
voyages was as follows :—S.S. Creole, fitted with Babcock 
boilers, 1149 tons; s.s. Momus, with cylindrical boilers, 
1412 tons; s.s. Antilles, with cylindrical boilers, 1336 
tons. In an intermediate passenger-steamer of 5000 
horse-power it had been estimated that by fitting Bab- 
cock and Wilcox boilers there would be an increase of 
heating surface of 25 per cent.; an increase of grate 
surface of 34.3 per cent.; a saving in weight of 225 tone, 
a saving in floor space of 14.33 percent., and a saving in 
fore and aft length of 12 ft. In the course of his reply 
to the discussion, Mr. Rosenthal said the tubes did hog 
sometimes ; but this did not mean that they were appre- 
ciably deteriorated. Hogging was due to the presence of 
oil or other foreign substance, causing overheating. This 
was also the cause of local bulging. uch of the success 
of the Babcock boiler was undoubtedly due to the im- 





proved methods of tube manufacture, 
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NOTICES OF MEETINGS. 


Tue Instrrvtion OF MacuanicaL Eneingers.—Friday, March 14, 
at Sp.m. Paper to be read and discussed :—‘‘Some Effects of 
Superheating and Feed-Water Heating on Locomotive Working,” 
by Mr. F. H. Trevithick and Mr. P. J. Cowan, Member, of ion. 

Tue InstirvTs oF Sanrrary Enotesrs.--Monday, March 17, 
at Caxton Hall, Caxton-street, Westminster. Subject: ‘The 
2-7: plpraaal by Dr. 8. C. Lawrence, M.O.H., Edmonton 
J.D.C. 


Tue Instrrvrion oF ELecrricaL Enoinerss: Scorrisn Locan 
Secrion.—Tuesday, March 18, at the Rooms, 207, Bath-street, at 
8 p.m. : “Recent Developments in the Street-Lighting 
4 — by Messrs. L. Pearce and H. A. Ratcliffe, 

em je 


‘ neers, Storey’s Gate, 
8.W. Paper to be further discussed :—‘‘ N on City Passe 

= in the United States,” by George Duncan Snyder, 
M. Inst. O. 


Tue Insrrrvrion or AvuToMoBILE Eyotnesrs. — Wednesday, 
March 19, a special meeting will be held at the Connaught Rooms, 
Great Queen-street, London, W.C., at 8 p.m., when a discussion 
will take place on the subject of ‘‘Magneto and Dynamo Oar- 
Lighting Sets.” A number of different types of these devices will 

shown. 
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A TYPICAL PROVINCIAL TECHNICAL 
INSTITUTION. 


Sir Cuaries Parsons has made out a good case 
in favour of the support of provincial technical insti- 
tutions, even although the field of applied science 
taken up by them may seem to be served by the 
older institutions of a similar character established 
in the Metropolis. As President of the North-East 
Coast Institution of Engineers and Shipbuilders, 
Sir Charles was in the chair at the annual dinner 
on the 6th inst., and, in responding to the toast 
of the Institution, proposed by Mr. J. Bell White, 
Master of the Worshipful Company of Ship- 
wrights, he enforced the view that the institutions 
in the Metropolis, while achieving the highest 
success, did not offer to the younger men of the 
profession adequate opportunity of joining in discus- 
sions, partly because of the higher standards set in 
the papers and the greater number of experienced 
debaters taking part in the proceedings, and partly 
owing to the diffidence experienced by young men 
when speaking before an audience of unknown 
members. But the greater difficulty lies in the fact 
that young men cannot get the time, even if they 
have the money, to attend meetings in London. 

The North-East Coast Institution was formed 
nearly thirty years ago, through the active efforts 
of Mr. W. Spence, now an hon. member, 
and under the presidency of Mr. William Boyd, 
then general manager of the Wallsend Slipway 
Company, and was splendidly supported by the ship- 
builders and engineers of the district. Since then 
the Council and members have regulated the pro- 
ceedings according to the interests of the district 
and with a view to ensure the attendance at, and 
the participation in, the proceedings of young men. 
Certainly the North-East Coast Institution, like 
many others in the provinces, has proved that it does 
not ae a superfluous position ; in fact, it has been 
shown that it is a true necessity, and is a logical 
corollary of the larger metropolitan institutions. 
Naturally, its sphere is comparatively local, and 
in that way its name has not come into great pro- 
minence throughout the country. However, so 
important was the part taken by this Institution in 
securing for the naval engineer bis present im- 
et position, as compared with those officers 

olding military rank on His Majesty’s ships, that 


7 | all interested in the subject have no hesitation in 


awarding the North-East Coast Institution full 
credit for its great services. 

The Institution, generally speaking, tries to cater 
for three parties : those engaged in practical engi- 


368 | neering and shipbuilding ; those indirectly concerned 
369 | in engineering and shipbuilding, such as shipowners; 


and students ; and to meet this end three sections 


1|have been formed, as with other institutions— 


namely, Members, Associates, and Graduates. The 
last-named section has a committee and officers 
of its own, and holds separate meetings, though 
graduates are at liberty to attend the general meet- 


7\ings, and are always to be found there in fair 
77|numbers. The Council have adopted a 


practical 
policy for making the Institution serve the ends for 
which it wasestablished. Engineering, employing 
the word in a broad sense, however stupendous it 
may seem, is merely the servant of civilisation, and 
it is applied to civilieation by persons who, in most 


-|Charles Parsons and Mr. 





cases, are not at all engineers. Thus there would be 
no Me orks unless there were shipowners ; so these 
individuals are very important to the Institution 
as far as shipbuilding is concerned. However, as 
it can be conversely argued that there would be no 
shipowners if there were no shipbuilders, the Insti- 
tution must give more attention to these, forming, 
as they do, a much greater percentage of the mem- 
bership than the shipowners. So a compromise has 
been effected as far as representation on the Council 
is concerned ; but with regard to the and 
discussions, the shipowner, and the pure of 
engineering results in general, receive consid 

exactly as the case demands it. It is ry 
that all engineering productions have to be y 
tested by the effect they will make upon a balance- 
sheet. 

Buyers, or Associates, to use Institution appel- 
lations, have not yet realised how 7 useful 
it is to come in close contact with the Members, 
or engineers and shipbuilders. Perhaps no more 
successful discussion has taken place before the 
Institution than that upon ‘‘ Marine Propulsion,” 
undertaken in the spring and early summer of 
1912. It was commenced by Mr. E. L. Orde, Sir 
: : Lao . Walker, and 
Mr. A. ©. Holzapfel, who pa respec- 
tively upon the ‘‘ Diesel Engine,” i Geared Tar. 
bine,” and ‘‘ Suction-Gas Engine.” Every method 
of ship propulsion was considered, and the proceed- 
ings, which occupied five meetings, have been 
invaluable to the shipowner and to those associated 
with the construction of ships, marine engines, and 
the supply of fuel—coal, gas, electric, or liquid. 
In this connection we may mention that recently 
the Council of the North-East Coast Institution 
decided to make a point of stimulating as much 
as possible the discussion of papers, in order to 
render it as detailed and complete as possible. 
They consider that the success of the discussion 
referred to above was the outcome, in a measure, 
of this policy. Unfortunately, many learned 
lecturers do not welcome the discussion of their 
statements ; but the Council still intend to carry 
out what they are convinced is very sound 
principle. 

In connection with the Graduates’ Section a 
scholarship of 50/., tenable for two years, is 
offered each year. This, so far, has been of very 
great service, and it is ho by-and-by to 
offer more than one scholarship. The Graduates’ 
Section forms a body of exceedingly interested 
engineering students. They fully appreciate how 
useful the Institution is to them, and it is very 
pleasing to note how well they make use of their 
privileges. Their meetings, which take place 
usually in the Institution library, are always well 
attended ; but the feature which is most attractive 
is the visits to works. These are arranged with 
the firms in the district, and graduates are thus 
enabled to visit, inspect, and have explained to 
them, by competent guides, pieces of apparatus 
with which they might otherwise gain only 
theoretical acquaintance. Of course, one of the 
main reasons for the success of the visits is the 
reduced restraint that prevails on these trips as 
compared with that at the meetings. This is of 
vast importance, and affords an excellent reason 
for encouraging the visits as a means of bringing 
the members of this junior section together. e 
members of this section are principally cagpuiee 
engineers and draughtsmen in the works, and 
engineering and naval architecture students at 
Armstrong College. The principals of the works 
are active in persuading and helping their appren- 
tices to join. The Institution itself is responsible 
for the regulations regarding apprentices obtaining 
at all the works for a large radius around. 

The Institution’s objects are avowedly of an 
educational nature. Sir Charles Parsons, in his 
address at the annual dinner, showed clearly how 
it stood by its educational trust, without in any 
way clashing with the plans of the authorities of 
the University of Durham. Naturally, then, the 
Institution has a library. The books are at 
present being reclassified, and a great many new 

urchases made. There is just a little regret felt 

y the members of the Library Committee that 
more use is not made of the reading - room. 
Situated as the Institution rooms are in Bolbec 
Hall, Newcastle, quite close to the Central Station, 
no position roe more convenient. The appa- 
ratus used in Sir Charles Parsons’s cavitation 
experiment, exhibited at the conversazione held in 
November, 1912, has, by his kind permission, been 
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on view in the rooms for a shorttime. It is hoped 
to exhibit similar interesting models and experi- 
ments from time to time. 

In addition to carrying on meetings, publishing 
Transactions, and performing the various duties so 
far indicated, the Institution are the custodians of 
the measured-mile posts on the Northumberland 
Coast at Hartley. Though a certificate has been 
obtained from the Admiralty in connection with 
these, after some alterations which were effected last 
year, further modifications are contemplated, the 
distance certified not being exactly the Admiralty 
knot. It will be quite readily appreciated that it 
is very desirable that the distance should represent 
exactly this standard unit. 

With twenty-nine years behind it, the Institution 
now finds itself incorporated, and contemplating 
schemes which, from their tentative nature, cannot 
be specifically referred to here. Among others, 
are the formation of an aviation section and 
the appointment of foreign representatives. Early 
last year members in most parts of the world were 
written to on the subject of accepting office as 
foreign representatives. In every case the answer 
has been satisfactory, and it only remains now to 
arrange a plan of operations. In his inaugural 
address in 1884, Mr. Boyd mentioned as desirable 
aspirations of the newly-formed institution :— 
(1) That our aims should be high—that we should 
not be content with a mediocre position, either as 
to number of members or the scope of our pro- 
ceedings ; and that, while room should be found 
for those who had still to win their spurs in the 
professional conflict, yet that the Institution should 
also seek the adhesion of those others whose greater 
information and extended experience would entitle 
them to be heard. (2) That in our papers and 
discussions we should, young and old, meet on 
equal terms. That he whose position amongst us 
is to be recognised as the highest shall be the man 
whose brain is the clearest, whose intellect is the 
keenest, and whose powers of expression shall best 
compel the respect and concurrence of his hearers. 
The President, the Hon. Sir Charles A. Parsons, 
is supported on the Council by forty-four of the 
ablest men in the North, and with its present 
following of 1150 members, and its position on the 
Tyneside, there is unanimous opinion that greater 
eee are well within the reach of the 

orth-East Coast Institution. 





PHOTOGRAPHY OF PARTICLES 
EJECTED FROM ATOMS. 


Tue discourse delivered at the Royal Institution, 
last Friday, by Mr. C. T. R. Wilson, M.A., F.R.S., 
of Cambridge, on ‘‘ Photography of the Paths of 
Particles Ejected from Atoms,” concerned a subject 
which had often been referred to and demonstrated 
in that Institution, notably by Sir J. J. Thomson, 
but which the originator of the experiments had 
never himself described there. Without performing 
a single experiment, but with the aid of a series of 
very remarkable photographs, Mr. Wilson succeeded 
in making out a strong case for his visible tracks 
of particles. 

e phenomena of radiation, Mr. Wilson re- 
marked in his introduction, were due to the ejection 
of particles chiefly of two kinds—namely, a particles, 
which were helium atoms, each having four times 
the mass of a hydrogen atom and carrying two posi- 
tive charges ; and 8 particles, carrying one negative 
charge and having a mass of ;,55 of a hydrogen 
atom. The y rays were mentioned at a later stage 
of the lecture. With the aid of Rontgen rays, 
electrons (identical with § particles) could 
ejected from ordinary atoms. The methods used 
in the study of the electrons were indirect ; 
whilst single a particles had been detected by the 
electrometer and the spinthariscope, this was not 
possible with 8 particles. But even the § par- 
ticles left trails behind them, and those he, the 
lecturer, had been able to photograph. Each 
particle ejected traversed a large number of gas 
atoms. According to modern theories, each atom 
was a miniature solar system, the planets being 
represented by electrons, which were held together 
by electrical instead of gravitational forces. When 
a disturbance of sufficient violence was set up, an 
electron might escape from one system (leaving it 
positively charged) and might become attached to 
another system. Now molecules of or vapours 
would more readily attach themselves to charged 
ions than to uncharged atoms, and every ion 


be| being always the same. 





could be made a centre of condensation in super- 
saturated water vapour; the supersaturation was 
produced by expanding a volume of moist air. This 
was the principle of his method. The recent 
advance which he had made in these experiments 
was that he caught the ions in the positions which 
they occupied immediately after having been set 
free ; the trail of a particle (invisible in itself) 
then became marked by a crowded line of cloud, and 
individual ions could be distinguished under certain 
conditions. 

In order to avoid any disturbances of the air by 
the expansion, the lecturer continued, the cloud- 
chamber had to be made wide. The expansion 
apparatus (Fig. 1) was a cylindrical glass vessel A 
(the cloud-chamber) 16.5 cm. in diameter, 3.4 cm. 
high ; below it was a hollow brass plunger 10 cm. 
long, closed at its upper end by a disc of plate-glass, 
and sliding in an outer cylinder 10 cm. long (the 
expansion cylinder). The expansion cylinder sup- 
ported the cloud cylinder and rested on a sheet of 
rubber lying on a brass disc ; the disc formed the 















































bottom of a shallow trough containing water, which 
acted as a seal between the air in the cloud- 
chamber and that inside the plunger. A wide 
tube connected the space below the plunger 
through the valve B with the vacuum chamber C ; 
when the valve was opened, the plunger dropped 
until stopped by the rubber plate. The wooden 
cylinder D was inserted for the purpose of re- 
ducing the volume of air ing through the 
tubes at each expansion ; F and G were pinch- 
cocks for adjusting the initial volume of the 
cloud-chamber, the final, maximum volume of A 
The glass walls of A 
were coated inside with sterilised gelatine, lest 
drops settling on the walls should interfere with 
the ae of the clouds produced by the 
expansion ; the gelatine layer on the top of the 


—— was 1 mm. thick and inked, so as to 
orm a dark background for the camera, which was 
mostly placed on the top of the apparatus. The 
top and bottom layers of gelatine were (by tin foil 
and brass rings) connected with the terminals of 
a battery, so that the condensation took place in 


an electric field. With the aid of this field (of 
40 volts or less) any ions originally present in 
the cloud-chamber in addition to dust particles 
were removed by preliminary expansion experi- 
ments. 

Before describing the manipulation of the valve, 
Mr. Wilson explained how he produced the intense 
illumination required for his purpose. He sent 





a Leiden-jar discharge through mercury vapour. 
A horizontal silica tube (Fig. 2), 1 mm. internal 
diameter, was surrounded in its middle portion 
by a silver sleeve, slotted from end to end; the 
tube was filled with mercury, and electrodes were 
inserted into the ends of the tube. The mercury 
was then heated, the silver sleeve helping to keep 
the temperature uniform ; the evaporated mercury 
escaped through the ends, and a mercury column 
was held by capillary forces in the middle of the 
tube, the spark passing afterwards from this column 
to both terminals. The circuit connections were 
explained, the lecturer said, in Fig. 3. A weight W 
was connected by a cord to the trigger T, and also 
= by a slack cord tothe valve B (Fig. 1) ; from 

was suspended a small ball by a fine thread, 
which would easily break. When the trigger T 
was pulled, the weight W fell, until the slack cord 
was stretched and the valve B opened ; W being 
then suddenly stopped, the fine thread broke, and 
the ball fell. In its descent the ball first passed 
through the spark-gap Q, joined to the Roéntgen 
bulb (which was not wanted in some experiments), 
and then through the spark-gap P in circuit with a 
battery of jars, charged by a Wimshurst machine, 
and also with the mercury tube S. These illumi- 
nating tubes were either placed horizontally, one 
on each side of the cloud-chamber A, or obliquely 
(at 25 deg.) to it. The camera was generally 
mounted above the cloud-chamber, and the arrange- 
ment was such that a horizontal beam of ionising 
rays crossed the cylindrical chamber diametrically, 
being illuminated by beams of light, normal to 
the ionising beam and about 2 cm. in vertical 
thickness. In the experiments first to be men- 
tioned the ionisation was produced by letting 
a platinum wire, to the tip of which a speck 
of radium salt was attached, project into the 
chamber. 

The first photograph exhibited (Fig. 4) showed 
this wire and the tracks of the cloud-lines radiating 
from it in all directions. The tracks were due to 
a particles, 8 particles being kept out. Two kinds 
of tracks could plainly be distinguished—fine lines 
and diffused lines. The former were produced 
under the desired conditions—i.e., immediately 
after the expansion ; the latter marked clouds con- 
densed upon ions set free by a particles which had 
passed through the air in the chamber before the 
expansion had been effected, so that the ions had 
had time to diffuse before the formation of the 
cloud. The water vapour fixed the ions, and the 
weaker the electric field the greater were the maxi- 
mum possible age of an ion and its diffuseness ; 
with fields of a few volts only broad tracks were 
obtained. When an a particle passed after the 
expansion, it could only lene a visible trail if the 
supersaturation still remained sufficient to cause 
condensation on theions. When another a particle 
travelled close to an old track, there might not 
be sufficient water-vapour left there, and for that 
reason probably the tracks did not start close to 
the origin, but at some distance from it; all the 
sharply-defined trails showed this peculiarity. In 
order to settle definitely that the a particles had 
really passed after expansion, and not before, 4 
vertical glass plate (2 mm. thick) had been attached 
to the plunger (Fig. 1), immediately in front of the 
wire tip. This plate was provided with a horizontal 
slot, and when the slot left the passage open for 
the rays immediately after the expansion, only fine 
distinct tracks, without diffusion, were obtained 
(Fig. 5). The tracks were, it would be seen, all 
straight lines, but bent over or hooked at the far 
ends; sometimes there were also bends in the 
earlier part of the path. Such abrupt bends were 
seen in the enlarged photograph (Fig. 6), and 
there was a remarkable spur at the second bend 
in one of these tracks. A bend was ascribed to 
a collision of the a particle with an atom it met, 
and the spur might be due to the recoil of the 
atom. It might be thought remarkable that the 
tracks were so straight, considering the crowds of 
atoms that the particle traversed, which would be 
capable to deflect the particle. But the velocity 
of the a particle, though small compared with that 
of the 8 particles, was still great (of the order of 
10,000 miles per second), and it was only when 
the velocity had been so much reduced that the 
particle could no longer pass right through the 
atom and ionise it, that deflections became fre- 
quent; hence the bent ends of the paths, which 
sometimes appeared curved owing to frequent 
collisions. 

When the a particles were produced, not by 
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radium salt, but by radium emanation, the com- 
plete course of the tracks could be seen within the 
field. They crossed the field in all directions ; 
the end was distinguishable by the bend, and the 
commencement, or head, by a sort of bulbular swell- 
ing, probably due to ionisation produced by the 
recoil of the atom. Some of the scattered lines in 
Fig. 4 show this faintly; it was better visible on 
another photograph (not reproduced). The single 





photographs exhibited also showed that the nega- the cathode rays produced in air by Réntgen-ray 
| tive ions gave rise to dense clusters, whilst the | experiments. 
— ions were drawn out by the electric field n these Réntgen-ray experiments the bulb and 
fore losing their mobility, so that it appeared as the spark-gap Q above mentioned were made use of. 
| if showers of drops were falling from the clouds, The order of the phenomena was: expansion pro- 
| Not counting the clusters, Mr. Wilson said there ducing supersaturation; Leiden-jar discharge caus- 
| might be thirty-two ions or sixteen pairs of ions | ing ionisation in the cloud-chamber ; condensation 
| per centimetre of air at atmospheric pressure. of water on the ions; passage of the spark for 
The y rays of radium wore very penetrating and | photographing the cloud tracks. The photograph, 





Fic. 6. 








Fic. 10. 


cloud particles were hardly separable on a-ray 
tracks, so that counting was not possible. 

That counting was, however, possible with 8 rays, 
to which Mr. Wilson then passed. The 8 rays gave 
rise to less ionsation than the a particles, as the lec- 
turer subsequently explained ina few words. The first 
portion of their tracks was generally straight; owing 
to their undergoing many collisions, individually too 
small to produce deflections at sharp angles, the 
tracks afterwards appeared tortuous, however. Fig.7 
showed in the thick, straight line the end of the 
path of an a-particle track, and in the irregular line 
above the curved track of a 8 particle, in which 





the separate ions could be distinguished. The 





Fic. 8. Fria, 9. 





Fig. 11. Fia. 12. 


similar tothe Réngten rays. When experiments | Fig. 8, showed the 8 rays produced with an external 
were made with y rays (by cutting off all a and 8 | field of 4 volts; when the field was increased to 40 
rays by thick sheets of lead), extremely fine and | volts, the network of tracks was less dense; an 
entangled track lines were obtained. These were | enlarged oan of one of these tracks was repro- 
not due to y rays, however, but to secondary § rays, | duced in Fig. 9. In this enlargement 376 ions, or 
emitted from the walls of the cloud-chamber when | 188 pairs of ions, could be counted per centimetre, 
exposed to y rays. These features were still better | and this seemed to be the usual number formed 
recognised when the ionisation was indirectly pro-|in the middle portion of a track ; there would be 
duced by Réntgen rays. The X rays did not directly | fewer ions at the beginning of the track, and many 

ive rise to ionisation, but they produced 8 particles| more (over 2000 pairs) at the en end when 
oe electrons or cathode rays, as they were called|the velocity of the particle diminished. These 
under different conditions) when stopped. The uliarities might be accounted for in the follow- 
coiled-up endings of the 8-ray tracks in the ee ing way :—The § rays travelled with much greater 
experiments were themselves indistinguishable from | velocity (nearly that of light) than the a particles, 
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but they had a much smaller mass, and carried 
only one charge. Owing to their small mass, 
they were easily deflected, but in the initial part 
of the track the great velocity prevailed ; later on 
the smaller velocity helped the ionisation, because 
the flying particle took longer to traverse the atom, 
and the forces between it and the electrons within 
the atom had a longer time in which to act. 

When the camera was so arran for oblique, 
very intense illumination that the whole Réntgen- 
ray beam, about 2 mm. in ——. was photo- 

hed, the phenomena assumed the appearance 
ont the last iene figures, 10 to 12. A thin sheet of 
copper was (in Fig. 10) placed in the centre of the 
cloud-chamber. The clear s on both sides of 
the copper was not a kind of dark cathode space ; 
it was due to the air being heated near the copper, 
and hence not being supersaturated. The beam 
beyund the per, more narrow and less dense 
than that striking the copper, was due to. the 
secondary characteristic fluorescent radiation of 8 
rays which metals emitted when struck by Réntgen 
rays. From the primary beam, 8 “> were also 
seen to start and to extend to some distance out- 
side the beam ; these were of different lengths, 
ranging up to 3 centimetres, whilst the secondary 
rays from the copper had all about the same length, 
of 1 millimetre only. In Fig. 11 the co plate 
was oblique to the path of the beam. en the 
copper was replaced by silver, the characteristic 
secondary rays had a much longer path than 
with copper. When the beam had to pass 
through a window of aluminium, several milli- 
metres in thickness (which would stop the less 
netrating radiations of the primary X beam), 
before entering the chamber, the ionisation was 
much fainter, but long cathode or secondary tracks, 
up to 3 cm. in length, were now seen to start 
both from the primary and from the secondary 
beams, the latter beam being again obtained by 
lacing a copper plate in the centre of the chamber. 
hese longer tracks had probably been present 
also when the aluminium window had not been used, 
but they had not been distinguishable. Fig. 12 
finally illustrated an attempt which Mr. Wilson 
had made to confirm, by the cloud method, the 
observation recently made by W. L. Bragg, in the 
Cavendish Laboratory, that X rays could be reflected 
from mica. The picture showed an incident beam, 
a transmitte1 beam much reduced in intensity, 
and a large number of cathode rays starting from 
the mica scattered in all directions, but no ested 
beam. Mr. Wilson hoped, however, to demon- 
strate the reflection by further experiments. 





MONOPLANE WING FAILURES. 

Tue accident to a Bristol monoplane, by which 
Mr. Geoffrey England lost his life through the 
breaking of a wing, again draws attention to the 
question of the strength of monoplane wings. In 
this case it appears, from the evidence at the 
inquest, that the head of the Bristol Flying 
School considered that the pilot’s action in turn- 
ing the machine head to the wind during a rather 
steep vol plane put a stress on the wing which 
it could not be expected to bear, and that there- 
fore its breakage was excusable. This does not 
seem to be an entirely satisfactory. position if the 
machines are intended for practical use in any 
weather in which the pilot can fly them, as must 
necessarily be the case with a military machine. 
It may be necessary to fly such machines in con- 
siderably stronger winds than appear to have 
been blowing at the time of the accident, and this 
may entail very heavy stresses on the wings. 
Considering the number of accidents to mono- 
planes in which the wings have broken, it seems 
to be high time for the makers to state publicly 
what maximum load they consider their wings safe 
for, and what factor of safety they have at that 
load ; also working drawings showing that they 
have that factor of safety should be published. It 
is, of course, open to the makers to state that their 
machines are not fit to have a stress on the wings 
materially greater than the weight of the machine, 
in which case pilots taking any course involving high 
stresses do so at their own risk. 

We know from ‘ Parke’s dive” that the biplane 
wings can be made to stand stresses of several 
times the weight of the machine without break- 
ing, and unless the monoplane wings are made 
to do the same, the use of monoplanes must be 
comparatively restricted. In that remarkable dive 
at Larkhall the machine fell nearly vertically for a 





distance estimated at 400 ft. Control was then 
regained and the machine ‘flattened out,” and 
flew normally. In the turn between the vertical 
and the horizontal there was a very great increase 
of pressure on the wings due to the centrifugal 
force, and in an article published in our issue of 
November 15, 1912, we discussed the nature and 
the extent of the stresses which would be set up 
under circumstances such as arose in the case in 

uestion, as far as it was ible to do so with the 
limited data at command. e construction of aero- 
planes is such a new subject, and the stresses 
on the wings so complicated, that it is hardly 
to be expected that no failures should take owe 
more especially when the very small weight limits 
are considered, and also the fact that month by 
month the pilots fly in increasingly bad weather, 
and therefore impose heavier stresses on the wings. 
A full discussion of the construction would, however, 
probably do a great deal towards helping in the avoid- 
ance of weakness in future. In the case of every acci- 
dent, therefore, where there is a suspicion of wing 
failure, it apy to be the duty of the makers to 
publish pees detailed working drawings from which 
stresses on the various parts can be calculated, as 
is usually done in the case of accidents due to 
failure of other classes of machinery. If the makers 
are confident in the strength of their parts, there 
is nothing to fear from such publication ; on the 
contrary, a great deal to gain. 

It may be remarked that several aeroplane con- 
structors have propounded theories that wings break 
not on account of their being too weak for the ordi- 
nary vertical and longitudinal loads, but on account 
of pressure coming on the top of the wings. While 
it is possible that such pressures may exist, there is 
no reason to assume them until it has been demon- 
strated publicly that the wings have a reasonable 
factor of safety under the maximum load te which 
they may be subjected, and, so far, monoplane con- 
structors have done little to demonstrate this. 
The fact that observers have stated that a wing 
folded down is no proof that it did not fail from 
excess of vertical load. It appears from calculation 
that in many cases the wing would fail from the 
heavy compression stress on the main spar. In 
this case the tip of the wing would be pulled down 
by the wire stay, and would give the impression 
of the wing folding down, an impression which 
would be much enhanced to an observer looking 
at the machine from the side of the broken wing, 
owing to the whole machine tilting that way. 





THE INSTITUTE OF METALS. 

THE annual general meeting of the Institute of 
Metals was begun on Tuesday afternoon last in the 
Institution of Mechanical Engineers, Storey’s Gate, 
Westminster, the chair being taken by Professor 
T. Turner, Vice-President. 


Tae Deatu or Sirk Wriuiam H. Warre. 


In opening the proceedings Professor Turner 
refe to the loss the Institute had sustained in 
the sudden death of Sir W. H. White. Sir William 
had been, he said, their first president, and had 
taken the keenest interest in the inception and pro- 
gress of their Society. Only those who had served 
with him in those early days could know how greatly 
they were indebted to the experience, skill, and 
tact of their first president for their smooth and 
successful start. He concluded by moving a vote 
of condolence with Lady White and her family, 
which was seconded by Sir Gerard Muntz, and 
carried by the members standing up. The formal 
business of the meeting was then proceeded with. 


Tue Report or THE CouNcIL. 


The report of the Council showed the continued 
prosperity of the Institution, the members of which 
were stated to number 614, an increase of 18 on 
the figures given in the last report. The appoint- 
ment of Professor H. Le Chatelier as an honorary 
member was announced, and regret expressed that 
the continued ill-health of Professor Gowland had 
caused that gentleman to resign from the chair. 
The Council had, it was stated, filled the vacancy 
by electing Professor A. K. Huntington as acting 
President. Considerable progress had been made 
with the work of the Corrosion Committee, but it 
was announced that the investigation had had to be 
suspended on December 31 last, owing to the 
exhaustion of the funds available. It was further 
stated that Dr. Beilby had provided a sum of 1001. to 





form a research ——% It had been arranged that this 
research should be made by Dr. Cecil H. Desch. 
There being a certain confusion with respect to the 
names of some of the non-ferrous alloys, a Nomen- 
clature Committee had been appointed to deal 
with the matter under the presidency of Dr. W. 
Rosenhain. Reference was also made in the 
report to the work of the Birmingham Local 
Section, which now has a membership of 72, and 
held six meetings during the past year. 


THe Hon. TrReasurer’s Report. 


Professor Turner, the Hon. Treasurer of the 
Institute, then read his report, which showed 
that the credit balance of the Institute was now 
5631. 103. 11d., an increase of about 1071. on last 
year’s balance, which was, he said, the more 
gratifying in that heavy legal charges connected 
with the incorporation of the Institute had been 
settled during the year. The sales of the Journal 
had, he added, brought in 159/. 13s. 1d., as com- 
pared with 1321. 18s, 10d. in the previous year. 


Tae New Council. 


Before announcing the names of the new Council, 
Professor Turner said that Sir Henry Wiggin had 
found it necessary to resign his vice-presidency 
owing to the ure of other business, and the 
Sere fo been filled by the appointment of Mr. 
G. A. Boeddicker. The Secretary then read the 
results of the ballot, which were as follows :— 

President : Professor A. K. Huntington, Assoc. 
R.S.M. Past- Presidents: Sir Gerard Muntz, 
Bart.; Professor W. Gowland, F.R.S., Assoc. 
R.S.M. Vice-Presidents: Mr. G. A. Boeddicker; 
Professor H. C. H. Carpenter, M.A., Ph.D.; 
Mr. Summers Hunter ; Mr. W. H. Johnson, B.Sc.; 
Engineer-Vice-Admiral Sir H. J. Oram, K.C.B.: 
Professor T. Turner, M.Sc. (Hon. Treasurer). 
Members of Council : L. Archbutt; Professor A. 
Barr, D.Sc.; Mr. T. A. Bayliss; Mr. G. T. Beilby, 
LL.D., F.R.S.; Mr. Clive Cookson ; Mr. R. Kaye 
Gray; Mr. George Hughes; Mr. R. S. Hutton, 
D.Sc.; Mr. W. Murray Morrison; Mr. Arnold 
Philip, B.Sc., Assoc. R.S.M.; Mr. W. Rosenhain, 
B.A., D.Sc., F.R.S.; Mr. A. E. Seaton ; Sir W. E. 
Smith, C.B.; Mr. Leonard Sumner, M.Sc.; Mr. 
Cecil H. Wilson, and Mr. A. Cleghorn. 


Tue PReEsIDENT’s ADDRESS. 


After the conclusion of the remaining formal 
business, the new President, Professor A. K. 
Huntington, read his inaugural address. The 
earlier portion of his discourse was devoted, in the 
main, to a comparison of the work of the Institute 
with that of sundry kindred societies. The one 
most nearly allied to them was, he stated, the Insti- 
tution of Mining and Metallurgy, but the pro- 
ceedings of that body had but little reference to 
the working and uses of metals and alloys, being 
confined to the mining and reduction of the 
metals. In this respect it differed from the Iron 
and Steel Institute, where little consideration was 
given to the subject of mining, but much to the 
smelting, heat treatment, and uses of iron and 
steel. 

Professor Huntington went on to emphasise the 
extreme care necessary in micrographic work to 
avoid serious errors, and pointed out the great 
importance of thoroughly checking each experi- 
ment. In illustration of this point, he stated that, 
in recently examining a piece of metal, a slice had 
been cut and carefully polished. It was then bent 
and etched. On subsequent examination very 
marked slip-bands were detected, which apparently 
threw an important light on the matter under 
investigation. He knew, however, that alloys 
consisting mainly of copper and zinc in the 8 phase 
were particularly liable to the formation of slip- 
bands upon being sawn or filed, no matter how 
carefully. Bearing this point in mind, further 
investigation showed that the slip-bands in ques- 
tion had arisen in this way, and not through the 
bending of the specimen. 

In a similar way, he continued, it was quite easy 
to make a mistake in etching specimens, unless the 
etching was suitably adjusted to being out the parti- 
cular point which was being looked for. In this 
connection it had, however, to be borne in mind 
that metallography for practical purposes was only 
some fifteen years old. The difference it had made 
in rendering intelligible what happened to metals 
during manufacture and use was incalculable. In 
his own laboratory, in dealing with copper-zine 
alloys within the a—8 range, he had successfully 
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substituted micrographic examination for chemical 
analysis. 

Judging from the experience of other societies, 
the prospects of their own Institute were excellent. 
In the fth year of their existence they had 606 
members, which was a higher figure than that of 
the Iron and Steel Institute at the same age. No 
inconsiderable fraction of their members had foreign 
addresses, and that these gentlemen had joined the 
Institute was, he considered, a very healthy sign. 
This accession of strength from abroad should, he 
thought, be aided by the fact that their autumn 
meeting was this year to be held at Ghent. 

Their total membership was, he continued, very 
evenly divided between manufacturers, users, and 
“professionals.” The. latter class, however, had 
contributed over 75 per cent. of the papers read, 
whilst the manufacturers had contributed only 
about 9 per cent. of these papers. He pleaded 
strongly for greater confidence between the makers 
and the users of the non-ferrous metals. Manu- 
facturers as a body were straightforward, but found 
themselves at an enormous disadvantage because 
they could not get readily and continuously infor- 
mation as to the behaviour of their products in use. 
On this head, however, Professor Huntington said, 
the users had seldom useful information to give. 
Every one thought he could observe, but as matters 
stood there were but few who were really com- 
petent in this regard. This defect, however, should 
improve with the steady increase in the number of 
technically-trained men now taking up practical 
work. 

In concluding his address, Professor Huntington 
gave the resuits of an examination he had recently 
been able to make of fire-box stays after sixteen 
years’ service. The stays in question were supplied 
to him through the courtesy of the Caledonian 
Railway Company and Messrs. J. Stone and Co. 
They had been in use for sixteen years in a boiler 
working at 160 lb. pressure. They were a copper- 
zinc alloy, and the results as compared with new 
stay-bolt rods of nearly the same composition were 


as follows :— 
Old Stays. New Rod. 
Breaking load, tons per sq. in. 21.8 23.7 
Elongation on 2in. percent. 75.0 67.0 
Reduction of area re 70.0 72.5 


There had been no embrittling of the material 
from the 16 years’ service. The mechanical tests, 
the figures for which were given above, were further 
confirmed by micrography, the structure of the 
new and of the old metal proving to be practically 
identical. These results had, he said, been further 
contirmed by a similar examination of stays respec- 
tively 9 and 13 years old. 


Merat-FiramMent Lamps. 


When the meeting of the Institute was resumed 
on Wednesday morning Mr. Alexander Siemens 
read a paper describing the processes by which the 
modern metal-filament lamp was produced. The 
paper opened with an historical summary, in which 
the speaker pointed out that attempts to make glow 
lamps with metallic filaments dated back to the 
early ‘forties. At that time, however, there was not 
available either a cheap supply of electricity or 
means for producing the high vacua necessary. At 
a much later date Edison had tried platinum, which 
was unsatisfactory owing to its relatively low 
melting point. The carbon filament came next, and 
this met all requirements save that it took too much 
current, and accordingly the endeavour to find a 
filament which could be run at a higher temperature 

never ceased. Carbon, of course, would not 
melt, but it disintegrated at the high temperatures 
which were necessary if a larger proportion of the 
energy supplied was to be converted into light. 
To illustrate the difference between the old carbon 
and the new tungsten lamps, the lecturer immersed 
in separate jars of water corresponding lamps of 
each type, both being rated to give 25 candle- 
at 200 volts. He showed that after the 
of 15 to 20 minutes the water in the carbon- 
ent jar was raised from 58 deg. to 95 deg. 
Fahr., whilst the rise in the other jar was only 
10 deg. Fahr. 
The first step in the production of a commercial 
ent lamp was, the speaker said, taken by 
Auer, who made a paste of osmium oxide mixed 
with some deoxidising matter. This paste was 
Squirted through a fine hole, thus producing a 
sort of filament. This filament was next heated 
i hydrogen, and afterwards in vacuo, by which 
Process the osmium was reduced to the metallic 


state. This process was so far successful that 
lamps were produced taking only 1.7 watts per 
candle-power, instead of the 3} watts needed with 
carbon lamps. The filaments were, however, very 
brittle, rem os could not be used for low voltages. 
This led to other metals being experimented with. 
Most of the experimenters followed the lines of 
Auer, but real progress was made in the labora- 
tories of Siemens and Halske, where a process 
was discovered of making tantalum filaments 
by drawing the pure metal through diamond 
dies. These lamps took only half as much 
current as carbon - filament lamps, but were 
much stronger. Experiments were next made 
with tungsten, and Messrs. Siemens and Halske 
produced drawn filaments of tungsten alloyed 
with nickel. The latter metal at first formed 
10 per cent. of the alloy, but later the proportion 
was reduced to 3 per cent., and these lamps were 
in a way very successful, though the results were 
somewhat uncertain. Whilst further experiments 
were in progress the General Electric Company, of 
America, succeeded in converting brittle tungsten 
into a highly ductile modification. This was 
effected in the main by alternately heating the metal 
in hydrogen and then hammering it in a swaging- 
machine. These processes were repeated until 
rods were obtained which could be rolled out and 
finally drawn into wire. The process had proved 
very successful, and the wire been drawn to 
extremely small diameters. 

In carrying out the process the tungsten ore 
was converted into the yellow oxide. This was 
then reduced, the metal being obtained in the form 
of powder. By a heavy hydraulic pressure. this 
powder was compressed into rods, but these rods 
were so fragile that they had to be left on their sup- 

rt during the next operation, which consisted in 
Lasting them in a porcelain tube in an atmosphere 
of hydrogen. This was followed by a gentle swaging, 
which increased the strength of the rod. This pro- 
cess of heating in hydrogen, followed by swaging, 
was repeated again and again until the tungsten was 
converted into tenacious rods. The wires produced 
ranged from 4 mm. in diameter down to 0.015 mm. 

In the lamps the filaments were, he said, supported 
upon an upper anda lower spider, these two spiders 
being mounted ona glass rod. The lower of these 
spiders was of constantin, and was fairly stout, 
whilst the upper was of molybdenum only 3 mm. 
in diameter. This gave a very elastic — 
which bent when the wire stretched. Each lamp 
in the course of manufacture went through, he 
said, eighteen stages. To illustrate the strength 
of the wire, Mr. Siemens showed that a wire 4;mm. 
in diameter would easily carry a load of 500 
grammes. The strength of tungsten was, he said, 
very extraordinary, and in with the fineness 
of the drawing. A wire 7 mm. in diameter had a 
strength of 180 tons per sq. in., and one ,4 mm. in 
diameter a es of 380 tons per sq.in. All 
metallic filament lamps had, he proceeded, the im- 
portant property that their resistance increased with 
increasing temperature, and they would thus take an 
overload much better than a carbon-filament lamp 
would. To illustrate this, the speaker turned the 
full pressure of 200 volts on toa bank of 110 volt 
lamps, and showed that they were quite uninjured 
thereby. The metal filament, he proceeded, would 
also stand shocks, and this he illustrated by letting 
a lamp receive the impact of an 8-oz. ball rolli 
down an incline of about 1 in 5, the total height of 
fall being about 10 in. The experiment was re- 
peated both with the lamp cold and when “full 
on.” By means of a “‘jigger” worked electrically 
it was further demonstrated that a lamp whilst 
‘*burning ” could, without injury, be sharply 
and continuously jerked up and down through a 
distance or some 5 in. or 6 in. It would be evi- 
dent, therefore, he concluded, that the metal-fila- 


ment lamp would stand much more than its carbon | Th 


rival. 

In declaring the paper open for discussion, Pro- 
fessor Huntington said that it had carried back his 
own mind some thirty years, to the time when the 
first Siemens electric furnace had been exhibited 
at the Smoke Exhibition. Sir Charles Siemens 
had subsequently permitted him to have this fur- 
nace transferred to King’s College, to experiment 
with. Amongst other experiments the speaker had 
tried to melt tungsten, but found that the points 
of volatilisation and fusion lay very close together. 
The great power of the are acting on a small 
surface of the tungsten volatilised it, accordingly, 





before the rest of the metal melted. Ulti. 


mately, however, the difficulty was overcome, and 
they got some solid pieces of metallic tungsten 
about as large as the top of the thumb. These, 
he believed, contained some carbon, probably about 
1 per cent. The specimens were exhibited at the 
meeting of the British Association in 1884. The 
high melting-point of this tungsten had led him at 
the time to consider the possibility of substituting 
it for carbon in lamps. Mr. Ferranti was at that 
time Siemens’ assistant in charge of the plant, and 

ether they had made some experiments. They 
filled up the stem of a churchwarden pipe with tung- 
sten in powder, compressing it into the bore as 
well as they could. When they turned the 
current on to this they got a very powerful light, 
but the whole soon blew up. It had not been 
thought worth while to continue the experiments ; 
but he could not help feeling that if they had had 
the enterprise to follow them up they might have 
— tungsten lamps many years ago. He had 

in very pleased to note the great strength of the 
material, since he had always felt convinced that if 
a metal proved ductile when alloyed it ought to be 
possible to obtain it in a condition in which it was 
malleable when pure. This view, he admitted, might 
be wrong, but he was strongly of opinion that it was 
correct, although the converse certainly did not hold, 
many metals malleable when alone forming brittle 
alloys. As for the remarkable strength of 380 tons 
per sq. in., he would like to have for comparison 
data as to the strength of high-tension steel drawn 
to equally fine sections. As for the process by 
which the filaments were produced, he would ask 
whether the toughness attained was really wholly 
due to the swaging, or whether it was not due to 
the removal of carbon from the metal by the heat 
treatment in the current of h oy 

The discussion was opened = r. Arnold Philip, 
who remarked that the process described was so 
novel that all he could do was to ask for some 
further particulars as to the physical properties of 
this wonderful material. Plough steel wire had a 
tensile strength of 130 tons per sq. in. in com- 

tively thick wire, and would be stronger, no 
oubt, in finer sections, but he questioned whether 
its tensile strength would ever so attain to the 
380 tons recorded for the finest of the tungsten 
filaments, which were only 0.6 mil in diameter. 

Mr. W. H. Johnson, who followed, said that the 
paper presented many points of interest, showing 
as it did uses of the more uncommon metals, such 
as tungsten and tantalum. The speaker, he noted, 
had not given the strength of the latter metal. 
He had never himself heard of wires as fine as 
those mentioned. No. 39 S.W.G. was 5.2 mils in 
diameter, and No. 40, 4.8 mils. Steel wire had 
been drawn by his firm to both numbers, but such 
wire was seldom seen, though brass and copper 
wire to such gauges were common. A tensile 
strength of over 200 tons per sq. in. had been 
reached with fine steel wires. He asked how the 
diameter of the v fine wires had been taken; 
he presumed it was deduced from the weight, and 
not measured directly. 

The next —— was Mr. G. A. Boeddicker, who 
said that, so far as he knew, this was the only case 
extant of an homogeneous metal being produced 
by pressure, though ibly puddled iron would 
be homogeneous if the process were carried far 
enough. He should like to know what annealing 
was ni during the drawing process. He 
had himself drawn down constantin wire to 1} mils 
diameter, and knew the difficulty of the operation. 

Mr. E. L. Rhead, who followed, said that if 
the President’s view were correct, that metals 
malleable in alloys should be malleable when pure 
if properly treated, it should be — to obtain 
bismuth and antimony in a ductile form, the latter 
metal forming a ductile alloy with tin, when the 
antimony constituted 10 per cent. of the alloy. 
ere was, however, less ground for hope in this 
connection than with tungsten, since the two metals 
in question had been known and experimented 
with for so long. He had himself worked with 
tungsten, one of the difficulties met with being 
the facility with which it took up carbon, and he 
had not succeeded in getting the metal with less 
than 10 per cent. of this impurity, and the 
cong! — 7 no doubt due to this circum- 
stance. ith the old lamps it was n to 
flash the metallic filament just as if it were eiden, 
and he asked whether this procedure affected the 
durability of the lamp. 

Mr. J. P. Bedson said that asa steel-wire drawer 





he hoped no rope-maker would demand wire with a 
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strength of 380 tons per sq. in. Steel could be 
drawn to small sizes, but in the neighbourhood of 
No. 30 S.W.G. it became ticklish work. With 
such sizes a tensile strength of 150 to 180 tons 
could be secured, but the quality of the metal 
was impoverished. He would like to ask, there- 
fore, whether the wire with the extraordinary 
strength mentioned by the author showed any signs 
of brittleness, and whether it was necessary to 
anneal it before use ina lamp. High-tension steel 
wire, such as pianoforte wire, had to stand a bend- 
ing test of being wrapped three or four times round 
its own diameter, and a lot of life was therefore 
left in the metal, though its tensile strength was 
120 tons per sq. in. If the addition of a small 
quantity of tungsten to steel would raise its strength 
by 50 to 80 tons, the alloy would be very valuable. 

Mr. Wilcox drew attention to the fact that the 
candle-powers given in the author’s paper were in 
Hefner units, and thus the figures would be 10 
per cent. less if translated into English units. It 
should, he said, be noted that the consumption per 
candle-power was less the more powerful the lamp, 
and was also less with high-voltage lamps than 
with low-voltage lamps. He thought the author 
should have referred to von Welsbach, who re- 
fused, however, to consider the possibility of using 
other metals than osmium, and the work had 
accordingly to be taken up by others. The intro- 
duction of the drawn-wire filament constituted 
a revolution, and made possible the production 
of metallic filament lamps as durable as lamps with 
carbon filaments, whilst, as compared with the 
squirted filaments, the drawn material had great 
mechanical advantages, since the squirted filaments 
had to be spliced together at each support in 
place of being simply bent round the arms of the 
spiders. 

Mr. T. Bolton, who followed, asked how was it 
possible to swage down the metal small enough for 
wire-drawing. 

In reply, Mr. Siemens said that after — 
the metal was rolled, and it was the rolled 
which were drawn down into wire. In connec- 
tion with Mr. Wilcox’s remarks, he explained that 
Auer and von Welsbach were one and the same 
individual. As to Mr. Bedson’s comments on the 
strength of the wire, it should be noted that the 
breaking strength of 380 tons was only attained 
with the finest wires. Wires », mm. in diameter 
had astrength of 180 tons, which was about that of 
corresponding wires of steel. Still he thought that 
the element was certainly somewhat stronger than 
steel. As to Mr. Rhead’s suggestion, it might, 
perhaps, be possible to improve bismuth and anti- 
mony by suitable treatment. As for the effects 
of flashing, he should state that drawn filaments 
were not flashed, though the squirted ones were. 
In reply to Mr. Boeddicker, it should have 
been said that the coherence of the tungsten 

wder, after being hydraulically pressed, was very 
fittle indeed. After heating in hydrogen, however, 
it became a little stronger, but the first swaging 
had to be very light—just touching it, so to speak. 
It was then again heated in hydrogen, and an 
electric current simultaneously passed through the 
rod, after which it was somewhat stronger. After 
repeated heatings and swagings it became ductile, 
and required no further heat treatment, it being 
unnecessary to anneal it between successive 
drawings, though this process was often included, 
as the drawing was then less severe on the dies. 
As Mr. Boeddicker supposed, the diameter of the 
wire was estimated from its weight. The wire 
stood bending well. In reply to Mr. Philip, the 

hysical properties of the metal had been given 
i Mr. Ruff in the paper quoted. In reply to the 
President, he might say that the metal contained 
no carbon, being reduced from pure W,O,, and 
great care was taken to prevent contact with carbon 
in subsequent -op2rations. If any carbon was 
present in the metal, the powder would not adhere 
under pressure. 
Tre Corrosion oF Distintinc ConDENSER-TUBES. 

The next paper taken was contributed by Mr. 
Arnold Philip, Admiralty Chemist, and dealt with 
‘‘The Corrosion of Distilling Condenser-Tubes.” 
This paper is published in full on poge 375. 

The discussion was opened by Mr. G. D. Ben- 
gough, who considered that the author might fairly 


claim to have proved that hydrochloric acid was 
responsible for the trouble. He was the more ready 
to accept this view in that his own researches 
had led him to conclude that the acid in question 


was occasionally responsible for the corrosion of 
the tubes of ordinary condensers. In these cases 
the acid arose, he thought, from the hydrolysis of 
zinc or iron chloride. This trouble was more 
serious in the merchant marine than in the Navy, 
since in the latter more care was taken of the 
condensers. He would be glad to know whether 
in the cases discussed by the author the corrosion 
was general, or whether it occurred as pitting or as 
the production of spots of copper. e also asked 
whether distilling condensers were emptied when 
not in use, or whether the water was left in, and, 
further, whether the action was quick to show, or 
slow in making its appearance. He observed that, 
of the cases of corrosion tabulated, none were more 
recent than 1904, and asked whether the trouble 
had been entirely overcome by the adoption of 
drowned coils. 

Sir Gerard Muntz, who followed, said that he 
was specially interested in the paper, use not 
long since it was contended that Admiralty con- 
denser practice had attained to perfection, and that 
corrosion did not occur. One point that struck 
him was that in the cases quoted the origin of the 
trouble was not always to be found in the direction 
in which it was commonly sought. It was, in fact, 
by no means necessary to assume that the fault lay 
in thetube. In fact, within the last few weeks he 
had been assured by five out of six experts, whom 
he had consulted, that in their experience corrosion 
was very seldom due to the composition of the tube 
being faulty, and he was himself convinced that the 
origin of the trouble had in the past often been 
sought for in quite the wrong direction. It was 
for this reason that he attached special importance 
to the researches Mr. Bengough now had in hand. 

The next speaker was Dr. G. H. Bailey, who 
said he could not agree with Mr. Bengough that 
the author had proved that the corrosion was due 
to hydrochloric acid. He believed that this agent 
was often called in as a last resort, when it was 
necessary to account for the removal of copper. 
For his own t, he attributed very great im- 

rtance to the presence of oxygen dissolved 
in the water, as it had been shown that such 
a solution could dissolve copper, the hydrate 
of the metal in the colloidal form dissolving 
quite freely. There was therefore no difficulty 
in getting the water charged with copper if 
oxygen were present. His belief that oxygen was 
the responsible agent in the cases of corrosion 
quoted by the author was confirmed by the fact 
that drowning the coils avuided the trouble, so that 
it was only where there was access of air that 
corrosion took place. He had found in experi- 
ments on aluminium that this metal was unac 
on by prolonged exposure to either fresh water or to 
a strong salt solution, if oxygen were absent. He 
did not understand the author’s difficulty in esti- 
mating directly the strength of HCl in very weak 
solutions. Roscoe and Dettman had, in fact, shown 
that if a dilute solution of HCl were distilled, water 
alone came over. He had himself confirmed this 
some years ago when investigating a case in which it 
was alleged that hydrochloric acid had been liberated 
by decomposition of magnesium chloride. He had 
made a very weak solution of HCl, and distilled it, 
and found that in the vapour given off there was 
not a trace of HCl until the residue in the retort 
became fairly strong. 

Mr. E. L. Rhead asked the author whether he 
had established it as a fact that HCl could attack 
copper in the absence of oxygen. The evidence 
brought forward in the paper was not sufticient to 
destroy the speaker’s belief that copper was not 
directly attacked by the acid ie The fact 
that the trouble disappeared when the heating coils 
were drowned seemed to show that for the corrosion 
to occur it was n to have air present on top of 
the liquor, and he should like to see an experiment 
tried with distillers fed with de-aerated water. 

In reply, Mr. Philip said that the tubes in question 
were zinc-copper alloys such as were ordinarily used 
for condensers. He wasafraid that he had taken it for 
granted that members knew the construction of these 
condenser distillers, but this appeared to be an error. 
He might explain, therefore, that the arrangement 
was as indicated diagrammatically in Fig. 1. The 
evaporator was shown on the left with drowned 
evaporating coils, and the condenser on the right. 
This latter was quite similar to an ordinary con- 
denser, save that the steam passed through the 
tubes, and the circulating water outside them, and 
that the tubes were vertical—an arrangement which 
prevented the lodgment of ash or particles of 


carbon, which often initiated corrosion on the 
water side of ordinary condenser-tubes. Mr, 
Rhead considered it necessary that he should 
demonstrate that HCl would attack the metal in 
the absence of oxygen. Asa matter of fact, how. 
ever, oxygen was always present, the sea-water, 
with which the evaporator was fed, containing a 
large amount. He thought there was evidence that 
HCl was the active agent, and not oxygen actin 
alone. As stated in his paper, with drown 




















evaporator tubes there was no corrosion, and in this 
condition the HCl could not pass off. If, however, 
part of the tubes extended above the surface, this 
exposed surface got splashed, and the temperature 
of this part of the tubes being high, owing to the 
fact that they were fed with high-pressure steam, 
dissociation occurred, and HCl was liberated. 
With reference to the remarks of Sir Gerard 
Muntz, he had never said that corrosion did not 
occur in the Navy, but that considering the number 
of tubes used, the instances were very few. In 
reply to Mr. Bengough, he might say that pitting 
did occur, but, in general, the main trouble was in 
the appearance of copper in the distillate. The 
trouble could be stopped by putting zinc in the 
top of the evaporator, but this zinc then corroded 
rapidly. If exposed tubes were used in the 
evaporator, the trouble made its appearance imme- 
diately. When the evaporator was not in use, the 
steam side was always emptied ; but he believed 
that the liquid was not run off from the water side, 
but on this side there was never any corrosion in 
the case of distilling condensers. He was interested 
to learn that Mr. Bengough had found instances of 
corrosion by HC] in the case of ordinary cundenser 
tubes, since the deposit formed on the interior of 
these tubes was always basic. He could confirm 
the claim made by Sir Gerard Muntz that very 
few cases of corrosion arose from a faulty com- 
position of the metal. The principal agent in 
promoting the corrosion of ordinary condenser 
tubes was the lodgment within them of ashes and 
the like, and the omission to secure a good metallic 
contact between the tubes and the tube-plate. 
Professor Huntington, before calling for the next 
paper, remarked that some time ago he had a boiler- 
stay sent him from which zinc had been removed 
by corrosion. He noticed that the amount of 
zinc thus removed was directly proportional to the 
thickness of the overlying scale. In one part the 
stay had a slot cut in it, which was filled with solid 
vale, and underneath this the removal of zinc 
had attained its maximum. He attributed the 
action to the presence of magnesium chloride in 
the scale, but had not tested this hypothesis by 
experiment. He could not say whether this stay 
had been drowned or only partly immersed in the 
boiler water. 
(To be continued.) 








TEsTs OF AN AMERICAN DrgsEL Encinge.—Some tests 
were recently carried out by Professor A. C. Scott on 
a 225-brake-horse-power Diesel engine at the Hugo 
(Okla) Ice and Light Company’s works. The engine 
was built by the Busch-Sulzer Brothers Diesel Engine 
Company, of St. Louis, U.S.A. Six test runs were made, 
each at a different load, and as the engine was from time 
to time required to carry its plant load, the six tests 4 
to be spread over a period of several days. The engine 

m in service for about six months, and prior t 
the tests no special tuning-up was attempted. The f 
used gave 18,986 B.T.U. per pound. e engine was 
coupled to a three-phase generator, and the load was 
adjusted by means of a water rheostat. The air-com- 
pressor was driven from an outside source, but the power 
used by it has been allowed for in the test figuns 
The consumptions of fuel oil were as follow: —108 
gallons per 100 brake-horse-power hours at quarter “— ; 
6.8 gallons at half load; and 6.2 gallons at full load. 
This latter figure corresponds to 0.441 Ib. of oil per 
brake-horse-power hour. The thermal efficiencies ee 
17.4 per cent. at quarter load, 27.8 per cent. at half | i 
29.5 per cent. at three-quarter load, 30.3 per cent. at bn 
load, and 20.2 per cent. at 10 per cent. overload. 1 
Busch-Sulzer Brothers Diese! Engine Compan — -_ 
the engine, are erecting a ~— plant at St. Louis pe 
devoted wholly to buildi iesel engines. The P 
will be put into operation about the beginning of June. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 27, 1913. 

Tue demand for structural material, active as it 
has been for months past, has within the past few 
days assumed greater vitality because of the covering 
of large orders for bridge-work and car-building 
recently placed. A large demand has also shown 
itself for material for ship and boat-building on the 
coast and lakes. The railroads have arranged for an 
unusual amount of construction this summer, and 
in addition to the heavy repairing requirements 
much new bridge-work has n resolved upon, one of 
these enterprises being the construction of a bridge 
across the Ohio River near Paduka, Kentucky, to the 
Illinois shore. The order of the Norfolk and Western 
road for cars calls for over 60,000 tons of plates 
and shapes to be built at their own works, besides 
orders for 8000 tons of bridge material for bridges 
to be constructed along its line. Contracts have just 
been placed during the week for several thousand 
steel cars, and the mills are being called upon to bid 
on material for their construction. Western mills 
are quoting 1.65 dols., and Eastern mills 1.75 dols. 
This phenomenal activity will no doubt continue for 
some time to come, as a great deal of new work is in 
sight. The boat and shipyards have not been able 
to make satisfactory arrangements for the delivery of 
new work, and there is an expansion of yard facilities 
and capacity, which, when completed, will go far to 
enable ship and boat-builders to meet the imperative 
demands forshipping. The rail-mills are also booking 
good-sized orders for standard and heavier rails, 
besides rails for street-car purposes. All of the sheet- 
mills of the country are loaded with work to the 
limit, and anxious buyers are still obliged to await the 
convenience of mills to fill orders. The bar-mills are 
better able to accommodate customers owing to a 
slight slackening in demand ; but with the advent of 
spring it is believed that there will b> a repetition of 
recent conditions. Agricultural steel is promptly 
distributed according to specifications, and the output 
of implements is equal to the contract requirements. 
All things point to a material enlargement of the agri- 
cultural area in all branches. The Canadian North- 
West is, perhaps, the most promising field for distri- 
bution, and experts upon the subject believe that the 
eflux of United States farmers will be no less than 
inrecent years, owing to the extraordinary facilities 
afforded by railroads to market crops. 








INTERNATIONAL CONGRESS IN MINING, MR&TALLURGY, 
AppLIED MECHANICS, AND Practica Gro.tocy.—This, 
the sixth congress, as announced in one of our former 
issues (see ENGINEERING, vol. xc., page 48), is to be held 
in London in the early part of June, 1915. These con- 
gresses take place at intervals of five years, and the last, 
which was brilliantly successful, was held at Diisseldorf 
in1910. The attendance at the Diisseldorf Congress was 
over 2000, and it is anticipated that the attendance in 
London in 1915 will be equally large. An influential 
committee has been formed to make the necessary 
arrangements, and the movement is being actively sup- 
ported by the University of London, the Imperial College 
of Science and as the Geological Society of 

on, the Institution of Mechanical Engineers, the 
Iron and Steel Institute, the Society of Chemical In- 
dustry, the Institution of Mining Engineers, the Institu- 
tion of Mining and Metallurgy, the Institute of Metals, 
the South Wales Institute of Engineers, the Cleveland 
Institution of Mining Engineers, the West of Scotland 
Iron and Steel Institute, the Staffordshire Iron and Steel 
Institute, the Sheffield Society of Engineers and Metal- 
lurgists, and by numerous firms interested in the various 
industries represented. 





CuEmicaL ANALYSIS wiTHOUT RepucING SprED.—The 
sientific accuracy often striven after in modern indus- 
tial processes, has, in many branches, callde for reliable 
chemical analyses, this being particularly the case in the 
ion and steel trades. So much has this call increased 

demands are made for greater rapidity in the 
manner in which analyses are carried out. No increased 
mpidity is, however, of any use unless it is accompanied 
accuracy; indeed, accuracy must be regarded as much 
tore important than —t This subject was recently 
weated on by Messrs. OC. H. Ridsdale, F.I.C., F.C.S., 
md N. D. Ridsdale, F.C.S., in a om 9 entitled ‘*‘ In- 
teasing Inherent Accuracy in Chemical Analysis without 
ucing Speed,” read before the Staffordshire Iron and 

teel Institute, and the authors there pointed out that the 
_of accuracy most needed for practical and com- 
mercial purposes was not absolute scientific accuracy. 
It was more important that results from the same 
‘ample should always agree. They pointed out, how- 
ver, that errors arise not only when different methods, 
may in themselves be sound in principle, 

“8 employed, but even under the same method. The 
Way of carrying out the analysis, which is influenced 
}the personal element, faulty one, om che- 
&c., must also be reckoned with, and these, it is 
thought, may account for at least 90 per cent. of the 
‘rors that occur. Variable factors should be eliminated. 


The mechanical system is thought to be the one most likely 
“give accuracy, for in it “each method is expressly 
“ranged so that most of it can only be done in one way, and 
there is little chance of unintentional error.” The authors 
teler tothe mechanicalised method at present available. 


TESTS OF A BONECOURT BOILER. 


Tue Berlin-Anhaltische Maschinenbau-Actien-Gesell- 
schaft have recently carried out at Streatham Common an 
exhaustive series of tests on a small Bonecourt boiler. 
This boiler, it will be remembered, consists of a short 
shell traversed by 3-in. tubes. The interior of the tubes 
is filled with broken fireclay or other refractory material 
which serves as a basis for the production of flameless 
surface combustion. The fuel used is gaseous, and, as 
shown by the tests recorded below, very high rates of 
heat transfer are obtained in combination with very 
high thermal efficiencies. Reduced to English measure 
the results were as follows :— 





Jan. 8, | Jan. 9. 








a . Jan. 10, | Jan. 13, 
1913. | 1918. 1913. 1913. 
Tovar, Os ccaisiiaiistinideamianoes 
Height of barometer 
in. mercury 30 | 30 30 | 2.8 
Length of trial 6 br. 3h.17m.! 6hr. | 6hr. 
Pressure of mixed | | 
andair .. os in. 40.9 42.3 40.7 40.2 
Pressure of gas dis- | 
charged behind the 
boiler .. oo im 5.14 5.3 5.1 — 
Temperature of gas 
discharged behind the 
boiler .. deg. F.) 534 558 565 568 
Temperature of gas) 
discharged behind the! 
economiser deg. F. 289 289 286 _ 
Gas pressure on the gas) 
meter in. mercury; —- 0.05 - 0.06 - 0.02 - 0.05 
Temperature of gas on| 
gas meter leg. F.) 31 53 48 46 
Quantity of gas used) 
cub, ft.| 8700 4970 9310 9820 
Quantity of gas at) 
0 deg., 760 mm. | 
cub, ft.) 8380 4770 9030 9480 


Calorific value of gas) 
at 0 deg., 760 mm. 

B.T.U. per ft. 510 516 516 523 

Heat content of gas 

sed .. B.T.U 


ui 4,270,000 | 2,470,000 | 4,670,000 4,970,000 
Steam pressure | 
lb, per sq. in.| 103.1 113.8 112.4 113.8 

Temperature of water! 

heater before the 

economiser deg. F. 48 49 49 46 
Temperature of water 

heater behind the! 

economiser deg. F.| 143 120 119 _ 
Quantity of water con- 

verted into steam lb.| 3490 1980 369 3720 
Quantity of HgO con-' 

verted into steam per 

sq. ft. of heating sur 

face per hour 

Ib. per sq. ft.) 27.7 28.8 29.3 29.5 

Equivalent evapora- 

tion from and at 212 | 

4 F. in lb. per aq. ft. | 

of heating surface per | 

hour .. se 33.9 $5.2 | 35.8 36 
Heat utilised in the) | | 

boiler .. B.T.U.) 4,080,000 | 2,315,000 | 4,320,000 | 4,870,000 
Efficiency 93.3 | 938 | 92.5 87.8" 


per cent.| 


| | 


* No feed-water heater. 


The trials were made on a ten-tube boiler of 1.95 sq. m. 
(21 sq. ft.) heating surface. The heating surface is calculated 
from the inner side of the tubes; the tubes are 816 mm, (3.22 ft.) 
long, and have an interior cross-section of 3 in. 

e quantity of gas was measured by means of a graduated gas- 
meter manufactured by Messrs. Parkinson and W. and B. Cowan, 
Limited, of London. The calorific value stated is the mean 
bet 3 


ca 





tric readings. 
The quantity of water employed was measured by a vessel 
whose capacity has been ascertained by calculation and by actual 


"—. 
e erent readings were taken through the trials every 
10 to 30 minutes. 

The steam was practically quite dry. 

As the installation is situated on the outskirts of London, at the 
end of a gas-main, it happened that when darkness set in want of 
gas —— the work more than once. 

For t reason the idea of a continuous day and night run had 
to be abandoned. 





REINFORCED-CONCRETE WATER-TANK OF 600,000G ALLONS 
Capacity.—A reinforced-concrete water-tank and tower 
have recently been constructed at Berlin, Ont., C 
The tank has a capacity of 600,000 gallons when the water- 
line is 2 ft. below the top. It is 50 ft. in diameter, 40 ft. 
high, and is formed of a circular shell 12 in. thick at 
the bottom and 8 in. at the top, standing on a@ rein- 
forced-concrete tower 81 ft. high from the footings of 
the foundation. The tank is covered with a flat arched 
dome of reinforced concrete 4 in. thick, and the bottom 
is made up of two domes which run into each other, the 
outer one being inverted, with its low part resting on the 
supporting tower, from which point i the inner 
dome, which is convex to the inside of the tank. The 
bottom is well reinforced to prevent ing. The inner 
and outer domes of the bottom are so proportioned that 
the thrusts nearly balance. The thrust at the junction of 
the bottom and the shell of the tank, due to the weight 
of the shell and its roof, is provided for by a large amount 
of steel reinforcement. The tank reinforcement consists of 
% in. and ? in. square bars of high carbon steel, in 
two separate layers where the spacing was less than 4 in. 
In the inner dome of the bottom there are 4-in. 
spaced from 6 in. to 8 in. apart, centre to centre. Oon- 
crete, mixed in the proportion of 1:1: 2, was used 
in all portions of the tank in contact with water, 
whereas the proportion in all other places was 1: 2:4. 
As a means of waterproofing the tank, three coats of 
mortar, gauged 1 of cement to 1 of sand, and laid on 
} in. thick, were used. We are indebted for the above 





information to the New York Engineering Record. 


NOTES FROM THE NORTH. 

: Gascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
Cleveland warrants opened firm, but the business was 
limited to 15,000 tons at 63s. 54d. one month, and 
62s, 6d. three months. Closing sellers quoted 63s. 3d. 
cash, 63s. 6d. one month, and 62s. 74d. three months. 
Hematite was quoted 79s. 9d. cash sellers. In the 
afternoon the market was again quiet, and the tone was 
i lar, and 1500 tons of Cleveland warrants changed 
9 at 63s. 34d. cash, 63s. 6d. fourteen days, and 
62s, 3d. three months. Sellers’ closi prices were 
63s. 4d. cash, 63s. 8d. one month, and 62s. 5d. three 
months. On Friday morning Cleveland warrants were 
rather easier, and 4500 tons were done at 63s. 2d. and 
63s. 3d. cash, 63s. 3d. seven and nineteen days, 63s, 2d. 
twenty-eight days, 63s. 54d. one month, and 623. 3d. 
three months. At the close sellers named 63s. 3d. oash, 
63s. 44d. one month, and 62s. 4d. three months. A 
firm tone prevailed in the afternoon, when 2500 tons 
of Cleveland warrants were dealt in at 63s. 3d. and 
63s. 4d. cash, 63s. 44d. five days, and 62s. 3d. three 
months. Closing prices were firm, with sellers at 
63s, 5d. cash, 63s. 9d. one month, and 62s. 4d. three 
months. On Monday morning there was little change 
in the tone of the market, and dealings were on a small 
scale. The latter consisted of 1500 tons of Cleveland 

warrants at 63s. 3d. cash and ten days, with closi 
sellers at 63s. 4d. cash, 63s. 9d. one month, and 62s. 44d. 
three months. Hematite was firm at 80s. cash sellers. 
In the afternoon Cleveland warrants were easier for 
forward dates, but steady for cash. The turnover was 
3500 tons at 63s. 34d. cash, 62s. 6d. May 28, and 61s. 11d. 
and 623. three months, and sellers’ closing quotations 
were 63s. 4d. cash, 63s. 8d. one month, and 62s, 14d. 
three months. Hematite was unchanged at 80s. cash 
sellers. On Tuesday morning a decline took place in the 
values of Cleveland warrants, and the only business was 
1500 tons at 63s. fourteen days, and 61s. 8d. three months. 
The closing prices were 63s. 14d. cash, 63s. 6d. one 
month, and 61s. 9d. three months sellers. Oash hema- 
tite was again unchanged at 80s. sellers. The tone 
was dull in the afternoon, when 2000 tons of Cleveland 
warrants were done at 63s. 3d. one month, and at the 
close sellers quoted 63s. cash, 63s. 44d. one month, and 
61s. 10d. three months. Hematite was quoted easier at 
79s. 9d. cash sellers. When the market opened to-day 
(Wednesday) a steady tone prevailed, but dealings were 
confined to one lot of Cleveland warrants at 63s. 3d. one 
month. Prices hardened towards the close, and sellers 
uoted 63s. 3d. cash, 63s. 64d. one month, and 61s. 10d. 
three months. The afternoon session was dead idle, but 
cash and one month Cleveland warrants were nominally 
higher with sellers at 63s. 5d. and 63s. 9d. respectively, 

but the forward price was called 61s. 84d. three months. 


_ Sulphate of Ammonia.—The sulphate of ammonia market 

is again easier, and inquiries are not so numerous. The 

priee has now reached the lowest point ef the year, and 

* —_ 141. per ton for prompt delivery, Glasgow or 
th. 


Scotch Steel Trade.—The position of affairs in the Scotch 
steel trade is rather better this week, as a firmer tone is 
in evidence, but fresh orders for the home market are still 
very scarce. This does not cause any worry at the moment, 
owing to the fact that specifications against contracts 
are very plentiful, and heavy material already booked 
ensures full employment for a long time ahead. Ship- 
plates are in active demand, but makers would be glad 
of more orders for angles. Export departments are 
better off for work, and quite a heavy tunnage of general 
material has lately been fixed up for Colonial markets and 
the Far East. Inquiries for further lots amounting to a 

tonnage are reported this week, and there are 
excellent —- that a good share of these orders will 
be placed with local sellers. The makers of structural 
sections are well employed, and the position of the black- 
sheet trade has undergone no visible change, producers 
still experiencing an active demand. 


ee oe the yn ee — 
conditions are practically unchanged, altho a brighter 
feeling vails owing to a falling-off in evel com peti- 
tion. producing strips are rather busier, and 
small-sized bars are in good request, but large bars are 
still in by ! poor demand. Export prices are the turn 
easier, but for home delivery quotations are firm. 


Scotch penne | Trade.—The cry for supplies of Scotch 
pig iron still continues, and makers are easily getting rid 
of their present output. The difficulties which existed 
during the recent carters’ strike in Glasgow are slowly but 
surely being overcome, and export lots are going away 
more freely. The fluctuations in the warrant market have 
had a bad effect with regard to new business, but with a 
more uniform tone appearing local inquiries are sure to 
increase. Prices are a shade easier, and the followi 
the market quotations for makers’ (No. 1) iron: 
and Langl Bie. al shipped ‘Glen oy 
oan, Pi at ww); 
at Ardrossan), 82s.; Shotts (at Leith), 3; and 
at Grangemouth), 83s. New business in hematite iron is 
not heavy, but deliveries are large. Prices are just the 
turn easier. 


are 
lyde 
81s. ; 


Carron 








German Coat De.iveries.—The deliveries from the 
German coal-producing districts in January amounted to 
13,575,340 tons, as compared with 11,562,060 tons in 
January, 1912. The principal deliveries were from the 
Ruhr, 8,424,000 tons, against 7,069,900 tons in the corre- 





bree mg, month of the previous year; and from Upper 
ilesia, 3,117,510 tons, against 2,609,470 tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Hull Coal Returns.—The figures for the quantity of 
coal passing through the port of Hull show substantial 
increases upon last year. The tonnage for the past two 
months was 1,225,384, as against 1,035,896 tons in January 
and February, 1912. The increase in January was over 
110,000 tons, and in February 75,490 tons, making a total 


advance of 186,488 tons. Much of this increased quantit 


was on foreign export account, the total under this head- 
ing for the first two months of the present year being 

151 tons, an increase of 101,594 tons upon the same 
period of 1912. During last month 262,747 tons were 
sent abroad, and 90,845 tons represented the coastwise 
traffic. The Denaby and Cadeby Collieries headed the 


output list for the month with 42,834 tons. 


Gas for Power.—The increasing use of gas for power 
purposes was remarked — w the chairman at the 
annual meeting of the Sheffield United Gas-Light Com- 
pany. It was becoming recognised, he said, in nearly every 
cae in the town, that gas was a suitable and convenient 
fuel for many processes. Eighty gas-engines, varying 
from 1 to 300 horse-power, with a total horse-power of 

he total 
quantity of gas used by engines in 1912 was 557,824,000 
cub. ft. The company, with a view to encourage its 
further use for power purposes, had reduced the price of 
gas 1d. per 1000 cub. ft. in all cases where the consump- 
tion exceeded 500,000 cub. ft., or 31/. 5s. worth, of gas per 


2602, had been fixed during the past year. 


annum. 


South Yorkshire Coal Tradc.—Now that the railway diffi- 
culties have been smoothed over the tension in the coal 


market has been relieved, and works are not exertin; 
the same pressure for deliveries. The house-coal demand, 


however, shows still further improvement, and the 
position is a strong one. Large quantities of the 
commoner varieties of household fuel are being taken 


by the gas works, and going away on shipment, and 
consequently the pits ucing 


been altered, but the tendency is towards higher figures. 


Prices generally are not likely to suffer any weakening 
ial demand remains at its present 


proportions. Coke has been a little easier. Deliveries 


so long as the indus 


are better, and there are fewer complaints of delays. 
Quotations :—Best branch hand-picked, 15s. 6d. ; Barnel ey 
best Silkstone, 13s. 6d. to 14s. 6d.; Derbyshire best 
brights, 12s. to 13s.; Derbyshire house, 10s. 6d. to 11s. 6d.; 
large nuts, 10s. 6d. to lls. 6d.; small nuts, 9s. to 10s. ; 
Yorkshire hards, 11s. to 12s. ; Derbyshire hards, 10s. 6d. 
to lls, 6d.; rough 7s. 6d. to 8s. 6d.; seconds, 
6s. 6d. to 8s.; 4s. 6d. to 6s. 


Tron and Steel.—The price of forge and foundry irons 
has eased to the extent of 5s., and as a consequence some 
business has been transacted in J.incolnshire sorts. The 
market for Cleveland iron shown an improvement, 
and it is thought, with the demand still at a high level 
and the prevailing shor of stocks, that the quotations 
that ruled in January will soon be reached again. There 
is a general scarcity of supply as compared with con- 
sumers’ requirements, so that Aad sudden fall only 

rded as a passing p ers are not showing 
om anxiety in regard to hematite, although the price 
has been slightly reduced. Bar-iron makers have de- 
cided not to alter the ruling quotation of 9/. Finished 
irons are being fairly well ordered, and the supply is 
still behind the demand. A big ——— of rough Swedish 
bars is being supplied to the crucible-steel makers, and 
pig iron from that country is likely to show an advance 
in price for new contracts. The steel industries show 
little falling off in trade, and the better kinds of steel are 
experiencing an increased sale. The demand for tungsten 
is exceptionally heavy, and well exceeds the supply, 
whilst vanadium is ordered to an extent that 
renders Rg tayo par pon a =! may = both is 
responsible for the ces being paid when prompt 
delivery can be secured. The output of tool steel is con- 
tinually expanding, due largely to the briskness of 
marine and engineering, as well as to the growth 
in exports. New business in twist-drills is plentiful, and 
moet of the file manufacturers are having a struggle 
to meet the di . There is an increased export 
of oval prem of various kinds. The heavy branches of 
the s industry are still flourishing, and is prac- 
tically no change in the state of business. The influx of 


orders on armamen engineering, and railway 


account continues. The construction of og meet ers 
makes an additional demand u the local een 
for armour-plate and castings. Fourteen Sheffield works 


are participating in an extensive contract from the Great th 


Northern Railway of Ireland for stores. The War 
Office are compiling their list of authorised contractors, 
and invite applications from local firms. 





Canapian Exvecrric Rarways.—At the close of June, 
1912, there were fifty-four electric railways in the Dominion 
of Canada, with a total stock italisation of 70,829,118 
dols., and a funded debt of 52,012,828 dols. The gross 

i in 1911-12 were 23,499,258 dols., as compared 
with 20,356,951 dols. in 1910-11. The net earnings 
9,232,575 dols., as compared with 8,260,817 dols. 





issue | 5. ‘* Road the Carriage of Passen- 


127 pages of illustrated subject-matter on these two 
interesting subjects. The way in which electric cooking 
and heating have developed, as pointed out by our con- 
temporary, will come as a revelation to many . 





























best qualities are 
able to maintain a firm attitude. Quotations have not 


Systems 
were | Value to the Mercantile Life of the Community ; the 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.iesBRroucH, Wednesday. 

The Cleveland Iron Trade.—The market continues un- 
settled so far as Cleveland pig is concerned, and there is 
very little business passing. The fall of 25 cents in 
American ironhas had a somewhat depressing influence 
on the Cleveland market. Traders act with much caution, 
and buyers and sellers alike hesitate to commit them- 
selves ahead. The result is that what business is passing | large 
is confined to small odd lots for early delivery. No. 3 
g-m.b. Cleveland pig is firm at 63s. 9d. f.o.b., which is 
also the ruling figure for No. 4 foundry, and the other 
qualities are in the proportions that have ruled for some 
time past, No. 1 being 3d.; No. 4 forge, 63s. 6d.; and 
mottled and white iron, each 63s. In the hematite branch 
of the staple industry there is practically a famine. 
Sellers are quite unable to undertake the execution of 
mpt orders, and offers to buy Nos. 1, 2, and 3 at 82s. 
ave to be refused. Continental custumers are very 
anxious to buy for immediate delivery. Many of them 
neglected to make autumn purchases for spring, and as a 
consequence they are now unable to obtain supplies, as 
so much of the make is going into home consumption. 
Sheffield customersare taking up large quantities. There 
is little or nothing passing in foreign ore, and market 
rates are based on 21s. 6d. ex-ship Tees for Rubio of 50 
per cent. quality. Freights, Bilbao-Middlesbrough, are 
at 5s. Coke is in good request, especially for local con- 
sumption. Average blast-furnace kinds run from 24s. 6d. 


strength. Tonnage 


to keep shippers fully en 
owners being thus well 


a quieter tendency with re 
steam coal has made 19s, 3d. to 19s. 6d. ; seconda: 
to 16s. ; and cargo 


and furnace ditto, 27s. to 28s. 


freight, insurance, &c., to Cardiff or Newport. 
upwards of 9000 tons. 


war has also a 
South Wales. Day-to- 


to for early delivery, but forward contracts can be| , Welsh Coal Exports.—The shipments of coal from the 
made at a good deal less. six principal W. ports in the first two months of this 
year were as follows :—Cardiff—foreign, 3,170,399 tons; 


Shipments of Stocks of Pig Iron.—Shipments of pig iron 
from the Tees are up to expectations, but fall short of 
what they would be if more iron was available. To date 
this month the despatches average 3171 tons per working- 
day, the total clearances being returned at 31,715 tons, 
28,678 tons of which have gone from Middlesbrough and 
3037 tons from Skinnmgrove. To the same date last 
month the total loadings of pig amounted to 32,172 tons, 
or a dail ate y shy 3217 tons, and for the corresponding 
et of March t year, when the coal strike was at its 

eight, the shipments reached the abnormal total of 61,471 
tons, or an average of 6147 tons per working-day. Stocks 
of pig iron are slowly but steadily diminishing. Prac- 
tically the only stock in existence is the 217,850 tons of 
Cleveland pig in the public warrant stores at Middles- 
brough, and that quantity is 2261 tons less than was held 
at the beginning of the month. 


Manufactured Iron and Steel.—Little new can be re- 
ported concerning the manufactured iron and steel indus- 
tries. Activity at the works is unabated, and specifica- 
tions continue to come in freely, but orders are now 
scarce. Most manufacturers, however, have contracts 
made to keep them employed well into next year, so that 
they are not necessitated to seek further work. Prin- 
cipal market quotations stand :—Common iron bars, 
Sette tote jae Sk a may 

ing iron, ; iron ship-plates, 82. 2s. 6d.; iron ship- 
angles, 8/. 15s.; iron ship-rivets, 9/. 15s.; iron boiler- lates, 
8. 17s. 6d.; steel bars (basic), 7/. 17s. 6d.; steel bars 
(Siemens), 82. 5s.; steel ship-plates, 8/. 5s.; steel ship- 
angles, 7/. 17s. 6d.; steel boiler-plates, 91. 5s.; steel strip, 
81.; steel hoops, 8/. 2s. 6d.; and steel joists, 7/. 7s. 6d.— 
all less the customary 24 per cent. discount. Cast-iron 
columns are 7/. 7s. 6d.; cast-iron railway chairs, 4/. 10s. 
to 41, 15s.; light iron rails, 7/. to 7l. 5s.; and steel rail- 
Ms ! far _ a ay Be ee 
vani eorruga ects, 24-gauge, in are 
quoted 12/, 15s. to 131. f.0.b.—less the usual 4 per cent. 


7640 tons ; total, 43, 
February, 1912. 
February, 1913. 


a year old. 


work for the next eighteen months. 


Wage Act, the New 


. to reserve, and carrying for 


52,5700.; 1908, 69,252.; 1909, 33,7802.; 1910, 34,8130. ; 1911, 





ImpeRIAL Motor Transport COONFERENCE.—It is 
intended to hold this conference juring the month of 
July next, at the head-quarters of | :eRoyal Automobile 
Club, Pall Mall, London, 8.W., un.ier the presidency of 
H.R.H. Prince Arthur of Connaught, in order to deal 
with questions of motor transport, including all the 
industrial uses of motor vehicles. The touring car and 
cars used purely for pleasure will not be considered. 
According to t eo, it is expected that 
the guests will be received Bae president of the club 
on Friday, July 18, and on Saturday, July 19, the dele- | during 1912, and shipowners generally received a very 
gates will visit, the Industrial Motor Vehicle Exhibition | handsome return on their investments—a return that, 
which will open at rma on that day. a of | considering the long period of depression they had gone 
the Conference will be held on the Monday and -| through, they were fully entitled to. Although there 
nesday of the following week, and further meetings | was a drop in freights during the last weeks of 1912, the 
may take place if found expedient, the final meeting | present rates are still very remunerative ; there is, how- 
being probably held on Saturday, July 26. During | ever, a factor which will affect the profits for the present 

@ week there will be visits to various garages, | year—viz., the great increase in the cost of running 
&c. It is intended to discuss the following papers|steamers. Owners of “tramp” steamers seem (not 
at the meeting of the Conference :—1. ‘The Question | without reason) to derive satisfaction from the fact that, 
of Fuel Supply ; Present Needs and Future Prospects;/of the total number .of steamers building, ‘ tramp 
The Possibility of Creating Adequate Supplies within | steamers form a much smaller percentage than hitherto; 
the Empire.” 2. ‘‘The Consideration of the Problems | but against this it must be borne in mind that for the 
Motor Transport, with special | last twenty years liners have been encroaching upon, a0! 

to the Production of Types of Vehicles useful | in some cases practically monopolising, trades which st 

both for Military Work and for Industrial Work in the | one time were left entirely to the “tramps.” The cost 

i of Canada.” 3. ‘‘The Organisation of Motor | of new steamers rose greatly during 1912—about 27 per 

for the paswege of cent. in the twelve months, and nearly 50 per cent. from 

lerc ( , the lowest point in 1910. There has been a rise in the 

tation of existing methods of delivery required to| value of the more modern second-hand boats of about 

enable traders to take full advantage of the capabilities | 30 per cent., and a greater rise in the value of older 
i ——— vehicles.” 4. ‘‘The Relations | steamers. Sailing-ships acquired at the low prices ru 

iti eo and Buyers Overseas.” | in 1910-11 earned large profits, and the result has 
in Cities ; i of that fewer sales were recorded during 1912, but those 
vessels which were sold hands at prices showing 
ana increase of 45 to 50 per cent. demand has 
fallen off, and although there is only a moderate amount 
of sailing-ship tonnage offering, prices are easier, and are 
likely to continue so, 


cent. per annum. 








Surerine Freicuts.—In their annual report Messrs. 
T. W. Tamplin and Co., 83, Gracechurch-street, London, 
state that the a pe y= in freights which commenced 
in July, 1910, and which (with a few small relapses) con- 
tinued during 1911, increased to a surprising extent 


and their 


the Municipal Uses of Motor Vehicles; Fire 
Ambulance Services, Postal Services, &c.;” 
camledhlin® Wiper putieclon’ uny'te chtulead 
turists.” parti may obtai 
from the hon. secretary, Royal Automobile Club. 


bag 
BE 
4 


Cardif.—The steam-coal trade has shown continued 
1 arrived freely over the week end, 
with the result that there were in dock sufficient steamers 
ed up to Easter. Colliery 
ked, buyers have found it 
rd to secure lower ene rma Pg od been 

to which have 
been offered rather more freely. The best Admiralty 


qualities, 18s, 6d. to 19s. 3d..; best bunker smalls, 15s. 6d, 

smalls, 14s. 9d. to 15s. per ton. The 
best household coal has brought 19s. to 20s. ; good house- 
holds, 17s. to 188. ; No. 3 Rhondda large, 17s. to 17s. 6d. : 
and smalls, 15s. to 15s. 6d. per ton. No.2 Rhondda large 
has realised 16s. to 16s. 6d. ; and No. 2 smalls, 13s. 6d. to 
14s. 6d. ton. Special foundry coke has been quoted 
at 32s. 6d. to 33s. 6d. ; good foundry coke at 29s. to 31s.; 
i 6d. per ton. As regards 
iron ore, Rubio has made 21s. to 22s. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 


The Tin-Plate Trade.—The exports of tin-plates from 
the United Kingdom in February showed a falling off of 
Trade with the United States 
and Canada has Veer eed disappeared, and the Balkan 

ected shipments for Roumania and the 
Near East. About mow A tin-plate mills are now idle in 
ay contracts are being arranged, 


coastwise, 440,756 tons ; total, 3,611,155 tons. Newport— 
foreign, 824,959 tons; coastwise, 105,146 tons; total, 
930,105 tons. Swansea—foreign, 580,291 tons ; coastwise, 
47,982 tons ; total, 628,273 tons. Port Talbot—foreign, 
314,830 tons ; coastwise, 18,690 tons; total, 333,520 tons, 
Neath—foreign, 27,776 tons; coastwise, 20,333 tons; total, 
48,109 tons. Llanelly—foreign, 35,399 tons ; coastwise, 
340 to tons. Shipments showed a de- 
cline in ane of 356,853 tons as compared with 

t is right, however, to recall the fact 
that there was one more day in February, 1912, than in 


Mine Sweepers.—The steam trawlers Rayvenor and 
Exlopia have been purchased from Milford Haven owners 
by the Lords of the Admiralty, and they have been sent 
to Pembroke for conversion into mine sweepers. They 
are — new craft, the Rayvenor not being yet 


The Ebbw Vale.—The Ebbw Vale Steel, Iron, and Coal 
Company, Limited, has secured a large order for steel 
rails and fish-plates from the Government of New South 
Wa Deliveries are to be commenced in the autumn, 
and will extend well into 1914. The company has now 
sufficient orders on its books to ensure it uninterrupted 


Making the Best of It.—One Welsh industrial under- 
taking, at any rate—the Penrikyber Colliery Company— 
“a to have successfully made the best of the diffi- 
culties which colliery-owners have had to face by reason 
of recent legislation. Notwithstanding labour difficulties 
and the extra working costs resulting from the Minimum 

— Sm Act, and the National Insur- 
ance Act, and notwithstanding also recent advances in 
wages, the Penrikyber Company declared a dividend of 
wt cent. per annum upon its ordinary shares for 1912, 


es p 50002 
16,5971. The profits realised by the company during the 
last seven years were as follow :—1906, 18,625/.; 1907, 


48,758/.; and 1912, 50,6717. The dividends paid during 
the seven years were 1906, 5 per cent.; 1907, 124 per cent.; 
1908, 15 per cent.; and 1909, 1910, 1911, and 1912, 10 per 
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Fie. 1. 


INDUSTRIAL NOTES. 


For the present, at any rate, the danger of a great 
railway strike over the action of the guard Richardson 
has passed, the men having accepted the offer of the 
Midland Railway Company in view of the promise given 
by the company to alter the rules so as to obviate in 
future the difficulties that caused the trouble. The 
joint executive of the men’s unions met at Unity 
House, on Saturday last, and, after consideration of the 
subject, concluded that :—‘‘ Having received the reply 
of the directors of the company, they were satis 
that the two points about which they were concerned 
had been conceded, these two points being :—(1) The 
reinstatement of guard Richardson; and (2) an 
intimation that, in future, the difficulty of men 
accepting oral instructions which are contrary to 
the printed rules and regulations of the company 
will be altered in such a manner that will clearly 
define the men’s position.” The men also express 
the hope ‘‘ that in future more amicable relations will 
prevail between the Midland Company and their 
employees than those which have existed for some 
time past, thus avoiding any danger or possibility of 
their being brought into conflict and creating con- 
eee of this kind prejudical to the convenience 

nd safety of the public at hoon” This ending to the 
difficulty has caused general satisfaction, and the 
Midland Company are to be congratulated on the 
conciliatory and sensible attitude they have taken up 
with regard to the men’s demands, which do not appear 
to have been anything more than reasonable, and it is 
now to be hoped that we shall in future hear less of 
the unrest among the men in their employ than has 
been the case for some considerable time. 





The look-out in the Lancashire cotton trade is not 
bright, matters having become so serious that at the 
eginning of this week it was expected that the opera- 
tives in fifteen mills in the Oldham district would 
strike work during the next few days on account of 

spinning” disputes. On Tuesday, however, 
many of the notices were withdrawn. Should the 
strike eventually take place, the action of the workers 
will render several thousand hands idle, and cause the 
stoppage of a million spindles. If the trouble con- 
tinues much longer, it is considered probable that the 
owners will declare a general lock-out, but at present 
the Masters’ Federation has come to no definite 
decision. On Monday last a conference between the 
“room operatives and some of the master spinners 
Was begun, the object being to discuss possible amend- 
ments of the Brooklands Agreement, but it was 
sdjourned for a week. 











Enaine-Room oF S.S. ‘‘ Cargnross.” 


‘It appears that there is some anxiety in railway 
circles in South Wales as to the probability of a strike 
on account of the passing over of a guard in the 
employ of the Rhondda and Racssen Railway Company. 
It seems that this guard did alternative inspectorship 
duty and was entitled to the post of permanent 
inspector, but that this post has been filled by a junior 
in the service. It is stated that the guard who was 
entitled to promotion has been passed over because he 
was the mouthpiece of the men on the Conciliation 
Board, and a considerable amount of annoyance has 
been created by the company’s action, so much so, in 
fact, that a meeting of the men has been called for 
Sunday next. Whether the charge against the com- 
pany has any foundation in fact we cannot say, but 
such charges are often made without due consideration. 





The Monthly Trade Report of the United Pattern- 
makers’ Association for February has recently ap- 
peared and indicates that the general condition of 
the trade is at present very much what it was a month 
ago. At the end of February there were 219 members 
signing the vacant-books as compared with an unem- 
ployed roll of 188 at the end of January, but this in- 
crease of 31 is more than accounted for by the increase 
of idle members in the Birmingham district on account 
of the strike of labourers there. On the whole, 
trade is very good in the marine centres, and from the 
North-East Coast reports are as favourable as they 
have been for some time, though there is some slight 
falling off at Sunderland. Good trade also continues 
throughout the Clyde district, with the prospect that 
it will continue for some considerable time. Good 
reports are also to hand from Barrow and Belfast. 
Most of the unemployment is in the inland centres. 
The worst two places appearing to be Bury and Bolton, 
and Live’ 1—though a seaport—is not much better 
off. In the Manchester district trade is fair, and 
throughout Yorkshire it is good, particularly so at 
Leeds and Sheffield. The percentage of all the unem- 
ployed members is 2.6. 





According to the monthly report of the Associated 
Blacksmiths’ and Ironworkers’ Society for the four 
weeks ended February 25 last, the membership at 
the end of the month was 6778—an increase of 208 
over that at the end of the previous month. The 
income during February amounted to 999/. 4s. 3d., 
and the expenditure to 1141/. 8s. 0jd. An application 
has been made to the federated employers for the 
usual advance of }d. an hour and 5 per cent., in terms 
of the agreement. At Inverurie a minimum of 33s. 
week was conceded for blacksmiths, and a rate of 21s. 


a week for hammermen, with the promise of another 


ls. a week to both sides in December next. 





Trade continues good among the steam - engine 
makers, if we are to judge by the monthly report 
of their society for February, and this gratifying 
announcement is followed by the statement that pros- 
perity is likely to continue for some time. Men are 
in steady demand; things look bright. Compared 
with & year ago there was a marked improvement in 
the engineering trade, which is sure to have its effect 
on other branches. A distinct note of warning is 
sounded in the report regarding the laggards who are 
in the society, and who do not appear to care either 
for the society itself or for unionism generally. Some 
of the branches are, it is said, doing sterling work, 
while others give little thought to the future. It is 
pointed out that it is not numbers alone that count in 
a society, but the activity and whole-heartedness 
of the members. 





The taxi-cab strike has now continued for eleven 
weeks, and does not appear likely to come to an end in 
the near future unless something comes of the rumours 
that are abroad regarding a substitute for petrol. 
The fact is that the strike now attracts very little 
public attention, for generally very little inconveni- 
ence is suffered from it. Strike-pay has been contri- 
buted fairly regularly, and on Saturday last each man 
received 13s. 6d. About 50,000/. has, it is said, now 
been distributed. 





In the building trades the men in some districts 
have received advances. In Chester the strike of 
painters, which lasted about five weeks, has come 
to an end. The men are to receive 2s. more a 
week, with a reduction in time of five hours a 
week. The terms of payment will now be 8$d. and 
9d. an hour for painters and charge hands respectively; 
494 hours is to be the working week in summer, 
and 44 hours in winter, with overtime at the rate of 
time and a half, and 5s. instead of 4s. allowance per 
week for lodging. The strike of plumbers in Hudders- 
field, which lasted for three weeks, ended on Saturday 
last, a rise of wages of $d. an hour on July 1 being 

romised, In the same town the carpenters and 
joiners are also to receive a rise of $d. an hour from 
this week. 





At the Government Dockyard at Devonport over a 
thousand men struck work on Saturday last, the men 
refusing to work overtime. Overtime is being regu- 
larly worked in the dockyard, and this action of the 
engineers will cause considerable inconvenience and 
delay, which appears really to have been the men’s 
object in striking, in order to draw the attention of 
the Admiralty to the demand that had been made for 
the raising of wages to the level of other establish- 
ments. ‘There is an agitation also in Southampton 
for better wages, and a number of men struck work 
there on Saturday last for an extra 3s, a week, which 
would bring the weekly wages up to 2/. 2s. 


The strike at Garston continues, and appears to be 
causing considerable inconvenience to the shippers 
engaged in the banana trade, for ships conveying this 
fruit are unable to discharge their cargoes in the 
ordinary way, and it is stated that the Dockers’ 
Union will not allow ships which are prevented from 
discharging at Garston to do so at any other British 
port. In addition to the particulars of the strike 
which we have already published, further in- 
teresting information has been given by the 7'imes. 
It appears that some forty men belonging to the 
Dockers’ Union left that body to become members of 
the Amalgamated Society of Railway Servants, an 
action which was resented by the officials of their 
union, who tried to induce the London and North- 
Western Railway Company, who own the Garston 
docks, to use their influence to induce the men to 
return to the union, a request which the company 
naturally declined to grant. A strike was therefore 
ordered, and the leaders persuaded the other workers 
at the docks to join. The agreement of October last 
was, of course, violated by this proceeding, but this was 
not enough for the dockers’ leaders, who proceeded to 
still more unreasonable methods. The banana steamers 
belonging to Messrs. Elders and Fyffes, London, were 
recently transferred from Manchester to Garston, 
where special arrangements had been made for unload- 
ing the fruit quickly. When, however, the steamer 
Pacuare with a large cargo arrived on March 2, the 
dockers would not unl her, so she proceeded to 
Rotterdam, where she discharged and took in coal. 
Messrs. Elders and Fyffes are prepared to make arrange- 
ments for their steamers at some other ports, but the 
officials of the Dockers’ Union have declared that they 
will not allow these steamers either to coal or discharge 
at any other British port. In addition to this, it is 
understood that the Dockers’ officials have threatened 
that if any attempts are made to send this company’s 
steamers abroad to coal, pressure will be brought to 





bear on the foreign unions to prevent their being 
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handled in any other port, though the owners have 
nothing to do with the dispute, and their men admit 
that they are well paid and well treated. 


On ae and Tuesday last a conference was held at 


the Board of Trade between the representatives of the 
London Master Bakers’ Protection Society and the 
Amalgamated Union of Operative Bakers and Confec- 
tioners in order to discuss the dispute in the baking 
trade regarding hours and wages. The minimum wage 
asked for by the men is 30s. a week in shops and 32s. 
in factories and a fifty-four-hour week. However, a 
settlement is in sight, and little now remains except to 
put terms discussed into an agreement, and to have 
them formally accepted. 


A strike of apprentices has occurred in the joiners’ 
department of Messrs. Workman, Clark and Co., 
Belfast, in order to obtain an increase of 2s. a week 
in wages and a reduction in time of apprenticeship 
from five to six years. 





INTERNATIONAL LAUNDRY Exuisit10n.—The fourteenth 
of the series of Laundry and aay Seon, at the 
Agricultural Hall, Islington, will held i er 
yr = ices of the Society of Laundry Engineers and 

1 


SourH-WesterRN POLYTECHNIC INSTITUTE. e are 
informed that Sir O. Alfred Cripps, K.C.V.O., K.C., 
M.P., will to-day present prizes and certificates to 
students of the evening classes and day college of the 
South-Western Polytechnic Institute, Manresa- 
Chelsea, S.W., at 8 p.m. A conversazione will follow. 


es, and will open on Saturday, March 29. 





Socrtrt Francaisk pe NAVIGATION AERIENNE.—At 
the last meeting of the mch Association of Aerial 
Navigation, the following gentlemen were appointed 
on the Council :—President, Mr. Daniel Berthelot; 
vice- idents, Mr. Koenigs, Lieut.-Colonel Espitallier, 
Mr. , and Mr. P. Delaporte; hon. secre Mr. 
an 0 — - It eee hasanene yer- 
uillon ; members of council, Messrs. Armengaux 

and Marbec ; librarian, Mr. Van Roesebeke. 

British Enorng, Borer AND ExecrricaL InsvRANCE 
Company, Liwirep.—At the annual meeting of this 
company, held at the head office, 12, King-street, Man- 
chester, on Friday, March 7, the chairman (Mr. R. 
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SPACE FOR 
AUXILIARY 
Charles Longridge) mentioned pencupend 
that in the course of the past 
year the Royal Insurance Com- 
pany, Limited, had acquired a 
controlling influence by the pur- 
chase of shares, and in conse- 
quence of advancing years his 
futher, the first chairman of the 
company, had taken this oppor- 
tunity for resigning his position 
on the board. Mr. Moss, also, 
who had been secretary almost 
from the commencement of the 
company, was retiring from that 
position, and his place would be 
taken by Mr. H. F. Taylor, who 
had for many years represented 
the company in Glasgow ; but 
these changes involved no 
alteration in the operations of 
the company and had in no way interfered with its pro- 
gress, as might be seen from the figures in the balance- 
sheet. Claims showed a considerable increase as com- 
pared with 1911, and this was chiefly among steam- 
engines—possibly because trade was so good that engines 
were overburdened ; but that explanation would not 
account for the fact that in spite of a great increase in 
the number of electrical machines insured, the claims in 
that department had not increascd. He ventured to hope 
that this improvement was due to the educational advun- 
tages derived from the repeated visits of the company’s 
inspectors, when they explained to attendants—many of 
whom knew little or nothing about electricity—what 
should be done to keep machines in good working order. 
While the amount to be paid for claims was about the 
same the ratio of breakdowns also remained nearly con- 
stant—namely, one out of every nine machines i d 
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made upon the present owner of land, in respect of the 

| duty accrued before its purchase, as the Inland Revenue 
cuiesline contend that the owner is liable in such 
circumstances under a provision in Section 19 of the 
Finance Act of 1910. No liability for duty exists where 
the land is used bond fide for any business, trade, or 
industry ; what constitutes such a user must, particularly 
in the case of a factory, give r'se to many complex points 
of fact and law. ‘The Association are ready to advise 
and assist any manufacturer in the matter in question. 


LouGHBOROUGH.—To direct the attention of manufac- 
turers and others intending to establish new industries, or 
to remove existing works to more favourable localities, 
the Town Clerk of Loughborough has issued a pamphlet 
setting out some of the advantages of that town as 
an i trial centre. Loughborough is situated in the 





There had been a considerable diminution in claims for 
boilers, and the general results spoke well for the efficiency 
with which the work of inspection had been carried out. 
It was resolved to pay a dividend of 5s. per share, with a 
bonus of 3s., and after re-election of directors and 
auditors, the meeting ended. 


oe 
Unpeveworep Lanp Duty.—The Machinery Users’ 


Marcel | Associati ee reer 22 and 23, Laurence Pount- 
ney. -» call i 


on 
E. attention to the importance of investi- 
Une the claims which are now being made by the 
Gommiaei ioners of Inland Revenue for undeveloped land 
om for the years ended March 31, 1910, 1911, 1912, and 
1913. The Association say that several instances have 
come to their knowledge in which these claims are bei 


Midlands, within easy access of the chief industrial 
markets. RJ also nee ~, have pesaptienelly = 
transport facilities, being serv y three railway |! 
and being also in communication with London, Hu!!, and 
Liverpool by canal. Other inducements offered to manu- 
facturers are cheap coal, good water, low price for electric 
, low rates, and educational facilities for 
omplo ees and their children. There is plenty of lan 
available at reasonable prices for the erection of works or 
factory premises. Sane Se more important industries 
at present carried on in Loughborough are electrical an 
general engineering, horticultural engineering, !wiler- 
making, crane-building, brick-making, iron and — 
founding, as well as various branches of the textile 





being | industries. 
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MECHANICAL GEARING FOR THE 
PROPULSION OF SHIPS.* 


By the Hon. Sir Cuartes A. Parsons, K.C.B., 
D.Sec., F.R.S., Vice-President. 

THE subject of the application of steam-turbines with 
mechanical gearing to ship a has already been 
brought before the notice of this Institution in papers 
read by the author in 1910 and 1911. These papers 
described the experimental installation in the cargo- 
steamer Vespasian, the successful results obtained with 
which have since that time led to considerable develop- 
ment in this type of propulsion. It is the object of the 

resent paper to give an account of the progress that 

as been made up to the present time. 

Geared-turbine propulsion is in this country now well 
advanced beyond the experimental stage. There are 
already in actual service cargo-steamers, Channel-steamers, 
and warships, together representing a total of about 
26,000 horse-power developed by steam-turbines and 
transmitted through mechanical gearing, and there is at 
the present time under construction turbine machinery 
and mechanical gearing representing a transmission of 
over 120,000 horse-power, including two installations of 
over 20,000 horse-power each. 

Geared turbines have been fitted in two Channel 
steamers for the London and South-Western Railway 
Company’s service between Southampton and Havre, the 
s.s. Normannia and s.s. Hantonia, of 1900 tons displace- 
ment, having a shaft horse-power of 5000 at a service 
speed of about 18 knots. These installations were fully 
described in a paper read before this Institution by Pro- 
fessor J. H. Biles in 1912. They continue to show an 
economy, as compared with other turbine-steamers on the 
same service, of about 40 per cent., due portly, to in- 
creased efficiency of turbines, partly to increased efficiency 
of propellers with the lower revolutions adopted, and 
partly to improved form of vessel incidental to the reduc- 
tion in boilers and the adoption of twin-screws. The 
Normannia’s gearing has been recently inspected after 
steaming over 26,000 knots, and was found to be in perfect 
condition ; no wear whatever can be detected. 

Geared turbines have also been instalied in three 
Channel steamers for the Indian ferry service between 
India and Ceylon, in accordance with desi and 
specifications by Sir William White. The first 
of these, the s.s. Curzon, has successfully passed her speed 
trials and considerably exceeded the speed guarantee 
undertaken by the builders of the vessels and propelling 
machinery, Messrs. Inglis and Oo., Glasgow. The 
reduction-gear was made by the Parsons Marine Steam- 
Turbine Cenanae. 

A ape. built for the Cairn Line by Mesars. 
Doxford, Sunderland, has been recently fitted with an 
installation of geared turbines (shown in Fig. 1, page 369) 
similar to that adopted in the b pay aan consisting of 
two turbines—a high-pressure and a low- ure turbine 
in series—capable of developing about 1600 shaft horse- 
power, which is transmitted through mechanical gearing 
to a single propeller-shaft at 63 revolutions per minute, 
the speed of the vessel being about 104 knots. It is 
interesting to notice that a coal-consumption trial has 
been made with this ship running side by side with a 
sister ship, the s.s. Cairngowan, with exactly similar 
boilers and propeller, but with triple-expansion recipro- 
cating engines, the coal supplied being of the same 
quality and measured in the same way on both ships, 
and the geared turbine-ship has shown a saving of 15 per 
cent. in the coal consumption. So far no limit in regard 
to the surface speed of the teeth has been discerned, and 
there is no evidence of any limit to the power that can 
be transmitted by mechanical gearing with gear-wheels 
suitably designed. It appears that this type of propul- 
sion can be adopted with advantage in all classes of work 
ranging from low-s cargo-steamers to high-speed 
destroyers and battleships and liners of large powers, 
and there can be little doubt that it will be extensivel 
employed for all classes of ships in the near future, 
few illosteations are given at the end of the paper of 
typical arrangements of geared-turbine machinery. 
igs. 2, 3, and 4, o ite, show an installation suitable 
for a destroyer of about 20,000 horse-power, with twin 
screws at 440 revolutions per minute. It will be seen 
that the installation consists of a high-pressure and a low- 
pressure turbine driving each shaft, and an additional 
cruising turbine geared with one of the shafts for employ- 
ment at low speeds. . 
Figs. 5, 6, and 7 illustrate a design for a battleship 
of about 40,000 horse-power, with four shafts at 200 re- 
volutions per minute. In the arrangement illustrated 
there are two turbines geared to each shaft, the turbines 
on the two shafts on either side of the ship being 
arranged in the well-known four-cylinder triple forma- 
tion, each group consisting of a high-pressure, an inter- 
mediate - pressure, and two low-pressure turbines, an 
arrangement which leads to a high efficiency both at full 
power and at cruising speeds. 

Figs. 8 to 11 show a further design for a battle- 
ship of about 60,000 shaft horse-power, with - 
tackinn machinery on four shafts, which also includes an 
additional set of small turbines and gearing for use when 
cruising. In such an arrangement the gear-wheels of the 
cruising set would be connected to the propeller shafts 
thoough clutches, and the main gear-wheels also clutch- 
connected, so that whichever set of machinery was in use 
the other set could be entirely disconnected from the 
Pw peed shafte, and all losses from idle running avoided. 

is separate cruising installation would have its own 
small condensing plant, or could make use of the small 
auxiliary condensing plant usually fitted. By this means 
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the fuel consumption per shaft horse-power at the — 
speed can be made practically the same as that at ful 
power. 

Figs. 12, 13, and 14 show an installation of geared- 
turbine machinery suitable for a cruiser of about 30,000 
horse-power on two shafts at 300 revolutions per minute. 

Figs. 15, 16, and 17 show an installation suitable for a 
large Atlantic liner of about 60,000 horse-power on four 
shafts at 200 revolutions per minute. ‘ 

For the purpose of observing as closely as possible the 
practical requirements in regard to accuracy of cutting 
of gear-wheel teeth, two gear-cutting were 
installed in the works of the Parsons Marine Steam- 
Turbine Company in 1910. With these machines, which 
were built by Messrs. William Muir and Co., Manchester, 
tooth-faces are automatically generated by the process 
known as ‘‘hobbing.” These two machines have, since 
they were installed, cut gear-wheels representing a trans- 
mission of about 50,000 horse-power, and the experience 
thus gained in this work has enabled several important 
improvements to be made to them. 

Two similar machines were installed in the works of 
Messrs. C. A. Parsons and Co., Heaton, Newcastle-on- 
Tyne, for the manufacture of geared plant for the driving 
of electrical generators, rolling-mills, works shafting, &c. 
Examination of the teeth of gear-wheels which have been 
running for some little time, transmitting large powers, 
shows the work to be distributed over the teeth with fair 
uniformity, and confirms the opinion expressed by the 
author before this Institution in 1910 in his reply to the 
discussion on the first of the papers above referred to, 
that with double helical gear such devices as floating 
frames for the pinions or hydraulic pistons to distribute 
the load equally over the pinion-bearings are totally un- 
necessary, the natural elasticity of the supporting 
structures providing all the accommodation necessary 
—assuming, of course, reasonably accurate alignment of 
the shafts. The pinions are in all cases connected to 
their turbine-shafts by flexible couplings, which allow 
them longitudinal freedom, and this in itself, with double 
helical gears, ensures that the load is practically equally 
divided between the right and left-hand portions of the 


Oareful investigations have been made of the causes 
producing noise, with the object of removing such causes 
and obtaining a silent . These investigations show 
the noise to be due to shght inaccuracies in the teeth, the 
order of accuracy required for silent gearing being higher 
than present gear-cutting machines are capable of afford- 
ing. Fig, 18 is reproduced from a photograph of a micro- 
phone oscillograph record obtained from a double helical 
gear-wheel by suspending over the gear-case a microphone 
connected with an oscillograph. It will be observed that 
definite notes are produced. In the particular case illus- 
trated the frequency was found to be 160 times the number 
of revolutions of the wheel, and its source was traced 
to the parent gear of the gear-cutting machine—viz., the 
single worm and the 160 teeth of the worm-wheel, which 
rotated the table on which the work was mounted while 
the wheel was being cut. The inaccuracies of this gear 
were carefully measured, and found to be co-periodic 
with the worm-wheel teeth, and to have a double ampli- 
tude of about ya4y5 in. 

In the case of the gear-wheei referred to above, as 
there did not appear at the time to be any means of re- 





moving the irregularitiesfrom 
the teeth, and very silent run- 
ning was desired in this in- 
stance, stiff — were fitted 
above and below the bearings, 
having a small amount of 
initial compression and per- 
mitting a movement of about 
thy in. as the load was in- 
creased to its full value. The 
pinions being thus flexibl 
supported, noise and shoc 
were to some considerable 
extent intercepted, ins 
of being transmitted to the 
structure of the gear-case. It 
was recognised, however, that 
spring supports were an im- 
perfect ag the real 
remedy being a higher degree 
of accuracy in the teeth. To 
attain this it was necessary 
either to greatly increase the 
accuracy of the parent gear 
or to devise means of cutting 
which did not reproduce the 
errors of the parent gear, and, 
what is still more important, 
avoided periodicity in the 
residual errors. It was ob- 
vious that p along 
either Of these lines, or pos- 
sibly along both atonce, would 
result in valuable improvement of mechanical gearing for 
the transmission of large powers at high speeds. It is 
doubtful whether at the present time a worm and worm- 
wheel drive of the strength required in gear-cutting 
machinery can he relied upon to have a higher degree of 
accuracy than the drive of the machine referred to above, 
but by the use of multiple drives—such, for instance, as 
several worms driving one worm-wheel—it will be readily 
seen that these errors would, to a considerable extent, 
a - —. o 
n improved met cutting gear-wheel teeth has, 
however, “— developed by the author and his colleagues, 
which must now described. Primarily, it aimed at 
destroying the periodicity of the errors, but incidentally 
it also accomplishes a considerable reduction of the errors 
themselves present in the parent gear. 

It will be seen that in the process ordinarily adopted, 
in which the work is mounted on a table sotaned | by means 
of a worm and worm-wheel, the latter being attached 
permanently to the table, the errors will be some function 
of the angular position of the work, and therefore lie in 
planes through the axis of rotation ; and if, as is mostly 
the case, the errors of the parent gear are periodic, these 
planes will lie at equal angular intervals, and will come 
into mesh periodically. Now it will be seen that, if the 
work is given a small steady advance in relation to the 
table, the errors, instead of lying in planes through 
the axis, will lie in spirals around the wheel, and that 
w t to work they will be obliterated, and leave a 
true wheel. 





Figs. 19 and 20, are illustrations of the adaptation of 
this new principle of cutting to an existing gear hobbing- 





machine. A secondary table is mounted on the original 
table of the machine, and given a creep in advance of 
1 per cent. in relation to it by means of the train of 
earing shown, the main worm driving the lower table 
ing driven at 1 per cent. less speed, so as to secure the 
same rotational s as before the creep was introduced. 
While the most important effect of this arrangement 1s 
that the errors in the teeth will lie in very oblique spirals 
around the wheel, resulting in great uniformity in the 
gearing, at the same time it has also an important effect 
in reducing the errors themselves. The reason for this 
is best explained by means of the diagram, Fig. 21. . 

If the periodic error in the worm-gear of the original 
table be represented by a sine curve with a period corre- 
sponding to the teeth of the worm-wheel, that is 160 per 
revolution, an advance of 1 per cent. results in the phase 
of the error being shifted 1.616 of a complete pitch st 
each revolution of the work. With the cutter advancing 
across the wheel, the result is a series of overlapping 
cuts of varying depth, the maximum depth being, say, 
about 4;45 in. below the minimum. These have 
represented on the diagram, the advance of the cutter 
across the wheel being taken at » in. per sovoluties, 
whilst the amplitude of the error, and therefore the 

ition of the cutter, is re ted greatly enla 

in the vertical direction. It will be seen from this oe 
the lowest positions predominate, and a series of oop 
ridges remains of about one-fifth the magnitude of ti 
original errors. ‘ 

ith the object of further illustrating the effect of (a 
successive change of phase, one side of a slab of me 
has been machined with a fly-cutter having a broad cutting 
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MECHANICAL GEARING FOR PROPULSION OF SHIPS. 


Fig.21. DIAGRAM SHOWING REDUCTION OF ERRORS BY ADOPTION OF THE CREEPING TABLE FOR HELICAL 
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Fig19. GEAR HOBBING MACHINE WITH CREEPING TABLE. 
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‘eee ot undulating form. The slab was advanced beneath 
cutter 1; in. at a time, and at each advance it was 
shifted sideways—that is, in a direction parallel to 

tw of the cutter, by a definite proportion of the 

of the undulations in the cutting edge, this propor- 





tion being the same as that ‘adopted’for the secondary 
table above referred to (Figs. 19 and 20). A portion of 
the slab was cut in this manner, the remaining portion 
being cut with the slab advancing directly across the tool 
without any sideways motion. ‘The result is clearly seen 


| however, from the photogra 
| been reduced to about one-fifth o 
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Fie. 22, 
from the photograph, Fig. 22, the deep ridges correspond- 
|ing to the undulations of the edge of the tool being 


replaced by smaller ridges in a network formation, as 
seen in the photograph; and if we imagine in one case 
two such surfaces to moved across one another, and 
in another case two other surfaces in the direction 
perpendicular to the ridges, we obtain an idea of the 
effect secured by the new method of cutting referred to 


| above, and the great advantage of the spiral distribution 
| of the errors. 


Both in this illustration and in the diagram, Fig. 21, 


| the errors have for the purpose of illustration been 
| greatly exaggerated; in actual wheels the errors are 


so small that it is necessary to employ some form of 
marking, such as is used with surface plates, to bring out 
the high points on the teeth, but, even so, these high 
points are capable of pootomns sound. It will be seen, 

ph that three things have 
lace, the errors have 
their original magni- 
tude ; secondly, that they are spread across the wheel in 
such a way that periodicity is avoided; and, thirdly, 
that they consist of cuspidal ridges which will be onal 
— y grinding or wear and leave a practically true 
wheel. 


accomplished ; in the first 








Hauisipg, Newton, Borer Expiosion.—The Board 
of Trade inform us that the formal investigation ordered 
by them to be held in this matter is fixed for hearing in 
the Sheriff's Court House, County Building Glasgow, on 
Tuesday, April 1, at 10,30 a.m. 
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THE CORROSION OF ALUMINIUM.* 
By G. H. Bamey, D.Sc., Ph.D. 

TAKEN in its widest sense, the question of the corrosion 
of aluminium is much too large to be dealt with in a 
single communication. Furthermore, it is of a diverse 
nature both in regard to methods of inquiry and to 
results ; so that when we one the pe of the a 
sphere, or atmospheric agencies, the action of water under 
varying conditions and parity, the action of mineral or 
organic acids, of alkalies and alkaline salts, and aa gomee 
liquids, we are confronted with a series of sectional and 
more or less independent investigations. It is proposed 
to confine the present communication to the considera- 
tion of the corrosion of aluminium by water and by 
solutions of common salt, and to give some of the results 
of investigations with which the author has been from 
time to time engaged during the ew three years. The 
literature connected with this subject, some references 
to which are given at the end of this paper, is already 

uite considerable, and it is not intended to refer to it in 

etail. Many of the experiments that have been pub- 
lished are, however, open to criticism, partly on account 
of the methods employed, and partly in consequence of 
the material upon which the experiments have been 
made, and hence the conclusions that have been drawn 
are apt to be misleading. _ : 

There are, for instance, investigations from authorita- 
tive sources in which the rate of corrosion is determined 
by reference to the weight of metal employed, when 
manifestly this factor must be referred to the surface 
exposed to action. In some cases the value attaching to 
estimates is lessened by the consideration that the samples 
of metal used were of a very low grade of purity— 
usually under 99 per cent. Fp mete the bulk of 
the metal which is supplied for commercial use, in this 
country at all events, is of 99 to 99.5 we cent. purity. 
Moreover, impurities which are still liable to exist in the 
metal, such as sodium and copper, and which have a very 
marked effect on the extent of corrosion, are apt to be 
ignored in the investigation of corrosion, whilst other 
impurities whose effect is usually negligible are given too 
large a significance. ? 

An interesting series of determinations bearing upon the 
effect of copper on corrosion appears in the Eighth Report 
of the Alloys Research Committee, by mter and 
Edwards (ENGINEERING, vol. lxxxiii., pages 127 and 158). 

Estimation of the Extent of Corrosion.—The first step 
towards obtaining some definite knowledge relating to 
the corrosion of aluminium must involve the adoption of 
a method of ascertaining with approximate accuracy the 
amount of metal removed or acted upon during the ex- 
posure, and it is, perhaps, of greater importance that the 
method adopted should be capable of use in the hands of 
different experimenters, and yield comparable results, 
than that it should be rigidly accurate. 

If aluminium sheet be exposed to the actioa of water 
for some days, it will be found that the water becomes 
slightly turbid owing to the formation of hydrate of 
alumina. On the sheet being removed and the surface 
rubbed, a further amount of such solid matter is obtained. 
It is seldom, however, that the whole of the adherent 
deposit can be removed by rubbing, for the sheet will, 
even after such treatment, usually be found to be slightly 
heavier than it was when first placed in the water. The 
deposit on its surface, though essentially alumina, varies in 
character and composition according to the nature of the 
aluminium sheet and of the water employed, and with 
impure waters, may contain some matters derived from 
the water itself. 

Messrs. Heyn and Bauer Bay ane setepiaiaes, 
fungsamt Gross Lichterfelde West) ised the difti- 
culty of removing and estimating such deposit, and 
determined the adherent portion (which is, as a rule, 
larger than the amount suspended in the water) by 
exposing the sheet subsequently to the action of dilute 
sulphuric acid, evidently on the assumption that the acid 
would dissolve the deposit without notably attacking the 
metallic aluminium. 

Unfortunately, the reverse is the case, for usually the 
exposure necessary to remove the —— is so prol 
that it is quite impossible to ignore the action of the acid 
upon the aluminium, nor have I found it practicable, even 
by a consecutive series of immersions weighings, to 
arrive at the amount of the deposit in this way. e 
association of chromic acid with sulphuric acid hastens 
the removal of the deposit, but does not attain the desired 
result, Other reagents and other means have been tried, 
but without any satisfactory issue. I have, therefore, in 
my ee yey used the method now described. 

Method for Determining Rate of Corrosion.—A sheet of 
aluminium, of at least 100 sq. cm. surface, is cleaned by 
thea ere successively of ether, dilute caustic sod: 
and dilute nitric acid, su uently being well wash 
and heated for some hours at about 100 deg. Cent. to get 
rid of moisture. It is then weighed, the weight being 
taken as W. : 

It is now totally immersed in, say, half a litre of water, 
or solution, at a known temperature, and left with 
occasional agitation for at least ey hours. 

The sheet is then removed and, so as possible, 
cleared of deposit by rubbing. The whole of the sub- 
stance so Sere, 5° Papreeeey entended tn the voter 
is filtered off, ignited, and — ith good ordinary 
sheet this material consists entirely of alumina, 
and in view of minor corrections, which need not be re- 
erred to, may be taken as representing half its weight 
when expressed in the form of metal. The weight so 
found represented as w, it is evident that, i ing 
the adherent deposit, the sheet should now weigh W —w. 
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, | ticularly boiling, 


Now ex the sheet for some hours to a temperature 
of about deg. Cent., to render alumina anhydrous, and 
weigh it. This new weight being represented as w’, 
the expression w’ — (W — w) gives the amount of adherent 
deposit, and this similarly is reduced so as to be ex- 

in the form of metal.* ‘ 

With very impure metal, or when very impure waters 
or solutions are employed, the residue obtained in both 
cases may be of more complex character, and must be 
submitted to further examination. But in general the 
amount of metal removed may be ascertained from the 
above factors. An actual example will make the matter 
clearer and indicate the order of magnitude of the mate- 
rials dealt with. A strip of aluminium sheet, whose 
weight was 6.4978 grammes and surface 150 sq. cm., was 
exposed to tap water at boiling temperature for 
eight days; the suspended deposit weighed 10 milli- 

ammes ; thesheet after rubbing weighed 6.5062 grammes 

he deposits amounted to 10 and 13.4 i mes 
respectively, and the metal removed by the action of the 
water was thus 11.7 milligrammes. This represents a 
rate of corrosion amounting to very nearly 1 milligramme 
of aluminium per day per 100 sq. cm. of surface exposed. 

Nature of Corrosion.—An examination of the liquid 
in which the metal has been placed shows that, except in 
waters containing free acid or alkali in notable quantity 
(and such waters are rare amongst domestic supplies), no 
aluminium whatever passes into solution, and that the 
corrosion is purely a question of oxidation of the alu- 
minium to alumina at the expense of the oxygen dis- 
solved in the water. This a result may be 
further established by exposing the metal to water from 
which the air has been expelled. Samples of aluminium 
sheet have indeed been exposed under such conditions, not 
only to water, but also to a strong (15 per cent.) solution 
of common salt for several months without undergoing 
any corrosion. It follows also from this, of course, that, 
especially if the surface of aluminium be large in com- 
parison with the volume of water used and no measures 
are taken for renewal of the air contained in the water, 
the rate of action gradually diminishes. 


Index Figure and Composition of Samples. 
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During the next a days equal ve ang milli- 
grammes per sq. cm. per day. 
During the next eleven days pod to 03 milli- 

_ grammes per 100 sq. cm. per day. 
During the next eleven days equal to 0.1 milli- 
grammes per 100 sq. cm. per day. 

This falling off is also partially due to the protective 
action of the deposit formed on the surface of the metal, 
so that vessels or tubing exposed to continuously-heated 
water undergo very slow corrosion. 

Timitations of the Method.—Determinations made by 
the method described above serve only to ascertain the 
amount of the metal removed by corrosion, and have 
little direct bearing on the specific nature of the physical 
phenomena or other exceptional conditions often asso- 
ciated with corrosion. Nor do they afford any explana. 
tion how it comes about that two particular samples, 
substantially of the same compesition, may show some- 
what different rates of corrosion; or to what extent the 
attack on the metal is evenly distributed over the surface, 
or, more or less, confined to es and small areas. Such 
problems, however, cannot elucidated except by the 
application of special and independent methods of inquiry. 

The simpler question dealing alone with the extent to 
which and well-annealed aluminium sheet is acted 
upon by various potable waters, or solutions, or reagents, 
is one of supreme importance in to the commercial 
uses to which aluminium is put. The author is quite pre- 
pared to admit that in minor details the method proposed 
may be open to criticism, and that the values it gives are 
in all probability somewhat too high. A considerable 
experience of its application in practice, however, indi- 
cates that under the variations which occur normally in 
the course of investigation, and also in the hands of 
different observers, comparable and reliable results are 
obtained. 

Experimental Results,—Annexed are the amounts of 
corrosion of metal, having various grades of purity and 
character, during exposure to water and solutions of 
common salt. There has also been added below, although 
this contribution is not intended to deal with the action 
of acids and alkalies, a few instances illustrating by way of 
compsrison the rate of corrosion by weak so utions of 
some acids and of caustic soda. Though in the earlier 
part of the paper the results were expressed in milli- 
























































Beem Silicon.| Iron. | Aluminium. Remarks. . 
gure. | ; j ____ | grammes per day per 100 sq. cm., the data given below 
per cent|per cent| per cent. are stated in grains per day per square yard of surface. 
1 0.26 | 0.47 | 99.97 in They may be converted into the metric form by dividing 
2 0.17 | 0.18 | 99.65 - by 1.29. It may be added that a corrosion amounting to 
8 0.19 0.28 | 99.53 | — 10 grains per day per square yard—+.e., 10 units, as stated 
: = = anes Pe. A above—implies the removal of a film 5}, in. in thickness 
; |an ae | sais | a pe re — a y continuous action extending over a whole 
7 | 0.58 1.25 98.17 _ . 
8 0.59 | 184 | 97.57 333 Samples Exposed to Very Bad Tap- Water.—These waters 
9 0.20 | 0.60 | 99.20 Unannealed. contained exceptionally large quantities of mineral matter, 
10 0.23 | 0.20 99.57 ” including alkalies; they had a distinctly alkaline reac- 
11 0.20 | 3.22 96.58 » tion. 
12 0.64 0.37 98 99 andi ‘ 
13 0.87 0.23 99.40 3 ; 
14 0.23 0.18 99.59 | _ | Amount of Corrosion at Various Temperatures. 
Seana) Fog ite ek ov ee aiaianl Index = W: “ “7. ie =~ a 
Samples Exposed to the Action of Good Tap Water. Figure. ee | ee Tease 
accel ie | ei aede emmanaene salle a, eee ets 10 Deg. | 75 Deg. | 10 Deg. | 75 Deg. | 10 Deg. | 75 Deg. 
Index | Amount of Corrosion at Cent. | Cent. Cent. Sent. | Cent. | Cent. 
Figure. Remarks | } | ¢ 
rs | 10 deg. ©. | 100deg. 0. | 1 | 2.3 15.8 3.2 | 23.2 3.3 | 19.3 
1 | 1.0 a3 | — Comparative Statement of Rate of Corrosion by 
o) a 260 | * Acid and Alkali. 
3 | 0.85 | 2.4 -— 
4 | 0.80 3.0 _ —— 2 PY = ¥ ie 
In metal where the silicon Index Good Decinormal | Decinormal | Decinormal 
12 0.85 2.5 exceeds the iron the i : SO. 1. ‘ , 
13 um | 26 sorrosion products are | "sure. |_ Water — «ill NO 
14 0.45 20 almost entirely adherent 1 1.0 3.5 21.0 770 
to the metal. 4 0.80 10.0 35.5 708 
| a Ee OS as “a 12 0.85 7 29.8 898 
2 13 | 0.75 5.0 19.0 368 
Samples Exposed to Solut of C Salt. 4 0.45 6.1 | 9 836 
‘Amount of Corrosion at Various ~ General Conclusions from Foregoing Results.—(1) That 
; Concentrations. in general the greater its d of purity, aluminium is 
¢ ge rity 
“ less acted upon by water and salt solutions. . 
& At 10 deg. Cent. At 75deg. C.) Remarks. 2. That in presence of copper or sodium the corrosion 
. a tha (aoe Gry a hae oy pr ay tas a 
1 per 5 per |10 per/15 per| 8 per |15 per That where the percentage o' con 1s higher 
E Cent. Cent. | Cent. | Cent. | Cent. | Cent. that of the iron the action is less pronounced in the case 
——|—- |——|— - ———-———— — | of water and acids, and more pronounced in salt solution. 
oo) = = | pea oo = 4. That water and common salt solution, from which 
si asl asl cel. | a led =~ air has been expelled, have no corrosive action. 
4| - 14] - - 10.3 | oe 5. That corrosion is accentuated (a) at high tempera- 
5 a = me] — {Contained § much | tures; (6) by the presence of impurities in the water, 
| sodium. i) y ; 
8 ail (hon - | 18.6 | Ditto . That unannealed metal is much more seriously cor- 
; f =e ae - roded than annealed metal, owing, no doubt, to 
9 “ — Sinead unequal physical condition of the metal in the unannealed 
10 ~ 24.0 Ditto state. ‘ ; “a 
ll ~ - oo Ditto 7. That the results obtained by acting on aluminium 
12) - 5 . _ with acids or alkalies afford no definite indication of its 
13 ie: 65 | - ~ - - if - behaviour in of water or aqueoussolutions. 1 
oa; atk, Mod Tages Gaek Beall See - it been possible to establish any parallel, the investigation 





This is most strikingly the case when hot, and par- 
solutions are used. For instance, a 
sample of sheet ex to the action of water at about 
95 deg. Cent. for thirty days showed a rate of corrosion :— 


During the first day equal to 3.3 milligrammes 
per 100 sq. cm. per day. 


* The total aluminium removed by corrosion may, for 
eee seeps, Ne mane oie y expressed as three- 
rths of the weight of sus 
added to one-half of (w’ — W). 











of the corrosion of aluminium would have been mu 
simpli since the difficulties presented by the formation 
of sus) ed or adherent deposit would be eliminated. 
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CONTRIBUTIONS TO THE HISTORY OF 
CORROSION.* 
Part II. 
Tue Corrosion oF DistrLLiInc ConDENSER TUBES. 


By ARNOLD Punip, B.Sc., A.M.I.E.E., Assoc. R.S.M. 
(Admiralty Chemist). 

DISTILLING apparatus is ly used both on merchant 
steamers and on ships of the Royal Navy for the purpose 
of preparing fresh water, not only for washing and cooking 
purposes, but also for supplying the make-up feed-water 
for the steam-boilers. pape 

The distilling apparatus consists in general of two parts. 
Firstly, a cylindrical boiler or evaporator which is fed 
with sea-water, either by hand or automatically. In this 
sea-water a steam-heating coil is either partially or totally 
immersed. Through this steam-heating coil a current of 
high-pressure boiler steam (primary steam) is passed at a 
temperature of from 240 deg. to nearly 400 deg. Fahr. 

The raising of the sea-water surrounding the coils to 
this temperature causes it to boil, and the steam (known 
as secondary steam) which is thus evolved from _— 
over into the second part of the distilling plant. This is 
known as the distilling-condenser, and is in general very 
similar in construction to the formsof main and auxiliary 
condensers on steamships. 

There are, however, one or two differences between the 
construction of the distilling condenser and the me ad 
and main condensers as now pay used in H. 
service which should be noted. In the distilling con- 
denser the steam passes through the condenser-tubes, and 
the cooling-water circulates outside them. This is the 
reverse of the usual practice in main and auxiliary con- 
densers. Secondly, the tubes in the distilling-condenser 
are usually vertical and expanded into the tube-plates, 
whilst in the main and auxiliary condensers they are 
horizontal, and pass through water-tight glands in the 
tube-plates. + 

It is interesting to remark here that, whether on account 
of the fact that the distilling condenser-tubes are vertical, 
or whether because me! are expanded at their ends into 
metallic contact with the tube-plates, or whether because 
the sea-water circulates outside the tubes inside a steel 
casing instead of inside the tubes, no case is known to the 
author of corrosion trouble occurring to the tubes in these 
condensers on their sea-water side. This statement that 
corrosion is absent on the sea-water side of condenser- 
tubes in a distilling condenser merely represents the 
author’s personal experience and the results of the 
inquiries he has been able to make, and to this extent 
it appears to confirm the views already ex by him 
in previous communications, to the effect that by far the 
greater part of the trouble with the corrosion of condenser 
tubes with sea-water is due to the presence of carbon or 
other electrically conducting relatively electro-negative 
body deposited along the inside of the tubes at the bottom, 
and that, on the other hand, practically all the other less 
important corrosive actions can be stopped by the use of 
masses of properly connected iron and steel, or perhaps 
aluminium and zinc, as protective metals. 

Notwithstanding this freedom from corrosion of the 
tubes of distilling-condensers upon their outer or sea-water 
surfaces, very great difficulties have m experienced 
from the corrosion of these tubes upon their inner or 
steam surfaces. From time to time in the past, what in 
the aggregate is a large number of cases have occurred 
in which very serious corrosion has taken place on the 
steam side of the condenser-tubes of sea-water distilling 
"Wks torshde suai favh wiitin: ite by th 

é@ trouble usually first made its appearance by the 
presence of what was believed to be ee cme in the dis- 
tilling evaporator. This was indicated by the fact that 
the water from the distilling condenser gave a precipitate 
or cloudiness when tested with silver nitrate solution. 
More marked symptoms of corrosive action were indi- 
cated by the distilled water possessing a disagreeably 
metallic taste, and reports from various ships showed that 
soap used with such water sometimes gave a light bluish- 
green curd, In one case the distilled water, after boiling 
in the ship’s ‘‘copper,” was used for making tea, and 
gave a black-coloured infusion, whilst the ship’s ‘‘copper” 
(actually made of iron) became coated internally with 
metallic copper. In short, the distilled water contained 
copper, and on examining the distilling condenser-tubes 
they were found to be markedly corroded on their steam 
side. The corrosion was so active that the distilled 
Water, in once passing through the tubes, dissolved suffi- 
cient copper from them to produce the troubles referred 
to. The cause of the presence of the copper was at first, 
8 stated above, attributed to the priming of the sea- 
water in the evaporators, and the action of the sea salt 

us passing over into the distilling condenser-tubes was 

, upon as causing the solution of the copper. This 

view appeared to be confirmed by the fact that the usual 








mae? read before the Institute of Metals, March 12, 


t It should be stated that distilling condensers of other 
patterns, in which the cooling water passes through the 
n and also in which the tubes are horizontal, are used, 

18 type most generally employed until recently is 

t here described, and the remarks as to corrosion on 

Sea-water side of distilling condenser-tubes must be 
understood to apply to this form of condenser only. 


. | are used for heating, and those in which the primary 


silver nitrate tesc of the distilled water seemed always to 
demonstrate the presence of salt. 

Early endeavours to reduce the effects of the supposed 
ey were made by coating the insides of all the con- 

enser-tubes and other steam-pipes with tin, whilst steel 
and zinc vapour baffie-plates and protector-blocks were 
placed in the head of the evaporator and in the vapour-pipe 
connecting the head of the evaporator with the distilli 
condenser. th these remedies were found to effect a 
temporary cure, but, unfortunately, after a while the 
same troubles reappeared. The degree to which these 
difficulties, due to the corrosion of the tubes and the 
presence of copper in the distilled water, was noticed 
was found to vary a in different ships, and even 
in the same ship marked fluctuation occurred from time 
to time. 

The author’s first examination of a case in which cor- 
rosion of distilling condenser-tubes had been observed 
was in August, 1904, and on looking through previous 
correspondence upon this and other similar corrosions he 
found, in a letter written by an engineer officer in 1903, 
the suggestion that as part of the heating surface of the 
primary steam coils in a particular evaporator was, under 
normal conditions of working, left above the sea-water 
level, it was possible that this getting quickly coated with 
scale, and consequently overheated, might evolve hydro- 
chloric acid from the magnesium ts found in the 
deposit, and that it was the acid thus evolved which 
caused the corrosion observed in the distilling condensers. 

This observation appeared to be a very probable expla- 
nation of the corrosive troubles which been noticed, 
and steps were at once taken fully to examine the 
ticular case then under question from this point of view. 
It was found that generally evaporators may be divided 
into two classes— namely, those containing drowned heat- 
ing coils, t.¢., in which the primary steam-coile are com- 
pletely immersed in the sea-water or brine which they 


steam-coils are only partially covered with water. 

Experiments made on a ship which was fitted 
with evaporators, both of the drowned-coil type and the 
partially-ex -coil type, showed that when connected 
to the distilling condenser the drowned-coil type evapo- 
rator always made water practically quite free from 
copper, whilst the evaporator with the exposed heating- 
cous, when connected to the same condenser, - water 
which contained copper, The brine from bot A of 
evaporator was then examined, and it was found that 
from the drowned-coil type it had a very faintly alka- 
line reaction to phenolphthalein, whilst the brine from 
the evaporator having the partially-exposed heating-coil 

a very strongly alkaline reaction to the same 
indicator. 

On opening up an evaporator and examining the inside 
surfaces of the walls of te casing, it is usually found that 
the lower portion, which contains the sea-water or brine 
which is undergoing evaporation, is coated all over with a 
brilliant white incrustation, and this white incrustation 
extends upwards above the level of the brine, as far, in 
fact, as the water can splash when boiling. Above this 
region, however, the inside surfaces of the head of the 
evaporator (if it is not of t!:e drowned-cuil variety) are 
usually much corroded and c. |: ured a deep orange-brown. 
The tops of the steam-coil, x» far as they project above 
the surface of the brine, are also thickly coated with white 
incrustation. Chemical analysis shows this incrustation 
to be a mixture of calcium sulphate and basic sulphate 
and chlorides of magnesia, together with a considerable 
proportion (2.35 per cent.) of magnesium hydrate. This 
incrustation is normally heated up to practically the 
same temperature as that of the primary steam—+.¢., to 
a temperature considerably over that of the boiling brine, 
and it is at the same time constantly — with the 
boiling brine itself. Under these conditions the mag 
nesium chloride re is decomposed, hydrochloric acid 
is evolved with the steam, and a strongly alkaline incrus- 
tation and also an alkaline brine are formed. 

The chemical tests on the white incrustation and the 
alkalinity of the brine itself clearly show that some acid 
must have been driven off by the process of treating the 
sea water in the orogesees. Sea water is itself quite 
neutral to phenolphthalein to commence with, and the 
amount of diualine base found to be separated was much 
greater than could be explained by any other hypothesis 
than that hydrochloric acid had been driven off. 

In order, however, to demonstrate beyond dispute that 
hydrochloric acid was actually evolved, it was considered 
desirable to prove its presence in the distilled water. 
This was a matter of some little difficulty, on account 
of the very small amount in which the acid was present— 
namely, from 0.1 to 0.05 or less parts of HCl per 100,000. 
To determine the acidity of such a weak solution by 
direct titration is not a satisfac procedure. Hydro- 
chloric acid is so volatile that it is not sible to con- 
centrate it by evaporation. The distilled water, besides 
containing hydrochloric acid, alsocontainssodium chloride 
due to slight priming, and also chlorides of copper, tin, 
and zinc, formed by the acid water flowing through the 
condenser - tubes. The quantities of these metallic 
chlorides which are present in the water are of about the 
same order of magnitude as the amount of hydrochloric 
acid itself. As these salts lose HCl on evaporating to 
dryness, the method of determining the difference between 
the total chlorine present in the water, and then the 
chlorine present in the solid residue after distillation to 
aoe, does not give the correct amount of free hydro- 
chloric acid present. 

The method of test which was finall 
add sufficient of a saturated solution of pure sulphate of 
silver (7.72 grams per litre) to the water. This causes a 
precipitate of silver chloride to be formed, and free sul- 
phuric acid equivalent to the amount of free hydro- 





chloric acid present is liberated: after heating to co- 


-| that this acid 


adopted was to/| b 


agulate — silver chloride formed, it is filtered off and 


a large bulk of the water thus treated is evaporated down 
to a small bulk. is then contains all the free sulphuric 
acid. To demonstrate that it was free sulphuric acid a 
portion of it was d on a piece of lump sugar, and 
this was heated for an hour in a water-oven at 210 deg. 
Fahr. The presence of the sulphuric acid was demon- 
strated by the blackening of the sugar as the acid 
concentrated, whilst a similar piece of sugar treated as a 
control with a residue from ordinary distilled water 
to which the same amount of the silver sulphate solutic n 
had been added, gave no blackening. In order to be 
certain that the silver sulphate was itself quite free from 
acid before use, it was washed by boiling up with succes- 
sive small quantities of disti water, and the 

salt was employed for making up the silver su)phate 
solution u in the experiments. The actual determi- 
nation of the amount of the free acid present was carried 
out by a titration on the concentrated residue, obtained 
from a further portion of the water under examination, 
after it had treated with the pure silver sulphate 
solution, as described above. 

Tests carried out in this manner showed that the water 
obtained from distilling plant, which caused corrosion of 
the condenser-tubes, and which contained copper, in- 
variably also contained free hydrochloric acid. The 
amount of copper present in such waters is conveniently 
estimated by a calorimetric test, using potassium ferro- 
cyanide, in comparison with standard solutions of a 


— salt. 
© results of some actual tests made upon samples of 


par- | water obtained from two distilling plants, in which one 


had an evaporator with the upper portion of its primary 

steam-coils above the surface of the boiling brine, whilst 

the other had its steam-coils drowned—that is to say, com- 

eraag/ immersed beneath the surface of the brine—are 
ere given :— 


Coils Exposed Above 
the Surface of the 
Brine. 


Type of Evaporator. Drowned Coils. 


Rate of working eva- 
porator in tons of 
distilled water per 


lute .. oe Ib. 215 60 40 25 
Corresponding tem- 

perature of primary 

steam deg. F. 337.4 292.5 267.1 240 
Pressure of secondary 

steam in pounds per 

square inch 4 


lute .. oe 30 27 18 15.5 
Correspondi tem- 
perature of secon- 
steam deg. F. 258 244.1 221.9 214.5 
r in grains per 


the distilled water 





obtained .. ee 0.32 0.56 0.005 0,008 
Reaction of the brine Strongly | Strongly Ve Ve 

in Mt wre mJ to alkaline alkaline faindly faintly 

phenolphthalein | alkaline | alkaline 
Reaction of distilled Faintly  Faintly Faintly | Faintly 

water to methyl acid acid acid acid 

crange | | 


At the date at which these results were obtained—1904 
—the method of determining quantitatively the amount 
of free hydrochloric acid present had not been worked 
out, but tests for free hydrochloric acid, made upon other 
samples of distilled water by the silver-sulphate method 
a few months later, showed, as has been stated above, 
hat in the free state is always present in the 
distilled water — from an wy in which the 
steam-coils are exposed in steam 
space have the brine. x 
From the results ey above, however, it is apparent 
that the rate at which an evaporator is worked, or, in 
other words, the temperature of the primary steam, 
caused the amount of copper in the distilled water, and 
therefore of the hydrochloric acid formed in the evapora- 
tor, to vary. The more the evaporator is seemed. the 
greater the amount of hydrochloric acid formed in a 
given time. There is further some evidence to show that 
the evolution of hydrochloric acid from the salts in sea 
water may not only be caused by the heating of the 
saline incrustation on the heated steam-coils, but that 
this acid may also, but to a much smaller extent, be given 
off from the incrustations formed on the lower sides of 
the evaporator shell, and also possibly even from the 
brine itself, and in a given form of evaporator the forma- 
tion of free hydrochloric acid is favoured by the high 
temperature of the magi steam-coils and the strong 
concentration of the . To obtain the least quantity 
of hydrochloric acid from a given evaporator, it is there- 
fore necessary to avoid too great a concentration of the 
brine by suitable ae of the sea-water feed and 
brine cocks, and also, and most effectively, to reduce 
the rate of evaporation as much as possib! Both of 
these methods of remedying the trouble are, however, 
faulty, for they both tend to render the evaporator in- 
cient. The best remedy is to only use evaporators 
with drowned steam-coils. 
The passage of copper into the boilers with the feed 
water is, of course, most undesirable from the point of view 
of boiler corrosion, and it has been proposed to avoid this 
ya te i water through a scrubber of large 
granulated zinc or small zinc blocks. The feed-tank into 
which the water from the distilling condensers is pumped 
is a 4 fitted with zinc protectors attached to its 
walls. In the absence of zinc scrubbers, if, owing to 
defects in the evaporators, the presence of copper in 
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THE MICROSTRUCTURE OF GERMAN SILVER. 


Fic. 1. As Rouen. 


Fic. 5. ANNEALED For 48 Hours 
at 700 Dea. Cent. 


Fic. 2. ANNEALED FoR 1 Hoor at 
700 Dee. Cent. 


Fic. 6. ANNEALED For 72 Hours 
at 700 Dea. Cent. 











Fic. 9. RoLLep AND ANNEALED FOR 
6 Hours at 720 Dea. Cent. 


Fic. 10. RoLtep AND ANNEALED FOR 
15 Hours at 720 Dea. Cent. 


Fig. 11. 
Rouweb. 


Fie. 3. ANNEALED FoR 10 Hours 
at 700 Dec. Cent. 


Same as Fie, 10—Cotp 


Fig. 4. ANNEALED For 24 Hours 
at 700 Dec. Cent. 


Fie. 7. Cast. 


Fic. 12. Same as Fie. 11—Av- 
NEALED AT 750 Dec. Cent. 


Fias. 1 to 6. PxHoroerarus InLustratTine THE Errect or ANNEALING at 700 Dec. Cent. ON THE STRUCTURE OF GERMAN SILVER CONTAINING : 
Copper, 58 per Cent.; Nicket, 18.5 per Cent.: anp Zinc, 23.5 per CENT. 


Fics. 7 To 12. 
AND 24 PER CENT. oF ZINC. 

In ati Cases—Maenirication 100 (Repucep 
CHLORIDE. 


feed-water is unavoidable, its harmful effects may be best 
minimised 7 keeping the water alkaline with lime, for 
this causes the objectionable soluble copper salt to be 
converted into the comparatively harmless insoluble 
ipitate of cupric hydrate; but this palliative, with 
ilers running at high pressures, and in the presence of 
organic oils, must be regarded with distrust. 

From what has been stated above, it is evident that the 
measure taken to prevent the presence of copper in the 
distilled water, by tinning the couleumetahee, causes 
the temporary disappearance of the copper, because tin, 
instead of copper, is dissolved from the inner surfaces of 
the condenser-tubes, and this metal is not readily detected 
in the distilled water, whilst directly the tin has 
removed by the acid water, the copper will once more 
make its appearance. The use of steel or zinc baftie-plates 
in the head of the evaporator, and zine protector blocks in 
the epee pe, also cause a temporary removal or dimi- 
nution of the amount of copper in the distilled water, 
due to the fact that the baffles, &c., remove, er partly 
remove, the hydrochloric acid from the eva tor steam ; 
but, as the plates become rapidly corroded, they become 
inefficient, and the trouble again appears. 

The serious nature of the corrosion which may occur, 


due to the acid evaporator steam, is well shown from the | 





PHOTOGRAPHS OF THE STRUCTURE OF GERMAN SILVER CONTAINING ABOUT 58 PER CENT. oF CoprEeR, 18 PER CENT. oF NICKEL, 


33 per Cent. in RepRopuction); IntuMINATION VERTICAL; Ercuinc, Mepium Strone Ferric 


following extract from a description by an engineer officer 
of what occurred in a ship using evaporators with steam- 
coils which were not drowned :— 

‘*The brass valves and valve-seatings wear in the most 
excessive manner; in fact, it appears as though one or 
more constituents of the metal were eaten out of it alto- 
gether, and only a hard mass left ; this remark applies 
particularly to the vapour-valves, through which the 
secondary Igained) steam passes. . . . It is nonew thing, 
but has been going on for the past three years. The fresh 
water made always has a metallic taste, and when worked 
with soap turns a very slightly pale greenish colour ; but 
the fresh water made by a second evaporator which 


been | drowned coils is perfectly fresh, tasteless, and good, and 


gives no colour with soapy water, although the steam is 
condensed in the same distilling condenser as the unsatis- 
factory water from the other evaporator.” 








Tue Farapay Sociery.—A joint meeting of the 
Faraday Society and the local section of the iety of 


Chemical Industry will be held at Manchester on Friday | 1913. 


evening, April 4. The meeting will take the form of a 
general discussion on ‘* The Corrosion of [ron and Steel.” 


THE MICROSTRUCTURE OF GERMAN 
SILVER.* 


By O. F. Hunson, M.Sc., A.R.C.Se. (Birmingham 
University). 


Tue white and ductile alloys of copper, nickel, and 
zinc, which are known as ‘‘ German silvers,” are of some- 
what widely varying composition, and are made in & 
number of different qualities, the most usual of which 
contain about 55 to 60 per cent. of copper, 15 to 20 per 
cent. of nickel, and 20 to 30 per cent. of zinc 
general properties and microstructure of this class_of 
alloys are described by Law,+ who points out that, | 
almost all commercial ductile alloys that are rolled 
| drawn, they consist yy of- crystals of one sub- 
| stance only—namely, a solid solution. Also he has shown 
that the microstructure of German silver closely resembles 
that of the brasses, which consist of the a solid solution 
of the copper-zinc series, and these observations are 12 


* Paper read before the Institute of Metals, March 12, 








+ “ Allovs and their Industrial Applications,” by E. F. 


' Law (Griffin). 
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ment with the results of Tafel’s* investigation of 

e ternary system copper-nickel-zinc. 
In order to study the effect of continued annealing on the 
crystalline structure of German silver a number of sam- 
ples were supplied to the author by Mr. G. A. Boed- 


dicker. Thesesamples were all of the same quality and 
of the following approximate composition :— 
Per Cent. 
Copper... 58.0 
Nickel .. 18.5 
Zine 23.5 


The samples had been annealed under ordinary works 
conditions at a temperature of 700 deg. Cent. for varying 
lengths of time. Two series were supplied, the first 
having annealing times of 1 to 10 hours, and the second 
from 24 to 72 hours. 

Typical microstructurest of the cold-rolled and annealed 
ignate are shown in Figs. 1 to 6, 376. These show 
that the usual crystalline growth takes place on anneal- 
ing, but it will be observed that the cold-rolled alloy 
still shows very distinct signs of the original cored struc- 
ture of the cast material. The “‘cored” structure is still 
in evidence after prolonged annealing, as is shown by 
Fig. 5, which is the microstructure of the sample after 
forty-eight hours’ annealing at 700 deg. Cent. After 
seventy-two hours’ eenney, 700 deg. Cent. the alloy 
is practically homogeneous (Fig. 6), although faint traces 
of the ‘‘cores” were observed even in this sample when 
very slightly out of focus under the microscope. The 
conclusion that the light and dark shading observed on 
the etched surfaces of Mr. Boeddicker’s specimens was 
due to the persistence of the original ‘‘cores” of the 
crystals of the cast alloy was confirmed by experiments 
with an alloy of similar composition cast in the labora- 


tory. 

The alloy was cast in a small strip mould, and the 
casting, #; in. thick, was rolled, annealed by heating to 
about 700 deg. Cent. for a few minutes, and rolled again 
to give a strip 4 in. thick. The structures of the cast 
alloy and the final cold-rolled strip are illustrated in 
Figs. 7 and 8. Portions of the cold-rolled strip were 
then annealed for varying times at a temperature of 
720 deg. Cent., and “— structures of annealed speci- 
mens are shown in Figs. 9 and 10. Here again the 
persistence of the ‘‘cored” structure is evident. Fig. 9 
shows that annealing at 720 deg. Cent. for 6 hours was 
quite insufficient to give uniformity of composition, 
but after 15 hours at this temperature (Fig. 10) the 
alloy was perfectly homogeneous. The question of 
whether or not a German silver is com of a perfectl 
homogeneous solid solution can be decided by the exami- 
nation of a suitably polished and etched surface by 
means of a hand lens, or even by the naked eye ; for the 

mce of any remains of ‘‘cores” is shown by a very 
ne but distinct pattern or graining, which is accentuated 
by relief polishing, owing, no doubt, to slight differences 
in hardness. 

The extreme slowness of diffusion in German silver as 
compared with the nape te me a solid solution of the 
copper-zinc alloys is probably due to the presence of 
nickel. Diffusion appears to take place equally slowly 
in cupro-nickel, as 1s shown in a series of photomicro- 

pbs of the structure of that alloy which were pub- 
ished by Bengough in his recent paper on the properties 
of alloys at high temperatures.t An examination of 
these photographs indicates that annealing for an hour 
ata temperature of 800 deg. Cent. was insufficient, and 
that the same time at 900 deg. Cent. was required to 
make the alloy homogeneous. 

It may be of interest very briefly to note here the 
results of a few preliminary experiments made to 
determine the effect of heat treatment on the properties 
of German silver. 

Rolling Qualities.—Annealing for 10 minutes, 100 
minutes, and 10 hours at 800 deg., 850 deg., and 900 deg. 
Cent. in all cases gave specimens that were found to roll 
easily and well, and the same result was obtained after 
annealing for half-an-hour at 950 deg. and 1000 deg. 
Cent. All these annealings were carried out in air in 
an electrically-heated tube furnace, while a specimen 
annealed for 2 hours in an atmosphere of gas at 
850 deg. Cent. also rolled perfectly. A portion of the 

men whose structure is shown in Fig. 10 was 
rolled with satisfactory results, and on again 
annealing for a short time at 750 deg. Cent. the structure 
of the alloy was, as shown in Fig. 12, one that indicates 
no deterioration in mechani properties. It thus 
appears that a coarse ine structure due to pro- 
or drastic annealing is in itself no sign of inferior 

Hovivers. Ti riginal series of i lied 

8s.—The o series of specimens su 
by Mr. Boeddicker were tested by means of the Shore 
pe, and the results, of which a selection is given, 
thow that prolonged annealing accompanied by pro- 
nounced crystal growth does not lead to any decrease in 
om beyond that due to the normal annealing 
ion. 


* V. E. Tafel, Metallurgie Jul , 1908, vol. ae 413, 
+ The specimens for mi - ic examination were 
cS emery papers in tho eveal’ wap, then Hehtty polished 
| Cmery papers in the way, ightly poli 
with “GloLe” metal polish, pote finally robbed om wet 
ent on which was spread some freshly-prepared 
- The specimens were then dipped in a 
strongly | solution of | ferrio chloride for a tow 
Seconds, lig polished wi i in trea 
With ferric chloride, these queen being 5 repented if 


t Journal of the Institute of Metals, 1912, No. 1, 
Pages 123 to 174, Plate XV., Figs. 2 to 6. 





Hardness No.* 

Asrolled_.... pa a ee rs 60 
Annealed for : hour at 700 deg. Cent.... 23 

”” ”” ” ” o* 23 

” 10 » 0 * 26 

” 48 ” ” ” 23 

” 72 ” ” ” + 26 

In conclusion, the author wishes to thank Mr. G. 


E 


Boeddicker for his kindness in providing the material on 


which this work has been carried out. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on mig 5 | 28, at King’s 
College, Professor A. Schuster, F.R.S., President, in 
the chair, a paper on the ‘‘ Interference of Rintgen Radia- 
tion,” by Professor C. G. Barkla and Mr. G. H. Martyn, 
was by Professor Barkla. 

The authors have made a preliminary investigation of 
the Réntgen radiation proceeding from a crystal of rock 
salt (which is of the simple cubical form) when a pencil 
of Réntgen radiation is incident in a direction nearly 
grazing one of the three sets of mutually perpendicular 
cleavage planes. 

Reflection of X-Rays by the Cleavage Planes.—Using a 
very narrow pencil of radiation, it was seen that the 
principal secondary pencil was one obeying the laws of 
reflection from the cleavage planes. 

A pencil diverging in all directions from a point source 
produced a corresponding reflected pencil of radiation 
converging to a line focus after reflection from a set of 

liel cleavage planes. The quality of the radiation 
orming the secondary pencils was shown both by the 
photographic and by the ionisation method to be, not 
the fluorescent X-radiation, but of the kind previously 
deseri as scattered X-radiation. It was approxi- 
mately of the same penetrating power as the primary 
radiation, and was approximately homogeneous, having 
traversed 5 mm. of rock salt in the case investigated. 

Interference Fringe Systems.—A diverging pencil of 
radiation was directed on to a crystal so t various 


angles. <A 
intensity of 
was seen that the intensity of the reflected pencil varied 
periodically with varying angle of incidence, the maxi- 
mum being separated by intervals corresponding 
= any pn equal increments in the value of cos @, 
- ere 6 was the angle of incidence on the reflecting 
planes. 

Such a series of maxima may be explained by inter- 


——_— plate 


Y | ference of the pencils reflected from equal spaced parallel 


planes, the maxima being spectra of various orders. The 
a ae 4 the assumption that —_ 
are planes passing through corresponding portions o 
molecules in the planes of cleavage, and "that a molecule 
is simply NaCl, is found to be 0.6 x 10-%cm. if the 
molecule be more complex, the calculated wave-length 
would be ter. This value thus agrees remarkably 
well with the value (between 1 and 2 x 10—* cm.) caleu- 
lated from the velocity of ejection of electrons by this 
X-radiation, taking this to behave as ultra-violet light 
of short wave-length. 

Using a more extended source, the above ‘“‘ spectral 
lines” became indistinct and disappeared, but there 
ap @ periodic variation in intensity, the band- 
width being about four times the distance between the 
above lines. Such a system of interference bands would 
be pos by a second plane of reflection withir the 
molecules in a position dividing the distance between the 
other planes in the ratio 1:3 approximately. All the 
evidence considered indicates that these effects are due 
to interference. Various crystals were , and one was 
turned through a right angle, so that another system of 
planes acted as reflecting planes. 

The only experiment made up to the time of writing on 
the effect of varying the penetrating power showed a 
25 per cent. smaller band-width with a radiation of 
increased penetrating power. Further experiments are, 
however, being made. 

Finally, there can be little doubt that the fri 
systems are interference fringe systems. That the 
smaller system is a series of spectra of different orders, 
and the other an interference d —— seems prob- 
able ; this theory certainly explains the results observed 
7 aaa oe Current M read 

paper on “* ‘ing- ‘agnets” was 
by Professor E. Wilson. It follows from the well-known 
law of pull of an electromagnet that if the magnetic field 
alternates between positive and negative values the pull 
is unidirectional and intermittent, Unless means are 
provided to reduce the uent chattering and vibra- 
tion, the magnet is rend useless. In present 
experiments a phase-splitting device has been adopted, and 
consists in surrounding a portion of the pole-piece of the 
magnet with a short-circuited coil. The portion of the pole- 
piece so surrounded is sometimes said to be ‘‘ shaded,” and 
the coil referred to as a “‘shading” coil. The effect of 
- = is > <4 not only = = tive — = 
the phase of the magnetic passing t 
shaded and unshaded portions of the le-face. The 
magnet used in the experiments varies length of its 
gap when in action, and the influence of the gap 
— this phase-displacement has been studied. 
the resistance of the shading coil is such that the 
magnetic induction B over the whole face is sub- 
stantially uniform and the gap closed, the phase 
displacement was 72 electrical degrees (360 deg. = 
1 period). A gap-length of 0.15 cm. reduces the 
displacement to 18 deg., and consequently the minimum 


* The hardness number is that obtained with the 








Blount hammer, 


portions were incident on the cleavage planes at different 
pt the relative 
corresponding reflected radiations. It 


to 


or ‘‘hold-on” pull dro This minimum or “ hold-on” 

pull is, of course, ler than the average, and has to be 

taken into consideration in the design of the magnet. 

The arrangement of the shading coil above described is 

very effective in preventing vibration and chattering 

when the magnet is closed, and renders the alternating- 
a cal success. 


current 

With constant alternating voltage impressed upon the 
magnetising ceils of the magnet the net pull exerted 
diminishes rapidly at first'as the gap length increases, 
and tends to become more nearly constant. The R.M.S. 
amperes, on the other hand, steadily increase as the pull 
diminishes, owing to the increase in the gap-length. 
The observed net pull in the case of the magnet experi- 
mented upon is less than the calculated ave pull, 
varying from 83 to 59 per cent. as the gap varies 
from 0 to 1 cm. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a few data Se ae foreign 
ones, projects, taken from the of Trade 
Journal. Further information concerning these projects 
can be obtained from the Board of Trade, Commercial 
Intelligence Branch, 73, Basinghall-street, London, E.C. 

Russia: With reference to the —_ of the City of 
St. Petersburg to raise a loan nominal value of 
66,500,000 roubles (about 7,020,000/.) for certain public 
works, including extension of electric tramways, con- 
struction of hospitals, bridges, &c., water aor, fe 

vements, and installation of refuse destructors, H.M. 

heey at St. Petersburg report that the Council of 
Ministers has given its sanction to the loan. 

Mexico: H.M. Legation at Mexico City report the 

blication of a contract, dated January 16, entered into 
| arene the Mexican Ministry of Communications and 
Public Works and the San Gabriel y Anexas Agricultural 
Company for the construction of a short railway, which 
with branch lines will cover a total distance of 62 km. 
(about 39 miles), on the borders of the adjacent States of 
Morelos, Mexico, and Guerrero. The main line will run 
from the station of Puente de Ixtla, on the Mexico- 
Cuernavaca Railway, to the small town of Cocoyotla ; 
there will be two branch lines, one from Mazatepec to 
Miacatlan, and the other from a point about 8 km. (nearly 
5 miles) from Puente de Ixtla, v4 Michapa, to the caves 
of Cacahuamilpa, which are much visited by tourists. 
The surveys for the line must be completed within five 
months from the date of the publication of the contract, 
and the work must be finished within five years, during 
which period exemption from Customs duty is allowed in 
respect of any material which it may be necessary to import 
in connection with the construction of the railway. 

Brazil: The Diario Oficial publishes a decree (No. 
10,045) earmarking, in favour of the Ministry of Commu- 
nications and ic Works, a credit of 000 milreis 
(about 33,3002.), to defray the expenses connected with 
the extension of the i -Joazeiro Railway (State 
of ia), to the town of Therezina. 





Tue Roya Sanitary InstituTe.—The twenty-eighth 
Con of this Institute will be held this year at Exeter, 
at the invitation of the Exeter Oity Council, under the 
presidency of the Right Hon. Earl Fortescue, K.O.B., 
commencing on July 7. The council hope that all the 
members will endeavour to be present, so as to make the 
Congress of the Institute thoroughly successful. The 
ee of arrangements made will be given in the 

upplement to the Journal. Further information can be 
obtained from the Secretary, Mr. E. White Wallis, 90, 
Buckingham Palace-road, 8. W. 


Tue “Pyro” Borer-Ciganinc System.—The diffi- 
culty of satisfactorily removing hard scale from the inside 
of steam-boilers has been the cause of much ingenuity 
and the expenditure from time to time of large sums of 
money on the part of inventors. These attempts have 
been attended with more or less success, but, in spite of 
them, the rough practice of hand-chipping with hammers 
still holds its own, and is usuall ised. The latest 
application of science to the removal of scale has, how- 
ever, gone from the beaten track, and, instead of applying 
scraping and ——. = is usual, heat is u in 
a@ very intense form. apparatus has been brought 
out by Mr. Adolph Schror, and has been termed the 
‘** Pyro” boiler-cleaning system. The plant required 
for the removal of ie by this process is extremel 
simple, consisting of an expansions blow-pipe wi 
two or three jets, a portable acetylene generator, and a 
steel cylinder of compressed oxygen, together with the 
necessary length of flexible tubing. When it is desired 
to remove any scale, all that is necessary is to play u 
it with the blow-pipe flame for a few minutes ( apuading 
on the thickness of the scale) until the scale cracks oat 
falls off due torapid ex ion under the intense tempera- 
ture. If the scale is slightly damp, the operatien is assisted. 
We had the oppertunity on Fri the 28th ult., of seeing 
the apparatus at work inside a Galloway boiler, and its 
action certainly appeared to be satisfactory. Of course, 
care has to be exercised to keep the flame from playing 
on the bare plate for any length of time. We wereshown 
flat pieces of hard scale, some of them as much as § in. 
thick, held on the bare with a piece of white paper 
between, the flame being then directed against the scale 
until the latter fell to pieces, the Paper not being scorched 
nor the hand burned. A distinct feature of the system 
is that it can be easily applied to almost inaccessible parts 
7? a a, ak -chipping is quite impossible. 

ter cleaning process are painted 
inside with “* Uorrosanti” paint, which is claimed to 








e the plates. The apparatus is a introduced 
= the Pyro Boiler- - Company, 37-39, Essex- 
street, Strand, London, W.C. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI 
on OATIONS UNDER THE AOT OF 1907. i 
a call cals alice camp ts ecleane he 
tUustrated. 
Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 
gy 


obtained at the Patent Office, Sale 
- Buildings, Chancery-lane, W.C., at 
yp ee ge eat 
The date of advertisement Ge acscaptanee of & Comatte 
Seaesene &, & eu ane, wen after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from 
advertisement 


of the of a Complete Specification, 
ive notice ot 4 i to the 
ve ce at the Patent Ofts of opposition to the prant of 
ELECTRICAL APPARATUS. 


9499/12. Siemens and Halske Aktiengesellschaft, 

° Instantaneous Radio- 

graphs. [4 Figs.) April 21, 1911.—In order to obtain radio- 
graphs by instantaneous exposure it is usual to cause a single 
strong excitation of the Réntgen-ray tube by momentarily inter- 
rupting a continuous current flowing through the primary wind- 
ing of a high-tension transformer or of an induction coil, to the 
secon winding of which the focus tube is connected. This 
method the drawback that, owing to the retentiveness of 
the iron core of the transformer or induction coil, which causes a 
large part of the magnetism induced in the iron to be retained 
when the primary circuit is interrupted, only a comparatively 
change occurs in the magnetic induction. To obtain an 
induced — of sufficient strength, the magnetisation of the 
iron must be raised to a very high value, for instance, to double 
its normal amount, but this requires a very great increase in the 
exciting current, up to ten or twenty times the value normally 
requi for working the coil or its equivalent. This large cur- 
rent strength, even if it only lasts for a short time, is mjurious, 
since the interruption of currents of high value always gives rise 
to arcing at the contacts and other difficulties. According to 
the present invention, these drawbacks are avoided by suddenly 
commutating instead of simply interrupting the primary cur- 
rent, so that the latter is chan rapidly from a given positive 
to an equal negative value. @ process can also be used for 
obtaining a series of exposures in rapid succession, but 
means must be used to —— an excitation of the Réntgen-ray 
tube in the wrong direction during the rise of the current in the 


1) 




















(9499) 


primary circuit, or during the commutation which takes me 
alternately in opposite directions. A lever 1 is moved by d 
or by a spring or other means, so that two contact brushes on 
the lever slide over two sete of fixed contact-studs and contact- 
strips. The primary coil p of a transformer or induction-coil T 
is connected to the contact-brushes through ~ ow and brushes. 
Two sets of resistance-coils 9 are connec to the contact- 
studs, and contact-strips 10 joined to these sets of resistance-coils 
are connected respectively to the opposite poles of a source of direct 
current. A second pair of tact-strips 11, parallel to the first 
and extending over the whole path of the lever 1, are also con- 
nected alternately with the first set to the current source 12. An 
insulating-piece 13 in the middle of the contact-strips tes 
the parts on the left from those on the right. When the lever 1 
is in the position shown, current flows from the se pole of 
the current source over contact-strip 10 on the left, the resist- 
ance 9, the primary winding p of T, and by the contact-strip 11 
on the left to the negative y of the current source. As the 
lever 1 is moved to the right the resistances 9 are cut out in order 
until the maximum current traverses the winding p. As soon as 
the lever 1 arrives at the on wae 13, the current is 
suddenly interrupted and then reversed, so that the induction in 
the iron c from a positive to a negative value of equal 
amount. An induced current impulse proportional to this total 
change is set up in the secondary coil s, and led to the Réntgen- 
ray tuber. In order to in reduce the value of the current in 
the primary coil, lever 1 is moved further on over the contact- 
studs of the resistance 9 on the right-hand side. (Accepted 
January 16, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


831/18. The Wolseley Tool and Motor-Car Com- 
, Limited, and A. A. 
(5 Figs.} January 11, 1912. 


on 
This invention relates to the type of valve-gear in which a slide- 
valve is operated from a revolving shaft through the medium of a 
member which is ied as a turning fit upon a crank-pin or 
eccentric of the shaft, of a link connecting one end of such member 
with the valve and of a link which connects the gear with a fixed 





tin such manner as to exert a control over the movements of 

ide in lieu of such 

feature in i 
to operating, from a revolving shaft which runs 
speed, a sleeve-valve which controls both the 
on the 
valve 
A 


such 

at half the engine 

inlet and exhaust of an internal-combustion engine worki 
Otto cycle, or other valve, api ee ay wap depen 
face moves over the surface against the valve operates, 


the date of | ind 





lever A is carried at a point intermediate its ends on a crank- 
pin b of the half-speed shaft B. The upper end of this lever is 
connected by means of a link O with a lug of the valve D, which, 
in the instance shown, is a sleeve-valve fitted within the cylin- 
der. The lower end of the lever A is connected by means of a 
link E, which makes an acute angle with the member A, witha 
lug on the crank-case F. As the shaft B revolves, the lever A is 
moved upwards and downwards, and its lower end is, on account 
of its connection with a fixed point through the medium of the 
link E, compelled to travel in the curve a. The movements of the 
lever A, caused by the rotation of the shaft B and controlled by 
the link E, cause the point of connection between the lever A and 
the link C to travel 4 a path which is indicated by the line a!. 
The curves a2 and a? are struck, with the link C as a radius, and, 
respectively, from the point of connection between the link C and 
the lug d, when the valve is at the point when the exhaust is just 
closed, and when it is at the point when the inlet is just closed, 
and the portions of the line a! which lie between these curves 
icate the movements of the point of connection between the 
lever A and the link C while both the inlet and exhaust are 
closed, while the portion of the line a! which is above the curve 
a2, shows the movement of such connection while the exhaust is 
open, and the portion of such line which is below or outwards of 
the curve a* shows the movement of such connection while the 
inlet is open. (Accepted January 15, 1913.) 


2495/12. W. Beardmore and J. W. B. Stokes, 
Glasgow. Internal-Combustion es. (2 Figs.) 
Jan 31, 1912.—This invention relates to two-stroke cycle 
internal-combustion engines of the type having a 
rocating pistons one within the other, and coupled to opposite 
cranks, the outer piston being connected to an annular pump- 
piston working in an annular pump-barrel arranged on the out- 
side of the inner end of the cylinder in which the two pistons 
work. According to the present invention, the pump-barrel 
serves as a combined air and gas-pump. The | ee 
controls ports giving communication between the gas-chamber 
and the pump-barrel, and ports are formed through the part of 
the sleeve of the outer piston which is just in front of the pump- 

m, these sleeve-ports Loe 1 controlled by the inner piston. 

n the position of the pistons where the pump-piston is admitting 
gas to the pump-barrel, the sleeve-ports are also uncovered and 
admitting air to the barrel from the crank-case. The outer 
surface of the sy tee oe is so shaped that the and air 
flowing in from the oppositely-disposed ports have little tendency 
to mix, the gas being directed upwards around the outer wall of 
the pump-barrel, whilst the air is admitted at the interior 
tion, and so directed as to form an inner concentric layer. 
haust-ports are formed through the sleeve of the outer piston, 
and the usual firing-plug is so attached to the liner in which that 
piston works that the compressed charge has access to it through 
such ports. As shown, the improved construction comprises a 
crank-case A, through which passes a shaft A! having a triple 
crank within the case, the central crank-pin B being at 180 deg. 
to the two outer crank-pins B!, B2. The crank-case carries an 
annular gas-chamber C! connected by a pipe to a source of supply. 
The inner end D! of the cylinder is of larger internal diameter 
than the outerend D*, and serves as a combined gas and air 
pump-barrel, whilst the outer narrower end D2 forms a liner in 
which works the outer or back piston E. This outer piston 
carries an inwardly-extending sleeve E! within which the usual 
inner or front piston E2 works. The sleeve E! also acts as the 


ped 
Tal 





inner wall of the pump-barrel, and carries at its inner end a pump- 
piston G. The or G and outer piston E, connected 
together by the sleeve E!, are operated through connecting-rods 
from the two outer cranks B!, B2, whilst the inner piston E2 is 
operated by a connecting-rod from the central crank B. The 
ee G controls ports giving communication between the 
gas ber CO! and the pump-barrel, and sleeve- are formed 
through the part of the sleeve E! of the outer piston E which is 
just in front of the pump-piston G, the sleeve-ports being con- 
trolled by the inner piston E®, In the position of the pistons 
shown in the drawing the pump-piston G is admitting gas to the 
pump- . The sleeve-ports are also uncovered and admitting 
air to the barrel from the crank-case A, the air entering the 
case mae an aperture or apertures formed through the 
sides thereof. The outer surface of the pump-piston is sha| 
as shown with an annular lip, so that the gas and air flowing 
i pump -barrel from the oppositely-disposed ports 
have little tendency to mix, the gas directed upwards 
around the outer wall of the pump-barrel whilst the air is 
admitted at the interior portion, and so directed as to form an 
inner concentric layer. Exhaust-ports are formed through the 
sleeve E! of the outer piston E, and the usual firing-plug (not 
o—-* 80 attached to the liner in which the piston E works 
that the com e has access to it through such ports. 
The outer of the cylinder is preferably closed by a cap, and 
communicates through ports J2 with an quheumtt-chanser J, 
The cylinder and pistons may be water-jacketed in known manner, 
or the engine may be cooled in known manner by the injection of 
liquid into the cylinder. When ignition of a charge takes place, 
the outer and inner pistons E, E are forced apart as usual. The 
outward travel of the outer piston E and its sleeve E!, also the 
inward travel of the inner pleton E?, closes the gas and air- 
causes the pump-piston G to compress the charge ly 
admitted to the ep tee When the two pistons a have 
reached the end of stroke, the exhaust-ports in the sleeve of 
Ss E are opposite exhaust-ports J? in the cylinder 
liner, the products of combustion escape to the exhaust- 





chamber J3, At the same time the sleeve-ports in the sleeve 
El are open to the space between the two cylinder pistons E, E2, 
and a scavenging charge of air first passes from the pump-barrs] 
into the cylinder, followed by a mixture of air and gas, becoming 
richer in gas towards the end. The cylinder-pistons E, E2 then 
approach each other compressing the charge just received, and 
again pry be pump-piston G in the position shown, in which 
e ag 4 admitted to the pump-barrel. (Accepted Decem. 
1, 


GUNS AND EXPLOSIVES. 


-Arms Company, 
and G. Norman, Small 

(3 Figs.) April 12, 1912.—This invention relates to improvements 
in sights for small arms, of the type known as lens or optical 
sights, and has for its object to provide an improved form of fore. 
sight adapted for use in conjunction with a lens or an aperture 
back-sight, and constructed or arranged so as to permit of ready 
access to the lens for inspection, cleaning, or repl t. 
According to the present invention, the fore-sight comprises a 
central carrier in which the lens is mounted between two screwed 
collars or rings, the carrier being also adapted to have detachably 
secured thereto a front and a rear extension tube, each provided 
at its outer end with a cap or cover. The central carrier is also 
provided with a lug or base part whereby the an fore-sight 
can be adjustably mounted on the gun-barrel near its muzzle end. 
1 designates a central ring-shaped carrier on the underside of 
which is formed a lug or base-part 2, provided with a dovetailed 
rib or other suitable means whereby it can be adjustably mounted 


tg. 2. 

















in position on the gun-barrel 4 near the muzzle end thereof. 
The central carrier 1 is adapted to carry a lens ; its internal bore 
is screw -threaded, and aj pair of locking - collars or rings 
5, 5 are provided, the peripheries of which are screw-threaded to 
engage with the internal screw-threads in the internal bore of 
the central carrier 1. The inner face of each of the locking 
collars is countersunk or recessed to receive the lens 7, and 
the outer face of each locking collar is provided with cross 
slits or saw cuts to facilitate their ready insertion or removal 
from the central carrier 1 by means of a coin or any suitable tool ; 
also the outer faces of the locking collars may be milled or knurled 
to permit of their being turned by means of the finger without the 
use of tools. Into each end of the central carrier 1 is fitted a short 
front and rear extension-tube 9, such being provided with an 
externally screw-threaded part adapted to engage with the in- 
ternally screw-threaded bore of the central carrier 1, and the outer 
ends of the extension-tubes are each provided with a suitable cap 
or cover 11, which may be screwed or othe secured thereto 
when the sight is not in use, for the purpese of a (prey dust 
and dirt getting to the lens 7. The extension-tubes 9 are prefer- 
ably knurled on of their outer diameter or face to facilitate 
their screwing or unscrewing from the central carrier 1. 
(Accepted January 15, 1913.) 


MISCELLANEOUS. 


7229/12. H. Rotherham and W. Johnson, Coventry. 
+) 5 Figs.) March 25, 1912.—This invention relates 
to stop-cocks and the like of the type in which a valve-stem 
moves endwise a split piston to open and close the passage 
through the cock, and is caused to expand the piston to effect 
liquid-tight closure. In stop-cocks of this kind the split piston 

been internally coned in both directions, one conical part 
being engaged by a cone on the stem, whilst the other was 
engaged by a cone on the body of the stop-cock. By the present 
invention an improvement is provided in which both cones are 
carried by, and moved with, the operating stem. In the con- 
struction illustrated in Figs. 1, 2, and 3 the stop-cock comprises 
a cylindrical chamber or barrel A, with which communicate an 
inlet and an outlet-pipe B arranged at the same height and prefer- 
ably opposite to one ther, though the latter is not essential. 
The upper part of the chamber A is provided with a packing-box 
C which may contain a gland or any other packing material. 
Arranged to slide in the chamber is a piston, the stem D of which 
oe through the packing-box, and is — with an operating 
andle E or disc. The piston stem formed upon it at its 
lower end a right and left-hand thread F and G or the equivalent, 
and arranged on these threads are co’ nding nuts H and J, 
the opposed faces K of which are bevelled. ese nuts are 





surrounded by a sleeve L which corresponds to the piston wall, 
and to the interior of the sleeve L is attached a ring, the outer 
faces of which are bevelled to correspond with the adjacent faces of 
the conical nuts Hand J. The sleeve and ring are split lengthwise, 
so that they are capable of contraction and expansion. he 
normal dimension of the sleeve L is such that it will slide freely in 
the cylindrical chamber A, but when the nuts are drawn together 
it will expand and bind therein. The interior of the chamber is 
provided with b-screws N, which form a keyway or rib, in 
which engages the split in the sleeve and grooves in the nuts H 
and J to prevent their rotation. To close the stop-cock the stem 
is moved endwise, so as to bring the piston opposise the inlet and 
outlet ports. This may be at one extreme it of its travel. 
Rotation of the stem causes the right and left-hand threads to 
draw the nuts together and expand the sleeve. end gr between 
the piston and the inlet and ered pte is thus le fluid-tight. 
To open the cock the stem is ro slightly, so as to separate 
nuts, when the natural spring of the sleeve will cause it to con- 
tract to its normal size. The piston can then be moved by means 
of its stem, so as to open up the inlet and outlet ports any 
desired amount. (Accepted January 15, 1913.) 
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THE INSTITUTE OF METALS. 
(Ooncluded from page 366.) 
THE Corrosion oF ALUMINIUM. 


A paper by Dr. G. H. Bailey on ‘‘The Cor- 
rosion of Aluminium” was next taken. It was 
reprinted on page 374 of our last issue. 

The discussion was opened by Mr. G. D. 
Bengough, who said that he thought the import- 
ance of oxygen in promoting corrosion should 
not be underestimated. The author’s methods of 
measuring the loss from his test-plates were, in the 
speaker’s view, quite satisfactory. The process of 
the corrosion of aluminium was, in his opinion, 
quite parallel to the corrosion of brass, the dif- 
ference being that the oxide in the case of brass 
was very adherent (it would withstand rubbing with 
a glass rod), and that secondary reactions occurred. 
In the case of brass, zinc passed into solution, but 
not copper. In spite of the secondary reactions it 
was in some ways more easy to measure the loss of 
weight in the corrosion of brass than it was in the 
case of aluminium. This arose because with brass 
the oxide film was very thin and very adherent. 
He feared that the idea of direct oxidation was not 
in accord with the views of the physical chemists, 
but for his own part he had been steadily becoming 
more and more convinced that the direct action of 
oxygen was very important. 

Dr. H. Seligmann, who spoke next, said that he 
observed that four of the author’s conclusions were 
identical with those of Heyn and Bauer, who 
should, he thought, have the credit of them. It 
was important to note that the author’s method 
only claimed to determine the weight of aluminium 
removed by oxidation, and nothing else, but he could 
not agree with the author that this was a matter 
of extreme importance. In fact, in practice what 
it was necessary to know was the probable dura- 
bility of the metal in service, and this depended 
upon whether the corrosion was general or local. 
If it were general and 5}, in. were removed yearly, 
in accordance with the author’s figures, the useful 
life of aluminium could be estimated; but toassume 
this general corrosion involved a dangerous fallacy. 
A tap of aluminium, after being in use with good 
tap water for six months, was rendered useless owin 
to local corrosion, although, as a whole, the meta 
had suffered little. The speaker held, therefore, 
that a determination of the actual loss of weight was 
of no importance. He felt strongly on this point, 
because in the past they had all shut their eyes to 
the disadvantages of the metal in this regard. 

Professor H. C. H. Carpenter, who spoke next, 
said that he considered the author had adopted too 
short a period of exposure in his tests. Further, 
in calculating the loss of aluminium he had assumed 
that heating the hydroxide to 200 deg. Cent. would 
convert it wholly into Al,O;, and as to the truth 
of this the speaker had considerable doubt. He 
would also like to know how the specimens were 
supported. Dr. Rosenhain and himself, in their 
own experiments, had found that, whether the sup- 
port were glass or metal, the corrosion was con- 
siderably accelerated at the points of contact. 

Mr. Arnold Philip said that he had himself made 
tests with an aluminium alloy containing 3 or 4 
per cent. of cadmium. Sea water was used as the 
reagent, and the tests were carried out at ordinary 
room temperatures, the specimens being suspended 
by cotton thread. Unfortunately, in actual practice 
aluminium could not be used by itself, but was 
always in contact with some other metal, and in 
some cases was also subject to rubbing friction. 
His tests, therefore, had been extended to include 
these factors, and the following figures showed 
some of the results obtained :— 


Method of Number of a_i = 
Suspension. Days Exposed. me oe 
Cotton ... <3 al 2.6 
Gun-metal clamp at ae 61.7 
teelclamp ... ~ 91 44.3 
Rubbed continuously in 
contact with gun- 
metal ... ‘ a 61.6 


He thought the author would have done well to 

ve made more numerous tests, so as to eliminate 
accidental errors which might vitiate individual 
results, 

Dr. Brosley, who followed, drew attention to 
the fact that if calcium salts were present, the 
Precipitate of aluminium oxide also contained 
calcium, for which an allowance would be necessary. 

8 dilute solution of caustic soda, for instance, 





the aluminium was converted into the hydroxide 
almost quantitatively ; but the addition of a little 
calcium sulphate would entirely upset matters. 
The unique disadvantages of aluminium were such 
that, were it not for its electrical properties, he 
thought that the metal in its practical applica- 
tion would already be as dead as the dodo. Oncea 
culinary vessel, for example, went into pinhcles it 
became useless, though the total loss may be small. 
Such a vessel, in his experience, did not corrode, 
especially between wind and water. In this con- 
nection he might add that aluminium rods exposed 
to spray at first corroded rapidly, but would later 
stick up to their work. He might state, asa matter 
of interest, that a patent had recently been taken out 
for securing the insulation of aluminium conductors 
by depositing on them a flexible film of Al,O,. 
Insulated conductors of No. 18 to No. 24 8.W.G. 
thus produced were but little stouter than the bare 
wires. 

Professor T. Turner, who spoke next, said on 
the general question of corrosion tests he had often 
felt a doubt as to whether the specimens really 
represented fairly the material as used in practice. 
Castings, for example, had a skin which was re- 
moved before making corrosion tests. Again, with 
drawn material the lubricant was pressed into the 
pores of the metal, and served to some extent as a 
protection in practice. Again, if brass were rolled 
and annealed, very curious markings could be seen, 
which must affect the electric character of the 
surface. In corrosion tests an attempt was made 
to get the metal into a normal state by cleaning it 
from grease stains and the like. Copper, for 
example, was dipped in nitric acid in order to pre- 

e it for a corrosion test, and, however thoroughly 
it were washed subsequently, he believed some 
nitrate would remain and affect the results. 

Thus if a dipped and undipped sheet of copper 
were heated to 150 deg. to 200 deg. Cent., it would 
be observed that the dipped sheet oxidised the more 
readily of the two, no matter how carefully it might 
have been washed. Again, rubbing a specimen with 
the finger would give rise to a deposit of grease ; 
whilst if a glass rod were used, every scratch would 
have a different electromotive force than the sur- 
rounding metal. Questions of this kind had always 
been present, in his mind, in considering corrosion 
tests, and he found it difficult to satisfy himself 
that the value of such experiments was not 
seriously attenuated by the processes used to pre- 
pare the specimens. 

Dr. Gwyer, who followed, said that much of 
what he had meant to say had been anticipated 
by Professor Turner. He was surprised that the 
effect of sodium in promoting corrosion was not 
higher than found by the author, and that that of 
silicon in protecting the metal was not less. In 
tests with aluminium it was particularly necessary 
to take account of the surface exposed, since owing 
to the low specific gravity of the metal a fair com- 

rison could not otherwise be made with iron and 

rass. For a similar reason Dr. Rosenhain had 
introduced the term ‘‘ specific tenacity” of the metal 
in ay 20 its strength with other metals. 

Dr. Law, who spoke next, said he wished that 
the author had given more data, since those re- 
corded were insufficient to establish his general 
conclusions. He wished to emphasise what had 
been said by a previous speaker with respect to 
a mere record of loss of weight being of little 
value. ll their disasters arose, in fact, from 
local corrosion, loss by general corrosion being 
easily provided for by a factor of safety. 

In calling on the author to reply, Professor 
Huntington said that the only experiments he 
had made personally on the corrosion of aluminium 
was by acting on a hunting flask by a 50 per cent. 
solution of whisky and water. He found that if 
this were allowed to remain in the flask for a week, 
it became of a very nasty colour indeed, which 
certainly gave proof of some corrosive action. 

In reply Dr. Bailey said that he had not over- 
looked the possibility of other substances being 
carried down with the aluminium oxide, and 
wherever the tap water used had been such 
as to cause this, the matter had been fully followed 
up. As to the work of Heyn and Bauer, he made no 
claim to the originality of the conclusions set forth 
in his own paper, but was not pre to attribute 
them to the authors named, whose experiments 
were carried out on a quality of metal never now 
seen. Some of it contained copper, and their 
methods were also open to serious criticism. With 
respect to the question that had been raised as to 





local corrosion, he had never meant to s that 
the losses he measured were uniformly derived 
from the whole surface. One speaker had sug- 
gested that the time of exposure was too short, 
but with this the author could not agree, since, in 
a long exposure, air was taken out of the water, 
and at the same time the protective coating thick- 
ened. It had been suggested that a temperature 
of 200 deg. Cent. was insufficient to dehydrate the 
alumina, but it was quite enough if the heating 
were sufficiently prolonged, and in the author’s 
experiments this Section was continued until the 
weight became constant. His specimens were 
sheets of the metal bent into half circles and 
allowed to rest on the bottom of the glass vessel 
containing the reagent. Very many more experi- 
ments were made than were recorded in his paper. 


Tue Microstructure oF GERMAN SILVER. 


The next paper taken was on ‘‘ The Microstruc- 
ture of German Silver,” by Mr. O. F. Hudson. It 
was reprinted on page 376 of our last issue. 

The discussion was opened by Mr. Boeddicker, 
who said that the author’s results were well borne 
out in practice. It was quite true that the 
annealing process. could be varied considerably 
without affecting the rolling properties, but a dif- 
ference appeared in other tests. Such a metal as 
that represented in Fig. 6, page 376 ante, would not 
withstand the same work as that represented in 
Fig. 2. Since tin had gone up in price, German 
silver was, to a certain extent, replacing Britannia 
metal, and it was difficult to get it to'withstand as- 
satisfactorily as the latter such operations as 
spinning and — pressing. In German silver the 
percentage of nickel might run from 7 per cent. up 
30 per cent., and the effect of this was very great. 
Thus, with 7 per cent. of nickel the electrical resis- 
tivity was 18 microhms, whilst with 30 per cent. 
nickel it was 40 microhms. The zinc present, 
on the other hand, had little effect on the resis- 
tivity. This quality was, however, to some extent 
affected by the process of annealing. An exposure 
for one hour to a temperature of 700 deg. decreased 
the resistivity by 2 microhms. Recently he had been 
manufacturing metallic cobalt for alloying with 
copper, and it had much less effect on the colour of 
the alloy than nickel. Thus a cupro-nickel with 18 
to 20 per cent. Ni was nearly white, whilst an alloy 
of 80 per cent. copper with 20 per cent. of cobalt 
was nearly as red as copper. The addition of 
nickel raised the resistance of the metal, whilst 
cobalt had but little effect. 

Dr. Rose said that he could not see in the 
author’s figures any evidence of cores. As he 
understood the term, a core was built up of layers 
like an onion, each layer being slightly different 
from the one below. For his own part he did not 
think that diffusion was concerned in recrystallisa- 
tion, which he considered to imply merely a 
change in the orientation of the particles. He 
quite agreed with the author that a coarse crystal- 
lisation had no effect on the rolling properties of a 
metal. 

Mr. G. B. Brooke asked if the German silver 
was the ordinary commercial quality containing lead. 
He asked this because the dark spots visible in 
Fig.'10 (page 376 ante) were like those caused by 
the segregation of the lead, which was always présent 
in the commercial qualities of German silver. 

Dr. Law said that the peculiar resistance of cores 
to diffusion was not confined to German silver, but 
was met with also in the y steels, containing nickel 
and manganese. 

Professor Turner stated that having seen the 
author’s original specimens, he had himself no 
difficulty in distinguishing the cores in the micro- 
graphs. 

Mr. E. L. Rhead remarked that he had met with 
something very much akin to cores in electrolytic 
copper. 

Z reply, Mr. Hudson said that he had made no 
experiments on the electrical resistance of his speci- 
mens. With respect to annealing at high tem- 
peratures, he thought that the possible loss of zinc 
might be serious. As to Dr. ’s comments, he 
could himself trace the cores in his micrographs u 
to Fig. 9, after which they gradually disappeared, 
and these, he thought, confirmed the view that the 
markings visible in commercial samples of German 
silver were ly cores. He was inclined to 

, however, that recrystallisation could take 
= without diffusion, and he thought his micro- 
graphs showed this to be the case. He believed 





that the black spots in Fig. 10 were due to lead, 
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his samples being made from good commercial 
materia]. 


Tre Quantitative Errect or Raprip CooLine 
UPON THE CONSTITUTION OF BinaRy ALLOYS. 


The next paper taken was the one having the 
above title. In the absence of its author, Mr. G. H. 
Gulliver, B.Sc., F.R.S.E., A.M.I. Mech. E., it was 
read in abstract by the Secretary. In this paper 
the author stated that the differences produced by 
varying the rate of cooling during the freezing 
period were correlative with a twofold variation in 
the structure of the alloy—i.e., a change in the 
dimensions of the crystal aggregates and a change 
in the constitution of the mixture. The exact 
effects to be ascribed to each change separately 
were not yet known, but in general an altera- 
tion of constitution was more important than one 
of crystal size. The relation between the rate of 
cooling and the structural arrangement of an 
alloy had been determined only in the roughest 
manner, on account of the difficulty, when the rate 
of cooling was not very slow, of specifying what 
the rate actually was at any point of the mass 
of metal. The equilibrium diagram for a series of 
alloys showed the constitution of each particular 
mixture when the rate of cooling was excessively 
slow ; it contained, further, as shown in the paper, 
the data from which the constitution of mixtures, 
cooled with excessive rapidity, may be calculated. 
The author gave equilibrium diagrams illustrating 
various rates of solidification, and applicable to 
various lead-tin alloys. 

Professor Turner, who opened the discussion, 
confirmed the statement made by the Chairman to 
the effect that this paper was one more for quiet 
study at home than for discussion at a meeting. 
Mr. Gulliver’s work in the matter of various alloys 
was well known to the members, and he (Professor 
Turner) complimented him on the application he 
made in the first part of the paper of simple geo- 
metrical methods of calculation; this reminded 
him of Newton’s calculations by simple geometrical 
formuls, which otherwise were carried out by the 
calculus. Professor Turner added that, as would 
be seen, Mr. Gulliver did not quite escape the 
calculus in a number of his notations. The paper 
would be found most useful for purposes of refer- 
ence, and he thought the author should be heartily 
thanked for his valuable contribution. 

The Chairman, in moving a vote of thanks to the 
author, said that the difficulty always was to get 
practice to fit in with theory. He gave an instance 
of an ingot of copper with ]2 per cent. of nickel, 
which was ronal and allowed to cool down very 
slowly. Some of the metal was pressed out from 
the billet made with the ingot, and upon analysis 
of the small quantity thus pressed out it was found 
to contain only 7 per cent. of nickel. The billet 


had obviously a different composition at various | po 


points. He hoped the paper would be fully 
discussed by correspondence. 


Practica, Heat-TrREATMENT OF ADMIRALTY 
Gun-METAL. 


This paper was the last on the programme. It 
was contributed by Mr. H. 8. Primrose (Messrs. 
G. and J. Weir, Limited, Cathcart) and Mr. J. 8S. 
G. Primrose (Royal Technical College, Glasgow). It 
was read in abstract by the Secretary. We propose 
reproducing it in a later issue. The authors de- 
scribed the metal they used and the test they made, 
and pointed out the influence of the quenching 
temperature, of the annealing temperature, of the 
time of annealing, and so forth. The tests showed 
that no improvement may be expected by quench- 
ing, which lowered the strength of the material. 
Simple annealing of the metal for 30 minutes very 
considerably increased its strength and elongation, 
the maximum results being obtained after anneal- 
ing at 700 deg. Cent. The homogeneity and other 
physical properties of the metal were co md- 
ingly improved, but particularly the capability of 
the castings to withstand hydraulic pressure. These 
results were considered to be due to the removal 
of the eutectic from the microstructure, which, 
after annealing, showed only the crystals of alpha 
solid solution. 

Professor Carpenter said the paper dealing with 
88-10-2 gun-metal was a very interesting one. Its 
practical value lay in the fact that they had shown 
that with a simple and short heat-treatment, an 
alloy which for hydraulic castings was apt to give 
unsatisfactory results, evon when the metal was 
good, could be made quite suitable, They had also 





shown why the heat-treatment was effective. The 
authors had used wrongly the term ‘‘ eutectic ;” 
the equilibrium diagram of the copper-tin system 
showed that by a ‘“ peritectic” reaction 8 was 
formed from a + liquid, and in a lower tempera- 
ture range 8 split up into a + 8. Much the same 
reactions took place in the gun-metal considered. 

Mr. Law, who followed, and dealt with the 
subject from the practical standpoint, stated that 
gun-metal was used for a very large variety of pur- 
poses, and its structure should be governed by the 
purpose in each case. The authors had given 
examples in which the treatment they had carried 
out had raised the tensile strength and elongation, 
but the raising of these was not everything. It 
was desirable that the metal should be uniform in 
structure, otherwise the ultimate results would be 
disastrous in some instances. 

Mr. Archbutt accentuated the last speaker’s 
remarks. He (Mr. Archbutt) had had experience 
of railway practice, and he had used for a slide- 
valve an fw of copper with 15 per cent. of tin ; 
this gave trouble, leading to fracture. He tried 
quenching to prevent the separation of the con- 
stituent ; this gave toughness, but the metal, from 
the point of view of wear, gave disastrous results. 
The uses to which the metal was to be put should 
in each case govern its treatment. 

On the motion of the Chairman, a hearty vote 
of thanks was accorded to the authors, and also to 
Messrs. G. and J. Weir, Limited, Cathcart, for 
having allowed the publication of the tests. 

The proceedings then came to a close, after 
thanks had been expressed to the Institution of 
Mechanical Engineers for the loan of their hall, 
and to the Chairman for his conduct in the chair. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 359.) 

Tue spring meetings of the Institution of Naval 
Architects, of which the first day’s proceedings 
were reported in our last issue, were continued on 
the morning of Thursday, the 13th inst. The 
President was in the chair. 


MecuHanicaL GEARING FOR SHIPS. 


The first paper taken was entitled ‘‘ Mechanical 
Gearing for the Propulsion of Ships.” It was read 
by its author, the Hon. Sir Charles Parsons. The 
paper was reprinted on page 371 of our last issue. 
After reading the paper, and before the discussion 
began, Sir Charles Parsons stated that he wished 
to associate the names of his assistants, Messrs. 
Cook, Carnegie, and Walker, with the work which 
had been done, and which was dealt with in the 
paper. In connection with the paper, he also 
inted out that subsequent experience had sug- 
gested that a creep of 5 per cent. might possibly 
be better than the 1 per cent. mentioned for 
the auxiliary table of the gear-hobbing machine. 
He wished to emphasise that all the gears now in 
operation had been cut by the old method, and 
before the introduction of the creeping table. The 
first gear of the new type had been tried the 
previous week and was remarkably quiet, as com- 
pared even with the earlier gears, which were quite 
quiet enough for all ordinary practice. The largest 
—_ in work was transmitting 3000 horse-power, 

ut one was under construction which was to 
transmit 6000 horse-power. In connection with 
the use of springs under the bearings, he might say 
that a set of gearing transmitting 200 kw., and 
which was very noisy, had had its noise reduced to 
about one-tenth by the fitting of springs. In 
general mechani gearing for propellers had 
proved very satisfactory, and had given no trouble 
to anyone, and such gears would undoubtedly be 
greatly used in the future. On a 60,000-horse- 
power ship such gearing would introduce economies 
which would bring the efficiency very close to that 
obtained with internal-combustion engines. 

Professor J. H. Biles opened the discussion. He 
said that as there seemed to be considerable mis- 
understanding in some quarters in connection with 
the subject of the paper, he would, with the per- 
mission of the meeting, like to speak in a very 
elementary way for a moment or two. When the 
steam-turbine was first adopted for marine propul- 
sion its efficiency had to be, to some extent, 
sacrificed in the interests of propellers, since the 
best turbine speed was much higher than the best 
propeller speed, This state of affairs suggested 





that if some form of reduction gearing could be 

laced between the turbine and propeller it would 
possible to run them each at its best speed. 
Asa result, we had mechanical gearing, electrical 
transmission, and the Féttinger hydraulic trans. 
former. Most people were at first inclined to look 
at the question of mechanical gearing much as a 
shipowner who recently told how that he couldn’t 
have a lot of cog-wheels on his passenger ships, 
The work done by Sir Charles Parsons, first on the 
Vespasian and afterwafds on the Normannia and 
Hantonia, had shown there was no objection in 
such gearing. It made but little noise, and 
remained in perfect order after a long period of 
work. 

Professor Biles went on to say that when he 
read his paper before the Institution the previous 
year, he had stated that the gear was practically 
noiseless. There had, however, been a good deal 
of talk about the noise in some quarters. The 
fact of the matter seemed to be that there was a 
noise from an engineer’s point of view, but not 
from that of a passenger on a steamer fitted with 
the gear. On the London and South-Western 
Railway Company’s boats there had never been a 
complaint from a passenger about the noise. In 
any case, the new arrangements described by Sir 
Charles Parsons in his paper eliminated such noise 
as there was, so that matters would be more pleasant 
in the engine-room in new installations. He thought 
that ibly one reason for the great success of 
geared-turbine ships was that in some direct-coupled 
turbine ships the propeller speed was made so 
high, in the interests of the turbine, that the pro- 
peller ran very near to the speed of cavitation. 
On a trial trip matters might be all right, but iu 
actual service, with a greater head resistance, 
cavitation might occur, so that efficiency would 
fall off. The use of gearing enabled one to keep 
well away from the possibility of cavitation. In the 
Normannia a propeller of 8 ft. in diameter had 
been employed, whereas if a direct-connected tur- 
bine had been used the diameter would have had 
to be about 5 ft 

Dr. H. Fottinger, the second speaker, wished to 
congratulate Sir Charles Parsons for the ingenious 
and scientific way in which he had overcome the 
difficulties which arose in connection with his 
gearing. Work which naturally should have been 
done a machine-tool designers had apparently 
been left for a turbine-builder. He noted that Sir 
Charles Parsons evidently proposed to deal with 
very large powers by splitting up the load among 
a great number of pinions. Thus in the battleship 
installation (see Fig. 11, page 371 ante) there 
seemed to be eighteen main turbines. He would 
have preferred to meet the conditions by four main 
turbines only, one on each shaft, or rather, he would 
say, with three shafts only and three turbines. 
Similarly, on the installation for a large Atlantic 
liner (see Fig. 17, page 372 ante) he would like one 
turbine and two primary bearings only per shaft. 

The hydraulic gear which bore his name was well 
known. One of its great advantages was that it 
did away with the reversing turbines. A great 
many of the difficulties which had arisen in practice 
had been due to the reversing turbines, largely 
owing to steam having to be turned into them 
suddenly and without any warming up. This 
difficulty arose with all types of turbine. A trans- 
mitter to his design was being supplied for a 10,000- 
horse-power ship for the Panama service of the 
Hamburg-Amerika Company. It had run for 4 
fortnight in the shops, transmitting from 6000 to 
8000 and up to 10,000 horse-power, and had shown 
no defect. It had also run for 24 hours continu- 
ously astern. When the transmitter was first 
tried it showed an efficiency of 90 per cent. at 
6000 horse-power. Owing, however, to experiments 
reversing from full speed ahead to full speed astern 
in from 10 to 12 seconds, one of the transmitter 
blades was bent. On investigation it was found 
that the end of the blade, which was designed with 
a thickness of 10mm., was actually only 6mm. thick. 
In order to continue the tests some 2 in. to 3 in. 
was cut off the ends of all the blades. The result 
of this was to reduce the efficieney to from 88 to 
884 per cent. The blades will, of course, be ulti- 
mately replaced, and the original 90 per cent. effi- 
ciency ined. The object in continuing the 
tests with the cut blades was that steam for them 
was being obtained from a bank of boilers intended 
for the Imperator, and the boilers could not be 
spared long enough to allow of new blades being 
fitted. The efficiency of the transmitter when 
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driving astern was 80 per cent. of the direct 
ower. 

Dr. Féttinger then went on to say that he thought 
there was little difference in efficiency between the 
mechanical and hydraulic gears. With the mecha- 
nical gear there was a loss of about 1 per cent. on 
the thrust-block, and about 3 per cent. due to 
the reverse turbine running idle. These must be 
subtracted from the efficiency found for the 
mechanical gear pure and simple. Also, of the 
10 per cent. loss with the hydraulic gearing about 
2 per cent. could be recovered as useful heat, 
so that they had an actual working efficiency of 
92 per cent.. The ratio of the 10,000-horse-power 
gear was 5 to 1, the turbine running at 800 revolu- 
tions per minute and the propeller at 160. The 
turbine speed was rather low, but this was due to the 
shipowner, who wished to be on the safe side, as 
the boat was the first ocean-going one to be fitted with 
this gear. With the Fottinger transmitter a ratio 
of 74 to 1 could be obtained in two stages, and a 
ratio of 10 or 12 to 1 in three stages. In the latter 
case the efficiency would be about 2 per cent. lower 
than that he had given. The efficiency of the 
transmitter increased with increase in size and 
speed. His opinion of the two gears was that at 
ratios of 20 to 1 or 25 to 1 the transmitter 
could not compete with Sir Charles Parsons’s 
arrangement, but that at ratios of about 5 to 1 
there was little difference in efliciency, and the 
manceuvring power of the hydraulic gear was the 
better. If British naval architects found a use for 
his gear, he would look upon it as a very small 
return for the tuition and assistance which Con- 
tinental naval architects had received from them. 

Mr. 8S. Z. de Ferranti continued the discussion. 
He thought that with our present knowledge of 
turbines and propellers it would be generally 
admitted that some form of gearing was necessary 
between them. The meeting might expect that he 
would recommend an electrical gearing, but, except 
for a few very special cases, he did not think elec- 
tricity suitable. In general it was not sound for 
such @ pur to transform mechanical power to 
electrical energy, and then back again into mechani- 
cal power. Some years ago he had considered the 
same type of gearing which Dr. Fottinger had 
develo His device was a very crude affair, 
and not at all like Dr. Féttinger’s. After consider- 
ing it for some time he decided that it would not 
be possible to make the loss less than 10 per cent., 
and possibly 15 per cent., and this had appeared 
to him to be so high that the device would not be 
of practical use. He was afterwards interested 
in the gearing experiments carried out by Mr. 
Westinghouse. He had not cared for the floating 
frame and other features of that gear, and had 
decided that everything must turn on the accuracy 
with which the gear was cut. 

In order to pursue this subject he had some 
blanks carefully prepared, and cut them on a 
Schuchardt and Schiitte machine at Messrs. Vickers’ 
Sheffield works. A careful examination of these 
wheels so prepared showed that they were far from 
accurate. He then thought that errors might be 
eliminated by continually changing the position of 
the wheel which was being cut, in respect to the 
master. He accordingly constructed a supplemen- 
tary table, and gave it a creep in relation to 
the main table of the machine. He also care- 
fully arranged that there should be no back-lash in 
gears, &. In effect, the arrangements he made 
were almost exactly similar to those carried out by 
Sir Charles Parsons, and the incident was a curious 
example of two people working on almost exactly 
parallel lines unknown to each other. As an added 
coincidence, it was curious that the drawings for 
his arrangement had been sent into the shops on 
March 13, 1910, exactly three years from the time 
he was speaking. He thought the method was a 
complete solution of any difficulty with gearing, 
and that with automatic correction, and so better 
machining, gear speeds should in the future run 
up to 250 ft. a second. He thought there was little 
doubt but that in the future the majority of mariae 
propulsion would be done through toothed gearing. 

Sir John I. Thornycroft, who spoke by invitation 
of the President, said that he had little light to 

ow on the subject. He thought we certainly 
could not afford to transform our mechanical 
power into some other form, either of water or 
electricity, and then retransform it, in marine 
Practice. It should be noted that as higher gear 
Thies could be used, the gearing would become 

r. 


Mr. C. J. Blackburn continued the discussion. 
He said that the company with which he was con- 
nected had a geared-turbine steamer under con- 
struction, by Messrs. Cammell Laird, for their ser- 
vice between Liverpool and the Isle of Man. 
Before deciding on it, they had inspected the in- 
stallation in the Normannia, and he would say that 
if the noise was no worse than that inthe Normannia 
they would not mind it. There were two points on 
which he would like information from Sir Charles 
Parsons. The first was in connection with lubrica- 
tion. After seven years’ experience with Parsons 
turbines, he could say he had had no trouble with 
lubrication ; but he would like to know if any diffi- 
culties were likely to arise with a combination 
lubrication system feeding both the turbine and 
the gearing. Would it not be better to fit an 
independent lubricating system for the gearing, so 
that special oil could be used, containing, possibly, 
graphite in suspension? The second point had 
reference to the flexible couplings. He would like 
to know if these proved quite satisfactory for large 
powers, and what the area of the surfaces in con- 
tact was. 

Mr. C. CO. Cook thought that the solution of the 
intricate problem which was dealt with in the 
paper was very characteristic of Sir Charles 
Parsons, who, although pursuing a problem to the 
very bottom, never lost sight of practical ends. 
He would like to say that the idea of giving an 
added motion to the work relative to the master 
wheel was entirely the idea of Sir Charles Parsons 
himself. He suggested it after the cause of the 
noise of the gear became apparent. He (the 
speaker) thought that the problem of the elimina- 
tion of gear errors found a curious parallel in 
some of the problems of eugenics. It was a 
) sey of weeding out an hereditary taint 

erived from some primeval ancestor. Errors in 
the master wheel were passed on to the new wheels 
cut, but as methods ually improved, the errors 
were gradually eliminated. 

He would like to say something about the 
materials they had used for the wheels. Reliability 
was, of course, essential, and they used a material 
having a high ductility. The wheels were made of 
a fairly high-carbon steel, and the pinions of a 
nickel steel, having about 26 to 30 per cent. elon- 
gation. They had tried higher carbon steels for 
the pinions, but the results had not been satisfac- 
tory. Referring to the comparison between 
mechanical and hydraulic gearing, he would say that 
Dr. Fottinger’s figure for the loss due to idle- 
running astern turbines was greatly exaggerated. 
Instead of 3 per cent., this loss was about half of 1 
per cent., certainly under 1 per cent. He thoughtit 
a weakness in the Féttinger gear that its ratio was 
so comparatively limited. In the Cairnross the 
mechanical gearing used had a ratio of 27 to 1. 
The limit of hydraulic gearing seemed to be 7 to 
1, or possibly a little more with some sacrifice of 
efficiency. The greater ratios were required in 
practice. 

Mr. Bell thought the Institution owed a great 
debt of gratitude to Sir Charles Parsons for the 
work he had done in connection with turbine gear- 
ing. The matter was a very practical one, and the 
other day directly affected, for instance, an order 
for a 14,0001. steamer with which he was con- 
cerned. The boat was to steam at from 14 to 17 
knots—rather too low a speed for direct-connected 
turbines. He must admit that at one time he was 
prejudiced against gearing on a ship, but its value 
was shown by the fact that in one case they were 
able to save 15 per cent. in the weight of the machi- 
nery and to reduce the length of the engine-room 
by 17 ft. He should say that at first the question 
of noise weighed very heavily with the shipowners, 
and he himself thought the noise on the Normannia 
was greater than it should be, although many 
others, of course, did not. 

Mr. J. Hamilton Gibson was the next speaker. 
He said he was specially interested in the paper 
for two reasons. The first was that some two 
years ago he deveted some time to the question of 
the improvement of machine-cut gearing. The 
second was that his firm was just about completing 
its first geared-turbine ship. The difficult thing 
in connection with Sir Charles Parsons’s method of 
correcting the errors of the parent wheel was to 
understand why no one had ever done it before. 
Anyone who had had experience in cutting gear 
would know the difficulty there was in obtaining 
an accurate t wheel. He wondered if noise 








would be entirely eliminated if a perfect gear could 


be cut. It seemed ible that some of the noise 
might be due to the barrel-like main wheel, to 
which the pinion acted rather like a bow on a 
fiddle. Had the effect of damping the main 
wheel by filling it with sand, or clamping large 
pieces of lead to it, been tried? He would also like 
to ask if it was found that the noise diminished as 
the lumps on the teeth wore off. Wheel teeth 
always, of course, tended to wear down to the 
correct geometrical form. Finally, was there any 
difficulty owing to the high pressure on the pinion 
teeth when the gear was driving astern ? 

Dr. Archibald Denny said that he had had ex- 
perience of two geared-turbine boats, the Badger 
and the Beaver. He had found that the noise was 
very small. He did not agree with Mr. Hamilton 
Gibson in thinking it a matter for surprise that the 
work done by Sir Charles Parsons had not been 
done before. One of Sir Charles’s characteristics 
seemed to be that the more difficult a job was the 
more he liked it. He noted that Sir Charles 
Parsons said that by fitting springs to the bearings 
of a gear he had been able to reduce the noise to 
one-tenth of what it was before. He would like 
to know if by this it was meant that Sir Charles 
had a standard of noise. He thought there was no 
such thing, and would certainly like to hear about 
it if there was. Mr. Cook had spoken of eugenics 
and the weeding out of the errors from gearing. He 
thought the analogy not quite sound, and in any 
case, even in biology, was there not a Mendelian 
law which said that errors would continually appear 
even in remote descendants ? 

Mr. R. J. Walker was the last speaker in the dis- 
cussion. He said he had been asked why the 
Parsons " ~y had not given more details of the 
Cairnross. e reason was that they were not 
altogether free in the matter, but he thought 
details might be published shortly. He might say 
that the trials were carried out by the owners’ 
representatives, and that representatives both of 
the shipbuilders and engine-builders were present. 
The trials of the Cairnross and the Cairngowan were 
carried out side by side, and in the same manner in 
each case. The 15 per cent. coal saving might 
appear to be rather a round number. The figure, 
asa matter of fact, was actually 14.93 per cent., 
so that 15 per cent. seemed near enough for the 


paper. It was not possible to compare the indi- 
cated horse-power in the two ships, as the indicated 
horse-power of turbines was of no value. They 


had, however, a torsion-meter on the Cairnross 
which showed that the shaft horse-power was 87.7 
per cent. of the indicated horse-power of the Cairn- 
gowan. 

Dr. Denny interposed at this point, and said that 
he had recently carried out some work on torsion- 
meters, and had found that there was a difference 
of about 8 per cent. between the indicated horse- 

wer and brake horse-power of a turbine ship. 

t would probably be about 10 per cent. for a 
reciprocating-engine ship. 

Sir Charles Parsons then replied to the dis- 
cussion. He began by saying that he thought 
that Professor Biles had done more than anyone 
else to overcome the prejudices of shipowners and 
engineers against g turbines. ferring to 
the Féttinger transmitter, he thought the efficiency 
obtained was a testimony to the high order of work 

ut into it. None the less, one was faced with the 
osses it entailed. He thought these were higher 
than was allowable. He could not agree with 
Dr. Féttinger’s figures for the losses in thrust- 
blocks and astern turbines. The loss in a pivoted 
segmental thrust-block was about one-tenth of 
1 per cent., not 1 per cent. It was almost the 
same as the loss in a roller-bearing. Similarly, 
the loss in a reverse turbine was not 3 per cent., 
but half of 1 per cent., as Mr. Cook had said. 
Dr. Féttinger had also said that reverse turbines 
gave trouble. This was not correct. A reverse 
turbine was a. very rough thing compared with an 
ahead turbine, and could be made very robust. 
Any trouble that there had been had been due to 
the ahead turbines. Dr. Féttinger’s gear was 
beautifully worked out, and he deserved congratu- 
lation for it, but he (the speaker) did not think it 
allowed a big enough ratio of transformation for 
general use. For cargo boats, the ratio should be 
20 to 1 or even 30 to 1. 
Mr. Ferranti had referred to electrical gear, and 
had stated that, in his opinion, it was not suitable 
for ships. He, of course, agreed, and it must be 
remem that Mr. Ferranti was a great autho- 








rity. The double transformation from mechanical 
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energy to electrical and back again was inadmissible 
apart from other objections. Mr. Blackburn had 
asked about the lubrication of the gearing. He 
would say that very thin oil caused wearing of 
the gear, but, none the less, a very thick oil was 
not required. The noise was not affected by the 
quality of the oil. He had also asked about the 
flexible couplings. There was no difficulty with 
these. They had such couplings transmitting 12,000 
horse-power, running on land installations, and 
were now building one for 40,000 horse-power for 
America. In connection with the Normannia, he 
would like to say that 20 per cent. of the 40 per 
cent. of saving was directly due to the gearing, and 
the other 20 per cent. was due to the way in which 
Professor Biles had taken advantage of the possi- 
bilities of the gearing to modify the ship’s form. 
In connection with the matter of noise, he must 
admit that the reduction to one-tenth, to which 
Dr. Denny had referred, was only an estimate. 
They had no means of measuring noise. Mr. 
Hamilton Gibson had referred to the form of the 
wheel affecting the noise, and the possibilities of 
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damping. He thought there was nothing in this. 
It had occurred to them that there might be a 
bell action, and they had tried ribs and other 
things on the wheel, but it had made no difference. 
He thought the noise was transmitted to the 
framing ele the pinion, which was the lighter 
element. A hunting tooth was always introduced 
into the gears, and they certainly got quieter after 
working for a time. The force on the teeth 
during reversing, referred to by Mr. Gibson, had 
been dealt with in the paper read last year. There 
was no trouble, and for a short time it was pos- 
sible to run with three times the pressure which 
was actually obtained in practice. 

A vote of thanks was then proposed to Sir 
Charles Parsons by the President, and carried. 
The meeting then adjourned for lunch. 


Compressep-AIR AUXILIARIES. 


On reassembling after the interval for luncheon, 
the first paper taken was one by Mr. W. Reavell, 
entitled ‘‘ Compressed Air for Working Auxiliaries 
in Ships Propelled by Internal - Combustion 





Engines.” This paper we reproduce on page 403 
in the present issue of ENGINEERING. 

The first speaker in the discussion was Professor 
J. B. Henderson, who said the paper was really 
one to be discussed by practical men, as it had a 
great bearing on commercial matters. He only 
wanted to touch on one point relating to the 
themodynamics of the problem. In most auxil- 
iaries the air was used without expansion. For 
use in this manner it was not efficient to employ 
a compressible fluid. The heat developed in com- 
pression was lost, and he would therefore ask, why 
not start with an incompressible fluid? If there 
were air plant already on the ship, its use for 
auxiliaries might be excusable. The loss by the 
use of a compressible fluid was clearly shown in 
the diagram of work. With an incompressible 
fluid, all other work put in was again got out of 
the fluid, except the small amount lost in friction. 

Mr. F. R. 8S. Bircham said the paper contained 
a lot of information as to the power used by auxil- 
iaries, which was not usually obtainable. The 
author had made out a good case for the low- 
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ressure-air system, but the more he (the speaker) | that necessitated the air being heated as used. The 
new of compressed air, the more was he dis-| heat expended would be much greater then than 


appointed at the results to be obtained from it. 
Compared with steam, with air a much longer cut- 
off was required for the same power. With air, 
however, the cylinders developed more power than 
with steam. If air was to be used economically, 
it had to be used expansively and used heated. 
He had been greatly impressed by the faet thatthe 
Royal Mail Steamship Company had recently 
thrown out every steam-winch they had in favour 
of hydraulic power. For the ordinary work which 
fell to a winch, a ram with speeding-up pulleys was 
ideal. Such rams could be built into the ship’s 
structure, and would be out of the way. With 
water power also there was the advantage that a 
leak could be readily seen, but that was not so with 
4 low-pressure-air system, in which their existence 
might even not be known. In cold climates, even 
with low-pressure air, it would be necessary to heat 
the air, otherwise the exhaust would be filled with 
snow. That trouble was well known to makers of 
tefrigerating machinery, who had had to adopt 
various expedients to get over it, such as closed 
systems in which the final pressure was high. If 

g were employed, it was essential that the 


process should be carried out at constant pressure ; 





} 





if it were possible to heat at constant volume. It 
would be most difficult to heat the air for winches 
as it was used. 

Mr. Reavell, in reply, said that he was in agree- 
ment toa large extent with Professor Henderson 
and Mr. Bircham, since he did not recommend the 
use of high-pressure air or expansive working. 
Actually they were not wanted, and even at present 
high-pressure steam was not available at the 
winches. The efficiency working with low- 
pressure air was much greater than with high. 
The system he recommended had the advantage 
that it employed the same type of winch which was 
now used for steam, and with which men all over 
the world were familiar, and was no very great de- 
parture from methods of which there was a very 
general knowledge. 


Evxercy Systems ACCOMPANYING THE MorIon oF 
Bopigs THROUGH AIR aND WATER. 


features of phenomena neglected in many experi- 
mental researches. It considered the question of 
practical fluids compared with perfect fluids ; the 
energy of a body moving in a fluid ; the interaction 
between the body and its energy system; the 
mutual action of two energy systems ; the effect of 
cavitation and matters concerning screw and other 
—— The discussion was opened by the 
reading of the following communication from Dr. 
R, E, Froude :— 


Without, of course, being thereby understood to endorse 
every other point in Professor Henderson’s paper, I may 
confine my present criticism to one particular proposition 
in it; one, indeed, which is not only vital to the main 
practical conclusions of the concluding section of the 
paper, but also has fundamental importance in to 
the stream-line theory, and therefore also in to the 
general subject indicated by the title of the paper— 
namely, ‘‘ The Study of the Energy — Accompany- 
ing the Motion of Bodies through Fluid.” 

Such fluid systems, while from one point of view they 
show as embodiments of energy, from another point of view 
they are no more than the organised system of movement 





The next paper read was one by Professor J. B. 
Henderson entitled ‘‘ Energy Systems Accompany- 
ing the Motion of Bodies through Air and tet 
This paper we propose to reprint in a future 
issue. Tt was fntended to draw attention to) 








whereby the fluid makes room for the body to pass, and 
under the ideal conditions of the “ ‘ect fluid” treat- 
ment—where the movements of the particles are 


| supposed to be governed by inertia only—this system of 


movement is such as to involve absolutely no dispersion 
or other waste of energy. Consequently while the body 
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has to exert a forward force on the system during 
acceleration, and thereby transmit energy to it, and 
has to receive a forward force from it during retardation, | 
and thereby recover the energy again—the body and the 
fluid system moving together at a steady s without 
any net mutual force in line of motion, or any mutual 
interchange of energy. 

This doctrine, of course, is now-a-days a very old story ; 
but, towards the end of his present paper, Professor 
Henderson makes in to it a qualification, which is 
to me new and astonishing. He lays it down, in effect, 
that this doctrine, with its absolute denial of energy 
waste in perfect-fluid stream-line motion, only holds good 
so long asa body pursues a perfectly a t path. If 
the path is yao By he maintains that the attendant 
energy system suffers a continual derailment, so to 
speak, over the outside of the curve, entai & con- 
tinual loss of energy, which the body to e good 
by exerting a continual forward force. Thus, for steady 
speed movement of a body in any but a straight path, he 
contends there will be an essential resistance, even in 
— fluid. This qualification of Professor Henderson’s 

do not hesitate to describe as an entire misconception, 
involving a fundamental heresy in respect to the stream- 
line theory ; indeed, it is scarcely too much to say that it 
stabs that theory to the heart. According to that theory 
in its entirety, in perfect fluid, given adequate pressure 
and no free surface, no contrivable peculiarity of motion 
of body can continue putting work into the fluid or 
taking work out, still less can such a simple device as 
making the body follow a curved path. 

Professor Henderson states this view of his very 
roundly, as if there could be no question about it; and 
the only passage in the paper which I can read as sug- 
gesting any reasoned basis for it appears near the top of 
page 10, where it is urged that no energy system will be 
self-propagating along a (spiral) path. Now, in the 
applieation of this general proposition, a good deal turns 
on the meaning to be attached to the phrase ‘‘self-propa- 
gating.” Professor Henderson evidently considers the 
epithet applicable to the energy systems of which his 
paper treats—namely, those which accompany rigid 

ies passing through fluid ; and, for all I know to the 
contrary, custom may justify this use of the phrase. 
If so, then it must be taken to mean simply that 
as long as the body is moving at steady speed the 
fluid system requires for its maintenance no supply 
of energy from any source external to itself. But [ 
myself prefer to reserve the epithet for conceivable 
systems—such as a moving vortex—which consists 
throughout of moving fluid, there being no rigid body 
present at all. Such a finid system as this is un- 
deniably self propagating, since it contains all the 
springs of its own action within itself. And such 
a system once stably existent, and given undisturbed 
fluid space for it to move in, can do nothing but go on 
moving as it anenage | is doing. I agree then with Pro- 
fessor Henderson that such a system cannot follow a 
curved path ; but neither (I here ask him particularly to 
notice) can it retard or accelerate. It can do neither of 
these three — and this, not because turning—any 
more than retardation or acceleration—is inherently in- 
compatible with perfect-fluid stream-line movement ; but 
only because here the system contains no . con- 
trollable rigid body whence it can receive the requisite 


impulse. 
o contrast to such a truly self-propagating system as 
this, the stream-line system accompanying a rigid body 


is wholly dependent, for its very existence and move- 
ment, on the existence and movement of that = If 
the body even alters its shape, the system must alter its 
shape to suit. If the body stops dead, the system must 
do likewise—simultaneously, and that throughout every 
portion of its extent. If the body accelerates or retards, 
so also must the system; and if the body turns—well, 
why then should we suggest that the system cannot turn 
likewise, ing that, after all, analytically, curvature of 
path is only a lateral acceleration? 

It will be readily understood, then, that I altogether 
dissent from Professor Henderson’s contention that the 
perfect - fluid circulations proper to the movement of 
the screw-blades (which constitute the proper measure of 
the virtual mass of the screw in so far as it can strictly be 
said to have any) will not be of the regular non-resisting 
stream-line ty because that movement is spiral in 
character ; att still adhere fully to the contention of 
my final reply on my paper of 1911, that this (so to call 
it) ‘‘ virtual mass” circulation due to the screw-blades 
has what I there described as a perfect “ strip thread ” 
character, and embodies no general axial element proper 
to the helical action. That the virtual mass circulation of 
an ordinary propeller must embody some local axial 
element, in vittue of the thickness of the blades and the 
diameter of the is, of course, obvious; but that is not 
a matter of question in the present controversy. 

Mr. 8. W. Barnaby said that it required a good 
deal of courage for an engineer to speak on Pro- 
fessor Henderson’s paper after the author’s open- 
ing statement with to the mathematical 
knowledge of such people. He took some comfort 
from the fact that, however good the mathema- 
tician’s skill might be, there were still — 
even unsolvable to them. Engineers, therefore, 
had to get along as best my! could under the cir- 
cumstances, and find out things practically. All 
were aware, of course, that that was the third dis- 
cussion they had had at their Institution meetings 
on that subject, and the paper had brought the 





n rejoinder from Dr. Froude. He was in- 
clined to side with Dr. Froude. 


Professor Henderson calculated that different 
conditions existed when a body was moving through 
a fluid from those when a fluid was moving ta 
body. He thought they must be the same. If his 
attention were drawn to the energy of the system, 
he would rejoin that that did not matter ; what 
was wanted was a knowledge of relative motion. 
Take, for instance, the example of a tank. If a 
person stood at the side of the tank, the ocean it 
represented was stationary with a body moving 
through it. If, however, the person mounted the 
carriage, the conditions were virtually transformed 
into a moving ocean. and stationary body. For 
practical purposes, the cavitation effect was the 
same whether the ocean were moving or the body 
moving. Professor Henderson dissented from this 
statement. 

Professor W. S. Abell did not think naval archi- 
tects quite so backward as Professor Henderson 
suggested. His experience was that those who had 
been through the course of training given at the 
Royal Naval College, Greenwich, found their 
hydrodynamic knowledge far in excess of what 
they could apply in _— was to say, they 
were equipped with knowledge that they could 
only use, —— some twenty years later. He 
thought the energy-system treatment of several 
problems very convenient, as it necessitated fewer 
assumptions than other methods. He would like 
to have seen the various problems in the paper 
attacked and reduced to figures, instead of being 
left in the form of indefinite statements. The 
author’s one endeavour to reduce things to figures 
had,~ unfortunately, proved incorrect. Other 
problems had been attacked from the energy-system 
point of view. That treatment had been applied 
to the calculation of wave disturbance. The ques- 
tion of efficiency of propulsion had been considered 
in that way, and had been developed on lines which 
showed that that form of treatment promised to 
give complete results. He and many others were 
quite alive to the existence and the import of Lord 
Kelvin’s statement quoted in the paper. The law 
of comparison applied to propellers was well under- 
stood to fail when cavitation set in, and the matter 
was treated accordingly. It was a difficult matter 
to arrive at a numerical value for circulation. He 
had worked it out in one case in connection with 
the rolling of ships. 

If Professor Henderson was right and Dr. Froude 
wrong, how was it that Froude’s results and 
theories coincided in such a remarkable degree as 
to render them of service? That was a point which 
wanted further elucidation. As a matter of fact, 
all they knew was in a direction contrary to 
Henderson’s theory. With regard to circulation 
round a screw, it seemed to him that if it existed, 
once it was created and the propeller working at 
constant speed, it would not affect the work of the 
screw. It would only have effect in starting and 
stopping the ship, which, for the greater part, they 
were not concerned with. 

Mr. G. S. Baker said he had determined not to 
be drawn into this discussion, but now Professor 
Henderson had attacked both theory and the 
experimentalists. He would like the author to 
be more — on the points passed over by 
experimentalists. He had kept a screw working 
below a model for a long aetled, and had found no 
sign of any circulation set up round it from the 
back to front. The water was drawn in towards 
the screw at the front, and at the back sent away 
in a straight path, with eddies at the edge of the 
stream, which prevented any circulation such as 
the author suggested. 

Professor Henderson said that his complete reply 
would have to be in writing, as he would find it 
necessary to consult his hydrodynamic authorities 
on some points. With reference to Mr. Barnaby’s 
analogy, all pressure measurements in tank experi- 
ments were made by gauge, and such readings 
would be different if made under the two different 
conditions suggested. He had included himself 
among the engineers when he spoke of their mathe- 
matical knowledge. Numerical values could be 
given in very few cases; in many the equations 
were unsolvable. Wave disturbance had been 
omitted intentionally from the paper ; its ground 
was too large. He did not know of any experi- 
mental literature on energy systems accompanying 
a plate or screw. He wanted to see experiments 
made by which one could obtain a further insight 
into energy systems. He was not alone in the 
belief that such systems existed. He would like 
to see experimenters take the subject up. The 





literature on the screw was enormous, but it was 
not satisfactory. The design of a dynamo was as 
ABC compared with that of a screw, because it 
was scientitic, whereas that of a screw was not. If 
allowance could be taken of energy systems, we 
would be one stage nearer certainty. In the case 
of a fan the wake could be felt 30 ft. or 40 ft. back, 
and there was circulation. According to Lord 
Kelvin’s paper, cavitation in the case of a pro- 
peller began at zero speed. 


SraBitity 1N Non-Intact Conpirions. 


At the evening meeting, which opened at 7.30, 
Dr. Archibald Denny was in the chair. Three 
papers were read, but none of them led to very 
——— discussion. The first was by Professor 

. S. Abell, and was entitled ‘* The Calculation of 
Stability in Non-Intact Conditions.” It is re- 
printed on page 405 of this issue. 

Mr. G. S. Baker was the next speaker. He said 
his main object in getting up was to ask questions 
rather than to criticise. He said that he had read 
the paper twice, but hardly quite understood it all 
yet. e thought it would be an advantage to 
many readers if Professor Abell would add a 
further appendix giving detail calculations for such 
an example as that tabulated in TableI. In the 
second section of the paper, which dealt with 
transverse stability, Professor Abell, referring to 
the case of a merchant ship, had used the expres- 
sion, ‘‘if the Bonjean curves are available.” He 
would point out, however, that Bonjean curves 
could always be drawn from part of a section only, 
so that they could really be more readily applied 
for the purposes of the approximate ciedittion 
than the paper appeared to suggest. 

Mr. Cannon thanked the author for the paper 
which, he said, would be of great value to him. 
He then went on to sketch a method of finding the 
end spots alternative to that dealt with in Fig. 8 
of the paper. Mr. Cannon merely sketched his 
method, which, he said, he had not yet worked 
out. We are afraid we hardly followed him, but 
in this we were merely in the same position with 
Professor Abell who, in his reply, said that he did 
not altogether understand Mr. Cannon’s proposal. 

The Chairman, Dr. Denny, was the next speaker. 
He said that he must be somewhat guarded in his 
references to the paper owing to his position as 
chairman of the Bulkheads Committee. He thought 
the paper would be of great interest to that Com- 
mittee. He wondered if Professor Abell had seen 
Professor Flamm’s work on transverse stability. 
Professor Flamm had shown that there were 
numerous conditions in which flooding could in- 
crease stability. In the early part of his paper 
Professor Abell had referred to ‘‘the ordinary 
cross-curves of stability.” He (the speaker) was 
old enough to remember the time when such 
curves were far from ordinary, and when it was 
looked upon as remarkable that anyone should 
possess ~ nee for a ship. The idea of the deck 
erections having a beneficial effect in the case of a 
damaged ship was rejected in the paper, but he 
thought there might be cases in which these 
erections would be of some assistance, as, for in- 
stance, when the shelter-deck was water-tight and 
water was over the bulkhead-deck. 

He noted that Professor Abell referred to the 
imaginary line of safety, which was a small frac- 
tion of the depth below the deck-edge, and which 
the Bulkhead Committee of 1891 had adopted in 
their consideration of the maximum possible damage 
a ship could receive without foundering. Professor 
Abell had assumed this line was taken in order to 
ensure some transverse stability. The present Bulk- 
head Committee had made the same assumption, as 
they had been unable to ascertain the exact object 
the 1891 Committee had in introducing the imaginary 
line. The only member of that Committee now 
alive was Sir Thomas Royden, and he had been 
unable to tell them the reason for the introduction. 

Professor Abell then briefly replied, and said he 
would add the Appendix suggested by Mr. Baker. 

A vote of thanks was then passed to Professor 
Abell, and, after Dr. Denny had vacated the chair 
in favour of Mr. Sydney Barnaby, the next paper 
was proceeded with. 

ArrsHIP CONSTRUCTION. 

This was contributed by Baron A. Roenne, and 
was entitled ‘‘ Notes on Modern Airship Construc- 
tion.” It was read by the author. The paper 


described a large dirigible of new type which the 
author had designed, and which, he stated, he 
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proposed to construct. The earlier part of the 
paper was concerned with a comparison between 
aeroplanes and airships from the point of view of 
the Navy. It was pointed out that both were 
useful, but that it did not seem likely that aero- 
planes would be able to greatly exceed continuous 
flights of twelve hours, and that for practical sea 
work they might have great difficulty in finding 
their parent ship in foggy regions like the British 
Isles. For scouting and attacking submarines 
they would probably be excellent, but for long- 
distance work, blockade work, or forcing a way 
through a screen of hostile aircraft, an airship 
was necessary. Little was gained by increasing 
the size of aeroplanes, since if we doubled the 
size we doubled the resistance and weight of 
fuel and doubled the horse-power required. With 
airships matters were different. If we doubled 
their size they would lift eight times the weight 
and would require only four times the power. 
From this Baron Roenne led on to the fact that for 
naval purposes—and, indeed, for commercial pur- 

ses as well—very large airships were the best. 
He stated that with modern appliances there was 
no difficulty in building airships of dimensions never 
yet attempted. 

The paper then dealt in some detail with the 
proposed new airship. It was to have a gas capa- 
city of 87,000 cub. m. The gas-bag, or aerostat, 
would be 22 m. (72 ft. 3 in.) in diameter and 260 m. 
(853 ft.) long. It would have a displacement of 
104 tons at 0 deg. Cent., and 760 mm. of mercury. 
There would be 31 tons net of lifting power available 
for passengers, mails, explosives, &c. Theaerostat 
would be lel throughout its length, with pointed 
ends. The airship would have ten petrol motors, 
each of 200 horse-power, and the speed would be 
from 45 to 56 miles an hour. In the author’s 
opinion, it would be able to make headway against 
the wind on almost every day in the year. The 
aerostat would be constructed with a metal enve- 
lope, consisting of plates of a chrome-aluminium 
alloy 0.4 mm. thick, welded together and mounted 
on a skeleton consisting of circular frames. Fifty- 
seven of the frames would be provided with steel 
wire spokes connected to central hubs, making 
them much like wheels. The other frames would 
form rings between the wheels. All rings would 
be of chrome-aluminium, and would be connected 
together by longitudinal ribs. The aerostat would 
be gas-tight, and would be polished on the outside, 
to keep down the absorption of heat from without. 

The gas would be contained in twenty-eight 
balloonets, situated inside the aerostat. Each 
balloonet would be 9 metres long and 22 metres in 
diameter. The car would be a continuous con- 
struction 166 metres long, suspended from the 
aerostat by steel wires. e ten engines and their 
propellers would be distributed along the length of 
the car. Steering both horizontal and vertical, 
would be by metal rudders, situated at each end of 
the aerostat, and operated by wire ro There 
would also be rudders at te | end of the car. It 
is intended that, as far as possible, the airship 
should remain in the air, and in order to allow of 
this, a lift would be provided at one end of the 
car. This lift would be operated from the car, and 
would run on two grapnel ropes, which would be 
thrown out from the car, and would be arranged 
to be made fast to ground or to the deck of a war- 
ship. Passengers, fuel, &c., could board or leave 
the airship by this lift without the airship having 
to come to ground. 

Mr. W. H. Whiting was the only speaker who 
dealt with the paper toany detail. He thought all 
were agreed that the Institution should keep in 
touch with current events. In the case of oil- 
driven battleships they had, perhaps, at one time 
got ahead of events, but the same could hardly be 
said of airships, either in reference to the Insti- 
tution or the country. They were much indebted 
to Baron Roenne for his paper, but it was of such 
4 general nature that discussion was difficult. The 
general characteristics of the ship with which it 
dealt were not put in available form, and he, for 
nstance, had been unable to find out how many 
longitudinal frames there were in the construction. 

Baron Roenne here intervened, and stated that 
there were sixty-nine such longitudinal frames. 

_ Mr. Whiting then went on to say that from this 
information he assumed the unsupported surfaces 
of the plates with which the aerostat was covered 
would be about 5 ft. by 3 ft. These plates were 
only ;45 in. thick, and they were in large sheets, 
and had to be welded together. He thought a very 


large amount of experiment and experience would 
be necessary before one would be able to handle 
and fix these plates in a satisfactory way. There 
was a great difference between handling material 
on a laboratory scale and on a full seale, and this 
airship was on a very full scale. Baron Roenne 
ney thought that the longitudinal strength 
of the aerostat would not be called upon in service. 
He (the speaker) thought this was hardly the 
general experience. The length and area were 
both enormous, and he thought variations of wind 
pee and other matters would cause very great 
ongitudinal stresses. 

One of the most novel features of the proposed 
airship was its great size. There was nothing in 
existence approaching it. In view of this the 
author’s remarks in the third ph of his 
paper, in which he seemed to suggest that the air- 
ship could be built straight away, without further 
experience, were not justified. Years of labour and 
experience on a smaller scale would be necessary 
before such an airship could be successfully built. 
Although he had criticised the paper to some extent, 
he felt much obliged to the author for presenting 
it to the Institution. 

Admiral Sir H. B. Jackson was the only other 
speaker. He said he had been much struck by the 
way in which the author brought out the point 
that great increase in relative lifting power was 
obtained by increase in size. He thought the paper 
a very bold one, and he congratulated the author 
on it. 

Baron Roenne then replied. He stated that, in 
his opinion, the longitudinal stresses on his air- 
ship would be very small. With a non-rigid air- 
ship there were no longitudinal stresses at all, and 
with a rigid airship and a properly distributed load 
the stresses ondite almost negligible. He thought 
there would be no difficulty in building the air- 
ship. There was already an airship of 18 metres in 
diameter in existence, and 22 metres was not a very 
great advance on this. If everyone said things 
were impossible, no progress would be made. 

The Chairman pro a vote of thanks to the 
author, and after it was carried the third paper was 
read by its author. 


Tue Stasitity oF SKIMMERS AND HyprRo- 
AEROPLANES. 


It was written by Mr. J. E. Steele, and was 
entitled ‘‘ The Longitudinal Stability of Skimmers 
and Hydro-Aeroplanes.” We reprint the paper in 
full on page 388 of this issue. 

Mr. G. 8. Baker opened the discussion. He said 
the paper dealt with a subject of great interest to 
the workers at the National Tank, as they had 
recently been making experiments on hydro-aero- 
planes. He thought, however, that the author had 
forgotten one of the most important elements of 
the problem, This was the inertia of the machine 
which had to be overcome before the skimming 
stage could be reached. When the machine was 
ploughing through the water, before skimming, the 
conditions of the forces were very different from 
those shown in the diagrams in the paper. 
Referring to Fig. 7, for instance, instead of W 
and Ry being more or less parallel and vertical, 
both were inclined backwards against the direc- 
tion of motion, and they were more nearly at right 
angles than parallel. The maximum value of the 
inertia forces was two or three times that of any 
of the forces dealt with by the author. 

There was another point. Near the end of the 
section dealing with the Flying Fish, the author 
had stated that the cambering of the under surface 
of the planes led to a loss of stability in certain 
conditions. This was not necessarily the case, and 
the correct camber could be calculated. In the 
section dealing with Miranda IV., the author had 
said that ‘‘ the increased vertical component of the 

ropeller thrust should compensate for the loss of 
ift of the planes” when the machine began to 
skim. As a matter of fact, the propeller thrust 
decreased very quickly when a certain speed was 
reached. He referred to hydro-aeroplanes, and 
the passage was dealing with skimmers. 

Professor J. B. Henderson congratulated Mr. 
Steele on his paper, and asked for more information 
either from him or from Mr. Baker. He wanted to 
know if the forces dealt with in the paper were 
calculated, and, if so, how. As far as he knew, 
there were no data available for planes moving on 
the surface of water. If there were any experi- 
mental data, he would like to know where they 





were to be found. 


Mr. Baker interposed here, and said that he 
believed there actually were some data available, 
but for the moment he could not say where. In 
any case he hoped the results of the work they 
were now doing at the National Tank would be 
published within a year. 

Mr. Steele, in reply, said that he had not over- 
looked the inertia effect mentioned by Mr. Baker. 
The idea of the paper was to consider the con- 
ditions of the skimmers after they had reached the 
skimming speed. In reply to Professor Henderson, 
he would say that the results had not been calcu- 
lated from data. The idea of the paper was to 
set out a way of dealing with the problem rather 
than to work out actual cases. 

The Chairman then conveyed the thanks of the 
meeting to Mr. Steele, and an adjournment was 
made until Friday morning. The discussions of the 
Friday papers will be reported in our next issue. 


(To be continued.) 





SIX-SPINDLE DRILLING-MACHINE. 

WE illustrate on pages 382 and 383 a large six-spindle 
drilling-machine which has been designed and con- 
structed by Messrs. Campbells and Hunter, Limited, 
Dolphin Foundry, Saynor - road, Leeds, for dealing 
with the steam-drums and water-pockets of Yarrow 
and other water-tube boilers, a similar machine being 
also under construction for Messrs. William Beardmore 
and Co., Limited, Dalmuir, Glasgow. The machine 
we illustrate will deal with drums of any length, and 
is so made that a second cross-slide, with table, &c., 
can be added in the future if necessary, so making 
two complete machines back to back, the uprights 
only being common to both. The total net fnished 
weight of the machine is 33 tons. 

It will be seen from our illustrations, Figs. 1 and 
2, which show the machine in perspective, that it 
consists of a massive cross-slide carrying six strong 
saddles which travel thereon in either direction by 
power or by hand, driven by spur-gearing and a friction- 
clutch controlled from each alternate saddle, each 
saddle being provided with gear for adjusting it with 
relation to the others. On each saddle is carried a 
balanced, hard, accurately-ground steel spindle fitted 
with ball-bearings, for taking the thrust of the drill, 
and having a self-acting variable positive rack-feed 
motion, as well as a quick up-and-down motion, 
actuated by hand, for quickly adjusting the drill 
through the jig. Each spindle is also fitted with a 
clutch, so that it can be stopped or started indepen- 
dently of the others. The spindles are placed at a 
suitable distance from the face of the upright, so 
that drums 5 ft. in diameter and of any length can 
be drilled. The spindles are adjustable with rela- 
tion to one another, from 15-in. minimum centres to 
13-ft. 6-in. maximum centres of the two outer spindles, 
and the cross-slide is arran to raise and lower by 
hand-power. The uprights carrying the slide are of 
box section, and teal from the floor level, where 
they are securely fixed to the bed that carries the 
table. This table has a sliding motion actuated by 
a motor through powerful screws and a cross-shaft. 

The table is provided with four rollers for carrying 

the drums. These rollers are mounted on brackets, 
and each is adjustable independently for different dia- 
meters of drums. By this means drums ranging from 
3 ft. 2in. up to 5 ft. in internal diameter uate accom- 
modated, the rollers being adjustable so that a 5 ft, 
diameter drum can come , Fone to within | in. of the 
top of the table. The maximum height under the 
spindle nose to the top of the table when the spindles 
and the cross-slide are fully up is 7 ft. 4 in., and the 
minimum height when the spindles are fully up and 
the cross-slide fully down is 5 ft. 7 in. 
The machine is driven by a 30-brake-horse-power 
variable motor giving the requisite speeds to the 
spindles, and there are three positive feeds. There is 
an adjustable platform for the attendant, a water 
service for each d: ill, and a large pump for lubricat- 
ing. All the gearing is cut from the solid and the 
driving gear is of steel. 





THe ‘“ AvTomoBILe Enoiveer” Yrar-Boox, 1913, 
London: The “ Automobile Engineer” Publishi: 

Company, Limited, 20, Tudor-street, E.C. [Price 1s. oa 
—This year-book, of which the new edition has just made 
its appearance, is in reality more a book of tables than 
a review of the past twelve months. If it were not 
so large it might be termed a pocket-book, for it contains 
chiefly statistical tables and data regarding design, specifi- 
cations, formule and equivalents, and ot material of 
special interest in the hy bee The year’s de- 
velopments, however, also find a place in its pages, 
the notable performances of 1912 being recorded, as well 
as the many features of cars for the present year. The 
book is excellently printed, and, being of fairly large size, 
the — are clear — ao for ——— A 
number of typical examples of t iesign of parts are 
given, such as engines, gear-boxes, back axles, &c. These 
are very well reproduced and form quite one of the most 





interesting features of the book. 
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sft 


Lbs 


LH.P 763 








i 
LHP ” 
1102 
MP. 
Seale gp Lbs. 
24 
— Las. 
HP. 
1170 
—24 











LHP. 652 








I3-5- 


(9926 C) 


Total 


outside diameter and 11 ft. 6 in. length, working on 
owden’s system of forced draught. Each boiler has 
three large furnaces, yielding a total grate surface of 
8q. it.; the total heating surface is 20,965 sq. ft., 
and the working pressure 180 lb. per sq. in. The | s 
‘rangement of the boilers in one of the stokeholds is 
shown in Figs. 17, 18, and 21, on page 386. 
On trial the ship half laden was required to steam 
‘5 knots for eight consecutive hours, and when fully 
en at a speed of 16 knots for- twenty-four con- 
secutive hours. The actual results obtained are given 
in Table I. (annexed), and show that on the eight 





76 LH. "430" 
L506 ee ral LHP 
Total I. HP Both E. ongues 7480. 





| hours’ trial a speed of 18.12 knots was obtained in 
adverse weather, while on the twenty-four hours’ trial 
the 5 obtained was 16.10 knots. In weather 
conditions and in deep sea it is certain that higher 
would have been secured, and we are informed 
that off Cadiz, in a deep sea and fine weather, the 
speed obtained has been greatly in excess of that 
realised at the trials carried out off Newcastle. 

The steam consumption was measured by means of 
standard nozzles regularly employed by the builders 
for this purpose ; the figures given in the table include 
Progressive runs 


make-up feed (about 1.5 per cent. ). 
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| TaBLE I.—Results of Trials of ‘* Reina Victoria- Bugcnia.” 


Trial 8 Hours, 24 Hours, 
Half-Loaded. Fully Loaded. 
Date February 7, February 15 and 16, 
1913 1913 

Mean draught 19 ft. 10 in. 24 ft. 8) in, 

Displacement (moulded) 10,181 tons 13,229 tons 

Sea (waves) 0 ft. to 6 ft. Smooth 

Wind 18 knots ahead to Varying between 
30 knotsstarboard 0 and 10 knots 


H.P. 


Pressure, H.-P. chest .. 


bow, 30 knots port 
quarter to 40 
knots port beam 


170 lb. per sq. in. 


Barometer 29.7 to 29.5 in. 30.4 in. 
Distances of runs in each 
direction ‘ 2 x 71 knots 4 x 89 knots 
o—_ (average) . 130 ft. 150 ft. 
Speed . 18.12 knots 16.10 knote 
Reciprocating engines . : 112.6 r.p.m. 102.9 r. p.m. 
Ditto Ditto 1 per cent. slip 4 per cent. slip. 
Turbines .. 481 r.p.m 395 r.p.m. 
Ditto 20 per cent. slip 18 per cent. slip 
Indicated horse-power . 7,340 5760 
Shaft horse-power 3,500 2157 
Total horse-power 10,840 7910 
4 
8 D 257 294 


170.5 lb, per sq. in. 


” turbine 7.8 Ib. per sq. in. 5.4 Ib. per sq. in. 
absolute absolute 
si condenser 0.5 Ib. per sq. in. 0.56 Ib, per sq. in. 
absolute absolute 
Temperature, sea , 48 deg. Fahr. 45 deg. Fahr. 
a discharge 70 * 64 » 
99 hot-well . . 70 ” 62 80 


9% feed : 183 9 
Feed-water consumption 
for main engines 
water consumption 


114,000 lb. perhour 85,000 ib. per hour 


tor auxiliaries . _ 14,000. 
wl ressure in ash- -pits 0.4 in, water 0.35 in.’ water 
heating value by 
pe em Pot 14,200 B. Th. U. 14,400 B. Th. U. 
Ashes by calorimeter .. - 3 per cent. 


over the measured mile at St. Mary’s, on the North- 
East Coast, were made during each trial in order to 
determine the speeds obtained on the respective trials. 
The maximum speed recorded on a double run was 18.6 
knots in shallow water (about 75 ft. deep), as, owing 
to the foggy weather, the mile-posts could only be 
seen a small distance from the shore. 

A ‘set of indicator-cards taken during the eight 
hours’ trial is shown in Fig. 24. The results are of 


special interest in view of the high propulsive effi- 
ciency indicated by the low consumption of power. 
It should be mentioned in connection herewit 


that 


the experiments made by the builders some years ago 
el have induced them to choose 


with a self-propelled m 


the four-screw arran: 
screws, generally app 


oP 


ement in preference to the three 
ied with the combined system. 








Tue CHINGFORD RESERVOIR OF THE METROPOLITAN 


Water Boarp: 





other. 


of the 


Erratum.—On page 548, line 7 from the 
bottom of the third column, the dimension given as 2 ft. 
should be 10 ft., the latter bei 
level of the land from one en 


the fall of the general 


reservoir to the 
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THE LONGITUDINAL STABILITY OF 
SKIMMERS AND HYDRO-AEROPLANES,* 


By J. E. Streetz, B.Sc., Associate-Member. 


Skimmers and hydro-aeroplanes are of such growing 
nterest to the naval architect that even the following 


short notes on the longitudinal stability of such craft | gusts 


may not be out of place here. ‘ ; 

The investigation is limited to the consideration of the 
longitudinal stability of the machine—classing skimmer 
and hydro-aeroplane under the one heading—when 
wholly or in part water-borne. This is the case all the 
time with the skimmer, but only part of the time 
with the hydro-aeroplane. When the latter leaves the 
water and is altogether air-borne, it is an aeroplane pure 
and simple, and has passed beyond the sphere of the 
naval architect into that of the aeronautical designer, 
and, therefore, beyond the scope of the mt paper. 

Before discussing the various classes of machine which 


come under one or other of the headings of ‘‘skimmer” | 


or ‘‘ hydro-aeroplane,” it would be well, perhaps, to define 


Fig. 7. “MIRANDA Iv’ 


unbalance of the forces ; but this is quickly followed by 
dynamical equilibrium under the new régime. When an 
aeroplane is struck by gusts of wind, its behaviour de- 
toa t extent on its inherent stability. If it 
pw edt = stable, then oscillations set up by the t 
will be quickly damped out, and the aeroplane re- 
vert to its state of steady motion. If, however, the 
be periodic and synchronise with the free oscilla- 
tions of the aeroplane, the results may be disastrous. If 
the machine be kinetically stable—that is to say, if its 
free oscillations have a modulus of decay—then the theory 
of forced oscillations shows that the forced oscillations 
will not exceed a certain limit. Lateral or asymmetrical 
stability is not dealt with here, as this is mainly of im- 
ss when the machine is al ther in the air, and 
yond the range of this paper. machine may be a 
double-lifting system, one in which there are two liftin 
surfaces or sets of superposed surfaces, one forward an 
the other one aft. Orit may be a single-lifting system, 
in which case the auxiliary surfaces, such as tai] planes, 
must be neutral—that is, parallel to the direction in 
which the wind blows on them. Three types are dealt 





























the terms used in connection with the stability which it 
is proposed to investigate. 

he usual term in aeronautics for movements in the 
plane of symmetry of the machine is ‘*longitudinal or 
symmetrical dynamical stability.” To the naval archi- 
tect, however, the term ‘dynamical stability” conveys 
quite another meaning—viz., the work done in oe eg a 
vessel to a given angle. It is pro , therefore, for 
the purpose of this paper, to substitute the ex 10n 
‘‘longitudinal or symmetrical kinetical stability.” This 
stability may be defined as follow :—Suppose a machine 
to be in steady motion in the plane of symmetry which 
contains the centre of gravity and the line of flight, and 
the external forces acting on the machine to be in 
equilibrium. If, now, the machine be tilted either up or 
down in this plane, the forces will no longer in 
equilibrium, but will constitute a longitudinal righting 
or upsetting couple. as ihe case may be. Ifa righting 
couple acts, the y wi!l return to its original position 
of equilibrium, and wil) probably oscillate about that 
position. If it returns to the original position without 
oscillation, or if any oscillations set up gradually die 
out, then it is kinetically stable. If, on the other hand, 
the oscillations get larger with time, it is kinetically 
unstable. 

A machine may have automatic stability — that is, 
stability attained by the use of pegs parts, such as 
co. pendulums, &c., or ~~ be stable in its design. 

his inherent stability is the only kind dealt with here, 
and any displacement from a position of equilibrium, due 
to an alteration of the rear ge 5 plane, or an in- 
crease in the propeller thrust, of course, produces 
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per read before the Institution of Naval Architects, 
March 13, 1913. 

















Fig .4."FLYING FISH” 





























with in which there is a gradual evolution from the skim- 
mer on the surface of the water, vid the machine de- 
signed to fly with its tail on that medium, to the machine 
which rises from and alights on the water, but is other- 
wise an aeroplane. 

We will now consider each type in detail, together 
with some of the problems to which they give rise. 
First comes the skimmer, a type of craft whose displace- 
ment at high speeds is very much less than the weight 
of the vessel, and which, as its name indicates, skims 
over the surface of the water rather than ploughs its 
way — it. Miranda IV., designed by Sir John I. 
Thornycroft with phenomenal success, is taken as an 
example of this type of boat. 

** Miranda IV.”—This vessel (Fig. 1) is 26 ft. long by 
6 ft. broad and is 2 ft. Gin. in depth. The fore end is 
moulded to the usual form of a high-speed motor-boat. 
As amidships is approached her lines deviate from the 
ordinary, and are modified to enable the vessel to skim at 
high speeds ; but this modification is as small as ible 
in order that she may be driven with ease at weeblaier 
the skimming phase. When running at skimming “7 
only that portion from A to B, and again aft of C, are 
water-borne, and - - is the ey ye ee the 
present paper, only those parts of the hu con- 
sidered. 2s will be seen from the drawi: the portion 
of the bottom from A to B forms a dihedral angle, 
rounded at the apex, and increasing in magnitude as we 
goaft. Aft of C the bottom may be taken as being flat. 

When running within her skimming phase (Fig. 2) 
the forces acting on the boat are the weight W, the 
propeller thrust T, the reaction ( Rr ) of the water on 
the ‘‘ forward plane” A B, and( R, ) that on the “‘after 
plane” C D. These reactions act at the centre of 
pressures of their respective planes, and knowing 





W, T, Rr, and R, in magnitude, position, and direction: 
it is easy to find the same three things with respect to 
the remaining force acting on the boat, that being the 
reaction (Rw) of the wind on the out-of-water portion. 
The reactions Rw, Rr, and R, combine to give the common 
resultant R, which must pass through O, the meeting 
point of the remaining forces W and T. 

From what follows it will be seen that an increase in 
the propeller thrust will cause the boat to rise forward. 
The three forces R, T, and W are in equilibrium (Fig. 3), 
and T acts at a constant angle @ to the boat, the angle 
between R and T being therefore constant and equal to 
90 deg. — 6. The point A, then, lies on the circumference 
of the segment of a circle containing the angle 90 deg. — @, 
It will be seen from this that if the thrust of the pro- 

ller be increased as shown, the boat will be tilted up 
CCened. Strictly speaking, the above can only hold if 
T, W, and R all pass through the same point, fixed rela- 
tively to the vessel, whatever be the inclination to the 
horizontal. This cannot hold for W and T unless the 
latter be central—that is, pass through G. For a flat 





plane R would generally move forward with a decrease in 
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THE DONNET-LEVEQUE 
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the angle of attack, and aft when the angle of attack is 
inc the rising of the fore end of the vessel 
considerable, the increased angle of attack, both of the 
wind and the water, causes the centres of pressure of 
planes to travel aft, with the result that R no longer 
passes through O, but constitutes a clockwise couple 
tending to bring down the fore end of the vessel until R 
again passes through O and the cycle recommences. This 
is one of the causes of pounding, which, besides being 
severe on the boat, is uncomfortable for those on board. 
The dipping will be excessive if the period due to 
skipping synchronises with the natural pitching period 
of the boat, as then forced oscillations will be set up. 
The after plane, with its reaction Ra, could be done 
away witb, but then the resultant of the wind and water 
ressure would be much more readily affected in direction 
y an inclination of the vessel, and so give rise to un- 
balance in the forces. The arrangement shown is much 
more stable, and the reaction R. has the advantage of 4 
small ‘‘lift,” vertical component, while its horizon 
component, or “drift,” which must be overcome by the 
horizontal component of the ay ord thrust, is insig- 
nificant. This after plane can be quite small, as it has 
such a long arm, and its advantages well outweigh its 
disadvantage. The lift of Rw, Rr, and Ra, together wi 
the vertical component of T, equal the weight of | 
vessel, while the horizontal component of T must equa 
the drift of Rw, Rr, and R.. h 
The more the fore end emerges from the water, the 
shorter will become the planes which bear on the — 
and which give the greatest drift to be overcome by the 
propeller thrust, so that we may look for increased opens 
unless the after end should at the same time sink = far 
as to increase a iably the drift at that part. . ir 
however, dces not seem probable with a propeller sha 
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set at the angle shown, as the increased vertical compo- 
nent of the propeller thrust should compensate for the 
loss in lift of the planes. All that has been said —_ 
even if T be no longer central, but pass above or below 
G. In either of these cases, however, we must take into 
account the shift of the meeting point O relatively to the 
vessel. It will readily be seen what effect the moving of 
G forward or aft of an assumed position, or up or down, 
will have on the pounding. 
The next type is in the transition stage between the 
skimmer and the all-air machine, being designed to fly 
with its tail always on the surface of the water, and it 
only leaves the water for an occasional bound into the 
air, which bound is involuntary, and not one of its 
natural functions. 
“ Flying - Fish.” — The fuselage of the monoplane 
(Fig. 4), taken as our example of this type, consists in a 
water-tight aluminium tank, 7 ft. 2 in. long, 5 ft. 7 in. 
wide, and 2 ft. deep, with rounded-up bow. The sides of 
the fuselage are carried aft past the hull for 10 ft., where 
they are connec’ yy a cross-piece 1 ft. wide, which 
forms the tail. To facilitate the rising of the fore part 
out of the water, a plane is fitted below the tank part of 
the body, which plane is tilted up at the fore end so as 
to ride up through the water. Ata moderate speed the 
fuselage lifts completely out of the water, and the 
machine glides on the forward plane (A) and the tail 
At high speeds the tail only is on the water, all the 
rest being air-borne. This machine attains a speed of 
between 65 and 70 miles an hour, and is fitted witha 
single traction screw in front. i : 
When skimming along with its tail on the water (Fig. 
5), the Flying Fish is a yap | system. The front 
plane has of necessity a greater angle of attack than the 
after plane, and the pressure of wind and water re- 
spectively on these planes resolve themselves into the 
resultant pressure R, which must act through the meet- 
ing point O of the remaining forces of propeller pull and 
gravity. The lift of the air or water thrust on the 
planes, bs gaged with the vertical component of the pro- 
peller pull, is equal to the weight of the machine; while 
the horizontal component of the pull of the propeller 
must equal the drift of the pressures on the planes. If 
the pull of the propeller becomes greater than that re- 
quired to do its portion of the weight-lifting, also to 
overcome the drift, then the forces on the machine will 
no longer be in equilibrium, but there will be an un- 
balanced force which will tend to accelerate it in the 
vertical plane ; this will result in a bound into the air. 
When the machine is altogether air-borne, nearly all the 
pressure exerted on the after plane has been removed, as 
now water no longer acts there, only air. The result is 
that, while Ry remains the same, R, almost vanishes, 
causing R to swing forward, so that it no longer passes 
y mom J O. The machine is now no longer in equili- 
brium under the action of the forces, and a couple is 
rated tending to overturn the machine backwards. 
fthe machine be inherently longitudinally stable, she 
will trim by the stern until the moving of the point O 
forward along the line of action of the propeller pull, 
together with the travelling aft of the centre of pressure 
due to the increased angle of attack, again causes R to 
act through O, Ifthe machine does not readily assume 
the new position of equilibrium, the horizontal rudder 
must be brought into play. When the machine was 
skimming this rudder was neutral ; that it had a 
grazing incidence to the relative wind, and , there- 
ore, no normal thrust on it. Now, however, it must 
play its part in the equilibrium of the system, and must 
» inclined so as to present a face to the wind, which 
will then exert the lifting force on that part necessary 
for the restoration of equilibrium. The increase in pro- 
peller pull means a bigger vertical component, which 
would continue to lift the machine were it not for the 
loss in lift of the after plane, due to the defect of air over 
water pressure. Again, the in propeller pull 
te rise to @ ter horizontal component available 
or overcoming the drift, and as, at the same time, the 
latter is lessened by the reduction of drift on the after 
ane, the machine bounds forward till the loss in lift 
her again on the water. If the machine be in- 
berently longitudinally stable when flying horizontally in 
the air, then the critical time as regards stability is when 
rising from the water, as then the stability f off as 
angle to the horizontal increases; no fear need be 
felt when alighting, as, the above condition being ful- 
filled, the machine increases in stability as it descends 
from the horizontal position. ; 
In what has been said above, the following assump- 
tions have been made. The head resistance has been 
neglected, that is, resistance due to the wind pressure on 
the machine, engine, and pilot, and under this heading 
has also been included the effects of skin friction on the 
i. The effect of the concavity of the planes hasalso 
een neglected. This results in an alteration in the 
direction of the resultant pressure, also in the position of 
the centre of pressure. If, when the angle of attack 
iminishes the centre of pressure moves forward towards 
slimiting position, as im the case of fiat planes, then 
18 a loss in stability due to cambering the planes. 
4s the angle of attack diminishes, the centre of pres- 
sure moves aft, then there is a gain ir stability due to 
: g camber. Liffel has shown experimentally that 
i cambered planes the centre of pressure does move aft 
us the angie of attack diminishes. The last type chosen 
for consi eration is a machine which is designed to rise 
and alight on the water, but it is otherwise purely 
“= air machine, doing long sustained flights in that 
Phe Demubdtehece hedeemupian cack tp 
e net-Lévéque hy: e, whic . 
Proved a great success, and is nearer the naval archi- 


tect’s heart than hydro-aeroplanes, whose only claim to 


an ordinary air machine, instead of the usual wheels and 
skids which enable the aeroplane to rise from and alight 
onthe ground. The single float of the Dounet-Lévéque 
makes the machine more seaworthy than the multi-float 
system used in other hydro-aeroplanes, which is 
— when the surface of the water is smooth. The hull 
is divided into several water-tight compartments, which 
adds to the seaworthiness of the machine. This hydro- 
aeroplane attains the speed of 70 miles an hour, which 
is remarkable, as its plane area is comparatively small— 


183 square feet. 

The Donnet- Hydro-Acroplane.—This is a bi- 
plane (Fig. 6), whose water-tight torpedo-sha) 

is on the lines of a skimmer, having the 

racteristic step of the latter. Near the blunt nose of the 
fuselage there is a horizontal elevator, which prevents 
the nose from diving when alighting, and the machine 
from ome greys 4 tipping over. hen sufficient speed 
is attained, the after end lifts and the machine glides on 
the sloping front. After skimming on the surface of the 
water for about 50 yards, an elevation of the rear elevator 
causes the machine to rise bodily into the air. The head 
resistance is reduced to a minimum by the propeller, 
with its ‘‘Gnome” engine, being placed at the after end ; 
the wash from the propeller thus encounters no obstacles. 
When gliding on the surface of the water on its slopin 
front (Fig. 7), the weight of the machine, together wi 
the vertical component of the propeller thrust—the 
thrust in this case tending to depress the machine—is 
shared by the lift of the resultant water pressure ( Rr ) 
on the sloping portion of the fuselage, and the lift of the 
resultant air pressure (Rr ) on both tke front planes. 
The drift of both the water-borne portion of the fuselage 
and of the planes is overcome * the horizontal compo- 
nent of the propeller thrust. The horizontal rudder as 
yet plays no part in the equilibrium, as it is probably 
— The three forces, R, T, and W, meet in the 
point O. 

As was seen when considering Miranda IV., an in- 
crease in the propeller thrust will cause the machine to 
rise into the air, so that steering in a vertical plane can 


be accomplished by increasing or diminishing the thrust 


Fig.8. 
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of the propeller. An increase in propeller thrust then 
tends to cause the machine to rise, and it will raise it 
altogether into the air when the thrust gets large enough. 
When the machine is altogether air-borne Ry suddenly 
disappears almost entirely, as now air acts on the sloping 
front of the body. The result is that Rr alone is left, 
increased in magnitude by the increase in the angle of 
attack, and as the angle of attack also shifts the centre 
of pressure aft, there is a considerable unbalanced couple 
tending to overturn the machine forward. The hori- 
zontal rudder must now come into play to restore equili- 
brium, and togive it the requisite anti-clockwise moment 
about G the rudder must be depressed. In order that 
the machine may quickly assume the new position of 
equilibrium it must a te ae kinetically stable. 
Owing to the less dense medium impinging on thesloping 
of the fuselage, the-drift of that part of the machine 
is almost entirely done away with, and the unbalanced 
part of the propeller thrust will accelerate the speed. 

As horizontal flight in air is outside our province, we 
will pass to the time when, the flight over, the pilot is 
just about to stop the motor in er to vol plane to the 
water. hat there may be no sudden alteration in 
longitudinal stability when the motor is stopped, the line 
of action of the propeller thrust should pass near the 
centre of gravity of machine, otherwise a large un- 
balanced couple will act till the countervailing horizontal 
rudder couple is brought to play. It is well to designso 
that the propeller thrust may not pass exactly through 
the centre of gravity, but at a certain distance from it, 


the best le fur vol planing. 

When slighting the reaction Ry of the water on the 
fore part of the fuselage leaps into existence, and in a 
much intensified form, as nose will probably be 
driven wy into the water, though there is a limit to 
this depth, determined by the horizontal fins fitted near 
the fore end to prevent diving too deeply. If the aug- 
mented reaction Rr is at too great an angle to the 
resultant of the combined air-pressures on the planes, the 
common resultant will swing so far for that the 
unbalanced couple will bring the after end down with a 
jar if the resultant passes in front of the intersection O 
of the other forces, or trip up the machine i* it passes 
too far behind O. 

The inclination of the flight path to the horizontal in- 
fluences the longitudinal stability, which falls off as this 
inclination increases. When the angle reaches somewhat 
less than twice the angle of attack, the machine becomes 
longitudinally unstable. The head resistance, however, 
has a great effect on the above, as with a greater head- 





the additional title consists in email floats being titted to 


so that on its removal the machine may naturally tilt to | P’ 
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clination of the line of flight to the horizontal than that 
given above was attained. This shows the advantage of 


rising into the wind, as the relative velocity of wind to 
machine is increased. Care must be taken when alight- 
ing, as the pilot may not have near objects to guide him 
as to his real speed relatively to the surface of the water. 
If the speed of the machine be V, and the wind ha 

to blow with a 5 v in the same direction as that in 
which the machine is travelling, the pilot will not be 
aware of the change in speed relatively to the water sur- 
face ; his speed down the wind will now be V + », and if 
he attempts to take the water at this speed an accident 
may hap due to tripping. If, however, he runs up 
the wind, his speed 1 then be V—r, and he can 
alight in safety. Tothe assumptions which have been 
made in the case of the Flying Fish must be added the 
following :— wash on the tail plane produced by the 
front plane alters the angle of attack of the former, but 
— ly toa small extent. As the course of the stream 
ines is unknown, the wind direction as it approaches 
the rear plane is taken as parallel to that at which it 
meets the machine. 

The gyroscopic effect due to the angular momentum of 
the propeller and of the —— engine—if that type be 
fitted—mixes up the two sets of oscillations, symmetric 
and asymmetric, and, if these hap to have nearly the 
same period, resonance effects would be set up, making 
the machine an uncomfortable one to those on board 
The gyration effect due to the above two causes also in- 
fluences the steering of the machine. If twin screws are 
fitted, working against one another, then the gyrostatic 
effects of the rotating inertia of the propellers, rotating 
engines, also the additional effects due to propeller 
torque and unbalance of engine, are all eliminated. In 
some aeroplanes there are contrary-working sorews 
worked by chain drives from one shaft, one chain being 
crossed to give the reverse motion. There is alsoa 
motor in which the propeller and engine both revolve, as 
in the “Gnome” motor, but in opposite directions, so that 
their gyroscopic effects cancel. e will discuss the case 
of the engine with propeller attached revolving round 
the shaft, as this has the test effect on both the 
steering and the longitudi stability of the machine. 
By the principle of conservation of momentum, the axis 
of spin tends always to keep pointing in the same direo- 
tion, say due east, even though the machine be carried 
about by wind currents. If gradually altering the 
angle to the horizontal by steering in the vertical 
werney acum © the axis of spin tending to tilt it 
up, the axle will commence to precess in a certain direo- 
tion determined by the direction of spin and of the 
couple applied. The greater the magnitude of the 
couple applied the greater will be the rate of precession. 
It will be seen from the diagram (Fig. 8) that, with a 
right-handed propeller and engine turning with it, if a 


couple be applied by the ine being steered down- 
a = recession will cause the h to turn to the 
eft. i 


é is precession be retarded by spplying an 
opposing horizontal couple by means of vertical 
rudder, then the axis of spin will tilt further down at the 
foreend. If, on the other hand, we accelerate the pre- 
ae giving the machine some helm, the whirling 
parts will tend to cause the forward end to lift. If a 
turn is made to the left (Fig. 9), the after end of the 
— owing to precession, will dip down ; a sickening 
eeling to the pilot, who almost invariably turns to the 
right with a right-turning Po Again, the ter 
the steering couple applied, the greater will be the ten- 
dency to dip, as the greater will be the precession. 
When the aeroplane is to be turned in the horizontal 
plane; then, not only must the vertical rudder be 
actuated, but the horizontal rudder must be moved to 
overcome the gyroscopic influence. With a right-handed 
screw, if the head of the aeroplane be turned to the left, 
the horizontal rudder must be inclined to prevent the 
rear part of the machine from sinking. The inclination 
of the propeller shaft does not affect these results, so 
that, so long as the turning couple is constant, so long 
will the tendency to precess be unchanged ; if, however, 
the revolutions of the propeller be redu the rate of 
precession will increase. 
In the Aeroplane Show at Paris this year, the most 
notable machi from the point of view of inherent 
longitudinal stability, was one designed by M. 
wiecki, who — a paper before this Institution in 
1901. _ The principle embodied in this design is that 
of difference in pressure intensity on the forward and 
the after curved planes, due to the different cross seo- 
tions. On the involuntary rising of the fore part of the 
machine, the increase in the angle of attack quite a 
different effect on the fore to what it has on the rear 
lane. The pressure per square foot on the front plane 
1s but very gradually increased for changes of the angle 
of attack between the limits of 5 deg. and 18 deg., 
whereas that on the after plane increases “= =e 
with the angle at which the wind meets it. e result 
is an excess of lift aft, which restores the machine to its 
original position. The converse holds if the front of the 
machine is involuntarily depressed. The reduction in 
the angle of attack leaves the ure on the front plane 
but slightly altered, but uces quickly that on the 
rear plane, resulting in a drop of that part to the normal 
position. 


Guent INTERNATIONAL EXHIBITION.—We are informed 
by by agony ng pia at of bg apd d - 
tract ust been signed Zeppelin 

directors of the Ghent International Exhibition for a 
regular passenger service from Diisseldorf to the Exhibi- 
tion a. The service will be maintained through- 
out months of A: September and October, and 








resistance instability would not occur till a greater in- | 1 


the fare for the Gight, which is about 130 miles, will be 
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TueE concrete-mixer which we illustrate on this page 
is of the portable type, and is constructed by Messrs. 
Bagshawe and Co., Limited, of Dunstable. It is 
provided with an electric motor, a power-loader, and a 
water-tank, so that it forms a very handy installa- 
tion. Figs. 1 and 2 are perspective views of the 
general arrangement of the mixer, reproduced from 
i which give a very good idea of the 
design. The former of these represents the machine 
with the charging-hopper elevated, while the latter 
shows the hopper resting on the ground ready for 
charging. 

The chain-drive has been adopted in this machine, 
because it is deemed that it tends to greater 
simplicity than gearing, and is less subject to wear, 
due to sand, stunes, &c. The frame of the machine 
is constructed entirely of heavy steel channels and 
angles well braced together. The width of the frame 
at the bottom gives accommodation for the engine 
and boiler where steam is the source of power, 
and, if desired, the engine fly-wheel can be used to 
drive pumps, circular saws, &c. The chilled semi- 
steel rollers, which carry the revolving mixing-drum, 
have faces ground absolutely true, and they are 
supplied with removable bronze bushings, an arrange- 
ment which should ensure both smooth runnin 
and long life. The rollers turn on the shafts, an 
lubrication is supplied from grease-cups through holes 
drilled axially in the shaft. These shafts are of steel, 
and fit into the side channels of the frame. The chain 
is constructed of bar steel, and is fitted with case- 
hardened steel pins and bushings; we understand 
that experience has shown that the arrangement gives 
no trouble and works very smoothly. The chain 
passes from a sproeket-pinion directly to a large 
sprocket-wheel fixed.to the periphery of the drum, 
the small wheel being placed on a shaft driven directly 
by an electric motor. 

Coming now to the mixing-drum, we will refer 
to the detailed illustrations. The construction of 
this important part is one of the features of the 
machine. A section through the drum may be seen in 
Fig. 3, while a part sectional view of the interior mixer 
is shown in Fig.4. The drum itself is made entirely 
of a special mixture of semi-steel, very hard, tough, 
and durable, and it is claimed that. it will out-wear 
several made of plate steel ; it has also the advantage 
that the walls are much thicker, and that there are no 
rivets to work loose. The bulge of the discharge side 





























bucket to ride in, and aids in filling and keeping 
the bucket full. It also shortens the time in which 
a batch of concrete can be mixed and discharged 
compared with drums of the straight-bottom type. 
The sprocket teeth round the drum are cast in 
sections, which are bolted to the drum; and if one 
section should be broken or damaged, another can 
be fitted in its place very quickly, and at a small 
expense. The interior of the mixing-drum is shown 
in part section in Fig. 4. The lifting buckets are shown 
at A, and are made of malleable iron, the number 
being sufficient to elevate the materials as quickly as 
possible. The shape also has been contalhe con- 
sidered, with the same object. The mixing-blades 
shown at B are made of }-in. steel, and are riveted to 
cast-steel brackets C as shown, which are bolted to 
the drum. There is a space between the blades and 
the drum to allow water to pass. 

The non-tilting chute discharge, which cannot be seen 
in either of the views, Figs. 1 or 2, has been adopted 
as the most practical for all classes of work. The 
reasons for this adoption are that the concrete may be 
discharged directly into barrows or concrete carts, the 
discharge being effected by means of a lever, and any 
quantity from one shovelful to an entire batch can be 
discharged with quick regularity. When the chute 
is in the discharging position the concrete is carried up 
by the buckets in the drum and dumped into the chute, 
which is a at a high angle and delivers at high 
speed. When not discharging, the chute is inclined 
towards the bottom of the drum and so keeps trans- 


is an important feature in this form of construc-|ferring the material to the back side of the drum. 
tion, for it forms a natural pocket for the elevating | From there it is returned to the buckets by the blades, 























Fie. 4, 


is elevated and then showered into the chute, after 
which the same process is repeated. The oe 
chute can be operated from the power-loader side 
by means of a hand-lever, but on the larger-sized 
machines by a power-tilting device. 

Instead of a standard hopper a special power-loader 
is employed. This is shown in Figs. 1 and 2. By it 
the machine is charged without the aid of inclines, for 
the loader is filled while the previous batch of material 
is being mixed, and as soon as the batch has been 
mixed and discharged the loader is raised and another 
full batch is emptied into the drum. 

By the removal of a few bolts the power-loader can 
be taken off, and a standard or batch hopper substi- 
tuted ina few minutes’ time. The bucket ot the loader 
is raised and lowered by means of a single-wire cable 
attached to a hoisting-drum operated by a V V wood 
friction-clutch. The water required for mixing with 
the conerete is measured in an automatic tank. By 
opening a valve in the outlet-pipe the exact amount 
of water required is discharged into each mix, and any 
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rt of the contents of the tank may be discharged 
y watching the gauge-pointer and closing the valve 
at the proper time. The tank isshown in its elevated 
position in the background of Fig. 2. 








HYDRO-ELECTRIC POWER-PLANT IN 
SAN JUAN, ARGENTINA. 

SomE views of an interesting hydro-electric power- 
station and plant, situated in the Andean Cordilleras, 
in the province of San Juan, Argentina, are given on 
page 394. The station is of small capacity, but is 
noteworthy in that it is built at a height of approxi- 
mately 12,000 ft. above sea level, and on the snow- 
line limit ; it is thus probably the highest power-station 
in the world. It is situated close to the Chilian 
frontier, its geographical ition being latitude 
30 deg. S. and longitude 70 deg. W. e station 
has been built in conjunction with, and for the purpose 
of supplying power to, a silver cyanide-extraction 
lant, which treats the silver ores of the Minas el 

lado, which are owned by the San Juan Mines, 
Limited, Argentina, of 35, Queen Victoria-street, 
Iondcn. The plant has a capacity of 40 tons a day. 

The situation of the mill containing the extraction 

lant was such that it was necessary to obtain power 

m a ravine or arroya some 24 miles away. The 
hydro-electric station was accordingly built in the 
ravine. It contains a Pelton-wheel, working under a 
660-ft. head, and coupled to a three-phase alter- 
nator. Current is generated at a low voltage, and is 
stepped-up, by means of oil-cooled transformers, to 
10,000 volts for transmission over the 2} miles to the 
nill, The transmission line age tgs _ 8 hard- 
drawn copper wire, carried on poplar poles — 
175 ft. aa. The power-station and part of the 
transmission line are shown in Fig. 1, which gives a 
good idea of the nature of the country in which the 
plant is situated. The power-station can be seen in 
the middle distance, and a little to the right of the 
centre of the figure. Two views of the mill, in different 
stages of construction, are given in Figs. 3 and 4. The 
mill site had to be excavated from the granite rock by 
means of dynamite. 

Probably the most interesting features of the plant 
arose in connection with the difficulties of transport 
anderection. The mill and station are situated about 
210 miles from rail head, and packages for a 
had to be limited to such bulk and weight as could be 
drawn by mules. Special carriages were made for the 
heavier articles. The 210 miles of road transport 
usually occupied ten to fourteen days, and the cost of 
transport averaged about 20/. a ton. Fig. 2 illustrates 
very forcibly the difficulties which arose in getting the 
electrical material to site. The figure shows a tempo- 
rary 20-in. track which was laid up a hill having an 
altitude of 850 ft., the length of track being 1300 ft. 
The whole of the electrical machinery and pipes were 
hauled up this track and transported some 2} miles 
overa high, sandy plateau to the ravine where the 
power-house is situated. As illustrative uf the remote 

ition of the site, it may be said that cement costing 
Se & ton in England costs 15/. a ton at the mines. 

Apart from problems of transport, the installation 
of the plant was rendered difficult, owing to the very 
limited amount of skilled labour available. The 
erection of the whole of the buildings and apparatus 
was carried out by Mr. E. G. Bergersen, and, apart 

Mr. Bergersen himself and his assistant, n 
Jose Inch, the total of the skilled mechanical staff 
available at no time exceeded three inferior riveters 
aad two local blacksmiths. Mr. Bergersen had to 
teach his assistants practically all their work. The 
persons who erected the transmission-line had never 
previously seen such a structure, and, indeed, did not 
know what an electrical insulator was. In view of 
the conditions it was a matter of much credit that 
vhen a trial was made only four joints of the hydraulic 
‘ystem leaked under a pressure of 280 lb. per sq. in., 
tad that no faulty electrical connections were found 
in the whole job. 

The whole of the electrical equipment was supplied 
by Messrs. Siemens Bros. Dynamo Works, Limited, 
ot Caxton House, Westminster, S.W., while the 

tlton wheel was subcontracted for by Messrs. 

rick and Ritchie, of Waverley Engineering Works, 

Ainburgh. The pipe-line was supplied by Messrs. 
Stewart and Lloyds. The Pelton wheel is illus- 
"ated in Figs. 5 and 6. It gives 160 brake horse- 
power and runs at 750 revolutions per minute. It is 

with an hydraulic governor which operates a 
‘ear in connection with the nozzle and also a deflector 
& front of the wheel. The deflector comes into 
qiatien when the speed increases 5 per cent. above 

normal and shuts the water off entirely from the 
wheel. A certain amount of water is wasted when 
tte deflector is in use, but it never comes into opera- 
Yon except after an accident or when an abnormally 
¥y load is thrown off. A sluice-valve and by-pass 
ve are fitted in front of the wheel, so that in the 
‘ent of repairs or inspection the water can be entirely 
tut uff from the wheel without the attendant having 
0 to the intake at the head tank, 


the railway conciliation scheme. 


February 14, 1913, for the 267 exchan 
open at the beginning of February, 1912, was 127,736, 


The alternator is fitted to the same bed-plate with 


flexible coupling. The bed-plate is, however, made 
in two parts in order to facilitate transit to site. The 
alternator is of 125 kilovolt-ampere capacity, at 0.80 


power-factor. It gives three-phase current at 440 
volts and 25 periods. It is operated in connection 
with a three-p oil-immersed core-type transformer. 


The transformer is fitted with an expansion vessel by 
means of which the atmosphere is prevented from 
coming in contact with the heated oil. This prevents 
oxidation, and so renders oil renewal necessary only 
at infrequent intervals. The transformer steps up the 
440-volt current to 10,000 volts for transmission to the 
mill. Lightning-arresters are provided for the line. 
A similar transformer is fitted at the mill, and steps 
down the current for supply to one 90-horse-power 
motor and one 10-horse-power motor. Lighting in 
both the generating station and mill is carried out by 
& connection between the neutral point and one of the 
phases on the low-tension side. 

In conclusion we should say that the mill consisted 
of a bolted structure which was supplied by Mr. 
P. L. Cunningham, of Balfour House, Finsbury Pave- 
ment, EC. Mr. Bergersen, who erected it, states 
that it went together without a single drift being used. 
The mill machinery was supplied by Messrs. Fraser 
and Chalmers, of Erith. The consulting engineer for 
the whole scheme was Mr. Bruce Marriott, of 62, 
London Wall, E.C., for whom Mr. Bergersen acted. 
We are indebted to Mr. Bergersen, as also to some 
of the contractors, for the information on which this 
description is 





INDUSTRIAL NOTES. 
AccorDING to the Board of Trade Gazette which 
rg os on March 17, the state of the labour market 
in February was as follows :— 

Employment continued good generally. There was 
an improvement in the printing, building, wood-work- 
ing, and brick-making trades, but in the iron and steel 
and tin-plate industries there was a decline. 
It is reported by the Labour Exchanges that there 
was & continuance of the large demand for workmen 
in the shipbuilding and engineering trades. There 
was also a demand for workmen in the Leeds clothin 
trade. In the case of women, the demand exceede 
the supply in the cotton, woollen, and worsted trades, 
and in laundry work, and in some districts in the boot, 
shoe, and clothing trades. 
The percentage of ‘“‘insured” workpeople unem- 
ployed fell from 5, at the end of January, to 4.4 at 
the end of February. 
The upward movement in wages continued. 
Compared with year ago, nearly all the principal 
industries showed an improvement, which was most 
marked in the iron and steel, engineering, printing, 
oS and brick trades. 
Trade unions with a net membership of 903,503 
reported 17,835 (or 2 per cent.) of their members as 
unemployed at the end of February, 1913, compared 
with 2.2 per cent. at the end of January, 1913, and 
2.8 per cent. at the end of February, 1912. 
Returns from firms employing 418,997 workpeople 
in the week ended February 22, 1913, showed no 
change in the number employed, and an increase of 
0.8 per cent. in the amount of wages paid, compared 
with a month ago. Compared with a year ago, there 
was an increase of 1.2 per cent. in the number em- 
— and of 4.5 per cent. in the amount of wages 
paid. 
By the changes in rates of wages taking effect in 
February 228,700 workpeople benefited to the extent 
of 9700. per week. The changes were all increases, 
the most important affecting 130,000 coal-miners in 
Durham ; 5700 blastfurnacemen in the West of 
Scotland, Notts, Derby, and Lincoln; 10,000 engi- 
neers’ labourers at Manchester; 13,000 light-casting 
moulders in England and Scotland; 13,440 dyein 
and finishing operatives in Yorks and Lancs ; 40, 
limen and jute preparers, spinners, weavers, &c., in 
the East of Scotland ; and 3500 carters at Glasgow. 
The number of disputes beginning in February was 
80, and the number of workpeople involved in all 
disputes in progress during the month was 45,382, as 
compsred with 52,066 in January, 1913, and 164,650 
in February, 1912. The estimated number of working 
days lost by disputes during the month amounted to 
593,200, as compared with 651,200 in the previous 
month, and 463,500 in the corresponding month of 
last year. 
Cases dealt with during the month included bakers 
in London, lace-workers at Newmilns, boot and shoe 
operatives at Leicester and at Northampton, painters 
at Bradford, Dumfries; and Manchester and Salford, 
bricklayers at Leicester, and stonemasons at Wigan. 
Further appointments were made in connection with 


The total number of workpeople on the General 
Register of the Board of Trade Labour Exchanges on 
which were 


the Pelton wheel, and is coupled directly to it by a 





as compared with 46,887 at December 27, 1912, and 
with 87,716 at February 23,1912. Comparisons with 
last year are affected by the fact that unemployed 
workmen lodging unemployment-books are now borne 
on the registers. 

The number of vacancies notified to the same 
exchanges during the four weeks ended February 14, 
1913, was 69,209, and the number of vacancies filled 
was 50,029. The corresponding figures for the five 
weeks ended December 27, 1912, and for the four 
weeks ended February 23, 1912, are, in the case of 
notifications of vacancies, 73,735 and 73,384, and in 
the ~y of vacancies filled 60,251 and 57,466 respeo- 
tively. 





According to the monthly report of the United 
Society of Boiler-Makers and Iron and Steel Ship- 
builders for March, the number of members admitted 
during February was 386, against 180 who ran out or 
died—an increase of 206—the total membership now 
being over 62,000. The expenses for February 
amounted to 8177/. 2s, 9d., against 8466/. 1s. 3d. for 
the previous month, a decrease for February of 
288/. 18s. 6d. The prospects of the society appear 
very good, and the hopes with which the year opened 
have so far been fulfilled. There has been very little 
trouble in any district, and the relations with em- 
ployers appear to be good. Itisa t pity, therefore, 
that, particularly in good times like the present, there 
is an attempt to keep alive the stupid notion that the 
capitalist and the employer are the enemy of the 
working man. Many of the leaders seem to find it 
impossible to get this idea out of their heads, and they 
lose no opportunity of hammering the doctrine into 
the men. The following, for instance, is an example :— 
“Our present relations with the employers in nearly 
all districts were never more satisfactory—if the rela- 
tions between exploiters and wage-slaves were, or ever can 
be, satisfactory.” The italics are ours. This attitude is, 
unfortunately, taken up by almost all the trade-union 
reports, and cannot tend in any way to improve 
the relationship between masters and men. 





The monthly report of the Society of Amalgamated 
Toolmakers for March shows that between February, 
1912, and February, 1913, the membership increased 
from 6312 to 8277, a very creditable performance, but 
there was also an increase of 25 in unemployed, the 
actual figures being 73 for February, 1913, and 48 in 
February, 1912. The reserve funds stood at 35,000/. 
in February, 1913, against 26,500/. in February, 1912, 
an increase of 8500/. 


The Ship Constructors’ and Shipwrights’ Association 
have issued their report for the quarter ended 
December 31, 1912, and from it we gather that the 
shipbuilding industry, including both new and repair 
work, was in a very flourishing condition at the end 
of the year, with a continued good demand for 
labour. The income during the quarter amounted 
to 17,7731. 68. 9d., while the expenditure was 
13,0102. 5s. 1ld.—a net gain of 47631. Os. 10d. This 
brought the reserve funds at the end of the year up 
to 125,946/. lls. 54d. During the quarter 1007 new 
members were admitted, 86 members died, 584 lapsed, 
837 drew transfers, while 783 placed them—leaving a 
net gain to the society of 288. The total memberakip 
on December 31, 1912, was 26,228. 





A strike among the house-painters appears probable 
in London. If it should boone on eosmmaptideed fact, 
it will, no doubt, cause a very considerable amount of 
inconvenience, as the busy time of year in house- 
decoration is coming on. A demand has been made 
by the National Amalgamated House and Ship- 
Painters’ Society for an agreed code of working rules, 
& 50-hours week, and an advance of 14d. an hour in 
wa On Sunday last, at a mass meeting at the 
Lambeth Baths, a resolution was passed calling on 
the London District Committee to be in readiness 
to take drastic steps to enforce the demands. Should 
& satisfactory reply not be received from the Master 
Builders’ Association, it is expected that a strike will 
be commenced at the end of this week. 


A partial settlement of the taxi-cab strike has been 
arrived at. It was announced on Sunday last by Mr. 
Alfred Smith, the president of the London Cab- Drivers’ 
Union, that the men’s demands had been acceded to b 

the British Motor-Cab Company. The men’s dematde 
were that (1) there should be full reinstatement of the 
men out on strike ; (2) that the men who had worked 


at the garage during the strike should be dismissed ; 
and (3) that the price for petrol mixture should be 


It will be an unfortinate move on the 


8d. a gallon. 

part of the masters if they agree to discharge generally 
the men who have stuck to them during the strike 
for it will form an exceedingly bad precedent, besides 
being most unjust. 

sup , 

with @ guaranteed minimum of 23 miles a gallon, was 
refused by the men practically unanimousty. 


The offer of the company to 
the men with motor fuel at 104d. a gallon, 


At the 








time of going to press, it appeared likely that other 
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companies would give way, aud the men seemed con- 
fident of ultimate victory. 


In the Cannock Chase district the union miners 
have decided that on April 7 they will refuse to work 
with men who are not members of their association, 
and at the Wrexham and Acton Colliery notices to 
cease work at fourteen days, as a protest against the 
employment of non-unionists, were served on Saturday 
last. The colliery employs about 1090 men. 


The piecework rates paid to riveters who belong to 
the Boiler-Makers and Shipbuilders’ Society seem 
likely to be the cause of trouble in the shipbuildin 
trade. A demand has been made for an advance o 
24 per cent. on piecework uy rates to all the 
piecework riveting squads in the federated shipyards, 
and a vote will be taken with regard to the question. 
The men are to be asked whether they are in favour 
of giving the Shipbuilding Employers’ Federation one 
month’s notice that, unless the advance of 24 per cent. 
be made, all the members in the federated firms will 
cease work. 





An application has been made to the North-East 
Coast Shipbuilding employers by the executive council 
of the Amalgamated Smiths he Strikers’ Society, for 
an advance of 2s. on time rates for their members 
who work in the shipbuilding yards, and for a recog- 
nised time rate of 27s. a week on the Wear and 28s. 
on the Tyne for the angle and beam-strikers. 


The establishment of a sliding scale, for the regula- 
tion of wages, was the subject of a conference between 
the Northumberland miners and the coal-owners at 
Newcastle-on-Tyne on Saturday last, the 15th inst. 
No agreement was, however, come to, but sub-com- 
mittees were appointed to continue negotiations. The 
pro} 1 made by the owners was that when coal sells 
at 6s. 9d., or any other figure below 6s. 10d., wages 
should be 15 per cent. above the basis of 1879, and 
that when the price is above the figure named advances 
or reductions in wi should take place at the rate 
of 1 per cent. for each 1d. alteration in the price up to 
& maximum of 60 per cent. above the 1879 basis. On 
the other hand, the proposal from the miners was 
that when the selling price is 7s. 2d. or lers, the 
minimum should be 30 per cent. above the basis of 
1879, with 1 per cent. added for each ld. rise above 
7s. 2d. in the selling price. 





About 200 women workers at the Co-Operative 
Wholesale Society’s Wheatsheaf Works at Leicester 
have been out on strike for nearly two weeks on 
account of several all grievances. As noagreement 
has been come to with the employers, the remaining 
workers, who number about 1700, handed in their 
notices on Friday last to stop wi rk this week. These 
notices were, however, suspended, or rather their 
coming into force was postponed, pending the further 
consideration of the matter by the directors. The 
situation is rather a curious one. It appears that 
one woman operative was absent some little time 
ago owing to illness, and another woman was em- 

oyed to do her work. When the woman who 
4 been ill returned to work, she found that the new 
operative was turning out about one-third more work 

an she did at the same machine. A prvtest was 
made by the old hand, and she was at once dismissed, 
but was reinstated when a sympathetic strike of girls 
occurred. The Trade Union took the matter up, and, 
it is said, demanded that every man, woman, and 
clerk must join a trade union. This demand the 
directors declined to agree to, stating that they would 
not force their a to become trade unionists. 
The.male operatives therefore handed in their notices, 
which expire to-morrow. On Monday last the direc- 
tors closed their works entirely, as they could not 
keep the men employed without the women. The 
non-union workers held a meeting, and a resolution 
was framed epplying for membership under protest, 
but stating that the action of the union could 
not be justified if freedom of thought and action 
were to continue. Moreover, it is stated that the 
action of the union in striking before attempting 
arbitration, is a breach of the ment between the 
Federation and the National Union. At the time of 
going to press, the trouble appeared to be spreading. 


The Portsmouth Dockyard men held a meeting at 
the Town Hall on Monday last, in order to disouss the 
wages question and the advisability of joining with 
the Devonport and Chatham Dockyard engineers, in 
their determination not to work overtime until their 
pay is increased. The following resolution was 
carried unanimously :—‘‘ This mass meeting demands 
such an immediate ral advance of wages as will 
compensate dockyard and other workers for the serious 
increase in the cost of living. Further, we request 
that the Admiralty, together with a representative 
of the Treasury, receive a deputation from 


In the event of this demand not being acceded 
to, @ conference, representative of all trade unions 
with members in Government employ in dockyard 
towns, be convened for the p of consider- 
ing the next step.” Mr. G. N. rnes, M.P., re- 
presenting the Amalgamated Society of Engineers, 
stated that he considered what were called the dock- 
yard privileges were much over-rated by the men in 
the Gavernment employ. He felt that these privileges 
were deducted two or three times over from the men’s 
wages, and did not therefore represent anything. The 
dockyard men should make themselves part and parcel 
of the great labour movement. The workers were 
quite justified in demanding that the Government 
should make provision for the wages of those they 
employed, and the wages ought, at any rate, to keep 
pace with the rise in prices. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 6. 

DurineG the past week only small lots of pig iron 
have been sold, and inquiries for large lots have 
subsided. This does not refer to southern low-grade 
iron for pipe-making purposes. These irons have 
been selling liberally, and the production is barely 
equal to the current demand. A vast amount of pipe- 
line work is under contract, and this department of 
the industry will remain as active as it has been 
throughout the year. Basic and Bessemer irons are 
also quieter than for some months. There is also an 
easier tone in the market for several lines of finished 
material, such as bars and sheet iron. The plate- 
mills are also catching up to some extent, and some 
mills are able to promise delivery of universal plates 
in four weeks. Railway buying continues very 
heavy. The Norfolk and Western allroad Company 
has contracted for 60,000 tons of plates, shapes, and 
bara for the construction of 4500 cars, which it 
will build in its own shops. Canadian railroads have 
also been large buyers of finished material in American 
markets. Large orders for steel rails are practically 
assured from that qua:ter in the near future. It is 
also known that large steel-rail orders will soon be 
forthcoming from China. Girder rails have been 
freely purchased during the past week, and this 
source of demand will continue, as much trolley-line 
construction is under contract. The bar-iron mills 
throughout the East are catching up, and premium 
quotations for early delivery, which have been the 
rule for months past, are now practically eliminated. 
The pressure for structural material continues about 
as active as ever. The mills report an increase in 
orders during February. A large amount of bridge- 
work has recently been brought to the attention of 
bridge-steel makers, and a number of large and long 
bridges will be undertaken before the pst of the 
year. Prices, apart from premium quotations, are 
well maintained. 





PrERsONAL.—The Butterley Company, Limited, state 
that their London offices are now situated at 52, Queen 
Victoria-street, E.C., their telephone number being 
City 2180.— Messrs. Herbert Morris, Limited, have re- 
moved their London office from Norfolk-street, Strand, 
to 39, Victoria-street. S.W. Their new telephone number 
is 740 Regent, and their telegraphic address is ‘‘Comorris, 
Vic., London.”—Messrs. G. Harland Bowden and Co. are 
moving their offices from the City to Westminster. 
Their address will in future be 1, Victoria-street, West- 
minster, S.W.—Messrs. James Pollock, Sons and Co., 
Limited, of 3, Lloyd’s-avenue, are now reconstructing 
the whole of the interior of the top floor of their offices, 
to form extensive marine motor show-rooms. In addition 
to several sizes of Bolinders marine engines, there will 
be models of electrie lighting and pumping sets, pro- 
pellers, &c. 





Tue TRAINING OF WIRELESS TELEGRAPHY OPERATORS. 
—Marconi’s Wireless be a Company, Limited, 
have recentl tly extended the school accommodation 
— ve — 1 aps Strand, ey ~ = train- 
ing of wireless telegra operators. school has been 
established at faa | ea since about June of last 
year, having accommodation for some 60 day and even- 
ing students, but the new arrangements will allow of 
about 125 students being dealt with. Since the first 
opening of the school at Marconi House, 130 students 
have passed the Postmaster General’s examination, and 
have obtained employment in the company’s service. It 
will be generally known that the Marconi Grosser have 
also a training school at Liverpool. This has now been 
ae manag or about eleven years. With a view to ex- 

ing a knowledge of wireless leer age d to boy scouts, 
members of the Church Lads’ Brigade, of the Cadet Corps, 
and Territorial Forces, the ni Company propose to 
publish a series of articles for their instruction in a new 
periodical, the Wireless World, which will appear at 
the beginning of April. When the series is complete, 
examinations will be held at various centres and prizes 
and certificates will be awarded by the company. The 
troop which has the largest number of certificated 
eres teen be sag —— a Seg Marconi = 
telegraph apparatus. In ition to t scheme, free 
tuition will be given to boy scouts at the London school 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last. Thursday morning 
the pig-iron market opened with a good strong tone, but 
dealing was limited to 2500 tons at 63s. 9d. four and 
fourteen days, and 61s. 7d. three months. At the close 
sellers quoted 64s. cash, 64s. 3d. one month, and 61s. 10d. 
three mon Cash sellers of hematite quoted 70s. 94, 
In the afternoon Cleveland warrants were done at from 
64s, to 63s. 104d. cash, and 63s. 9d. five days, closing 
easier with ers at 63s. . cash and 64s. 14d. one 
month. The turnover of tons included business 
at 6ls. 10d. aud 61s. 11d. three months, with sellers 
over at 62s. On Friday morning the market was stronger, 
and 2000 tons of Cleveland warrants were done at 
63s. 10}d. five days, at 63s. 11d. and 64s. nineteen days, 
and 61s. 10d. three months. Sellers’ closing quotations 
were 64s. cash, 64s. 4d. one month, and 62s. three months, 
The afternoon session was quiet, and 2000 tons of Cleve. 
land warrants were put through at 64s. five days and 
61s. 1ld. three months. At the close sellers quoted 
63s. 104d. cash, 64s. 14d. one month, and 62s. three months, 
On Monday the tone wassomewhat easier, and the dealings 
consisted of 4000 tons of Cleveland warrants at 63s. 104d, 
and 633. 7d. cash, and 61s. 114d. and 61s. 11d. three months, 
Closing quotations were called 63s. - cash, 64s. one 
month, and 61s. 10d. three months. In the afternoon a 
better feeling prevailed, but business was limited to 
three lots—1500 tons—of Cleveland warrants at 64s. cash 
and 64s. 4d. one month, with sellers over at 643. cash and 
64s. 44d. one month. There were no quotations for the 
three months position. On Tuesday morning a sharp 
advance took place in Cleveland warrants, and for the 
cash and one month position the gain was about ls, 
The turnover was 2000 tons, at 64s. 9d. cash, 64s. 8d. seven 
days, 65s. 14d. one month, and 63s. 6d. May 8, with 
closing sellers at 65s. cash, 65s. 34d. one month, and 62s, 
three months. The afternoon session was barely so firm, 
and business was confined to 1500 tons of Cleveland 
warrants at from 65s. to 643. 74d. cash, and at 64s. 91. 
thirteen days. The market cl with sellers at 64s. 9d. 
cash, 63s. 1d. one month, and 62s. 1d. three months. 


Sulphate of Ammonia.—A fairly ee tone prevails in the 
sulphate of ammonia market, and the demand has fallen 
off slightly of late. The price is nominally unchanged at 
14/. per ton for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade shows little o—_ and specifications are quite 
plentiful at the moment. This is particularly the case 
with shipbuilding material, the demand for both ship and 
boiler plates being very pressing, and although angles 
are perhaps not in too heavy demand, they are goin 
away very well indeed. All round the cry is again hea 
about the scarcity of railway wagons consequent on 
so many having got locked up during the recent strike, 
and the result is that loading banks are once more show- 
ing signs of accumulation of stocks. In the case of 
black-sheet makers business is being much hampered 
through this latter trouble, but otherwise the condi- 
tions are bad satisfactory and great pressure exists for 
supplies. een competition prevails for orders for 
galvanised sheets, and makers could do with a larger 
supply of specifications. The booking of new business 
for the home market is still very poor, but for export the 
inquiry is gene good, with Canada, South America, 
South Africa, and India all seeking supplies of material. 
Prices are firm and show no change. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers are suffering from two handicaps at present 
—the aftermath of the recent strike and foreign competi- 
tion. The result is that they are very short of specifica- 
tions, and are endeavouring hard to overcome this, and 
save resorting to broken time. 

Scotch Pig-Iron Trade.—The deliveries of the ordinary 
qualities of Scotch pig iron against contract account for 
almost the whole of the present — and little in the 
way of accumulations is taking place. Inquiries are 
quite satisfactory, but the amount of new business is 
not excessively heavy even with prices the tum 
easier. The number of furnaces in blast is 91 against 
92 last week, and 3 for the corresponding week of 
last year—the coal-miners being then on strike. Pro 
ducers of hematite iron are very busy, and large deliveries 
to the steel works are the order of the day. The output 
at present is ne about as heavy as it has ever been, 
but new booki are none too satisfactory, although 
contracts on hand are taking up a large amount of mate- 
rial. The current price is called 87s. per ton. ihe 
ont are the market quotations for makers’ (No. 1) 
iron : yde and Calder, 803. 6d.; Gartsherrie 
Summerlee, 81s.; and Langloan, 82s. (all shipped st 
G w); Glengarnock (at Ardrossan), 52s.; Shotts (at 
Leith), 80s. 6d.; and Carron (at Grangemouth), 82s. 

Clydebridge Steel Works Closed.—The Clydebridge Steel 
Works, which was only recently reopened after having 
been closed for some years, has again had to suspend ope 
tions. The scarcity of railway wagons to take 0 the 
output has caused a congestion of material on the mill 
floors, with the result that the management have decided 
to close for a little. It is expected that the works 
be in full swing again in about ten days. 








Contracts.—We understand that Mr. Edward Hayes 
Watling Works, Stony Stratford, who recently laun 
the steam-tug Edith Gallaghan, has received from = 
a ey another order for a similar vessel. The = 

Naghan is 48 ft. long between perpendiculars, 11 I 
wide, 6 ft. 2in. moulded depth, and draws 4 ft. 3 im. 
water. She was built to pass under bridges having 2¢-e6" 
anceof only 6 ft. from the water-level. 








this mass meeting, so as to allow an aes 
for the claims of Government workers o" age. 


on two evenings a week. 
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NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

Messrs. Cammell, Laird and Co.’s Progress.—It is not 
an entirely satisfactory report which the directors of 
Messrs. Cammell, Laird and Co., Limited, have just 
placed before their shareholders, although it possesses 
gratifying features. Thus a further step towards the 
clearing up of preference dividend is a welcome advance, 
and an increase of profits on the year of over 24,000/. isa 
reflex of the trade improvement during the last twelve 
months. The report confesses that the financial results 
at Birkenhead and Coventry have been disappointing, 
but states that a considerable voiume of orders at the 
Sheffield works has been carried forward into the present 
year. Reference is made to the hampering effect of the 
coal strike, the “‘ serious rises both in wages and material,” 
and the heavy expenses incident upon the Insurance 
Act. Yet trade has expanded, and local firms, whose 
trading results have up to now b-en published, haveshown 
such a rise in profits that it seems as if Messrs. Cammell, 
Laird and Co. have encountered other difficulties in 
addition to those specifically mentioned. 


Hadfield’s Change of Nume.—Amongst the interestin 
announcements made at the annual meeting of Hadfield’s 
Steel Foundry Company, Limited, on Monday, was that of 
Mr. Alexander Jack with reference to the firm’s proposed 
change of name. The shareholders expressed approval 
of the pro to change the name to Hadfield’s, Limited, 
and Mr. Jack ee that, although the old title had 
served them well in the past, it was now found to be 
misleading. People imagined they were a steel foundry 
only, whereas their manufacturing operations included 
every use to which steel could be put. The change would 
take place gradually, and they trusted that, in the course 
of a year or two, the firm would be known as Hadfield’s, 
Limited. Jack pointed out that to have indicated 
they were a forge as well as a foundry would have made 
the title too cumbersome, so they thought it best to 
confine it to Hadfeld’s, Limited, ‘‘ which explains every- 
thing.” From the tone of their remarks, it was evident 
the shareholders regarded the report as very satisfactory, 
and the chairman expressed the opinion that the general 

rosperity of the country seemed to warrant their 
etien forward to another good year. 


South Yorkshire Coal Trade.—The local coal market still 
remains withoutany notable change. Inquiries for house 
coal are of substantial quantity, but the best es have 
experienced a slight weakening, and are about 6d. cheaper. 
Collieries are in a strong position, and there is a big 
demand for hard steams and slacks, large quantities of 
these roing away to local works. The market for coke is 
strong, and there are big sales. Quotations :—Best bran 
hand-picked, 14s. 6d. to 15s. 6d.; Barnsley best Silkstone, 
13s. to 14s.; Derbyshire best brights, 12s. to 13s.; Derby- 
shire house, 10s. 6d. to 11s. 6d.; large nuts, 10s. 6d. to 
lls. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. 6d. to 11s. 64.; h 
~~ a 6d. ; seconds, ox Gk  On.0 ene 

8s. 6d. to 


Iron and Steel.—The weakening in 4 prices has 
produced some improvement in busi utas yet trans- 
actions are not of much moment. At the same time the 
ps of new contracts is almost imminently expected, 
or the majority of consumers have not yet covered their 
requirements for the second half of the yesr, and the 
general = ey of the market does not suggest that 
prices will suffer any marked decline. On current 
deliveries makers are very busy, and outputs are fully 
taken. The pig-iron position appears to have affected 
billets, for reductions have been made of from 5s. to 
7s. 6d. At the same time there is no special desire on 
the part of producers for orders at present. They have 
as much work as they can turn out. In all probability 
they have an eye on the future, as competition from 
Lancashire is expected in the next few months. The 
recent fluctuations in the iron market a:e believed 
to be responsible for a rather less steady infiux of new 
orders in the heavy branches, but there is no cause for 
dissatisfaction in the general volume of work in the city’s 
industries. The armament departmentsare notably busy, 
both on home and foreign orders, and there is little doubt 
that the unsettled state of the European situation is 
responsible for much of the pressure which the armament 
manufacturers have been experiencing for some months. 
There are, in fact, indications of an exceptionally busy 
year in this direction. The position at the rolling-mills 
1s rather better—that is to say, that, although working 
night and day, they are now just about able to keep up 
with demands, instead of struggling against an accumula- 
tion of arrears, as was the case during much of last year. 
ilway contracts of substantial dimensions continue to 
come forward, and the latest is for the Caledonian Rail- 
way Company, whose orders for a year’s stores have been 
divided amongst 21 local firms. ere are fresh Indian 
requirements, and it is stated that trade with India has 
never been of such proportions. The tool-steel makers 
are fully occupied, and constant efforts at improvement 
Snanufacture are bein; The saw manufacturers, 
© are at present enjoying a period of marked 

perity, expect to be kept in full work for the rest of the 
ear. The spade, shovel, and edge-tool trades are excel- 
oad and the demand for garden tools is exceptionally 


A Prosperous Firm.—There was a very characteristic 
hote about the proceedings at the annual meeting of 
: = Reb and pay 2 T ~ ay. 
& note oj ty of a first-class firm, admir- 

ably managed, and hcbdinn the unstinted confidence of 


-, Shareholders. A few pronouncements were made 


strikingly illustrate what a prosperous year the 


ch | very strong. Average blastfurnace 


company has had, and how well it has maintained a 
flourishing business. Thus it was stated that the deben- 
tures been reduced by half, and that any holders 
of these bonds wishing to redeem them at par, with 
accrued interest, would be welcomed. Colonel Hughes, 
one of the directors, said they could undertake light- 
heartedly, at a moment’s notice, an expenditure of 
50,0002. on anything which commended itself to the 
board if they thought it desirable. It was announced 
that the reserve fund had been increased to 100,000/., 
and that the dividend of 10 per cent. for the year, 
with a bonus of 2s. per share, was the highest ever 
paid by thecompany. Then, at the c'ose of the meeting, 
the chairman moved a special resolution, cordially en- 
dorsed by the shareholders, that donations of 250/. be 
given to the Sheftield University Applied Science Depart- 
ment, 100/. to the Sheffield Church Extension scheme, 
and 1002. to the Jessop Hospital for Women. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.LesBRoucH, Wednesday. 

_ The Cleveland Iron Trade.—There is not much doi 

in pig iron just now, and what transactions are record 
are in small lots for early delivery. The market is 
nervous and very easily influenced by outside occurrences. 
There is continued speculative dealing in warrants, though 
not to the extent tly experi d, and the transac- 
tions cause fluctuations which affect quotations for makers’ 
iron. All kinds of Pg iron are scarce, and there seems 
every likelihood of difficulty in meeting spring and 
summer needs, but, notwithstanding the very strong 
statistical situation, many t 
cheerful view of the outlook, and it is, indeed, sufficient 
that some sellers would make forward contracts at below 
rates ruling for early delivery. Buyers, however, are not 
disposed to do forward business. Values of Cleveland 
pig for prompt delivery are higher than they have been 
for more than a month. No. 3g.m.b. Cleveland pig is 
65s. to 65s. 3d. f.o.b., which is the value of No. 4 
foundry; whilst No. 1 is 67s. 6d.; No. 4 forge, 64s. 9d.; 
and mottled and white iron, each 64s. 3d. Good inquiries 
for East Coast hematite pig are reported, but demand is 
for early delivery, and as there is practically no iron 
available for this month little business results. Buyers’ 
offers to pay 81s. 6d., and up to 82s. in some cases, for 
early delivery of Nos. 1, 2, and 3 hematite meet with 
little euccess. There is little or nothing passing in foreign 
ore. Market ratesare nominally a on 21s. 6d. ex-ship 
Tees for Rubio of 50 per cent. quality. Coke is in good 
request, especially for local consumption, and prices are 
ind 8 readily realise 
25s., and many sellers are asking rather above that figure. 


Stocks and Shipments of Piy Iron.—Stocks of Cleveland 
pis iron continue slowly but steadily to diminish. 

‘ractically the only stock is the 216,580 tons of Cleveland 
pig in the public warrant stores, which is 3531 tons less 
than at the beginning of the month, the withdrawals 
having been n to meet current needs. Shipments 
of pig iron from the Tees are on a fairly good scale, and 
are up to expectations, but they would be heavier if more 
iron was available. To date this month they average 
3331 tons per working day, the total despatches amount- 
ing to 49,971 tons. To the same date last month the 
total loadings were returned at 49,528 tons, or a daily 
creme of 3301 tons, and for the corresponding part of 
March a year ago the clearances reached no less than 
81,749 tons, or an average of 5449 tons per working day. 


Manufactured Iron and Steel.—Very little new can be 
reported of the manufactured iron and steel industries. 
Producers of all descriptions have larger contracts made, 
and they report specifications coming in well, but new 
orders are scarce. Quotations are maintained. Common 
iron bars are 8/. 15s. ; best 91. 2s. 6d. ; best best bars, 
91. 10s. ; packing iron, 62. 15s. ; iron ship-plates, 81. 2s. 6d.; 
iron ship-angles, 8/. 15s.; iron ship-rivets, 9/. 15s.; iron 
boiler-plates, 8/. 17s. 6d.; steel bars (basic), 7/. 17s. 6d.; 
steel bars (Siemens), 8. 5s,; steel ship-plates, 8/. 5s. ; 
steel ship-angles, 7/. 17s. 6d.; steel boiler-plates, 9/. 5s.; 
steel strip, 8/.; steel hoops, 8/. 2s. 6d.; and steel joists, 
7l. 7s. 6d.—all less the customary cent. discount. 
Cast-iron columns are 7/. 7s. 6d.; cast-iron railway chairs, 
4l. 10s. to 4J. 15s.; light iron rails, 7/. to 7l. 53.; heavy 
steel rails, 6l. 15s.; and steel railway sleepers, 7/.—all net 
at works. Iron and steel galvanised corrugated sheets, 
24-gauge, in bundles, are 12/. 15s. to 13/. f.0.b.—less the 
usual 4 per cent. 








Minine Macuinery.—The external demand for British 
mining machinery has shown a certain de ion this 
year, the value of the exports in February —_ been 
68,506/., as compared with 71,472/. in February, 1912, and 
83,9647. in February, 1911. In the two months ended 
February 28 the pew were valued at 156,553/., as com- 

with 168,613. and 170,728. British South Africa 
1s our best external customer for mining machinery. 





Free-Proor Strorace or Tracines.— The Société 
Anonyme des Ateliers de Construction H. Bollinckx, 
Brussels, have sent us a sketch of the arrangement they 
have adopted for storing the origi tracings of ma- 
chinery parts, from which they make blue-prints for use 
in their various shops. They the tracings in a 
number of ware pipes, which are built into a con- 
crete wall in one of their store-rooms. The pipes are 
slightly inclined forward in the wall to allow any water 


ers take anything but a| “8¥ 


NOTES FROM THE SOUTH-WEST. 


if.—The coal trade has shown no special activity, 
but holders have been ene ae for all descriptions 
of large and small. Tonnage not been arriving freely, 
but there were already in dock more steamers than were 
required. Colliery-owners are expecting a considerable 
loading pressure after the holidays. The best Admiralty 
large steam coal has made 19s, 3d. to 19s. 9d. per ton ; 
the best secondary qualities have been Ly at 18s. 9d. 
to 19s. 3d., and other qualities at 18s. 6d. to 18s. 9d. ow 
ton ; best bunker have realised 15s. 6d. to 15s. 9d.; 
and cargo smalls, 14s. 3d. to 14s. 9d. ton. House 
tent fuel have shown little change. The best 
household coal has realised 293. to 29s. 6d. ; good house- 
hold qualities, 17s. to 18s. ; No. 3 Rhondda large, 17s. to 
17s. 6d.; and smalls, 15s. to 15s. 6d. per ton. No. 2 
oe aa Sno Seoae Oe. to 16s. 3d.; and No. 2 
smalls, 13s. to 14s. =p ton. Special foundry coke 
has been quoted at 32s. 6d. to 33s. 6d. ; good Sgr 
coke at 29s. to 3ls.; and furnace ditto at 27s. to 28s. 6d. 
ton. As regards iron ore, Rubio has made 21s. to 
$s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Welsh Coal Output.—At the annual meeting of the 
South Wales and Monmouthshire wners’ Associa- 
tion, the secretary (Mr. W. Gascoygne Dalziel) presented 
a statement showing the members assurances 


posed 
for 1913-14, the quantity to be assured being as follows :— 
Cardiff district, 30,774,698 tons; Newport district, 


10,071,344 tons; and Swansea district, 4,906,052 tons, 
The te of 45,752,094 tons indicated by these 
res shows an increase of 1,383,215 tons as compared 
with 1912-13. Mr. Evan Williams has been elected 
chairman of the Association. 


Bristol Docks.—The fifth annual dinner of the Bristol 
Shipping and Staffs Association was held on Friday 
evening at Bristol, Mr. J. W. Maine presiding. Mr. 
H. Wynne Jones, in respondi to the toast, ‘‘The 
Shipping Trade of Bristol,” said t trade had benefited 
during the past twelve or eighteen months from the 
greater activity of commerce ; it was high time that it 
did thus benefit, as the tide had been running the other 
way for about ten years. He did not think, however, 
that Bristol docks would become a paying proposition 
until the trade of the port inc to such an extent 
that the Royal Edward had to be en » which 
he understood could be effected at a comparatively small 
cost. Then he thought the corner would have been 
turned and the parpepens would begin to see daylight. 
Tonnage which had m recently built was too large to 
use Bristol old docks, and the difficulty at Avonmouth 
was that there was not enough 7 capacity. Greatly 
increased facilities for the storage of grain would have to 
be provided at the outer docks. 

Dowlais.—Orders from the tin-plate centres have come 
forward slowly, but there has been a demand for 
heavy steel rails and their adjuncts. The blast-furnaces 
have been worked to their full capacity. At the Goat 
Mill the sleeper-press has turned out a heavy tonnage. 
The Big Mill, which produces lighter steel rails, has 

9 employed upon colliery sections, angle-iron, 
curves, &c. 





Tue Pusiic ScHoots Year-Boox.—We have received 
a copy of the 1913 edition of this a the twenty- 
fourth. It is edited by Mr. H. F. W. Deane, M.A., 
F.RS., Trin. Coll., Cambridge, and Mr. W. A. Evans, 
M.A., of the Inner Temple, and i J wee by the 
Year-Book Press, 31, Museum-street, W.C., at the price 
of 5s. net. It is sure, like the former editions have done, 
to afford help in the solution of the difficult problem 
*‘ what todo with our boys,” in that it will enable the 
selection of a school en toute connaissance de cause, 
according to the “‘ bent ” of the boys. The book contains 
detailed information concerning the schools throughout 
the country, and also several chapters as to training for 
the Army, the Navy, the Civil Service, the Law, Archi- 
tecture, and other professions. 





“Suippina WorLD” YxaR-Book AND Port Directory. 
—The twenty-seventh edition of this vade mecum for all 
concerned with shipping has ae been published, and, 
notwithstanding the effort of the editor to keep it within 
limits in size, it now contains 1848 pages. ll the old 
features remain, the most important being the tariffs of 
all nations, a complete record of the ports of the world, 
arranged in al tical order, and giving all information 
that can be of use to officers of ships using the port or to 
shippers. There is a digest of Merchant hipping Acts, 
official information regardi freeboard, load-line, and 
other regulations by the of Trade and other Govern- 
ment departments, as well as other analogous information 
helpful to those engaged in shipping. In all cases the 
work, of course, has been brought up to date, and thus 
the present position of European nations in respect of the 
internati load-line and of life-saving regulations is 
dealt with. The recently published life-saving appliance 
rules of the Board of Trade are also to be found here, with 
particulars respecting the National Insurance Act, and 
the formation of the Seamen’s International Insurance 
Society under it. A map included in the book gives, in 
distinguishing colours, the routes of steamers and railways 
throughout the world, with the ports, coaling stations, 
coalfields, t of all <—_. The pay ty —_ 
the year- is »egarded is suggested by the fact t 
this is the twenty-seventh annual issue. Te is edited by 





that might enter them in extinguishing a fire to run out, 








and each pipe is closed in front by a dished-steel cover 
provided with a handle. : 





Major Evan Rowland Jones, and is published at 10°. net 
from the Shipping World Offices, Effingham House, 
Arundel-street, Strand, London, W.C. 
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HYDRO-ELECTRIC POWER PLANT IN SAN JUAN, ARGENTINA. 
(For Description, see Page 391.) 














Fic. 1. View or Ravine sHow1nc Power-Station. Fic. 2. Temporary Track up HI Sipe. 
































View or Mit. purine Construction. 
































5. Petron WHEEL From Dynamo Sipe. Enp View or Petton WHEEL. 
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TRIPLE-EXPANSION ENGINES OF THE QUADRUPLE-SCREW LINER “REINA \V 


CONSTRUCTED BY MESSRS. SWAN, HUNTER AND WIGHAM RICHARDSON, I 


(For Description, see Pr 
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Tas Nortu-East Coast InstiruTioN OF ENGINEERS AND SHIP- 
BUILDERS.—Friday, March 28, at 7.30 p.m., in the Lecture Theatre 
of the Literary and Philosophical Society, byes pony New- 
castle- on-Tyne. The following paper will be and discussed : 

‘*A Comparative Trial between the Triple-Expansion Engine and 
Geared Turbines in the ©: Steamers Cairngowan and Cairnross,” 
by Mr. C. Waldie Cairns, M.Sc. 

Tue Institution of Locomotives EnGineers.—Saturday, March 29, 
at 7 p.m., at the Caxton Hall, Caxton- ‘street, Westminster, 8. W. 
— illustrated by lantern. slides, on *‘ Recent Dev elopment in 

British, American, and Continental Locomotive Practice,’ by Mr. 
Lawford H. Fry. 
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THE NAVY ESTIMATES. 


Tue German naval authorities have accepted, at 
least tacitly, the view that the relative strength of 
| theie fleet to ours should be of the order of 10 to 
16. This may or may not be satisfactory to Britain, 
but it simplifies the task of determining the ade- 
quacy or otherwise of the provision <a by our 
Government to meet the standard of naval needs as 
accepted byGermany. It becomes a simple matter 
of arithmetic, other things being equal. We do not 
propose to give all the figures, but in the memoran- 
dum prepared by the Admiralty for the information 
of Canada it was shown that in the spring of 1915 
we should have 33 Dreadnought battleships and 
battle-cruisers, including the Agamemnon and 
Lord Nelson, to Germany’s 23, and that the 
reserve of strength due to pre-Dreadnought ships | co 
is steadily diminishing, since the new construction 
in Germany had been increased and accelerated. 
This latter condition continues. The 16 to 10 
standard thus calls for the laying down of six new 
battleships, if none of the ships being built to the| d 
order of the Dominions or the Colonies are to be 
reckoned. The armoured cruiser presented by 
New Zealand is, at the request of the Admiralty, 
to be stationed ‘‘ wherever His Majesty’s Govern- 
ment consider her services of most value.” This 
condition applies also to the battleship just ordered 
in the name of the Malay States for presentation 
to the Navy. In each case, however, it was 
stipulated that the ship was to be supplemen- 
tary to the ships which the home country found 
necessary to maintain a satisfactory standard of 
strength. The Canadian offer of three battleships 
carries the same condition. Mr. Borden, the Prime 
Minister of the Dominion, has stated that ‘‘if at 
any time in the future it be the will of the 
Canadian people to establish a Canadian unit of 
the British ice, these vessels can be called by 
the Canadian Government to form part of the Navy, 
in which case, of course, they wou fa d be maintained 
by Canada, and not by Great Britain.” Obviously, 
therefore, these cannot be reckoned as units in the 
maintenance of the 16 to 10 standard, as their con- 
tinuity in the Home Fleet cannot be ensured. 

The Commonwealth of Australia has decided also 
that their ships, including the battle-cruiser Aus- 

tralia, shall form a Fleet unit to be used to protect 
their trade routes, and the South African Union 
contemplates a similar provision. No more delicate 
situation could arise than that of the appropriation 
of ships or money provided by the Dominions to 


. 399] relieve the burden which should be borne by the 
400] home country, and that burden is unquestionably 


to sustain our Fleet at the given standard with a 


1} minimum proportion of 16 to 10 for Germany. 


The provision made in the Navy Estimates just 
issued can only be considered adequate if the cruiser 
New Zealand, or the battleship Malaya, is reckoned 
in the 16 to 10 comparison, because only five ships 
are provided. So far as the number of battleships 


402 | is concerned, there is a deficiency, and it is to be 
402 | hoped that public opinion will assert itself to have 


the number of ships to be constructed increased 
from five to six. 

Nor can the vote for progress with these ships, or 
with ships already laid down, be considered adequate. 
~ is admitted by the First Lord in his statement 

xplanatory of the Navy Estimates that ‘‘ the extra- 

inary pressure of work in the shipyards and the 
mee of labour are leading to short earnings by 
contractors on the continuation programmes,’ and 
he estimates that not more than 11,224,000/. will be 
spent within the year on the ships already on 
order. This compares with 12,067, cer voted for 
the year now closing. Again, a sum of only 
2,052,4001. is put down for progress during the next 





twelve months for ships to be laid down—five battle- 
ships, eight light cruisers, sixteen destroyers, anda 
number (not stated) of submarines, with subsidiary 
craft, costing, in their complete state, 15,958,525/. 
The First Lord, however, adds that ‘ every 
effort will be made to secure punctual deliveries, 
and should conditions change and progress improve, 
a further estimate will be presented later in the 
year.” The Estimates, however, show that while 
on each of the two battleships, to be laid down at 
Portsmouth and Devonport respectively, about 
215,0001. will be spent before April of next year, 
only about 28,0001. are to be spent on each of the 
three corresponding ships to be built by contract. 
Past experience justifies the assumption that at 
least. four of the five ships will be of the same 
design, so that the explanation of the difference in 
progress is not due to drawings not being ready 
for the contract ships. Nor can it be the absence of 
berths. There are several yards whence have come 
ships of the latest type where there is now no 
battleship on the slips. Surely the men liberated 
from work on the battleships now being completed 
can be available for beginning immediately on new 
ships. What is required is continuity in work in 
contractors’ yards, corresponding to that in the 
dockyards, so that the men trained to warship 
building will not be diverted to work of less 
importance. It is not so much a case of work in 
hand being expedited, but of the work being begun 
at an earlier period. There would then be some 
margin in time to ensure ‘*‘punctual deliveries” in 
the event of delays due to labour troubles. The 
penn et | dimensions of ships, and the growing 

mplexity of the mechanism fitted in the vessels, 
involve a longer period for their completion, and 
wise statesmanship calls for a recognition of the 
fact. We note, for instance, that only 21,0001. 
: apportioned for the gun-mountings of even the 

ockyard ships. As the total cost must be over 
400, 0001., and as the mechanism takes as long to 
complete as the ship itself—21 to 24 months—work 
should be very substantially expedited. 

These remarks regarding battleships are equally 
applicable to the other work. We are not suffi- 
ciently strong in light cruisers, and the inclusion 
of eight in this, as in last, year’s programme, is a 
welcome provision. Three of these are to be built 
in the dockyards—two at Pembroke and one at 
Chatham ; the other five will be given out to con- 
tractors. In this case also the designs seem to be 
far advanced ; the ships will probably be similar 
to the eight recently ordered—three from Messrs. 
Beardmore, two from Messrs. Vickers, and one each 
from the Fairfield, Devonport, and Chatham yards. 
One of the Pembroke ships in next year’s list is to 
be laid down at an early date, as 178,048l. are 
to be spent on her before March next, while for 
the other 77,586/. are apportioned, and for the 
Chatham ship 50,4241. nh the case of the five 
contract ships, only from 24,9151. to 28,3351. are 
put down for each. As there are over a dozen firms 
capable of building this class of ship, there should 
be little difficulty in accelerating their construction 
if the vessels were laid down at once. On the six- 
teen torpedo-boat destroyers, 543,819/. are to be 
spent, which is a more satisfactory arrangement. 
One submarine is to be laid down at Chatham, and 
on new contract ships 320,3001. are ear-marked, in 
addition to the sum for advancing the twenty-one 
under order. These latter include two special types 
at Vickers’ works, two at Elswick, and one at 
Scotts at Greenock. Two river gunboats which 
were included in Jast year’s estimate, and were not 
proceeded with, are again in the new list. 

As to subsidiary vessels, floating docks seem now 
to be accepted as valuable accessories. In addition 
to the battleship docks at Portsmouth and Chatham, 
destroyer or submarine-boat docks have been com- 
anny for Harwich and Dover, and another is being 

uilt for Portland, while one more will be ordered. 
Five oil-tank steamers, one of them of 8000 tons 
capacity, are being built, and are being fitted with 
oil propelling machinery. Two merchant ships, 
the Knight Companion and Tabuaristan, have been 
purchased, and are being fitted respectively as a 
dépét ship for destroyers and a repair-ship; and 
the Heliopolis, renamed the Mediator, is to be- 
come a hospital ship in lieu of the new ship pro- 
vided for in last year’s Estimates, but rs ordered. 
During the year now concluding three dép6t ships 
for submarines were completed, the Maidstone, 
Alecto, and Adamant; a survey ship, ‘the En- 
deavour ; a dépét ship for destroyers, the Wool- 
wich ; and a submarine salvage ship. Two tugs 
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———————— 
were built and two purchased, and next year three 
more are to be ordered. This enumeration of 
auxiliary ships, in addition to yard craft, mooring 
and other lighters, &c., shows that, apart from 
new warship construction, a large sum has to 
be spent. Thus the Shipbuilding Vote, which 
includes machinery and repair work, totals 
over 22 millions sterling. The contract work, 
12,226,3001., shows a decrease of 1,440,300. as 
compared with the previous year ; while the Dock- 
yards Vote, for matériel and personnel, has been 
increased to the extent of 1,309,1001. 

The vote for personnel at the dockyards shows 
an increase of 534,3001., almost entirely absorbed 
for wages, which now amount to 3,223,044/. As 
regards the vote for material for the dockyards, 
which shows a total addition of 774,8001., and for 
contract work, the princi items are set out in 
the accompanying Table I. It will be seen that 
under the first heading the largest increases are in 
metals and metal articles (146,100/.), and in elec- 
trical torpedo and other appliances (139,6001.) ; but 
the largest part of the increase is not for new con- 
struction. Fuel for the fleet, which is to cost 
next year 2,610,5001., shows an increase of 442,000/., 
due, no doubt, to the large proportion of oil now 
used and to its higher price. At the same time this 
increase indicates a greater amount of steaming by 
the ships of the Fleet, which is conducive to higher 
efficiency in the main business of the Navy. There 
is, too, an item of 444,000/. for new craft and 
machinery for coaling. This is 308,000/. more than 
in the current year, and is accounted for by the 
building in the dockyards of four of the oil-tank 
ships already referred to. 

hen we come to the division of the vote for 
contract shipbuilding, engineering, and ordnance 
manufacture, the decrease of 1,440,3001. is more 
easily explained than justified. The largest de- 
crease is in propelling machinery, on which there 
is a reduction of 572,9461., the amount ear-marked 
under this heading for next year being only 
3,769,3621. It is surprising also to find a falling 
Tasie I.—Amounts Allotted for Various 

Constructional Work. 





Increase + 
— 1913-14. | 1912-13. or 
rease - 
Dockyard work — £ £ £ 
Wages .. pe os -» 8,223,044 | 2,682,764 | + 540,280 
Metals and metal articles .. 1,180,900 | 1,034,800 + 146,100 
Paint, &c. os - -. 687,200! 708,000 ' - 20,800 
Electrical, torpedo and other | | 
appliances .. ° -. 665,600 | 516,000 | + 139,600 
Fuel and lubricant for Fleet. 2,610,500 | 2,168,500 | -+ 442,000 
New craft, &c., for coaling.. 444,000 136,000 _ + 308,000 
Contract work— | | 
ulls_ .. 7 ia .. 8,547,117 | 3 707,067 | — 159,940 
Propelling machinery . 8,759,362 | 4,332,308 | - 572,946 
Armour .. os ee .. 2,081,861 2,576,152 ~ 544,291 
Gun-Mountings 2a .. 2,105 004 | 2,884,888 | —-— 279,379 
Auxiliary machinery. . . 183,146 | 105,000, +- 78,146 
Machinery for dockyards, &c. 277,300 337,000 , - 59,700 
Guns... ae is .. 1,224,000 | 1,135,500 | + 88,500 
Projectiles and ammunition 1,638,160 | 1,660,500 | + 660 
Torpedoes and gun-cotton .. 324,900 | 351,600 | — 26,600 
Small-arms, torpedo mate- 
rial, &c. ‘es va + 88,220 


588,590 | 455,370 | 





off totalling 544,2917. in connection with armour, 
the total provided for being 2,031,861/. With 
fourteen heavily armoured ships now in pr 

and five to lay down, apart from thirteen lightly 
armoured cruisers in progress and eight to lay down, 
it seems as if undue economy were being exercised 
under this head. The drawings for the new ships 
are nearly ready, and, as it takes twelve weeks to 
complete a plate from the ingot stage to its forma- 
tion for fitting on the ship, it is most essential that 
the expensive plant utilised should be worked with- 
out even the shortest period of intermission. 

The third largest decrease is in gun-mountings 
and air-compressing machinery, for which the vote 
is 2,105,0041., or 279,3791. less than in the year now 
ending. Already we have indicated the importance 
of placing orders early for gun-mountings, and the 
small amount provided under this Raden: for the 
ships soon to laid down is difficult to under- 
stand. It is the more inexplicable as the First 
Lord states that the new designs of hydraulic gun 
machinery and transferable Sa of the 
ships which have joined the Fleet during the year, 
have proved successful. On the hulls of ships 


building by contract 3,547,1171. are to be spent— 
159,940/. less than in the year now closing. There 
is a slight increase in the sum for auxiliary 
machinery, for the inspection of contract work, 
which costs 146,000/., and for repsirs and altera- 
tions on contract work, which costs 110,000I. 


The last four items of Table I. are from Vote IX., 
for ordnance. Here it will be seen that, excepting 
in the case of torpedoes, there are increases, 

jally notable in the case of guns and projec- 
tiles. e total ordnance vote shows an increase 
of 277,0001., amounting, as it does, to 4,396,000/. 
The First Lord in his memorandum states that, 
notwithstanding the large additions to the Fleet, 
the reserves of ammunition are fully maintained, 
and that good progress is being made in the manu- 
facture of ordnance and ammunition. This also 
applies to the supply of torpedoes to the Fleet, 
and improvements have been made in the later 
weapons whereby speed, range, and accuracy have 
been in . He further states that the results 
of the gunnery practice tests ‘‘ taken as a whole 
may be considered satisfactory.” 

e decrease in the Shipbuilding Vote is the more 
remarkable in view of the large amount of work in 
pr Table II. shows the number and class 
of ships to be completed, advanced, and laid down 
during the coming year, differentiating between 
dockyard ships and those building by contract. 


TasBie II.—Ships in Progress. 











Battle- 
shipsand| Light Gun- De- Sub- 
nin Battle- | Cruisers. boats. stroyers marines. 
Cruisers. 
To complete— 
Dockyards .. 2 3 _ 3 
Contractors .. 4° 2} — 35 98 
To advance— 
Dockyards .. 2t 2 — — 2 
Contractors . 6 6 — 6 
To commence— 
Dockyards .. 2 3 = -- 1 
Contractors .. 3 5 2 16 Not 
known 
19 21 2 41 _ 


* Includes Australia for Australian Navy. 
Pm Malaya. 

- Sydney for Australian Navy. 
” two for Australian Navy. 


Ro 





|Annuity in Repay- 


other works” in the Cromarty Firth will involye 
the expenditure next year of 60,0001. The 
Greenock torpedo factory is completed and in ful] 
working order, while the to o range in Loch 
Long is also now in use. ew stores, however, 
are to be constructed at Greenock, involving ap 
expenditure of 36,0001. 

The construction of two new locks for the accom. 
modation of battleships at Portsmouth is well 
advanced. The estimated cost is 1,300,000/., and 
of this 89,2001. will be spent during next year, 
leaving 223,800]. to complete the work. The oil- 
storage tanks being erected there are to cost 
150,0001. No. 14 dock is also to be extended, ata 
cost of 127,000/., and two-thirds of this work will be 
done during next year. The most important work 
at Chatham Dockyard is the construction of oil- 
fuel tanks, which are to cost 215,0001., and it is 
expected that fully two-thirds of the tanks will 
be completed by the end of next March, a 
considerable amount of work having already been 
done. On the Humber the oil-tanks will cost 
188,600/., and there also two-thirds of the work 
will be completed by the end of the year, a 
great part having already been done. In fact, in 
nearly every base arrangements are being made for 
storing more liquid fuel. The inner harbour and 
dépé6t for submarines at Dover is making good 
progress. It is intended to station four battle- 
ships and three cruisers of the Third Fleet at 
Pembroke. General provision is made for spend- 
ing 230,000/. in increasing the accommodation and 
storage of submarines ; for accommodating aero- 
planes, 23,0001. ; for accommodating hydro-aero- 
planes, 52,000/.; and for housing airships, 63,5001. 

As regards the foreign stations, the work in- 
volved is principally in connection with the storage 
of oil, the amount in the case of Gibraltar being 
23,0001., Hong Kong 27,5001., and Malta 14,0001. 

The number of officers and men in the Navy, 





apart from reserves, is to be increased during the 


TABLE III.—Suowine THE Net ExpenpiITtuRE FROM Navy Vorss AND LOANS ON AcocouUNT OF NAVAL 
SERVICES FOR THE YEARS 1901-2 TO 1911-12, TOGRTHEK WITH THE EsTIMATEes FOR 1912-13 anp 1913-14. 





Total Expenditure 





7 Exclusive of Expenditure . : 
Total Expenditure!” rent of Loans Annuity from Loans Total of Soin & 
Year. from Navy Votes | under the Naval [Column (2) under Naval Columns 3 and 4 tion (Vote 8). 
(Net). Works ‘c's. ucted from Works Acts. ’ 
Column (1)). 
(1) (2) () (4) (5) (6) 
£ £ £ £ £ £ 
1901-2 30,981,315 122,255 80,859,060 2,745,176 33,604 236 8 865,080 
1902-3 31,008 977 297,895 30,706,082 3,198,017 33,904 099 8 534,917 
1903-4 35,709,477 502,010 35,207,467 3,261,083 38 463,550 11,115,733 
1904-5 36,859,681 634,238 36,225,443 3,402,575 39,628,018 11, 263,019 
1905-6 83,151,841 1,015,812 $2,136,029 3,313,604 35,449.633 9,688,044 
1906-7 81,472,087 1,094,319 30,877.778 2,431,201 32,808,979 8,861 897 
1907-8 31,251,156 1,214 403 30,036,753 1,083,663 31,120,416 7,832,589 
1908-9 32,181,309 Hote goed 948,262 — = ot 
1909-10 85,734,015 ,325, } 84,408, ~ ,408, 2 597,51 
1¥10 11 40,419,336 1,322,752 39,096,584 39,096, 584 13,077,689 
1911-12 a ae 42,414,257 1,322,752 41,091,505 — 41,091,505 12,526,171 
1912-13 (estimated) 45,075,400 1,322,752 43,75”,648 43, 752.648 14,595,527 
1913-14 (estimated) 46,309,200 1,311,558 44,997,742 — 44,997,742 13,276,409 





The vote for works, building, &c., shows a de- 

crease of 97,0001., the total allocated for this 
purpose being 3,448,0001. The decrease is entirely 
due to stores, on which 110,000/. less are to be 
spent than in the preceding _. when the total 
was somewhat abnormal. he only important 
addition to the Civil Engineering Works to be 
commenced is the third graving dock at the 
Rosyth Naval Base, corresponding to and parallel 
with the two docks in progress. These have their 
entrance from the large basin On the work at 
Rosyth it is proposed to spend during the coming 
year 590, 0000... in addition to 104,000/. for the 
magazines. There will thus remain to be spent on 
the naval harbour 2,035,000/., and on the new 
magazines 46,0001. A beginning is to be made 
with oil-fuel tanks, which are estimated to cost 
198,000/., and of this, only 1000/. will be spent 
next year. The First Lord indicates that the 
progress has been interfered with by strikes and 
other difficulties, and that every effort is being 
made by the contractors to recover the lost ground. 
Permanent moorings have been laid down for 
destroyers using the anchorage to the west of the 
Forth Bridge. 

The other works in Scotland include various 
works at Scapa Flow, in the Orkney Islands, 
where 20,0001. are to be spent in all, of which 
50001. are debited to next year’s Naval Estimates. 
Oil-tanks at Invergordon are to involve a total 
expenditure of 160,0001., of which 33,0001. has been 
spent during the current year, while 36,000. is 





voted for progress during next year. ‘‘ Various 





next financial year to 146,000, which necessitates 
an increase of 8500 on the maximum number now, 
and of 5000 in the average bearing throughout the 
year. This increase necessarily involves an 
augmentation of the vote for wages of officers, 
seamen, &c., amounting to 712,2001., the total 
being now 8,399,200/. Part of this difference is 
due to the advance in wages paid to officers and 
men. Asa natural consequence of the increised 
number of officers and men, there is an addition of 
247,9001. to the vote for victualling and clothing. 
Medical establishments cost more, due to increased 
wages; while the educational service is also i- 
volving an addition of 72001. Automatically, the 
votes for pensions and for the Admiralty are 
augmented. 

The total voted for the Navy is 46,309,300I., as 
compared with 45,075,4001. In Table IIL. there 
is given a statement showing the net expenditure, 
together with the expenditure on new construc- 
tion, as given in the Memorandum of the First 

rd 


Perhaps the most interesting feature, so far 8 
personnel is concerned, is the provision temporarily 
made for meeting the anticipated shortage © 
officers for the Fleet. As is well known, it takes 
seven or eight years to train an officer before he is 
able to take his commission, whereas a battleship 
may be built in two or rd years. It is —— 
necessary to anticipate the needs of the Flee' 
in respect of officers seven or eight years before 


ission is i , even with 
the commission is issued, and no one ic — = 





the greatest prescience, could have anti 
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great developments which have taken place in the 
navies of some of the European Powers, or the 
large augmentation necessary in ships and men 
in the British Fleet to meet the developments 
of possible enemies. It has been decided to 
enter a limited number of l:eutenants and sub- 
lieutenants on a supplementary list, the candi- 
dates for appointments in this case being selected 
from officers of the Royal Naval Reserve who 
have undergone twelve months’ training in the 
Royal Navy. In exceptional cases these officers 
will be eligible for promotion to the rank of Com- 
mander. A limited number of youths of about the 
age of 18 years, who have completed their general 
education at public schools and elsewhere, are to 
be admitted by competitive examination, and, after 
being trained in the Naval establishments, they 
will be passed into the Fleet as midshipmen ; but, 
in view of their greater maturity, their service in 
this rank will be somewhat shortened in com- 
parison with that of other midshipmen. From 
this point onwards their career will correspond 
with that of other officers, and they will be em- 
ployed in general service and be open to volunteer 
for any of the special branches. 





THE STRUCTURE OF THE ATOM. 

In the Royal Institution on Saturday last Sir 
J. J. Thomson, O.M., F.R.S., gave the concluding 
lecture of his course on ‘‘ The Properties and 
Constitution of the Atom.” 

He wished, he said, to begin by considering the 
bearing of the phenomena of radiation on the problem 
of atomic structure. The radiation emitted by bodies 
covered an extraordinarily wide range. The wave- 
length of the ‘‘ characteristic” Rontgen rays, for 
example, was less than the diameter of the atom 
itself, being about 10-* cm., whilst at the other end 
of the spectrum we had evidence that certain liquids, 
such as water, gave forth radiations of which the 
wave-length was as great as half a metre. This was 
shown by the fact that waterand other liquidscontain- 
ing the hydroxyl radicle absorbed electric waves of 
this length, and must therefore also emit them. 
Confining the attention, however, to the waves of the 
visible spectrum, or having wave-lengths of the 
same order, we had an immense accumulation of 
data, the work of spectroscopists for a period of 
half a century. The light thrown by these on 
atomic structure had not, however, been so far 
very definite. There were, however, at last indica- 
tions that the study of the light emitted by the atom 
under varying conditions would prove an important 
aid to the study of its constitution. 

What was the nature of the ‘‘ lamps” which 
emitted the radiation in question ? A cursory study 
by the spectroscope showed that there were tw 
quite distinct classes of spectra. Of these, the 
one type consisted of a number of separate 
and fairly sharp lines. By using sufficiently high 
dispersion these ‘‘ lines” could, in most cases, be 
resolved into aggregates of finer lines very close 
together. The other type of spectrum was known 
as a band spectrum, each band resembling a discon- 
tinuous patch of a continous spectrum. A spectro- 
scope of great dispersion, however, resolved these 
bands into a large number of separate lines. 

The band spectrum, the lecturer proceeded, was 
the only type that was known to be emitted by a 
compound body. No compound, in fact, gave a 
line spectrum, but always one of the banded type, 
which was distinguished from a line spectrum by a 
number of peculiarities. The position of the lines 
in the line spectrum was, for example, affected by a 
magnetic field, Zeeman having shown that practically 
all the lines were shifted by a magnetic field. In the 
band spectrum, on the other hand, a magnet had 
apparently no effect at all, the bands remaining in 
the same position when subjected to a magnetic 
field, as when this field was absent. 

[t was, he continued, not only compounds which 
gave rise to band spectra. Many- elements, in fact, 
= band spectra in addition to line spectra. This 

ed to the conclusion that the band spectra were 
due to the molecule, and not to the atom, and that 
they arose from the influence on each other of the 
neighbouring atoms forming the molecule. If the 
view were taken that the bands were due to 
the vibrations of systems consisting of more than 
the atom—that was to say, tu the vibration of two 
atoms with reference to each other, or of one atom 
to the others in a compound molecule—we could 
understand that the spectra should be different. 
r ordinarily consisted of molecules, and the 





band spectrum being due to the molecule, it was 
this type of spectrum, and not the line spectrum, 
which was given out by matter in its normal 
state. Gaseous oxygen, for example, consisted of 
molecules, and hence, if light were sent through 
this gas, there would be an absorption of vibra- 
tions due to the molecules; that was to say, 
of what corresponded to the band spectrum of 
oxygen. On the other hand, oxygen in its normal 
state would not absorb light corresponding to its 
line spectrum. The latter was due to vibrations 
of the isolated atoms, which did not exist as such 
in ordinary oxygen gas. Another important point 
which arose was that no connection had been found 
between the bands of a banded spectrum and the 
lines of a line spectrum, it being impossible to 
associate the spectrum of the molecule of a com- 
pound with that corresponding to the atoms of any 
of its elements. 

If, on the other hand, instead of the banded 
spectrum we took the Réatgen-ray spectrum, it was 
possible to predict, from that of the component 
elements, the complete character of this charac- 
teristic radiation, since the spectrum derived from 
the core of an atom was maintained unaltered in 
all the atom’s combinations. Band spectra, on the 
other hand, being derived from the motion of one 
part of a molecule relatively to the other, could 
not be predicted from the vibrations sent out by 
the free atom. cq 

If, as assumed, the bands were derived from the 
molecule, band spectra should be more easily excited 
than was the line spectrum, which necessarily in- 
volved the splitting up of the atom ; and this was 
found to be the case. Experiments made by Mr. 
Fulcher on the spectra produced when cathode 
particles were sent at various speeds through air 
and through hydrogen showed this very clearly. 


Fulcher found that when the a of the particles 
was very slow, due to, say, a fall through 30 volts, 
nitrogen gave out its ‘‘ positive” band spectrum. 


If the speed of the cathode particles was increased 
to that due to a fall through 60 volts, he got, in 
addition, the ‘‘ negative” bands, and by using very 
high-speed particles he got both sets of bands and 
also the line spectrum. 

A very simple experiment would show, Sir 
Joseph proceeded, how radiation emitted from 
nitrogen altered with the speed of the cathode 
particles. Taking an ordinary discharge-tube con- 
taining nitrogen, he showed that in the neighbour- 
hood of the anode the light given out was red, 
whilst at the other end of the tube it was blue, the 
maximum energy of the positive spectrum being 
towards the red, and that of the negative end 
towards the blue. At the anode end of the tube, 
he continued, the cathode particles exciting the 
luminosity were not moving so fast as at the other 
end, and with sufficiently fast rays we should get, 
he said, not only the negative-band s mn ta 
also the line spectrum. This, he added, was one 
reason for the belief that the latter came from the 
atom, and it was from the line spectrum therefore 
that we might expect to get the greatest possible 
amount of light on the structure of the atom. 

A mere inspection of the line s m showed 
that there was an enormous multitude of these 
lines, amounting in some cases to thousands. Prac- 
tically all of these, he said, were known to be 
affected by a magnetic field, and this showed that 
they were due to the small negative ee as 
only these were light enough to be sensibly affected 
by the field. These corpuscles therefore gave rise 
to thousands of vibrations. If the ordinary view 
were taken that the number of such particles 
corresponded to the number of lines in the spectra, 
we should have in the atom a number of corpuscles 
far in excess of what had been shown to be possible. 
Moreover, there was reason to believe that the 
spectral lines were not merely numerous, but that 

e number of them was really infinite. In recent 

ears a very remarkable connection had been revealed 

tween these various lines, which, it turned out, 

were not distributed haphazard, but were inter- 
connected by simple numerical laws. 

In a vibrating string, as was well known, all the 
harmonics were connected together in a simple 
numerical relationship, and many attempts had 
been made to discover similar harmonics in the 
8 ra, but every such attempt had failed. Never- 
theless, Balmer had found, for hydrogen, a most 
interesting connection, of another kind, between 
the lines. Balmer’s law, the speaker continued, 
was, haps, the most remarkable empirical 
formula in the whole of physics, being so accurate 





that spectroscopists now used it to correct their 
actual aengenilistn. Balmer found that the wave- 
lengths of the various lines in hydrogen were all 
represented by the formula 
1=aA_™ 
m—4 
where A denoted the wave-length, A a constant, and 
m any integer. This formula gave the lines of the 
hydrogen spectrum with extraordinary precision, 
its accuracy, in fact, being in excess of our present 
wers of measurement. 
If Balmer’s formula were turned upside down, it 
could be written in the form 
amn-4 1 
m A’ 
where n denoted the number of vibrations per 
second, and this was equivalent to a formula of 
the type 


n 





n=C- A. 
™ 

The point which at once arose was, where was 
this formula to stop? If m could be any integer, it 
would follow that the number of lines of the spec- 
trum might be infinite. 

Formule of this kind had, Sir Joseph continued, 
been used to dissect the spectra of most of the 
elements. Rydberg, for example, had given the 
form 
a=C- ™ = " 

[m + mP 

where » denoted a constant. A remarkable point 
about this formula was that A was apparently the 
same for all elements, and the fact that this was 
an absolute constant was most suggestive. The 
problem which remained was to find a system, 
the vibrations of which would be in correspondence 
with the formule, and the search for this had not 
yet proved very successful. The only one brought 
forward so far was a very ingenious suggestion due 
to Ritz, but this had not sufficient physical proba- 
bility to make it very satisfactory. 

Ritz’s idea was that the vibrations which gave rise 
to the spectra of hydrogen were not due to to-and- 
fro oscillations, like that of a spring, but to the 
motion of particles in circles described under the 
action of magnetic forces. The periodicity in such 


a case depended upon the value of He where H 
m 


was the strength of the magnetic field, e the charge 
carried by the particle, and m its mass. In Ritz’s 
view the vibrations were analogous to those of a 
conical pendulum. The number of revolutions per 
second was just proportional to the strength of the 
magnetic field, and it was n , therefore, to 
get this magnetic force inside of the atom. Ritz 
assumed, therefore, the existence of a lot of little 
elementary magnets, cach of the same length and 
of the same force. 

Assuming that there was one such elementary 
magnet in the atom, and that a particle was dis- 
tant by a length a from its nearer pole, then the 


force exerted by this pole would be = If | were 
a 


the length of the magnet, then the force exerted by 


the other pole would be equal to —™_. 
(a+1)* 

If now a second elementary magnet were strung 
on below the first, the force exerted by the furthest 
1 
(a + 21)? 


were added, it would be — ™ 
(a+31) 


The formula for the strength of the etic 
field thus obtained was of the exact type needed to 
correspond with Rydberg’s formula; but from 
physical considerations the pro system was 
too improbable to make one feel much satisfaction 
with it. 

Nevertheless, the s er thought there was 
a good deal to be said for the view that the lines 
were produced by vibrations of the conical pendu- 
lum type, a theory which to a large extent would get 
rid of the difficulty of correlating the number of the 
spectral lines with the number of the corpuscles. 
A conical ——_ might be said to have a great 
number of periods. A ball hung by a string from 
a fixed point would, if started properly, describe 
a circular path ; but to get this lem *y it was neces- 
sary to start it in a special way. If this were not 
done, it would pursue a meandering path, which, 
mathematically considered, was not periodic. The 
bob would, in fact, trace a path always comprised 


pole would be , and if a third magnet 


, and so on. 
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between an inner and an outer circle, which it 
touched alternately. If properly started, however, 
the bob would never leave the outer of these two 
circles, and this constituted the simplest case. If, 
however, this circular orbit were not hit off, the 
bob would take, as stated, a meandering path, of 
which an infinite number were ible, the whole 
being comprised between two limiting circles, as 
stated. Of these infinitude of paths, some had a 
certain periodicity, the ball returning to its initial 
position after describing a certain number of loops. 
Hence, of the infinite number of paths possible to 
a conical pendulum, there were certain in which 
the motion recurred with a greater periodicity, and 
it was just possible, the speaker said, that in this 
way we might find series corresponding to those 
of Rydberg. 

Much light had, he continued, been thrown on 
the origin of spectra by a method due to Stark in 
his study of the positive rays. In such rays we had 
a mixture of ions which might, for instance, be 
hydrogen atoms, hydrogen molecules, molecules of 
CO,, atoms of carbon, or atoms and moleculesof other 
gases carrying one or more positivecharges. These 
positive rays gave out, Sir Joseph said, considerable 
luminosity, a fact which he illustrated with discharge 
tubes, one of which contained helium, and the other 
neon. If it was the positive rays themselves which 
gave out thé light, this light, when examined in the 
spectroscope, should, he went on, show the Doppler 
effect, since the particles were moving with very 
high velocities. Hence, if viewed from a point 
towards which they were moving, the spectrum 
should be shifted towards the blue, and vice versd, 
This had been proved to be actually the case by 
Stark, who had found that all the hydrogen lines, 
for example, were displaced by an amount cor- 
responding to about the same velocity. This 
observation showed that the hydrogen atom was 
the origin of the hydrogen lines. The method, 
Sir Joseph continued, was in its infancy, but it 
should enable us to find out much about the 
different lines, in view of the fact that the different 
ions in the positive rays could all be separated 
the one from the other by means of a magnetic 
field. It should thus be possible to find, by 
observing the Déppler effect, what lines, for in- 
stance, were due to CO, and what to the carbon 
atom by itself. There was here, he thought, the 
foundation of a great extension to our knowledge 
of the spectrum. 

One point not yet settled was whether the lines 
of hydrogen originated whilst that atom carried its 
positive charge, or after it had become neutral 
by seizing a negative charge. Both views were 
advocated, and each school had made experi- 
ments which each thought completely confirmed 
its own contention. The speaker’s opinion was 
that the vibrations were given out by the posi- 
tively charged atom in the very act of regaining 
a negative particle, and that it was not so prob- 
able that the spectrum was emitted whilst the 
particle was actually positively electrified. All 
the lines, in fact, showed the Zeeman effect, and 
must, therefore, be due to negative corpuscles. 
The view above stated was not, he thought, incon- 
sistent with any of the experiments yet made. He 
did not, however, mean to say that the atom would 
have been able to give out its spectrum if it had 
not been positively charged. That something 
equivalent to this must have occurred was proved 
by the fact that She spectrum of helium was not 
absorbed by ordinary helium ; but he thought that it 
would be by helium when excited in a discharge-tube. 
The different ways in which the spectrum altered 
with the conditions of discharge was quite familiar 
to all spectroscopists. It was particularly well 
shown with argon, and this the lecturer illustrated 
by passing the discharge from a coil through a tube 
filled with this gas. He showed that when a Leyden 
jar was inserted in the secondary circuit the light 
given out was a brilliant blue, whilst with the jar 
cut out it was a nearly equally brilliant red. 

Stark, in his examination of positive rays, had 
found, the speaker continued, that when these 
rays came through with two charges instead of one 
the Rydberg series was altered. 

To sum up what had gone before, the lecturer said 
that they had been led to regard the atom as built 
up of a large number of negative corpuscles mainly 
concentrated near the centre of a corresponding mass 
of positive electricity, this aggregation forming the 
core of the atom. In this core the negative par- 
ticles were very firmly held together, and when dis- 
turbed gave out vibrations of very great frequency. 


In addition to these inner corpuscles, there were a 
number near the surface of the atom ; these were 
not so firmly held, and on them depended the 
power of an atom to attach to itself others, and 
to form chemical compounds. The number of these 
surface atoms determined the atom’s maximum 
valency. With one corpuscle we had an electro- 
positive monovalent element, whilst two gave a 
divalent element, andso on ; the maximum number 
of these outer corpuscles being eight. 

Coming to the core of the atom, the distribution 
of the positive electricity had to be considered. The 
negative electricity was divided up into corpuscles, 
and the radioactive bodies afforded strong evidence 
that the positive change was also made up into par- 
cels, but much larger and more massive than those 
into which the negative charge was divided. Thus 
the a particles were atoms of helium carrying two 
positive charges. The radioactive atom, when it 
split up, gave out these a particles, which was 
evidence that, at any rate, some of the positive 
_— corresponded in size to the helium atom. 

here must, however, be something else in the 
core. Part of the positive electricity might be in 
parcels corresponding to positively charged hydro- 
gen atoms, or to some other aggregations of com- 
paratively small atomic dimensions. 

Thus the core might be regarded as made up as an 
aggregate of distinct units, one kind being, as stated, 
the a particle, whilst the others we were not yet 
sure about. Perhaps some light might be obtained 
by a very detailed study of the atomic weights. 
Amongst the lighter elements a remarkable differ- 
ence in the chemical grouping was noticeable with 
each increase in the atomic weight. All numbers 
could be divided into four classes, of which one 
group was exactly divisible by 4, whilst in the 
others the remainder was 1, 2, or 3. If all 
numbers up to 40 were arranged thus in four 
columns, we got a table such as that represented 
below. In this table, all numbers which had 
chemical elements corresponding to them were 
printed in Arabic numerals, and all numbers with 
which no known element corresponded, in Roman 
characters. 
4n + 3. 

3? 


4n+1. 
1 


4n+ 2. 

Il. 

: 5 
9 
XITI. 
a Vil. 
XXII. 
XXV. 
XXIX. XXX. 
XXXIIT. XXXIV. 
XXXVII. XXXVITI. 

It would be noted that in the first and fourth 
columns there were only two numbers represented 
by Roman figures, whilst in the case of the two 
middle columns very few of the numbers corre- 
sponded to the atomic weights of actual elements. 
From the fourth column it would seem that some- 
thing with an atomic weight equal to 3 had a good 
deal to do with the constitution of the atom, but it 
should be observed that on extension of the series 
to the higher atomic weights we got into difficulties. 

Again, if column No. 1 were studied, it would 
be seen that in general the grouping of the elements 
corresponded with the view that the gain of an a 
particle with atomic weight equal to 4 increased the 
order of the chemical group by 2. Helium with an 
atomic weight of 4 was in group No. 0, and carbon 
with an atomic weight of 12 in group No. 4. 
Oxygen with an atomic weight of 16 was in chemical 
group No. 6, whilst neon, with an atomic weight 
of 20, wasin group No. 8, which was equivalent to 
group No. 0. A similar rule held in general with 
respect to column 4, an increase of the atomic 
weight by 4 raising the chemical group by 2. 

Tn concluding, Professor Thomson said that he 
was afraid his course of lectures had led to a very 
tentative view of the structure of the atom; but 
this view had been built up out of very new 
material, since neither the corpuscle nor the a par- 
ticle was known to science twenty years ago, and 
he ho that future studies would afford the 
potentiality of explaining more adequately the 
very numerous properties of the atom. 


XXX 





INJURIES TO MISCHIEVOUS 
CHILDREN. 
TxHosE who are concerned with the management 
of factories, and other premises where moving or 
movable machinery is more or less exposed to the 





public, are always concerned for the safety of un- 





invited visitors. The majority of such visitors 
are children ; the majority of such children are 
on the lookout for opportunities for mischief. 
What is the responsibility of the owner of a crane 
or other machine by which a child injures itself or 
its companion? We advert to this matter because 
of a mistake which has recently been discovered 
in the Law Reports. Unless the existence of that 
mistake is made widely known, there is some 
danger of persons being improperly saddled with 
liability, because their advisers may be misled by 
the mistake in question. Although the Law Reports 
frequently contain records of judicial error, it is but 
fair to say that they can seldom be attacked on 
the ground of inaccuracy. The story may be briefly 
told. In the case of Latham v. R. Johnson and 
Nephew (Limited) (1913), 1 K. B. 398, an action was 
brought to recover damages for injury sustained bya 
childin the following circumstances. The defendants 
owned a plot of unfenced waste land, to which the 
— had access. The plaintiff, a small child, 

tween two and three years of age, was playing 
on a heap of paving-stones, when one of the stones 
fell upon her hand, and she was injured. A jury 
found that children were allowed to play on the 
land, that there was no ‘‘ invitation ” to the plaintiff 
to use the land unaccompanied, that the defendants 
ought to have known that there was a likelihood of 
children being injured by the stones, and that the 
defendants did not take reasonable care to prevent 
children being injured thereby. Upon these findings 
Mr. Justice Scrutton, following Cooke v. Midland 
Railway (1909), A.C., 229, gave judgment for the 
plaintiff ; but the Court of Appeal reversed his 
finding, holding that, there being neither allure- 
ment nor trap, nor invitation, nor dangerous object 
placed upon the land, the defendants were not 
liable. 

This decision appears to us to accord with 
good sense and justice. That the case ever “ got 
on its legs ” at all is probably due to the case of 
Cooke v. Midland Railway (supra), in which 
the law was stretched to its furthest limit in 
favour of plaintiffs in actions of this kind ; that 
Cooke v. Midland Railway (supra) should be so 
applied may be due to to the fact pointed out by 
Lord Justice Hamilton in Latham v. Johnson 
(supra) that the head-note, or summary, of Cooke v. 
Midland Railway is incorrect. In that case the 
Midland Railway Company of Ireland had a turn- 
table which could be easily reached through a gap 
in the fence. The path leading to the turntable 
was worn bare. The turntable was not fixed in any 
way, and the bolt which held it could be moved 
with the finger. In the circumstances it formed 
an alluring trap for passing children, one of whom 
was injured and brought an action for damages. 
It was held by the House of Lords that the com- 
pany were liable—as it was to be inferred from the 
special facts of the case that the children had leave 
and license to play with the turntable—leave and 
license to be inferred from their being habitually 
suffered to do so. The head-note in the Law 
Reports, however, stated that the children were 
trespassing. Lord Justice Hamilton observed :— 
‘*This is wrong, at least they were licensees on 
the premises ; and their habit of playing with this 
identical turntable was known to the defendants, 
and counsel admitted that the turntable, in the 
condition in which it actually was on the occasion 
of the accident, was a dangerous plaything for 
children. The error in the head-note—the unfor- 
tunate omission to state the facts—explains, I 
believe, why this case has been so often relied on 
for principles that it does not lay down, and 
applied to facts to which it does not apply.” 

aving drawn attention to this very important 
commentary upon Cooke’s case, the law in its most 
up-tu-date form may be thus briefly stated :— _ 

1. If a child enters upon land without invitation 
(although with knowledge and permission), there 
being no allurement or trap or dangerous object 

laced upon the land, and an accident happens, the 

ndowner is not liable. So if a factory yard was 
constantly left open, and children were allowed to 
enter there without let or hindrance, no liability 
would be incurred unless there was some special 
allurement—e.g., a crane with which boys could 
play 5 or a trap—e.g., a pit, or something of that 
ind. 

2. If a child enters upon land as a trespasser— 
that is to say, without the knowledge, consent, 
or invitation of the owner or occupier—then the 
occupier is not liable, even if there is a trap or 40 
allurement, 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


On Friday last, the 14th inst., an ordinary general 
meeting of the Institution of Mechanical Engineers 
was held at the Institution House, Storey’s Gate, 
§.W., the chair being occupied by the President, 
Sir H. Frederick Donaldson, K.C.B. Before the 
business of the evening was proceeded with, the 
President referred in feeling terms to the great 
loss the Institution had sustained since its last 
meeting by the death of two of its prominent 
members, Sir William Arrol and Sir William H. 
White. Sir William Arrol, he said, was a man 
who brought to the service of engineering and of 
mankind powers of quite unusual greatness. He 
was eminent in his profession, and threw upon it 
and upon everything which he undertook a lustre 
peculiarly his own. His loss was great to both the 
profession and the Institution. The Council that 
day had resolved that a letter of condolence should 
be sent to Lady Arrol and Sir William Arrol’s 
family. 

The death of Sir William H. White touched the 
Institution even more nearly. The Institution 
had had no better friend than Sir William, 
and there was no one who had devoted himself 
more whole-heartedly to the interests of his pro- 
fession and of his fellow members in that profession. 
Sir William had always been a tower of strength on 
the Council, both before the period of his presi- 
dency and during and since that time. He had 
never spared himself in anything which within 
human limits would forward and safeguard the 
interests of the Institution. The Council had 
passed a resolution recording their sense of loss, 
both general and individual, and a letter of condo- 
lence had been prepared, and would be transmitted 
to Lady White endeavouring to express their 
sympathy in her loss. The resolution which had 
been passed by the Council was in the following 
terms :— 

“That the Council of the Institution of Mecha- 
nical Engineers, having heard with the deepest 
regret of the death of Sir William H. White, desire 
to record the feelings of sorrow which the event 
has occasioned to them and to the whole of the 
Institution. Sir William White was President of 
the Institution in 1899 and 1900, and before, 
during, and since that term of office has never 
spared any effort to safeguard the proper rights and 
forward the best interests of the Institution. He 
brought to the aid of the Institution all his great 
gifts of wide knowledge and experience, an un- 
swerving fidelity to all the high ideals he cherished, 
anda personal charm of manner which endeared 
him to all with whom he came in contact. His 
loss to the Institution is most keenly felt.” 

The business of the evening was then proceeded 
with, and the minutes of the previous meeting 
having been read, the President announced that, 
in consequence of the vacancy caused on the 
Council by the election of Sir John Wolfe Barry 
as a Vice-President, the Council had that day 
ee Mr. W. H. Patchell, of London, as a 

ember of Council. This gentleman would retire 
at the next annual general meeting. The Presi- 
dent also announced the results of the ballot for 
the election of new members, 101 candidates being 
found to have been duly elected, and four transfer- 
ences had been made from the class of associate 
member to that of full member. 


Feep-Water HeaATING AND SUPERHEATING IN 
LocoMOTIVES. 


The President then called upon Mr. P. J. Cowan 
to read the paper entitled ‘‘ Some Effects of Super- 
heating and Feed-Water Heating on Locomotive 
Working,” which was jointly contributed by Mr. 
F. H. Trevithick and himself. We begin the pub- 
lication of this paper on page 408 of this issue. 

Mr. Cowan read his paper in abstract, and in the 
course of his réswmé enlarged slightly on the state- 
ments made in the paper concerning the question of 

additional power.” After drawing attention to 
the popular opinion that of two engines the one 
giving at equal loads 25 per cent. economy should 
give at equal rates of firing 334 per cent. increase 
of power, he stated that at Purdue tests had been 
recently conducted on this very point, and the 
authorities there appeared to be disappointed that a 
superheater locomotive which had given 25 per cent. 
economy only showed, when forced to equal rates 
of firing, an increase of 16 per cent. in power. The 
only explanation offered as yet for this by Professor 


|Endsley, who was conducting the tests, was that 
the cylinder efficiency had been found to be 15 per 
cent. less—i.e., 15 per cent. more steam was taken 
per horse-power—with the longer cut-off, corre- 
sponding to the higher rate of output; but it was 
clear that that loss of efficiency could not account 
for the large discrepancy between the compara- 
tively moderate figure actually found and the sea 
increase in power anticipated. 

A consideration of the matter from the point of 
view adopted in the paper gave, Mr. Cowan said, a 
more correct idea of what should be obtained. As 
there indicated, while coal consumption increased 
along the line a of Fig. 2, power only increased 
along the line d of much less slope. The result 
was that for an engine giving an economy of 25 per 
cent. at equal loads, at equal rates of firing an 
increase in output would be obtained of only 
20.4 per cent. instead of the expected 334 per 
cent.; while if allowance were made for the 15 per 
cent. loss of cylinder efficiency which Professor 
Endsley had reported, the 20.4 per cent. was 
brought down to 17.7 per cent. That figure clearly 
much more nearly approached the actual figure 
found, of 16 per cent., than did the anticipated 
tigure of 334 per cent. That method of estimating 
had been embodied in the paper some nine months 
before Professor Endsley had made his report on 
the subject of additional power to the American 
Railway Master Mechanics’ Association last year. 

At the conclusion of Mr. Cowan’s remarks the 
President called for the thanks of the meeting to 
the authors. These were heartily accorded. 

Mr. George J. Churchward was the first speaker 
in the discussion. He thought the Institution owed 
a debt to the authors of the paper for setting out 
in so clear a ‘form the results of a lung series of 
very carefully conducted experiments. It was an 
important point that the experiments had been 
carried out on existing engines, and not on engines 
specially designed ad hoc. That most nearly affected 
both himself and his colleagues in this country, who 
had already designed engines for the maximum limit 
of weight allowed on the road, not only total weight, 
but weight on the axles. In contemplating the 
splendid figures given by the authors, the railway 
engineer met a great stumbling-block when he 
found that he had to allow for another 3 or 4 tons 
on a locomotive already carrying its last permissible 
gramme of weight. The weight difficulty might 
not, however, deter people from endeavouring to 
get what they could out of the smoke-box gases. 

It was always necessary to be building new loco- 
motives in this country, and he would Eee, from 
the attractive figures brought forward, that some- 
body would have the courage to embody the arrange- 
ment in an entirely fresh design. As a matter of 
fact, it would be absolutely necessary to design a 
new locomotive if advantage were to be taken of 
the improvements and arrangements described by 
the authors. A more favourable season for putting 
the facts before the meeting could not have been 
chosen as far as he was concerned. If he might 
use a slang expression, the railway companies were 
being ‘‘ rooked”” in the matter of coal to such an 
extent that anything which looked like saving a 
pound or two a mile was very attractive. More- 
over, if no early reduction in the price of coal were 
to be foreseen, then there would be justification 
for an expenditure to save coal which would have 
been unjustifiable a few years ago. Coal was only 
one expense in the conduct of traffic, and it was of 
no use to spend a sovereign to save 10s. in coal. 
At present prices, however, such savings as the 
authors had indicated would make it worth while 
to spend a good deal of money. 

Continuing, Mr. Churchward said he found it 
difficult to understand the immense losses in 
unburnt fuel appearing from Fig. 2 of the 
authors’ paper. He was not in a position to say 
that on his line they were not losing so much 
as that, but he would be greatly surprised if 
he found such losses to prevail, and, as the 
matter stood, he would take early steps to find out 
whether any such loss did exist. He believed that 
there would be more in the nature of fireworks 

oing on if such losses were a place. On the 
Great Western they had to run from London to 
Plymouth without a stop—a four hours and seven 
minutes’ run—which was not an easy time for the 
fireman. There was, however, no method of 
emptying the smoke-box except vid the chimney, 
or shovelling after the journey was finished. At 
all events, he could not make out such a loss as 
5 ewt. of unburnt sparks on the journey. To some 











extent, of course, modifications of the draught 
arrangement might have more to do with the 
economy than would appear at first sight from the 
figures. So long as it was possible to do the work, 
draught could not be reduced without showing an 
economy in consumption, and he had found that in 
using an exhaust-injector the amount of steam 
taken away from the blast for the purpose of heat- 
ing the feed through the exhaust-imjector had 
necessitated a rather smaller blast-pipe top when 
running at short cut-off ; that, in turn, enforced the 
use of an arrangement for relieving the pressure 
of the blast when doing very hard work up a 
steep incline. This had been achieved by the use 
of an automatic valve under the head of the 
blast-pipe, which, when the pressure got above a 
certain amount, lifted, and automatically enlarged 
the opening from 5} in. to about 6 in. That had to 
be done in order to get good steaming under all 
conditions, when so much was taken from the 
exhaust. 

Mr. Churchward went on to say that he had no 
figures as to the amount of exhaust steam that was 
taken to heat the feed. As was probably known 
to members, a pump was not used on his line, but 
an exhaust-steam injector, which was, of course, 
in effect a heater when using exhaust steam only. 
It heated the feed to about 180 deg. It was assisted 
somewhat with live steam, when standing, and that 
put the figure up to about 210 deg. If the supple- 
mentary injector alluded to by Mr. Cowan were used, 
that sent up the figure to about 280 deg. The Great 
Western Company had gone further than that, but 
not, perhaps, in a direction which would affect coal 
economy. After they had passed the feed-water 
through the exhaust-injector, it was put in at the 
highest available — of the boiler and sprayed 
into the steam. The result of that was that the 
final temperature of the water before falling on 
the boiler water was, as far as could be ascertained, 
just about 40 deg. below the temperature of the 
steam at pressure. He was, of course, speaking of 
fairly high-pressure boilers, and the figures were 
from boilers carrying 225 lb. He was surprised 
that the authors had made no claim in their paper 
for pretty heavy reduction in the wear and tear 
of the boiler, because, in his own experience, the 
heating of feed-water very considerably diminished 
the wear and tear to which a boiler was subject, 
and if there were no coal economy at all it would 
be well worth heating the feed in order to get that 
economy in the boiler .epairs. 

The authors had touched upon a point much dis- 
cussed among locomotive engineers at the present 
time, and that was the question as between 
moderate superheat and high superheat. It was 
hardly needful to remind the meeting that greater 
economy of coal was obtained from high superheat 
than from very low or moderate superheat ; and 
that the higher the superheat the greater the 
trouble, especially with lubrication. The question 
of the amount of superheat to use under ordinary 
conditions was, he thought, one which all locomo- 
tive engineers ought to deal with from the point 
of view of experiments of the kind carried out by 
the authors. It would be highly advantageous to 
know the amount of superheat worth getting before 
there was trouble with cylinders, valves, lubrica- 
tion, &c. In the speaker’s experience, with the 
use of high superheat the renewal of piston- 
rings and valve-rings was so frequently necessary 
that they formed a serious deduction from the 
saving effected. The mere stoppage of a locomo- 
tive for removing valve and piston-rings was a 
matter of importance in a busy season, and in a 
busy shed, where perhaps normally they might 
have one engine less than they should. 

It was, he thought, in many other cases, as with 
the case under discussion, extremely difficult to 
make comparisons and estimate the value of suc- 
cessful experiments carried out on different lines. 
There was, for instance, no standard of value 
whereby a saving on the Lancashire and Yorkshire 
Railway could be compared with a saving made on 
the Great Western, and he believed that it would 
be impracticable to attain to the highest develop- 
ment of the locomotive until locomotive engineers 
were associated in common experiments, for which 
purpose an engine might be employed on each of 
the different railways on trial for a certain period. 
If it had been possible for the authors to have lent 
the speaker the locomotive which was the subject of 
their experiments, he could have better satisfied 
himself as to its merits, or otherwise, for his line. 
A very eminent general manager had suggested 
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that an arrangement should be come to between 
a few of the railways whereby common expe- 
rience of particular engines could be gained ; 
and the speaker would suggest a common fund, 
out of which locomotive after locomotive could 
be built, each company using it for a specified 
period. In this way comparative figures would be 
obtained, which would enable the most perfect 
locomotive to be designed. He had employed a 
high-degree superheat and a little more than 
moderate sapedine (about 120 deg. to 130 deg.), 
combined with very high feed-heating ; but he had 
not done what the authors had done, although he 
would have attempted it had it been practicable 
within the limits of weight. He had not taken out 
any of the large amount of waste heat which to-day 
was going up the chimney through the smoke-box. 
The advantage which the authors had obtained 
must undoubtedly have come from the reduction 
of temperature of the smoke-box—from their own 
estimate, 750 deg. or 800 deg. down to 400 deg. 
In that was an evident saving in B.Th.U., from 
which there was no escape. He thought, there- 
fore, that in this country locomotive engineers had 
not gone far enough. sf he had a suitable smoke- 
box, he would have seen if he could not effect 
some of the saving ; but he feared that the design 
of smoke-box necessary for the purpose would have 
to be very elaborate. 

Mr. George Hughes, who continued the discus- 
sion, said that probably most members would be 
familiar with the kind of smoke-box in use on the 
Lancashire and Yorkshire line. In one design this 
box was 5 ft. 7in. in diameter and nearly that in 
length, and had only two pipes inside of it. On 
looking at the design shown by the authors in 
Figs. 34 to 36 of the paper, and reflecting on 
what took place inside it, the complications of 
the Egyptian engines alarmed him, although the 
results obtained were eminently attractive. It was 
a curious circumstance that all discussions on the 
locomotive problem apparently turned on the 
boiler, the fire- box, or the blast - pipe. The 
authors oe! ——- —— this om een wee 
as they , in their first paragraph, completely 
covered this ground. He would yen Fone to 
paraphrase an important observation in the first 
wg by sa: that it was a well-ascertained 
act that, for all practical purposes, the horse- 

wer developed after a locomotive and train 
rst got under weigh was virtually a constant. In 
other words, and as the authors had put it, the 
horse-power was dependent upon the amount of 
steam the boiler could produce. This was reall 
the pivot of the superheating question. Whic 
kind of steam would do the most work, a large 
quantity or heavy weight of saturated steam, or 
a lighter weight of superheated steam / 

In regard to the provision at al loads, also 
mentioned in the first paragraph, “Mr. Churchward 
would sympathise with him when he said that he 
had often been much concerned at seeing big 
engines careering about the country with only a 
light load behind ; nor would Mr. Churchward be 
satisfied, as he himself was not, with the ex- 
planation that it was a balanced trip, or that 
it would be loaded up later on in the journey. 
On the Lancashire and Yorkshire Railway ex- 
periments had been made with a dynamometer 
car on certain trains, on which a heavy 
engine was loaded up with an equal load to a 
lighter engine. The experiments were carried out 
under conditions which, as far as possible, were 
recisely similar, the same driver and fireman 

ing — In the result they had found 
that the heavy engine hauled the light engine 
load with an economy of 1 cwt. of coal per 1 
tons hauled. 

Continuing, Mr. Hughes said he thought the 
first nine pages of the paper would afford the foun- 
dation for the drawing-office ‘* ready-reckoner”’ of 
the future, when locomotive superintendents had 
to deal with questions of superheating, compound- 
ing, feed-heating, or any other devices for obtaining 
fuel economy. So far, in the drawing-office these 
facts merely were borne in mind; that of the 
available heat from the fire-box only 65 to 70 
per cent. was obtained in saturated steam at 
the regulator ; that in the transference of heat 
into work only 8 per cent. was obtained at the 
piston; and that, as a consequence of friction, 
there would be only 5.6 per cent. at the draw- 
bar. According to his experience, superheating 
improved the figure from 6.6 to 6.5 per cent. 
The authors had shown, in the course of the first 





nine pages of the paper, that the locomotive boiler 
degenerated as it was forced, and he wished to 
emphasise that point, because it was his suspicion 
that the non-heater engines referred to were 
overloaded, and that being the case, the heater 
engines obtained an undue advantage. The 
authors had carefully tried one thing at a time, 
and then the several things in combination, and 
they had lucidly worked out the results obtained 
and had assigned to each detail its respective 
credit. It was difficult to grasp such a paper at 
one reading, but it appeared that there was a 
remarkable set of six conditions to deal with. 
There was, in the first place, simple feed-heat 
from the pump, giving 25 deg. to 30 deg., and 
bringing the feed up to 90 deg. Then this figure, 
plus something from the cylinders, brought the 
degrees of heat up to 210 deg. Then these two, 
= the heater in. series in the smoke - box, 
rought up the figure to about 290 deg. Then 
was to be added moderate superheat, then high 
—- and, finally, any combination of the 
ve. 

Taking these things step by step offered a precise 
summary of the paper. The first set of figures 
related to results of high-feed installation at a 
temperature of 270 deg. He would not deal with 
the figures on the tests, because in the second 
series the results of test figures were not given, 
but service figures were ; and in the first set the 
authors had remarked that the coal was for train 
service only ; while in the second set it was stated 
that the coal was for full service. There was, 
therefore, no strict comparison. Moreover, speaking 
generally, the tests were on one engine only, which 
had, perhaps, points of parallel with an only child. 
The results on the 270 deg. feed-heat pump system 
gave 22, 27, and 18 per cent. saving, but the authors 
stated in the text that generally this saving was 
18 to 204 per cent. Personally he regarded 
the 27 per cent. as the weak link in the chain, 
because in the next series of tests, with feed at 
210 deg. and moderate superheat (85 to 90 deg.), 
the saving shown was 30.8 per cent., 20 rad 
cent. over the De Glehn. He would ask whether 
the additional complications of the smoke-box 
were really worth that 3 per cent. economy when 
cost and maintenance were taken into considera- 
tion. Moreover, in the second series of tests the 
authors stated that the De Glehn engines, 
which were really 20 tons heavier than the 
non-heaters, were now doi the work, which 
rather served as proof that the non-heaters had 
been overloaded. In the third series of tests, 
with high feed and high superheat, extraordinarily 
high figures were given, but, judging from the 
phraseology used by the authors, it seemed to him 
that they were scarcely satisfied with the grounds 
upon which these figures rested. 

In connection with the first set of results, Fig. 13 

ve the coal consumption per ton-mile for engines 

os. 711 and 695, and upon this diagram he would 
like to enlarge a little. The curve for the heater 
engine (711) was down at the bottom of the 
square. The authors were perfectly justified in 
drawing up the diagram as they had done, but he 
submitted that a truer perspective would be 
obtained if the diagram were extended somewhat. 
If it were drawn to a smaller scale, so that ‘‘ coal 
per ton mile” up toa figure of 0.220 was shown, 
and ‘‘tare load behind tender” up to a figure of 
600 tons, he thought it could be found that curves 
plotted from the figures given in Table 8 of his 
ps er on ‘‘Compounding and Superheating,” read 

ore the Institution in 1910, would lie in the 
upper right-hand corner of the diagram, thus 


00} showing heavier loads hauled for heavier consump- 


tion as compared with the authors’ 2 

On the Lancashire and Yorkshire Railway 
exhaust injectors had been tried, but these, as 
against the 9 per cent. thermal gain claimed by 
the authors, had only yielded 4 per cent., and a 
great deal of trouble had arisen from the need 
for separating out the oil. Two large engines, 
fitted with well-known superheaters, had recently 
been put on the road, with enco ing results, so 
far, although the investigation was not made from 
the ton-mile standpoint. With regard to super- 
heating, he would submit a few figures in relation 
to the superheater engines on his company’s line. 
So far, his experience had only been with the 
Schmidt superheater. He had now running 67 
engines 80 Rtted, and 20 superheater engines had 
been running in competition with 20 non-super- 
heater engines, with results as follows :— 





a an nd Non-Superheater 
ngines. 


Engines. 
Ton-mal 39,208,608 270,940,977 
‘on-mileage = 
Total coal consump- 


270,940,977 

tion ee Ib. 63,974,731 63,397,584 
These figures indicated an economy of 13.4 per 
cent. per train-mile and 18.3 per cent. per ton-mile, 
Of course, the figures submitted were Soot figures, 
and involved the ‘‘ human element ” very consider. 
ably, but he could safely say that had the experi- 
ments been carried out on absolute test conditions 
a further 5 per cent. would have to be added. In 
conclusion, he would observe, after an experience 
of six years, that superheater engines did not cost 
more for maintenance than non-superheater engines, 
The discussion was then adjourned to an extra 
meeting, to be held on Thursday, April 3. It 
should be noted that Friday, April 4, was originally 
given as the date of the extra meeting, but it has 

not been found possible to hold it on that day. 
The President, in bringing the proceedings to 
a close, announced that the next ordinary meeting 
would be held on Friday, April 18, when he 
would deliver his address. He also announced 
that the annual dinner of the Institution would be 
held on Thursday, April 17, but that, in conse- 
quence of the incomplete state of the building 
operations, the conversazione, originally arranged 
to be held in May, would be held later in the year. 


Mileage 





NOTES. 
Fire Extinction sy Frorny Liguips. 

Tue British Fire-Prevention Committee gives, 
in its Red Book No. 177, an account of some fire 
tests of the ‘‘ Perfect” extinguishers, which they 
conducted in Regent’s Park last September. The 
—— under investigation were submitted by 
the Schaumlésch- Verfahren Perfect, of Berlin, 
and the tests concerned, in particular, the extine- 
tion of petrol fires. These tests, it is stated, were 
largely successful, and the extinguishers proved 
likewise effective on celluloid fires. We described 
the system in our issue of January 17, 1912, on 
page 52 of vol. xciii., when iculars of some 
very large-scale tests were published. According 
to the system a frothy mixture of two liquids, 
solutions in water of sodium bicarbonate, to 
which a foam-producing organic compound is 
added, and of sulphuric acid and some alumi- 
nium salt, is fo through the hose or directly 

ured on the fire; the foam spreads over the 

urning petrol or other materials and stifles 
the flames, both by excluding the air and by 
covering the flames and burning material with 
bubbles of carbon dioxide. For conducting the 
experiments in Regent’s Park several stone 
huts had been erected, and five kinds of appli- 
ances had been provided; the Committee sup- 
plied the materials for test, except the petrol, 
which was Pratt’s ‘‘ Perfection” motor spirit. 
The apparatus consisted of various hand appli- 
ances of the turnover and gravity types, two- 
wheeled pumps to be worked by two or three men, 
and a small fixed installation, mounted on the top 
of one of the huts; in this last case the mixture was 
discharged directly over the burning liquid. The 
Red Book enumerates thirteen different tests, but 
the ten tests with petrol fires are all comprised 
under one number, so that there were in reality 
twenty-three tests. The maximum amount of 
petrol under fire at a time was 24 gallons, and the 
time allowed to elapse between lighting the fire 
and starting the extinction did not exceed 60 seconds; 
extinction was mostly realised within a minute, 
but in two cases it took 3 and 5 minutes. The 
petrol was contained in iron tanks or troughs, opeD 
or partly covered, or in a kind of cellar, or spread 
on acement floor. In the other tests the condi- 
tions of a bed-room and of a stable were imitated, 
packing-cases were stacked up, straw and w 
were piled up, dry or wet, celluloid objects 
were placed in different parts of a hut, rub- 
bish, wood shavings, oily cotton rags, and waste 
paper were heaped up, &c.; tar barrels were also 
tried. The tests were on a smaller scale than 
those we previously noticed, and also than 
those made at Antwerp last year, when oil fires 
were particularly dealt with. But they were of 
a more varied character and partly adapted to the 
conditions which would be met with in burning 
houses. The points are, of course, rapid extine- 
tion of a conflagration with as little damage as pos- 
sible to the materials, and prevention of s spon- 
taneous second outbreak of the fire after its 
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apparent extinction. There would be danger of 
the latter after the foam had settled and the carbon 
dioxide evaporated. No such cases are reported, 
however, though logs continued to smoulder in a 
few instances. 


Tue DesIGN AND ConstRuUCTION oF SHOP CRANES. 


We well remember the time when it was very 
difficult, nay, almost impossible, te find any 
printed information regarding the construction of 
cranes. The subject was not considered of sufli- 
cient importance to engage the attention of authors, 
while makers of repute were very reticent in giving 
publicity to their designs. Things have altered 
since then, however, and now all kinds of lifting 
tackle have received the attention of technical 
writers ; and at the present time, whether as a 
result of this or of the general advance in engi- 
neering education, the improvement in the design 
and construction of cranes turned out by 
makers is very noticeable. In the days when we 
first wielded the hammer and chisel almost the 
roughest class of workmanship was regarded as 
feo enough to bestow on lifting appliances. 

is, however, is not true at the present time, 
the care and thought brought to r by many 
makers in the construction of their cranes leaving 
little to be desired. On the other hand, we still 
find cranes turned out the defects of which 
recall vividly the days of our youth. This being 
so, the many practical hints given in a paper 
entitled ‘‘Shop Cranes: Their Design and Con- 
struction,” read recently before the Birmingham 
Association of Mechanical Engineers, by Mr. 
Frank W. Suffield, A.M.I. Mech. E., will prove of 
value. The experienced makers may not need the 
hints, and can be left to themselves ; but there are 
others to whom the advice given may prove of 
benefit, for it is thoroughly practical, and is 
not enveloped in abstruse theory. Most of the 
important points are touched upon, and things 
particularly to be avoided are brought to the 
front. One of these points, which it is well 
should not be missed, is, we fear, too often found 
in the cheap cranes. It is the way in which 


the travelling wheels of the end carriages are fixed. | P' 


Referring to this matter, the author says: ‘‘ One 
of the greatest objections to the cheap crane is 
allowing these wheels to be bushed and run loose 
on the spindles, and this is one of the many bad 
features which are adopted to cheapen the cost of 
a marketable crane ; and, further, this is seldom 
noticed by buyers, who do not trouble to look into 
details, or get anyone to assist them who may 
know.” Another point which, perhaps, requires 
rather more attention than is sometimes given to 
it, is the consideration of lateral stresses due to the 
sudden stoppage of high-speed cranes, for there 
are occasions when such cranes, travelling with 
their full load, are pulled up in a short space. The 
stresses produced under such conditions should be 
carefully provided for, otherwise distortion may 
result. Some practical examples are given of the 
method of calculating the stresses on the main 
girders, and suggestions are also made as to the 
most suitable type of girders to use for different 
spans, 


Tat Openine or THE CarNncrorD New Reservoir. 


On Saturday last, the 15th inst., under condi- 
tons most favourable, save for a strong and bitter 
vind that raised more dust than was pleasant, the 
tye new reservoir at Chingford was opened by 
His Majesty the King, accompanied by the Queen. 
is great reservoir, the latest important work of 
the Metropolitan Water Board, has been so 
teeently and thoroughly described in our pages 
(see our issues of February 14 and March 14) that 
tis not necessary to go over the ground again. 
Itis, however, such an exceptional piece of work, 
more particularly with regard to the pumping 
plant, that the presence of their Majesties at the 
+ eabaagge seemed perfectly natural. When 
Jesty pressed the electric button which 

put the five pumps in operation the flood water 
Which poured down the wide cascade into the reser- 
‘or was most impressive. The novelty of these 
tew internal-combustion pumps secured for them 
gteater share of the Ro and public interest 
r+ opening ceremony. Under other con- 
tions, the reservoir itself, and all the many 
necessary works attaching to it, would have 
= a greater degree of attention. It is, we 
‘eve, seldom that such a large body of water 
% 3,000,060,000 gallons has been impounded on 


good | 


flat land by an artificial embankment formed all 


round it. Of course, far greater areas of water 
have been artificially impounded, and much larger 
volumes have been stored, but it has been done, 
not by building embankments round the site on 
which the water was destined to lie, but by dam- 
ming up the necks of narrow valleys. This reservoir 
at Chingford has an extreme length at the water- 
line of 1 mile 1190 yards, and its area, includin 
the banks, is about 500 acres, the actual area of 
the water being about 416 acres. Two million 
four hundred thousand cubic yards of earth, &., 
went to form its embankments, which have a total 
length of 43 miles. The proceedings last Saturday 
went off without a hitch, everything being well 
organised and arranged. On Monday last the 
Pump and Power Company, the owners of the 
Humphrey Patents for the internal-combustion 
pump, invited a large number of engineers to see the 
installation at Chingford under more favourable 
conditions than were ible on the ceremonial 
occasion of last Saturday. One man was detailed 
to start three of the pumps, and got them into 
action in 1 minute 50 seconds. In these pum 
there is practically no suction lift, but Mr. 
Humphrey explained that the ordinary type 
of pump will lift its water 10 ft., and with the 
aid of some extra appliances, 18 ft., while 
on the delivery side a head of 300 ft. has been 
successfully attempted. In Germany there is a 
pump using paraflin oil, instead of gas, as fuel. 
The noticeable feature at Chingford is the small 
size of the gas-generating plant as compared with 
the great mass of water fitted. What is the exact 
weight of coal consumed per pump horse-power yet 
remains to be proved by the official tests, but it is 
confidently expected to be distinctly below 1 Ib., 
a figure which will appeal to engineers in charge of 
large pumping plants in all parts of the world. 





Russian Coat.—At the instance of the Russian De- 
partment for a. investigations into 
the quality of the metz coal are to be undertaken. 
They will not only apply to coal actually mined, but 
also to the deposits, extensive borings and analyses being 
roposed. On the basis of t tests commercial names 
or marks will subsequently be decided upon. This will be 
a new departure in the Russian coal le. The fixing of 
the marks and the careful analyses will also tend to 
expedite a decision as to whether Russian coal can be 
substituted for English. 





CANADIAN CHAMBER OF ComMMERCE IN LonDON.—The 
ian Chamber of Commerce in London has for some 
time been endeavouring to impress upon local authorities 
in Canada the advisability of giving such notice of their 
requirements for public works and municipal and other 
ogee as will enable British manufacturers to compete, 
as far as time is concerned, with their more favourably 
(geographically) situated competitors. A number of 
municipalities and other purchasing bodies in Canada 
have now arranged to furnish the ber with early 
notice of any appropriation which may be made for con- 
structional and other purposes where it is practicable for 
the British manufacturer to compete. Copies of tender- 
forms and specifications have also been promised to arrive 
in London in such time as to enable tenderers on this side to 
odge their completed forms in time to receive considera- 
tion. The Chamber, whose address is in Northumberland- 
avenue, W.C., are now pre to receive the names of 
any British manufacturers who are desirous of competing 
for Canadian trade, and who would be /glad to receive 
early notification of Canadian requirements in their par- 
ticular line of business. Upon receipt of such names the 
Chamber will arrange such channel of communication as 
would appear to be the most practical and effective. 





THE INSTITUTION OF AUTOMOBILE ENGINEERS.—On 
Wednesday, the 12th inst., the eighth ordinary meeting 
of the session of this meng | was at the Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, 
S.W., and a paper entitled “‘ Heavy Motor Vehicles” 
was read by Messrs. Geo. W. Watson and D. 8, Ken- 
nedy. It was announced that the Council of the Insti- 
tution have under consideration the practical results that 
may be expected to arise from the paper recently read on 
the ‘‘ Training of Automobile Engineers.” Many of the 
personal opinions expressed during the discussion will be 
carefully considered, and a report on the subject will be 
issued. It is expected that from this —— a schedule 
of information will be drawn up which will prove of great 
benefit to those contemplating putting their sons into 
the industry. Pa; lealing with Magnetos, Trans- 
mission Gearing, terials, Beari &c., have already 
been offered for the next session. Institution has 
already got a branch at Manchester, and other 
branches are being contemplated. It is ed that 
up to the t time twenty members of the Institution 
have stated their intention of attending the forthcoming 
visit to the United States. The party will leave London 


on May 17, before which date it is expected that it will 
number about fifty. It is very desirous that the names 





of all who intend making the trip should be sent to the 
secietury as soon as possible. 


2,480, 


GERMANY’S FOREIGN TRADE IN COAL 
AND IRON, &c., IN 1912. 


As in most other countries, last year was in 
Germany one of marked industrial and commercial 
activity. Exports showed a very material increase of 
8.8 per cent., or 782,000,000 marks, as compared with 
the previous year, whilst the corresponding res for 
the imports were 5.7 per cent., or 586,000,000 marks. 
We append a table giving the figures for the last 
five years, which show a continuous and very material 
growth :— 


Imports. Exports. 

Marks. Marks. 
1908 ... 7,666,000,000 6,399,000, 000 
1909 ... es 8,526,000, 000 6,594,000, 000 
1910 ... - 8,934,000, 000 7, 474,000,000 
ss “a 9,706,000, 000 8, 106,000,000 
1912 .. ...  10,292,000,000 ~8,888,000,000 


The excess of imports for the last five years were re 
spectively 1,267,000,000, 1.932,000,000, 1,460,000,000, 
1,600,000,000, and 1,404,000,000 marks. During the 
last five years the increase of Germany’s foreign trade 
has amounted to an aggregate of 2,420,000,000 marks, 
or 31.6 per cent. for imports, and 38.9 per cent., or 
,000 marks, for exports. German statistics 
point to the fact that in England the increase in 
exports last year was only 6.8 per cent., and in 
imports 8.6 per cent. 

n the export side of Germany’s trade in 1912 the 
following branches show the largest: amounts :— 


Marks. 

Metals and metal goods... ... 1,649,000,000 

iculture and forest produce, 

doth “ie nie oe ... 1,465,000,000 
Textile industry... re 455,000,000 
Machinery, electric articles 1,016,000,000 
Chemical industry ... 1,000,000 
Minerals, &c. * ana Kes 764,000,000 
Leather goods i -_ ie 504,000, 


On the import side the products of agriculture and 
forestry head the list with the formidable figure of 
6,891,000,000 marks ; the imports of minerals, &c., 
account for 963,000,000 marks ; textiles for 848,000,000 
marks; metals and metal goods (as in the case of 
exports, exclusive of gold, silver, &c.) for 559,000,000 
marks. Amongst the minerals the imports of iron ore 
showed a considerable increase—from 10,820,000,000 kg. 
in 1911 to 12,120,000,000 kg. in 1912, which means 
an increase of 12 percent. It may be of interest to 
point out in this connection that out of Germany’s 
aggregate mining products in 1912, which represent 
a value of more than 2,000,000,000 marks, about 
five-sixths refer to coal and lignite, and only one- 
sixth to ores. Germany’s principal imports of iron 
ore during last year came from the following 
countries: — Sweden, 3,870,000,000 kg.; Spain, 
3,720,000,000 kg. ; and France, 2, 690,000,000 kg. 
The export of German iron ore receded from 
2, 580,000,000 kg. in 1911 to 2,300,000,000 kg. in 
1912. 

For the German coal-mining industry last year was 
a record year, both as regards production export ; 
the figures would have been still larger had not the 
lack of rolling-stock sadly impeded the traffic durin 
the months of September and October and part o 
November. The imports of coal, &c., on the other 
hand, showed a decrease. 

The following table gives the particulars of Ger- 
many’s production, export, import, and home con- 
sumption (the stocks not being poe | accounted 
for) of coal, coke, lignites, and briquettes for the 
years 1911 and 1912 :— 


| Production. 








Imports. 

1912, 1911. 1912. 1911. 

tons tons tons | tons 
Coal -+| 177,095,000 160,742,000 10,380,000 | 10,914,000 
Coke 29,141,000 405,000 590,000 | 599,000 
ite ..| 82,340,000 73,617,000 7,266,000 7,069,000 
Briquettes | 24,392,000 21,828,000 | 188,000 | 211,000 
Exports. Germany’s Consumption. 

1912. 1911. 1912. 1911. 

| a 7. im tons tons 
Coal 31,343,000 | 27,412,000 | 156,332,000, 144,244,000 
Coke ..| 5,849,000 | 4,560,000 | 23,882,000 2,144,000 
Lignite ..| — 57,000} 58,000 | 89,549,000, 80,628,000 
Briquettes | 2/747,000 | 2,478,000 | 21,833,000, 19,661,000 





The chemical industry in Germany has now attained 
to such a position that the fluctuating markets do not 
seem to influence it greatly, but last year was very 
satisfactory. 

Germany’s iron industry did exceedingly well 
during last year, the exports showing an increase 
318,590,000 marks as compared with 1910, and 





161,650,000 marks as compared with 1911. The 
surplus value of exports in the iron industry, 
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the balance of exports over imports amounted to 
967,110,000 marks for the year 1912, and 911,440,000 
marks for 1911. 

The exports of the different leading manufactures 


were :— 
1912. 1911. 
tons 
822, 164 
1,174,213 
651,415 
408,181 


Pig iron ... i 
Scrap iron, &c. ... 
Half-finished goods 
Girders ... ws 
Other hammered iron in 
“a ee = 
Rails a ae a 
Other railroad material 
Rolling-stock ; 
Heavy plates... es 
Medium and fine plates 
Rolled tubes... A 


297,331 296,273 
124,711 113,591 
229,061 166, 566 
Wire ig 432,674 404,560 
Wire nails 54,332 58,055 
The exports of the German machine industry during 
1912 amounted in value to 628,000,000 marks—an 
increase of 84,000,000 marks as compared with the 
previous year. 





EXPERIENCE AT SEA WITH OIL-ENGINED 
SHIPS. 

Tue Jutlandia and Selandia are two oil-engined ships 
which have attrae great interest, and the general 
results of their working at sea are therefore important. 
These are given in the annual report of the owners of the 
East Asiatic Company, Limited, Copenhagen. The 
directors state that the experience gained by the perform- 
ance of these vessels came up to expectations. The 
motors worked satisfactorily in the different weathers 
and climates, and the two essential points — namely, 
savings derived from the consumption of oil as compared 
with that of coal, and the increased earnings from 
freight owing to the comparatively larger carrying capa- 
city of the motor-ships, fulfilled expectations. 

The company have now in course of construction 
seven additional motor-vessels, aggregating about 60,000 
tons dead-weight, as well as installations of Diesel 
engines for the s.s. Bandon, Chumpon, and Pangan. 
These range from 7000 to 10,000 tons dead-weight 
carrying capacity, and have engines of from 4100 to 2500 
indicated horse-power. The vessels of the company are 
specially built for liner service, and are therefore more 
expensive than ordinary cargo vessels. The average 
cost per dead-weight-ton of the vessels built to the order 
of the company up to the close of 1911 amounted to 
10/. 13s. 10d, whereas for the vessels under construction 
it will amount to 10/. 18s., or only about 4s. more, 
although three-fourths of the new tonnage are motor- 
vessels. This is due to the fact that larger ships of 
the company’s type are comparatively cheaper than 
smaller vessels. 

In an appendix to the report it is stated that if the 
Selandia and Jutlandia had been fitted with steam-engines 
equivalent as regards power to their Diesel engines, their 
coal consumption would have averaged about 40 tons in 
24 hours, whereas the oil consumption on their maiden 
voyages averaged 9 tons per 24 hours, and has since been 
gradually reduced to 8 tons. The design of the Diesel 
enginesin the motor-vessels now building to the order of 
the company has been improved, and a further reduc- 
tion in the oil consumption is expected. Owing to the 
high temperature prevailing in the stokeholds of steamers 
in the Tropics, particularly in the Red Sea, difficulties 
are usually experienced—often accompanied by greater 
consumption of coal— in keeping up steam on the 
boilers, followed by decrease in speed. In motor-ships 
these circumstances are reversed. The thick oil used 
for the Diesel engine becomes thinner under the influence 
of the tropical heat. This improves the automatic injec- 
tion, whereby the consumption of oil is reduced while the 
8 increases. There have been no difficulties in the 

ropics in keeping the engines cool by means of sea or 
river water. A steamship, especially after a stay of several 
days in port, requires from 12 to 24 hours for raising steam 
and making the engines ready to start, whereas the marine 
oil-engine is ready to start at a few minutes’ notice. 
The marine boiler, including the piping, &c., is a source 
of considerable expenditure for maintenance. ‘The boilers, 
when a steamship grows older, are its weak point, and 
usually require extensive — and renewals. The 
same applies to those parts of the vessel surrounding the 
boiler space, such as the bottom and sides of the ship, 
which are comparatively soon affected by corrosion 
caused by the heat radiating from the boilers as well as 
by the moisture contained in the coals, thereby affecting 
the vessel’s sides in places where coal is bunkered. This 
drawback is dispensed with in motor-vessels, where no 
boilers are requirec. The bottom tanks, which in a 
steamship are generally used for ballast, usually sea- 
water, causing corrosion, are in motor-vessels employed 
for storing fuel-oil which prevents corrosion, a fact of 
special importance in places difficult of access for general 
maintenance. The bed-plates and fixed parts of the 
Diesel marine engine are heavier than the corresponding 

ts in the marine steam-engine and just as durable. 
The Diesel marine engine has less internal working 
parts and is therefore less complicated than a marine 
steam-engine. The external working parts of the motor 
are just as strong as the ns parts of an ordi- 
nary marine steam-engine.  Selandia, which was 
completed under difficult circumstances in the middle of 
& severe winter, has suffered from fewer initial difficulties 





and troubles than several of the company’s steamships 
during their maiden voyages, The minor shortcomings, 


for instance, in regard to the exhaust-valves have been 
remedied, and the experience gained has been taken advan- 
tage of in the design of the later motors. Judging b 
the data to hand it would appear that the fixed as we 
as the working parts of the Wiesel marine engine have 
as long a life as those of the marine steam-engine, and 
also that repairs and renewals to its workin rts will 
not exceed those to the corresponding parts of the steam- 
engine. 

e smaller weight of the Diesel engine and the fuel- 
oil carried in motor-vessels, as com with the weight 
of the engine and coal in steamships, has resulted in 
larger freight receipts, owing to increased carrying capa- 
city, and to this must be added the considerable advan- 
tage that has accrued from motor-vessels being able to 
cross the river bar at Bangkok, inwards as well as out- 
wards, with a larger quantity of cargo, which would 
otherwise have had to be lightered. 

The engines in the motor-vessels of the Selandia type, 
as well as in the motor-vessels building to the order of the 
company, are of the four-cycle description, but while the 
engines of the Selandia have sixteen cylinders, develop- 
ing 2500 indicated horse-power, the engines of the 
ships now building have only twelve cylinders, occupying 
less 5 but developing greater power. Thus the twelve 
cylinders of the Fionia, now in course of construction, 
will be capable of developing 4100 indicated horse-power. 
The engines of the two-cycle type occupy less space than 
those of the four-cycle description, but the consumption 
of oil, as far as can be ascertained at present, is greater. 








ROYAL METEOROLOGICAL SOCIETY. 

At the monthly meeting of this Society, which was 
held at the Surveyors’ Institution, Great George-street, 
Westminster, on Wednesday evening, the 12th inst., 
Mr. C. J. P. Cave, President, in the chair, a lecture was 
given by Mr. R. G. K. Lempfert, the superintendent of 
the Forecast Department of the Meteorological Office, 
on ‘* Weather Forecasts, Past and Present.” 

He began by tracing the evolution of the modern fore- 
cast service from the beginning, in 1860, under Admiral 
FitzRoy, up to the present time. Meteorological tele- 
graphy formed an important subject of discussion at the 
meeting of the British Association held in Aberdeen in 
1859, under the presidency of the Prince Consort, and 
in the following summer the collection of daily tele- 
o-_ reports of the weather was commenced the 

eteorological Department of the Board of Trade, 
now the Meteorological Office. The gradual extension 
of the area from which reports are received was traced, 
and the improvements in the charts and reports illus- 
trated by lantern slides. Throughout the develop- 
ment the newspaper press has taken a promirent part. 
Even before the days of official meteorology, in 1849, 
the Daily News had organised the collection of informa- 
tion by telegraph from a network of stations. In 1875, 
the 7smes started and bore the whole cost of the evening- 
weather service of the Meteorological Office. Subse 
quently the 7imes, Standard, and Daily News shared the 
expense of this service, and it was not until the end of 
1880 that the charges were taken over by the Government. 
Again, from 1877-1880 the New York Herald experimented 
in the application of reports from America to European 
weather, while more recently we had the enterprise of 
the Daily Telegraph in collecting reports from Atlantic 
liners by wireless telegraphy. 

The lecturer then proceeded to describe the present 
organisation of the Meteorological Office for the collec- 
tion of information, for charting it when collected, and 
for communicating it to the public. For the preparation 
of forecasts information is received each day by telegraph 
from 30 British stations and from 40 on the Continent of 
Europe and the islands of the North Atlantic. Informa- 
tion from 30 stations is, however, quite inadequate for 
checking the accuracy of the forecasts. For this purpose 
results from more than 130 stations are used. The forecasts 
are checked separately for wind and weather, the term 
weather being considered in regard to:—(1) Tempera- 
ture ; (2) precipitation ; (3) cloudiness or the reverse ; (4) 
fog. The extension of the period covered by the forecasts 
for “‘Further Outlook” was next described, and the 
application of this to the notification of probable spells of 
fine weather which the Meteorological ce now issues 
to farmers during the summer. 

Mr. Lempfert concluded his lecture by giving an account 
of the organisation of the storm-warning service of the 
Meteorological Office and of the methods used in checking 
the results of the warnings. 








MANCHESTER ASSOCIATION OF ENGINEERS.—The annual 
general meeting of the Manchester Association of Engi- 
neers was held on Saturday last, the 15th inst. From 
the annual — of Council, presented by the secretary 
(Mr. Frank Hazelton), the Association appears to be in a 
very flourishing and ive condition. The past 
year has been notable for considerable increase in 
the membership and in the finances, the total number of 
members on the roll now amounting to 640, and the cash 

to 62967. The president elected for the current 
ear is Dr. Edward Hopkinson, M.A., Director of 
Tessrs. Mather and Platt, Limited, Manchester. On 
the conclusion of the formal business, an interesting 
paper. was read by Mr. A. V. Roe on “Flying 
hines,” in the course of which the lecturer gave the 
comforting assurance that flying is becoming less risky 
each year. At first one aviator was killed for about every 
500 miles flown. The mileage quickly rose to 5000, then 
50,000, and to-day there is about one person killed for 
about 100,000 miles flown. A vote of thanks to the re- 
tiring president (Mr. Charles Day, of Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport) concluded the 
proceedings. 





‘““THE INFLUENCE OF ATR-PUMPS ON THE 
MILITARY EFFICIENCY OF TURBINE. 
DRIVEN WARSHIPS.” 

To THE Eprtor oF ENGINEERING. 

Sz,—I venture the opinion that land turbine engineer 
will be interested in the views expi by Admira 
Anstey during the discussion on Mr. D. B. Morison’s 
paper at the recent meeting of the Institution of Naval 
Architects. Admiral Anstey does not favour the adop. 
tion of small steam-turbines for driving auxilj 
machinery, and bases his conclusions on the increased 
quantity of coal they require relatively to that used by 
small reciprocating engines. The reference which inter. 
ested me was the se te withdrawal of the cop- 
densate from the main condensers of a warship, the 
air being withdrawn by reciprocating air-pumps. The 
cited example was the condenser for a 10,000-horse-power 
main steam-turbine. Assuming a steam consumption of 
12 Ib. per shaft horse-power for the main turbine, the 
quantity of condensate to be removed would be 120,000 1b, 
per hour. Providing a margin of 20 per cent., and 
assuming the water to discharged into a feed-tank 
6 ft. above the condensate pump, then the water horse. 
power would bé 3, and, allowing for a pump efficiency of 
43 per cent., the brake horse-power of the pump turbine 
would be, say, 7. 

If the steam supply to the pump turbine be taken direct 
from the boilers at 2001b. pressure and exhausted at 25 |b, 
above the atmosphere into the low-pressure section of the 
main turbine, then, of the total available heat energy 
passing through the pump turbine, about 65 per cent. is 
available for power uction in the main turbine. 
Assuming it takes 73 lb. of coal per hour to generate the 
total steam passing through the pump turbine, then 
35 per cent. of this, or, say, 26 1b. of coal, are required 
per hour to withdraw the condensate from the ountipane 
of a 10,000-horse-power main turbine—quite a negligible 
quantity if it enables the air-withdrawing capacity of a 
given size of ——- to be doubled, or, alternatively, 
if, for a given air-withdrawing capacity, the size of the 
reciprocating air-pump can alved. 

I take it that the conditions of working on a warship 
are full speed, cruising speed, and harbour duty. Ifa 
centrifugal condensate pump be used in conjunction with 
twin reciprocating air-pumps, both barrels being cooled 
and withdrawing air in parallel, but capable of withdraw- 
ing both air and condensate on the wet and dry principle, 
then surely the condensate pump is purely an adjunct of 
the main turbines, to be used only under full-power con- 
ditions and when the main turbines are working. Such 
a combination appears not only to double the air-with- 
—- capacity of the air-pumps at full power, 
but affords perfect uniformity in the working of 
these pumps in any kind of weather and under extreme 
conditions of on. At cruising speed and for harbour 
duty the centrifugal condensate pump would be shut down. 
The steam consumption of the air-pumps would then be 


-|as at present, and the coal consumed neither more nor 


less. In other words, the military efficiency of the ship 
is maintained. or enhanced at full power without in- 
volving any sacrifice in air-pump coal economy when 
cruising or when in harbour. 

In land turbine installations the reciprocating air-pump 
is rapidly giving place to rotary systems, the exhaust 
from the pump turbine being preferentially used for feed- 
heating, the surplus, if any, being discharged into the 
low-pressure section of the main turbine. 

Yours faithfully, 
M. Hatuipay. 

Bishop Auckland, March 18, 1913. 





REMOVAL OF SCALE FROM BOILERS. 
To THE EprToR oF ENGINEERING. 

S1r,—We are interested to notice in your issue of last 
week a description of a new apparatus for removing 
scale from the inside of steam-boilers. It would seem 
that scraping and percussion are now to be abandoned as 
scale-removing agencies, and intense heat utilised 
instead. 

It is scarcely credible that in these days poe should 
still exercise their ingenuity in devising what are mere 
palliatives of the scale evil, instead of recognising once 
and for all that there is no way of escaping the inconvenl- 
ence and loss by scale, other than the proper 
treatment of the feed-water before it enters the boiler. 

The installation of a reliable water-softener will keep 
boilers and economisers completely free from scale, and 
render all mechanical and chemical scale-removing make- 
shifts totally unnecessary. f 

Yours faithfully, 


March 17, 1913. LassEN AND Host. 








Tue Surveyors’ InstrruTion.—At the council meet 
ing, held on Monday, the 10th inst., proposals were 
adopted for improving the status of holders of the Insti- 
tution diplomas in forestry and ennitary science. 1 
holders of these diplomas will in future be grouped - 
two special sections, each with its chairman, who = 
have a seat upon two of the standing committees “* 
council. Meetings to deal with matters of particuler 
interest to thesections will be called when necessary. | 
examinations will be held annually instead of triennially, 
provided that a sufficient number of candidates wis 
present themselves. In response to a request ren 
to the council by the Land Inquiry Committee, of w 
the Right Hon. A. H. Dyke Acland is chairman 7 
Mr. C. Roden Buxton hon. secretary, that they shou 
give to the committee the advantages of their ex a 
and technical knowledge in elucidating the subject 0 Yo 
inquiry, the council have now sent in their replies to 
questions submitted to them. 
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COMPRESSED AIR 


FOR WORKING 
AUXILIARIES IN SHIPS PROPELLED 
BY INTERNAL-COMBUSTION ENGINES.* 

By W. Reavett, Member. 

WHEN it is decided to equip a modern steamship with 

engines of the in -combustion type, instead of steam- 

engines, for its propulsion, the important problem of how 
best to deal with the auxiliary machinery demands atten- 


tion. It is common knowledge that in several cargo boats | 


fitted with this type of engine the maxim of “‘one experi- 
ment at a time” has been wisely remembered, bo nd 
auxiliary steam-boiler has been installed for deck-winches, 
steering-gear, &c. As confidence in the internal-com- 
bustion engine grows, however, a more excellent way 


Fig.7. DIAGRAM SHEWING VARIATION IN DEMAND FOR STEAM 
ON THE STEERING ENGINES AT THE TRIAL TRIP 


OF S.S. BERWINDVALE. 


Qrb. Feet 


a0 N10 


Fig.2. 


DIAGRAM SHEWING MINIMUM EQUIVALENT AMOUNT OF FREE AIR REQUIRED TO OPERATE § 
STEERING ENGINES;OBSERVATIONS TAKEN ON BOARD S.S. DEUTSCHLAND ON THE § 
VOYAGE TO NEW YORK 10°" APRIL /9/1. 
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will be sought for, and the relatively high fuel-oil con- 
sumption in the boiler of the auxiliary steam plant, which 
has already been experienced, will accelerate that step. 
The object of this paper is to show the advantages of 
ag air for this purpose, and to discuss the 
tions under which it can be most efficiently em- 
yed. The auxiliaries which, in an ordinary cargo- 
t, lend themselves at once to separate treatment are 
steering-engine and the whistle, for even if these are 
Operated by steam in the time-honoured way in a ship 
with internal-combustion engines, when all the rest of 
auxiliaries are worked by steam, it seems unnecessary 
maintain steam during the whole of an ocean voyage 
amply to supply the steering-engine or a whistle, and 
several ships have been, or are being, fitted with means 
for supplying com air for this pa , so that, on 
leaving port, the onkey-engine may shut down. ; 
umerous figures have been obtained by the author in 
r to ascertain the probable air consumption of a 
steering-engine of the ordinary steam type usually used, 
tnd, as might be expected, it was found that when a ship 
‘8 on her course at sea, the quantity of air required for 
Steering is very much less than that which is required 
pen & ship is ing navigated in crowded waters up to 
t berth. When steam, however, is used for auxiliaries, 
— can be retained until the ship is at sea, when 
gp ans may be st down and air ——- 
m u or steering. steam is not used for 
‘uxiliaries, the provision to be made for navigating 
‘arrow waters is discussed Jater. 
The basis on which the author has computed the 
cc of air required for steering has been to ascertain 
cubic contents of the steering-engine cylinders per 
"evolution, to note the pressure required to throw the 





* Paper read bef ‘enti : 
Manna rend ore the Institution of Naval Architects, 











helm hard over when the ship is running at full speed, 


and from these figures to ascertain the equivalent quan- 
ure which would be 
t is required then is to 


tity of free air at atmospheric 
required per revolution. All 





with the steady running on the mile. The demand for 
air when turning is at a very high rate, but, on the other 
hand, the period of this hen demand is very short. 
Attention is particularly drawn to the average air which 


note the varying revolutions made by the steering-engine | would be — for a steering-engine on a ship of this 
on 


as the conditions vary from minute to minute duri 


any | size when 
particular trial, when not only can the maximum and the | the hours of 1.10 p.m. and 2.30 


er course after her trials, as shown between 


m. on the diagram, 


minimum demands for air be ascertained, but the average | when the average air consumption for this period is only 


quantity which is needed. From these fi 
of the compressor and the capacity o 
reservoirs can be determined. 


Fig. 1 shows a diagram in which the fluctuations in | the Reiherstieg Schiffswerfte und 
ired from minute to minute are shown, these | Hamburg, who, it is well known, have completed a 


the air required 
being plotted from res taken on the trial trip of the 
8.8. urwindvale, through the courtesy of 


Raylton, Dixon and Co. The ship is 405 ft. long, 54.2 ft. 
Fu. 





res the size | 20 cub. ft. free air per minute. 
the storage P One of the companies for whom the author’s firm has 


ed a compressed-air steering equipment = that $ 
Tavhdeen abrik, o 


Carels- Diesel engine of about 2000 horse- 
to obtain precise results, this firm kin = wi 
the owners of the ship for exact particulars to be taken 


wer. In order 
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OBSERVATIONS TAKEN AT IPSWICH DOCKS 


ON BOARD S.S.NORFOLK COAST. . 
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beam, and has engines of 3200 indicated horse-power and 
a speed of 12 knots. The effect of the rapid movement 
of the helm when the shi ia teasing whee entering ant 
leaving the measured mile is clearly shown, together 


jand t 


and castera 








each day on a sister ship making a voyage to and from 
America, and equipped with steam engines and boilers, 

fore having steam steering-gear. Complete 
records were taken of the revolutions of the steering- 
one watch each day on both the westward 
: course. ; 

Fig. 2 shows one of these diagrams taken under the 
best conditions of wind and sea, while Fig. 3 shows a 
similar diagram plotted from observations taken during 
stormy weather. These are considered to represent the 
maximum and minimum conditions. As a result the 
design of steering-compressor shown in Fig. 4 was con- 
structed for their ship. , 

A steering Sr ge on these lines is successfully at 
work on the M.S. Rolandseck, with Diesel engines by 
Messrs. Joh. O. Tecklenborg A.-G., of Geestemiinde, and 
the results at sea show that uhder the worst conditions 
there is ee air for steering. The steering-compressor 
is of a double-pressure type, and is of simple construction, 
and arranged to be driven by levers from the main engi 
as shown on the illustration. Most of the air com 
and delivered by this compressor is supplied at the normal 
pressure which would be used by a steering-engine if 
steam-driven. The air is supplied to & reservoir A, and 
from thence to the ee 5 . She remainder of the 
air is compressed to a muc fi her pressure, and delivered 
into reservoir B, which holds it as stored air for an 
°nThe valves for both the | and high-pressure 

e valves for e low-pressure - 
air are controlled from the receivers A and B in such a 
manner that if both of these receivers are filled to their 
desired pressure the compressor is unloaded and throws 
no work upon the agen at all. With a system like this 
the compressor may be generously proportioned so as to 
be of ample size, even in heavy weather, because, under 
favourable conditions, it will run unloaded for most of its 
time. Circumstances might arise, however, where, ¢.g., 
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with the ship going at half s in fog or ice, the helm 
is required tb [ Ak te pet once or twice in quick 
succession. It is for an emergency such as this that the 
high-pressure storage air-reservoir is provided. 

A specially-constructed and automatically-controlled 
valve is fitted on or between the two reservoirs, and is 
controlled by the pressure in A. When this pressure 
falls below a pre-determined —— the stored air passes 
from B into A to supplement that supplied by the low- 
pressure portion of the compressor, and the compressor 
at once begins to supply air at the high pressure also in 
order to replenish the high-pressure receiver B. 

The use of low-pressure air from the three-stage com- 

ressor on the marine-engine itself has been su 
or steering-gear, instead of an independent compressor, 
and by the courtesy of Messrs. Furness, Withy and Co. 
the author is able to state that on the M.S. EHavestone, 
with Carels-Diesel engines, the surplus air supplied by the 
Reavell three-stage compressor been successfully 
used instead of steam in the steering-gear of that ship on 
two complete voyages. This, of course, is only possible 
where the three-stage compressor, from the dictates of 
safety, has been made un wf large, and for several 
reasons, which it is beyond the scope of this paper to 
discuss, it is much more economical to construct the 
main three-stage compressor of proper size for this work 


DIAGRAM SHOWING ENERGY AVAILABLE FOR 
WORK COMPARED WITH ENERGY NEEDED 
FOR COMPRESSION. 


Fig. 6. 
HIGH PRESSURE SYSTEM. 


Work done in Compressor: 42:6, 100= 4260 
Work available in Engine: 100 x 13-1=1310 


when in port, because in an ordinary cargo-boat, if the 
winches are successfully dealt with by another motive 
power, there is no other purpose for which steam is now 

which cannot be served by another power. The 
author’s attention has for some time been directed, there- 
fore, to the determination of the actual conditions under 
which deck-winches operate, so as to find the conditions | 
under which air can be most efficiently substituted for | 
steam. 

The results of these investigations, which are given 
hereafter, show clearly that a different understanding is | 
required between the ship-owner, the shipbuilder, and | 
the engineer before air can be successfully used. The 
author recollects investigating closely the compressed-air | 
equipment demanded to fulfil the requirements of a 

fication sent to his firm for an earlier Diesel-engine | 
ship. It was demanded that the winches—eight in 
number—should be capable of simultaneously lifting their 
maximum load of 5 tons at 80 ft. per minute with a 
pressure of 100 lbs. per sq. in. of compressed air. The 
resultant compressor calculated from this data was of 
such a size that it required an engine nearly half the size 
of the main propelling-engine in the ship to drive it. 

The author then commenced a series of investigations 
to ascertain the exact conditions under which in an ordi- 
nary cargo or coasting-steamer the 3-ton or 5-ton winches 





adjusted so as just to give a sufficient flow of steam to 
enable the winch to run freely to the satisfaction of the 
stevedore. The maximum pressure observed during the 
whole of the investigations did not exceed 16 lb., and 
the average pressure was about 10 Ib. per sq. in. The 
average pressure during unloading of the same vessel at 
Liverpool was 12 lb., the average weight of the goods 
being slightly greater. 

Fig. 5 shows in diagrammatic form the maximum and 
minimum demands for air in a winch operating under 
these conditions, and with suitable air reservoirs and 
pressure control shows also what would be the average 
air to be supplied by the gg ng 

By the courtesy of Mr. Adams, of the Shaw Sayil] 
Line, a number of observations were taken on the as, 
Rangatira, fitted with twelve Wilson winches. Acov- 
rate figures were obtained from the performance of one 
winch to obtain the maximum and minimum pressures 
and average time cycles, while the average loads lifted 
| the other winches were noted. The average weight 
of load lifted was found to be approximately 12 cwt., 
with an average cycle of two minutes, and the heaviest 
lift observed during the day was 30 cwts. With this load 
a pressure of 20 lb. was sufficient to lift it slowly, and 
40 Ib. to liftitrapidly. The pressure required to lift the 
average load at full speed was 20 lb. The average time 
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tig. 7. EXPER(KiENTS WITH ROGERS DUPLEX 
INCH & 70 CUB.FT. REAVELL AIR COMPRESSOR 
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LOW PRESSURE SYSTEM 
Work done in Compressor: 14-44 100~ 1444 
Work available in Engine: 20x428 = 856 


Ratio: $86 ~1t0167 
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| Lbs. per 5¢ In. at Winch. 
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Fig.8. ARRANGEMENT OF TESTING PLANT FOR ASCERTAINING 


AIR CONSUMPTION OF ROGERS WINCH. 

















and to supply a properly-constructed steering-compressor, 
with its reservoirs, for steering, rather than to run the 
risk of prejudicially affecting the proper operation of the 
main compressor, which has such an important function 
to perform in the Diesel engine. 

Vargo Work.—Compressed air having been demon- 
strated to be su simple and suitable for steering purposes, 


TaBLE I.—Observations Made on 8.8. ‘‘ Norfolk Coast” 
at Ipswich. 
Winch, port side of fore hatch. 
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Ave. 7.7 sec.| 9.7 sec. } 
At rate of 13.6 tons 
per hour 


it follows that the donkey-boiler is being carried perma- 





——_—_| only 17.2 seconds, or only one- 
———— | bales did not exceed 64 owt. 














operated. These investi- 
gations showed that 5-ton 
winches do not normally 
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lift 5 tons at 80 ft. per 
minute; that the pres- 
sures usually found in the 











cylinders of winches are 
far less than 80 Ib. per sq. 
in.; that all of the winches 
do not always work to- 











gether; that the portion 
of the complete cycle of 
the operation of a winch 
during which work is 
being performed is rela- 
tively small. For ex- 
ample, in ey | bales 
of goods from a hold to 
the quay the demand for 
































steam is practically limit- 
ed to hoisting, while the 
, oe non of slewing, ey hoisting the empty hook, 

ewing and lowering to hold required practically 
no power. Under these conditions it will be readily seen 
that with sound engineering co-operation between the 
ship-owner, ship-builder, and engineer, a compressed- | 
air plant of relatively small size ean be used and will be 
sufficient. Opportunities were given to the author, through | 
the courtesy of Mr. Roxburgh, of the Powell Line, to take 
complete figures of the unloading of a coasting steamer, 
the Norfolk Coast, in the Port of Ipswich, and at Liver- 
pool. The winches were of the Wilson chain-driven 
type. Table I. shows the result of these investigations 
in Ipswich Docks. 

Dealing with the cycle, it will be observed that the 
average complete cycle of one winch occupied 874 seconds, 
while out of this period the lifting operation occupied 
fifth of the tota] cycle. 
It will also be observed that the average weight of the 


(3356. 0.) 


The most interesting part of these investigations, how- 
ever, relates to the pressure actually requi to operate 
the winch freely under these conditions. There was a 


pressure in the deck-pipes of 90 Ib. - in., and a low 
tached “Firectt to the 





nently in the ship simply for the operation of the winches 





reading pressure was at 
steam-chest of the Sah, and the stop-valve on the winch 





of actual lifting was 10 seconds, giving a ratio to total 
average cycle of two minutes of 1 to 12. 
_ Acalculation based on these observations shows that 
in a vessel of this size and power (5000 horse-power) the 
engine of the auxiliary or manceuvring compressor, ! the 
ship were equipped with Diesel engines, would be amply 
able to drive in port a compressor arranged to operate 
the deck winches with compressed air on this low-pres 
sure basis. aa 
By the courtesy of Messrs. R. and W. Paul, Limited, 
of Ipswich, the author has been enabled to take accurate 
observations of the performance of steam-winches w! 
whipping in cargoes in Ipswich docks. Two ships, 
the s.s. Hlackfriar Gate and the s.s. Brookby, were 
selected, each of approximately 5000 tons cargo capacity, 
and having five cargo holds, dealt with by five win 
built by po Bg Clarke, Chapman and Co., the cylinders 
of the winches being 7 in. by 10 in. The pressures were 
observed in the same manner as before, and when whipp™g 
two sacks, each of 240 lb., or a total of 4} cwt., at a0 
average speed of 300 revolutions per minute, corres 
ponding to about 120 ft. per minute hoisting spee¢, of 
average steam pressure observed in the steam-chest © 
the winch was between 16 Ib. and 20 Ib. per sq. 1n- “th a 
Other observations taken on other vessels, Ww! 
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ure-gauge fitted directly on to the winch-cylinders 
eae nen that the steam pressure actually used in 
the normal working of the winches, whether lifting bales 
of goods or whipping grain or dealing with other cargoes, 
js very much less than the specification of 80 lb. or 100 lb. 
usually asked for. Further, the largest percentage of 
carried, say, by a coasting steamer or a passenger 
and cargo-steamer, or any general cargo-boat dealing with 
other than grain or coal cargoes, is of much less weight 
than the maximum for which the winch is constructed. 
It follows, therefore, that goods can be dealt with at a 
correspondingly low pressure in the winch-cylinders. It 
only remains to consider, if a lower pressure is used with 
sir, what should be done in the small percentage of cases 
where a heavy lift is required. ie 
An investigation into this has shown that a heavy lift is 
usually of an irregular shape, which cannot be efficiently 
dealt with at a high rate of speed, such as £0 ft. or 100 ft. 
per minute in an meg ag cargo-boat, so that with suitably 
arranged back gear in the winch these heavy loads, when 
required, can be also lifted with a low pressure of air. At 
this juncture, therefore, the author would point out that 
the conditions of air-operated winches differ entirely 
from steam-winches from this point of view of pressure. 
Indeed, the steam analogy is a false one when applied to 
sir problems. Further, paradoxical as it may seem, the 
best over-all efficiencies with air can be shown to be ob- 
tainable, other things being equal, when the pressure is 
low rather than when the pressure is hi hen once 
the latent heat of the water is overcome and steam is pro- 
duced, the extra cost of raising that steam to a pressure 
of 100 1b. per sq. in. is negligible. With air, however, 
every pound of extra pressure which is desired has to be 
first put into the air in the air-compressor at the expen- 
diture of an equivalent amount of power in the motor 
driving it. Hence it is that earlier attempts to deal with 
problems on the old lines with com air have 
been wasteful, and the above are the lines on which it is 
possible economically to operate deck-winches by air 


ure. 
yt on to Fig. 6 will illustrate this point. In the 
two diagrams there given, ons shows the diagram result- 
ing from the compression of air in one stage to 100 Ib. 

ure, assuming an absorption of four-tenths of the 
eat of compression ; the other shows the resulting dia- 
gram when compressing to 20 lb. pressure under the same 
conditions. Ifthe air, when compressed, is to be used in 
a deck-winch, the remaining heat of oupre (in 
hatched lines on diagram) which is found in the delivered 
air will have been lost in the receiver, and the air will 
pass to the winches practically cold. The shaded portion 
therefore shows that amount of the diagram which repre- 
rents the compressed air which can be used in the winch. 
For the high-pressure system it will be seen that the ratio 
of the available energy in the air to the work done upon 
the air in the compressor, excluding mechanical loss, is as 
1 to 3.28. With the 20-lb. pressure-diagram, however, 
the ratio of the work available to the work done on 
the air is as 1 to 1.67. In other words, the efficiency 
expressed in these terms of the low-pressure system com- 
pared to the high is as 2 to 1 under the above con- 
ditions of pressure. As to the power required, the 
diagram shows that three times the energy is needed 
to compress the air to 100 lb. as compared with that 
required for 20 lb. If, therefore, it is accepted that 
the lower pressures here dealt with are sufficient, it will 
be seen that the Diesel or semi-Diesel engine used for 
driving the auxiliary compressor can at once be redu 
to one-third the power which will be required if the air is 
compressed to 100 Ib. 

The next point to observe is that the quantity of free 
ar required to fill the cylinders of a winch at 100 lb. pres- 
sure is more than three times as great as that required 
to fill the cylinders to 20 1b. pressure, so that the com- 
pressor required will be one-third of the size, and the 
power required to drive it will again be reduced to one- 
third, or one-ninth of what would be required for the 

machine at 100 lb. pressure. 

The calculations given, which are based on a pressure 
f201b., are not to be taken as an absolute recommenda- 
ton, although the experiments made indicate that pres- 
sures lower even than these are actually found in practice 
to be used. They serve rather as a guide to the direction 
which economy must be sought for in the installation 
of compressed air for auxiliaries, but naturally the selec- 
ton of the proper pressure to use must depend in each 
case Upon investigations based upon the requirements of 
the particular ship until further experience has been 
sccumulated 

Air Reheating.—The diagram on Fig. 7 gives the result 
of a series of experiments carried out at the author's 
works on a 3-ton winch, having cylinders 7 in. by 10 in., 
kindly supplied for the purpose of these trials by Messrs. 
Robt. | rand Co., Limited, of Stockton-on-Tees. The 
intention of these experiments was to ascertain the in- 
paaed efliciency obtainable by heating the delivered air 

ymeans of the exhaust from an oil-engine. 

ig. 8 shows the general appearance of the testing 
dri t, consisting of a Reavell two-cylinder paraffin-engine 
ving a Reavell quadruplex compressor. The exhaust 
gases from the engine were 
the reheater shown, while the body of the reheater 

a used as an air-reservoir, and from it the heated air 
red weg to the winch.. The average figures obtained 
wih t when working under conditions given in Fig. 7 
— Rogers winch, the increased s at which the 
and operated with a fixed speed of the air-compressor 
When engine varied from 12 per cent. to 15 per cent. 
ad —_ air, however, was carried for a long distance 
ditions orld we winch, = +” to Meee f the con- 

: ch wou appen on the deck of a ship, most 
of this heat disappeared. 


The con-lusion arrived at was that unless the air could 


through the tubes — 





be used immediately after leaving the reheater, and 
without passing through a long range of pipes, the extra 
expenditure for reheating was not recouped. The pro- 
visions made by the author for testing the r winch 
included a derrick to represent the average height from 
the hold of a ship to overside, and provisions were made 
for lifting velite of varying amounts, from 3 cwt. to 
12 cwt., both in single and double gear. The results of 
these tests confirm the results already given earlier in 
this paper. The only criticism which can be fairly 
levelled at the low-pressure system is that the propor- 
tion of the total energy in the com air which is 
uselessly absorbed in friction in the deck-winch is greater 
than when a high pressure is used. On the other hand, 
the leakages which at present are frequently observed 
in the working of ordinary deck machinery at the usual 
steam pressures carried, will be enormously reduced with 
a lower air pressure, and may be taken as a set-off against 
this loss. oreover, it must be remembered that in 
ordinary deck-winches no high steam economy is aimed 
at. The period of cut-off is very near the end of the 
stroke, and ay there is scarcely any expansion. 

Advantages of -Pressure Air System.—These con- 
ditions are ideal, however, for low-pressure air, because, 
if no expansion is attempted, there can be no difficulties 
as to freezing in the exhaust, which is sometimes a diffi- 
culty when high-pressure air is used and expanded. All 
refinements as to reheating are unnecessary with a low- 
pressure system. A single uncovered pipe is all that is 
necessary from the air reservoir to the deck-winches. No 
return pipe is needed, and the winch can exhaust freely 
into the atmosphere, and undoubtedly thereby increase 
its efficiency slightly, as compared with the exhaust-pipes 
discharging overside, which are familiar in ordinary 
cargo-boats with steam-winches. No difficulties as to 
condensation will occur, and the general formation of the 
winch, so familiar to seamen and dock hands all over the 
world, can be retained. The cost, therefore, of a pneuma- 
tic deck equipment on these lines may be expected to 
compare very favourably with any scheme of hydraulic 
or electric deck-winches for Diesel-engined ships. Prob- 
ably the only modifications which would be required to 
standard winches would be directed towards improvin 
the efficiencies and reducing the leakage losses, and i 
the experience in constructing com -air ~~ f 
is followed, these modifications could be readily effected. 
ng 3 author would ~ poe yf in nny pany tions 

e has princi y in view the type o! t in 
which the Deel engine is at present being down d, 
and which would also probably be the type of t 
selected for pe experiments with suction gas in gas- 
engines, for which, of course, this pneumatic system 
would be equally ——. 

The remainder of the auxiliary machinery in such boats 
could all be operated directly from the main engines, or 
could be worked by comp air. A donkey-pump 
or ballast-pump, for example, as is well known in mining 
work, can be just as satisfactorily operated with air as 
with steam. When passenger-boats, and cargo-boats 
also carrying mgers, are considered, there is un- 
doubtedly more to be said for the considerable use of 
electricity for auxiliaries, although the author believes 
that, if investigated on correct lines, compressed air will 
even in these cases he found to be a most useful, efficient, 
and economical servant. The author claims, however, 
that for the class of ship whivh this paper principally 
deals with the case for compressed air is an ex ingly 
strong one, when approached on the principles he 
ventured to lay down as the result of his investigations. 

The engine-room of a Diesel-engined cargo-boat usin 
compressed air for the winches, windlass, &c., woul 
therefore be equipped as follows:—The compressor for 
supplying high-pressure air to the main engines would be 
made of just the size required for that purpose, without 
allowing margins for auxiliary purposes. The duplex 
steering system, from levers on the engine, would provide 
comp’ air for steering, and the usual pumps for 
ballast, water circulation, &c., would also be driven by 
these levers, or the scavenging-pump levers if the engine 
is of the two-stroke-cycle type. There would be an 
auxiliary Diesel, or semi-Diesel, engine, which would 
have compressors attached to each eal of its crank-shaft. 
On the one end would be the high-pressure auxiliary, or 
manceuvring, compressor, to be used when starting and 
also navigating the ship in crowded waters, so as to 
supplement the air supply from the main compressor 
when the engine is going dead slow or is sto The 
air from this compressor would also be used to increase 
the air available for steering purposes, and the delivery 
from the compressor would be automatically controlled 
by pressure-regulators, so that no attention would be 

uired beyond lubrication. 

e other compressor would be of the low-pressure 
type for dealing with winches and windlasses; and the 
two compressors would be connected to the auxiliary 
engine by clutches or other simple and suitable means, 
so that when the ship is under way the low-pressure 
compressor can be ey and when the ship reaches 
port and is about to deal with her cargo, the high- ure 
auxiliary compressor can be disengaged, an 6 low- 
ure compressor connected up. 

There would doubtless be other practical details to deal 
with (such as the heating of the officers’ quarters, which 
could be dealt with by a hot-water circulating system, 
instead of a steam system, the heat being obtained from 
the exhaust of the Diesel engine at sea and the auxiliary 
Diesel in dock), but the author ventures to think that on 
its broad lines a good case has been made for the use of 
compressed air for auxiliary machinery. 








Tron MINERALS IN Betcium.—The imports of foreign 
minerals into Belgium last year amounted to 6,415 100 
tons. 
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THE CALCULATION OF STABILITY OF 
SHIPS IN NON-INTACT CONDITIONS.* 
By Professor W. 8. Apg.t, late R.C.N.C., Member. 


§ 1. THE consideration of the effect of damage on the 
safety of a vessel at cea has engaged the attention of 
naval architects for a considerable length of time. The 
principles of the problem are quite well understood ; but 
the detailed methods of caloulation are difficult and 
intricate, and the question has been to seek for devices 
which would shorten labour while obtaining a sufficient 
accuracy of result. 

The author's attention was first directed some five 
years ago to the difficulties of calculation when con- 
sidering in detail the effect of damage on the transverse 
stability of warships. This class of vessel, which is 
particularly well provided with et any subdivision, 
is & most difficult case to investigate; the ordinary pre- 
scribed methods of calculation were soon found unwieldy 
and liable to considerable inaccuracy. Before any sub- 
stantial progress could be made with the investigation, 
it was necessary to find a more satisfactory method of 
treatment, which is given later in the paper. This solu- 
tion of the problem suggested the use of a somewhat 
similar idea in the consideration of longitudinal stability, 
but here it was more particularly applied to the limiting 
amount of damage the ship phe sg withstand without 
foundering. 

§ 2. Damage, generally considered, must affect both 
the original buoyancy and the reserve of buoyancy, caus- 
ing a reduction ineach. The transverse righting moment 
is affected in two ways—by reduction of the percentage 
reserve of buoyancy and by the shift of the centre of 
buoyancy. As regards initial stability, the loss of water- 
line area incidental to the general case must affect the 
position of equilibrium both as is heel and trim. 

The problem is further complicated by the varying 
nature of the contents of the flooded compartments. The 
buoyancy lost per unit volume of space flooded varies not 
only in one particular hold, but also varies with every 
voyage of the vessel, being never probably the same in 
any ticular hold for any two voyages during the 
vessel’s life. Moreover, the cargoes carried outward and 
homeward will vary tly as regards this same quality. 
If, therefore, the effect of damage is to be considered 
quite mepry it is essential that the actual working 
conditions of the veesel be taken into account. 

The object of this paper is, however, not to discuss the 
general question, but to suggest improvements in calcu- 
lation in the hope that, with increased ease of ascertain- 
ment, more consideration will be given to the effect of 
damage on stability than has been the case hitherto. 

§ 3. The curve of transverse stability in the intact 
condition as usually calculated neglects the effect of the 
longitudinal movement of the centre of buoyancy which 
necessarily arises from a large angle of heel. [bt is cer- 
tainly questionable, especially in the case of dam 
occurring at the ends of the vessel, whether it is justi 
able to ignore this movement. On the other hand, it 
is much more simple to make a division of treatment, 
yee tee | transverse and longitudinal movements in- 
dependent y 3 and, if both these can be fairly easily 
obtained, the combination of results is not very difficult. 
Moreover, a full solution of the problem to give a direct 
result, for any position of da: whatever, is so com- 

lex that it would be rarely, if ever, attempted, and, 

urther, is unnecessary for practical purposes. 

Transverse Stability.—§ 4. The amount of damage sup- 
posed to be sustained is shown in Fig. 1, page 406, which 
roughly represents the midship section of a warship. In 
this case the vessel is assumed to be holed both above and 
below water, while the longitudinal extent of the damage 
is probably different for each of the three compartments 
affected—viz., A, B, and C. 

The undamaged ship floats at a water-line Wy Lo, and 
Gp is the assumed centre of gravity for which the ordi- 
nary cross-curves of stability are constructed, being the 
intersection of the normal load water-line and the centre 
line of vessel. Let an estimate of the righting moment 
be considered at an angle @, for which a cross-curve is 
available, and let W, L, be an assumed water-line at this 
angle, which is judged to be nearly correct. 

_The loss of buoyancy, represented in transverse sec- 
tion by the shaded areas, is the difference between the 
displacement of W, 1, and that at W, L,, or expressing 


as an equation 
W,=W,+A+B+C. 


_ It is possible to obtain the displacement for any water- 
line at angle @ from the ordinary cross-curves of stability 
in the manner shown in Appendix I., where the vertical 
distance Gp) H of the true water-line above G, is deter- 
mined. It is thus easy to obtain a correct position of 
water-line by a very little trial and error. In a merchant 
ship, where the whole cross-section is probably flooded, the 
immersed area is readily obtained from the Bonjean 
curvest for the ship, if these are available. The required 
righting couple is the moment of the intact buoyancy 
about Go—i.e., the moment of buoyancy of the intact 
vessel up to the water-line W, L,, less the moments of the 
lost buoyancy which occur at A, B, and C. Now, when 
W, has been determined, the cross-curves give the value 
of Gy Z at angle 0, a short calculation will give the dis- 
tance, say, a, 8, and 7 of the c.g.’s of A, B, and C from a 
vertical line through G,. The true righting moment for 
the damaged vessel is given by :— 

We x Go Zo = W, x Gy Z - Aa- Bs - Cy, 





* Paper read before the Institution of Naval Architects, 
March 13, 1913. 
+ Bonjean curves are the first inte curves of the 





transverse sections. The ordinate of a Bonjean curve 
represents the area of section up to that ordinate. 
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which relation is obtained by taking moments about G 
It is generally sufficient to obtain three spots on t 
curve of stability, one near the assumed angle 
of vanishing oy x one near the maximum righting 
couple, and the tbird is given by the tangent at 0 deg., 
obtained from a calculation of the metacentric height in 
the damaged state. Asa matter of interest , Fig. 2shows 
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an investigation of a merchant vessel of 500 ft. length, 
giving a curve of stability under an assumed case of flood- 
ing, in comparison with an intact curve having the same 
displacement and loading. The loss in this case, which 
is a practical one, save for the fact that the water-ballast 
tanks are empty, shows how _ the stability may be 
affected when the holds are on y partially filled. 

jtudinal —§5. As mentioned briefly 
above, this investigation had for its object the determina- 
tion of the limit of damage which the vessel could with 
stand without going down by the head or stern. 

It might — at first sight that in this case the deck 
erections would have a beneficial effect, even when the 
bulkhead deck had become immersed. Very little cal- 
culation, however, is sufficient to show that when the 
erections extend over about half the length the vessel 
must inevitably founder when the deck-edge is immersed, 
owing to the large loss of water-plane ivertia. For all 
practical purposes, therefore, the maximum damage pos- 
sible is given when the loss of oereeey is sufficient to 
bring the bulkhead deck awash. This supposition is the 
same as that made by the Bulkhead Committee in 1891, 
which body, ene pene may hex the deck-ed ; an 
imaginary margin o ety-line, which wasa s rac- 
tion of the depth below the deck-edge, this small factor 
of safety being presumably taken to ensure some trans- 
verse stability. 

The information sought is therefore the amount of lost 
buoyancy possible toge with its longitudinal position, 
and it is desirable, more ticularly when considering a 
mishap to an actual vessel, to have such information for 
various—say, four —evenly- water-lines. With 
this series of curves it is then possible to obtain the 
limiting lost buoyancy and its position for the vessel 
floating at any possible draught, and thus to eliminate 
from consideration any case of damage which would cause 
the deck-edge to be immersed. 

§ 6. A longitudinal profile of a vessel is shown in 
Fig. 3, where W L represents a limiting water-line which 
touches, either the deck at side or the in of safety 
line, at some point P, which is a fraction ‘‘f” of the half 
length from amidships. The mean draught line W, L, 
cuts off the same displacement, and @ is the angle between 
the two water-lines. The curves of displacement, longi- 
tudinal C B, centre of gravity and moment of inertia of 
water-plane must te extended to horizontal water- 
line at which the ship is totally immersed amidships. 
This only requires a calculation of the properties of two 
water-planes above the fully-loaded draught, and a typical 
set of curves is given in Fig. 4. 

With the vessel immersed to the line W L (Fig. 3), the 
mean draught is known; hence the centre of flotation and 
the exact horizontal water-line may be determined. For 
this even-keel draught, the di gives the displace- 
ment W and longitudinal C B shown at B,. The effect 
of the trim is to move B, forward an amount given by 
B, B = I. @ + W: hence, knowing from the diagram 

Hep ae ape moment of inertia, the true position B 











. | Hence, provided the approximation is sufficiently near 


This loss of buoyancy must have its centre of gravity | and + 
situated at such a distance ‘'b” before By that the centre ba-—> 
of buoyancy B moves back at a point K vertically above 
—t.€., 
Be WxKB=Wx bd. 
Now, as the curve of LC B moves very slowly longi- 


STABILITY CURVES SHOWING EFFECT OF FLOODING IN A SHIP S5OOFT. LONG. 
LOADING :- SHIP READY FOR SEA WITH HOLDS PARTIALLY FILLED. 
Fig.  d 


where W and I correspond to the mean draught ling 
through the centre of flotation. 

To facilitate calculation it is necessary to express # 
and the draughts forward and aft in terms of the tangent 


DAMAGE :- TWO AFTERMOST HOLOS ASSUMED HALF FULL & OPEN TO THE SEA 








(348588) 


Fig 3b. 
CURVES SHOWING EFFECT OF FLOODING AT VARIOUS DRAUGHTS 
LENGTH OF SHIP = S00 FT. 
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tudinally with variation of draught, it is sufficiently accu- 
rate to draw a vertical line for the mean position of the 
se of buoyancy, and under this assumption BK = 
, or 
wb=WxKB=WxB,B-I.8@. 


the sheer line of the ship is practically a " 
form y = hf?, where b is the forward and y 8 
the ordinate. It is easy to show that 0 = 2h /: that the 

ht forward above the lowest poate of i deck C. 
OES eae. _ ™ + 
ne ie rr pee Sch LSAT + hit ahile the mean drought below i 


w= W - Wy ft. (See Appendix II.) If suitable values of f be 
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taken, the caleulation for a series of values of w and @ 
can be easily carried out. — 
Table I. shows in detail the work for a vessel whose 
to bulkhead deck-edge was 31.0 ft., with a forward 
sheer of 6.6 ft., for the original water-lines at 24 ft., 20 fo., 
16 ft., and 12 ft. draught. The results of this table are 
plotted in Fig. 5, the ordinates being lost ate ble 
on a base of longitudinal centre of gravity of fi space. 
To ascertain whether the assumption made above was 
‘ystified, the correct displacement and L. C. B. for a 





yumber of values were determined, and these are shown 


on the 20-ft W. L. diagram (Fig. 5). The difference 


this water-line are given from the Bonjean curves, and | the narrowness of the forward sections. This curve of 
are shown for the 20-ft. intact water-line and for various | areas was then integrated twice by means of the inte- 
positions of the centre of gravity in Fig. 6. For damage | graph, which determined the volume flooded for a given 
within the midships half of the vessel the centre of gravity | length, given by the first integral curve, and the longi- 
is not far distant ato the centre of length. It is there-| tudinal centre of gravity of that space was found from 
fore comparatively an easy calculation to find the length | the second integral curve (Fig. 8). The curve of volume 
flooded so as to coincide with the required centre of | lost—i.e., the first integral curve—was then distorted 
vity, and hence to deduce the centre of length of the | horizontally by plotting on a base of longitudinal 
flooded space (Fig. 7). | centre of gravity, which is given by the second integral 
The end spot of such a diagram, which is shown in curve, and later contracted vertically to the same 
Fig. 8, is not easily ascertained by direct calculation, and | scale as Fig. 5. It is necessary also to plot a curve 
special methods are required. The process adopted, showing the centre of length before the centre of 


AREA OF IMMERSED SECTIONS TO INCLINED WATER LINES 
fig. 6. CORRESPONDING TO VARIOUS POSITIONS OF C.G.OF LOST 




























































































































BUOYANCY. 
Z Fully Immersed 
4 Fig 7. 
ad ‘Gack # Se aie t CURVES OF LENGTH FLOODED ON BASE OF 
p C6.at % byl COat Chae % my CENTRE OF LENGTH 
f ; LENGTH OF VESSEL = 500 FEET. 
& 4 
ee C6at% _— 
$ 
it 
& Flooded Approx 
) 
: a Actual \ 
‘ 
— eee: hkee Oe EY Dis a. \ 
% » 
& ‘ 
i = 
x ' 1 1 n i ee 
wan) 4¥ &F %# %F FP x at Lt 4 FP 
Scale of Ordinates-One Half Scale of Abseissa 
<I 
fig. & 
CALCULATION FOR END SPOT FOR “CURVES OF LENGTH 
FLOODED ON BASE OF CENTRE 
OF LENGTH” (Fig. 7) 
| 5} S ° 
| ' 
Total Bueyancy (looded 
. on Base of C6. 
2°4 Integral Curve <3 
We gg 6 — Carves of Lass of Buoyancy 
Curve of Area of Immersed oq} - on Base of C6. From Fig. 6.) 
Secon ' 
Curve of Centre 
+ | i 4 rel j di before wr 
6 Ordinates of Area Curve S | 4 | $i 2/ 
RM . — »Ainet Integral 6 5 | al | | | 
pm. ” Secona butegral. Koon 6 mw 5 4 3 2) 7\ 
9.9. of Length Flooded on : 
(Bane of tanttre aftongah 
Fig. 11 
4 —— 
Fal 
A 
y, [a 
a 
# tel 
as 
4 
c 
TABLE I. 
_ Curve. @-Const. 
‘ . ; | 24ft. W.L. 20Ft. W.L,) 16FtW.L. | 12 Ft. W.L, 
th 10. | } f. |2hf.| hf. | H ates a* |L sq. ft. tt.2|1.@ tons ft. | So 6s | 4°) 4°08 | 4 = 6870 
| 
i | rT A M. | ww, b. w. b, w. b. w. b. 
$ | i 1.80 17.15 | 11.15 | 31.0 | 87.0 | 27 19.85 11,500) 316x108 | 632x103 || - ~ - | 2,620 | 261.0) 5,130 | 193.0 
RY | | 1.20/ 15.84/ 95 31.0 | 37.38 | 5.7 21.6 |12,600) 322x106 | 596x103 | — — 970 618.0) 38,620 | 165.0) 6,230 | 95.5 
| | 110/145 | 80 381.0 37.5 | 865 28.0 |13,630) 320x106 | 558x107, — — 2000 279.0 4,650 120.0) 7,260 | 76.8 
q ? 2 1.05 | 13.86) 7.3 | 31.0 | 87.6 | 9.8 | 23.7 |14,100) 388x106 | 5838x103| — — £470 2180 5,120 | 105.0) 7,730 | 69.5 
. ! ! 1.0 | 13.2 | 66 | 81.0 | 37.6 | 11.2 | 244 |14,600 336 x 108 | 517x108 | 350 1476 2970 174.0) 5,620 92.0) 8,230 62.8 
4 3 2 1 0.9 | 11.9 | 53 | 31.0) 37.6 | 18.8 | 25.7 |15,480|) 342x108 | 474x103 | 1230 385 3850 1230 6,600 73.0 9,110 52.0 
(use. Displacement in Tons 0.8 10.6 | 4.2 | 31.0 | 87.4 | 182 26.8 /16,230) 348x108 | 428x103 | 1980 216 4600 98.0) 7,250 59.0) 9,860 | 43.5 
between the . 07 92 | 32 81.0 )| 87.0 | 186 | 27.8 |16,950| 352x106 | 380x109 | 27.0 138 5320 71.5, 7,970 468| 10.580 | 35.2 
to he correct and approximate points was sosmall|0.5 66 | 165 381.0 | 36.0 22.8 29.4 |18,000) 360x106 | 277x10° | 3760 74 6376 448.5, 9,020 80.8/ 11,639 | 23.8 
» be within the limits of error in the calculation. 0.3 4.0 | 160 810 | 34.4 | 264 | 30.4 |18,700| 364x108 | 168x108 | 4450 37.8 | 7070 23.8 | 9,720 , 17.3) 12.330 | 18.7 
!. The diagrams obtained above are sufficient for the | °° - | — | 810] 31.0 | 81.0 | 810 sae - = 4850 TAC BB «10,120 BH | 12,780 | 
den of an soteal damaged shi where the extent a - — a ——— 
water- Subdivision is known ; but f e acti 1 A 
mesog of bulk is ina new ship ons ae mee h = 6.6 ft. sheer forward. Mean draught, M =H -A/f%. Draught forward or aft=M+2h/. 16 tons ft.= x * uw 
orm i 
4 1801 —vin, Phe fp lly me peng oom w=A- 9 b= dist. C.G. of lost buoyancy from mean L.0.B, = 1? = 1 f x 0.00184. 
1% centre of I ength . 4 be 
intact ; - In consid @ particular , : . , : 
oF ar tine, the procedure sugges is to fix the} when flooding from the bow continuously towards amid- | gravity of the compartment flooded. If Fig. 8 be now 
Fg. 6 eal ben. of the buoyancy lost on the diagram, | ships, was to suppose that the area of immersed section | placed above Fig. 5, each curve of volumes flooded 
forward = i deduce the water-line from the draughts | was the total area up to the bulkhead deck ; this assump- {chown dotted in Fig. 8) will intersect this curve at a 
aft, The curve of areas of sections up to| tion is very close to the actual state of affairs, owing to | point, which gives the centre of gravity of the space, and 
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hence ite centre of length. The length flooded, which is RHEATING AND FEED-WATER passing out of the chimney, and in heat lost in unburnt 
twice the distance from centre of length to the bow, is at wie tt ie LOCOMOTIVES or partially burnt fuel. == d 

once determined. In the cases above considered it has . ED ig. 1 is rearranged in Fig. 2 in the form of a diagram 
been assumed that the interior of the vessel is quite| Some Effects of Superheating and Feed- Water Heating | of heat available, taking 14,500 B.Th.U. as a typical 
empty ; but homogeneous cargo may be taken account of on Locomotive Working. calorific value for the coal. The line a represents the 
by varying the vertical scale in accordance with the loss By F. H. Treviruick and P. J. Cowan, Member, total heat available in the fuel at any rate of firing per 
of. buoyancy per unit volume of cargo. of London. square foot of grate area per hour. This diagram jg 

§ 8. It was found possible in the case of the length| Tx tendency in recent years to increase train-loads merely typical. A comparison of numerous published 
flooded diagram to use an approximation—viz., to|and average egece has, in the main, resulted in larger | results show that it may fairly be taken to be so. As jt 
assume that the curve of areas of section immersed might | locomotives. By putting proportionately more weight | is intended to pay attention now only to the larger and 
be taken as if the vessel were fully immersed at the | into the boiler, the evaporative capacity has been increased, | more easily preventible losses, the losses by CO and by 
centre of space considered. The supposition is correct at | and, since boiler capacity limits the tractive effort at | radiation have been combined in Fig. 2. 
amidships and at the ends, but acon naturally a less | anything above low 8) 8, this has been Cee a logical| In locomotive operation, engine output, steam output, 
length flooded at intermediate points. The approximate |development. The same provision, at equal loads, results | rate of firing, draught, smoke-box temperature and other 
curve is shown in Fig. 7, and the error, which is on the | in increased economy, since the rate of firing is brought | factors are interdependent. Engine output for a 
side of safety, is about a frame space. As it is here | down toa point where the boiler efficiency is greater. part of the range of working is limited by boiler output, 
assumed that the ship is immersed to the deck edge and| This will be evident on reference to Fig. 1 (below), | which is dependent upon the rate of firing. This, in its 
not to the margin of safety line, the flooded length deter- | reproduced from Mr. Lawford H. Fry’s paper on ‘‘Com.- | turn, —- on draught, which, other conditions be: 
mined is greater than that allowed by the Bulkhead | bustion and Heat Balances in Locomotives.”+ This unaltered, is a function of the steam exhausted. Fig. 
Committes, ya diBesense between t . a proximate represents the series a 300 of the Se. Louis Soste on : (considered in conjunction with Fig. 2) shows the relation 
curve and that deduced from the margin of safety line is, | Pennsylvania Railr testing-plant,t and has n . E 
however, small; hence for all practical purposes the ‘ Fig.3. RELATION OF DRAUGHT TO RATE OF FIRING; 

imation i ; Fig]. RELATIVE AMOUNT OF HEAT UTILIZED AND . 5: LOUIS TESTS. (SERIES 200. 
approximation is sufficiently accurate. ‘\ ‘lOST AT DIFFER RAT . 

§ 9. The investigation of the spacing of bulkheads Ss? Potts TESTS (SERIES 200)" 
which can be deduced directly from the length flooded (FROM PROCEEDINGS, MARCH 508 PAGE 275 ) 
diagram, is considerably facilitated by plotting the ‘ : 
length flooded to a scale which is one-half that for the 
position of centre of length. 

In Fig. 9, constructed on this plan, A is a bulkhead, 
and it is required to find where a bulkhead C must be 
situated in order that the ship may remain afloat. The 
construction is as follows:—Through A with a 45 deg. 
square draw a line cutting the curve in B—reverse the 
square and draw BC making the same angle with the 
base: then C is the position uired for a bulkhead. 
This device of the use of a 45- og. square enables the 
consideration of any scheme of bulkhead spacing to be 
readily undertaken. 

§ 10. The author desires to thank his assistant, Mr. 
W. M. Balfour, B.Sc., for considerable help in the cal- 
culation work and the preparation of the diagrams for 
this communication. 
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of draught to the phenomena accompanying increased out- 
put. e as a and lower lines show respectively the 
LZ ve Si vacuum recorded in the smoke-box at the back of the dia- 
bragm, and the effective draught—that is, the difference 
tween this and the vacuum measured in the fire-box. 
The vacuum in front of the diaphragm in American 
; engines is often twice as intense as that behind it. 
APPENDIX I SE a A See! anihoice ence nae 
The cross-curves, as usually constructed, are curves of 50 70 30 10 130 Sok. lestenadiak Uns Giadindimams teommen 
G LS a od : ceplasement, the angle of inclination | (9524) Lb. of Coal per Sq Ft.of Grate Surface perllour: ee tess of tine. omy } mg coca al annua 
ng constant, Fig. 10. Fig.2. HEAT AT DIFFERENT of fuel burned tends to diminish. The manner in which 
—, eS open tape tang oo Cg.a. RATES ; LOUIS TESTS. smoke-box temperatures increase with the nerdy fring 
° : paced, say, ot a oe is shown in Figs. 4 and 5. Such diagrams are given as 
pan | one of _— (generally a. 2) coincides with a straight-line curves in the St. Louis report, but this is 
xed point on the centre line of the ship. This point is really incidental to plotting to too small ascale. The 
the assumed centre of gravity of the ship Go, and may be St. , Bn » tests on modern large-boilered engines show 
taken as the intersection of the horizontal load-line and lower temperatures than the Purdue tests represented in 
the vertical central middle line. In the figure the dis- Figs. 4and 5. The specific heat of the wanleauan in- 
placement between the two upper water-lines is given b creases with "smoke-box temperatures.* As a net result 


the length 1, 2, and the water-line for displacement 1 is 
a known distance s vertically above the fixed point Gy. Fig.4. RELATION OF SMOKE-BOX TEMPERATURES AND 
DRAUGHT TO RATE OF FIRING; VALUES FROM 


If, therefore, a circle be described with ius s the 
tangent drawn to this circle at the angle @ of the cross- Goss’s “Weta VE PERFORMANCE” 
curve will give the true water-line. “BRAZIL BLOCK” COAL). 

Investigation showed that the curves of displacement 
drawn on a base of vertical immersion, @ constant, were 
pen straight lines : consequently, the true water- 
ine for any displacement within the limits of the dia- 
gram can be obtained by interpolation. As an example, 
the displacement required is given by P: then the dis- 
tance of the true waterline above Gy is given by— 


2, P 
a1%* ® 
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APPENDIX II. 
On the assumption that the sheer curve is a parabola, 
it may be represented in the form— . 1 ' Fl P —_ 
y= K 2®: at the bow y=h, when x = —, 40 60 80 100 120 140 160. 
2 Lb. o Coal per Sq.Ft.of Grate Surface per How: 
whence K = ‘ ad 6.6, 9= 4h x, sil . 
Li? ae. Fig.5. RELATION OF SMOKE-BOX TEMPERATURE TO 
Ui. ; 5 RATE OF FIRING; VALUES FROM GOSS > 
“HIGH STEAM PRESSURES IN LOCOMOTIVE SERVICE 
(YOUGHIOGHENY COAL). 
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Taking as a base a line drawn through deck at side at : as i 
amidships parallel to the keel line, then the draught for- , A 
above line— ‘ né 








of per Square Foo ° 
(9352.8) of Grate Surtace per Hour. 


selected as illustrating the performance of a brick-arch 
boiler, with coal approximating to some English quali- L 
ties, though a » a. see friable, = P 
covering a wide range of working. proportion of the ——_ ——  —— so oe 
total heat utilised in steam production will be seen to fall Coal nate Surface per How: 
as the rate of firing increases ; the losses increase rapidly. bese.a) Lb. of ous Sy Pad G ne : 
= : Clearly improvement will be effected if capacity sufficient | of the combination of these three factors, the proportion 
L for the production of equal or equivalent output at | of the loss in the waste gases to the heat available in > 
If « = f “this expression becomes 2h f—h f, and simi- | "duced rates of firing, can be arranged for. _ | coal gradually falls, but in amount increases with 

2 _ Fig. 1 shows the nature of the losses. That by radia-| rate of firing. ; Pa 
larly the draught aft below base-line = —-2h f—h f®, | tion issmall. It is practically unavoidable, and, compara-| Of the loss by unburnt fuel, part, occurring at | 
With the same notation y=h f?and @ = 2hf. All the| tively speaking, little would be gained by its elimina-| grate, is not usually preventable, except such as arise 
variables can therefore be expressed simply in terms of | tion, if such were possible. The. loss by CO is also Ce inexpert firing. The larger portion of this loss 























ef 








“* f,” the fraction of the half length from amidships, negligible. The remaining losses are important, and | involved with engine output and draught. The greatest 
consist in heat carried away in the gases of combustion | loss is traceable to the quality and quantity of the smoke- 
a box cinders, and of those passing out of the chimney. 





; P * Paper read before the Institution of Mechanical| Both these increase with rate of firing. Fig. 6 shows 
. Spanish Ooat Imports.—The im of coal into | Engineers, March 14, 1913. how rapidly the quantity of these pn increases 8 

pain last year amounted to 2,322,657 tons. The corre-| + Proceedings of the Institution of Mechanical Engi-| the higher rates of firing. Other classes of coal may 
sponding imports in 1911 were 2,055,466 tons; in 1910, | neers, 1908, Part 2, page 275. Lg 
2,021,116 tons; in 1909, 2,055,745 tons; in 1908, 1,940,864] +t ‘Locomotive Tests and Exhibits,” published in 1905] * Proceedings of the Institution of Mechanical Eng 
tons ; and in 1907, 1,885,674 tons, by the Pennsylvania Railroad Company, neers, 1908, Part 2, page 294, 
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show losses on an even heavier scale. The smoke-box 
cinders, and those passing out of the stack, have been 
combined in Fig. 6. It is not possible to state definitely 
what effect the rate of wong bey on the relative amounts 
of these two cinder losses, but it appears probable that 
so long as the smoke-box capacity is not taxed, the 
smoke - box cinders are greater in amount than those 
passing out of the chimney when work is light, and that 
when the engine is forced those eraitted from the chimney 
exceed = “<> in a es. _ This opinion is 
suppor y Dr. Goss and by figures given in a r 
owl belove the Western Railway Club in 1898 by Mr. W. 
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¢ssz.£) Lb. of Coal per Sq.Ft.of Grate Surface perHour: 
Garstang. In general it may be taken that, at fair engine 
rating, the loss by cinders ejected is large, and on ordi- 
nary runs exceeds the amount which accumulates in the 
smoke-box, the proportion of cinders ejected to einders 
in the smoke-box being often 2 or more to 1 in smoke- 
boxes fitted with netting. This factor is, however, 
largely dependent upon the quality of the coal, as is also 
the quality of the cinders. ; ; 

Fig. 7 gives an idea of the way in which the calorific 
value of these cinders increases with rate of firing. The 
curves are for three different kinds of coal. Their value 
is thus high, being shown to be about 90 per cent. of the 
original value of the coal at the highest rates of working. 
In the St. Louis tests the highest calorific value found 


Fig.7. RELATION OF CALORIFIC VALUE OF CINDERS 
PASSING THROUGH THE BOILER-TUBES TO RATE 
OF FIRING; VALUES FROM GOSS’S: N21 
“SUPERHEATED STEAM IN LOCOMOTIVE SERVICE’ 
(POCAHONTAS COAL i N° 2. DITTO 
(YOUGHIOGHENY CO. ui N°3, “LOCOMOTIVE 
SPARKS” (“BRAZIL BLOCK” CDAL). 
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for smoke-box cinders was 95 per cent. of the value of the 

coal, and for the cinders ejected 87.6 per cent. 
of the coal value. The average for ail tests was for smoke- 
box cinders 80.7 per cent., and for cinders ejected through 
the chimney 72.5 per cent. of the original value of the 
Determinations made in connection with Egyptian 





State Railways passenger engines using Welsh coal have 
thown a calorific value for smoke-box cinders equal to 
8 cent. of the original coal value. Usually the 


ers ejected have a rather lower value than those 
Tetained in the smoke-box, though circumstances may 
arise where the reverse is found to be the case.* 
Repvuction o£ Borter Losss. 
The facts exhibited in Figs. 1-7, which show so rapid 
‘2 increase in the boiler losses at the higher rates of 
» emphasise the statement already made that im- 
vement will be realised if the necessary output can 
woe means be secured at a reduced rate of firing. 
ithin limits, increase in boiler capacity is thus as 
from this point of view as it is when made in 
to meet demands for more power. This solution, 
vever, has certain drawbacks. ith the enlargement, 
: nm and grate losses increase, the latter yy | 
lmportant in intermittent work. An increase in to 
engine weight is also involved, and, as permanent-way 
remiderations limit this, the time will come, and has now 
reached in cases, when improvements must be 
‘ought, involving an increase of weight on a reduced 


* Dr. Goss’s report on ‘‘Superheated Steam i 
Mr. Goss g in Loco- 
motive Service,” i P 


scale. The logical alternative to the increase of boiler 
capacity is to relieve the boiler of part of its work, by 
the adoption of some supplementary process, which, how- 
ever, to be successful, must necessitate a comparatively 
small increase in weight. Two processes which meet this 
requirement are feed-water heating and steam super- 
heating. 
Frep-Watrer Hkartine. 

In feed-water heating part of the boiler work is 
accomplished before the water passes the clack. For 
feed-heating agents, providing a direct saving of other- 
wise waste heat, there are available the exhaust steam 
discharged from the cylinders, and the waste gases passin 
out of the chimney. Feed-heating can be Scented 
by either of these alone or together in series. If used in 
series, heating by the waste gases must be accomplished 
last. As the process may be arranged to result in 
temperatures being reached at which even the so-called 
hot-water injectors will not work, its successful adoption 
involves a reconsideration of the ee system generally. 

The ordinary injector will not pick up water above 


about 120 deg. to 125 deg. Fahr., and the feed cannot, | 8® 


therefore, be effectively heated before it reaches the 
injector, while the admixture in that apparatus of live 
steam with the feed so raises the temperature of the 
latter that full advantage cannot be taken of subsequent 
heating by either of the agents available. An injector 
may feed into a boiler at 180 Ib. per sq.-in. pressure, 
about 11.2 ib. of water for every 1 1b, of steam used. If 
the supply he at 65 deg. Fahr. the delivery will be about 
160.5 ie Fahr. This increase is not an economic gain. 
Delivery falls off as the boiler-pressure rises, and the 
temperature of delivery is higher at the higher pressures. 
Subsequent feed-heating is of less advantage now than it 
would have been when pressures were lower. 

For each 1 Ib. of steam used in the cylinders (1 + a 
fraction) must be produced in the boiler, from the tem- 
—_ of the injector Gochoeye, in order to supply 

th the engine and injector. e B.Th.U. thus to be 
produced are given for various pressures in Fig. 8, page 
410, by Curve No. 1, which is based on data published by 
Mr. 8S. L. Kneass.* If, subsequent to delivery from the 
injector, the feed be heated by the cylinder exhaust to 
210 deg. Fahr., the boiler work is reduced, as denoted 
by Curve No. 2. The work needed increases with the 
boiler pressure. Heat can further be transmitted from 
the waste , and an ave’ f temperature of 
280 deg. to 290 deg. Fahr. obtained, but compensation 
can in no way be secured for heating during part of the 
process with live steam. 

At modern pressures the ordinary exhaust - injector 
shows a thermal saving over the live-steam injector of 
some 9 per cent. The supplementary portion of the 
exhaust-injector is handicapped by the water fed to it 
being already at a high temperature (about 180 deg. 
Fahr.). Its steam consumption is thus high, and the 
final temperature of discharge is about 280 deg. Fahr. 
Additional feed-heating is kes impracticable, even by 
the waste gases. The only gain procurable with this 
injector is that due to the use of part of the exhaust 
steam ; this, however, may exceed the thermal gain of 
9 per cent. or so. In a more recent form of exhaust- 
steam injector the efficiency of the exhaust-steam jet 
has been improved, and much less supplementary live 
steam is needed. Though the Gennat position is the 
same with both types, the’ discharge temperature is thus 
lower with the later pattern. The final temperature with 
the later type is 195 deg. Fahr. compared with 280 deg. 
Fahr. with the earlier, and further feed-heating is prac- 
ticable. 

The pump offers advantages over the injector in con- 
nection with feed nesting, since, with it, the feed 
temperature is not inc in the process of raising the 
pressure, and the temperature head is sufficient for the 
effective transfer of heat to the pump delivery, success- 
ively from the exhaust steam and the waste gases. On 
account cf the sudden demands which a locomotive 
feed-pump is called upon to meet, such an appliance 


should be arranged to work with water at ey a 


low temperatures, and the ter part of the 
heating process should be carried out between the pump 
and the boiler clack. 

Independent steam-pumps suitable for locomotive work 
will deliver 100 Ib, of water for about 1.5 lb. of steam, 
working at and against 180 lb. pressure. Curve No. 3, 
Fig. 8, shows the B.Th.U. to be provided by the boiler 
for each 1 lb. of steam delivered to the cylinders, using 
pump supply and feed at 65 deg. Fahr. Curve No. 4 
shows the work ey if the pump exhaust be utilised 
for feed-heating, about the same amount being required 
at all pressures. The pump and injector are then on an 
equal footing at modern pressures. Heating, further, by 
the main cylinder exhaust to 210 deg. Fahr., reduces the 
boiler work to the amounts shown by Curve No. 5. This 
system has a considerable ~~ ¥- over the injector feed 
combined with heating to 210 deg. Fahr. (see Curve 
No. 2), and this is maintained if the feed-heating be 
carried still further. 


SuPERHEATING. 


In superheating, a final benefit may be due to different 
causes according to the system. In one system the heat 
in the waste gases discharged from the boiler is utilised 
to raise the temperature of the steam. In another, a 
directly fired superheater is — ed, commonly incor- 
pora for convenience in the boiler, in order that one 
grate may serve both. Hybrid systems have al 
tried, in which either the ordinary boiler tube length has 
a and a oper added in wad space thus 
provided, or a large supply of ‘‘live” gas has con- 
ducted to a smoke-box heater through a special flue. 








* ** Practice and Theory of the Injector.” (Wiley.) 


Most of these latter - pm have been abandoned. They 
lower the efficiency of steam generation, and this is not 
sufficiently recouped in the engine for these arrange- 
ments to compare favourably with others. 

Contrary to general experience in other branches of 
steam engineering, and in conflict with testimony 
from many railways, it has been maintained that waste- 
gas superheating effects little or no benefit in locomotive 
work. This system combines improvements in two direc- 
tions—namely, in the ar egy steam generation and 
in the engine’s consumption. e gain in generation has 
been commonly ignored or actually denied so far as loco- 
motive work is concerned, while the engine gain has been 
fairly generally admitted. A true waste-gas superheater 
forms an adjunct to the ordinary boiler. Its installation 
should not disturb the eng Seay of the boiler, nor 
alter its efficiency. About the same proportion of the 
heat of combustion is taken up by the water-heating 
surface as where no superheater is fitted, and to the 
steam thus produced is added further heat, abstracted 
from the waste The over-all efficiency of the 
merator is improved, the proportion of heat available 
in the coal, put to use, being increased. Directly fired 
superheater locomotives using superheat from 100 deg. 
Fabr. upwards, which can lay claim to no improvement 
in the efficiency of steam generation, but rather suffer in 
an adverse sense, admittedly prove satisfactory in service. 
There appears, therefore to be ne valid reason why the 
waste-gas heating _—- with which superheat of about 
90 deg. Fahr. can obtained, should not likewise give 

results. The difference between the temperatures 
just cited is more than made up by the higher over-all 
efficiency of the combined waste-gas heater and boiler. 
The temperatures claimed for waste-gas superheaters are 
sometimes too high. Something over the figure just 
quoted is, however, perfectly practicable. 

It is difficult to determine the economical position of 
directly-fired superheater installations of the moderate 
degree or high-degree types, as applied in locomotive 
service. For the generator efficiency to be undiminished 
no more heat must be lost from a superheater boiler than 
in the ordinary boiler. In some installations the average 
amount of heat absorbed through the smoke-tube super- 
heater eurface may about equal, as far as can be gathered, 
the average amount transmitted through the water-heat- 
ing tube-surface. This may be so in the double-loo 
high-degree type, in which high steam velocities are . 
and the ends of the loops are brought fairly near the fire- 
box. ly, transmission is then very great, and the 
average is high. With the eT types giving 
moderate degrees of superheat, the elements are often 
short and the speeds low. The transmission, at the best, 
is then comparatively low, and on the average lower than 
that of the water-heating tube-surface. As regards effi- 
ciency of steam generation, therefore, the combination of 
the waste-gas superheater and boiler ranks first. Probably 
the ordinary boiler ranks second, and the high-degree 
smoke-tube superheater boiler third, but this does not 
appear yet to have been definitely determined ; it is pos- 
sible their relative positions are not the same at all powers. 
Last of all stands the moderate-degree smoke-tube super- 
heater boiler. 

Though the above aspect of superheating is often 
treated with indifference, it is generally conceded that 
there is more or less saving in steam at all degrees of 
superheat. Even with no superheat, the use of a heater 
may reduce the feed necessary, if the steam normally 
sent over is wet. Part of the economy shown on road 
tests undoubtedly arises from this. With any tempera- 
ture above that corresponding to dry steam there is an 
improvement in the engine. In stationary work this is 
not disputed, and the result is similar in locomotive 
working. This has been determined in road teste, and 
also on testing plants. Dr. Goss and others responsible 
for the work at Purdue have concluded that steam con- 
sumption falls with increasing superheat, as shown in 
Fig. 9, page 410. This determination is naturally only 
——— The data issued from Purdue constitute the 

y records yet published, showing the effect of progres- 
sive superheat on steam consumption in locomotive ser- 
vice. 9 regards coal consumption, however, they do not 
fairly indicate the possibilities of moderate superheating 
(though it is sometimes held they do), since they do not 
embrace investigations with the more efficient installa- 
tions of that class. 


CoaL CONSUMPTION. 


Feed-water heating and superheating may be employed 
in various arrangements or combinations. For moderate 
feed-heating, the pump exhaust and part of the main- 
cylinder exhaust are used. The former raises the feed 
temperature by 25 deg. to 30 deg. Fahr., the latter to 
about 210 deg. Fabr. or slightly more. Hi h degrees may 
be attained by continuing the process with a smoke-box 
heater in series. Tem tures of 280 deg. to 290 deg. 
Fahr. may thus be reached, with even 360 deg. Fahr. for 
short supplies, feeding to a boiler working at a pressure 
of 180 Ib. per sq. in. The smoke-box heater may be used 
alternatively for moderate superheating, when a super- 
heat of about 90 deg. Fahr. may be secured. Thus feed- 
heating to 210 deg. Fahr. and moderate waste-gas super- 
away | may en, mien Aig + igh'd oa 
t of superheater, moderate -degree - 
ae hentins may also be adopted. 

From Fig. 2, page 408, it will be seen that for any 
reduction in the demand made on the boiler and denoted 
by a fall along the line d, the coal consumption falls 

ong the linea. To this rapid fall are due the large 
economies effected with comparatively small thermal 
savings. The correspondence shown in Mr. Fry’s paper 
between tests on boi of a fair of proportion 
and in Dr. Goss’s reports on boiler efficiency as affected 








by pressure, makes it permissible to take Fig. 2 to repre- 
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sent typical conditions in a brick-arch boiler working at 
180 lb. pressure per sq. in., generating practically dry 
8 


team. 
(1) Migh-Degree Feed-Water Heating. — Installations 
iving average feed temperatures between 270 deg. and 
$90 deg. Fahr. are described in Appendix I. (to be printed 
A and B. Unless conditions are 
unfavourable, feed-heating is purely a gain to the boiler. 
If an engine be overrated, hot feed may be accompanied 
by the production of somewhat drier steam. The effect 
p feed-heating may be studied by the aid of Fig. 10, 
which is part of Fig. 2 to an enl scale. 
Taking, as typical, a rate of firing of 80 lb. per sq. ft. 
of grate area per hour, by the scale A X, the amount of 


later), under Ty 


heat utilised in steam production, is 632,000 B.Th.U. | B.Th 


This is equivalent to the evaporation of 591 lb. of water 
from and at 160.5 deg. Fahr., the temperature of disc 
of the injector with supply at 65 deg. Fahr. and boiler 
pressure at 1801b. Dividing this in the proportion of 


Fig.8. SATURATED STEAM BOILER OUTPUT IN 
THU. NECESSARY WITH VARIOUS 
CONDITIONS OF FEED, FOR EACH LB. 

OF STEAM USED IN THE CYLINDERS. 


Fig.9 











hharge | haust furnishes a fu 


RELATION OF STEAM CONSUMPTION AND 


G. 
the pump exhaust furnishes (58.0 — 33.07) = 24.93 B. Th. U. ; 
or pe (88. - 177.98). 730.81 BTU. and 
waste gases supply — 177. = 60. .Th.U.; 
the bolier furnish es (1197.7 — 238.8) = 958.9 B.Th.U. The 
— _ is supplied to the engine and pump as given in 

able I. 

Instead of 632,000 B.Th. U. to be supplied by the boiler 
in the injector-fed engine, coal has now only to be burnt 
to furnish the reduced supply of 531,720 B.Th.U. Follow- 
ing this out in Fig. 10, the requirements have first 
to be increased from A to A, (=645,800 B.Th.U.), on 
account of the substitution of the pump for the injector. 
This corresponds to a point B on the curve 4. e use 
of the pump-exhaust reduces the demand by 13,830 

.Th.U., namely to B, and OC, or slightly below the 
original point for the injector-fed engine. The main ex- 
i rther 66,530 B Th. U., and the demand 
is brought down to C, and D, and again of this 33,720 
B.Th.U. (DD,) is derived from the waste gases, leaving 


Fig.i0. 
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11.2: 1, gives 542.57 lb. as the steam taken by the “ge. 
or a 


and 48.44 lb, as that used in working the injector. 


— fed engine (with supply at 65 deg. Fahr.) to 
evelo 


p the same power, the same number of pounds of 


steam must be furnished to the cylinders. This requires 


542.57 (1197.7 — 33.07) = 631,890 B.Th.U., 1197.7 repre- 
senting the total heat in steam at 180 lb. pressure, and 
33.07 that in the water at 65 deg. Fahr., both above 32 deg. 
Fahr.* The pum 
steam per 100 lb. of water delivered, and therefore (542.57 x 


Tare I.—Heat Supplied — Feed-Heating to 270 Deg. 
r. 


B.Th.U. supplied. 

















Source of Heat. | _,tion 
of Total | | 7 
Supplied. To Engine. (To Pump. wh nay 
24.98 
Pump  exhaust- 13,530 300 | 1 
heater {| sssees |} — 
| 119.99 | 
Main -cylinder ex-f| ~~ |} 65,100 1,430 | 66,580 
haust-heaters 1164.63 } 
| @0.81 | 
Waste-gas heater {| amas \ 32,990 730 | $8,720 
958.9 
Boiler iseas } 520,270 | 11,450 | 581,720 
(Totals ..| 681,800 | 13,190 | 645,800 





0.022) Ib, = 11.94 Ib. of steam are needed for the pump, 

uivalent to a demand on the boiler of 13,910 B.Th. U. 
The total number of thermal units to be ted is 
thus (631,890 + 13,910) = 645,800 B.Th.U. is, in the 
installations Types A and B (Appendix I), is supplied in 
meee = by the peupes st heating by 25 deg. 
Fahr., or to 90 deg. Fahr. ; by the main-cylinder exhaust 
to 210 wd Fahr.; by the waste-gas heater to, say, 
270 deg. Fahr. (a temperature easily reached) ; and, finally, 
by the boiler. The total heat supplied per 1 1b. of steam 
is (1197.7 — 33.07) = 1164.63 B.Th.U. Of this, therefore, 


* The a for heat in steam and water are taken 
from ‘‘Tables and Diagrams of the Thermal Properties of 
Saturated and Superheated Steam,” by L. S. ks and 
H. N, Davis (Longmans). 
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Ib. of Coal 
(3852.1) 


Fig.M. GOAL SAVING (CURVE 1) AND THERMAL SAVING. 
GUAVE 2) OF FEED-HEATING TO VARIOUS TEMPER 
-ATURES, WITH PUMP SUPPLY, COMPARED WITH 
INJECTOR FEED>—— 





30 





R 








g 
A 
g 


Lan nA 

















Ss 


VA 
y a 
60° 100° 


150° +200 250 300° 
(s352.x) Feed Water Temperatures-DegFahr: 


EY (=531,720 B.Th.U.) to be provided by the boiler 
itself. The rate of firing which will produce this is 60.8 Ib. 
per sq. ft. of grate area per hour, compared with the 
ori 80; a saving of 24 per cent. is thus indicated for 
i bo 
diagram shows how this comes about, su i 

smoke-box conditions toremain normal. The hoot cape. 
sented by DD, is drawn from the waste is 
tie may, therefore, be set up over E at EE, Then 
EE, represents the final loss in Oe eee ae com- 

with the original AA», that is, 96,000 B.Th.U. 
instead of 156,00, or a reduction of 38.5 per cent. in this 
loss. The loss by unburnt fuel has been reduced from 
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A, As (332,000 B.Th.U.) to E,E; (193,000 B.Th.U.), a 
reduction of more than 41.5 per cent. The proportion of 
the heat utilised, to the total available, has been greatly 
increased. 

Estimating economy in this manner for various feed 
temperatures, a series of values are obtainable, and the 
Curve 1, Fig. 11 (below), may be thus derived; Curve 
No. 2, Fig. 11, shows the corresponding thermal savings, 
The actual savings are greater than the latter would indi- 
cate, from indirect causes, which thermal calculations 
cannot take into account. The savings by feed-heating 
are, in locomotive work, on a rather higher scale than in 
other branches of steam engineering. 

Among many trials of this system on the ptian 
State Railways those made with — No. 711 (Type A, 
Appendix I.), in the early part of 1908, are the most 
important. This is a 4-4-0 type engine. Its chief par- 
ticulars will be found in the appendix. Engine No. 711, 
with heaters, ran against a sister engine, No. 695, without 


Fig.i2. 
COAL CONSUMPTION PER MILE 
FOR ENGINE N° 711 (FEED- 
HEATING TO 270°F.) AND 
N°695 (NON-HEATER). 
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heaters, on expresses between Cairo and Alexandria (130 
miles), the fastest timing being three hours with two 
intermediate stops. The coal was weighed into bags, 
sealed and opened on the tender as required. The figures 
relate to used for train working only. The ton-miles 
accomplished were 1,939,847 by engine No. 711 and 
1,926,054 by engine No. 695. he average coal per ton- 
mile worked out at 0.1116 lb. for No. 711, and 0.1450 Ib. 
for No. 695—a saving of 23 per cent. for the heater 
engine. The results of the trials are depicted in Figs. 12 
and 13, above. The consumption of the non - heater 
engine increased much more rapidly with the loading 
than did that of the heater engine. The economy shown 
by the latter improves at the heavier loads. Table IL, 


TaBLE II.—Trials of Feed-Heater Engine No. 711 and 
Non-Heater Engine No. 695. 


Coal Consumption. 


| Saving Saving 
Class of a — Average | im | Average _ in 
Trains. 0. N Pound of | Favour| Pound of Favour 


Loads. 





Coal per | of | Coal per of 
Ton-Mile. | Engine Ton-Mile. Engine 
711. | 711. 
| 

















tons |per cent per cent 
behind | 
Under | 0.1185 } 
er| (711 | 2032 24.0 1185.1 ong 
250 | {06 206.8 sL3} 23.3 {os 
268.3 | 30.2 11125) ong 
onl fat Bert Sit | ce (tees! 
| 5 1 P 3 1, @ 
set { bos 324.5 in} 28.2 {0.1468 | - 
711 | 3624) 382 10541! ogg 
maps: 695 | 375.8 $6.8) 31.3 | {01481 J 
giving the trains classified according to load (tare behind 


aa Gome this very clearly, especially on the pound- 
sepantie teal 


The figures of the registers, for engines in regular 

service, confirm all trials made with this system. 

Table III. gives such records for Engines Nos. 711 and 

a... difference between ~" 7il ant oy 
ter nes is probably in part due to No. 7. 

pre he used iar Inveniontion work, and being kept 








in first-class order, Coal was also most likely booked 
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it more carefully than it would otherwise have been. 
The figures for No. 711 with and without heaters are 
fairly com ble. Engine No. 677 is of another class, 
being of the 4-4-2 type, with cylinders 18 in. by 26 in., 
heating surface of 1535.5 sq. ft. in the tubes, and 
140.25 sq. ft. in the fire-box, and a grate area of 24 sq. ft. 
An all-round improvement in this case of 18 per cent. is 
shown for the heaters; but if the comparison be confined 
to periods of like climatic conditions (an important poms 
when work in a country such as Hgyptis being ered) 
this engine, fitted with heaters, showed an improvement 
of 20.5 per cent. over her working without them. - 


TaBLE IIL.—Service Working of Feed-Heater and Non- 
Heater Engines. 











| 
Average load, tare | 
behind tender 249.6 281.6 231 280 278.4 
Average Ib. of coal 
rmile .. oe 41 35.9 
Average Ib. of coal } 
per ton-mile 
Difference in favour 
of heaters on coal) 
perton-mile Ib.| 
Ditto per cent.) 


40.2 37 


| 0.1643 | 0.1276 | 0.1749 | 0.1322 | 0.1622 
——’ 


0.031 


0.367 
22 18 


0 0470 
27 





Considering the modified smoke-box arrangement the 
result shown for the trials of engine No, 711 (an economy 
of 23 per cent.) is in remarkably good ment with the 
saving indicated by the method of Fig. 10 (page 410). 
A point, indicating these trial results on. the Egyptian 
State Railways, is marked on Fig. 11. Feed heating has 
been carried to certain lengths on other systems, but not 
to such high temperatures as these. In land, on the 
Continent, and in America, feed heating has been tried on 
amore or less extensive scale, but in most cases exhaust- 
steam heating only has been used. A point indicating 
results of the late Mr. Dugald Drummond’s system, on 
the London and South-Western Railway, has been in- 
serted in Fig. 11, as well as one for a system in 
use on the Central of Georgia Railway, U.S.A. All 
these points are in fair agreement with the curve No. 1 
of diagram, Fig.11. If part of the exhaust steam be 
efficiently employed in raising the feed to temperatures 
approaching the maximum, its utilisation in this manner 
is productive of more economical working than its use in 
the blast would be, in maintaining a higher smoke-box 
vacuum. 

2. Moderate Degree Feed-Heating and Moderate Super- 
heating by Waste Gases.—A typical installation of this 
class is described in Appendix I., to be printed later. 
With supply at 65 deg. Fahr., the pump-exhaust warms 
the feed to 90 deg. Fabr., and part of the main cylinder 
exhaust subsequently carries it to about 210 deg. Fahr. 
The rr heater gives ae of about 90 deg. 
Fahr. on a boiler pressure of 180 Ib. 7 sq.in. For the 
take of moderation 85 deg. Fahr. will be taken. 

According to Fig. 9, page 409, this degree of super- 
heat reduces the steam consumption by about 9 per 
cent. Instead of the 542.57 lb. necessary in Case L., 
only 493.74 lb., therefore, need to be supplied to 
this engine for the same work. Each pound contains, 
however, 1215.33 B.Th.U. above 65 deg. Fahr., and 
the total heat to be supplied for engine purposes is 
now (493.74 x 1215.33) = 600,060 B.Th.U. The pump 
requires (493.74 x 0.022) = 10.86 lb. of steam, which, 
taken from the dome, is saturated. This represents 
(10.86 x 1164.63) = 12,650 B.Th.U., and the total engine 
and pump requirements amount to 612,710 B.Th.U., 
supplied as in ‘Table IV. 

n this case coal has only to be burnt. to supply the 
514,560 B.Th.U. demanded of. the boiler (see Fig. 14, 
annexed). As before, the demand is first increased from 
A to A, by the adoption of the pump. From the corres- 
ponding point B on the curve d superheating reduces the 
total demand to B, and O (612,170 B.Th.U.). Thence to 
Cand D (600,130 B.Th.U.) the demand is lowered by the 


Taste I1V.—Heat Supplied when Using Moderate Feed- 
Heating and Moderate Superheating. 


B.Th.U. Supplied 











| 
Source of Heat. | Pro — | 
| offotal. | > | To |To Engine 
| Engine.| Pump. |and Pump. 
| 24.93 
Puup exhaust- f 1215.33 12,810 
e 21. P | 12,580 
eater | 24. 270 
1164. 6% } | 
119. 59,240 
Main ¢ xhanet- 1215 33 ; 60,540 
Seadink 119.99 fi 
1164.63 em 
1019.71 | 
, . 503,480 
Boiler - 4 (1215.08 : 
| 1019.71 | amas 
Reieeter i _ 1164.63 we 
7 25,030 | 25,030 
1215.33 | | 
Totals .. | - 


| 600,060 | 12,650 | 612,710 


By of the pump-exhaust, and to D, and E (539,590 
-Th.U.) by the main exhaust-heaters. The superheater 
Completes the by relieving the boiler of duty 
equal to 25,030 B.Th.U., and the demand is brought 

in this way to E, and F (514,560 B.Th.U.), cor- 





responding to a coal rate of 58.1 Ib. Ege > of grate 
per hour, compared with the original 80 Ib., or a saving 
of nearly 27.4 cent. 

EE, and FF, represent heat taken from the waste 
gases in euperheatin , and the loss in these is 
reduced from AA, (156,000 B.Th.U.) to F,F, (102,500 
B.Th.U.)—a saving of 34.3 3 cent. The loss id un- 
burnt fuel is restricted to F,F; (173,000 B.Th.U.), in 
lieu of A,A; (332,000 B.Th.T.)—a fall of 48 per cent. 

Among others, two long series of trials of this class of 
installation have conducted on the Egyptian 


Fig.14. DIAGRAM SHOWING THE ECONOMY 
OF FEED-HEATING TO 210°F. 


ay 


Thousands of British Thermal Units. 





State Railways. The most important was carried out in 
1911, though the system had then been ir actual operation 
for some time on a comparatively — ¥ scale. The heaviest 
scheduled trains between Cairo and Alexandria, having 
average speeds, deducting for stops, of between 42.4 and 
43.3 miles per hour, with loads usually above 330 and 
frequently over 400 tons tare behind the tender, were 
worked. The heater engine No. 706, five sister-engines 
without heaters, and one engine of the same class (No. 712 
as then fitted) with a high-degree superheater and piston- 
valves, were all run in one link working with three De 
Glehn compounds. The latter engines now usually 
handle these trains. They have cylinders 13} in. and 


Taste V.—Trials of Moderate Feed Heating combined 











with Moderate Superheating. 
697, 713, - 
Engine Nos. { 717, 720, | 706, | 068, 874, 
721. | 
System. . - - .. Ordinary. Heater. De Glehn. 
Average loadtarebehindtender tns| 328.6 336 | | (883.5 
Coal consumption, average lb. per| 
mile .. se oe os oof 47.7 33.8 | 42.0 
Economy in favour of cnsteal 22.2 19.5 
No. 706 - - ae | per cent. per cent. 
Coal consumption, average Ib.) | 
per ton-mile ee se --| 0.1468 0.1005 0.1261 
| — 
30.8 20.25 


Economy in favour of engine! 
No. 706 oe oo oe oe per cent. per cent. 





Taste VI.—Uprer Ecypr Express TRIALs. 


AND FOR ALL SECTIONS TOGETHER, 


trials there alluded to, for vensing time only. The 
figures in Table V. therefore include lighting-up and 
some unavoidable light mileage, the latter, however, 
being negligible. In all these trials the checking of the 
coal was officially carried out by the Stores Department 


and by re tatives of the manager. e 
provision of the coal in sealed sacks effectually prevented 
the favouring of any engine with selected coal. On these 


railways the Stores De ment is always responsible for 
cho anal unall h ta natenity on tho tandems 


The res of Table V. (annexed) are from the report 
by Mr. H. W. Davis (Member) to the general manager 
on these trials. 


Engine No. 706 proved the most economical of the 
whole link, and showed 30.8 per cent. economy over the 
non-heater engines, and handled throughout the heaviest 
trains. It showed an economy of 20 per cent. on the 
De Glehn compounds. The difference between the 30 per 
cent. economy shown in these trials and the 27.4 per cent. 
deduced ny means of Fig. 14 may be due to several 
causes. ie ave superheat may be nearer 90 deg. 
Fahr. than the 85 deg. Fahr. taken above, or the saving 
indicated by the Purdue tests may not quite coincide 
with the actual saving, or, again, the difference may be 
due to excessive moisture in the steam produced in the 
ordi engine. 

Another test is interesting, though made with a lighter 
class of engine, fitted with a type of ins ion since 
greatly improved upon. These trials covered the ser- 
vice working of the Upper t expresses for a period 
of over two months, extending to 88,480 train-miles, 
run by sixteen heater and eighteen non-heater engines. 
The trains are worked in three sections—Oairo-Minieh 
(154 miles), Minieh-Sohag (138 miles), Sohag-Luxor (128 
miles). Coaling was done ut Oairo and only, from 
the latter engines working both north and south. Engines 
were — sealed sacks of coal sufficient for both the out 
and home trips. The distance in Section I. (Cairo- 
Minieh) is accomplished with three intermediate stops, 
in Section II. (Minieh-Sohag) with eleven stops and ten 
slacks for staff-changing, and in Section III. (Sohag- 
Luxor) with thirteen stops and seven slacks for otal. 
changing. The results are given in Tables VI. and VII. 
(below). Train-loads were kept uniform throughout the 
test, an extra coach being added at intervals, until 
the capacity of the non-heater engines was exceeded. 

The coal economy per ton- mile varied in these trials for 
the heater engines from 22.1 per cent. in Section I. to 


TaBie VII.—Upper Egypt Express Trials ; Average 
Results for Scctions and Train-Loads. 




















é g Type of — Coal Consumption. 
fu Engines Average 
& | Wiu (+ Load. | Avera Economy | Avera | Economy 
4 jor Without To Poul. in Poun in 
=a8| _ (-) | ware > Favour Wn Faveur 
ERE Heaters. . shite of on- | of 
Zz | | * | Heatere.| Mile. Heater. 
ae Z. r cent. per cent. 
+ 2. 28.4 | 0.1082 - 
260 { ~ 260.5 | 36.7 pze 0.1414 } 28.4 
+ a 30.0 0.0977 9 
20s | { a so.2 | ses |t 2% | Ore60 } 21.8 
- + 539.0 | 380.6 0.0004 |) op - 
ss7 |{ * 337.3 | se |t 3 | Onis |p 205 
= + 362.3 81.6 o 0.0874 P 
362 { ; sexi | are |} 3 | ors |f 22 
| Section 11. 
| + 262.4 | $2.5 0.1239 F 
260 { vi 2e17 | 42.1 } 22.8 | 0.1611 } 23.0 
+ 7. 32. 0.1048 
308 { + 206 ina ; } v2 | fives } 244 
+ y 32. on 7 =| 0.0004 P 
337 { _ 337.3 | 44.3 } °6.7 | 0.1315 } o4.¢ 
aoe Iii. 
+ 7 33.5 0.1261 ” 
260 + ant.0 | 420 } a9 | piel |} 227 
+ 5 | 832 0.1080 
ei, - 07.0 | 440 | f 4.5 | ose |f 7 
+ } 0 | B44 0.1020 
- | 3360) 47 } 200 | 0.1408 a.8 











25 5 per cent. in Section III., with an average of 23.7 per 
cent. for the whole test. These Tables are reproduced, 
however, to show the effect which load and stops have 
Sa the economy. On light trains in Section I., with 
three stops only, the non-heater engines took 36.7 Ib. of 
coal per mile, and the heater engines took 28.4 Ib. For 
similar trains, in Section III., with thirteen stops and 





Sections oe a ee i ee -o| IL 





wiles Shi a Ce be Ath } 
Number of engines with or without heaters..| 3 with | 6 without 
Aggregate train-mileage .. os oe --| 18,172 | 18,172 | 
Average tare behind tender... -- tons; 3026 | 301. 
Coal Consumption— | 
Average it. permile ..  .. a a oa 
| oo 
Economy in favour of heater engines, p.c. | 21.7 
Average lb. per ton-mile .. oe “= --| 0.0977 | C.1256 
Economy in favour of heater engines, _p.c. 22.1 


seven slacks, the consumptions were 42.9 lb. and 33.5 Ib. 
AveraGE Resutts ror Separate Sgorions 
ili abe $$ 
Il. It. L., Il. and IL. 
Swith |5 without 8with | 7 without) 16 with |18without 
13,624 | 13,524 12,544 | 12,564 44,240 44,240 
300.6 | 3801.8 300.5 302 302.3 301.8 
| 
32.5 | 48.0 33.6 | 44.8 31.6 41.4 
— i 
24.4 25.0 23.6 
| 0.1082 | 0.1427 0.1110 | 0.1490 | 0.1047 | 0.1878 
— §§_— 
24.1 25.5 23.7 








22 in. by 25} in., total heating surface of 2365.5 sq. ft., | 
working ure of 228 lb. per sq. in., and total maight, 
with tender, of 107.25 tons. The engines of the 706 class 
weigh some 20 tons less than this. Coal was dealt with 
as described in the last column of page 410, but the records 
were kept for over-all service working, and not, as in the 


tively, the heater ine taking 5.1 lb. extra 
mile, but the non-heater 6.2 Ib. extra. For the okey 
trains the diff is i d. In Section I., for 
trains of 337 tons tare behind the tender, the non-heater 
engines took 38.4 lb.; but in Section III. they took 
47.1 lb., a difference of 8.7 Ib., while the heater engines 
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took 30.6 Ib. for Section I., and only 34.4 Ib. for Section 
IIL., a difference of 3.8 Ib. ’ ; 

In an extension of this test, in Section I., the heater 
engines were able to handle satisfactorily trains of a 
weight which completely outclassed the non - heater 
engines, it being quite impossible to keep time with the 
latter. 

In regular service, engines fitted with the appara- 
tus, Type B, Appendix I., have confirmed the tests. 
Engines of the 106 type have run consistently on an 
extremely low consumption, in complete accord with the 
test results. Direct comparison with sister non-heater 
engines is, unfortunately, no longer ble in this case, 
since the use of the non-heater engines on the heaviest 
schedules had to be abandoned, owing to the time they 
lost. Fortwo pene for Bene ba nit t pee — - : 
taken out on os. 706 an ave respectively 
trains of 349.3 and 345.5 tare tons behind the tender 
(loads which the sister non-heater engines cannot touch 
on this timing) at a coal consumption per ton-mile of 
0.1005 Ib., including lighting up, &c., and are very 
consistent over long iods. This consumption is iden- 
tical with that of No. 706 during the mentioned 
above, 

The trial results for the Upper Egypt *‘612” class are 
likewise supported by Teble VIII. (below) taken from 
the registers. 


Taste VILI.—Service ——, Sor Upper Egypt Engines, 
612” Class. 


Coal 
per Ton- 
Mile. 


Economy 
in Favour 
of Heaters 


\ spe 


| Average 
ab Tare. 
Load Tons 








.. |16 0.1692 


engines before 2.0.2 


fitting with heaters 

**|16 enginesafter fitting 
with heaters 

19 engines not fitted | 

16 engines fitted with 


uu 


1910 263.5 0.1201 


0 1626 
» 0.1194 


246.4 


1909-10 .. 
264.6 


9 months, 
1910 

9 months 
1910 


heaters | 
19 engines not fitted 216.4 0 1565 





3. High-Degree Feed Heating and High-Degree Super- 
heating.--Owing to the lack of sufficient data it is not 
proposed to go at length into cuculations regarding this 
combination. It is not — or far the _ d, 
Fig. 2, page 408, agrees with the perfurmance of a com- 
Sinel high - degree superheater and boiler. Further, 
when high-degree feed-heating is combined with super- 
heating, the superheat is reduced, but to what extent is 
yet uncertain. Also, superheater engines are commonly 
fitted with piston-valves, to which part of their per- 
formance should rightly be credited, instead of the im- 
provement being wholly imputed to the superheating 
system. 

"Tt, however, superheating to 200 deg. Fahr. with feed- 
heating to 290 deg. Fahr. be considered, using the curved, 
Fig. 2, 408, as the basis, the following results are 
shown :—Fig. 9, page 409, shows for this superheat 
21.15 per cent. steam economy. The original 542.57 lb. 
of engine steam would therefore be reduced to 427.82 lb., 
and the heat needed would be 427.82 (1307-33.07) = 
545,010 B.Th.U. The i takes saturated steam 
representing (427.82 x 0. x 1164.63) = 10,960 B.Th. U., 
the total being 555,970. Subdividing this among the 
ump-heater, the main exhaust-heaters, the smoke-box 
eater, and the 1474 and boiler, it is found 
that 457.050 B.Th.U. have to be provided by the super- 
heater and boiler. The point on the curve d corre- 
sponding with this, represents a rate of firing of 49.1 Ib. 

r sq. ft., as against 80, or a saving of 38.64 per cent. 
The loss in the waste gases has been reduced 57 per cent., 
and that by unburnt ooal 75 per cent. These large 
savings seem to be substantiated in practice. 

A smoke-tube ———e giving 200 deg. Fahr. 
superheat, may not be considered to be representative 
of usual practice, but the figure is chosen use of 
the unavoidable fall of superheat already referred to. 
With the lessened boiler duty the intensity of draught 
is reduced, and as, for a wide range, superheat varies 
eeeany & the draught, a drop on conversion is 
natural, 

On the Egyptian State “oR” an engine, No. 712, 

iving about 200 deg. to 220 deg. Fahr. superheat 

fore conversion, gave after the addition of the feed- 

water heaters (see 

about 150 deg Fahr. 
satisfactory. 


ype ©, Appendix I.) su 
Nevertheless the results proved 


ver: 
Hor reasons identical with those stated above, this|q 


engine could not be tested at its best loads against sister 
non-heater engines. A trial attempted had to be aban- 
doned. Engine No. 712 was therefore run against the 
heater Engines Nos. 706 and 714, and, com with 
them, with average tare loads behind the tender of 
346.8 tons, showed a consumption of only 27.7 lb. per 
mile or 0.0798 lb. per ton-mile; this is an economy of 
20 cent. over the Type B heater engines Nos. 706 
and 714. In the 1911 trials engine No. 706 worked at 
exactly the same consumption as during this latter 
period, and the consumption of engine No. 712, fitted 
with the high-degree feed and high superheat combina- 
tion, may, in default of more direct means, be com 

with that which the non-heater engines then showed. If 
oy ay an economical load, engine No. 712 would 
thus w an economy of 45 per cent. over sister non- 


heater engines. ear : 

_ Direct nein Say sepeeiicen teebeeny work- 

ings, CS ge 0. was or @ short time, 

to a link of li ter trains handled y the non-heater 
i On trains, however, engine No. 712 was 

wntereated snd wae uot working 08 ise best It averaged, 


heat. of | Le 





for trains of 262 tons tare behind tender, 0.0952 Ib. per 
ton-mile, against the av for several non-heater 
engines of 0.1528 Ib. on trains of 256.5 tons load, or an 
economy of 37.7 per cent. 

(To be continued.) 





NOTES ON CITY PASSENGER TRANSPOR- 
TATION IN THE UNITED STATES.* 
By Ggorcr Duncan Snyper, M. Inst. C.E. 


THIS treats of city passenger transportation lines 
other is Games and the ony portion of through 
railways. 

The cities in the United States having such lines, and 
their metropolitan populations in 1910, are :— 


von York 6,474,568 
hi tie 
Philadelphia 
Boston ... - 
HIstory. 

New York.—The first tramway was worked in 1832 and 
the first omnibus line in 1835. The first elevated rail- 
way was worked in 1871, and was followed by lines in 
Brooklyn and Jersey City. The first underground rail- 
way was opened October 27, 1904. The city is construct- 
ing new lines, and has about concluded agreements for 
the operation of a dual transportation system by the 
Interborough Rapid Transit Company, who operate the 
present subway, and the Brooklyn Rapid Transit Com- 
a. The Hudson River tunnels were first worked on 

ebruary 26, 1908. A tramway tunnel has been built 
across the Fast River at Forty- nd-street, but has not 

et been worked. New York has 153.17 miles of transit 
ines, and 95 miles under construction. 

Chicago.—The first elevated railway, the Southside 
line, was opened on June 6, 1892, using steam locomo- 
tives. This was followed by lines to the west and north- 
west, which were later connected together by the Union 
loop in the centre of the city. ‘The motive power was 
chan to electricity between 1896 and 1898. The 
length of these lines aggregates 74.56 miles. The muni- 
cipality now proposes to construct a system of under- 
ground railways, 56 miles long, at an estimated cost of 
96, 257,000 dole, the equipment of which will cost 
34,844,000 dols. more. 

Boston.—The Tremont street-subway for tram. lines was 
a on September 1, 1897, and was followed by the 
elevated railway on Atlantic-avenue in 1901. A tunnel 
crossing the harbour to East Boston, for tram-lines, was 
opened in 1904. The Washington street-subway, for 
trains of the elevated system, was opened on November 30, 
1908. The elevated railway was extended to Forest Hillsin 
1909. The Cambridge subway was completed in 1912, and 
the East Cambridge elevated tram-line in the same year. 
Surface, elevated, and underground lines are under one 

ment, and ngers are permitted to transfer 
from one to the other without payment of extra fare. 
The existing lines are 24.48 miles long, and 6.88 miles are 
under construction. 

Philadelphia.—Philadelphia has a combined under- 
ground and elevated system 7.41 miles long, and a line on 
private right of way 7 miles long. 


CONSTRUCTION AND WORKING. 


There are 250 miles of high-speed city transit lines in 
the United States, and 174 miles popups or under con- 
struction. Such lines are either built for multiple-unit 
trains, for tram-lines, or to cross obstacles to continuous 
transit, such as rivers, mountains, &c. Physically they 
are built under streets, over streets, or elevated or 
depressed on purchased land. Elevated lines are pre- 
ferred from the standpoint of passengers, while under- 

und lines are less of an obstruction to streets and less 
amaging to the adjoining property. New York and 
Chicago have three and four-track lines for operation of 
low and high-speed trains, while Philadelphia has a four- 
track line with trains and tramways, and Boston’s four- 
track line is used entirely by tramways. 

Stations.—A single platform between tracks is the 
— to operate. Four-track lines have express station 

latforms between local and express tracks, and side plat- 

‘orms at local stations. At the terminus at Brooklyn 
Bridge 35,000 passengers per hour are dealt with. 

Shallow versus Deep Leve/.— Practically all unde und 
railways are of the shallow type. The four-track line on 
xington Avenue (New York) is being constructed with 
local tracks near the surface and express tracks wunnelled 
ata deep level. Deep-level lines cause less inconvenience 
uring construction, but are more expensive to work on 
account of the necessity for lifts. 

Typical Sections. internal height varies from 
13 ft. 2in. to 15 ft. 4 in., and the width for a single track 
from 11 ft. 6 in. to 13 ft. 2 in. The construction for 
shallow subways is either of steel beams in roof and sides, 
embedded in concrete, or of reinforced concrete. 

Methods of Construction.—Construction is carried on 
under a temporary wooden flooring for the street. A 
portion of the Brooklyn subway was excavated with a 
steam shovel. The depth of the subways necessitates 
the underpinning of adjoini i 


building foundations and 
the temporary support of the elevated railway. Subway 
lining is of concrete, apg J the iron-lined subaqueous 
tunnels. Rock tunnels are driven with a top heading. 
Roof-shields have been successfully used in soft ground 
shields and compressed air, and 
The East Boston tunnel was driven with a roof-shield 
and lined with concrete. 

* Abstract of a read before the Institution of 
Civil Engineers on J, 4, 








Ventilation.—In shallow subways ventilation is effected 
by exhaust-fans between stations. The Hudson and 

fanhattan Railroad use exhaust-fans assisted by the 
piston action of the trains. 

Elevated Railways.—On narrow streets the elevated 
columns are in the foot-walk, and on wide streets 
in the carriage-way. The increase in loads since the first 
lines were built has necessitated their strengthening or 
rebuilding. Present practice is to use riveted plate 
girders. Since 1893 steel has been used instead of iron. 
Double-track structures weigh 900 Ib. to 1600 Ib. per 
lineal foot. Solid concrete floors, with ballasted tracks, 
have been used on recent structures. Lines on private 
right of way are built in suburbs, and are elevated or 
depressed to avoid level crossings with streets. 

Bridges —The great bridges over the East River now 
form part of through transit routes, which avoids the 
terminus problem which existed when they were worked 
independently. 

Length of «'rains.—The length of trains has increased 
from three cars on the first elevated to ten cars in the 
pa og ork subway, and still longer trains have been sug- 


gested. 

Density of Trafic.—The density of traffic on the New 
York subway is 4,000,000 passengers per mile of track per 
annum. The peak load on most lines is between 5 p.m, 
and 6 p.m., and amounts to about 15 per cent. of the 
total for the day. Monday generally has the maximum 
traffic for the week, amounting to about 17 per cent., and 
Sunday the minimum—about 9 per cent. About 7 per 
cent. of the annual traffic is carried in July, and 9 per 
cent. in December. 

The Riding Halit.—The number of pussengers per 
annum is increasing as the square of the population. New 
York had 43 passengers per head of population in 1860, 
and 322 in 1910, and if the present rate of increa-e is 
maintained in the future this will amount to 913 in 1950, 

Fares.—The fare is almost universally 5 cents., regard- 
leas of the distance, althongh much dissatisfaction with 
this arbitrary rate exists among managers. 

Cars.—New cars are being made of steel, and the ten- 
dency is to increase the size, the most recent being 79 ft. 
long, 9 ft. 6 in. wide, and 12 ft. 6 in. high, weighing from 
86,000 lb. to 120,000 Ib. 

Permanent Woy, &c.— Unde und lines use T-rails 
on wooden sleepers, laid in crushed stone. In Philadel- 
phia the rail is attached to short wooden blocks. fastened 
to a steel box-girder embedded in concrete. The maxi- 
mum gradients are from 1 in 33 to 1 in 12.5, and the 
minimum radii of curves from 90 ft. to 150 ft. 

Signals and Interlocking.— Automatic block-signals are 
not used on the older elevated lines nor on the | 
tracks of the New York Subway except at special points. 
They are on express tracks in New York and 
Chicago, and for multiple-unit trains in Boston and 
Philadelphia. A headway of 90 seconds can be main- 
tained with automatic block-signals with a speed of 
40 miles per hour. A headway of 20 seconds has been 
maintained without signals and with low speed. 

Methods of Working.—Four-track lines are worked with 
express trains on one pair of tracks, and local trains, or 
tram-lines, on the other. On three-track lines express 
trains are run in one direction in the morning, and in the 
other in the evening. . 

Franchise Con.ditvons.—The earlier lines were built with 
private capital under perpetual franchises, but the muni- 
cipalities are now building the lines and leasing the right 
to work them for a term of years. 

Cost.—Underground lines cost 835,000 dols. to 4,000,000 
peg tr mile of track, and elevated lines 200,000 dols. 
to ,000 dols. per mile of track, without equipment. 
In New York City earth excavation. cost 2.90 dols. to 
6.25 dols. per cubic yard ; and rock excavation, 4 dols. to 
12 dols.; tunnelling, 8.25 dols. to 9.50 dols. per cubic 
yard ; concrete, 8 dols. to 11 dols. per cubic yard. 

Cost of Working.—The cost of working varies from 
44 per cent. to 70 per cent. of the gross receipts. The 
cost per car-mile is 94 cents to 20 cents. 

Conclusion. —E ive transit lines have only been 
built in cities of about 1,000,000 inhabitants, but may 
prove profitable in smaller cities where the riding habit of 
the population is pronounced. 








Surpe-Ruie Recxonerrs.—Our attention has been called 
to @ series of reckoners based on the principle of the 
slide-rule, which will probably prove useful in a multi- 
tude of circumstances. The most important of thisseries, 
which is produced by Messrs. Gall and Inglis, 31, Hen- 
rietta street, Strand, London, W.U., the. well-known 
publishers of reckoning-tables in book form, is the ** Uni- 
versal” calculator. This calculator will quickly give the 
circumference or diameter of circles ; it will convert 
decimals to fractions, give decimal values, perform divi- 
sion, proportional enlargement, equivalent values of 
money, quantity costing per mile, year, ton, gross, cwt., 

quarter, ream, quire, firkin, lb., score, stone, 0%, 
or dozen. Fractions may al-o be converted to decim»s, 
or multiplication performed as with the ordinary rul+, pet- 
centages found, proportion or reductions worked out, 
The reckoner has four slides arranged on two stout card 
scales bound in a cover. Each scale is lettered and full 
instructions are given as to their use. They exhibit both 
tenths and pennies, shillings, pounds, &c. The costing 
scales range from 1d. and 14d. up to 500/., and the corre- 


qts quantities from the single units up to 10,000. 
slides can be quickly manipulated and are sufficiently 
accurate for very many purposes. The surface of the 
scales is of ‘‘ playing-card ” finish, and not liable to soil. 
Similar pe a are arranged for stock exchan 
squares and cubes, foreign money, bank interests, for & r 

trades, and for th insurance. The price 0 
each is 2s. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Concluded from page 385.) 


As already reported in our columns, the spring 
meeting of the Institution of Naval Architects was 
continued and concluded on Friday, March 14, 
both morning and evening meetings being held on 
that day. At 11.30 4.m. members reassembled for 
the reading and discussion of papers. 


Lare@e Deck-Housgs. 


The first paper taken was one by Mr. J. Foster 
King, entitled ‘‘On Large Deck-Houses.” This 
we reprint on page 437 of the present issue. The 
discussion was opened by Mr. S. J. P. Thearle, who 
said that the Institution was under an obligation 
to the author, as his paper was the only one at 
that meeting which purported to deal with prac- 
tical shipbuilding. e would like to see rather 
more papers of that type each year. He thanked 
Mr. Foster King for placing such a clear statement 
of the problems before the owners of mercantile 
vessels and before the registration societies. He 
had clearly shown what they should seek to do, and 
also the direction in which progress might be made. 
He had properly excluded from the paper all but 
the bare arguments, but they would all have 
been interested in hearing of the steps by which 
the author had performed his journey towards 
his ideal. He (the speaker) considered that the 
difficulties which arose were more due to sagging 
than to hogging stresses. He did not, however, 
disagree from the author generally. He thought 
from his experience that the troubles arising from 
the superposition of erection on erection were even 
more directly due to pitching than from sagging 
and hogging stresses communicated from the vessel 
itself. The troubles of the —_ he thought, were 
nothing to what they would be in the future. 
Recent legislative demands for piles of boats and 
other gear on the decks would greatly overweight 
the material, and the troubles would grow. In 
dealing with actual design, one either had to shirk 
the problem or make a structure sufficiently strong 
to take all the stresses coming upon it. Years ago 
Dr. Denny had built a large passenger-steamer and 
had solved the deck erection difficulty by means of 
a sliding joint. That was a good method when one 
did not feel inclined to make the scantlings of the 
deck erections heavy enough to take the stresses 
communicated to them from the vessel. He wished 
to point out that deck-plating had not got on deck 
erections quite so accidentally as the author’s paper 
seemed to indicate. It was introduced to assist 
in keeping the accommodation dry, and also to 
strengthen the ship for the work it had to do. The 
author pointed out that with the ever-increasing 
size of ships it became the duty of designers to 
point out to those owners who demanded large 
continuous deck-houses that the advantages arising 
from them were more than counterbalanced by the 
disadvantage of not having the plane of the walls 
of such erections coincident with that of the side 
plating. They had had in one case to advise owners 
and builders to dispense with an arrangement which 
passengers would undoubtedly have enjoyed, in 
order that the ship’s structure might be carried up 
16 ft. higher than was originally proposed by the 
designer. He hoped the paper would convince 
people that they should reduce deck-houses as far 
as practicable, and make their walls an integral part 
of the side structure of the hull. 

Dr. A. Denny, who followed, said that the vessel 
Mr. Thearle had referred to was the Alphonso 
XIIL., built in the ‘eighties. He had got the idea 
from Lloyd’s while going through a course at Liver- 

l. The City of Rome and such vessels were the 

viathans of the Atlantic at that time. He 
noticed that in all the large ships, the ships had 
relieved themselves by breaking the coamings, &c. 
In one case a heavy coaming round the saloon door 
had been broken and repaired, but the rivets con- 
tinued to work. They had, therefore, adopted oval 
holes for the rivets, and in bad weather the coam- 
ings opened and closed # in. From that he had 
Schemed out his sliding joint. He thought that 
most of these troubles arose from pes through 
4 series of developments. The deck erections had 
grown by degrees until they had assumed their 
Present large size. They had no actual experience 
of & vessel having gone to pieces through failures, 
‘ been a good deal of trouble from 
His endeavour in design was not to have 


but there had 
leaks, 


what he described as hard points or abrupt changes. 
Last year he had noti on an Atlantic steamer 
that cracks had appeared at the bottom corners of 
the square windows of the large deck-houses, The 
windows on one side of the centre of the length 
had each a crack at the right-hand bottom corner ; 
on the other side of the centre the cracks were at 
the left-hand bottom corner. At one window in 
the centre, between two doorways, a crack appeared 
at each of the bottom corners. At the front end 
of the deck-house they had had trouble, and had 
made it good by a canvas cover-joint. In another 
vessel with two, if not three, expansion joints 
they had had trouble. It was not possible to pre- 
dict where such things would happen. The thing 
to do was to carry the structure up as high as 
possible. Closed-in promenades were becoming 
common. There should be no such things as 
square corners at the windows. In cutting such 
holes the men actually started cracks at such 
ints with their chisels. Round corners should 
insisted on. They wanted, at the Institution, 
lots of practical papers for discussion by the prac- 
tical men among the members. 

Captain Smith Park said he _ as an owner. 
He was much interested in Dr. Denny’s Liverpool 
experience, and he thought it would be advan- 
tageous if shipbuilders generally had some such 
experience. They would then be, he thought, less 
apt to scout proposals put forward by owners in 
the light of experience at sea. Some eighteen 
months ago he had made a contract for two large 
steamers, and had discussed with one of the regis- 
tration societies this question of deck-houses and 
the possibility of getting rid of expansion joints. 
In one case it had been decided to abolish them and 
to strengthen the structure a while in 
the other they would be retained. ey would 
both be in commission shortly, and perhaps next 
year he would be able to lay some results before 
the Institution. 

Mr. H. M. Napier said that the paper dealt 
with accessories of the steamship, on which it was, 
Seg not for the shipbuilder to make remarks. 


e builder had, however, to carry out the sug-, 


gestions, and often had his own thoughts on the 
matter. He had spoken on that subject years ago 
at the Institution. Cutting in two was much the 
easiest way of getting over the trouble. In nature 
nothing was rigid, and if they could retain a cer- 
tain elasticity it would be better.. Dr. Denny’s 
example showed that clearly. It was all very well 
to have heavy top girders properly supported, but 
they meant a great deal of top weight, and was it 
not better to secure elasticity by putting in a 
sliding joint? In some cases it was essential to 
have a continuous deck erection, and then stiffness 
was, of course, necessary. It might be thought to 
be an advantage to take some of the material from 
the bottom and put it higher up. 

Mr. R. Saxton White said that in former times 
he, too, had known of the use of a canvas cover- 
joint. It was not scientific, but it answered its 
purpose well. In the case of long deck-houses, 
they had used a sort of horseshoe joint, which was 
satisfactory. There was no doubt that if breaking 
away was to be prevented, it was necessary to 
taper the structure away and to avoid all abrupt 
and rigid breaks. Passengers enjoyed open deck 
spaces and promenades, but the usual: open deck 
was not well adapted to the Atlantic, though it 
might be to services running to the South. In the 
Atlantic service the tendency was to continue the 
side-plating up to the deck-houses, and they could 
now be closed in, with sufficiently large openings 
left for ventilation. The whole question was of 
importance in view of legislative changes. If the 
load of boats was to be doubled or trebled, the con- 
struction of deck-houses would be increasingly 
important. The strains resulting from patching 
were very important as it was, and they would be 
greatly increased by adding to the load of boats. 
Such matters will have to be seriously thought of. 

Mr. Foster King said that he had not to reply to 
any criticism. They had arrived at large deck- 
houses with others superimposed upon them, and 
now the Government required still further weight 
added. The difficulty of dealing satisfactorily with 
such demands had been proved. The weights were 
large, and the difficulty of keeping them in position 
considerable. It was impossible to expect any- 
thing but failure with the light scantlings used. 
No riveting or patching was effective. He knew 
of a case where every rivet at one point had failed, 





and the joint had simply been covered up and 


allowed to slide. Deck-plating was, of course, 
introduced because of the difficulty of keeping 
wooden decks tight. In efficient deck design, long 
strips of thick plating were better than large areas 
of thin plates. He recommended large stringers 
for the best results. He thought the examples of 
which Captain Park had spoken would be extremely 
valuable. They would help to confirm, or otherwise, 
his expectations. 


MeruopicaL ExperRIMENTS with MERCANTILE 
Sarr Forms. 


The second paper taken at the meeting held on 
Friday morning was one having the above title, 
which was read in abstract by the author, Mr. G. S. 
Baker, Member, Teddington. It gives the results of 
systematic research work carried out at the William 
Froude National Tank, with a number of models 
having varying lengths of entrance and run, and 
differing from one another in regard to various 
points set forth by the author. The dynamometer 
and speed-recording apparatus used were those 
described in his paper of 1911 (see ENGINEERING, 
vol, xci., page 445). The effect upon model resist- 
ance of various possible terminations to the lines, 
both in the fore and after body, were entered into 
in detail. We propose to reproduce the paper in full 
in an early issue. 

Sir John I. Thornycroft, who opened the discus- 
sion, felt gratified at the way in which the testing 
of ship models was now being developed. The accu- 
racy of the experiments was evidenced by the fact 
that a test could be reproduced a second time with 
the same results. The Froude tank installation 
formed an important national asset. His firm had 
also utilised tank experiments, and had found them 
very satisfactory ; they yielded figures for any par- 
ticular model, and rendered it possible to know the 
effect of any alteration made in the latter. Tests, 
however, could not yet be carried out showing the 
effect of the screws and the results of modifying 
their position. They made it possible, however, to 
obtain the best possible lines, and when this was 
done they had to fit the right screw in the right 
place. The machinery in the ship also affected the 
question, and many other points came in for con- 
sideration. He was very glad to find that the plant 
-— apparatus used by the author had worked so 
we 


Dr. Archibald Denny put before the meeting a 
number of drawings and diagrams showing the re- 
sults of the tank experiments made by his own firm. 
The results given by the author in his paper would 
prove of great value to every shipbuilder. The 
paper, added Dr. Denny, was divided into two 
=. and he preferred the first part, which gave 

ta of more practical value than the second, this 
containing, nevertheless, a large amount of inter- 
esting details. He (the speaker) had made a large 
series of models to find out the effect of variations 
in ——- beam, and fullness; he then applied 
to actual shipbuilding the results he had obtained, 
and.all went well for several years, because they 
were using the same type of lines. This was then 
changed, and they. found the correction on -the 
model to work unsatisfactorily. Each model had to 
be tested individually, and accuracy could: be pre- 
dicted when the lines given the ship approaclied 
closely those of the mode]... Dr. Denny exhibited 
a diagram showing how he plotted the results, 
adding that his firm tested every model at three, 
and sometimes at five, different draughts. The 
results could, of course, be plotted in any form, 
but the author had adopted the Froude method. 
There were at the present time in Great Britain 
four tanks and another one in course of completion, 
and he would like to suggest the desirability of 
holding a conference for: publishing all the test 
results in one single standardised form. Dr. Denny 
showed another diagram giving the resistance line ; 
this was not a satisfactory line, and he explained that 
the rails on his tank were in a rather bad condition, 
and they were replacing them. He pointed out on 
his diagram the working of the time-pen and dis- 
tance-pen. His (the speaker’s) tank was a small 
one, 300 ft. in length, whilst the William Froude 
tank was 550 ft. over all; the breadth in the two 
cases was 22 ft. and 30 ft. respectively. The depth of “ 
water was also different. e shape and other con- 
ditions and variables also intervened to affect com- 
parisons. The temperature of the water had also 
a very great influence, and it was well established 
that a 5 per cent. difference could be caused by a 
temperature variation of 12 deg. A movement 








took place in the water in one direction in the 


414 


ENGINEERING, 





[Marcu 28, 1913. 





summer, and in the other in the winter, due to 
differences in temperature, and great care had 
therefore to be taken in order tw ensure accurate 
results, even in repetition models. Further, the 
author’s truck weighed over 14 tons, whilst his (Dr. 
Denny’s) weighed under 2 tons, and he could get up 
speed more quickly, because his truck was lighter. 
He preferred a lighter truck. There was also the 
well-known fact that an electric motor worked best 
at its designed number of revolutions ; if the motors 
on the truck were geared, they had to vary the 
speed by a resistance, and under these circum- 
stances the motor was very sensitive, and Dr. Denny 
had introduced gearing ‘bor small ranges of speed 
and a very fine resistance. He had also an 
elementary centrifugal pump. All the control 
was done on the truck. e could run at very 
high speeds, although his tank was a short one, 
and he could obtain perfectly good diagrams. He 
handed to the Chairman diagrams showing a very 
full series of model results obtained at five different 
draughts, and compared them with the figures in 
the author’s paper. He was very glad that this 
had been read, but he was afraid it would have one 
disadvantage, in that it would afford cranks an 
excellent sry for twisting the results. 

Professor W. 8S. Abell, who followed, said he was 
very glad that Dr. Denny had raised the question 
as to the methods in which results should be 
presented by the various bodies which were in 
possession of experimental tanks. The suggestion 
of a confererce on the matter should be taken up, 
and, at the same time, due account should be taken 
of the need for recording the information given in 
as simple a manner as ible. In this connection 
he would like to ask Mr. Baker whether he did not 
think the method adopted by Naval Constructor D. 
W. Taylor, U.S.N.—i.e., that of recording residuary 
resistance in pounds per ton displacement in terms 
of corresponding speed, displacement, length ratio 
and prismatic coefficient—might be followed with 
advantage, as it was certainly a simple one. 
He would be glad also if Mr. Baker waa add to 
the various diagrams the necessary friction correc- 
tion curves for vessels of different length, which 
would render them more useful for direct calcu- 
lation. 

Mr. Baker referred, at the end of the first series 
of experiments, to the fact that the data might be 
used for other purposes. Professor Abell would 
like to ask whether there was sufficient informa- 
tion there to enable the best proportion of parallel 
middle body to be deduced for the forms given. 
He (the speaker) did not think such was the 
case. This question of parallel middle body was 
one of importance as regards carrying capacity ; 
it was desirable to have this portion as long as 
possible, provided the residuary resistance was 
not excessive. In one case, as far as it could 
be ascertained, it appearéd that in a ship of 
450 ft. length, driven at 15 knots, about 25 per 
cent. of the length might be made parallel with- 
out increasing the resistance beyond that of 
a good continuous form. The information given 
by Mr. Baker as to eddy-making ap to show 
that the angle of run should not exceed about 
18 deg., which was, at any rate, some guide. As 
for the entrance, however, that appeared to be 
a question of wave-making, which was not so 
simple of consideration. 

Concerning the second series of experiments 
made by Mr. Baker, included in Part II. of his 
peer, they appeared to bear out the dictum of 

r. W. Froude, to the effect that as regarded the 
forward portion of the ship it was best to adopt 
U-shaped sections, while at the stern of the vessel 
the contrary should be the case, involving the use 
here of VY sections. This appeared to be the 
tendency of the experiments. 

Mr. Baker, in replying to the discussion, said that 
an apparatus was being|thought out for making 
screw-propeller experiments. He agreed with Dr. 
Denny that it was inadvisable to try anything and 
everything ; the tests had to be limited to one 
varying condition atatime. He had a paper in 
preparation dealing with a method for locating 
** humps” in curves obtained with various models 
—from that for a barge to that for a destroyer. 
With regard to the plotting of the results, he had 
followed Froude’s method ; and if he had thought 
Taylor's method better, he would have adopted it, 
but he found Froude’s more simple, and ie had 
adhered to it. He (the author) was quite willing 
to entertain the question of standardising the test 
results referred to in the discussion, but it would be 


to bring them into line with the Froude method 
of notation. He agreed with Dr. Denny’s remarks 
as to speed, and his (the author’s) electric drive 
was perfectly balanced at one speed. He did not 
allow so much as 5 per cent. for a 12-deg. tem- 

rature difference ; his figures were 3 per cent. 
or 10 deg. In regard to friction, he agreed with 
Reynolds's figures for friction in pipes, this being 
comparable to the skin friction. The 14-ton truck 
carried a dynamometer which would move if 
blown upon, and it could measure forces much 
lower than those measured on the models. Ex- 
periments had been carried out at many different 
speeds without any ill effects whatever. In regard 
to the query with reference to the parallel body, 
he thought the paper gave sufficient indications as 
to that point. As for the method he followed for 
fixing the ‘‘ humps,” he had searched all records 
—Taylor’s, Saddler’s, and others he was still 
analysing, and so far he had not found himself to 
be at fault. 

On the motion of the Chairman, a hearty vote of 
thanks was awarded the author for his com- 
munication. 


Launcutne DEcLIVITIES FOR SHIPS, AND THEIR 
INFLUENCE UPON Poppet aNp Way-ENb PREs- 
SURES. 


A paper having the above title was taken at 
the afternoon meeting on Friday, the 14th inst., 
and was read in abstract by its author, Mr. A. 
Hiley, Associate Member. In it the author re- 
viewed in detail all the requirements which govern 
launching, and from the information and formule 
he gave, the launching particulars could be readily 
arrived at for any class of ship. We propose to 
reproduce ood pa in a later issue. 

Mr. Attwood, who opened the discussion, said 
he unfortunately had not had the opportunity of 
reading the paper before the meeting had com- 
menced, but would give it full consideration. He 
found the author laid emphasis upon the way-end 
pressure, and very rightly so. In some launches 
we were coming very close to serious pressures, 
and there had been indications of the way-end 
pressures becoming excessive, reaching as much 
as 4 to 6 tons per sq. ft. This question of the 
pressure exerted on the way-ends was one which 
required most careful attention. The bending 
moments in a ship being launched were con- 
siderable also, and it was necessary to ascertain 
that the decks were riveted up sufficiently to resist 
the hogging that was set up when the ship was 
going down to the water. 

Mr. J. Thomson asked the Chairman to believe 
that if the paper was not extensively discussed at 
the meeting, it was not owing to lack of import- 
ance, but owing tothe many figures it gave. The 
information it contained would be found very 
valuable by all shipbuilders, and the author de- 
served the warmest thanks from the meeting for 
having put it forward. 

Mr. Hiley referred to the photographs he had 
displayed round the platform and called attention 
to various details they reproduced, laying stress 
upon the question of poppet pressures, especially 
in the case of warships, whose weight was in- 
creasing, and also upon the way-end pressure 
—referred to by Mr. Attwood—adding that he had 
also shown the relation between these pressures 
and the moment against tipping. The diagrams 
he had given showed convenient declivities and 
various coefficients for launching ; if these were 
adhered to, no difficulty would be found in starting 
the vessel or in holding her up before her release. 

On the motion of the Chairman, who said the 
paper would be sure to receive great attention on 
the part of shipbuilders, the author was cordially 
thanked for his contribution. 


Srresses 1n Stayep CyLiInpRICcAL SHELLS. 


The proceedings were resumed at the evening 
meeting on the same day, the 14th inst., Professor 
Biles occupying the chair, when a r on the 
**Stresses in Stayed Cylindrical Shells,” by Mr. 
C. E. Stromeyer, was read in abstract by its 
author. We reproduce it in full on page 438. 

Professor Coker, who opened the discussion, 
asked how Mr. Stromeyer obtained the stresses due 
to bending ; the case the author had stated was a 
very complicated one. Was there, further, any 


effect from local stresses due to the stays going 
through the plates? It appeared 
the stresses were more complicate 


robable that 
than in the 





case of a simple beam. 








Mr. Stromeyer, in reply, stated that when it was 
thought an annular boiler would be weak, stays were 
used ; but these could not be said to result through- 
out satisfactorily. With reference to the bending 
stresses, all he had done was to show that the par- 
tial pressures were larger than those allowed by the 
rules for thick boiler-plates ; where the rules allowed 
68 he had shown 71—a figure a little higher than 
that of the rules in existence. 

On the motion of the Chairman, Mr. Stromeyer 
was thanked for his communication, the Chairman 
adding that Mr. Stromeyer had contributed many 
papers to the proceedings. 


Tue Distrisution or Stress Due ro a River w 
A Puate. 


This paper, contributed by Professor E. G, 
Coker, M.A , D.Sc., and Mr. W. A. Scoble, B.Sc., 
Wh.Sc., was read in abstract by the former, who 
illustrated it by several lantern-slides, showing the 
stresses referred to. We reproduce it on page 439, 

The discussion was opened by the Secretary read- 
ing notes he had received from Professor Mesnager, 
of Paris, who expressed the opinion that the paper 
under consideration was most interesting. The 
complete study of stresses occurring at different 
parts of a plate, produced by rivets, or by tension 
In the case of a plate containing holes, had never 
been carried so far and with such precise methods, 
The study, however, was limited to the section 
perpendicular to the direction of tension and to that 
parallel to that direction, both passing through the 
centre of a rivet-hole. These sections were those 
in which it was customary to determine the stresses 
with a view to determine the dimensions of pieces, 
Unfortunately, the sections were not those in which 
the first permanent deformations generally occurred. 
Thus, ina ners under tension and containing holes, 
it was well known that the first permanent deforma- 
tions occurred in two sections at an angle of about 


45 deg. to the direction of tension, and a little - 


closer to the direction perpendicular to the tension. 
Professor Coker’s paper, therefore, in Professor 
Mesnager’s opinion, formed but a commence- 
ment of researches in the matter of fatigue of 
riveted plates. It would be desirable to extend it 
to other sections, and particularly to those which 
were the most liable to be exposed to permanent 
deformation. Professor Mesnager added that very 
remarkable work had been carried out in England 
of late years in the question of permanent deforma- 
tion ; this work had shown the importance of shear 
stresses, and it would therefore appear necessary to 
ascertain the points where these reached their 
largest value. (The French professor here referred 
to ENGINEERING of December 24, 1909, for the 
papers by Messrs. Guest, Mason and Smith, 
and for the discussion on them.) In further 
researches, he added, polarised light offered con- 
siderable advantages, since the greatest shear stress 
was equal to the half-difference between the main 
extreme stresses. The tension perpendicular to 
the bases of the plate could be only very small. 
Therefore, when the main tensions, parallel to the 
direction of the plane of the stress, were of contrary 
signs, a simple reading on the compensator gave 
the difference wanted. When they were of the 
same sign, the difference was equal to the largest 
of the two tensions. 

Professor Dalby, who followed, said it was diffi- 
cult to discuss the paper by Professor Coker alone, 
for in conjunction with this he had read the 
following one by Mr. C. E. Inglis, and he had the 
two papers in his mind; he added that in his 
opinion there had seldom been two more remark- 
able papers put before the Institution on the same 
evening. Mr. Inglis had dealt with the subject 
by mathematics in an admirable way. He (the 
speaker) had applied Mr. Inglis’s mathematics to 
Professor Coker's paper, and he found that they 
confirmed Professor Coker’s results obtained with 
his optical screens. One paper confirmed the other, 
and this gave added pect +e in the use of Pro- 
fessor Coker’s methods for the determination of 
stresses. He thought what Professor Coker had 
done was to make possible the determination of the 
two vectors at the basis of the Rankine theory, 
thus solving the problem. This was a great 
advantage, and many difficult stress problems could 
now be tackled, since we had the two vectors. 
Referring to the rivet-hole near the edge, he asked 
whether Professor Coker had varied the overlap, 
and whether he had dealt with the riveting of joints. 

Professor Hopkinson echoed Profess»r Dalbys 
remarks. He thought that what Professor Coker 
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had determined was not so much the stress due to 
a rivet as that occurring in the neighbourhood of a 

in-joint. He (the speaker) thought there was not 
a mere pulling action in the case of riveted a his 
impression being that the plates were hel together 
by friction. This, however, did not detract from 
the value of the paper. The real boundary condi- 
tion near a rivet was that the metal was in com- 

ression round the rivet, and could have no radial 
motion there. ‘ 

Mr. Stromeyer very much admired Professor 
Coker’s work, adding that he (the speaker) had 
many years ago aren a something similar, usin. 
the interference method, and that method coul 
perhaps be safely applied in the determination of 
stresses. With regard to the instrument used by 
Professor Coker in his experiments, he could hardly 
believe it possible to obtain with this the results 
illustrated, as an instrument even so light and 
sensitive as Professor Coker’s seemed to be would 
affect the readings. Mathematicians, Mr. Stromeyer 
thought, did not seem to trouble much about engi- 
neering problems, and he felt the formule given 
were not quite right, even although the experi- 
mental results apparently confirmed them. He 
thought also that in the plotting out of stresses, 
and sums of stresses, it would be useful to have a 
regular chart of all stresses occurring in the neigh- 
bourhood of a hole. 

Since the discussion seemed to be drifting upon 
the next paper as well, the Chairman called upon 
Mr. Inglis to read his. 


SrRESSES IN A PLATE Dut TO THE PRESENCE OF 
Cracks AND SHARP CORNERS. 


The author, Mr. C. E. Inglis, M.A., A.M. Inst. 
C.E., Fellow of King’s College, Cambridge, gave 
an admirable verbal exposition of this paper, with 
the aid of the figures it contained, reproduced 
on a large scale and exhibited on the platform. 
The paper proved to be a remarkable and most 
valuable contribution to the mathematical theory 
of elasticity. The author has worked out com- 
pletely the distribution of the stresses round an 
elliptical hole in a tie-bar. He finds that if the 
ellipse has its major axis transverse to the line of 
pull, the stress reaches its maximum value at the 
extremities of this major axis, where the stress 
attains to a value given by the relation 

P = Po (1 * S) 
where p, denotes the average value of the stress in 
the unpierced portion of the tie-rod, and a and b 
one-half respectively of the major and the minor 
axis. In the case considered the stress at the 
extremities of the minor axis is a compression 
having the value ». 

If the major axis of the ellipse lies llel to 
the line of pull, the maximum stress is then found 
at the ends of the minor axis, and has a value 

P = Po ( 1+ >). 

The solution, being exact, and not a mere approxi- 
mation, is applicable whatever the proportions of 
the ellipse. If the two axes of this ellipse are 
equal, it degenerates into a circle, and the maxi- 
mum stress becomes three times the mean. If, on 
the other hand, the minor axis is ;q@55 of the major 
axis, the ellipse approximates to a mere crack in 
the plate ; and if the major axis be perpendicular 
to the line of the pull, the maximum stress 
becomes 2001 p,; whilst if the ratio of the 
axes be 10,000 to 1, the maximum stress will 
be no less than 20,001 p,; Mr. Inglis, in his paper, 
showed that his results could be applied to deter- 
mine the maximum stresses round openings of any 
form. His results, as he pointed out, hold only 
within the elastic limit, so that a bar stressed in 
one direction only may be stronger in practice than 
the theory indicates. If, however, the stress 
applied be an alternating one, the practical strength 
of the bar is in accord with his theory. Mr. 
Inglis also gives in his paper the solution for the 
case when the major axis of the ellipse makes an 
angle of 45 deg. with the line of the pull. In the 

mé he gave to the meeting, he stated that in 
the case of a square hole his theory indicated the 

bability of cracks exactly at the points instanced 

y Dr. Denny at the morning meeting as occurring 
at the outside corner of square openings cut 
out of a deck-house plate, a pleasing instance of 
Practice condescending to with theory. 
_Professor Henderson congratulated the Inatitu- 
Hon at having two such valuable experimental and 


mathematical papers at one and the same meeting. 
He asked Professor Coker how he arrived at such 
accuracy in the determination of p, and p, , since a 
1 per cent. error in measurement might involve a 
20 per cent. difference in p, and p,, The xylonite 
specimen might, for instance, become slightly bent, 
due to an error in the extensometer, and black 
lines be shown. It must be difficult to keep the 
specimen perfectly straight. If difficulties arose 
due to the bending of the specimens, double mir- 
rors could be resorted to when the bending of the 
specimens would give rise to no difficulty, the chance 
of error he mentioned being thus disposed of. He 
asked Professor Coker as to the properties of 
xylonite, whether it was a perfectly reliable sub- 
stance, and one which could be expected to give 
accurate results as to elastic properties. In regard 
to the paper by Mr. Inglis, this was a beautiful 
piece of mathematical work, and one which would 
prove very valuable to practical men, as there was 
no doubt concerning its reliability. He admired 
the results arrived at. The formation of cracks 
and their spreading had often been a puzzle. Mr. 
Inglis showed how the phenomena occurred, and 
the method in which he dealt with holes other 
than elliptical was a most ingenious one. He had 
pointed out that it was unnecessary to have any 
anxiety in the matter except at the corners of 
holes ; if the hole were near the edge of a plate, the 
problem could be treated with equal simplicity. 
Professor Hopkinson, who followed, said Mr. 
Inglis’s paper was an important one, since all 
failures practically originated from cracks. It was 
well known that when the rounding-off radius was 
a large one the danger was decreased. The solution 
for sharp angles only had up till now been dealt 
with, but the author had shown how the stress 
varied in a number of other cases. His re- 
searches only applied, however, within the elastic 
limit of the material, and he (the speaker) hoped 
he would follow up his work by ascertaining and 
telling them what happened in the case of a ductile 
material. In mild steel the material began to 
stretch at the cavity; a pull put a tax on the 
material in the neighbourhood of the latter, and it 
would be interesting to find out the conditions 
under which a thin crack would spread. Mild steel 
in which a saw-cut had been made pulled out at the 
saw-cut, and broke by drawing down. Professor 
Hopkinson showed several case-hardened bars of 
good mild steel, case-hardened to a depth of ;\; in. 
and jj in., the inner portion being ductile, and 
pointed out how they broke by bending. In one of 
these he had ground off most of the case-hardened 
part, leaving some on the tension side, and broke 
it by a bending test. He referred to several of 
Mr. Inglis’s diagrams, and he ho the author 
would continue his work and deal with the problem 
of what occurred when the metal began to stretch. 
Mr. Stromeyer expressed the fear that mathe- 
matical cracks did not agree with cracks in practice. 
If the mathematical view as to cracks was correct, 
as soon as one crack made its appearance the matter 
became ee. Cracks usually started at many 
places at the same time, and it was difticult to 
apply the mathematics of the author to mild steel. 
He referred the meeting to his own papers read 
before the Iron and Steel Institute upon the ageing 
of mild steel, and also instanced his refusal of a 
number of crank-shafts which had come, under his 


notice. He (the speaker) did not favour sharp | regard 


corners. It was not easy, he added, to continue a 
crack straight, in glass, for example. 

Mr. W. A. Scoble, in replying, referred to the 
widening out of several of the colour bars, adding 
that in one case he had over-strained the speci- 
men. He illustrated on the black-board how 
compression and tension took place, and that 
when the overlap at a joint was small, the state 
of affairs was somewhat like that found in a 
beam. With regard to the statement that the 
conditions of the test corresponded to the pres- 
ence of a pin rather than that of a rivet, 
he had expected that remark ; it was difficult some- 
times to find a title and a name. This instance 
was the first one in which two methods were com- 
bined to distinguish between the principal stresses. 
With a pin there was no force binding the two 

lates a whilst with a rivet there occurred a 
Cone ial stress. They had not, however, on that 
occasion dealt with the complete case. In experi- 
ments it was impossible to reproduce at one time 
exactly all the practical conditions; in some instances 
it was even advisable that this should not be so. 








It had been stated that their recording instrument 





was so simple that the results obtained with it 
appeared incredible. He (Mr. Scoble), on the other 
hand, attributed the results to the very simplicity 
of the instrument. Its weight was very low, about 
3 oz. probably, and the bending action was abso- 
lutely negligible. When he started to make experi- 
ments with xylonite, he was startled to find that 
it behaved so well as it did; he was afraid at first 
there would be a creeping action, but he had found 
that it behaved much like a steel specimen. 

Professor Coker, in summarising the points left 
over by Mr. Scoble, hoped to continue his investi- 
mpeg unfortunately, he had not yet arrived so 
ar as had been pointed out by Professor Dalby. 
The conditions were those caused by a pin, not a 
rivet; had they used a rivet this would have 
obliterated some of the phenomena they wished to 
study. They had not yet undertaken the recording 
of what took place with a rivet. He did not know 
thet Mr. Stromeyer had made experiments of the 
same. nature several years ago. ith regard to 
standardising their scale, there was no real difli- 
culty, and the instrument used showed accurately 
the change which had taken place. He was glad 
to find that Mr. Inglis’s results, obtained quite 
independently, confirmed theirown. Mr. Inglis had 
obtained an accurate solution fora definite problem, 
and his own (Professor Coker’s) readings agreed 
well with Mr. Inglis’s figures. In regard to the 

roperties of xylonite, Mr. Scoble did not at first 

lieve in this material ; he was not biassed, and 
was now quite converted as to its advantages. 
When suflicient care was taken, it was possible to 
reach a de of accuracy of + 2 per cent. In 
previous work that degree of accuracy had been 
attained, but in the case of the paper under con- 
sideration they had not worked to such close limits. 
Xylonite did creep, but only with time ; it had the 
advantage over oe that a large stress could be 
put upon it. Italso gavea r range of measure- 
ments than glass did. Further points would be 
dealt with by correspondence. 

Mr. Inglis, in the course of a brief reply, stated 
that he was first an engineer and then a mathe- 
matician. He had endeavoured to explain by 
mathematics where the cracks occurred, and, as 
stated in his paper, he had dealt with a material 
having an elastic limit. So far, the behaviour of 
ductile and plastic material had to be largely a 
matter for conjecture. His theory did not appl 
to this. He had also dealt with a plate, not wi 
shafts. In regard to the direction in which a crack 
spread, there was no clear notion as to that point. 

e thanked the meeting for their reception of his 


r. 
"' the motion of the Chairman, the authors of 
the two papers were accorded the thanks of the 
members. 

The proceedings concluded with the usual votes 
of thanks to the Society of Arts for the loan of 
their hall and to the Chairman and Secretary for 
the success of the meetings. 





RECENT MOTOR EQUIPMENT IN THE 
NEW YORK FIRE DEPARTMENT. 
(Concluded from page 346.) 

Tue aerial or extension ladder presents many of 
the problems of the water-tower, especially in 
to the long-wheel base and great weight. In 
addition to the extension and other ladders, there 
must be carried various appliances for life-rescue, 
and for opening up the building for ventila- 
tion, or to get directly at the seat of the fire. 
So early as 1909 a tractor, formed from the 
chassis of a large motor-car, was installed with a 
large ladder-truck in the Vancouver, B.C., Fire 
Department, and it gave such satisfaction that the 
arrangement was extensively adopted in the United 
States. This, however, involved a six-wheeled 
vehicle, which, at best, was abnormally long. Apart 
from the advantage of being able to utilise the 
ladder-trucks already in service, by the elimination 
of the front wheels and the simplest of adjustments, 
there was little to commend the arrangement from 
a mechanical or service standpoint, if a suitable 
mechanically-propelled four-wheeled truck could be 
devised. is has been reached in several American 
types, and in the one adopted for four new trucks, 
recently added to the New York Fire Department, 
use has been made again of the petro-electric couple- 

gear principle already described. 
As regards wheels, motors, generators, engines, 





and general control mechanism, no departure was 
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Fic. 5. Front-Drive Tracror Stream Fire-EnGine 


found necessary from the standard type used in the | the rear wheels, under the control of a tillerman, as| rator are suspended from the main frame, which is 
water-tower. ut, of course, there was involved a/in a horse-drawn truck, in addition to the principal | formed from steel channel-beams, and is 32 ft. in 
special arrangement of machinery within the main} means of steering and control at the seat of the length (see Fig. 4, above). On this the ladders are 
frame of the truck, and a steering arrangement for ' driver, or chauffeur, in front. The engineand gence. | carried; the power plant, or engine and generator, are 
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Fic. 6. ELectTricaALty-PROPELLED STEAM FIRE-ENGINE. 


installed in the forward part of the space previously 
occupied by the tool-basket, andjdirectly behind the 
turntable of the ladder. With this single’exception, 
which serves slightly to curtail the number of 
minor tools carried, there is not involved in the new 
motor-trucks any decrease in equipment, power, or 
function over the older horse-drawn machines which 
they supplant. On the contrary, important im- 
provements have been made in the extension ladder 
iteelf, which render it vastly more useful and 
efficient 

The base of the aerial ladder is mounted to 
revolve on trunnions carried on a frame and turn- 
able resting on a platform at the forward end of 
the truck above the front wheels. By providin 

ical mechanism for its operation, incr 

speed and facility in raising and manceuvring the 
ladder are secured, while the added weight of the 
power plant, and the low centre of gravity, give 
greatly increased stability to the ladder when ex- 
tended to its height of 75 ft. The main ladder is 
‘ranged in two sections. The lower is raised by a 
Shorse-power motor, driven by current from the 
« generator, and a controller and foot-brake 
ate provided, so that the speed and entire adjust- 
ment are at the control of the operator, the officer 
command. The lower ladder may be raised from 
ts horizontal or normal position of travel to the 





vertical, or any desired angle, and the upper, or fly- | 


tended in considerably less than half a minute. The 
ladder may be moved around on its turntable with 
equal ease and celerity, so that a facility of opera- 
tion is secured by means of which life-saving from 
a window or roof is made possible by the rapid 
manipulation of the ladder. 

Crowded non-fireproof tenements, occupied by 
the poorer classes in New York and other American 
cities, rise to a height of five or more storeys, and 
when egress by narrow stairways is cut off by the 
smoke or flames, the saving of the trapped inhabi- 
tants often furnishes serious concern to the firemen. 
Accordingly, in New York these new trucks are 
being installed in districts where the life hazard is 

test, and, notwithstanding their weight of about 
19,200 Ib. (8$ tons), they are able to make satisfac- 
tory speed under all conditions of service. The only 
objection to be urged against this type of apparatus 
is the complicated character of the mechanism, and 
an attempt is being made in New York to secure 
a tractor rage for the ae. ha seg in = 4 
trol-engine will operate di gearing. It is 
thought that a pats grorad inahin, used vith the 
steam fire-engine and described later on in this 
article, may meet this requirement. 

Although not in use in the New York Fire 
Department, another excellent type of motor-driven 
aerial ladder is found in America, in which a four- 
wheel drive and steer truck is driven direct from a 


er (which is raised by a hand windlass) fully ex- petrol-engine by means of a long shaft transmission 








and bevel gearing to the wheels. This machine has 
shown the requisite speed and power, and is fully 
equipped for handling the longest aerial ladders. 

But the motor apparatus just described, useful 
as it is, must be considered as subordinate to the 
steam fire-engine, or some other form of portable 
pump, for it is on such a machine to-day that the 
main dependence of a community must placed, 
unless there are unusual service pressures in the 
water-supply distribution system, or independent 
high-pressure fire mains, available at the hydrants. 
In the American steam fire-engine, power, capacity, 
reliability, ease of operation, and excellence of con- 
struction have been obtained, and its use is 
thoroughly understood by the firemen. Obviously 
the size and capacity must be limited by the weight 
that three horses can draw, and this fact governs 
the speed of travel in responding to an alarm, and 
the radius of action of a particular engine company. 
In addition, taking the mechanical aspect of the 
matter into consideration, a portable quick-steaming 
boiler and steam -piston pump hardly typifies 
twentieth -century engineering on the score of 
efficiency and economy. But emergency service, 
rather than economy, is the province of the steam 
fire-engine, and even when horse-drawn it has 
responded in most cases satisfactorily. It has set a 
standard below which it is neither safe nor desirable 
to fall, and unless the same protection can be 
given by internal-combustion or electric apparatus 
auto-propelled, no movement for c e would 
be seriously considered. Furthermore, in winter, 
when most serious fires occur, it often happens 
that a hydrant may be frozen and require thawing 
out. This can be done at once by a steam fire- 
engine, arriving as it does with steam raised. 

The advantages of internal-combustion engines, 
and their applicability to fire-pumps, are, of course, 
admitted ; but the question of their present use 
with fire-pumps is ) renee a practical one, and 
American fire engineers do not believe that a 
satisfactory motor-engine, able to take the place of 
a metropolitan steamer, has been developed, and 
they are not satisfied that even smaller machines 
correspond in fire efficiency to a second-size engine. 
But there is not the slightest antagonism to 
motor propulsion, and in the New York Fire 
Department the present tendency is to substitute 
for horse draught with the present type of steam 
fire-engine some form of tractor device. This is 
being accomplished by eliminating the front wheels 
as arranged for horse draught and lengthening the 
main frame, or otherwise arranging for the motor. 
The first of these motor-driven steam fire-engines 
to be adapted for the New York Fire De ent 
carried a 4-cycle 4-cylinder engine of 120 horse- 
power mounted on the extended frame of a second- 
size steam fire-engine. A chain and sprocket-gear 
transmitted to the rear wheels power from a 
countershaft run from the main crank-shaft by a 
bevel-gear. The engine was massive in design and 
construction, weighing over 9 tons. While in 
service it answered many alarms, yet it developed 
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excessive vibration, and, despite the use of 6-in. 
solid-rubber tyres, it was found that there was a 
tendency for the radiator and other parts to work 
loose. Accordingly the machine did not seem suited 
for service at a busy station—the company to which 
it was assigned responding to over 800 alarms a year 
—and it is at the busy stations in New York that 
motor apparatus is most desired, so it was with- 
drawn from service. 

With somewhat greater success a novel type of 
front-wheel tractor was employed during the past 
year, and its notable success led to the award of con- 
tracts for 28 additional second-size engines similarly 
equipped, said to be the largest single order ever 
given for fire apparatus (Fig. 5, page 416). Again, 
an ordinary engine was taken, and the main frame 
was extended from the gooseneck in front of the 

umps and cylinders, so as to be attached at the 
ock to a tractor which carried a 4-cylinder 
motor operating directly on the front "wheels. 
Essentially the tractor consists of a sub-frame 
securely bolted to the front end of the engine and 
forming substantially a short forward extension of 
it, to which is bolted a circular disc or ring of 
crucible steel, cast with ite flange or neck in one 
piece. Circumscribing the neck of the flanged 
ring, and resting upon its flange,is a flat ring of 
substantial design, which is drilled to take the stud- 
bolts which attach the whole upper part of-the turn- 
table to its lower part. This permits a rigid con- 
nection between the frame and the tractor, while 
the. removal of the stud-bolts makes possible its 
ready detachment. The lock thus arranged can 
be rotated by means of a worm and sector driven 
from the main gear-box of the motor, and controlled 
by a selected type of transmission lever, so that 
there is given to the swivel thus formed a 
turning angle of 60 deg., which, when added to the 
30 deg. turning angle of the driving-wheels at their 
knuckle joints, affords a total turning range of 90 
deg. for the fire-engine, and makes possible turning 
it about a rear wheel as a pivot. 

The driving-wheels are carried on short axles, and 
are of the centre-wheel type with the pivoting 
centre, or road contact, and the driving-gear itself 
is in the centre of the wheel, thus avoiding strain in 
the steering-gear. The latter is operated from a 
main steering- wheel. The driving is effected 
through a heavy spur-gear differential from 
the main shaft, working through universals to in- 
ternal gears in the tractor-wheel housings, the 
internal driving. gears being of 22 in. pitch diameter. 
The transmission is of the sliding-gear type, of 
selective design, and affords two speeds forward and 
one reverse. The high speed is secured by direct 
driving with a gear ratio of 6 to 1, and can be used 
for speeds of operation varying from 8 to 30 miles 
an hour. The engine, which, with the gear case, 
is cast of semi-steel in one unit, is of the 4-cycle 
type with four cylinders, 5} in. diameter by 7 in. 
stroke. It has a crank-shaft 2? in. in diameter at 
the bearings, which are 3 in. long, and is provided 
with ball-bearings at the transmission end. A disc 
type of clutch with cork inserts is used, the clutch 
driving direct to the gear transmission box through 
one pair of spur-gears. 

Control is effected by means of a foot-throttle 
and spark advance, connected direct to the magneto, 
while the carburettor is of a special three-jet type. 
The engine of the first tractor of this type was 
mounted at one side of the driver’s seat, but in sub- 
sequent machmes the design was modified to bring 
the motor and radiator into the centre, and, in fact, 
to arrange the machinery entirely in front of the 
wheels. A change in the gears was also introduced, 
as after experience with ordinary service conditions, 
and especially with runs of short length, it was 
found preferable to aim at reserve power rather than 
high speed. Solid flat tyres with perforations are 
used with this tractor, and are affording full satis- 
faction. The tractor alone weighs about two tons, 
and hasa 5 up to 35 miles an hour. 

The machine has power enough not only to handle 
the fire-engine under all conditions of service, but 
also to take in tow its hose-tender should accident 
befall the motor of the latter. The motor-tender in 
turn is powerful enough to haul the engine, and 
carries as part of its we a suitable tow-rope, 
so that there is but little danger of accident prevent- 
ing the apparatus reaching a fire promptly. As 
indicating the efficiency of a company so equipped, 
it may be mentioned that in 1 minute and 29 seconds 
after receiving an alarm it arrived at the station, 
distant about 450 yards from the fire-house, con- 
nected ite hose to a hydrant and had a stream 





playing. In seven months this engine answered 
to 605 without a single failure. It is pro- 
posed to equip 27 new hook-and-ladder trucks with 
tractors of this type. 

The couple-gear principle already discussed has 
also found application to fire-engines, arranged 
in somewhat similar fashion to the aerial-ladder 
truck, but with a front-wheel drive. A steam 
fire-engine weighing 9800 pounds (Fig. 6, page 417) 
was equipped with front wheels of this design, 
supplied with current from a 11-plate storage 
battery of 80 cells, carried on an extension of 
the main frame of the fire-engine proper. This 
extension was formed by a 6-in. channel-iron 
beam, 11 ft. in length, on each side of the main 
frame, with cross-bracing and reinforcement of 
$-in. plate. The battery is carried in two boxes, 
divided into eight sets or trays of ten cells each, 
each tray being 8} in. wide by 16 in. high and 
33 in. long. Three trays are carried in a box hung 
from about the centre of the frame and under the 
gooseneck, while the remaining five trays are placed 
on the frame in front of the gooseneck, the en- 
closing boxes being suitably braced and secured. 
The regulation of the current in the motors at the 
wheels is effected by a simple foot-control lever at 
the left of the steering-wheel column, and a suitable 
rheostat is provided. On smooth, hard, level ground 
aspeed of 20 miles an hour was attained, and a 5 
per cent. grade was climbed at a speed of 14 miles 
per hour. 

From the station where this engine was first 
installed, it answered 37 alarms in its first six 
weeks of service, and not infrequently when res- 
ponding to a third alarm it reached the fire in 
advance of horse-drawn apparatus due on the first 
or second alarm, and having a much shorter distance 
to travel. During this period the current con- 
sumption averaged about 25 kilowatts per week, 
varying of course, with the amount of service 
demanded of the apparatus in any single week. One 
charging of the battery is sufficient to carry the fire- 
engine at full speed for 20 miles, though it was 
estimated that with a full-speed run to a fire and a 
slow return, this distance could be increased to 13 
miles and back. Tocharge the battery fully requires 
about six hours, and this is accomplished from the 
ordinary city lighting circuit, with due care to 
effect the charging oe conditions that will best 
preserve the battery. Of course, this isdone while 
the machine is on the station floor, but the supply 
is never allowed to fall to a point where the 
apparatus is out of commission. A few simple 
movements of plugs and switches and the machine 
can start out in instant response to an alarm. 

A somewhat similar arrangement with storage 
batteries, but with a four-wheel drive, has been 
used for ladder-truck and hose-tenders by the 
Springfield, Mass., Fire Department. But in New 

ork the officials are not very cordial towards 
storage batteries, and in some recent specifica- 
tions for a front-drive tractor using a couple-gear 
drive on the front wheels, a petrol-electric power- 
plant, similar to that used upon the aerial ladder- 
trucks, was demanded. This arrangement would, 
of course, standardise the driving mechanism with 
that of the water-tower and the trucks, and would 
facilitate maintenance and repairs, while conducing 
to the ease of operation by firemen already trained 
to drive such machines. In this arrangement of 
a steam fire-engine, the frame is extended, and a 
power-plant, similar to that used on truck or 
tractor, is installed with similar means of control, 
the main difference, of course, being that only two 
motor wheels are used instead of four. 

These tractor machines have been described at 
some length, because their adoption seems to illus- 
trate the prevailing tendency in the New York 
Department, as its experience and investigations 
have not warranted the general adoption of motor 
pumping-engines for metropolitan service. Since 
1909 the Fire Commissioner has advertised almost 
annually for proposals to supply a motor pumping- 
engine equivalent in capacity to a second-size steam- 
engine, and of such mechanical construction as to 
commend it to the engineers of the department. 
So far only one machine has satisfied these require- 
ments, and has been put into regular service, it 
being regarded more as an experiment than as a 
precursor of other machines of this kind. 

Notwithstanding the high initial cost, the advan- 
tages of a motor fire-pump are apparent. The engine 
can be set in operation instantly, and a single 
motor suffices both for propelling and pumping. 
No heater or steam-boiler is required in the station 











to maintain steam, as in the case of the steam fire. 
engine. No kindling or fuel is consumed, excep; 
when the engine is actually working. A minimum 
of attention is required, and the fireman-chauffeuy 
can act as engineer and stoker. But all this does 
not avail if capacity and power are not secured, 
Long stretches of hose may demand that a con. 
siderable pressure be maintained at the pump to 
overcome the great friction losses taking place 
along the line, and often suction must be used ta 
draw water from a river front, a well, or a source of 
supply other than a hydrant. Again the amount 
or pressure supplied to one or more lines of hose 
may need to be altered or shut down instantly 
while in service, and the regulation must be accom. 
plished with readiness and certainty. 

These conditions are mentioned to show that 
the problem is quite different from that in which 
stationary pumps are driven from constant: speed 
internal-combustion engines. These pumps may 
be either reciprocating or rotary, and though the 
latter were rather looked at askance by insurance 
and fire engineers when motor-pumps were first 
proposed, they seem likely to be the best for 
the future, and some promising multi-stage centri- 
fugal pumps are being developed in America, 
The preference for piston pumps was based largely 
on experience with steam fire-engines, and many 
machines driven from petrol-engines have been so 
built. But mechanical difficulties, incident to opers- 
tion and regulation, have been encountered, chief 
of which have been general inefficiency due to the 
transmission of power by gearing or otherwise, and 
the difficulty of transformation from the rotary 
movement of the main shaft to a reciprocating 
movement at the pumps. Often this has involved 
heavy moving parts, and has failed to produce the 
essential flexibility of operation. 

The motor-engine (Fig. 7, page 417) now in 
service in New York met the requirements of the 
fire department for a second-size engine before its 

urchase, and has proved satisfactory in service, 

ides being the prototype of similar machines built 
for other American cities. It is a pumping-engine 
without hose-carrying capacity, and, of course, must 
be accompanied by a suitable tender. The fire- 
engine complete weighs 13,600 pounds ; its engines 
develop 128 horse-power, and can propel it at 
a speed of 36 miles an hour. There is a chain- 
drive to the rear wheels and the transmission can 
be disconnected from the driving mechanism, and 
the pumps driven from the countershaft of the 
motor, which has four cylinders and is of the 4-cycle 
type. Its pumping capacity, as developed on actual 
test, is 744 gallons per minute, against a pressure of 
119.7 lb. at the pump, with a suction lift of 14-ft. 
With a line of 1000 ft. of 2}-in. hose and a stand- 
pipe 80 ft. in height, 277.5 gallons per minute were 
delivered with a pump pressure of 236 lb., when 
supplied from a hydrant. _The pumps, four in 
number, are of the single-acting type with enclosed 
cranks running in an oil bath. 

Motor-engines of more limited pumping capacity 
are now being extensively manufactured and 
in the United States, and various types, with both 
piston and centrifugal rotary impeller or displace- 
ment pumps, have been developed. Many have 
made excellent records in service, and their speed 
has enabled them to get to work on fires in an almost 
incredibly short space of time, while their great 
radius of action has proved often of the highest ser- 
vice. For the smaller cities they are now unrivalled 
for efficiency and economy, and machines are now 
manufactured that combine in a single high-speed 
motor vehicle a fire-pump, hose-tender, chemical 
engine, and accommodation for a sufficient number 
of firemen to handle the hose and other apparatus. 
With their many good points, their limitations in 
the way of capacity must be borne in mind ; and in 
some cases, in which attempts have been made to 
build machines of greater size and pumping powe!, 
they are not considered altogether satisfactory ms 
chines, though they have gone into service and have 
done well in action. While perhaps some 100 of the 

umping-machines may be found throughout the 

jnited States, they have not as yet been acquired 
by theNew York Fire Department, though it 1s not 
unlikely that some will secured for use in the 
suburbs. , 

It must not be understood from the foregoing 
account of the work of motorisation of the New 
York Fire Department that the American metropolis 
leads all other American and Canadian cities in the 
variety and extent of its motor apparatus. Sue 
ind is not the case, for smaller cities mainte” 
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fire departments that are exclusively motor- 
equipped, or have all but reached that state. In 
their case, however, the problems of fire protection 
and fire department maintenance, while large and 
serious, are much less involved than in the larger 
cities. Here any general change in the equipment and 
methods of the fire department is indeed a serious 
matter, whether there is concerned merely the initial 
cost of new apparatus for a hundred or more com- 
panies, or radical innovations in training and organ- 
isation. Therefore it is not difficult to understand 
the conservative spirit in which New York is dealing 
with this side of the movement for increased 
protection, and the fact that other large American 
cities are awaiting the results of its experience and 
investigations. To-day no accommodation for 
horses is being © age ee in the fire houses building 
for the city of New York, and within five years it is 
expected that all apparatus will be motorised, and 
the entire organisation will be adjusted to this 
basis, while the annual cost of maintenance will be 
greatly reduced. 


LITERATURE. 


—_—_~>———- 
Metallurgy of Cast Iron. By Tuomas D. West. Four- 
teenth Edition. Cleveland, Ohio: The Penton Pub- 
lishing Company. [Price 3 dollars, post free. ] 
Mr. West’s book, a new edition of which is 
now before us, is still generally regarded as the 
leading book in English on the Metallurgy of 
Cast Iron. pea A there is no other book in 
the language which claims, as this does in its sub- 
title, to be a ‘*Complete Exposition of the Pro- 
cesses Involved in its Treatment, Chemically and 
Physically, from the Blast-Furnace through the 
Foundry to the Testing- Machine.” Hence the 
attention of the engineer and the foundryman will 
be readily given to this new edition—the fourteenth 
—of which Mr. West says, in the preface, that it 
‘has been revised to a greater extent than any 
since the third one.” 

To make — a study of the extent of the re- 
vision the author has appended to the table of 
contents a list of the additions and changes made in 
the book. Unfortunately this list is not complete 
(e.g., a non-listed alteration has been made on page 
31). Yet, even when allowance is made for this, 
one cannot help being a by the in- 
adequacy of the revision. o single addition or 
alteration occupies so much asa whole page. Three 
or four of the new paragraphs denote, very briefly, 
slight changes in the a se opinions, and the 
others are nmin, age additions, some of which 
might well have been made during the reading of 
the proofs of earlier editions. r. West himself 
has evidently not regarded any of them as of much 
consequence, for he has not troubled to disturb 
the index of the earlier editions by inserting any 
reference to these additions or changes. It will 
thus be seen that any review of this edition must 
be very largely a review of matter with which many 
foundrymen have become familiar by their reading 
of ge editions. 

e book is redolent almost exclusively of the 
foundry floor, and hardly at all of the metallurgical 
laboratory. Mr. West’s own researches, accounts 
of which form a large (and the most useful) part 
of the book, are generally good in conception, 
almost invariably ingenious and efficient in execu- 
tion, but sometimes weak in explanation. In 
short, Mr. West’s work, and with it his book, 
exhibit all the qualities of a skilful and technically- 
enterprising practical foundryman, rather than 
those of a trained metallurgist. But unfortunately 
the former qualifications alone are little more 
satisfactory than the latter alone as the basis of a 
“complete exposition” of the metallurgy of cast 
iron. A really first-class book on the subject will 
be written only when the author or authors can 
combine such wide practical foundry experience and 
skill as the present author displays in this book, 
and still more recently in his work on ‘ Inside 
Chill,”* with an equally good knowledge of modern 
metallurgical research. 

But in spite of certain defects, those who can 
read with discrimination and in the light of 
previous knowledge of the subject will find plenty 
that is of great interest and value in those parts of 
the book which describe Mr. West’s personal 
investigations, and in his opinions on subjects of 
which he has had Fo | experience. Other 








* See ENGInwaRina, vol. xciv., page 28. 


Ye samy however, are scarcely so satisfactory. 
Perhaps the most serious defect of the book is 
the absence of any treatment of the microstructure 
of castiron. Mr. West appears hardly to appreciate 
the progress made in the microscopical method of 
investigation, and to ignore altogether its value 
and possibilities, although most competent foundry- 
men everywhere are now giving it serious atten- 
tion. Further, the Brinell and the scleroscope 
methods of testing hardness are jointly dismissed 
with a reference of only seven lines, and no 
attempt whatever is made to describe them. The 


fire | chapter (No. XXXVI.) also on the ‘Calculation 


of the Analyses of Mixtures” is much too short, 
and might with advantage be supplemented by 
a far more necessary one on the calculation of 
mixtures to produce iron of a given analysis, 
A list (page $52) of articles commonly made of 
cast iron which omits such things as railway 
chairs, tubbing for pit-shafts, and tank-plates, 
while including toys and statuary, piano-plates, 
and the obsolete cast-iron cannon, has evidently 
been somewhat carelessly drawn up. In one 
of the tables at the end of the book we notice 
that there are given no more recent atomic weights 
than those of 1902; and in another table Pictet’s 
figure, 1600 deg. Cent., is given as the melting- 
point of iron, p Rene it has several times been 
shown to be about 100 deg. too high. 

We have previously mentioned that the index has 
not been revised to include the new additions ; but 
as these are few, and not of prime importance, their 
absence does not constitute the chief omission. The 
index is arranged on the inconvenient plan of a 
few main headings, with a number of sub-entries 
runder each. It is regrettable to find that there are 
no headings for many important subjects, of which 
Vanadium, Segregation, and Car-Wheels may be 
quoted as typical. Yet the text of the book con- 
tains several references to each of these subjects. 

We have mentioned some weak points in Mr. 
West’s book, not with the idea of depreciating the 
value of the volume, but because we hope that in 
a future edition—which is sure to be called for— 
the author will take the opportunity of making 
a more thorough revision. The book contains so 
much sound practical information, and is the out- 
come of so much valuable original work, that no 
pains should be spared to bring its contents into 
complete accord with its title. 





Practical Geometry and Graphics. By Davip ALLAN 
Low, M.I. Mech. E., Professor of Secinsteine, East 
London College. London: Longmans, Green and Co. 
[Price 7s. 6d.] 

Tue revolt against the formal mode of teaching 
geometry, which found expression in the last decade, 
has effected a much needed reform, and produced 
a large bibliography. This book is intended to meet 
modern requirements. The propositions of Euclid 
occu y but a small space, and conic sections are 
considered as important asthe circle. A few a 
ago so little consideration of an ancient classic 
would have been thought a very insufficient intro- 
duction into that wide and interesting field opened 
up by mathematical analysis, a field that is here 
invitingly and competently surveyed. Of course 
there are dangers to be guarded against in the new 
scheme ; it is easy to forget the generally exact logic 
of Euclid, but the watchfulness of the advocates of 
the old system will prevent any great mischief. It 
may also be that the old-fashioned mathema- 
tical master, with his dislike of rule and compass, 
will prove but an indifferent teacher of draughts- 
manship, and that the engineering teacher may be 
apt to specialise too early in mathematics. 
Professor Low’s book strikes one as an excellent 
attempt to co-ordinate mathematics and drawing 
work. Further, by avoiding a too strict adherence to 
Euclid, it is possible to introduce at an early stage 
the study of three-dimensional geometry, by which 
the sense of importance and attractiveness of the 
whole subject is very materially enhanced. The 
same may, perhaps, said of vector geometry, 
involving processes whose usefulness is recogni 

in all modern works of this type. These means pro- 

vide a wider outlook, and the beginner obtains in 

an easy manner an enlightening familiarity with 

the main concepts of geometry, which extend a 

vision that is apt to be cramped by the older 

methods of teaching. The intention is apparently 
to lead up to a secure foundation for the principles 
of graphical statics, and the author in this section 
finds sufficient examples by verification of the 





properties of the link problem, and the equilibrium 





of a general system of co-planar forces. The prac- 
tice of projection necessarily occupies several 
chapters. The straight line and plane, the ephere, 
the cylinder, and the cone will be found to be 
admirably treated ; indeed, in the wide field offered 
by the graphical representation of important rela- 
tions, it is hard to know what to select fur com- 
mendation. The intersection of surfaces is a large 
subject that ought not to be passcd over in silence, 
and ‘‘ Helixes and Screws” come in for consider- 
able attention. 

The class of subjects attacked and the method 
pursued are fairly well known, but we would 
emphasise one remark that the author makes: 
**The student cannot hope to master the subject 
of practical geometry unless he works on the 
drawing-board a large number of examples.” For 
that reason, and perhaps because the author knows 
that examples give a quicker impression than argu- 
ment, he oe added many well-selected exercises, 
and unless the pupil can acquire the power of 
solving these with ease and facility, his study 
of the subject is nothing worth. To him who has 
not the mastery, all the difficulties come with a 
fresh case, and the only proof of knowledge worth 
having is the power of applying it to new matter. 

Professor Low in his books has succeeded in 
compressing an immense amount of information 
into a comparatively small space, without, as far 
as we can see, making any sacrifice of clearness. 
This treatise is no exception, and the student will 
find that bulk is a very payee test of the 
quantity of matter he will have to digest. The 
possible applications of this method are endless, 
while the speed and certainty of solution of a 
great variety of problems make the study most 
fascinating. 
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Sewacr at Braprorp.—The Sewage Committee of 
the Bradford Town Council is recommending the Council 
to adopt what is known as the composite scheme for 
crossing the Esholt Valley. This provides for the con- 
struction of an aqueduct for carrying sewage to the site 
| of precipitation tanks on the further side of the Aire 
Valley at Esholt, at a cost of 77,3501, 
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No. LIX. 


By JoszpH Horner. 


THe system of sand blasting of Messrs. Lentz 
and Zimmermann, Giessereimaschinen-Gesellschaft, 
G.m.b.H., of Diisseldorf-Rath, is illustrated by the 
engravings on the present page. With regard to the 
sand-blasting unit itself, this will be understood 
by a study of the sectional view, Fig. 904, which 
shows the sand-chambers, the valves, and the 
pipe-connection to a tumbling-barrel above. The 
example shown is that of a one-chamber re Meera 
which involves the stopping of work when the sand 
supply is used up. fh a two-chamber apparatus 
the operation is continuous, one chamber being 
charged while the other is working. 

The machine shown in Fig. 904 has a sand-chamber 
A at the top, which is filled by an elevator or other 
means. The sand descends thence by gravity 
down a conical nozzle, and through a disc-valve B, 
into the working-chamber C, which valve B is 
opened by the pressure of the air under the disc. 
But no air can get into the upper chamber. The 
valve is made tight by a rep ble rubber ring 
set above the valve, so that the sand cannot lie 
upon it. The flow of sand from the bottom chamber 
is regulated by a plug-cock D, Fig, 905, having 
a very short passage, so that choking cannot occur. 
It has a segmental form, and lies under a large 
opening entering from the sand-chamber. ‘0 

uard further against possible choking there is, 

ides the large aperture, an arrangement by 

which the air pressure can be diverted backwards 
towards the sand-chamber, thus breaking up any 
lumps of sand and causing freedom of flow. This 
is sometimes necessary when moisture in the sand 
would cause adherence iato lumps. The apparatus 
illustrated has just been modified in am a@ way 
that the lumps of sand which cause the obstruction 
may be diverted, by the movement of a lever, into 
a side or by-pass tube, which is fitted with a cover 
for clearing out at se ae This obviates the 
necessity for stopping the working of the a tus 
atall. The sand fallin through the cock seer 
in the we nge Fy ny E below, by the current of com- 
pressed air, and is taken thence through the hose u 
to the fettling-drum F, Fig. 904. The hose is attach 
by means of a clamp coupling, which is dust-proof 
and cannot work loose, but is easily detached, 





Fig. WE. 





(asn.6.) 


The drum is of the firm’s standard construction. 
One of these, with the mechanism for driving 
it, is shown by Figs. 906 to 908. The drum F 
is a cylinder set and driven with its axis obliquely, 
and rotating thus on rollers, Fig. 907. The 
result is that in addition to the rolling of the cast- 
ings within they are thrown to and fro. The drum 
is a steel cylinder provided with holes, through 
which sand, nails, and particles of metal fall, 
as down toa sieve, whence they are collected. 

e casing of the drum is protected from damage 
by the sand-blast by means of a safety-ring. Dust- 
exhausting outlets are provided. The apparatus 
for producing the sand-blast, shown in detail in 
Fig. 904, is seen at the left of Figs. 906 and 908, at 
A. The used sand is returned to this by means of an 
elevator, which is combined with a dust-separator. 
The casing which encloses the drum is filled through 
a doorway by hand, the sliding door of which is 
counterweighted, the weight being enclosed within 
a pipe B. e driving of the mechanism is from a 
bele-gulley C, clutched, on the shaft of which a 
sprocket-wheel drives the pitch-chain D and the 
rollers on which the drum F is rotated. Another 
pulley driven from the same shaft through bevel 
gears works the sand-elevator. 

The sand-blast apparatus, constructed by the 
London Emery Worke Company, is worked on the 
two-chamber system. Two cylindrical chambers are 
each fitted with a sand-valve connected by an air- 
cock common to both. The chambers terminate in 
funnels, to which the mixing-tubes are attached. 
The chambers are operated alternately, one being 
filled, automatically, with sand while the other is 
supplying sand to the mixing-tube. A reversal of 
the sand-valve lever puts the chambers into and out 
of action alternately. 

A feature of this apparatus is that the sand in 
the chambers is subjected to pressure in preference 
to trusting to gravity, which might result in occa- 
sional chdking up. e pressure also is higher than 
that in the mixing-tube. The apparatus is used 


in conjunction either with a tumbling-barrel or a 
rotary-table machine, or the sand-blast can be 
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directed by a hose on castings which are too large 
to be put into any machine. 

The firm’s rotary tumbling-barrel, provided with 
sand-blast, is enclosed in a sheet-iron casing. To 

revent the castings from merely sliding round the 
interior, strips of angle iron are fitted. The drum 
has an opening through which the castings are in- 
serted and discharged, and the nozzles are replaced 
when worn. An inclined perforated plate beneath 
the drum receives the castings as they fall. A 
spiral conveyor carries the used sand to an elevator 
which delivers it again to the sand-chambers for 
further use. The drum revolves slowly enough to 
permit the castings to be charged and discharged 
without stopping its rotation. Three sizes are 
made. The drum in the smallest measures 274 in. 
in diameter by 20 in. in length, and deals with 
about 8 cwt. per hour of grey iron castings. The 
largest has a drum of 25 in. in diameter by 39 in. 
long, and treats 18 cwt. of castings per hour. In 
a modified form of this machine the sand-blast 
apparatus is raised above the tumbling-barrel 
instead of being on the ground adjacent. The 
advantage is the shortening of the distance from 
the sand-chambers to the barrel. ; 

The difference between these slowly-revolving 
sand-blast tumbling-barrels and the ordinary ones 
is a very important one. In the first the blast 
plays through the interstices of the layers of cast- 
ings piled up in the lower part of the drum. The 
drum of an ordinary tumbling-barrel rotating 
rapidly is liable to cause damage to flimsy castings, 
while the sand-blast barrel making only about one 
rotation per minute cannot hurt the most delicate 
castings. The object of the rotation in this is not 
to produce friction of the surfaces, but to expose 
all the castings and all their surfaces in turn to the 
action of the blast. None of these machines are of 
large dimensions. The drum may range in the 
smallest from 2 ft. 6 in. in diameter by 1 ft. 8 in. 
long to 3 ft. 3 in. in diameter by the same length 
in the largest. : 

The rotary-table sand-blast machines form 
another very large group, made with variations, 
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MASCHINENFABRIK, Dt 


The castings being laid on a horizontal circular 
table are rotated with it while the sand blast is 
being directed on them from above. Single articles 
as large as the tables can be dealt with, or an 
equivalent number of smaller ones. The maximum 
standard height of work is 14 in., experience show- 
ing that very little is gained by a further increase 
in that direction. ‘The Badische Maschinenfabrik, 
of Durlach, build these machines in four sizes, 
reckoned by the diameter of the table. The smallest 
measures 4 ft. 11} in. in diameter, the largest 
7 ft. 11 in. The table which receives the castings 
isrevolved slowly to enable the operator to place the 
work on, turn it about, or remove it. Most castings 
are sufficiently cleaned during one rotation of the 
table. The grids are renewable. The used sand 
falls through them to a slide, to be returned by an 
elevator to the sand chambers. Dust is carried 
away by an exhauster. Though it is difficult to 
give figures for output, the maximum for grey iron 
castings is roughly 10 cwt. to 12 cwt. per hour for 
the smallest, to 24 tons per hour for the largest 
tables. There is also a rotary-table machine of 
another kind, with tables ranging from 2 ft. 6in. in 
diameter in the smallest, to 4 ft. 14 in. in diameter 
in the largest size, which are used more for hardware 
and brass goods than for iron castings. The tables 
are enclosed in a cylindrical casing, one being partly 
enclosed, the other wholly so. 

The rotary-table machines by the Badische 
Maschinenfabrik are operated either by a com- 
pressor or by a blower, each entailing a different 
arrangement of blast nozzles. The advantage of 
the latter is that if a compressed-air plant is not 
installed, the cupola fan or blower can be turned 
on to the cleaning machine. In order not to in- 
terfere with the work at melting time, the blower 
can be used for the sand biasting in the morning, 
and for the cupola in the afternoon. If a special 
blower installation is made, a pressure blower is 
recommended in preference to a fan, because its 
efficiency and reliability are greater. 

Figs. 909 and 910 illustrate a rotary-table design 
of sand-blasting machine by the Badische Maschinen- 
fabrik, of Durlach. The photograph, Fig. 911, 
illustrates one of the same type. It is of that 
design which is operated from an air-compressor, 
and is of the firm’s gravity type, with revolving 
hoseless nozzles. The driving is done from the 

and loose pulleys seen, whence the table is 
rotated, and the nozzles and the elevator are worked. 
The rotation of the table is effected by the belt- 
ve from upper to lower pulleys, the elevator 
buckets being attached to the belt A. The shaft 
of the lower pulley carries a worm, which drives 
& worm-wheel B, on a vertical shaft C, which shaft 
@ pinion at its upper end engaging with an 
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internal gear bolted to the bottom of 
the table D, the two reductions impart- 
ing a rate of rotation of about one 
turn per minute to the table. The table 
is carried on a vertical shaft E with 
a toe-step bearing, which is protected 
by a cap from entry of dust. The sec- 
tion of the table D, Fig. 909, shows 
large openings in the renewable grids. 

The nozzles are rotated from the horizontal 
main driving pulley-shaft through bevel-gears and 
a vertical shaft F, thence through the small spur- 
gears seen in Fig. 909. The sand and air do not 
mix until they both reach the nozzles. How this 
is ensured is shown by the drawing, Fig. 909. The 
reservoir for the sand supply feeds by gravity 
the cups which are encircled by the driving gears. 
Through these cups the blast-pipes pass down to 
the nozzles G, one cup and one pipe supplying 
each separate nozzle. The air supply is tconghs 
in at one side into a chamber below the sand- 
reservoir. Stuffing-boxes maintain air-tight and 
protective connections. The used sand falls 
through the table to a sloping plate H, and is 
then taken by the elevator and discharged into 
the sand-reservoir through a sieve above. Dust is 
exhausted through an outlet J. 

A casting-cleaning machine is made in this form 
to take the place of a power plant when economy 
has to be practised. ough sand is used, it is 
thrown violently against the work by a centrifugal 
wheel fitted with chilled-iron blades, which drive 
the sand against the work carried on a slowly- 
revolving table below the wheel. The sand is 
driven across the whole diameter of the table, and 
in all directions. The sand may be fine or coarse, 
to suit different classes of castings. About one- 
third of the table is left clear for the manipulation 
of the castings by the operator, who is protected by 
a leather screen. The table measures 4 ft. 3} in. in 
diameter in a smaller machine, and 6 ft. 7 in. in the 
larger made. The sand is fed by an elevator, and 
is used again after being cleaned from dust and 
coal by an exhauster. 





THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Sxrinvyer, M. Am. Soc, C.E. 
(Continued from page 250.) 

Spgakine generally, the construction of the 
channel arm of the cantilever sections of the 
bridge is the same as that of the anchorarm. A 
typical subhanger is represented in Figs. 94 to 97, 
on Plate XVIII., the location of this subhanger 
being represented in the key diagram, Fig. 98. As 











shown, this, though subjected to tension only, is 
built up as a stiff member, being made, moreover, 
continuous past the pin at M 13. 

Though, as stated, the anchor arm and the 
channel arm are for the most part identical in 


construction, special provision had to be made at 
the junction between this channel arm and the 
suspended span. Details of the main members of 
the channel arm at this point are represented in 
Figs. 99 to 118, Plate XVIII. The position of the 
diagonal member which has to take the weight of 
the suspended span on the completion of the 
bridge is clearly indicated in Fig. 107, whilst a 
general outline view of it is given in Fig. 106. As 
shown in the detail views, Figs. 99 to 105, it is 
built up of two webs, 3 ft. 6 in. deep, connected 
by a double system of latticing, and it is, more- 
over, further stiffened by the provision of dia- 
phragm-plates at frequent intervals. At its outer 
end two large and deep splice-plates are affixed, 
in which two pin-holes are provided, as shown. 
The one shown above is that by which the upper 
end of the member is coupled up to the rest of the 
cantilever, whilst the lower one, which is of larger 
diameter, takes the pin from which the suspended 
span is slung. These suspension-links are illus- 
trated in Figs. 119 to 121. 

The member L 16 to L 18 (see Figs. 117 and 
118) is practically free from stress after the com- 
pletion of the bridge, but during the building out 
of the suspension-span is subject to a high com- 
pression. It was therefore constructed as a stiff 
member 5 ft. 0} in. deep at its inner end, but taper- 
ing off, as shown in Fig. 108, at the part where the 
suspended span joins on. In order to permit of the 
adjustment of the latter to line and level when 
making the junction at mid span, the outer pin-hole 
is oval, as indicated in Figs. 108 and 113. To allow 
for the expansion of the road by variation of tem- 
perature, ‘‘skid” girders, as represented in Figs. 
121 to 123, are provided at the connection between 
the cantilever and the central span. 


(To be continued.) 








Tue E1rre, Tower.—The profit realised by the Paris 
Eiffel Tower Company last year was 8799/., as compared 
with 6615. in 1911. The dividend for 1912 was increased 
penny wey | to 6s. per share, as compared with 5s. 10d, 
per share distributed for 1911. 
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INDUSTRIAL NOTES. 


TE taxi-cab strike came to an end last week, and 
resulted in a victory for the men, the terms being 
(1) Petrol to be supplied to the drivers at a maximum 
price of 8d. a gallon, with a guaranteed minimum 
consumption of eighteen miles to the gallon; (2) 
drivers employed at the Chiswick garage to b. sup- 
plied daily with half a gallon of petrol free of charge ; 
(3) the reinstatement of all men who ceased work on 
January 1, and also men who, being licensed, subse- 
quently were trained by the respective companies ; 
(4) The men who have worked since January 1 shall 
no longer be employed ; and (5) all further negotiations 
that may take place shall be on the principle that the 
maximum price to be charged to drivers for petrol 
shall be 8d. a gallon. This cagiie victory for the 
men cannot fail to be bad for the employers, not so 
much because petrol has to be supplied at 8d. a gallon, 
but because of the precedent established, since it may 
encourage the men in future to think that they can 
break agreements with impunity, and also—what 
is the worst feature of all—because the masters have 
consented to cast off the men who came to their 
aid when the strike began—an act which cannot but 
militate strongly against the employers in the future. 
This absolute surrender makes it difficult to under- 
stand why the men’s demands were not granted at the 
commencement, particularly when the men offered to 
meet the masters, and pay 10}d. a gallon for petrol. 
The strike lasted just over eleven weeks, during which 
time nearly 5000 men were affected, and the strike 

ay ranged from 7s, 6d. to 15s. a week per man, and 
} ws Aone the last six weeks to 13s. 6d. for each man. 
The funds were supplied largely by the drivers who 
were working for small firms with whom the union 
had no dispute, and by owner-drivers. Trade unions 
throughout the country also subscribed liberally. 





The monopoly of the Thames lightermen is at an 
end. Such is the effect of a decision of the Board of 
Trade, and there can be no doubt that the decision is 
a good one, as it will tend greatly to the better 
working of the Port of London. As proof of this we 
have only to go back to the last great strike of dock 
labourers on the Thames, for it will still be fresh in 
everyone’s mind how great was the inconvenience and 
loss suffered by the public owing to this monop>'y, 
which prevented the employment of free lightermen 
to undertake the loading and unloading of vessels in 
the port during the strike. At the termination of 
this strike, it will be remembered, a committee was 
appointed to consider the licensing of watermen and 
lightermen on the Thames. This committee has 
now unanimously recommended the abolition of this 
monopoly, and the Board of Trade has therefore 
decided to confirm the new by-laws made by the Port 
of London Authority, which will have the effect of 
terminating the privileges hitherto held by the Com- 

any of Watermen and Lightermen of the River 
Ficmes. The gist of the new by-laws is as follows :— 
Any person shall be deemed qualified for a lighter- 
man’s or for a waterman’s license or certificate who 
has for a period of at least two years been engaged in 
working on a craft or a boat in the Port of London, as 
defined by the Port of London Act, 1908. Objec- 


tions have been raised to the alteration on the ground P 


that it will interfere with the present apprenticeship 
system. Thesupply of men through the apprenticeship 
system has, however, been found to be insufficient, and, 
moreover, the new system will not interfere with the 
apprenticeship system in any way. A fear has also 
been expressed that the period of two years is too short, 
but this, too, does not appear to have any real founda- 
tion. No injurious effect on the labour supply to the 
port is expected, and it is thought that the new by- 
laws will prove of great benefit to the community at 
large. 





In reply to a question in Parliament, it was stated 
by Dr. Macnamara that the last 7 sas of the Admiralty 
to the annual petitions of dockyard workers were 
issued on July 22, 1912, and the rises in wages granted 
took effect as from August 1, 1912. Petitions fr the 
current financial year have been heard, and recom- 
mendations will be submitted to the Board, and an 
announcement of its decision made as soon as possible. 
As a result of the annual hearing of petitions since 
1906, there have been ircreases in rates of pay involv- 
ing at the present time an addition to the wages 
sheet of about 141,000/. per annum. As much as 
42,000/. of that amount is the result of the increase 
given in response to petitions last year. 





The Eighth Annual Conference of the Amalgamated 
Society of Telephone Employees, which opened at 
Glasgow on Friday last, was attended by 70 delegates, 
who represented some 10,000 employees. In his 


presidential address, Mr. O. Preston stated that if a 
ballot of the male members of the staff were taken 
there was no doubt that a return to the old order of 
thiugs would be voted for. They had been misled to! 





believe that the State was a model employer, but in 
connection with the telephone service the State had 
signally failed, yet he hoped that a pacific solution 
would be found to the differences that existed. The 
affiliation of the society to the Labour Party was dis- 
cussed, but a proposal in favour of this was rejected. 
A proposal from the Metropolitan branch calling for 
a ballot on affiliation with the Labour Party was also 
rejected, 


The trouble among the bakers in London does not 
yet seem to be completely settled, and a strike has 
occurred among a number of men engaged in the 
Vienna and fancy-bread trade department at Cadby 
Hall, West Kensington, the headquarters of Messrs. 
J. Lyons and Co., Limited. The men among whom the 
trouble has broken out belong mainly to the Inter- 
national Bakers’ and Confectioners’ Union, and they 
have refused to accept the terms of the agreement 
recently arrived at between the master bakers and 
confectioners. Their reason is that they con- 
sider that the agreement does not provide that only 
trade-unionists shall be employed, and because, 
although it provides for a fifty-four hours’ week, it 
allows ordinary rates to be paid for the first six hours 
of overtime. What they demand is a fifty-four hour 
week, including six hours for meals, in addition to 
which they ask that not more than six hours overtime 
shall be worked in any week, and that all overtime 
shall be paid for at the rate of time and a half. 

The subject was again discussed at a conference held 
on Tuesday last between the representatives of the In- 
ternational Union of Bakers and Confectioners and the 
Amalgamated Union of Operative Bakers and Confec- 
tioners. Although nothing appears to have been 
definitely settled it was understood that the Amal- 

amated Union had no intention whatever of going 

k on their agreement with Messrs. Lyons or any 
other firm which signed the Board of Trade agreement, 
and that it had been decided that a committee of 
three representatives of each of the two unions should 
be formed in order further to consider whether any- 
thing could be done to help the Vienna bakers 
wherever they might be employed. 


On Monday last a number of tramway workers went 
on strike at Oxford. It appears that dissatisfaction 
has existed among them for some time, and at their 
own request they were latterly paid by the hour 
instead of by the day. On Saeler last, however, 
some of the men asked to be allowed to revert tu 
payment by the day, with an all-round increase of 6d. 
a a This was refused by the manager, and a strike 
resulted. The traffic was not altogether stopped on 
Bank Holiday, however, as a partial service was main- 
tained with the help of stable-workers acting as drivers 
and conductors, but the whole of the vehicles ceased 
running in theevening. The wages which the men are 
asking is 2ls. a week for conductors and 24s. a week 
for drivers. 





On Wednesday last a meeting of the Coal Conciliation 
Board for the Federated Districts of England and 
Wales was held at the Westminster Palace Hotel, 
and an application from the miners for an advance 
in wages of 5 per cent. was considered. At the 
resent time the rate is 60 per cent. above the stan- 
dard of 1888, and it represents the highest point that 
has yet been reached ; the desired advance would raise 
the rate to the maximum allowed under the present 
agreement. It was officially announced at the conclu- 
sion of the meeting that the proceedings would be 
resumed on April 15, and that then, if no agreement 
should be come to, the matter would be placed in the 
hands of the independent chairman, Lord Coleridge. 


It is not thought likely that the Miners’ Federation 
will be able at present to take any action on the ques- 
tion of the ‘‘ five days a week” policy, because the 
majority in favour of the movement has been shown 
by the ballot recently taken to be very small. 


The non-unionist question in the Rhymney Valley 
district of the Miners’ Federation has again become 
acute, and at a meeting of delegates held last 
Wednesday it was decided to tender notices on the 
question throughout the area on April 1. The object, 
of course, is to get the whole of the miners into the 
union as soon as possible. 





On Thursday in last week the executive of the 
Pendlebury branch of the Miners’ Federation met in 
order to settle on their course of action regarding the 
situation that had arisen at the collieries of Messrs. 
Knowles and Sons, as the result of fifty miners 
resigning from the Federation. The assistance of the 
manager was invoked in order to get the men to return 
to their allegiance. The interview was of a private 
nature, no official announcement was made. It was, 
however, understood that the manager was not able 
to interfere in any way; it is difficult to see how 
he could. It was decided by the men’s executive that 
unless the seceding members returned to the fold and 








paid their contributions by the followi Tuesday, 
arrangements would be made to call out the unionist 
workmen. About 3000 men are affected. 


Although the notices given by the spinners at the 
Fir (No. 1) Mills at Leigh came to an end on Thurs. 
day in last week, they were not put into force, and 
the spinners at all the three Fir Mills had a meet. 
ing in the evening to consider what course of action 
should be taken. As there were probabilities that 
the bad spinning question would be settled amicably, 
it was decided to post-date the notices three weeks, 
About 700 men are affected. 





An important change of policy was decided on by 
the Amalgamated Union of Co-operative Employees 
at a — delegate meeting at Leeds on Monday 
last. It was proposed that in future the union must be 
more aggressive. It is considered by the executive 
that a more militant policy is necessary in order to 
obtain justice, and the chairman advocated that “ all 
co-operative committees must now be told that the 
direct minimum wage scales must be adopted in six 
months’ time, that being by the end of September,” 
The hours of labour also came in for attention, and 
the president stated that the average in co-operative 
employment was about 55 hours per week, but he 
thought that a 48-hours week was a reasonable one, 
and ought to be conceded by co-operators ; at the 

resent time a 48-hours week was an established fact 
in about ninety societies. The feeling among a large 
number of the employees in the co-operative societies 
appears to be that the co-operative union has deve- 
loped into what is only a masters’ federation, a state 
of things that must, it is felt, be fought against. 





There is some unsettlement among a section of the 
men in the shipbuilding industry on the North-East 
Coast, and there is a dispute concerning the wages of 
the labourers working pneumatic tools in the ship- 
repairing yards on the North-East Coast. An applica- 
tion was made for an increase, and 6d. a day was 
offered as an advance. This was, however, rejected 
by the Shields branches of the men’s union as inade- 
quate when the arduous and disagreeable nature of 
the work was considered. A ballot is to be taken of 
all the men in the Amalgamated Union of Labour con- 
cerned in the matter as to whether they will accept 
6d. or not. It is expected that the larger question 
of a general advance of 5 per cent. for shipyard workers 
within the National Agreement will Se discussed 
before a joint conference to be held at Carlisle to-day. 
The claim for this increase of 5 per cent. is, the men 
say, well supported by the present prosperity of the 
shipbuilding industry ; while, on the other hand, the 
employers point to the increased costs, in which labour 
is included. It is, in fact, said that while, nominally, 
increases in wages were given during 1912 to the 
extent of 3s. a week for time-workers and 15 per cent. 
for piece-workers, the actual cost increase has been 
much greater. 





Trade unionists in this country appear to be much 
concerned on account of the probability that the rail- 
waymen in Ireland: may form a separate union of 
their own, apart from the Amalgamated Society of 
Railway Servants. On Tuesday last the Parlia- 
mentary Committee of the Trade Union Congress 
issued a circular calling attention to what they con- 
sider the serious effects arising from attempts which 
have been made to start new and independent orge- 
nisations in connection with industries where unions 
are already established. The Irish railwaymen are 
particularly referred to, for they do not seem to have 
any deep regard for the A.S.R.S., whose interference 
during the last railway strike in Ireland was not appre- 
ciated. The probability that a new union of Irish 
railwaymen may become an accomplished fact is 
particularly unpleasant for the Trade Union Congress 
Committee to contemplate at the present time, when 
exceptional efforts have been made to amalgamate 
their forces, and they strongly advise the workers 
concerned to resist the attempt. 


A conference of the United Kingdom Postal Clerks’ 
Association was held at Manchester on Saturday last 
in order to discuss the question whether postal clerks 
have the right to strike. The resolution put before 
the meeting was, ‘‘ That this conference repudiates the 
view that we have no right to withdraw our labour in 
order to enforce our demands.” The president stated 
that what they wanted was that the conference should 
confirm the right of the postal clerks to withdraw their 
labour if such a course became necessary. During the 
last thirteen years there has been no increase in the 
clerks’ wages, and better conditions are demanded. 
An amendment was moved repudiating a strike policy 
for Civil servants, and advocating the settlement of 
disputes by arbitration. The amendment was, how- 
ever, rejected, and the resolution was carried by 
83 votes against 61. 


The Independent Lybour Party held a two day? 
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conference in Manchester on Monday and Tuesday 
last, at which there was a good deal of talk. This, 
however, does not appear to have led to any very 
practical results. The party has pledged itself to make 
votes for women its first parliamentary object, and its 
members in the House of Commons have been bound 
to vote against the Plural bln Bill unless an 
enfranchising measure for women is forthwith brought 
in by the Government. This, however, is not likely 
to cause much alarm to the Government. The ques- 
tion of the pay of the clerks in the employ of the 
Independent Labour Party occupied a considerable 
amount of time. It was proposed that the minimum 
wage should be 35s. a week for all clerks of twenty-one 
years of age and upwards, applicable to women as well 
as to men. This was, however, opposed by a certain 
section of the members as being too much, and it was 
denounced by the chairman as not being a genuine 
Trade Union proposal, and that if 35s. were a real 
minimum, then many of the members of the National 
Union of Clerks were themselves acting as ‘‘ black- 
legs” by taking a lower wage. The resolution was, 
however, carried by 160 votes to 67, and it was 
apnounced that the Council would accept the deci- 
sion, and that a minimum scale of 353. a week would be 
ut into operation at once so far as the Independent 
ieee Party’s own clerks were concerned. It is 
thought, however, that this was only a diplomatic 
move to strengthen the position of the Party in anti- 
cipation of the time when a demand from the employers 
for a minimum wage of 35s. for clerks will be made. 





Mr. Fisher, the Prime Minister of Australia, has 
been giving his views in Western Australia on ques- 
tions of Jabour. He defended the policy of the Labour 
Government by pointing out that though the Govern- 
ment contend aiiee with a deficit of just under half 
a million pounds, that was paid off during the first year 
of office, and a large sum provided for defence and 
for post-office bon. of When this had been done 
there was now a substantial surplus left. A loan of 
34 millions had also been raised for the construction 
of an Australian fleet. He considered it was their 
policy during ordinary, times, when peace reigned, 
to provide for their own defence in order that, 
when trouble came, they might be able to meet 
it with success. They had been helped by the 

eat prosperity of Australian trade during the 
Bist few years. The present Government had ordered 
ships, and had paid for them out of revenue. They 
wished to be independent, and they wanted to be able 
to help the Old Country in time of need ; but they 
preferred to do it themselves, and without borrowing 
money from her. They had been charged by their 
enemies with taxing land, but they had done so 
because they considered it a sound policy, for the 
reason that land should contribute something towards 
the defence of the country. In addition, the absentee 
part of the measure, which provided that absentee 
owners should pay an increased percentage, was good, 
for the reason that if the country were invaded, the 
absentee owner could not be compelled to do his share 
at the risk of his life in defending his country, whereas 
those who were not absentees, and who shared the 
burden of taxation through the customs and excise, 
would have to go out and meet the enemy. 





It is stated that the Congress of the Belgian Labour 
Party has voted in favour of a general strike to begin 
on April 14. 








NOTES FROM THE UNITED STATES. 
PuHILaADELPHIA, March 12. 

A creat deal of construction work throughout the 
country is seriously delayed because of the slow 
delivery of steel, as the _ ms -mills assumed greater 
responsibilities as to time aie than they were 
able to make good. During the month of February 
& larger volume of specifications came in than in 
January, and so far this month the rush of specifica- 
tions continues. The great implement contract of 
1,000,000 tons has not yet been definitely distributed, 
though that amount of material will be contracted for 
ima short time. Pig iron is now being produced at 
the rate of 34,250,000 tons, as against 30,000,000 tons 
six months ago, and 27,750,000 tons one yas ago. At 
present there is no sign of a surplus of stocks any- 
where. Users of malleable and basic iron are hold- 
ing up orders in the hope that shaded quotations 
will soon be announced. During the past month 
or so there has been a great deal of borrowing and 
lending of supplies of plates by way of accommodation 

tween eastern and western mills. All eastern mills 
are now loaded to the limit of capacity and are unable 
to accommodate interests that may be in need of help. 
The Pennsylvania has just ordered 80 all-steel coaches 
supplementing an order given two weeks for 280. 
The Cleveland Street Ralbouge have ordered 3700 tons 
of girder rails and 15,000 tons of steel tyres from the 
ape Steel Company. The same company will 
manufacture 15,000 tons of plates for the hull of the 
hip Pennsylvania. During the past week sales 


of structural material amounted to 18,800 tons, of 
which 7400 tons went to the American Bridge Com- 
ny, @ branch of the United States Steel Corporation. 
iring the past week locomotive orders totalled 128. 
The demand for all kinds of wire products is increas- 
ing, and buyers are endeavouring to obtain prompt 
deliveries on contracts. 





THE PHYSICAL SOCIETY OF LONDON. 

AT the meeting held on March 14, at University 
College, Dr. A. Russell, Vice-President, in the chair, a 
paper on ‘‘ Some Oscillograms of Condenser Discharges 
and a Simple Theory of Coupled Circuits” was read by 
Dr..J. A. Fleming, F.R.S. 

The author gave a very short method, involving only 
the simplest algebra, for arriving at a formula for the 
time of free electrical oscillation of a leaky condenser in 
series with an inductive resistance, the oscillations being 
damped. The amplitude of the oscillations is propor- 
tional to the real part of &?’, where P = p + ja and 
p= 27n, n_ being the frequency and a the damping 
coefficient. Hence the volt drop down the resistance is 
R + 7PL, and that down the condenser is (S + 7 PC)-!. 
The sum of these two is zero, which leads at once to the 
equation 


, fR Ss 2 
P=p+io=i( 91, +30)*V d,-(3,-3y) 
oo CL ~\2L~ 2c)’ 
giving the frequency and damping. The formule can be 
confirmed by oscillograms taken at low frequency with a 
Duddell oscillograph, and a number of these were shown 
demonstrating the accordance of fact with deductions 
from the formula. In the same manner the case of the 
coupled circuits was considered, and the electromotive 
force equations written in the form T im, I, + j M P, I, 
=0,jMP,1, + Ts T, = 0, when Tém stands for 
(R+jPL)+(S + jPC) —-1. Eliminating the currents 
I, and I,, we have an equation which can be solved 
for p. Taking the reduced case of non-leaky condensers, 
tuned circuits, and zero resistance in the secondary, Dr. 
Fleming deduced the equation— 


{eCL(1 — k)—1}{p*CL(1 + &) - 1} - 
a,27C L(1 — (1 + hk?) PRP CL)=0, 


which shows that there are, in general, oscillations of 
three frequencies in the circuits. This was confirmed by 
photographs of oscillograms and diagrams of resonance 
curves, 

A second paper was read by Dr. Fleming, describing 
some Braun cathode-ray tubes (exhibited) used as high- 
frequency oscillographs, and also an electrostatic influence 
machine (exhibited), giving a steady current of 300 to 350 
micro-amperes for working them. The Braun tubes have 
electrostatic deflection plates in them and an embracing 
field coil for providing a longitudinal field to keep the 
cathode spot in a central position on the screen. The 
tubes are worked by connecting the deflection plates to 
the terminals of an alternator, whereby the cathode spot 
is made to move to and fro over the screen with a nearly 
uniform velocity. The shaft of the alternator carries a 
commutator, by means of which a condenser is repeatedly 
discharged through an inductive coil which acts as a 
deflecting magnet on the oscillograph tube, and displaces 
the cathode ray at right angles to the direction of the 
electrostatic displacement. In this way the spot has two 
motions, a uniform horizontal motion and a vertical 
oscillatory motion, the two being kept in step with 
each other. Hence a visual representation is given on 
the phosphorescent screen of the nature of the oscillation. 
The electrical machine above mentioned, made by Messrs. 
Miiller-Uri, of Braunchweig, was shown in o tion, 
and the current given by it was seen to be sufficient to 
cause decomposition of acidulated water in a lantern 
voltameter. 

A paper on ‘‘ The Stretching and Breaking of Sodium 
and Potassium” was then read by Mr. Bevan B. Baker. 
In it the author described how wires made of metallic 
sodium and potassium collapse when stretched, not toa 

int, as is the case with most plastic substances, but 
— two opposite sides only, into a chisel end. 

The wires upon which experiments were conducted 
were made in two ways—firstly, by pressing the metal 
through a small hole into a bath of paraffin oil, to hinder 
oxidation ; and, secondly, by running the metal, molten 
under oil, into a glass tube and allowing it to solidify. 
Wires made by both the above methods showed the same 
behaviour on stretching. 

Wires made by the second process also showed, on ex- 
tension, two sets of equidistant rings on their surface, 
each inclined at an angle of 45 deg. to the axis, the rings 
of opposite sets touching along the line of greatest 
thinning and bisecting one another along the line at 
which no thinning takes place. 

Dr. Andrade has also noticed the same effects of break- 
ing and forming rings with wires made of solid mercury. 
he author su, ted an explanation of the pheno- 
menon based on the assumption that the ions of the 
metal brought into play are in the form of cubes. Such 
cubes, when placed so that a plane through two opposite 
edges was parallel to the axis of the wire, would allow of 
lateral contraction by faces sliding over one another in 
one direction only, and not in the direction at right 


paper on *‘ The Latent Heat of E: tion of Steam 
from Salt Solutions” was also read by Mr. R. G. Lunnon. 
The paper records the results of a research into the 
latent heat of evaporation of steam from salt solutions. 
The experimental method was to supply a measurable 





quantity of heat electrically through a small lamp to the 
solution boiling inside a calorimeter, The latter was 


placed within a double-walled vessel surrounded by a 
solution boiling at the same temperature, and the steam 
from the inner vessel passed out through a tube into a 
detachable condenser, which was weighed at intervals. 

Measurements were made with the solutions of six 
different salts. Theoretical considerations show that 
the difference between the measured heat L, and l; the 
known heat of evaporation of water at the same tempera- 
ture, is the heat of solution of Q; and the present results 
indicate that for salts of the same acid Q is proportional 
to the concentration. 

For unsaturated solutions of KCl and NaCl the in- 
teresting result is found that the heat of evaporation is 
approximately constant for all concentrations until 
saturation is reached. 

** Some Flame Spectra” were exhibited by Dr. E. N. 
da C. Andrade. 

If a flame containing a large amount of chlorine be 
prepared by ing the air supplied to a colourless gas 
flame over chloroform, wires of certain metals—copper, 
nickel, iron, for instance—held in the flame give charac- 
teristic colorations in the different zones of the flame. 
These are due to the chlorides of the metal, which can 
exist undissociated, in some zones of the flame at least, 
in the presence of excess chlorine. The chloride spectrum 
of copper is well known (of Smithells), but the chloride 
spectra of niekel, cobalt, and iron chloride do not seem to 
have been fully observed before. The method makes it 
one observe the different emissions which take place 
in the different zones, and also the electrical migration of 
the vapour discovered by Lenard in 1902. All the chloride 
spectra have certain common characteristics. Attention 
is called to the fact, discovered by Smithells, that for the 
copeens of some metals—e.g., lithium, strontium—the 
coloration produced in the flame is destroyed by chlorine. 
In sueh cases the vapours are not electrically charged, 
while in the case of the metallic chlorides which give 
characteristic s' 
strongly ch ‘ 

By bringing wires into flames containing bromine and 
iodine compound spectra were observed in some cases. 

** Some Spark Photographs at High Pressures” were 
exhibited by Mr. W. B. Haines. 

The photographs were obtained by connecting one 
terminal of an induction coil to a yy disc coverin 
the back of a photographic plate, while the other termin: 
was led up to the centre of the film. When a spark is 
passed by breaking the primary circuit, an electric splash 
can bs seen to spi from the terminal over the plate, 
and an impress of this is obtained on developing. A 
special pressure-chamber was constructed to contain the 
plate, so that it could be exposed to the spark under a 
surrounding gas pressure of anything up to 16 atmo- 
spheres. 


tra in the flame the vepours are 








Tre INSTITUTION OF AUTOMOBILE ENGINRERS.—An- 
other of the informal meetings of the Institution of 
Automobile Engineers was held in the Connaught Rooms 
on March 19, the subject taken for discussion being 
**Magneto and Dynamo Car-Lighting Sets.” Messrs. 
Brown Brothers described the Brolt arrangement, the 
Simms Magneto Company were represented by Mr. 
Bryan, while the devices of Trier and Martin, Limited, 
and ©. A. Vandervell and Co., were dealt with by 
Messrs. W. A. Trier and J. Brown respectively. The 
different aims of the designers of the various devices were 
very clearly brought out in the discussion. 





Royat InstiruTion.—On Tuesday next, April 1, at 
3 o'clock, Dr. Arthur Smith Woodward, will begin a 
course of two lectures at the Royal Institution on 
**Recent Discoveries of Early Man:" on Thursday, 
April 3, Dr. E. Frankland Armstro will in a 
course of two lectures on (1) ‘‘The Bridge into Life ;” 
(2) ‘*Colour in Flowers:" and on Saturday, April 5, 
Mr. Arthur M. Hind will commence a course of two 
lectures on (1) ‘‘ Van Dyck and the Great Etchers and 
Engravers of Portrait ;" (2) ‘‘Rembrandt’s Etchings.” 
The Friday orang Sees on April 4 will be delivered 
by Dr. James J. Dobbie on ‘* The Spectroscope in Organic 

emistry,” and on April 11 by Mr. Charles J. P. Cave 
on ‘*The Winds in the Free Air.” 


Tue Copper Market.—Messrs. James Lewis and Son 
report that on the 3rd inst. standard copper opened firm 
at 65/. 10s., but, after an advance to 66/. 153., fell to 
641. 2s. 6d. at the close of the first fortnight in March. 
The imports from the United States into England, in the 
first two months of the year, amounted to 5192 tons fine; 
into France, 9056 tons fine; and into Italy, Austria, and 
Russia, 4690 tons fine, or a total of 18,938 tons fine. Im- 

rts from other countries into England in January and 
Debscacy amounted to 19,651 tons fine, and into France, 
3020 tons fine. The consumption in January and February 
in England amounted to 11,329 tons fine, in France to 
13,396 tons, and in Italy, Austria, and Russia, to 4690 tons 
fine, making a total of 29,415 tons. The exports in that 

riod from England and France were 17,440 tons fine. 

tatistics for Germany are not available. According to 
American returns in January and February of this year 
122,513 tons of American eopper were produced, this 
figure, however, including imports. Exports amounted 
to 59,175 tons and consumption to 55,752 tons. The total 
European stocks amounted on the 17th inst. to 36,364 
tons, of which 26,862 were in England and France, and 
9502 in Germany and Holland. In addition, there were 
2775 tons afloat from Chile and 4500 from Australia, 
making the total visible supply 43,639 tons. Imports 
of copper into England an ales from January 1 to 
March 17 were 27,627 tons, and into France, 14,453 tons, 
making for the two countries 42,080 tons fine, while 








deliveries for the same period amounted to 47,377 tons 
fine, 
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THE CHINESE TRAINING CRUISER “CHAO HO.” 
CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, SHIPBUILDERS, NEWCASTLE-ON-TYNE. 
(For Description, see opposite Page.) 























Fic. 1. Tue Suip IMMEDIATELY AFTER BEING LAUNCHED. 
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Fic. 2. Tue Surp on Speep Tryats. 
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THE CHINESE TRAINING CRUISER 
ARMSTRONG, WHITWORTH AND CO., 


CONSTRUCTED BY SIR W. G. 


LIMITED, 





Tur Chinese training cruiser Chao Ho, designed 
by Mr. J. R. Perrett, and constructed by Sir W. G. 
Armstrong, Whitworth and Co., Limited, at their 
Elswick shipyard, completed, with remarkable success, 
her official speed and other triale, and sailed from the 
Tyve for Shanghai on January 28. 

The Chao Ho, which we illustrate on this and the 
ie pages, was launched on October 23, 1911, by 

iss 


Amy Lew, in the presence of her father, His 
Excellency Yuk Lin Lew, Envoy Extraordinary and 
Minister Plenipotentiary at the Court of St. James, 


and a distinguished company representing the members 
of the Chinese Embassy, the Chinese naval officers 
stationed at Elswick and Barrow, the British and 
foreign naval officers at Elswick, the foreign Consuls, 
and the civic, commercial, and industrial representa- 
tives of Newcastle and district. 

Sir Andrew Noble, during the proceedings following 
the launch, stated that the Chao Ho was the twenty- 
second vessel constructed by the Armstrong Com- 
pany at Elswick or Walker for the Chinese Govern- 
ment. Her Fogg net included the Chih Yuan 
and Ching Yuan, protected cruisers of 2317 tons 
displacement and of nearly 7000 indicated horse-power, 
completed at Elswick in 1887 ; the Hai Chi and Hai 
Tien, sister vessels, the first-named constructed at 
Walker, and the latter at Elswick, and delivered in 
1889. These vessels had a displacement of over 
4500 tons, and were equipped with machinery of 17,000 
indicated horse-power, giving them the remarkable 
speed of 24 knots. The list also included a series of 
twin-screw gunboats, known as the ‘‘alphabetical” type, 
comprising eleven vessels, built at Walker between 
1876 and 1879, thirty-six years , when the firm’s 
association with the Chinese navy began. There were 
also the twin-screw turret vessels Chao Yung and 
oy Ne of about 1400 tons displacement, built 
in 1880. 

The keel of the Chao Ho was laid on November 7, 
1910, and it will be seen from Fig. 3, opposite, that 
at the time of the launch she had her machinery and 
boilers on board, funnels erected, and other incidental 
work in a very advanced condition. 

The principal dimensions of the Chao Ho are as 


follow 
Length between perpendiculars 330 ft. 
Breadth ane ais she 42 ,, 
Depth a td 23 ft. 6 in 
Mean draught kod a 14 ” 9 ” 
Displacement, about ... 2750 tons 
ee POS 22.25 knots 
Coal bunker capacity .... 550 tons 
Oil fuel capacity me - 100 _ ,, 
Normal supply of coal 150 ,, 


The armament with which the vessel is provided has 
designed and selected with speci ard to 
ape pu mee res at is intended to fulfil; it 
by be consi uliarly appropriate to a training- 
thip, affording, as ES dase, means of instruction to the 














officers and crew in the working of guns of various 
calibres. It consists of two 6-in. guns, four 4-in. guns, 
two 3-in. guns, six 3-pounder guns, two Maxim guns, 
and two 18-in. above-water torpedo-tubes. The 6-in. 

s are mounted, one on the poop and one on the 
orecastle, the 4-in., the 3-in., and the 3-pounders are 
on the upper deck on each broadside. The Maxim 
guns are mounted on the topsides (Fig. 4). 

The 6-in. guns on the poop and forecastle are 
arranged to fire respectively from direct astern and 
ahead to 60 deg. and 50 deg. before and abaft the 
beam on both sides of th: vessel. The 4-in. guns 
are arranged to fire from direct ahead and astern 
to 60 deg. abaft and before the beam respectively. 
The 3-in., the 3-pounders, and the Maxim guns are 
arranged to fire from 60 deg. before to 60 deg. abaft 
the beam. Electrical hoists are fitted for supplying 
ammunition to the 6-in., 4-in., and 3-in. s ; the 
hoist tubes are protected above the armoured deck by 
special steel tubes 1 in. thick. The torpedo-tubes are 
placed on the — deck aft, and are capable of being 
trained from 60 deg. either before or abaft the beam. 

The structural arrangements of the vessel have been 
carefully considered ; they are in accordance with the 
most recent practice, and in all respects equal to those 
of similar vessels in the British Navy. ‘The vessel is 
built of steel, and divided throughout into a large 
number of water-tight compartments. An inner bottom 
is worked throughout the machinery spaces, being 
continued forward and aft by means of the water- 
tight flats of the magazines and shell-rooms, and pro- 
vided with all necessary appliances for using water- 
ballast and for the stowage of oil fuel. 

At the after end of the vescel on the upper deck 
under the p accommodation is sapvie tat the 
captain and chief officers, and. below on the lower 
deck for midshipmen, junior officers, and engineers. 
The crew are berthed forward on the upper deck under 
the forecastle and on the lower deck. The complete 
accommodation of the vessel is sufficient for a crew of 
330 officers and men. A lecture-room, sick bay and 
dispensary, and all necessary galleys, lavatories, 
w.c.’s, &c., are arranged as is usual in such vessele. 
Ample accommodation is provided for shell-rooms, 
magazines, torpedo-head magazines, store-rooms, &c. 

The vessel is provided with a protective deck 
extending throughout her whole length, the sloping 
sides being carried down well below the normal 
water-line. The thickness of this deck ranges from 
2 in. in the way of the machinery and ines to 
1 in. aft and # in. forward, and 2 in. over the steering- 
gear compartment aft. The conning-tower, con- 
structed of nickel-steel plates 3 in. thick, is fitted 
internally with all the necessary ents for 
working and fighting the ship. A nickel-steel tube, 
14 in. thick, is covited for protecting the steering- 
gear rods, telegraph leads, voice-pipes, &c. 

The pumping and ventilating arrangements are of 








the latest and most approved type, care being taken 
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that all magazines, shell-rooms, store-rooms, and 
living speces are kept cool even in very hot climates. 
Hand and steam steering gear is fitted. The vessel is 
fitted with two masts, aud arrangements are made for 
a complete installation of wireless telegraphy. The 
usual ts are supplied, including a 28-ft. motor- 
launch of 8 knots speed. Arrangements are also 
provided for a complete installation of submarine 
signalling apparatus. The ship is lighted throughout 
by electricity; two 24-in. searchlights of the latest 
British Admiralty pattern are fitted on the forward 
bridge. A range-finder station is provided above the 
chart-house on the flying-bridge. 

The auxiliary machinery (other than that forming 
part of the propelling machinery) consists of 
steam-driven capstan on the upper deck forward, 
refrigerating machines for magazine-cooling, and 
ice tank; boat-hoisting and warping winch; and the 
usual engineer's workshop machinery driven by elec- 
tric motors. 

The turbine propelling machinery is of the Parsons 
type, with three lines of shafting and one propeller on 
each shaft. The turbines are arranged in one engine- 
room. The high-pressure ahead turbine drives the 
centre shaft, and the low-pressure ahead turbines the 
wing shafts. Astern turbines are incorporated in each 
of the two low-pressure turbines on the wing shafte, 
At the high-pressure end of the high-pressure turbine 
& cruising element is introduced to ensure economical 
results when steaming at low powers. All turbine 
bearings and shaft bearings are arranged for forced 
lubrication, with special pumps for this purpose, with 
the necessary oil-coolers and oil-tanks. 

There are two condensers of the Weir ‘* Uniflux” 
type, the circulating water being supplied by two 
centrifugal pumps driven by independent single-cylin- 
der engines, these pumps are also arranged to draw 
from the bilge. here are two Weir independent 
dual air-pumps, one for each condenser ; cross-con- 
nections are also fitted to enable either pump to draw 
from both or any condenser. The distilling and 
evaporating plant is of ample a the evaporator 
being capable of producing 25 tons of fresh water per 
twenty-four hours, and one distilling condenser cagebie 
of producing 5 tons of drinking water per twenty-four 
hours. 

There are six boilers, two of which are of the latest 
improved Yarrow type, with the outer tubes arranged 
for feed-heating, a. four cylindrical boilers of the 
single-ended return-tube type, designed to work under 
forced di t. The total heating surface of the 
Yarrow boilers is 8000 sq. ft., and grate surface 
133 sq. ft. ; the cylindrical boilers are 12 ft. 9 in. 
in diameter by 9 ft. long, having 6068 sq. ft. heating 


surface and 200 sq. ft. grate su Air is supplied 
to the stokeholds by six steam-driven fans fitted with 
forced lubrication, and all the boilers are to 


use oil as well as coal ; thus a t reserve of steam 
| power is ensured which will enable the vessel to be 
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steamed at full speed with an inferior quality of coal. 
The boilers are supplied with feed-water by six feed- 
pumps of the Weir direct-acting type. 

The electric installation of the ship consists of three 
generating sets, each capable of doing the general 
lighting and ventilating of the ship under ordinary 
conditions. 

A feature in the vessel is the care that has been 
taken to ensure a uniform and moderate temperature 
in the magazines. For this purpose the magazines have 
been carefully insulated with granulated cork and 
teak lining, and two sets «f refrigerators of the 
CO, ty 4 Messrs. Hall, of Dartford, have been 
supplied, which supply cold brine to thermo-tanks for 
the purpose of oles the air in the magazines. By- 
pass arrangements are provided, so that the air can 
circulated in the magazines or fresh air supplied from 
the atmosphere when necessary. Each of the re- 
frigerators is capable of eliminating 30,000 B.Th.U. 
when working under tropical conditions of sea water 
and air temperature. An ice-tank is provided in con- 
nection with the refrigerating machinery capable of 
making 112 lb. of ice. 

The official trials of the vessel, which were carried 
out in the presence of the Chinese officers, amongst 
whom were Captain Lin, Captain Lai, Mr. Li, and 
Mr. Sab, were as follow :—(1) Twenty-four hours’ 
trial at 1000 shaft horse-power, to determine the coal 
consumption and radius of action at that power. 
(2) Twelve hours’ trial at 5200 shaft horse-power. 
(3) A full-power trial of four hours’ duration, during 
which the speed of the vessel was not to be less than 
20 knots. 

The results of these trials were as follow :— 
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It will be noted that the sceed of 22.257 knots was 
considerably in excess of the contract, and that the 
result shows that a very high propulsive coefficient 
was obtained. In addition to the above trials the 
usual programme of anchor, steering, torpedo, circle, 
and gun trials was carried out with very satisfactory 
results. 

The machinery of the vessel was designed and con- 
structed by Messrs. Hawthorn, Leslie and Co., of St. 
Peters, Newcastle, and worked throughout the trials 
without the slightest hitch of any kind. On comple- 
tion of the trials the whole of the turbines, boilers, 
and auxiliary machinery were opened up for examina- 
tion, and found in excellent condition. 

From the foregoing account our readers will have 
no difficulty in estimating the importance of the 
results obtained with a vessel of comparatively small 
dimensions and displacement, wherein have been in- 
corporated everything essential from every point of 
view to the efficient training of both officers and men. 
To the builders of the vessel, the machinery contrac- 
tors, and all concerned these results must have afforded 
eminent satisfaction, whilst the officers of the Chinese 
Board of Admiralty and other Chinese officers con- 
cerned in the building are to be congratulated upon 
the acquisition by the Chinese Navy of such a useful 
vessel. 





Trape.—We learn that a new company, called the 
Mersey Coal Elevators, Limited, has been form<d to take 
over the coal stevedoring and lighterage business of the 
Liverpool Barge and Coaling Company, Limited. The 
new serene » owning \the ocoal-elevators Salisbury, 
Canada, Sandon, Nelson, and Alexandra, will be under 
the management of Messrs. R. and J. H. Rea, the 
steamship coaling contractors. 





Yarrow Boriers.—Recent statistics issued by Messrs. 
YVarrow and Co:, Limited, G w, show that the 
mumber of British battleships cruisers built since 
1905 and fitted with Yarrow boilers amount to fifty- 
seven, whilst those built during the same period and 
fitted with other boilers amount to twenty-two. The 

portion is 72.1 per cent. fitted with Yarrow boilers. 
horse-power works out respectively to the totals 
1,597,153 and 734,804. The figures in regard to ocean- 
going torpedo-boat destroyers launched and building 
since 1907 are as follow :—Fitted with Yarrow boilers, 
ninety-nine ; fitted with other types of boiler, seven- 
teen ; equal to 85.3 per cent. fitted with Yarrow boilers ; 
the horee-power being respectively 1,786,500 and 247,500. 








LARGE ARMOUR-PL\ATE PLANING- 
MACHINE. 


WE give on page 428 a perspective view of a 
very large planing-machine which has been designed 
and constructed by Messrs. Noble and Lund, Limited, 
Felling-on-Tyne, for dealing with armour-plates of the 
largest size that can be rolled. It will admit work up 
to 13 ft. 6 in. wide and 12 ft. high underneath the cross- 
girder, and the length of stroke is 25 ft. The machine 
is provided with six tool-boxes in all, four of which 
are placed on the cross-girder and two on the side 
housings, the arrangement being clearly shown in our 
illustration. Each tool-box is 
motion for rapid movement in all directions, in 
addition to the hand motion and feed motion. The 
table is driven by steel rack-gearing, actuated by a 
reversible motor of 80 horse-power, which is clearly 
shown at the left-hand side of our illustration. The 
arrangement gives a quick return motion to the table ; 
the speeds of the cut and of the return stroke are 
variable by electric control. The whole of the gear- 
ing has machine-cut teeth. The approximate weight 
of the machine is 190 tons. 





Contracts.—The British ‘‘ Niclausse” Boiler Company, 
Limited, Caxton’ House, Tothill-street, Westminster, 
inform us that they have been successful in securing the 
contract from the Southend Corporation for two 25,000-lb. 
capacity boilers, complete with Niclausse stokers, super- 
heaters, and forced-draught fan equipment, and with 
Green’s economisers and other work. They add that 
there are at the present time over 200,000 horse-power 
of their stokers in successful service. 





Launcu or H.M.S. ‘‘ Lynx.”—The London and Glas- 
aa Engineering and Iron-Shipbuilding Company, 

imited, Govan, launched on the 20th inst. H.M.S. 
Lynx, one of three torpedo-boat destroyers at present 
under construction in their works for the British Navy. 
The dimensions of the Lynx are 260 ft. between perpen- 
diculars by 27 ft. breadth. She is fitted with Parsons tur- 
bines to develop 25,000 shaft horse-power, and has water- 
tube oil-fired boilers of the Yarrow type. Her armament 
consists of three 4-in. guns and tw.) torpedo-tubes. These 
destroyers are of the ‘* Acasta” class, which represent a 
high development in destroyer construction, and are 
expected to attain a very high speed. 





Wuirte Star Liner ‘‘Otympic.”—Next Wednesday, 
April 2, the White Star liner Olympic will leave South- 
ampton for New York. She has just left the works of 
Messrs. Harland and Wolff at Belfast, where, during the 
last few months, she has had an inner skin fitted. This 
work consisted in the construction of an inner skin, port 
and starboard, from the tank top up to a point well above 
the water-line, and in the increase of the number and 
height of the water-tight bulkheads. The wing boilers 
had to b2 removed to leave room for the riveters and 
platers to work at the inner shell; and to enable one of 
the boilers to be taken out of the ship, the forward 
funnel and uptakes were temporarily removed. The 
auxiliary machinery in the engine room and turbine.room 
had also to be removed, likewise the ship’s side valves 
and fittings, some of these valves weighing upwards of 
aton. Consequently the ship was entirely dismantled for 
the time being, which, of course, entailed a considerable 
amount of alteration to the pips and fittings generally 
throughout the ship, and the withdrawal of all the 
au iliaries along the ship’s side, including their seatings 
a d fittings, whust the placing of them further involv 
add.tional labour. It may be mentioned also that, as 
adcivional safeguard, an extra line of piping of large dia- 
meter has been fitted, running right through the ship, 
to enable all the pumps to draw through this piping in 
cas» of emergency, so that any compartment can be 
pumped out by any of the bilge or ballast pumps, which 
are sv arranged that in case of the valves being inaccessi- 
ble through any contingency, they can be operated from 
the upper deck. The inner skin or shell is very strongly 
constructed in order to withstand extreme water pressure, 
if necessary. The framer are of heavy channel steel, and 
the longitudinals giving increased strength to the struc- 
ture extend the entire length of the doubleskin. The 
inner shell or hu!', as it might be called, consists, of 
course, of strong steel plating. The space between the 
outer and inner shells bas mn specially subdivided, 
both vertically and horizontally, by retaining the ship’s 
original water-tight bulkheads out to the outer shell, and 
by the introduction of intermediate watertight vertical 
divisions between the two sbells; while the top or 
crown of the structure and upper longitudinals have been 
specially fitted as watertight flats, so that each side of 
the chip has been converted into a series of watertight 
com Thus in the reconstruction that has been 
carried out the object in view has to provide a 

in of safety that cannot be surpassed. Advantage 
has been taken of the time during which the vessel has 
been in the builders’ hands to add still further to her 
attractiveness by the enlargement and re-decoration of 
the restaurant, while, adjacent thereto, a large café 
Parisien has been constructed. A reception-room in 
connection with the restaurant has also been provided ; 
this adjoins the café Parisien and the first-class after 
entrance, Additions to the luxurious accommodation 
have also been made by the arrangement of a suite of state- 
rooms, with bath-rooms and lavatories, on the saloon and 
promenade-decks, timilar to those already in the os 
additional cloak-room accommodation is provided on the 
pronenade-deck, 


ments. 


provided with power | ¢ 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday morning 
the pig-iron market showed little change, and 1000 tons 
of Cleveland warrants were done at 64s. 9d. six days, 
and closing sellers quoted 64s. 10d. cash and 653. 2d, 
one month. There were no sellers of three months iron, 
but buyers offered 61s. 9d. The afternoon session wag 
more active, and Cleveland warrants amounting to 
5500 tons were put through at 64s. 74d. cash, 
64s. 9d. twelve days, 64s. 104d. fourteen days, 65s. 14d. 
one month, 62s. three months, and 623. June 6. At 
the close sellers named 64s. 104d. cash, 65s. 2d. one 
month, and 62s. 1d. three months. On Thursday morning 
leveland warrants were quiet and easier for near dates, 
but firmer for three months. The turnover consisted of 
1500 tons at 64s. 114d. one month and 62s. ld. three 
months, and closing sellers quoted 64s. 8d. cash, 65s. one 
month, and 62s. 2d. three months. The afternoon session 
was quite idle, and opp Py od uotations for 
Cleveland warrants were a shade easier, tho-e of seilers 
were higher at 65s. cash, 65s. 3d. one month, and 62s. 3d, 
three months. The gap bstween — and sellers 
was respectively 6d., 6d., and 34d. e market was 
closed on Friday and Monday for the Easter holidays, 
but opened with a firm tone on Tuesday morning. The 
dealings amounted to 3000 tons of Cleveland warrants at 
64s. 11d. cash, 65s. May 5, 64s. 6d. May 16, and 62s. 3d. 
June 17, and there were sellers over at 65s. cash, and 
65s. 34d. one month. For the three months position 
there were buyers at 623. 3d., but no sellers. In the 
afternoon the only transaction was one lot of Cleveland 
warrants at the rm Beene price of 62s. 6d. three months, 
with buyers over, and sellers at 3d. more. The other 
closing rates were 65s. cash, and 65s. 4d. one month. 
When the market = to-day (Wednesday) a firm 
tone prevailed, and tons of Cleveland warrants 
were done at 65s. 24d. and 65s. 2d. cash, 65s. 3d, 
April 11, 65s. 6d. and 65s. 54d. one month, 65s. and 
65s. 3d. May 24, 63s. 6d. June 13, and 63s. three months, 
The close was firm, with sellers at 65s. 24d. cash, 65s. 6d. 
one month, and 63s. 3d. three months. The afternoon 
session was quiet, but Cleveland warrants continued to 
rise in value, and 3000 tons changed hands at 65s. 9d. 
fifteen and twenty days, and 63s. 6d. three months. 
Closing quotations were called 65s. 7d. cash, 65s. 11d. one 
month, and 63s. 74d. three months sellers. 


of Ammonta.—A slightly firmer tone has been 
evident in sulphate of ammonia during the past week, 
and the price has meratherharder. The current quo- 
tation is now 14/. to 14/. 2s. 6d. per ton for prompt lots, 
Glasgow or Leith. 


Scotch Steel Trade.—Nothing of special note falls to be 
recorded in connection with the Scotch steel trade this 
week, and me are very much as they were a week ago. 
The booking of fresh business is still very poor, and in 
some instances middlemen who are able to shade prices 
are getting most of what is passing. Nevertheless, active 
conditions prevail at the works, and deliveries are keeping 
up very well, although shipbuilders have not been fixing 
up many important contracts of late. An improvement 
in this latter direction would set the steel industry away 
with another boom. Black-sheet makers report little 
change in their position, except that for the thinner 
gauges they could do with an increase in demand. The ex- 
port inquiry is exceedingly good, but the major portion 
of it is for structural material for the Colonies, and in the 
case of Canada it is expected that the opening of naviga- 
tion in the near future will mean the beginning of a busy 
season. Prices all round keep fairly firm on account of 
the high figure to which raw material and fuel have gone, 


ed | and there is little prospect of any alteration in the mean- 


time. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is not in too flourishing a condition at the 
present time, and the full number of shifts is not being 
obtained. Inquiries are improving, however, and it is 
anticipated that full time may be general before long. 


Scotch Pig-Iron Trade. — Scotch pig-iron makers are 
still well employed and the present output is going rapidl 
into consumption: nevertheless there is not much fre 
buying on the part of local users. The shipping connec- 
tions are busy, and heavy deliveries are the order of the 
day; owing to this there is little in the way of storing 
taking place. In the case of hematite iron nothing new 
can be recorded, and although contracts are running away 
with large quantities, makers would be quite willing © 
accept a lower figure than is named for a prompt order 
of decent dimensions. The following are the market 
quotations for makers’ (No. 1) iron Glyde and Calder, 
80s. 6d.; Gartsherrie and Summerlee, 81s.; and Langloan, 
82s. (all ship at Glasgow); Gle ock (at Ardros- 
san), $23.; Shotts (at Leith), 80s. 6d.; and Carron (at 
Grangemouth), 82s. 








Imperiat. Services Exursirion, 1913.—This exhibi- 
tion is to be opened at Earl’s Court at an early date in 
May. It is being organised to show the great advance 1D 
late years in the scientific preparation for the defence of 
the Empire by land and sea; and to stimulate public 
interest in matters appertaining to the defence of the 
Empire, the Dominions and Colonies. Should any profits 
accrue to the exhibition, Service charities will be benefited 
thereby. It will contain exhibits of ordnance, of naval an 
military art, bi me trophies, an:Arctic and Antareti¢ 
exhibition, a Cross Society hospital, &c. The last 
Naval Exhibition took place in Chelsea in 1891, and the 
last Military Exhibition in Chelsea in 1890. A com 





j exhibition of the services has never been held before. 
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NOTES FROM sata YORKSHIRE. 


HEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Holiday influences have 
affected the coal market, and most of the pits in the dis- 
trict have been closed down since last Thursday, so that 
business during that time has been a minus quantity. 
During the middle of last week, however, merchants were 
very busy, and, with the cold weather, received a con- 
siderable number of orders for house coal. The local 


works also, many of which were working last Friday and | M 


Saturday, were exerting pressure for deliveries to carry 
them over the week-end, The same acceleration in the 
demand was noticeable in the case of the railway and gas 
companies. Latest quotations are:—Best branch hand- 


picked, 14s. 6d. to 15s. 6d.; Barnsley best Silkstone, 13s. | adh 


to 14s.; Derbyshire best ae, 12s. to 13s.; Derby- 
shire house, 10s. 6d. to 11s. 6d.; large nuts, 10s. 6d. to 
lis. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. 6d. to 11s. 6d.; rou 
slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s.; onal 
4s, 6d. to 6s. per ton. 


Iron and Steel.—The iron market has, of course, been 
quiet since a week ago on account of the holiday period, 
and therefore the position is practically unch Z 
Whether the next few days will see a revival it is diffi- 
cult to say, but there is a doubtful feeling abroad amongst 
users, and it is stated that many of them are still in a 
position to await the course of events before making any 
endeavour to fix up new contracts. Hematites are 
steady, and there has been a fair amount of buying of the 
Derbyshire common irons. The tendency towards an 
easier price for raw materials has affected orders for 
finished irons, although the bar-makers have a good deal 
of work already in he for general engineering and 
constructional pur; The general trade situation 
remains very satisfactory, although it is undeniable 
that in many directions new orders have not come 
forward with the expected regularity. Of course the 
present quotations for raw material and the uncer- 
tainty as to their future affects the position. The 
difficulty of making substantial profits is again noticeable. 
Rolling and forging operations have become more expen- 
sive, and the large amount of overtime that has recently 
been worked has added sensibly to the costs of produc- 
tion. So long as plant remains continuously and fully 
employed, however, a counterbalancing effect is in 
operation, but it is feared that a shrinkage in the 
volume of new contracts will throw the present heavy 
costs of working into undue prominence, and make the 
profit margin still narrower. In the armour-plate, gun 
and projectile shops, the pressure of business is remark- 
able. During February one of the East-end works sent 
out 1200 tons of armour-plate, and another manu- 
factured 600 tons. At present a good deal of work 
is being done for the new battleship Marlborough, in 
construction at Devonport. For Russia and Spain large 
tonnages of turbine parts and armour-plate are being 
made, while France is taking big quantities of war 
material of various kinds. Sheffield firms are also busy 
on the execution of contracts for railway tyres, axles, 

i &c., for the India Office and home railways. 

be demand from abroad for tools is very heavy. The 
business in steel and tools for agricultural purposes is 
firm, and the increased use of motor-vehicles and oil- 
= reacts favourably upon the demand for Sheffield 
steel. 








Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
ninth general meeting of the session of the Institution of 
Automobile Engineers will be held on Wednesday, 
April 9, 1913, at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, S.W., at 8 Rm when a 
ea r on ‘‘The Wheel and the Road” will be read by 

onel R. E. Crompton, C.B. (Engineer to the Road 
Board). Tickets of invitation will be sent to those who 
are interested in the subject, and applications should be 
made at the offices of the Institution, 13, Queen Anne's 
Gate, Westminster, London, 8.W. Surveyors and those 
interested in the question of roads are specially invited 
to attend and give their views in the subsequent discus- 
sion on the paper. 





Tue SLEEVE-VALVE PaTENTS.—Judgment was given 
last week on an appeal against the decision of Mr. 
Justice Neville in the patent action brought by Messrs. 
Knight and Kilbourne against Argylls, Limited, who were 
accused of having infringed a patent which was claimed 
to cover every possible application of sleeve-valves to an 
internal-combustion engine. The decision of Mr. Justice 
Neville was in favour of the defendants, and this judg- 
ment has been confirmed on appeal. The is of the 
action was not the patent under which the Knight sleeve- 

ve engines are actually constructed, but an earlier 
patent, which, though it admittedly described in detail 

Y an inferior method of constructing a sleeve-valve 

, was nevertheless claimed to be a master patent, 
on which the defendant’s engine was asserted to embod 
merely subsidiary improvements. In the patent whic 
formed the basis of this claim, but a single sleeve was 
provided, which had a rectilinear motion merely. The 

endants also use a single sleeve, but its motion isa 
combination of a linear reciprocation with a rotary 
tion. The Court held that if the patent sued on 

was to be taken as covering the general principle in- 
volved, it had been anticipated by still earlier patents 
wseon and King. A master patent could not, they 

be constituted by construing the specification as 

ten the problem to be solved, but the inventor was 
md to give his solution to the problem, and the 
solution described in the patent was not infringed by 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market was re-opened 
to-day after the Easter holidays, but few °C 
habitués put in an appearance, and business was on only 
a very limited scale. At the same time the tone of the 
market was more eheerful than it has been, and values of 
Cleveland pig were higher than for the 
ore favourable news from the Near 
prospects of immediate had a beneficial influence 
on the market. After 6d. had been paid for early 
f.o.b. delivery of No. 3 g.m.b. Cleveland pig, sellers put 
the price up to 65s. 9d., and by the close of the market 
ered firmly to that figure. No. 4 foundry was of 
about the same value as No. 3, whilst No. 1 was 
68s. to 68s. 3d.; No. 4 forge, 65s. 3d. to 65s. 6d.; and 
mottled and white iron, each 64s. 9d. to 65s. East Coast 


t, indicating 


h | hematite pig was in good request, with the supply still 


very inadequate. Attempts to purchase Nos. 1, 2, and 3 
at 81s. 6d. met with little success. There was nothin 


pase in ~y ¢ ore. Nominally quotations were sti 

sed on 21s. 6d. ex-ship Tees for best Rubio, but doubt- 
less contracts could made on lower terms. Freights 
Bilbao-Middlesbrough were fixed at as low as 4s. 9d. 
Coke was in good request for local consumption, and 
medium blast-furnace kinds were fully 25s. delivered at 
Tees-side works. By the close of the market Middles- 
brough warrants advanced to 65s. 5d. buyers— 
the highest quotation since the 10th of last month. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores here to-night 
pad at 216,309 tons, or 3802 tons less than at the 
beginning of the month. Shipments of pig from the 
Tees are up to expectations. To date this month they 
average tons tg oe the total despatches 
amounting to 76,770 tons, 60, tons of which have gone 
from Middlesbrough and 7862 tons from Skinningrove. 
To the same date last month the total loadings were 
returned at 70,363 tons, or a daily ave of 3518 tons, 
and for the corresponding part of March last year the 
clearances reached no less than 108,741 tons, or an average 
of 4942 tons per working day. 


Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 
tured iron and stesl industries. So busy are pro- 
ducers that they have been working through the holidays 
where they could induce the men to do so. Princi 
market quotations stand :—Common iron bars, 8/. 15s. ; 
best bars, 9/. 2s. 6d. ; best best bars, 9/. 10s. ; packing iron, 
6l. 15s. ; iron ship-plates, 8/. 2s. 6d.; iron ship-angles, 
82. 15s. ; iron ship-rivets, 9/. 15s.; iron boiler-plates, 
81. 17s. 6d. ; steel bars (basic), 7/. 17s. 6d. ; steel bars 
(Siemens), 8/. 5s.; steel a, 81. 5s. ; steel ship- 
angles, 7/. 17s. 6d. ; steel boiler-plates, 9/. 5s. ; steel 
strip, 8l.; steel hoops, 8. 2s. 6d.; steel joists, 
7l. 7s. 6d. ; cast-iron railway chairs, 4/. 10s. to 4/. 15s. ; 
light iron rails, 7/. to 7l. 5s. ; heavy steel rails, 67. 15s. ; 
steel railway sleepers, 7/.; and galvanised eorrugated 
sheets, 127. 15s. to 13/.—sheets less 4 per cent., f.o.b., 
railway material net at works, and all other descriptions 


less 24 per cent. 





Tue Cxiian Navy.—Six destroyers, which were 
ordered in England, will cost approximately 1,000,000/. 
The first of these destroyers, the Admiral Lynch, was 
launched in September, and the second, which bears the 
name of the Admiral Condell, at the close of January. 
The Admiral Condell is 325 ft. long, and is fitted with 
engines working up to 29,000 horse-power. Her pre- 
scribed speed is 31 knots, and she will carry six guns and 
three torpedo-tubes. 





Liquip Fut as a Source oF ENERGY FOR THE PRO- 
PULSION OF Suips.—The adjourned discussion of this 

per, read by Mr. C. Zulvers before the Institute of 
iicive Engineers, took place on Monday, March 17, 
Mr. J. T. Milton being in the chair. The author, in re- 
plying to the various points raised, said that heavy 
residual oil, oil which had not been subjected to any pro- 
cess of distillation, was being used in the M. B. Juno and 
in the M. B. Vulcanus ; and it had not been found neces- 
sary to use any steam-heating arrangement in order to 
liquefy the fuel, no governor had been fitted, and the 
engines had been remarkably free from racing, which 
was thought to be due to the fly-wheel. The saving in 
weight due to the use of the Diesel engine had been 
found, as far as it was possible to ascertain it, to 
be from 12 to 17 per cent. The trouble that had 
been experienced with the inblast air vessels had been 
overcome by the use of weldless vessels, which were 
suspended so as to drain off any possible accumulation 
of water. Mr. Summers Hunter, Jun., stated that it 
was apparent to anyone who had been in touch with 
actual =ogung conditions that the four-cycle Diesel 
engine was much superior to the two-cycle engine so far 
as reliability was concerned—a very important point. 
Tt was pointed out by Mr. W. F. Tarenden that the 
author's estimate of a saving in weight was in regard to 
the four-cycle engine, and as he had cited one case where 
the weight of a two-cycle engine was almost double that 
of the four-cycle, it was questionable whether there was 
any saving in this respect with the two-cycle engine. 
The tendency of the price of oil to rise would, he thought, 
retard the development of the internal - combustion 
engine. Mr. F. M. Timpson pointed out that in vessels up 
to about 200 horse-power, principally for ae purposes, 
the two-cycle engine had ~— almost exclusively adopted. 
The author replied that the use of two-cycle engines for 





the defendants, 


t six weeks. | coal 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in steam coal has, of course, been a 
ood deal interrupted by the holidays. Tonnage having 
m delayed by recent gales, the number of steamers in 
the docks has m much reduced. Many collieries did 
not re-start, however, until yesterday (Thursday); and, 
having regard to this, colliery-owners have shown no dis- 
position to o lower prices for either large or small 
. _Welsh colliery-owners have expected coal orders 
from Russia, which country has till now been giving con- 
tracts to Yorkshire and the North of England. The best 
Admiralty large steam coal has made 19s. 6d. to 20s. per 
ton, while secondary qualities have realised 186. 6d. to 
19s. 3d. per ton; best bunker smalls, 15s. 64. to 16s. ; 
and smalls, 14s. 6d. to 15s. per ton. As regards 
household coal, the best qualities have made 19s. to 20s. ; 
good households, 17s. to 18s. ; No. 3 Rhondda large, 17s. 
to 17s. 6d. ; and smalls, 15s. to 15s. 6d. per ton. No. 2 
Rhondda large has realised 16s. to 16s. 6d.; and No. 2 
smalls, 13s, 6d. to 14s. 6d. ong ton. Special foundry coke 
has been quoted at 32s. 6d. to 33s. 6d. ; good foundr 
qualities at 29s. to 31s.; and furnace ditto at 27s. to 285. 6d. 
ood ton. As regards iron ore, Rubio has made 21s. to 
per ton, u a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Pembroke.—The launch of the Nottingham has been 
provisionally fixed for April 18. The Fearless, cruiser, 
will be ready for her steam trials early in May, and she 
can be completed in June, if necessary. 


Dowlais.—Although this has been a holiday week for 
Dowlais, the Goat Mill had previously had a large output 
of heavy steel rails, while towards the week end some tin 
bar was put through; the sleeper press had also been 
busily at work. Similarly, the ig Mill completed some 
urgent orders for fish-plates and sole-plates. Light rails, 
arches, curves, &c., were also delivered. 


Power in South Wales.—The directors of the South 
Wales Electric Power Distribution Company, Limited, 
state that although the rae ope be operations in the past 
year were somewhat seriously affected by the national coal 
strike, which involved a reduced demand for current and 
a considerable increase in the price of coal, the company 
sold during the year 19,689,656 units, or 5,319,081 units 
more than in 1911. The company paid interest last year 
upon its prior lien debenture stock and made due pro- 
vision for depreciation ; but no dividend is recommended 
upon the share capital. 


Portsmouth.—In the ensuing financial year no impor- 
tant new works are to be commenced, but progress is to 
be made with those already in hand, the outlay contem- 

lated being 259,250/. Of the new works in hand, two 
ocks excite the most interest; one of these locks is 
nearly ready for service, and it will be opened when the 
deep channel has been dredged. The total outlay upon 
the locks will be 1,300,000/. An electric light and power- 
generating station is to be erected at a cost of 58,000/. 
New magazines are to be provided at Bedenham, and 
large additions are to be made to fuel storage arrange- 
ments and appliances. 


Devonport.—The new construction outlay contemplated 
at Devonport in 1913-14 is 1,747,338. as compared with 
1,880,134/. in 1912-13. The heaviest proposed outlays are 
those on the Marlborough (603, 7560.) and the Warspite 
(748,181/.). The refitting expenditure pro d for 1913-14 
is 140,377/., as compa: with 85,1702. in 1912-13. 








IMPORTANT INDUSTRIAL ESTABLISHMENT FOR CANADA. 
—Considerable importance attaches to the announcement 
in the Montreal Gazette to the effect that Sir William 
Arrol and Co., Limited, are arranging to establish con- 
structional steel works in Montreal for the production ‘of 
all types of cranes, hydraulic machine-tools, and other 
apphances, and otherwise to extend their operations in 
the Dominion. When one remembers the success and 
enterprise of the well-known Glasgow firm, not only 
in connection with bridge - building, but also in con- 
nection with such structural steel-work as workshops, 
railway stations, &c., and hydraulic mechanism, and in 
the erection of every type of crane, ranging in lifting 
capacity up to 250 tons, the statement in the Montreal 
Gazette is of considerable importance. If Canada is to 
develop her industries, it is of the first importance that 
the factories and their equipment should be according to 
the very latest —-. and in this matter the experience 
—— by Sir William Arrol and Oo. will undoubtedly 

an important factor. 





Sprciat Entry or Nava Capsts.—With reference to 
the announcement in the leading article in last week’s 
issue (page 395) that thirty naval cadetships will be 
offered this year for competition by candidates between 
the ages of 174 and 19 years who have completed their 
general education in the public schools or elsewhere, 
arrangements have been made between the Admiralty 
and the War Office whereby a candidate who is admitted 
to compete for ms | as a naval cadet may also, if he so 
desires, and provided he fulfils all the necessary condi- 
tions, present himself at the same time for admission to 
the Royal Military Academy, Woolwich, or the Royal 
Military College, Sandhurst, or to the Royal Marines, 
in which case he must state definitely his order of prefer- 
ence before the examination a Following the Army 
Regulations, he may say that if he is not among the first 
so many) in the list of successful candidates for Woolwich, 
e will elect for a naval cadetship. Application of candi- 
dates for naval cadetships in 1913 should be made to the 
Secretary of the Admiralty, if possible, before April 1, but 





smaller powers was no evidence of their superiority. 


will be received up to April 30. 
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GOVERNMENT EMPLOYMENT. 


WIsELY or otherwise, the number of Government 
employees is being steadily increased, and it is 
therefore well that. the broad principles which 
affect the efficiency of State services should be 
borne in mind by all concerned. It is true that, 
in most departments of the State, the bulk of the 
work is largely, if not exclusively, of a routine 
nature ; but in many other itistances there is a need 
for the highest intellect and technical knowledge. 
This is especially so in the case of those at the 
head of departments or in responsible positions. 
Generally, however, the Acts of Parliament leave 
little room for the play of imagination. The domi- 
nant aim of the draughtsmen of all enactments is 
precision and lucidity ; but, unfortunately, amid 
the excitement of the party game in the House 
of Commons, there is introduced phraseology 
which defeats this aim, with the result that there 
is confusion, and somewhat surprising results in 
the law courts. This applies notably to legis- 
lation which affects the individual. If evidence 
of this were desired, abundant instances could be 
found-—for instance, in the legal decisions regard- 
ing workmen’s compénsation. The Insurance Act 
also promises to be a fruitful source of difficulty. 
It is, however, in what might be regarded as the 
commercial administrative departments of Govern- 
ment that one finds real scope for intellectual 
knowledge and experience in working out a wise 
national policy, and the opportunity for the display 
of originality and the exercise of imagination, as 
well as the readiness to accept responsibility. The 
business conducted in such departments does not 
come directly within the purview of the general 
public, and the consequence of deficiency in these 
essential qualities is that the community is harassed 
and the national trade checked without the public 
consciousness being awakened to the need of im- 
provement. 

It is not, however, merely in administration that 
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well known, for instance, t many complaints 
have been made regarding the telegraph and tele- 
phone systems, the latter of which has recently 
been absorbed by the State. We do not propose 
to enter into any criticism of the systems adopted, 
but we do know that engineers who have entered 
upon a long course of experimental work, in 
order to devise improvements in transmission by 
telegraphy and telephony, find in the State official 
great reluctance in applying suggested improve- | 


ments experimentally or in adopting them even 
when found promising. This is a fault of the 
system rather than of the individual, and such 
fault finds its most striking illustration in the dis- 
inclination to accept responsibility. The Govern- 
ment employee rarely obtains credit for any 
improvement he may effect; more rarely still does 
he get any financial reward for increased efficiency 
or improved economy. On the other hand, the 
penalty of failure is either a delay in promotion or 
the absence of recognition through the ‘* Honours 
List.” That there can be no financial reward is 
understood, because the salary is fixed, and it is 
well known that, if a man does decently well, his 
promotion becomes solely dependent upon the 
lapse of time and his staying power from the 
physical point of view, while, ultimately, his pen- 
sion is assured, a pension which, by the way, is 
no other than deferred pay. Amendment of the 
conditions of Government employment is difficult 
—some even say, in the light of human charac- 
teristics, impossible—because, with or without 
justification, the charge of nepotism, favouritism, 
or influence, would be raised in the case of many 
who were promoted out of the ordinary routine. 
This, of course, is one of the grave objections to 
the undertaking by the State of any service which 
could be rendered by private enterprise; but 
whether or not the conditions are absolutely in- 
herent in the system must ever remain a question 
of controversy. 

The work of maintaining the Navy in a state of 
efficiency, which means in a condition excellin 
that of any other Power, is, perhaps, the most vii 
of the national undertakings in applied science ; 
moreover, the work involves one of the largest 
charges on the national revenue. As the First 
Lord of the Admiralty stated in the House of 
Commons on Wednesday, ‘‘ We shall do our utmost 
to preserve that leadership in design which is no 
less necessary to naval supremacy than preponder- 
ance in numbers.” It is work which demands 
those qualities of origination, ability, and zeal, 
that are desiderated in private employment. 
Therefore, it is quite appropriate that, in con- 
sidering the principles of Government employ- 
ment and its effect on the efficiency of the service, 
the duties and work of the yal Corps of 
Naval Constructors should be accepted as a com 
teristic example. There is also'an appropriateness 
in dealing with the subject in view of the recent 
issue of the Navy Estimates by the First Lord of 
the Admiralty, and of the naval discussion now in 
progress in the House of Commons—a discussion 
with which we shall deal on its conclusion. It wasa 
notable coincidence that the dinner of the Royal 
Corps should be held on the evening of the day on 
which there was issued Navy Estimates calling for 
the voting of such an immense sum as 26,000,000. 
sterling for shipbuilding, machinery, armour, and 
naval armaments during the next financial year. 

At the dinner, Professor Abell, formerly a dis- 
tinguished member of the corps, and now one of ite 
numerous members doing brilliant service in a pri- 
vate capacity for the advancement of naval construc- 
tion in this country, drew a sharp distinction between 
the underlying principle of government or corpo- 
rate employment and that of private employment. 
He pointed out that the usual tendency of Govern- 
ment or public bodies is to pay a post, and not a 
man. This is probably the line of least resistance, 
and is so much easier, not only in respect of selec- 
tion, but also in the rendering of accounts. In 
private service the practice is to estimate the ability 
of a man to discharge the functions assigned to 
him, and, further, to measure his worth by the 
economy and efliciency he achieves in the perform- 
ance of his duties. On the other hand, the salary 
for a Government or corporation post is fixed, and 
promotion is mostly by seniority. It does not follow 
always that the particular t is filled by the 
person most qualified to achieve the greatest effti- 
ciency in the work performed. On the other hand, 
should it be necessary to go outside for anyone to 
fill a post, there are limits to the range from which 
applications are received, because the salary is pre- 
scribed. Time and again sacrifices have been made 
by men entering the service, and they have done 
most efficient work. But there should be no need 
for such sacrifices in connection with the highest 
Bates in the State ; special men should be 
chosen and their salary fixed according to their 
worth, and particularly as to their ability to ensure 





the best results from a national point of view. It is 
surprising how much care is exercised by the State 
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in ensuring that the best material shall be ry rae 
while, at the same time, there is neglect of the im- 
portance of the best brain pre being utilised. 
The Royal Corps of Naval Cunstructors has 
wniuabeelig done most satisfactory service. Its 
organisation has been largely responsible for the 
development of shipbuilding from the scientific 





standpoint. Sir James Williamson, who for long 
held an important position at the Admiralty and | 
served on some committees appointed in connec- 
tion with the work of the corps, spoke at the) 
dinner, and illustrated the value of the corps to| 
the nation. He pointed out that the first corps 
was started in 1811, and the men of distinction 
produced by that school included Isaac Watts, 
Abethell, Large, Reade, Chatfield, Creuze, and 
others. When Sir James first went to the Admi- 
ralty in 1863 Mr. Watts was the Constructor of the 
Navy, and Messrs. Abethell and Large were his 
assistants. Mr. Watts became Chief Constructor to 
Lloyd’s Register, and his success induced the 
Register in later years to appoint to their staff men 
trained in the Admiralty schools or colleges. This 
first school was closed in 1832—due probably, no 
doubt, to a desire for economy—and the second 
school was founded in 1848, but existed only until 
1853, not through any lack of appreciation of the 
work of the students of the school, as amongst the 
alumni were Sir Edward Reed, Sir Nathaniel 
Barnaby, Mr. Frederick Barnes, and Mr. James 
B. ©. Crossland. In 1863 the Government realised 
that a mistake had been made in closing the school 
of 1848-1853. There was a dearth of men in the 
Service—indeed, in the country—sufficiently trained 
technically to work out the new problems of design 
of ships and machinery when a new fleet was needed, 
owing to the introduction of steam and armour- 
plate. This school, in the organisation of which 
the Institution of Naval Architects had an important 
part, did much to resuscitate the desire for more 
scientific methods in the development of ship 
design, and naturally in this connection Sir James 
Williamson, and, later, Mr. H. Tennyson 
d’Eyncourt, made a graceful eulogium on Sir 
William White’s great genius, national service, 
and prescience in many undertakings, in addition to 
the organisation of the Royal Corps, and particularly 
in ovelvine the scheme of training and standard of 
attainment of entrants. 

The demand for greater scientific accomplish- 
ments on the part of naval architects is not confined 
to the Admiralty, but to every large shipbuilding 
establishment in the country, and the one important 
fact which should not be forgotten is the growing 

ractice for private shipbuilders to look to the 
eo Corps for officers to carry on the work in their 
shipbuilding works. No year passes without two 
or three members of this small body being enticed 
away from the national service by shipbuilding 
firms, much to the benefit of the members who 
thus leave the corps, and to the advancement of 
one of our greatest national industries. Naval 
interests, which here conflict with the national 
interests, require that the men trained for the corps 
should continue in the Government service. e 
conditions, however, as we have said, are not con- 
ducive to this « 1, and it is well that all in the 
country, and particularly engineers, should realise 
the gravity of the situation. There has been for a 
long time a feeling on the part of members of the 
Corps thattheirremuneration is not in correct propor- 
tion to the responsibilities. The flow of promotion, 
too, has been unsatisfactory, owing to the relatively 
small numbers of chief constructors. Thus the 
occupants of the post of constructor were paid the 
salary of that post, and not the salary which their 
ability or the work they were doing justified. Here 
isa case where Government employment is much 
less satisfactory than private employment. In the 
latter case.a man’s worth is measured by the work 
he is doing, and not according to the particular 
chair in which he happens to sit. Salaries advance 
steadily according to merit, and are not dependent 
upon vacancies in the higher ranks. 

As a result of the investigations and report by 
Lord Inchcape’s Committee, certain modifications 
have been made, the principle of which is an increase 
in the number of constructors and an advance of 
pay ; but there remains the fundamental difficulty 
that a man’s salary is limited by the post, and is not 
increased adequately until he succeeds to a higher 
post, even although he may be doing the work of 
that higher post. In addition to the Director of 


Naval Construction, three Assistant Directors, the 


| which begins at 4501. and rises to 600I. 





Director of Dockyards, the Superintendent of Con- 


tract Work, and the Superintendent of the Dock- 
yard Branch at the Admiralty, there are now to be 
four chief constructors at the Admiralty, in addition 
to the eight officers of this rank employed at the 
dockyards as managers, &c. The salary of chief 
constructors is to begin at 700I., rising to 850l., 
with an allowance of 75l. for a residence. Five 
chief constructors at the dockyards are to have a 
special allowance of 75. in addition to their salary, 
In the 
department of the Director of Naval Construction 
there are to be thirteen constructors, and in that 


| of the Director of Dockyards twelve, with salaries 


commencing at 450l., rising to 6001. This is 
an increase of 50/. The assistant constructors 
are to be divided into two groups, designated 
first and second class, the former obtaining 
an advance of 50l., the salary beginning at 
2501. and advancing to 450/.; but the men in 
the latter branch will have 501. less than formerly. 
They will enter the corps at a salary of 1501., 
whereas formerly the entrants were paid 200I. 
When a young man has passed through a long 
course of training, practical and theoretical, in 
the dockyard workshops, and in the Royal Naval 
College, Greenwich, the reward of a salary of 
150]. is a very indifferent one. Young men of 
promise and of that active and determined tem- 
perament which ensures success in after life may 
prefer to look out for an opening in private works, 
taking a course of naval architecture at one of the 
provincial universities or colleges, the professors of 
naval architecture in which are past members of the 
corps. The consequence is that, unless there is 
further inducement for young men to enter the 
corps, and for experienced members to continue 
membership, we may find that, instead of the most 
promising youth of the country being enticed to the 
work of maintaining the efficiency of the matériel 
of the Navy, they will be absorbed by the private 
establishments, where individual ability is more 
readily and adequately remunerated. 








REINFORCED-CONCRETE CON- 
STRUCTION. 

Unver the provisions of Clause 23 of their General 
Powers Act, 1909, the London County Council 
were authorised to make regulations with respect 
to the construction of buildings wholly or partly 
of reinforced concrete, and to draw up rules con- 
trolling the use and composition of reinforced 
concrete in such structures. Under the same 
section they were, moreover, authorised to carry 
out such investigations and make such tests as they 
deemed necessary for the proper discharge of the 
quasi-judicial functions thus imposed upon them. 
Any such regulations as might be proposed were to 
be subject to the approval of the Local Government 
Board, and it was provided that notice of intention 
to apply for such approval should be given to the 
Surveyors’ Institution, the Institution of Civil 
Engineers, the Royal Institute of British Archi- 
tects, and the Concrete Institute. 

A unique opportunity was thus afforded to the 
London County Council to complete the valuable 
work of the French Government Commission on 
Reinforced Concrete, and to determine by direct 
experimental research many points with regard to 
which further information is required. In this 
work they could undoubtedly have secured every 
assistance from the well-equipped laboratories 
of the many Metropolitan technical colleges. The 
institutions named in the Act were for their part 
afforded an opportunity for securing an authori- 
tative expression of the expert opinion of their 
members, which they could have secured by 
promptly circulating any draft proposals through 
the medium of their Transactions or otherwise, by 
inviting opinions of other competent engineers, 
and by initiating a detailed discussion of the 
clauses. Whether either the Council or the 
institutions have taken adequate advantage of 
the valuable opportunities thus opened to them 
must be judged in the light of what has taken 
meag After a considerable period of more or 
ess informal negotiations with the Institutions 


named in the Act, the Council’s Building Act Com- | 


mittee formulated their proposals in the shape of a 
remarkably detailed code, numbering 160 clauses. 
These were confirmed by the Council on Nov- 
ember 28, 1911, sealed on December 6, 1911, and 
were then presumably forwarded simultaneously 
to the different institutions and to the Local 
Goverument : 


The document which embodies the proposed 
regulations is extremely lengthy, and purports to 
regulate not only practice, but also to settle definitely 
certain theoretical questions as to which expert 
opinion is not as yet wholly in agreement. The use 
of reinforced concrete is, moreover, still in its 
infancy, and experience may, and probably will, 
render desirable modifications in some of the recog- 
nised methods of computing the safe loads which 
may in various cases be imposed on it. No provi- 
sion is, however, included in the proposed regula- 
tions of the London County Council for a periodical 
revision of the rules, which are, moreover, very 
rigid in character. They define theoretical points 
with regard to which our knowledge is, to say the 
least, a little hazy, with an inflexibility which 
permits of no future variation of practice, even in 
the direction of greater safety. 

To a large extent the rules are merely an expres- 
sion, in legal terms, of the recommendations of the 
Joint Committee on Reinforced Concrete set up by 
the Royal Institute of British Architects, who 
adopted, in effect, many of the findings of the 
French Government Commission which sat from 
1900 to 1906. It is, of course, quite legitimate 
and proper for an investigating body freely to 
adopt, after due examination, the findings of 
similar bodies who have sat previously, especially 
when such findings are based, as is the French 
Commissioners’ Report, upon extensive experi- 
mental researches and tests. Also, no one could 
expect busy professional men, giving their time 
to serve on such bodies, to undertake, or even to 
organise, an extensive series of experiments. But 
when Parliamentary authority is given for research, 
in a comparatively new subject, to a body like the 
London County Council, it is inexpedient that the 
latter should content itself with laying down, 
without further investigation, rigid rules on matters 
as to which legitimate differences of opinion still 
exist. 

The need for further research is amply shown in 
the proposed regulations themselves. Whilst 
dogmatically firm upon matters which the bulk 
of professional opinion has tentatively agreed to 
accept as a working basis, they are discreetly silent 
upon such important everyday points as the varia- 
tion of the modular ratio for rich concretes or 
hard steels, the deflection of beams with fixed 
ends, the calculation of deflection and of the 
strength of double reinforced beams. With regard 
to all of these matters the need for more precise 
knowledge is, in practice, severely felt. Possibly 
experiments on these points have, indeed, been 
made by those responsible for drawing up the 
regulations, but the results have not been pub- 
lished, and there is no evidence in the proposed 
rules that any work of this character has actually 
been attempted. 

It would also scarcely appear that the Institu- 
tions named in the Act have done all that might 
reasonably have been expected of them. Their 
delegates have doubtless worked hard at the pro- 
posals, both before and after they appeared, but 
their work has been carried out without pub- 
licity. The ordinary professional member knows 
absolutely nothing of what is going on beyond the 
fact that certain proposals were made nearly 
eighteen months ago, and are presumably still 
under consideration. His opinion has not been 
solicited with regard to them, their text appeared 
in no Transactions, and, in fact, his only way of 
ascertaining what has been proposed is to purchase 
the Minutes of the London County Council. 

It is, indeed, possible that alterations may have 
been made in the proposals submitted, but the 
ordinary member of the societies in question has 
not been kept informed as to the progress of any 
such negotiations as may have been instituted ; 
and even inquiries at Spring Gardens and at the 
Local Government Board are, judging from our 
own experience, absolutely useless. There may be 
reasons for all this extraordinary secrecy ; if so, the 
sooner they are swept away and the subject pro- 
perly ventilated the better, since the original and, 
so far as we are aware, still unamended, proposals 
comprise certain crude and obvious defects which 
unfit them to receive the approval of the Local 
| Government Board. 
| It has been suggested that as the proposed 
‘regulations only affect new buildings in London 
‘in which it is desired to obtain concessions as to 
the thickness of walls, their practical scope and 
'their effect upon general practice in reinforced- 
concrete design will necessarily be extremely small. 
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This is, however, a very shortsighted view. Being 
the first and the only British code, the regulations 
will be the only official guide to the layman as to 
what is, and what is not, good construction and sound 
and reliable theory, and as such their effect will be 
immeasurably greater than their legal scope. They 
will be adopted freely in specifications, and quoted 
and accepted in numberless cases with regard to 
which they have no legal status whatever; and 
this will be the case not in this country alone. 
They may have, in law, but a very limited local 
application, but the definite pronouncements of the 
capital of the British Empire with regard to such a 
subject are hardly likely to pass unnoticed in the 
world. English engineers will certainly have to 
accept a vicarious responsibility for them on account 
of the fact that the leading professional Institutions 
have been entrusted with the task of considering 
and criticising them, and it is therefore highly 
important that they should be studied and criticised 
in detail before they are officially confirmed. 

We propose therefore to publish shortly a de- 
tailed criticism of the proposals which have been 
brought forward by one who has devoted to them 
a very attentive study, and this criticism may, at 
any rate, serve as the basis for the expression of 
views by others equally interested in the matter. 





THE VISCOSITY OF COLLOIDS. 

On March 12 the Faraday Society met at 4 p.m. 
for the discussion of a series of papers on ‘‘ Colloids 
and their Viscosity ;” the discussion was resumed 
after a dinner interval, and continued till after 
10 p.m. Four prominent workers in this field had 
come over from abroad for the occasion—Professor 
Ii. Freundlich, from Brunswick ; Professor Victor 
Henri, from Paris; Dr. Wolfgang Ostwald (son of 
Wilhelm Ostwald), from Leipzig, and Professor W. 
Pauli, from Vienna ; Mr. Emil Hatschek, who occu- 

ied the chair, Dr. S. B. Schryver, Dr. Ramsden, 
Dr. J. S. Martin, of the Lister Institute, Dr. W. J. 
McBain, of Bristol, and others contributed to the 
discussion. The study of colloids covers so immense 
a range that there was no possibility of exhausting 
even the restricted subject of the viscosity of col- 
loids. There is nothing astonishing in the fact that 
changes in viscosity accompany all other changes 
in colloids, affecting osmotic pressure, optical rota- 
tion, &c., and in very many cases prove the 
most sensitive means of indicating that changes 
are taking place in colloids, before they can other- 
wise be detected. Yet it cannot be said that the 
viscosity of colloids is understood to the extent that 
electrolytic conductivity is understood, for instance. 
Many reactions are now being followed up by 
watching the variations in conductivity, mm the 
observed conductivities are compared to those cal- 
culated on the bases of theoretical deductions and 
formul:e. But colloid chemists have not yet arrived 
at conceptions of the viscosity and coagulation of 
colloids which are sufficiently clear to allow of 
theoretical deductions being based upon them. 

Mr. Hatschek pointed this out in his paper on 
“The General Theory of Viscosity of Two-Phase 
Systems.” Within the last few years he had, he said, 
made the first attempts to treat the internal friction 
of suc: systems mathematically. If » designated 
the viscosity coefficient of the liquid or continuous 
phase, f the ratio : total volume of colloid par- 
ticles (or disperse phase) divided by total volume 
of system, and n, the viscosity of the whole sytsem, 
he found », = (1 + 4.6 f) ». From thermo- 
dynamical considerations, Einstein had, in 1906, 
atrived at the formula 7, = (1 + /) », and had, in 
1911, introduced the coefficient 2.5 for f (instead 
of Hatschek’s value, 4.5), on the strength of ex- 
periments made by Bancelin. The chief point 
is that these formule do not depend upon the 
size of the particles ; that is confirmed by experi- 
ments, but different experimenters have found 
different values for the coefficient of f. The dis- 
crepancy might be expected; too many assump- 
tions have to be made, and experimental methods 
generally determine the weight of the particles, 
whilst most formule can only deal with their 
volume. Viscosity measurements are usually made 
with the capillary viscosimeter, moreover, in which 
the rate of shear cannot be altered, the magnitude 
measured being the velocity of efflux under a cer- 
tain hydrostatic head. In order to introduce a 
dynamic method in the place of this static method, 

r. Hatschek has modified the Couette apparatus. 
He suspends a vertical cylinder, open at both ends, 
by a wire within an outer cylinder ; the latter is 


tilled with the liquid in question, and stands axially 
on a table which can be turned at different speeds ; 
the inner cylinder is then rotated through a certain 
angle owing to the viscosity of the cylindrical layer 
of liquid between it and the outer cylinder, 
the acting couple being viscosity x velocity x 
a constant, and the deflection is indicated by a 
mirror attached to the wire holding the inner 
cylinder. We mentioned that the inner cylinder 
is open top and bottom, but cylindrical guards or 
caps fit over the bevelled edges of the cylinder at 
both ends, leaving a clearance of about 2 mm. 
between the surfaces; the liquid within thus re- 
mains undisturbed, whilst the complicated end 
effects of closed cylinders are eliminated. This 
is the improvement due to Hatschek. 

Dr. Ostwald dealt with the general aspect of the 
viscosity of colloids which, he emphasised, should 
be dynamically determined. Whilst the viscosity 
of ordinary aqueous salt or sugar solutions (mole- 
cular dispersoids) depends merely on concentration 
and temperature, he pointed out, the viscosity of 
colloids shows an enormous qualitative and quanti- 
tative variability. It is influenced by concentra- 
tion, temperature, degree of dispersity, solvate 
formation (the taking up of the medium by the 
colloid or disperse phase), electric charge, ionisation 
and hydration, previous thermal and mechanical 
treatment, time and inoculation with small quanti- 
ties of more viscous colloids ; the addition of elec- 
trolytes and non-electrolytes may raise or lower the 
viscosity. In many instances even the electric 
conductivity test is far inferior to the viscosity test. 
When colloids are heated, sudden enormous vis- 
cosity changes are observed at certain tempera- 
tures, and similar changes are noticed in the vis- 
cosity of liquid sulphur, of crystalline liquids 
(liquid crystals) and of critical mixtures of liquids, 
as well as in the highly viscous ‘‘nerve” of 
rubber and the depolymerised ‘‘ killed” rubber of 
low viscosity. Thus there are continuous tran- 
sitions from coarse mechanical suspensions to col- 
loidal solutions and to real solutions (systems of 
molecular dispersity). New examples of the changes 
in the viscosity of water, produced by dissolving 
organic or inorganic compounds in it, were after- 
wards given by Dr. Schryver. 

Professor Henri gave a critical review of the 
various methods which had been applied in order 
to estimate the sizes of colloid particles; the 
methods of Perrin, recently described in our 
columns, and of Rayleigh seemed to him the most 
reliable, and Professor Henri also considered that 
the arrangement of the particles would have an 
influence. 

The two remainirg, certainly not less interesting, 
contributions which we mention last—we have not 
adhered to the order in which the papers were read 
—concern special cases. Dr. Freundlich has been 
studying the rate of coagulation of aluminium 
hydroxide sols by measuring the viscosity change. 
He coagulates the hydrate, which looks like colour- 
less, very slightly turbid water, by the addition of 
various electrolytes ; he confirms the previous con- 
clusions arrived at by H. H. Paine when experi- 
menting with colloidal copper, and, going beyond 
these, finds that an empirical formula of the second 
degree can be deduced for the rate of the coayu- 
lation of the alumina by potassium salicylate. 
Professor W. Pauli dealt with the viscosity and 
electrochemistry of emulsoid colloids, protein solu- 
tions, especially aqueous solutions of serum albumen 
and glutin. The bewildering changes taking place 
in these substances, which are physiologically of 
the very greatest importance, can best be studied 
by viscosimetry. Proteins are amphoteric elec- 
trolytes—that is, they may behave like acids or 
like bases. When they are in the ordinary 
conditions, the acid character predominates, and 
the proteins will migrate towards the positive 
pole in an electric field. But when acid is 
pre added to the solution, the number of 

° ions becomes equal to that of the OH’ ions, 
and at a certain moment there is no longer any 
decided migration to the one or the other pole. 
This is the so-called isoelectric point of Hardy 
and Michaelis, at which the numbers of positive 
and negative albumen ions are equal to one another, 
but both are low, the number of neutral particles 
being a maximum, whilst the viscosity is a mini- 
mum. When still more acid is added beyond the 
isoelectric point, the protein rapidly binds the acid 
(as if the protein were a base), and the viscosity in- 
creases enormously. Pauli considers that polyvalent 





albumen ions are formed, and that such formations 








similarly take place when alkalies or metallic salts, 
especially of the heavy metals, are added to the 
protein instead of acids. Electric forces certainly 
lay a prominent part in the coagulation, and the 
ions of higher valency are much more powerful 
ss —— than those of low valency. 
e parallelity between the phenomena of the pre- 
cipitation of colloids by electrolytes and their 
actionin endosmosis and kataphoresis also point in 
this direction. What Pauli ascribes to the forma- 
tion of polyvalent ions, however, Freundlich con- 
siders due to an absorption of ions by the colloid 
particles, in which he assumes a certain asymmetry, 
of size, position or movement, favouring the creation 
of potential differences. 








FRENCH WORKMEN’S DWELLINGS. 

In a large number of French townships and 
commercial and industrial centres the housing of 
the working classes, and of the members of the 
community whose income is limited, constitutes a 
problem of great gravity. Under the influence of 
a constant rise in rates and taxes, of an increase 
in wages, coupled with a decrease in the number of 
working hours and with an amelioration of labour 
conditions, all of which have had for effect to 
increase the cost of every commodity, rents are 
now exceedingly high. th workmen and low- 
paid clerks are often compelled to live in dwellings 
which are much too small, and which leave much to 
be desired from the point of view of sanitation, 
while the means of transport are not sufficiently 
numerous, complete, or rapid for residence in the 
country to be made really easy for those inferior 
clerks and workmen. 

To remedy this state of affairs, attempts have 
been made, with the aid of legislation, to encourage 
the construction of low-rented healthy houses for 
workmen, so a the people with habitations 
at moderate prices. It does not appear, however, 
that this legislation has done much good, and, 
arguing from this partial failure, the municipal 
authorities of Paris have now a desire to emulate 
the example set by some foreign towns. Upon the 
pretext that private enterprise has been inadequate, 
the city has obtained authority for issuing a loan of 
200,000,000 francs (8,000,0001.) with which to con- 
struct cheap houses. At present the communes 
and municipalities are without any experience of 
such ventures ; indeed, they have given very little 
aid, even indirectly, to private enterprise, notwith- 
standing that they have been formally encouraged 
to do so by legislation actually in force. It will 
therefore be interesting to give some account of 
this legislation, showing its aim and results, and 
why the latter have n, relatively speaking, 
ineffective. Opportunity will also be taken to in- 
dicate the efforts which private initiative has made, 
without seeking the assistance of legislation or of 
the finances of the State. 

Private enterprise has not waited for Parlia- 
mentary legislation before taking interest in the 
housing of workmen. In addition to certain more 
or less charitable associations, which have been 
established for the purpose of erecting in the centre 
of towns cheap residences for clerks, workmen, and 
people of moderate resources and large families, 
there have also been industrial companies who have 
constructed a series of workmen’s dwellings and 
workmen’s towns for the purpose of housing their 
workers under favourable conditions; often, too, 
they have made advances to workmen desirous of 
building their own dwellings. Thus Messrs. 
Schneider, of Creusot, have advanced several million 
francs to a section of their workers for the purpose 
of constructing a number of small, cheap houses, 
while, on the other hand, they have built hun- 
dreds of isolated dwellings, which they let at very 
moderate rents to their workmen. This course, 
initiated at Mulhouse, has been followed to some 
extent everywhere in France. The textile companies 
on the Somme have several thousands of houses 
let in this manner. In the coal-mining districte, 
and in the large metallurgical establishments 
throughout the country, numerous similar efforts 
have been made. In comparison with these efforts 
and their results, the attempts at legislative inter- 
vention have been very ineffective, as has been 
recognised by those who were formerly the strongest 
partisans of such legislation. 

The first enactment on the subject was the law 
of November 30, 1894, which proposed the estab- 
lishment of companies for the erection of chea 
dwellings for workera, granting them mark 
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privileges, exempting them from certain imposts 
which the ordinary builders of houses had to bear, 
and affording them surprising facilities for the 
borrowing of capital at reduced rates. The fact is 
that the text of this law—which we need not give 
in detail, as it has been replaced by a later law— 
accorded important financial immunities to the 
companies created by it. It authorised such estab- 
lishments as savings banks, charitable institutions, 
hospitals, almshouses, and the Caisse des Dépdts et 
Consignations* to employ their revenue and a 
part of their capital in the form of advances, at 
very reduced rates, to these companies. These 
financial immunities were important, since the 
houses contemplated by the law of 1894 were 
exempt for five years from the land tax and the 
doors and windows tax, which bear so heavily upon 
ordinary rents and houses. The loans which the 
Caisse des Dépéts et Consignations were em- 
powered to make to the companies for the con- 
struction of cheap dwellings were to be effected 
through the medium of lending companies or insti- 
tutions, specially created, who were responsible for 
the risks to the Caisse des Dépéts et Consignations. 
It may, however, be remarked that the Caisse des 
Dépéts et Consignations conceded to the lending 
institutions for loans up to a maximum of 
5,000,000 francs (200,000/.) the very exceptional 
rate of interest of 2 per cent. It is true that 
the funds utilised for these loans were taken from 
the reserve of the savings banks, which latter are 
administered by the Caisse des Dépéts et Consigna- 
tions ; nevertheless the rate of interest was quite 
artificial, and was therefore a privilege. 

This privilege, with other various advantages 

ranted in favour of cheap dwellings, soon proved 
inadequate to promote the construction of any 
considerable number of these houses. These ad- 
vantages did not remove all the difficulties which 
existed in 1894, and which rendered it a hard 
problem for capitalists and proprietors to construct 
cheap workmen’s dwellings and let them at reduced 
prices. . It is not merely the weight of the taxes 
which prevents this ; there are, in addition, the 
risks which they run with unsatisfactory tenants. 
The tenants of cheap dwellings are not: by any means 
careful, readily allowing the premises to deteriorate; 
and often they are insolvent, or partially so, and 
there is the considerable expense involved in eject- 
ing them when they do not pay their rent. To 
meet all these risks the landlords are occasionally 
obliged to raise the rents, when the dwelling ceases 
to be a ‘‘cheap” one. 

The law of 1894, even after a dozen years, only 
yielded very poor results, as admitted by the 
most enthusiastic partisans. At the end of 1905 
there were 174 companies in France, comprising 
98 co-operative and 69 limited liability companies, 
together with seven private companies (unaffected 
by commercial legislation), who were all engaged in 
the building of cheap workmen’s dwellings. These 
companies, of course, included only those founded 
to take advantage of the special legislation of 1894. 
In many of the departments local committees 
endeavoured to encourage the movement, such 
committees working under the authority of a 
superior council; the ter part of them, how- 
ever, had only a nominal existence. Moreover, the 
financial position and methods of these companies 
left something to be desired. With a capital of 
9,600,000 francs (384,0001.), and loans to the extent 
of 9,400,000 francs (376,0001.), the legal reserves 
amounted only to 80,000 francs (3200/.), and the 
miscellaneous reserves only to 586,000 francs 
(23,4401.). The weakness of the legal reserves 
was made evident chiefly among the co-operative 
es these reserves totalling 10,000 francs 
( >} as against 33,000 francs (13201.) for the 
miscellaneous reserves, the capital of theco-operative 
companies amounting only to 3,600,000 francs 
(144,000/.), and the loans to 2,940,000 francs 
(117,600/.). Further, the proportion of the loans 
in these pre ne companies was very high, 
this method o' ar sm capital being necessarily 
more onerous. In the year 1905 as many as 6230 
separate houses and 1640 blocks of houses had 
benefited by the fiscal immunity granted by the 
law of 1894 to emer eager = the amount of the 
immunities being about 140,000 francs (56001. ). 

Because theadvantages conceded by the law of 1894 
had proved insufficient to give full development to 


* Central finance organisation of the French State ; 
oad fund ; also treasury for moneys which are due to 
irs. 


the construction of workmen’s houses, the French 
Parliament passed the law of 1906. This law 
extended the area, and at the same time the con- 
cessions, covered by the first enactment. It was 
concerned with the construction of cheap and 
healthy dwellings—either by private persons or 
companies—to be let or sold to the less fortu- 
nate workers (those living mainly on their wages) 
for their personal use. It was decided that 
there should be established in each department 
at least one Committee of Patronage, such com- 
mittee to receive the State subsidies, or those of 
the department or commune, as well as gifts and 
legacies, and to take all measures to stimulate 
initiative in favour of the construction of cheap 
dwellings. Another function of these committees 
is to examine the houses and to decide whether or 
not they are healthy habitations, and whether there- 
fore they are suitable to receive benefits under the 
law. With regard to blocks of houses, the advan- 
tages in question would apply only to houses or 
flats of which the rent did not exceed a figure fixed 
by the committee, which figure, of course, could 
not exceed the maximum settled by the law itself. 
These maxima are as follow:—-For the small 
communes of less than 1000 inhabitants, 140 francs 
(51. 128.); for populations of 1000 to 2000 in- 
habitants, 200 francs (8/.); for those of 2000 to 
5000 inhabitants, 225 francs (91.); for 5000 to 
30,000 inhabitants, 250 francs (101.); for 30,000 
to 200,000 inhabitants, 325 francs (131.); and for 
the communes of 200,000 inhabitants or more— 
other than the communes of Paris—440 francs 
(171. 12s.). For the town of Paris the maximum 
is 550 francs (22/.). For the outskirts of Paris 
there are special figures—400 francs (16l.) within 
a radius of 15 kilometres, and 325 francs (131.) 
within the range between 15 and 40 kilometres. 
The separate houses, if healthy, constructed for 
people of small means, derive benefit from the law 
when the rent in each case does not exceed one- 
fifth of the figure determined for the blocks or 
collective buildings. 

Among the chief advantages conferred by the 
law of 1906 is the exemption from the land tax and 
the doors and windows tax, this exemption lasting 
for twelve years instead of five, as in the case of 
the law of 1894. The financial companies formed 
to assist in the construction of these houses are 
exempt from the impost upon transferable securi- 
ties. Moreover, it is authorised that purchasers of 
these houses may pay, by gradual instalments, the 
legal fees—transfer charges—commonly incident 
to analogous contracts for sale, and usually paid at 
one time. In relation to the operations essential 
to the formation of the constructing or financial 
companies for cheap dwellings, no stamp or regis- 
tration fees are paid ; these benefits, however, are 
only accorded rt em their annual dividend is limited 
to a settled figure. 

To afford greater security for the return of the 
loans made by the companies to borrowers desir- 
ing to construct dwellings, the law has autho- 
rised such borrowers to take out a special policy 
with the Death Insurance Fund, which is adminis- 
tered by the French Government. This policy 
guarantees at the death of the assured, should 
this occur before he has completed the annual 
contributions for his house, the payment of the 
instalments to be subsequently met. To that 
end the insurance premium is added to the pay- 
ment made by the borrower to his lender. In this 
arrangement there is a slight additional charge, 
resting lightly on the borrower, and releasing the 
latter, while affording security to the lender. One 
of the characteristic features of the law of 1906 has 
been the urging of savings banks and charitable 
establishments to make loans to the companies 
engaged in the construction of these cheap dwell- 
ings, and even to private individuals desiring to 
construct houses of the kind. 

A law passed in 1895 had already modified that 
of 1894 in authorising the savings banks to employ 
one- of their personal capital, and the whole of 
the revenue of that capital, in acquiring and con- 
structing workmen’s dwellings, in mortgage loans 
to the constructing or the credit companies, or in 
the purchase of bonds of these latter companies. 
Although at that time the private capital of these 
banks exceeded 160,000,000 francs (6,400,000/.), 
and their annual revenue some 4,000,000 francs 
(160,000/.), these banks had taken but very little 
advantage of the law ; they entered into the scheme 





only to the extent of a little over 4,000,000 
francs (160,000/.) in six years. Evidently the risks 


to be run disquieted the administrators of the 
banks. To facilitate loans of this sort, the law of 
1906 gave authority to the charitable institutions 
to devote one-fifth (as a maximum) of their property 
either to the construction of houses or to loans to 
monetary concerns, constituted for the purpose of 
providing funds for construction, or in taking up 
the bonds or shares of those concerns. The savings 
banks have been expressly authorised to make 
investments in the shares of companies for advancing 
money or for constructing cheap dwellings, or 
even on mortgages to private persons, redeemable 
by annuities; they may even undertake similar 
operations in regard to the installation of shower- 
bath establishments or the creation of workmen’s 
gardens. It was provided, further, that the com. 
munes and departments might also freely utilise 
their resources in loans to, and in the purchase of 
bonds or shares of, the financial companies formed 
to facilitate cheap construction, or even of the 
companies undertaking the work of building. The 
communes and departments might further grant 
lands to the companies at one-half of their actual 
value, and guarantee, up to 3 per cent., dividends 
on the shares or interest on the bonds of such com- 
panies for a period of ten years at most. Finally, 
the. Caisse des Dépéts et Consignations was 
authorised to employ, to the extent of one-fifth, 
the reserve and guaranteed funds of the savings 
banks on the marketable bonds of the construc- 
tional and financial companies in question. 

This generosity in favour of cheap houses for 
workmen was still more marked by the law of 
April, 1908, which has in the first place extended 
the advantages of the law of 1906 to gardens and 
fields, not exceeding I hectare (2.4 acres) in extent, 
or 12,200 francs (488/.) in sale value. The pur- 
chaser of such a garden enters into an engage- 
ment with the finance company to cultivate his 
land or cause it to be cultivated by members of 
his family.. Further, it was decided that those 
who wished to borrow money to acquire land, 
or a workman’s dwelling, must possess at least 
one-fifth of the price of such land or house, and 
must take out a policy with the National Death 
Insurance Fund which would afford a guarantee 
for the payment of instalments in case of death. 
It is important to note that the State is empowered 
to make loans, at the reduced rate of 2 per cent., 
to the financial land companies (Sociétés de Crédit 
Immobilier) in order that the latter may grant to 
borrowers special loans for the acquisition of fields, 
gardens, or separate houses, as well as to make 
advances to constructing companies. The total 
sum that the State can grant to the Sociétés de 
Crédit Immobilier may reach the figure of 
100,000,000 francs (4,000,000/.). The State, natu- 
rally, furnishes these funds out of loans, upon 
which it has itself to pay about 3 per cent. interest, 
notwithstanding that it concedes a 2 per cent. rate 
to the credit company. 

In spite, however, of the powers, advantages, 
and privileges, and State loans at reduced rates of 
interest, it cannot be said that the creation of 
State-aided cheap workmen’s dwellings has greatly 
developed in France. According to the most 
recent statistics there are 339 societies enjoying 
the advantages conferred by legislation upon such 
dwellings. Of this number 88 are either in Paris 
or in its vicinity. The total, moreover, comprises 
212 co-operative societies and 127 limited liability 
companies. A surprising fact is that these com- 

nies do not all furnish balance-sheets to the 

inistére du Travail et de la Prévoyance Sociale, 
under whose jurisdiction they are placed ; only 
about 240 supply detailed information as to their 
working. The capital of these companies amounts 
to 42,500,000 francs (1,700,0001.), and they have 
borrowed nearly 22,500,000 francs ( 900,000/.). 
Land and buildings are valued at 46,000,000 francs 
(1,840,0001.). Unfortunately, there is no detailed 
information obtainable as to the revenne of these 
undertakings, the dividends being simply recorded 
as somewhere between nothing and 4 _~ cent. 
The extent to which the companies have benefited 
by immunities, &c., in regard to the erection of 
cheap dwellings slightly exceeds 500,000 franes 
(20,0001.), instead of the 411,000 francs (16,440l.) 
for the year preceding. These exemptions benefit 
8700 separate houses, and nearly 900 blocks, repre- 
senting 5660 dwellings. Separate houses increase 
much more rapidly than flats or blocks. The 
500,000 francs mentioned does not comprise the 
exemption from stamp duties on shares and bx nds, 





the amount of which it is impracticable to ascertain. 
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The total contribution devoted by the savings 
banks to the — of workmen’s dwellings, as 
well as to the shower-baths and garden plots, is not 
quite 10,500,000 francs (420,000/.). Of this figure 
2,500,000 francs (100,000/.) represent mortgage 
loans to the constructing companies, rather more 
than 50,000 francs (20001.) similar loans to in- 
dividuals, and 6,000,000 francs (240,0001.) to the 
purchase or building of houses. The savings banks 
seem to have less inclination than formerly to 
take shares in the companies constructing cheap 
dwellings. The Caisse des Dépéts et Consignations 
has lent about 2,100,000 francs (84,000/.) to the 
Sociétiés de Crédit Immobilier at the reduced 
rate of 2 per cent. Direct loans to some construet- 
ing companies represent nearly 4,000,000 francs 
(160,000/.). These loans are made at rates between 
3 per cent. and 3? per cent. The adwances made 
by charitable societies are quite modest in amount. 
However, it should not be forgotten that in Paris 
the Administration de ]’Assistance Publique has 
itself built a series of houses, with accommodation 
for 150 tenants and their families, at the expense 
of some 2,000,000 francs (80,000/.). The communes 
and departments are, apparently, unwilling to 
make anything but half-hearted efforts to follow 
the road along which they were being urged, and 
to invest in the constructing companies. Their 
sympathy with the work has been manifested 
merely in conceding land at reduced prices and 
granting modest subsidies. 

We must not lose sight of the fact—confirming 
our remarks upon the difficulties attending the 
lowering of rents by proprietors—that among the 
limited liability companies who have devoted them- 
selves to building cheap workmen’s dwellings more 
than one-fourth have paid no dividend ; for another 
fourth the dividend declared has scarcely reached 
3 per cent. Therefore, even taking into account 
those companies whose dividend has ranged between 
3} and 4 per cent., we may say that the enterprises 
are plainly of a philanthropical kind, and the 
investors must, necessarily, be particularly un- 
selfish people. If, then, we consider the enter- 
prises as charitable ones, it is really unnecessary for 
such legislation as that we have examined to be 
resorted to; several private institutions exist which 
have sought no aid from the law, and which have cer- 
tainly done at least as good service as those which 
have. These institutions have a present capital of 
20,500,000 francs(820,0001.), with land and buildings 
representing 15,500,000 francs (620,0001.) or there- 
abouts. An institution of the kind, known as the 
Groupe des Maisons Ouvriéres, at Paris, possesses 
eight large estates, which have cost 12,500,000 francs 
(500,0001.), and accommodate 900 habitations, with 
4730 rooms. There is also the Rothschild Founda- 
tion, which is now constructing its fourth group of 
dwellings, besides other private enterprises, such as 
that of Messrs. Schneider above referred to. 

It is just this feeble result on the part of 
the State-aided companies who construct cheap 
houses for workmen which justifies some anxiety 
when the Paris Municipality is issuing a loan of 
200,000,000 francs (8,000,000/.), with the object of 
constructing workmen’s dwellings; the more so 
because these dwellings will be dealt with adminis- 
tratively, and the expenses will be great, while 
there will be less effective power for the recovery of 
rent and the control of the tenants. The circum- 
stance that a course of exceptional favours and 
immunities (with loans for cheap construction at the 
expense of the State) has not produced satisfactory 
results, and has not led toa real development of 
those dwellings which it is desired to let at rents 
below the ordinary level, seems to us no reason for 
the adoption of a municipal scheme which is a 
prelude to municipal Socialism. In many countries 
asimilar course has had very regrettable results, and 
it would not be difficult to find instances at home. 





THE LATE PROF. VICTOR AUGUSTE 
ERNEST DWELSHAUVERS-DERY. 


We regret to have to record the death, which 
occurred on Saturday, the 15th inst., at Lidge, 
Belgium, of Professor Victor Auguste Ernest 
Dwelshauvers-Dery, Professor Emeritus of Liége 
University. Professor Dwelshauvers-Dery was 
born at Dinant, on April 26, 1836. His first 
education was received at home. At the age of 
Seventeen he was sent to the institute of M. 

puich, a college in Brussels, in which he gave 
Special attention to the study of higher and applied 








mathematics. Later, in 1858, he entered the Liége 
University, completing his studies there in 1861, 
with the diploma of mechanical engineer. The 
university, recognising his talents, offered him in 
that same year the position of lecturer in mechanics, 
a post which he accepted. In the course of a short 
time he was appointed to the chair of professor of 
mechanics at the same university, as successor to 
his former professor, M. Brasseur, a position in 
which he remained for very many years, rising 
ultimately to Professor Emeritus and Rector. 
Professor Dwelshauvers-Dery was a keen student 
of applied mechanics, and immediately upon enter- 
ing the teaching staff of the Liége University he 
established courses of lectures covering in detail 
the theory and the construction of the steam- 
engine and the economics of steam-raising. His 
aim, which he invariably followed throughout the 
course of his whole life, was to com theory 
with practice. As early as 1870 he mer sete | 
endeavours to obtain the establishment at Liége 
University of an engineering laboratory, with a 
view to work out experimentally with his students 
mechanical problems of every description ; he 
wished, among other points, specially to investigate 
certain discrepancies between steam-engine theory 
and practice. In pursuit of this aim he visited Hirn, 
and made use of an engine of this distinguished 
scientist for a whole series of important investiga- 
tions, continuing working with him for a very long 
period. It was only in 1880 that Dwelshauvers- 
Dery’s efforts for establishing a laboratory of his 

















Proressor V. A. E. DwetsHauvers-Dery. 


own met with partial success ; in that year he was 
allowed a grant for the purchase of a steam-engine, 
but he had to put it down outside the University 
premises, and to run it at his own expense. 

The engineering laboratory he had desired so 
ardently was not established until 1893, twenty- 
three years, therefore, after he had first mooted the 
point. Immediately it was in working order the 
subject of our memoir carried out numerous experi- 
ments dealing with steam consumption and the 
advantages of steam-jacketing; these experiments 
also threw light upon the great importance of dry 
steam, and upon the advantages to Be derived from 
the use of superheated steam. In carrying out the 
various tests in his laboratory he was most careful 
in apportioning to his students the work each had 
to do ; each student took down accurately his own 
notes and readings, and on the completion of the 
test the notes and readings were collated, when 
each student completed his own records by the 
nctes of all the others. A brilliant student of his 
was the late Mr. Georges Duchesne, who later col- 
laborated with the professor in further researches, 
and to whom we refer below. 

One of the earliest of the matters investigated in 
this laboratory was the effect of high compression 
on steam economy. From theoretical considera- 
tions Dwelshauvers-Dery had been led to believe 
that it would be beneficial, but, following his usual 
course when such questions arose, he determined 
to put the point to practical test. With this 
object in view, he designed an experimental steam- 
engine, with which he was able to vary at will the 
steam distribution, the governing, and also the 
degree of compression, His first experiments with 





this showed him that compression was the more 
costly the higher it was carried. He then made 
a further series of experiments, varying the con- 
ditions. The indicator di s he obtained in 
these, according to some of his critics, showed signs 
of piston leakage, but Professor Dwelshauvers- 
Dery himself attributed the uliar shape of the 
diagrams to condensation produced by the compres- 
sion, and quoted in support of this view the diagrams 
obtained with various engines, the Allis engines 
among others. His collaborator, Mr. G. Duchesne, 
confirmed his views, and repeated the experiments ; 
these showed that generally the steam became 
superheated at the moment when exhaust ceased 
and compression began ; and that later the super- 
heat was lost by the action of the cylinder-walls. 

At this point we may refer our readers to the 
summer meeting of the Institution of Mechanical 
Engineers held in Liége in 1905, when a most 
interesting discussion took place upon a paper on 
‘* Steam - Jacketing,” read by Professor A. L. 
Mellanby (see ENetneerina, vol. Ixxix., pages 813 
and 829). Mr. G. Duchesne showed the results of 
tests made in the Engineering Laboratory of the 
Liége University (which Professor Dwelshauvers- 
Dery has since confirmed), adding his own illustra- 
tions upon the subject of steam-jacketing. This 
had always formed one of the professor's pet sub- 
jects, and in the Proceedings of the Institution of 
Mechanical Engineers for 1906 his views concerning 
the phenomena due to steam - jacketing, under 
varying conditions, are most clearly expressed. 

In the year 1900 Professor Dwelshauvers-Dery 
was compelled to interrupt his work in the labera- 
tory in order to undertake the onerous duties of 
rector of the university, a position which he 
filled for three years, retiring from public life in 
1903. But this did not mean for him the cessation 
of all research work ; his advice and collaboration 
were in constant demand, and always freely given. 
He contributed largely to the Belgian and French 
technical Press, many articles of his appearing in 
the Bulletin de l’ Association des Eléves des Ecoles 
Spéciales de Liége, which forms the ‘‘ Proceedings ” 
of the Liége University, and in the Revue de 
Mécanique, the Revue Industrielle des Mines, and 
the Revue Générale des Sciences, among other Con- 
tinental publications. A paper of his on ‘“ Inertia 
and Mass” was reproduced in one of our former 
issues (see ENGINEERING, vol. lxxxvii., page 803). 
He also wrote papers of a similar nature dealing 
with the conception of ‘* Work.” 

In 1888, Professor Dwelshauvers -Dery was 
awarded by the Institution of Civil Engineers the 
Watt Medal and Telford Prize for a paper of his on 
the ‘‘Steam - Engine Governor.” In 1889 he 
shared with Donkin a prize for investigations on 
the thermal action of walls of a steam-engine 
cylinder. 

We have been informed that Professor Dwels- 
hauvers-Dery was offered, about forty-five years ago, 
a Chair at University College, London; he came over 
at the time to negotiate the matter, but finally 
declined it, his wife preferring to continue living 
in Belgium. The widespread effect of his teaching 
is emphasised by the fact that Sir Alexander 
Kennedy has publicly stated that in setting up his 
laboratory in University College he was influenced 
by the work which the eminent Belgian professor 
had done at the Liége University. 

Professor Dwelshauvers- Dery was a Corres- 
ponding Member of the British Association, the 
Institut de France, the Société Industrielle de 
Mulhouse, the French Société d’Encouragement 
pour l'Industrie Nationale, honorary member of 
the American Society of Mechanical Engineers, 
Commander of the Leopold Order, and Knight of 
the Legion of Honour. He was of a most cheery 
disposition,and was always willing to afford his aid to 
whoever asked for it. Belgian students lose in him 
a most kindly mentor, and the world of engineering 
one of its most thorough and conscientious investi- 
gators. The portrait which we publish above is 
from a photograph by M. Ern. Wiirth, of Liége. 





Report ON THE Bausseis, Rome, AND TuRIN ExuHist- 
TIoNs.—We have received from the Exhibitions Branch, 
Board of Trade, a copy of the Report of His Majesty’s 
Commissioners for the International Exhibitions at 
Brussels, Rome, and Turin, of 1910 and 1911. It gives 
interesting information on t! three exhibitions, on the 
methods followed by the Exhibitions Branch to assist 
British exhibitors, which methods are also in force in the 
case of the Ghent Exhibition, to be o shortly ; also 
data upon the commercial results achieved by a number 
of exhibitors. 
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NOTES. 
Tue Froupe Tank at TeppINeTON. 

Tue William Froude tank at Teddington has 
now been open for some time, but it is to be feared 
that shipbuilders generally are failing to take full 
advantage of the opportunities offered for agg a 
thorough test made of pro new models. The 
equipment provided at Teddington is very com- 
plete, and a model can be made and tested, and the 
results despatched, within a period of five working 
days. The advantages of such tests are most obvious 
in the case of high-speed craft, where some ingenuity 
is often needed to get the speed upon the dis- 

lacement allowed. Often, moreover, a badly formed 
full, or the resistance due to clumsily designed 
shaft brackets, for example, may make it impos- 
sible to realise guarantees, with a consequent serious 
loss to the builder, both in pocket and prestige. 
The tank makes it possible to eliminate such contre- 
t-mps at their source. The fees charged range 
from 1001. for a thorough test of the model up to 
about 1501. for a test of four modifications of a pro- 
posed hull. Though, as stated, it is the builders 
of high-speed craft which so far have given the 
greatest support to tank experiments, it is ible 
that shipowners may compel the builders of tramp 
steamers to follow suit, since a reduction of 2 per 
cent. in the hull resistance of such a boat would 
make an appreciable difference in the annual coal 
bill. 

IncrEAsED Cost or WanrsHIPs. 

The correspondence which has taken place 
between the First Lord of the Admiralty and the 
Prime Minister of the Dominion of Canada, inci- 
dentally indicates the great advance that has taken 
place within recent years in the cost of ships. 
The main theme of the letters is concerned 
primarily with the possibility of building warships 
in the Dominion, and Mr. Churchill enumerates 
the very extensive and costly appliances necessary 
for manufacturing all the elements which go to 
make up a modern battleship. He arrives at the 
conclusion that the cost of laying down the plant 
alone would, at a rough estimate, be approximately 
15,000,000/. sterling, and that four years would be 
occupied in the process. He indicates that the new 
shipyard which Sir W. G. Armstrong, Whitworth 
and Co. have constructed below the swing-bridge on 
the Tyne, in order to enable them to build ships 
of greater beam, has cost approximately 750,000/., 
and that two years have been occupied in its pre- 

ration. It is further stated that the Japanese 

ave taken twenty years to work up their warship 
building, and now take over three years to build a 
battleship ; although anxious to build all ships in 
their own country, they still find it necessary to 
have some of them built in Great Britain. The 
figures given by Mr. Churchill show that a battle- 
cruiser of the ‘‘ Australia” type, ordered in Great 
Britain in 1909-10, would cost, according to the 
prices then current, 2,293,660 , whereas to-day the 
price would be 2,652,100/. Again, the cost of three 
‘*Town ” cruisers have gone up from 1,112,3101. to 


1,234,9001. ; six torpedo-boat destroyers from 
667,125/. to 843,000/.; three submarines from 
274,8751. to 365,0001.; and stores and fuel for 


these from 59,2801. to 64,4001. Mr. Churchill 
takes the view that the facts prove that it is 
impracticable to proceed with the building of 
capital ships in Canada at the present time. He 
does not attempt to give in actual tigures the cost 
now of the ships to form a Canadian fleet unit 
corresponding to that of Australia, but he adds that 
the increase in cost for ships built in Canada would 
amount tp 25 or 30 per cent. over the present prices 
quoted in Great Britain. The interesting point is 
that now Canada, for such a fleet unit as Australia 
has built, would have to pay, even in Britain, 
5,159,4001., instead of 4,407,1511. three years ago, 
as compared with seven millions for three battle- 
ships of the latest type. The First Lord points to 
the higher cost of maintaining these ships in Canada, 
owing to the economic conditions prevailing there, 
and estimates that, at Canadian rates, the cost of 
maintenance would be 581,250/. per annum, against 
412,1921. under prevailing conditions here. On the 
whole question of manning Mr. Churchill points 
out that our resources are now strained to their 
utmost limits, more especially as regards lieu- 
tenants, specialist officers (gunnery, torpedo, and 
navigation), and the numerous skilled professional 
ratings which cannot be improvised or obtained 
except by years of careful training i 
undoubtedly force one to the conclusion that the 


His arguments | w, 


most practical and economic course for Canada to 
pursue—at the present time, at all events—is to 
make a contribution in ships, leaving the manning 
and other provisions to the Imperial authorities. 
But, of course, the home country cannot dictate to 
any of the Dominions over the seas the policy they 
should pursue in this matter. 


Power Suppty By CoMpaesseD AIR ON THE Ranv. 


Some interesting particulars relating to the 
compressed-air power-distribution system, which 
is in operation in connection with certain of the 
gold-mines on the Rand, were given by Mr. A. E. 
Hadley in a paper read before the Institution of 
Electrical Engineers on the 13th inst. Mr. Hadley’s 
paper was concerned with both the electric and 
compressed-air power systems, but the information 
and particulars given in reference to the latter 
were of the greater novelty and interest. The 
compressed-air system is owned and operated by 
the Rand Mines Power Supply Company, Limited. 
The whole of the capital of this company is held 
by the Victoria Falls Power Company, and 
although the two companies are financially distinct, 
their power systems are operated together and by 
the same technical staff. The Rand Mines Power 
Supply Company has an electrical system as well 
as the compressed-air one. A compressed-air 
supply is given to the group of mines controlled by 
the Rand Mines, Limited, and Messrs. Eckstein 
and Co. This is the largest group of mines on the 
Rand. In all ten mines are served, the distance 
between the two extreme mines being about 
fourteen miles. The total length of air-supply 
pipe is twenty miles, and the diameter varies trom 
24 in. to9in. The compressed air is, of course, 
used for operating rock-drills, and the total capacity 
of the system at the present time is nearly 80,000 
horse-power. Power is supplied from two cen- 
tral stations—one at Rosherville and the other 
at Robinson Central. Rosherville, which is both 
an electric and compressed-air station, contains six 
3500-kw. steam-driven turbo air-compressors and 
three 7000-kw. similar machines are now being 
added. Robinson Central is purely an air-station, 
and contains six 3500-kw. electrically-driven turbo- 
compressors. Rosherville station is situated at 
about the centre of the air-pipe system, while 
Robinson Central is six miles away, and near the 
western end of the system. The stations operate 
in parallel on a common trunk-pipe system. The 
3500-kw. turbo-compressors are, we believe, the 
largest in operation. They were built by the Allge- 
meine Elektricitiits Gesellschaft, Messrs. Pokorny 
and Wittekind, and the Guttehoffnungshiitte. They 
are each designed to deal with 22,000 cub. ft. of free 
air per minute, with an outlet pressure of 9 atmo- 
spheres absolute. The electrically-driven sets at 

binson Central are each divided into two parts 
on separate shafts and with separate motors. ‘They 
run at 3000 revolutions per minute. The steam- 
driven sets are divided into two sections, each on 
the same shaft, and with an inter-cooler between 
them. The air leaves the compressors at about 
70 deg. Cent. Between each compressor and the 
pipe-line an automatic non-return valve is fitted, 
which allows the compressor to drop out to atmo- 
sphere when its pressure falls below that of the air 
system. The speed regulation of the steam-driven 
compressors is automatically controlled by the pres- 
sure in the air-pipes. The regulation of the electric- 
ally-driven compressors is effected by throttling the 
intake. No difficulty has been experienced in 
running the compressors in parallel. One or two 
cases only are on record of a compressor dropping 
out to atmosphere, and in each case it has been one 
of the electrically-driven machines, and the cause 
has been traced to disturbances on the electric 
supply system. The steam-driven compressors have 
operated satisfactorily from the start. The pipe 
system contains 4000 joints of the spigot-and-socket 
type, with india-rubber rings and glands. Only 
joints within a radius of 4 mile from the power- 
stations, where the temperature variations are 
greatest, have at any time required attention since 
installation. The average pressure drop in the pipe 
system is not more than 6 Ib. 





PrRrsonaL.—Messrs. Witty and Wyatt, Limited, of 
88, Leadenhall-street, have removed to more commodious 

remises, and their new address is 38, Commercial-street, 
Toute, isu. Heap and Digby have removed their 
chemical and testing laboratory from 28, Victoria-street, 
estminster, S.W., to 48, Westminster Palace-gardens, 
Victoria-street, S.W, 








THE SPANISH TRANS-ATLANTIC LINER 
“REINA VICTORIA-EUGENIA.” 
To THe Eprror or ENGINEERING. 

Sr ye to sage article in ENGINEERING of 
March 21 n ing the machinery of the quadruple. 
screw Spanish mail steamer “ Reina Victoria-Eugenia,” 
the statement cy pm J the requirements of the twenty. 
four hours’ trial is aps somewhat misleading. The 
paragraph reads as follows : 

‘*On trial the ship, half laden, was required to steam 
17.5 knots for eight consecutive hours, and when fully 
laden at a speed of 16 knots for twenty-four consecutive 
hours. The actual results obtained are given in Table I. 
(annexed), and show that onthe eight hours’ trial a speed of 
18.12 knots was obtained in adverse weather, while on the 
twenty-four hours’ trial the speed obtained was 16.10 
knots. In good weather conditions and in deep sea it is 
certain that higher speeds would have been secured, and 
we are informed that off Cadiz, in a deep sea and fine 
weather, the speed obtained has been greatly in excess of 
that realised at the trials carried out off Newcastle.” 

The main object of the twenty-four hours’ trial was not 
to try the speed, but to see what the coal consumption 
was at 16 knots speed when fully laden, and, as there wag 
to be no modification in the actual consumption on 
account of increased speed, it was therefore desirable to 
keep as near 16 knots as practicable, so that this trial wae 
no criterion as to what speed the vessel could attain 
under these conditions. As a matter of fact, the speed 
could have been over 17 knots had the circumstances of 
the trial permitted. 

It is also not clear who are the builders of the 
machinery. As you know, it was designed and built at 
our Neptune Works, the two low-pressure turbines being 
supplied by Messrs. Parsons Marine Steam-Turbine 
Company, Limited, and fitted by ourselves. 

Yours faithfully, 
For Swan, HuNnTER AND Wicnam RICHARDSON, 


Limited, 
G. F. Twrepy, 
Director. 
Neptune Works, Walker, Newcastle-on-Tyne, 
March 26, 1913. 


[It is clearly stated at the beginning of the article, on 
page 322, that the ship ‘‘was built and engined by Messrs. 

wan, Hunter and Wigham Richardson, Limited,” and 
on page 386 and in the title of the two-page plate it is 
again stated that the machinery was “constructed b 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
engineers and shipbuilders, Newcastle-on-Tyne.”—Ep. E. } 








THE CORROSION OF COPPER AND BRASS 
TUBES IN SEA-WATER. 
To THE EpiTor oF ENGINEERING. 

Srr,—A great deal has been done towards elucidating 
the cause of this corrosion, and there appear to be two 
distinct opinions on the matter. The one holds that it is 
due to electrolytic action set up by the presence of small 
particles of ash or other foreign substance lodged on the 
surface of the tube ; the other opinion appears to hold 
that it is due to the corrosive action of hydrochloric acid. 
_ The following instances of corrosion may be of interest, 
inasmuch as they appear to indicate a third cause. 

Three years ago, owing to trouble with the tubes of two 
out of four condensers in one ship, which was thought 
to be set up by sand and ashes, new sea-inlet valves 
were fitted about 30 ft. forward of the place where ashes 
and sand were discharged. There had never been any 
trouble with the copper pipes connecting the original sea 
inlets, nor with those in connection with the other two 
condensers, which are placed about 60 ft. further aft. 

The new pipes were made specially heavy, No. 6 
S.W.G., but in less than three months they were each 
perforated, although placed on opposite sides of the ship, 
and they were renewed at the end of six months. 
found the interior coated with fairly large spangles of 
bright copper, and large cavities eaten out of the copper. 
These pipes were solid-drawn. 

New solid-drawn pipes of the same thickness were 
fitted, but for reasons which I fear will not be accepted 
as sound, I had the new pipes carefully annealed and 
softened before they were put up. I have no further 
trouble from corrosion or pitting, and do not expect any. 
I had formed the — that the initial cause of the 
pitting was that the material of the pipe had been 
adversely affected by the operations of the drawing and 
bending. It is frequently found that the upper portions 
of the bends in the large circulating-water disc - 
pipes on board ship are subjected to perforation by 
pitting. In these portions the metal has been subj 
to considerable hammering and working, which appears 
to affect it in the same manner as the process of solid 
drawing. ; 

I have just come across another somewhat curious 
instance which appears to confirm the suggestion that if 
copper or brass is subjected to considerable working, such 
as p) hing, drawing, or bending, whereby severe 
internal stresses are set up, it will then be peculiarly 
liable to pitting or corrosion when exposed to sea-water. 
The instance refe to is a case of pitting of every one 
of some forty brass tubes arranged vertically in a surface 
feed-water heater. The tubes are § in. in diameter 
fs in. thick and 87 in.long. Live steam passes thro 
them, and the feed-water circulates around them. 2 
water outlet is so placed that air cannot accumulate m 
the heater-shell. The tubes are secured and packed much 
the same as in surface condensers, but when removed 

one was found to be bent in the manner of an overloaded 
strut. This has apparently been caused by excessive 
friction in the stuffing- boxes. 





A peculiarity that rather upsets the theory or sugge 








eom  eaoe ee 


To Lo a. a. ee ee. ee oe oe a. ee ee ee ee 


oxa=-s = 


=—-7 


efoeao ene ne SS 2a ee owt eta oO fF ke re oe er Se OS 


Seemancaeu =: 


ol[]ark =o a 


oa qewvsgnses#ssc oo so nfaRreeoos wo nos a 








yn 
d 


ny 


i 


acda=se Pease “5 aie 


us 
if 
sh 
re 
ly 
r. 
ne 
ce 
cf 
26 
in 
ch 
ch 
od 
ve 
S- 


Marci 28, 1913.] 


ENGINEERING. 


435 





tion which I am venturing to make is that the pitting is 
almost wholl peatoutiniel in the neighbourhood of the 
two points of con flexure. I cannot, however, resist 
the temptation of believing that if these tubes had been 
softened, and had not been subsequently subjected to 
alternate bending and stretching, they would have lasted 
indefinitely ; they are now four years old. 

The whole of the feed-water passes through this heater 
into three boilers, which are in perfect condition, without 
any sign of pitting or corrosion, so that it does not seem 
possible to attribute the pitting of the heater-tubes to 
the action of acids. Moreover, the feed-water is that 
obtained from the surface-condensers after passing a 
filter, and is therefore practically pure, so that the 
deposition of particles of ashes, &c., on their vertical 
oa seems improbable. On the other hand, I have long 
considered that this pitting, even in brass condenser- 
tubes, is set up by the same cause as the so-called pittin 
of marine-boiler furnaces and propeller blades, bot 
cast iron and bronze. The material has at some time 
been subjected to severe stress, leaving it in a condition 
of great internal stress, so that it ultimately fails by 
decrepitude. The wing furnaces of boilers constructed to 
Board of Trade requirements seem to suffer especially 
from this disease, owing to the somewhat rigid staying 
at this part restraining the furnace from apes fully. 
The tips of propeller-blades at work are probably all 
vibrating, so that the fire is shaken out of the metal, to 
put it in a homely way. In many cast-iron propellers, 
whose blades have broken near to the root, I have found 
the same pitting as I have found in marine furnaces. 

I am not aware that the cause of ee now suggested 
has ever received consideration, and I trust you will 
acvept, as a justification for drawing your attention to it 
in this manner, that diffidence which you refer to in your 
recent leading article as affecting young members of the 
big technical institutions. 

Yours faithfully, 

March 20, 1913. R. J. N. W 








AMERICAN BOILER PRACTICE. 
To THE EprTor oF ENGINEERING. 

Str,—I have been interested in Mr. Charles Erith’s 
comments in your issue of he ge | 14, 1913, upon my 
letter on the above subject, and I will say that the object 
of my letter was more to give English readers, who might 
not be informed upon the subject, some detailed informa- 
tion concerning American fire-tube boiler practice than 
to comment on English practice. In doing this, I 
mentioned what I consider some objections to the 
favourite English boiler—namely, the Lancashire boiler. 
American engineers know very well what these boilers 
are, and some years ago they were occasionally seen in this 
country. Nobody here would think of using them now, 
because they cost too much money per unit of power, 
waste room, and give no economy unless used gently. 
Mr. Erith says that this beiler develops a U.S. horse- 

wer on ‘‘one-third of 10 sq. ft.” of heating surface. It 

to do this in order to give any capacity, and that is 
why it is not economical A running hard, and why the 

m economiser was devised, and so extensively used 
with them, and why Hudson, Limited, of Coatbridge, bas 
added water-tube p Hearn tothem. What the boiler lacks 
is made up by the economiser; that is to say, an addi- 
tional piece of apparatus is added to give desirable 
heating surface. In any kind of multitubular boiler an 
economiser is far less necessary, and in this country many 
engineers do not think the economiser is worth the 
trouble it causes. 

Mr. Erith thinks that it is not a fundamental principle 
in boiler design to split the gases up fine ; and, if it is 
not, why are not marine and locomotive boilers made with 
a few large flues instead of hundreds of small tubes, and 
why was the Serve tube devised, and why have retarders 
been put into marine boiler-tubes? Furthermore, why 
do Messrs. Davey, Paxman and Co. make such a 
speciality of multitube boilers? If many small tubes are 
unnecessary, marine boilers should have a few large 
tubes, thus improving economy, saving coal, and in- 
creasing cargo 8 

If the Lancashire boiler is so ideal, there is no reason 
why it is not as well adapted for an electric station as 
for a cotton-mill, and to say that it is not is virtually to 
admit its defects. And what has surface condensation to 
do with the matter, unless it is to give the boiler clean 
feed-water? Clean feed-water is beneficial to Lancashire 
boilers as well as to others. 

Mr. Erith states that the American tubular boiler is 
difficult to clean, but this is not so. It can be entered 
above and below the tubes, and by passing a multiple 
hammer through the tubes, scale on their outsides cracks 
off and drops to the bottom, whence it can be removed. 
The fire sides of the tubes are regularly cleaned while 
boilers are in service, and this is the daily practice ; 
but does anybody ever clean the soot from the heating 
surfaces of Lancashire boilers? If this is of no import- 
ance, why not omit the scrapers from the Green econo- 
miser ? 


Mr. Erith says that one advantage of the Lancashire 
boiler is that a superheater can be easily ee but it 
8 just as easily applied to the American boiler, and it has 
been oa in Bey mew of cases, the Foster superheater 
being used. 

Concerning the advantage of the great water capacity 

the Lancashire boiler, more coal is certainly required 

heat the water in the first place, and if Mr. Erith will 
compute the quantity of steam liberated by a drop in 
Pressure of a few pounds, he will find it of no conse- 
quence, and then, when the pressure is restored, what has 
been gained ? 

Mr. Erith states that the 17 deg. Fahr. superheat given 

me with the vertical boilers, each of which had nearly 














1200 sq. ft. of superheating surface, ‘“‘was really un- 
evaporated water.” Here I do not comprehend him. 
The 17 deg. superheat was determined by a refined stem- 
graduated thermometer inserted in a deep vil-well in the 
steam-nozzle of the boiler, and the difference between 
the observed temperature and that of saturated steam at 
the same pressure, as given in the best steam tables, was 
called the superheat. It shows that the moisture in the 
steam was evaporated, and that the steam was then 
superheated 17 deg. If it does not show this, what does 
it show? 

Furthermore, Mr. Erith states that the moisture in the 
steam of the horizontal non-superheating boilers is in- 
credibly low. The moisture was determined by a Peabody 
throttling calorimeter in the steam-pipe close to the 
boiler, carefully by me personally, and if this instru- 
ment is capable of indicating the truth, it did then. The 
boilers have long perforated pipes close to the top, and 
the steam quiet. y passes through the small holes on top 
of the pipes, and almost no moisture leaves the boilers, 
no matter how much they are forced. This is apparent 
in other ways than by the indications of the calorimeter. 
If the calorimeter itself threw out moisture so perfectly 
before it gave its indications it must be a wonderful 
separator. The truth is, I think, that Mr. Erith is not 
informed on the possibility of dry steam from boilers, 
when the steam is properly taken from them. 

Now as to the economy of the Lancashire boiler. The 
tests carefully made by the Société Alsacienne de Con- 
struction Mécanique of a Lancashire boiler in 1874 did 
not show any economy when using good coal. With feed 
at 83 deg. and 82 deg. Fahr., the actual evaporation per 
pane of coal were 6.66 lb. and 7.83 lb. respectively. I 

ave examined the trials of Lancashire boilers made by 
Bryan Donkin and A. B. W. Kennedy, and reprinted 
from ENGINEERING, and can see nothing very promising 
about them. The results of the trial of a Cornish boiler at 
the East London Water Works were good, but only 
6.86 lb. of coal were burnt per square foot of grate per 
hour, and this illustrates my view that the boilers will 
do well if used gently. Compare the results of all of 
the Lancashire boilers with those of the locomotive 
boiler on the Great Eastern Railway, and see how much 
superior the latter are. This illustrates the value of 
subdivision of the gases. As the coal used in all of these 
tests was from one lot of 100 tons of Nixon’s navigation 
coal, thoroughly mixed, and the tests were very carefully 
made by the same persons, and sometimes after rehearsals, 
the results must be comparable. 

Referring to Mr. William Kent's letter in your issue 
of the 28th ult., while the coal was analysed for me 
by a competent person, I think, I cannot vouch for 
its accuracy; and, of course, the usual formula for 
computing heat values from analyses may not be 
accurate. The heat values as determined by a calori- 
meter were not determined by the best type of that 
instrument, and perhaps I should not have published 
the efficiencies in the trials of April 20, 1900, and 
May 19, 1893. The other results are not subject to 
suspicion, as they were made by me with t care, and 
I believe them to be as accurate as any boiler test results 
ever published. The water and coal were carefully 
weighed. I cannot with Mr. Kent in the general 
statement that itis difficult to get the fire of a stoker in 
the same condition at the end of a test as at the begin- 
ning. The type of stoker makes a difference. In the 
test of April 20, 1900, a chain-grate was used. The 
boiler was in a paper-mill, had been running all on 
and was eveetilg heated. The grate of the stoker 
was kept at a fixed opening, the rate of travel of 
the a was practically constant, and the hopper 
of the stoker was scraped off level with a board 
at the beginning and end of the test, and at every 
hour between. The water and coal quantities were 
nearly equal each hour, and continuing the test longer 
than eight hours would have merely duplicated results. 
I cannot imagine any better opportunity to have the 
condition of the fire at the end the same as at the 
Leginning. 

t will be noticed that in the trial of April 20, 1900, a 
great amount of coal fell through the grate, and in such 
cases the evaporation and efficiency upon com- 
bustible are apt to be large because the hydrocarbons 
of the coal were burnt, leaving the ash and carbon to 
fall through. 

In the trials of 1909-10, the heat value of the coal was 
determined by a bomb calorimeter made and used by Mr. 
Henry J. Williams, of Boston, , in which every 
conceivable refinement is embodied, even to lining the 
bomb with gold in order to prevent corrosion. In recent 
zoere I have had all of my heat determinations made by 

r. Williams in this apparatus, and if his results have 
been correctly used by me the efficiencies given must be 
correct. 

In the tests of May 18 and 19, 1893, the fire was drawn 
after the boiler had been in use all night, a new fire was 
started with wood in each case, and the fire was drawn 
at the end. The coal weight was therefore correct. 


Yours very truly, 
F. W. Dran. 


Exchange Buildings, 53, State-street, Boston, Mass., 
March 18, 1913. 





‘* THE INFLUENCE OF AIR-PUMPS ON THE 
MILITARY EFFICIENCY OF TURBINE- 
DRIVEN WARSHIPS.” 

To THE Eprron oF ENGINEERING. 

Sir,—The fluent phraseology which characterises Mr. 
D. B. Morison’s paper read by him before the Institution 
of Naval Architects, and published by you on 353 of 
your issue of the 14th inst., has resulted in a lack of definite 





data, what little has been given being scattered. The 


chief object appears to have been a desire to create 
interest in the subject and avoid technical data. It is 
claimed for the air-pump that it is the most important 
auxiliary on a warship in considering the effect auxiliaries 
have on speed. Ass depends on power ~~ 1 if 
the claim holds good in this instance, it applies to all tur- 
bine installations exhausting to lower pressures than atmo- 
sphere. The B.T.U.’s available for conversion into foot- 
pounds of work by the turbine increase as the condenser 
pressure is reduced. If no air were nt in the system, 
the theoretical limits would be the B.T.U.’s and entropy 
value of the entering steam, and the B.T.U.’s in the 
steam, when expanded adiabatically down to the vapour 
pressure, corresponding to the condenser temperature, 
with the same entropy value. 

The condensed-water temperature in an air-tight system 
controls the vapour pressure, and is a wen in solely by 
means of suitably-proportioned surface-condensere and 
circulating pumps of ample capacity, without which the 
air-pump would useless. e limitation of tempera- 
ture which can be reached is, theoretically, that of the 
cool water, and in land practice the quantity available. 

Air will always find its way into the condenser till 
a < mey have succeeded in designing air-tight engines, 
turbines, and exhaust systems. The weight of air which 
finds its way into the turbine exhaust is about one-third 
of the weight of air which will find its way into a steam- 
engine using the same weight of steam hourly. 

n land practice auxiliaries often exhaust direct to the 
condenser, in which case the allowance for air-leak must 
be increased ; but while such allowances should be ample, 
the wiser course is to avoid them by adopting the 
Admiralty practice of maintaining a back pressure of 
18 lb. to 25 1b. on the exhaust of all auxiliaries. When 
this is done, the extra weight of air allowed for can be 
based on the steam consumption of the auxiliaries; the 
allowance must be greater when the auxiliaries are driven 
by reciprocating engines than with small turbines. The 
causes which necessitate the careful tuning referred to 
by Mr. Morison are not without a remedy; most of the 
trouble is due to valves on the vacuum system and drain- 
cock fittings on auxiliaries. 

The relative volumes of a given weight of steam at 3 in. 
ressure and 1.5 in. pressure are as 1 : 1.9, and the sur- 
‘aces of exhaust-pipes as 1 : 3.8, while the differences of 

internal and external pressures are as 1: 10 and 1: 20 
respectively; buta more careful selection of material, 
closer pitch in bolt-holes, dispensing with plug-cocks on 
drains, and the use of better grade valves, will eliminate 
permanently much of this trouble. 

The craze for cheapness, the desire to get the lion’s 
share of work, are alike responsible for much of these 
troubles, and for condensers with scrimped surfaces, 
and circulating-pumps with capacities only sufficient to 
meet the conditions laid down by the purchasers. We 
have drifted, unfortunately, to an era when low steam 
guarantees and low price have more consideration than 
endurance, with low upkeep, together with efficiency 
over wide running conditions. These latter are the 
factors on which our naval supremacy depend. 

Mr. Morison’s prophecy of leaky vacuum systems 
developing at full power in action deserves serious con- 
sideration, and the suggestion to provide for them b 
increasing the air-pump capacity is one step towa 
endurance. The strains set up when a turbine is develop- 
ing maximum power are considerably less than with re- 
ciprocating engines, but, on account of the turbine being 
more susceptible to increased condenser pressures, greater 
care is required in the construction and fittings on the 
vacuum system, as, in action, with the engine-room staff 
taxed to their utmost, attention to detail cannot be ex- 
pected ; under such circumstances the prevention of the 
evil is better than the remedy. 

The basis of the paper is 30,000 shaft horse-power, 
developed with a condenser pressure of 1.5 in. (0.735 Ib. 
per sq. in.) ; cool water temperature, 55 deg. To ensure 
maintenance of speed under varying conditions in time of 
war, latitude must be allowed for in the boilers. Such 
latitude may be taken as between :— 

Steam pressure, 300 lb. per sq. in.; 1 per cent. moisture ; 
entropy value, 1.51. 

Steam pressure, 200 lb. per sq. in. ; 5 deg. superheat ; 
entropy value, 1.54. 

Assuming an over-all turbine efficiency of 60 per cent. 

To develop 30,000 horse-power :— 

Steam per hour, 345,000 lb. to 364,000 Ib. ; fuel, 38,400 Ib, 
to 40,500 Ib, with exhaust pressure 1.5 in. 

Steam _ hour, 370,000 Ib. to 394,000 Ib. ; fuel, 41,200 Ib. 
to 44,000 lb., with exhaust pressure 2.5 in. 

Steam = hour, 390,000 Ib. to 410,000 Ib ; fuel, 43,200 Ib. 
to 45,600 lb., with exhaust pressure 3 in. 

The normal air-leaks would be :— 

1. 190 lb. to 200 lb. per hour. 

2. 204 lb, to 217 lb. per hour. 

3. 214 lb. to 225 lb. per hour. 

The condenser surface and the capacity of the circu- 
lating-pump should be proportioned so that with cool- 
water o> ge at 65 deg. a condensed-steam tempera- 
ture of 77 deg. in the condenser can be maintained, which 
will permit of the kinetic air-pump handling an increase 
in volume of 20 per cent. To do this the circulating- 
pump capacity should be more than double the amount 

uired under trial conditions. 

ith the Leblano air-pump (Fig. 6, page 354 ante) 
a@ vacuum can be maintained of 99.5 per cent. of the 
theoretical with sea-water at 80 deg., ahd the loss of 
vapour referred to can be kept under 0.1 per cent. 
when using sea-water; such an air-pump would with 
sea-water at 55 deg. have its capacity increased over 
200 per cent. when exhausting from an absolute - 
sure of 1.5 in. The kinetic pump (Figs. 7 = 9), 
which will be more familiar to most readers as the 
Koérting ejector pump, appears to have an air capacity of 
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219 1b. using sea-water at 80 deg., and with 1.5 in. con- 
denser pressure maintains & yacuum of 98.4 per cent. of 
the theoretical. Both its capacity and efficiency would be 
materially increased by reducing the sea-water tempe- 
rature. 

The results of three tests are given :— , 

1. With no air admitted other than what was contained 
in the water; with ejection water at 85 deg. (correspond- 
ing vapour pressure, 1.2 in.) ; barometer, 30; it is stated 
that a vacuum of 29.8 in. was maintained ; 30 in. — 

in. = 0.2 in., the vapour _ corresponding 

in. — 28.8 in. = 1.2in., which is 

The water horse-power of the 

pump supplying the jets is given as 33, the efficiency is 

omitted; it is well known that it is exceedingly low, 
which possibly accounts for the omission. 

2. Air-leak of 50 cub. ft. per minute, 3000 cub. ft. per 
hour. Ejection water, 85 “+ (vapour pressure, 1.2 in.). 
Absolute pressure, 1.5 in. — .2in. = 0.3in. air pressure. 
No air temperatures are given, but this does not affect 
the results materially. If the temperature of the air was 
92.5 deg., the pounds of air displaced per hour will be 
216, and the air horse-power 25. If the temperature of 
the air was 85 deg,, the a of air displaced per hour 
will be 219, and the air horse-power 25. 

8. Air-leak of 60 cub. ft. per minute, 3600 cub. ft. per 
hour. Absolute pressure, 2 in. — 1.2 in. = 0.8 in. air 
pressure. If the air temperature was 101.5 deg.» the 
pounds of air displaced per hour will be 254, the air horse- 
power 19,2. If the temperature was 85 deg., the pounds 
of air displaced per hour was 264, and the air horse-power 
19.2. In 2 the over-all mechanical efficiency being about 
23 per cent.; in 3 the over-all mechanical efficiency being 
about 17.5 per cent. 

Admiral Anstey, in the course of the discussion, refers 
to trouble on destroyers due to fan failures which would at 
once affect the source of power—** the boiler capacity.” 
It is possible to minimise this risk by adopting “balanced 
draught,” which consists of two fans, one forcing the air 
through the heater, delivering it under the bars at a 
pe ne py of about 300 deg., another fan drawing the 
products of combustion through the heater, where their 
temperature is reduced, and of the heat contained by 
them transferred to the cool air forced through by the first 
fan, besides reducing the fan pressures and itting of 
perfect combustion, with an absence of black smoke, 
which is of primary importance from @ tactical point of 
view. Should either fan break down, the system can be 
worked either as a plenum or vacuum system. 

Yours truly, 
London. F. E. Raney. 


to water at 35 deg.; 30 in. 
more likely to be correct. 





STABILITY DEVICES FOR AEROPLANES. 
To THE Eprtor oF ENGINEERING. : 
Sim,—Referring to Mr. Mervyn O’Gorman’s notice of 
my invention (No. 11,334, of May, 7, 1910), in his lec- 
ture on ‘Stability Devices for Aeroplanes,” before the 
Aeronautical Society on January 29 (page 166 ante), allow 
me to say that, so far as it goes, the criticism regarding 
the possibility of trouble from the invention during & 
side-slip is perfectly just and useful. Mr. O’Gorman, 
after briefly outlining my invention (No. 11,334 of 1910), 
for ‘‘automatic lateral balancing planes situated on both 
sides of an aeroplane, and having their outer edges rigid, 
and the planes being otherwise flexible or movable in 
both up and downward direction to a limited 
extent,” says: ‘‘If, however, side-slip occurs towards 
the left side, the right flap is raised and catches 
the air as before, thereby precipitating the catas- 
trophe by increasing the lateral slope.” Since the 
invention has for its object the maintenance of the 
lateral attitude of the aeroplane in right or left wind 
lines, it is perfectly true that if a decided side-slip were 
to be thoroughly established, the method referred to 
would tend to keep the aeroplane on its side-slip course, 
vided there was no wind blowing at the time. Asa 
act, however, the arrangement tends to prevent the 
establishment of a side-slip, especially when a wind is 
blowing, and we know that a ead calm is a very rare 
occurrence, and that the calmer the air the less danger 
there is of a side-slip due to the upsetting action of a side 
wind. The tendency to side-slip in resent-day machines 
is, I believe, largely due to the use of the prevalent system 
of lateral control, which consists of the warping of planes 
or ailerons held at a positive angle to the relative 
wind, combined with a movement o the rudder to over- 
come the difficulty, imparted by the former manceuvre, 
of a consequent back drag on the wrong—t.e., the 
lower—side of the aeroplane. This tendency to side- 
slip may be overcome by the adoption of negative- 
angle balancing - planes, worked independently, which 
it was the object of my invention (No. 6642 of 
March 16, 1910), to introduce, and which has received the 
support of Mr. Aston, of the Aero, Mr. Ledeboer, the 
editor of Aeronautic:, Mr. Berriman, the technical editor 
of Flight, and other writers, and in Dr. Hanken’s observa- 
tions of bird flight in India. 
are other methods of preventing side-slip, such 
as a high fin, though this has the disadvantage of pre- 
senting a target to a side-wind gust. But it is, I think, 
fairly certain that within a very short time an aeroplane 
will be evolved which cannot develop a dangerous dots 
any more a bird can. If, however, I am w’ it woul 
be a perfectly simple matter to throw my lateral wing-tip 
feathers, with their outer quills and their inner flexible 
planes, out of action in the unusual event of a side-slip ; 
and, oddly enough, I had recently anticipated the possible 
objection, and d da method of not only doing this, 
but of a righting action against establi side- 
lay. The od consisted merely of pulling 
down the inner edges of both flexible lateral planes so as 
to form a dihedral angle between them. This would pro- 


pressure under the lower and above the 


uring « side-slip. It might be tried, at 
least, during the ex See eaislage on full cined machines, 
but I doubt if it 


i be necessary permanently to retin it. 

There is another objection which may be raised to any 
form of device which aims at keeping an aeroplane in the 
wind lines—namely, that it may not always desirable 
to do so; but it is im ible for strong winds to blow 
straight out of the earth, and the nearer we oqysenth the 
earth, and the stronger the wind, the more likely we are 
to find the wind blowing herisostely over the earth at 
a flat landing place. for obstacles on the earth’s 
surface, the action of such devices in the natural trend of 
the wind over the obstacles should help us to avoid them 
by keeping us in the wind lines. dog 

We may, moreover, I think, assume that principles 
which the birds have acquired in their natural evolution 
will ve useful in the evolution of the aeroplane, an 
we should not condemn these principles because they 
. would fail if a bird or aeroplane were to slide sideways or 
backwards. It is our duty to provide against either of 
these contingencies taking place. 

At the present moment, however, the reform most 
urgently needed in the design of the aeroplane is the 
entire abolition of the present death-trap system of 
lateral control by means of positive- angle balancing- 
oc and the substitution of negative “angle lateral 

cers. The flexible trailing wing-tip feathers, with 
their outer quills, may follow as a means of giving extra 
stability, but our first duty is to remove the glaring 
defect of the use of the positive angle in any form what- 
soever in lateral balancing. If some of our brave dead 
pilots could speak, I feel sure they would agree with 
no uncertain voice, and would tell us that in their last 
moments the positive warp failed to act. 

H. 8. Witpes.oop, M. Inst. C.E. 


Meerut, India, February 24, 1913. 
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TANG-SHAN ENGINEERING COLLEGE. 
To tae Eprror oF ENGINEERING. 

Srm,—May I express a hope that _some of your readers 
will be able to render us assistance in the matter of equip- 
ment here, as well as at mene | Kong? There is the more 
urgent need for certain supplementary items here in that 
we are now sending out some twenty or thirty students 
each year as “* student-engineers.” Over twenty-five of 
these now hold appointments on the Canton-Hupei Rail- 
way under Mr. Collinson (M. Inst. C.E.). We are here 
only 150 miles by rail from Pekin, and on account of this 
central position draw students from all parts of China. 
The heads of the three sections (Electrical, Mechanical 
and Civil) are all British, and of the present equipment, 
such as it is, the majority is of British manufacture. 

In particular we are in need of a surface-condensing 
plant for a 40-horse-power generating set, asteam-turbine 
set, and hydraulic pag | (pumps, press, centrifugal, 
turbine, a main, Xc.). 

y 


Perso I hope to develop an aeronautical laboratory 


soon, and should welcome any assistance in this direction 


Yours faithfully, 
HERBERT CHATLEY. 


February 25, 1913. 








SHIPS’ LIFEBOATS AND THEIR 
MANIPULATION. 
To THE Eprtor oF ENGINEERING. 

Srm,—Further to the letter which you were good 
enough to publish in your issue of February 28 regard- 
ing the above, I trust you will again extend the courtesy 
of your columns to give ar ey | to the following. 

At a recent meeting of the Institution of Engineers 
and Shipbuilders in tland, a paper was by Mr. 
Welin relating to the above subject. Some of the 
statements made by Mr. Welin, in my opinion, are de- 
batable and contradictory. Referring to the pivoted 
bend type of davit, he criticises it rather severely as 
follows :—‘‘ Nor is it likely that a davit responsible for 
the cutting down of the boat accommodation by one half 
as soon as the ship heels over a few degrees, and whose 
out-reach it is impossible to regulate, will be tolerated 
in the future, unless enough boats are carried on each 
side to accommodate all on board.” 

Dealing with the latter part of this statement first, 
shipowners are finding it difficult enough to carry 
enough boats for all on board, using both sides of the 
vessel, without even thinking of carrying enough on one 
side only. If a davit is so ineffective as Mr. Welin 
states, then it certainly is time that it was abandoned. 
Personally I do not agree with this statement. All 
types of davits or cranes, including the quadrant at deck 
type, are more or less affected by a list, and allowing 
that the quadrant type have gearing to assist them, so 
also may the pivoted type have gearing applied to them. 

In my opinion, worm control, applied direct to the 
stem of the pivoted bend type, assisted by a rigid span 
between the davit heads, the worm being able to be put 
in and out of gear as desired, will do all that the quad- 
rant athwart the deck type will do, and will require 
less effort. The quadrant athwart the deck oe 
the line of most resistance when putting the t out- 
board against a list, and the other type, pivoted to swing 
in a complete circle, takes the line of least resistance. 
Guys from the davit heads are certainly not very 
effective, but worm control and a rigid span could be 
attached to any of the pivoted bend type existing, and 
so make them as effective, or more 80, the quadrant 
at deck —_ 

If, as Mr. Welin stated, ‘‘the first ship to obtain a 





really efficient davit installa ion is the Imperator, of 
Hamburg-Amerika Line,” on which vessel the.davits are 


pivoted to swing in a part circle, operated by @ worm, 


im 
the | whole of the plant is understood to 





then the quadrant at deck type leaves something to be 
desired. Mr. Welin seems to contradict himself in this 
matter, and he has apparently reverted to the idea of 
swinging on pivot, as on the Imperator. This practi- 
cally amounts to the same thing as I suggest to improve 
and adapt the old-fashioned type, the only difference, as 
far as I can see, being that in the Imperator outfit one 
davit is pinned above and one below the boat, and 
complications are added. Mr. Welin apparently is a 
great believer in the quadrant, but I do not see that 
the quadrant is necessary. Why not a plain cog on the 
davit-post itself? which would give a whole circle in 
which to swing if uired, instead of a part only, as 
he attachments su ted above 
and the cost would practically 
—— rails were fitted between the sets of 
could be supported on this 


with a quadrant. 

would not obstruct, 
nil. If 
davits, the adjustable worm 


d| rail, presuming that the rails would be fitted at the 


extreme edge of the vessel. The direction of leverage 
would be with the ship—that is, fore-and-aft—the lever 
would get clearance of the nose of the boat at all times, 
and could be removable, and the person or persons 
operating would be safeguarded from falling over the 
side of the vessel if the vessel was rolling or had a list 
either to port or starboard, and the out-reach would be 
under perfect control. The space between the two 
davits of a set would, of course, remain clear for the 

of the boat. Reverting to the Welin davit 
the quadrant athwart the deck type), the inventor 
claims that the lifting clear of skids and putting out. 
board of the boat is attained automatically. This is 
not always the case, at least with manilla falls. The 
boats often require to be hoisted before being put out- 
board, as with other types. 

Yours truly, 
Rosert Duntop Roperts. 
Woodlands Place, Falkirk, March 6, 1913. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several Colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further particulars concerning these can 
be obtained from the Commercial oo Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Canada: 'The Imperial Trade Correspondent at St. 
John, New Brunswick, notifies that the directors of the 
St. John Street Railway Company, in their report for 
1912, state that they propose during the present year to 
purchase additional new cars, to erect another fireproof 
shed, to instal an additional engine and generators, and 
to lay new tracks for street railway extensions. 

Spain: The Gaceta de Madrid announces that sealed 
tenders will be received at the Directorate-General of 
Public Works, Madrid, up to April 5, for carrying out 
certain wharf improvements and river-dredging works 
at the Port of Algeciras. A deposit of 7700 pesetas 
(about 285/.) is required to qualify any tender. The cost 
of the work, which is to be completed within eighteen 
months of the date of commencement, is 764,366 tas 
(about 28,300/.). Tenderers must undertake in the first 
place to supply materials, &c., of Spanish manufacture ; 
if under this condition no suitable offer is received, & 
second call for tenders will be made, materials produced 
in Spain being accorded a 10 per cent. preference. Local 
representation is necessary. The Gaceta announces that 
applications for concessions for the construction of three 
electric tramways between San Roque and La Linea de la 
Concepcién (Cadiz), All eciras and La Linea de la Con- 
cepcion (Cadiz), and Gibraltar and San Roque, have been 
received from Luis Ojeda Ferndndez,\U baldo de Aspiazuy 
Artazu, and Carlos Larios y Sdnchez, respectively. 
The Gaceta also states that tenders will be received at 
the Directorate-General of Public Works, Madrid, up to 
July 14 for the construction and working of a railway 
from Torre de Mar to connect with the Granada to Murcis 
line. Tenderers must deposit the sum of 1,261,850 pesetas 
(about 46,7007.) as security. The capital required for the 
undertaking, on which the State guarantees interest up to 
a maximum of 5 per cent. per annum, is 126,180,098 

(about 4,673,5007.). e work of construction 
must be completed within seven years. Local representa- 
tion is necessary. 

_Morocco : The Acting British Consul-General at Tan- 
gier reports that tenders are invited by the Special Com- 
mittee for Public Works for improvements to the Place 
de rE at Tetuan, at an estimated cost of 43,567 
francs (1742/.). Tenders will be received by Mons. le 
Président du Comité Spécial des Travaux Publics, Dar En- 
Niaba, Tangier, up to 11 a.m. on May 5. A deposit of 
150 francs (6/.), together with a certificate of competency 
to execute the contract, must accompany each . 
The contractor must elect domicile in the neighbourhood 
of the works. 

Uruguay: With reference to the pro law 
authorise improvement works at Montevideo Harbour, 
the Diario Oficial publishes the text of the law in ques 
tion. The depth of the portion of the harbour reser 
for coasting vessels is to be increased to 5 m. (about 
16 ft.), and that of the entrance canal, the anteport, 
docks 1 and 2 to 10 m. (about 33 ft.), the material exc® 
vated being employed in the erection of embankments. 
A total sum of 3,200,000 pesos (about 680,000/.) is set 
aside for carrying out these works. 





GERMAN MANUFACTORY FOR AGRICULTURAL MAcuHINesY 
ix Russia.—A strong German syndicate is about # 
start a large manufactory for agricultural machinery 
i nts in the north-western part of Russia. 
come from & 
and both the technical and the business management 
will be entrusted to foreigners, . 
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ON LARGE DECK-HOUSES.* 
By J. Foster Kine, Member of Council. 
Tue structural design of large deck-houses in passenger- 
steamers seems to merit a Jarger share of technical dis- 
cussion than it has yet received, not only because modern 
houses are so large and costly, but because very wide 
differences in the structure of similar houses yy to be 
subject to similar ailments. It may be said that these 
ailments are not oO} ic, and do not endanger the sea- 
worthiness of the ship ; but they are always so unsightly, 
and often so serious as to deserve diagnosis. The fact 
that some houses are practically immune from weakness 
hintsat the possibility of healthy design, while the resem- 
blance of the defects of others to those which afflicted 

































for the first 10 ft. or 12 ft., above which the effect’ of 
length of lever gradually induces a practically constant 
area at greater heights. 
_ Fig. 2 shows the effect upon the previous case of assum- 
ing that the deck plating is supported by thin but efficient 
vertical walls instead of lattice-work. In comparison 
with Fig. 1 the deck areas at all heights are much 
reduced, but show a similar rapid rate of increase at 
the lower heights. At high levels the M.I. value of 
the vertical material becomes so potent as to cause 
reduction of deck area in terms of height of girder, and 
the — show that at some height no deck will be re- 
quired. 

Fig. 3 shows the effect of placing decks one above the 









other at 8-ft. intervals, and assuming each deck to be sup- 




















depth without redistribution only raises the neutral axis 
6.3 ft. in Fig. 1, and 8.6 ft. in Fig. 3. 

The actual scantlings which result from the 
tendencies just illustrated are naturally influenced size 
of ship, and the proportion which the height of. each 
superstructure bears to depth of main hull. The maximum 
bending moment, the M.I. of main hull girder, and the 
area of its top member are all small in a little ship, while 
the height of a superstructure represents a dition 
to the total depth of girder. The moment of inertia, 
bending moment, and sectional area in the hull girder, 
all increase rapidly with the length of the hull ; conse- 
quently the n scantlings, to maintain uniform 
stresses with constant heights of house, tend to increase 
even more rapidly, because of a diminishing ratio be- 





EQUIVALENT GIRDER FOR SIS FEET STEAMER SHOWING EFFECT 

















.  oecnarcausseus, OF ADDING MATERIAL ABOVE HULL GIRDER. 
AREA 286 SQ. INS. 2 a Fora fe Re ee 3 ee 4050.5. g socwanse BORE... _ 
3, : ue j \ : & \ . S wm. @:. : 
Ee lanea 288 SQ. INS. | Fig. 2. §S.ta tose ™ A Fig. 3. 3 Seca cases. \ Fig. 4 2 ELH AREA 26 50s. amants ig 
ose) Tt ea oe AB fF seg Bx fom > t H 
zee m ~ ” “tt is ° alld . 
S88 seca s0es0ins. © Ni tet ben 3 7 ae ns ee eee - 
ge , ee 538 = ee “? s% 58 - = TOTAL a::' a ; 
Be w ! = Re : 3 > eu, we a % ae u AI 
EY: ‘S Sew | $s Ss S " 
SSE ance 205 sms. © sea mes| He Py 3 S pagans so ; § 
BgsF + ’ “J, 258 ora Mr age 2, ~9 33 + 3s s 2 TOTAL *. ie. on | Y 
<,.°2 oa wi ' . Q w so 
itf| eS ee a tH ofigemee =F 
S38 eee EE eis —J oa 5 OTA Me ene on, 33 + ges s 43 fom” wel + N 
® j Sze \ H : j 
ese \ 2 / . Set Fe Ss et Nan, eT s «© 
B88_A aacans soms.| Sse me 48. ; <8 SE BECK AREA 1488 3 
wares 47 rome. 1 es $s ; 
sc iteaiahtegal Sh +e / xs \ /% TOTAL » 196 3 $ 
? 
‘7’ ]| eeeuree on 77 snecrer ox Nf Asmens, 3 
= -——} + 3 
a @ 
& g 
Q 8 $ 
‘ SER Oe ett c  gumnates : 
TAL A S sanapinboseD ciaoea S  carriceteinoen 455 Fr 3 : imeem : 
| 455° DEER. 2 er o i & | 4s 
{aaurage Axis $ NEUTRAL AXIS OF § MEU TRAL AXIS OF HULt mm 8 |\MEWTRAL AXIS OF (i & 
[OFFHULE GIRDER. = i Vout GIRDER 3 ' F 3 fam GIRDER. § 
} i) ' x . 
= rt - > 7 P| og £ 
S it 3 2 2 2 J 
% a = $! . ae i & 3 FY 
* 8 SY ee | | : 3 
| i ig | ; gs | | * | 
| | \ it ' Ba 1 = ' 
| | | 11 { ; | ee ! 
i E a4 PA Ce 4. Anal 4 
S. EQUIVALENT GIRDERS FOR DECKHOUSE STRUCTURES INDICATING AREAS 









sie 








or taecas 50.1NS. 3 THE DECK PLATING UPON WHICH THEY STANO 
= = : Fig. 
ai gq. J. 
5 zz 7 on 
COMMING ¥ 
™~ 
S fig.8. 
, Cw. 
' ee ee 7 A 
: 7 “661 
= bE H COMMING 
156'S.S. 97 34=3% $ i 
vee AI }" __ AREA 146: ’ 
AREA 35 SQANS . COAMING B 
i 55x he 
} . 
i +. 2 yee DECK, 
‘ “e 
Fig. 6 $ COAMING 
AREA IS SO.INS. | i 
. % + 
om ance 0 $0.1NS 3 1 
COAM ING a 7 > ' 
sity" & i 1 
vixe Jevecren| oece 
on ee ~~~ a) 
H S 3 
' » 
Aram H * 
2 { 
% 
| i 
} 
1 | 
—- Oes. 400'S.5. * $15'S.S. 


early bridge-houses, shelter-decks, &c., suggests that a 
Smuar neglect of theoretical considerations may have 

Induced by the name ‘‘deck-house” and its mental 
association with lightness and structural unimportance. 
The following examination of the effect of adding material 
above various lengths of effective hull girder seems to 

upon these questions and upon the = poe readiness 
pA any girder on the top of the hull as additional | 
Fig. 1 (above) shows the effect of fitting deck-plating | 
= by lattice-work at various heights above the 

of a 515-ft. steamer which is being subjected to 

ng moments. The ordinates of the curves of deck 
area oy ig for a constant stress equal to that on the 
upper deck plating lengthen rapidly per foot of height 





ys, Paper read before the Institution of Naval Architects, | 
March 14, 1913, 





ported merely by lattice-work. The quantity of material 
required to show a uniform stress at each deck-level 
becomes less with each superimposition ; but the total 
area at any higher level than the first becomes rapidly 
great in comparison with a single deck at the same posi- 
tion. The curves of area in terms of height of lattice- 
girder superimposed u each deck are shown by the 
spreading dotted lines between the decks. 

Fig. 4 shows the effect of superimposing decks on the 
assumption that they are each su ted by two efficient 
deck-house walls, having a combined thickness of 4 in. 





In comparison with Fig. 3 the area of each deck is so 
much reduced that the total area of decks and walls is | 
only from 5 to7 per cent. more than that of the decks | 
alone. Although in some measure a side-issue, it may 

noted that the economic advantage of associating re- 
distribution with such superimpositions of material is) 
partly indicated by the fact that adding 45.5 ft. to the! 





REQUIRED FOR UNIFORM STRESS AT SHELTER DECK AND DECKS ABOVE 
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tween height of house and depth of hull. For instance, 
Figs. 5 to 9 (above) show that if the vertical material 
in ordinary deck-house scantlings is assumed to be effec- 
tive in each case, and if it is devrired to show the same 
stress on top of each house as on the shelter-deck, a ship 
of 156 ft. length would require only 6 sq. in. of material 
on top of the first tier of houses, and nothing on the 
potion ; a 300-ft. ship would require 40 sq. in. and 
15 sq. in. ; a 400 ft. ship 63 sq. in. and 358q, in. ; a 515-ft. 
ship 144 sq. in. and 108 sq. in.; and a 760-ft. ship 
380 sq. in. and 320 sq. in. on the first and second tiers 
respectively. These cases represent actual ships, the 
last being based upon the scantlings and figures given 
in the Shi need A the Mauretania, while the 
range is sufficiently wide to cover present inary 
practice. The figures show that between limits where 
the addition to the depth represented by two ranges 
of superstructures falls from 100 te 30.7 per cent, 
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of the depth of the main hull, the area which would 
be required on top of an effective continuous lower 
house rises from 15 per cent. to 45 per cent., and on top 
of an upper house from nothing to 38 per cent. of the 
shelter-deck area. The effect of size of ship and area of 
deck upon sballow girders or coami in way of door- 
ways is shown by the sketches at the gide of each figure. 
Simple #, and 4 coaming-plates in the smallest ship, 
and coaming-plates 1 in. thick with four 6 by 6 by ? 
double angles at the lower tier, and # coamings, wit 
four 5 by 5 by ? angles at the upper tier of houses in 
the largest ship, each show the same stress figure as that 
on the deck-plating on which they stand. If the walls 
and other vertical supports of continuous houses are 
to be considered as mere lattice-work, the foregoing 
figures, &c., indicate a need for much larger areas o 
deck-plating than have yet been rT or have 
been found efficient in certain cases. It is probable 
that an effective lattice-girder would also require the 
deck-plating at the house ends to be carried in an 
easy sweep down to the level of the main hull so as 
to form a truly continuous top member, while all the 
house framework would have to be arranged in ways 
which are opposed to ordinary methods of chip con- 
struction and might handicap design. As weight is 
necessary even for lattice-work, it is obviously more 
economical to aim at girder efficiency through continuity 
in the supporting walls ; at the same time, it does seem 
that the ordinary open framework at the ship’s side 
invites utilisation as a lattice girder. Ifthe walls of con- 
tinuous houses are to be accepted as vertical girders, it is 
apparent that the measure of their efficiency must be the 
means taken to secure continuity of strength at openings, 
their stiffness, riveting, and general capacity to resist 
shearing forces proporti to the required deck area, 
as well as their particular fitness to meet those resulting 
from the abrupt stoppage of all the girder material at the 
ends of the houses. The latter point affects all types of 
midship erection, and experience emphasises the cost, 
trouble, and danger which attend it, even if experience 
al-o shows extraordinary possibilities in the way of con- 
ducting the stresses vertically from one deck to another 
without fracturing material. As size of ship and area of 
top member increase, so must the difficulty of adhering 
to the convenience of the present arrangement, and a 
stage must be reached, if it has not already been passed, 
where the necessity for uniformity of stress will enforce 
more gradual t tion of the material in the top of the 
ship from one level to another. It is, perhaps, unfortu- 
nate that improvements in the disposition of the material 
in the top member include greater c in the relative 
positions of the neutral axis in way o' each level, and 
increase the need for approaching these changes gradually. 

Looking at the question of house design in the light of 
experience, it is seen that very light scantlings are 
sufficient for continuous deck-houses in small vessels, while 
ordinary deck-house — have proved themselves 
efficient in ships of considerably over 300 ft. in length, 
probably because modern design has lifted them from the 
upper deck to the top of anne midship superstructures, 
and thus brought practice into line with theory. A large 
measure of success has attended long continuous ranges 
of deck-houses in ships up to 520 ft. in length, which 
have been built with well-stiffened side-plating and deck 
material adjusted to show a similar stress to that on the 
pote on ye under the same bending moment. The 
accidental effect of the modern practice of fitting steel 
decks in and on houses in order to take artificial deck 
coverings and to render wood decks watertight has also 
had the effect in other cases of producing di itions 
of material which are roughly coincident with calcu- 
lated endeavour to make effective girders of the houses, 
and have been fairly su 

Up to this point the troubles which have revealed 
themselves do not so much suggest that ordinary deck- 
houses are incapable of becoming components of the 
main hull ape and of resisting the bending moments 
to which the hull is subject, as that theory is not enough 
considered in their structural design. Complete success 
— includes the necessity for so supporting the 

ouse walls that they cannot deflect independently, and 
providing side-plating and vertical stiffening proportioned 
to the area of the deck-plating, as well as the rovision 
of round corners to all square windows, | vertical 
stiffening, compensation and increased riveting at door- 
ways, and thickened and tapered sides at the house ends, 
such as is usual at the ends of bridges. In larger ships 
the importance of these age increases with their size, 
so that it becomes difficult to ict successful incorpora- 
tion of continuous houses with the hull girder unless the 
outer walls are fitted in the same plane as the hull sides, 
even if inboard house walls are also necessary for other 


pur 
The alternative to designing long deck-houses as effec- 
tive girders and components of the hull girder is, of 
course, to adopt structaral methods which are intended 
to relieve the houses from stress h the adoption of 
scantlings so light as to give flexibility, or expansion 
joints, or both. Granted that the dimensions and struc- 
tural design of the hull cannot be altered, it is obvious 
that considerations of top weight may sometimes render 
such methods imperative, but theory and practice indi- 
cate equally obvious objections. For instance, it seems, 
from such opportunities of observation as has been 
afforded to me, that the material of long continuous deck- 
houses in large ships which have been constructed of ver 
ight scantlings with little or no deck-plating, is still 


subject to attack from the main hull strains, even after 
nearly every door-sill and frieze and every corner of all 
the square windows have found relief by cracks or frac- 
ture. On the whole it is unlikely that present-day 
builders would hope for success upon a line which seeks to 
combine continuity of structure with absence of stress, 








but those having direct experience may be able to give 
orgenee to the a ge - 
pansion -joints in long superstructures on ships 
550 ft. in length and upwards are now usually regarded 
as essential, but they were also thought to be indi - 
sable in much shorter ships not so long ago. idera- 
tion +> that the stresses which affect the deck on 
which the houses stand must always affect the coaming 
les of the houses, even if fitted in very short lengths, 


h | and only slightly greater lengths of coaming can gain 


freedom from stress through freedom at their ends, while 
it is obviously difficult to predict from experience, and 
practically impossible from calculation, the position 
and number of joints which will remove sections of the 
house from the grip of the hull strains, and permit 


f | the adoption’ of scantlings that are much lighter than 


those of a strong continuous house. The difficulty of 
obtaining relief from stress, and “|! large savings in 
weight by this means, is increased by the fact that house 
scantlings must have sufficient strength to meet 


weather conditions, as well as by the need for each section | casi! 


being able to stand stable and ny re its own base 
under the weight of its superincumbent decks, houses, 
boats, davits, casings, sanitary tanks, &c.—all of which 
tend to increase from ship to ship and year to year. 
Experience has also enforced the adoption of webs, 
partial bulkheads, diaphragms, &c., to resist the effects 
of rolling and pitching, while plated decks and con- 
tinuous girders under the beams are now regarded as 
necessary in all large houses, so that practice tends in the 
opposite direction to that of giving freedom and fiexi- 
= house structures, : 

en considering the development of house design, 
the fg eed ment, that the height of the houses 
above the main hull so increases actual stretching effects 
on long houses as to make it better to cut the houses than 
to provide material to resist them, should be remembered 
as having been a disservice to the development of full 
superstructures in the past, although length of lever 
creates the technical advantage of placing material at the 
highest possible level and depth is the measure of stiffness. 

minence should also given to that practical 
feature of the question created by modern developments, 
which makes it common to have two tiers of houses, each 
having lengths of 200 ft. and upwards, encumbered with 
the weight of boats, davits, tanks, fans, casings, houses, 
&c. Observation forces the opinion that the stage has 
there been passed at which light construction combined 
with the ordinary arrangements of stanchion support at 
the ship’s side is capable of preventing fore-and-aft move- 
ment in the lower tier when the ship is pitching, owing 
to the weight of the erections themselves, and altogether 
apart from bending strains. 

The facts and figures which have been submitted seem 
to suggest that those who are responsible for mere con- 
struction —_ be ee from man ——— and 
anxieties if designers o' passenger ships would agree 
that the disadvan s of extending the ship’s side-plating 
to the promenade levels are insufficient to warrant the 
sacrifice of efficient structural on. The road seems 
to already smoothed by the adoption of full width 
upper structures in many types of passenger ships, while 
its lack of popularity with passengers is tending to reduce 
the lower pro e toa mere passage, and the desire 
for protection from rain, wind, and spray is rapidl 
extending the use of steel wind-screens at the sides of all 
promenades. 








STRESSES IN STAYED CYLINDRICAL 
SHELLS.* 


By C. E. Srromryer, Member of Council. 


Makers of donkey boilers and similar vessels some- 
times hope to increase the resisting power of the inner 
cylinders by securing them to the outer ones by means of 
stay-bolts, but there is ag yet no precise method of esti- 
mating the stresses which such an alteration will produce, 
and I have therefore attempted, in the following brief 
inguiry, to show how these estimates can be made. 

magine an annular space consisting of a small cylinder 
placed inside a larger one, with a number of holes drilled 


through both shells, and suppose that bars have been in- | 


serted into these holes, which bars are assumed to be 


cup ferential stresses and changes of diamets rs of the shells, 
the other producing tension stresecs and elongations of 
the stays. The subdivision of theavailable pressure into 
partial ones, of which each one uces definite stresses 
and changes of form, is the principle on which the follow. 
ing inquiry is based. It will: be best understood by a 
reference to Figs. 1 and 2, in which the black lines A B 
represent part of the outer cylinder and C D part of the 
inner cylinder. 

In Fig. 1, let E F be part of a section of an imaginary 
shell in between the inner and outer shells, aj] 
the stays being severed as shown. In Fig. 2 the stays 
are not sev but the plates are cut up into rectangles, 
A B being equal to the circumferential pitch of stays in 
the outer shell, and C D the pitch in the inner shell, 
The vertical pitch between the rows of staysish. As. 
sume that the rectangular plates h x A B, andh x OD, 
are water-tight but frictionless-fitting square pistons in 
the casing shown in Fig. 2, and that the stay is alsoa 
water-tight frictionless fit in a hole in the centre of the 


ng. 
In Fig. 1, let r. and 7;, be the radii respectively of the 
outer and inner shells, then’ the length of the stays is 
fT. — 7, Letn be the number of stays in each circum- 


ferential row, then the angle a, Fig. 1, is ~) and 
n 
the pitches A B and C D, Fig. 2, are respectively— 
2.r2.sin (™)and 2. ry -sin(*). 
n nm 


The partial pressures p, and p. exist as shown in Fig, 


1, and the tial pressures p, and p, exist as shown in 
zy . 2, The two latter pressures are obviously related as 
‘ollow : 


mx AB=p,x CD or *=", 
Ps 2 

otherwise the plates and stays would move in one direc. 
tion or the other. Let f, and ¢, be respectively the thick. 
nesses of plates of the outer and inner shells, and let a be 
the effective sectional area of the bolt stay ; then if Eis 
the modulus of elasticity, we have in Fig. 2 an increase of 
length r2—1, of stay bolt equal to— 
(3) 
n 
— Ps(r2-7))h. 2.71. sin 


5—_P4 (ro—11)h. 2. 72. sin 
oe" 

a = 6 é. 

E.a (=) adi 


~@ 
In Fig. 1, the increase of the radius 7, is 
8, = Pas (ra)? 


EK. t, 
and the decrease of the radius r, is— 
6, = Mn? 
E . 4 


For 2. sin (7-) write m = angular pitch of stays, 


which is nearly equal toa. In order to solve the above 
in terms of p;, introduce values for— 


vr) r; 
Pe = P25 Pi = P - PRP NK P- P 
then— ‘ ” 
€5 = € (8, + dy) = £3 (12 - n@.hen=(p- m2) 
a T2 


a (ray? + (p — ps)a i 


pats (re - r)m.h +a(% 


pa (2+ (ab) 


p (ea! 4 (ni) 
lo tj 
Ta- 71 (mn? %,.m.h 
to h u 
Here 1; . m . h is the area of the portion of the inner plate 
which is supported by the stay bolt of the sectional area ¢. 
Having found p;, the values of p,, po, and p, are easily 
determined. 
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TasLe SHowine CHANGES OF PARTIAL PRESSURES AND Stresses Dur TO SMALL CHANGES OF DIMENSIONS. 





| RESULTING PARTIAL PRESSURE 
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' 
Resv.tine Stress CHANGES. 








DiIMgnsion CHANGES, Cnaners. Stays. Inner Shell. Outer Shell. 
———— o as ad ——— - — Se 
Pr» | Me Pr | Pe Tension. | Bending. | Compression. | Bending. Tension. 
api ees cece | eee 
per cent per cent per cent/per cent! recent. | r cent. per cent. | per cent. percent. 
+ 10 per cent. plate thickness - 34) - 84/4 23> + 5.0] = a4 | Pame0. 2 + 166 —20.2 — 45 
+10 ,, stay diameter + 5.8) +58 )| - 47.9) - 85 -1226 | + 5.8 — 47.9 + 5.8 - 85 
+10 ee outer radius, Mi --| +13 — 7.9) - 112! +22.6 - 7.9 +18 - 11.2 - 7.9 + 1.8 
[> Scoeal eeaies and)} 415.2 +152 -1963 -228| +994 | +804 -1963 | +904 -23 
| 





perfectly free to move, and yet will not allow water to 
pass ; then, on applying a pressure in the annular space, 
the two plates will separate from each other by an amount 
which can be estimated. If nuts are then screwed on to 
the ends of the stays, and these are subjected to tension 
stresses, the two will be drawn closer together, and 
the bolts will elongate. Clearly, the screwing up of the 
bolts has the same effect on the shells as reducing the 
internal pressure, so that in our inquiry we may split up the 
available pressure into two partial ones, one ucing cir- 


” — read before the Institution of Naval Architects, 
March 14, 1913. 








An annular superheater, of a type which was quite 
common in steamers about thirty years ago, may serve 
as an example. Height of superbeater, 14 ft. 1he re- 
spective diameters of the two cylinders are 72 in. a 
108 in., so that 7, = 36 in. and r2 = 54 in. The two cir- 
cumferences are held together by rows of bolt stay®, 
yee 14 in. apart. Each row has twenty-four stay* 

| 


herefore— 
m = 2 sin ar) = 0.261. 
24 
and the circumferential pitches in the outer and Gur 


shells are respectively 14.1 in. and 9.4 ia. The 
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nesses of the plates of the outer and inner shells are § in., 
and the bolt-stays are 14 in. in effective diameter, so that 
the effective area a is 1 sq. in. 

Seeing that the inner cylinder, if 14 ft. high and un- 
stayed, would be permitted to work at a re of 35 1b. 
per sq. in., and seeing that flat plates with stays pitched 
14 in. by 9.4 in., as above, would be allowed a working 

ressure of 85 lb., it is probable that a stayed super- 
eater of the above yey an . oa roved of for 
a working pressure 0! + = per sq. in., 
unless the tube length be taken to be — to the pitch 
of the rows of stays (14 in,), under which supposition a 
pressure of 115 + 85 = 200 lb. per > = might be 
permitted. It will here be assumed that p = 120 lb.; 
then, according to the above formula, the partial pres- 
sures are— 


p,. 36 [18 . 0.261 . 14 + 1. (86.4 + 57.6)] = 120.1 
(4666 + 2073). 


p, — 120. 6739 : 7553 = 120 . 0.893 = 107.1 Ib. per sq. in. 
ps = p; 36 : 54 = 107.1. § = 71.4 lb. per sq. in. 
Po = p — Py = 120 — 71.4 = 48 6 Ib. per sq. in. 
Dp, = P — Pp; = 120 — 107.1 = 12.9 Ib. per sq. in. 

The stress in the stay-bolt is S = p, x 14 x 9.4:1 = 
107.1. 131.6 = 14,094 ib, or 6.3 tons per sq. in. The 
tension stress in the outer shell is S, = 48.6 x 54 x § = 
4199 Ib., or nearly 2 tons per sq. in. The compression 
stress in the inner shell is S, = 12.9 x 36 x } =743 Ib., 
or about 4 ton med sq. in. 

It will thus be seen that the fitting of bolt-stays very 
materially reduces the circumferential stresses in the two 
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cylindrical plates, but it must not be overlooked that 

pull of these stays sets up the same class of bending 
stresses as in flat plates. Thus, in the case of the 
outer shell, we have }{-in. plates and 14 x 14.1-in. 
pitches, for which the permissible pressure would be 
61 lb, per sq. in. if dealt with as os a flat plate. But 
the partial pressure p, is 71.4 lb., which creates a bending 
stress in the outer shell, which is 17 per cent. higher than 
that due to the permissible pressure of 61 1b. As the cir- 
eumferential stress S, intensifies the maximum bending 
stress near the stay-holes by about 2 tons per sq. in., & 
rather high total stress is the result, and for a worki 
pressure of 200 Ib. the resulting stress might be deem 
excessive. The permissible pressure on flat plates, stayed 
like the inner shell, is, as previously stated, 85 Ib. per 
8q. in., whereas the partial pressure ps, which produces 
bending stresses in this shell, works out at 107.1 lb. per 
8q. in., or 26 per cent. higher than itted by rules. 
In this case only 4 ton has to be added for the circum- 
ferential stress, but the total stress is certainly higher 
than intended. 

The severe tension stresses in the bolt-stays and the 
severe bending stresses in both shells are due to the com- 
paratively high partial ures p; and py. Modifica- 
tions of the boiler cumaliten and dimensions will alter 
these stresses. 

Thus, if the thicknesses ¢, and t, were to be increased 
by 10 per cent., p; and p, would reduced by 3.4 
cent. The stresses in the stay-bolts would be reduced by 
the same amount, and the bending stresses in the plates 
hy 20.2 per cent. If the diameter of the stay-bolt were 
to be inereased 10 per cent., resulting in an increase of 
Se cent. in its sectional area, a, then ps; and 7, as 

as the bending stresses produced by them in the 
plates, would be increased 5.77 per cent., and the stress 
in the stay-bolt would be reduced 12.6 per cent. These 
- pa and a few . yo age poe in > ae — 
on =o prosens page. y refer, of course; only to this 
— ar superheater, having shells of 108 in. and 72 in. 
eter. 


When large departures from any previous design are 
to be made, the changes in the paneel pocseanee and in 
the stresses can be roughly estimated by a similar process 
to the above, and subsequently more exact values can be 
obtained by using the formule, which, unfortunately, 
are rather too complicated for the direct fixing of the 
scantlings of stayed boilers. For instance, in the above 
example the customary bending stresses in plates and 
tension stresses in stays will not be exceeded, while the 
circumferential compression stress will be reduced to 
nothing if the cylindrical plates are made { in. thick, 
and the stays 7 in. diameter. With this thickness of 
plates, but with the stays removed, the permissible 
working pressure of the internal cylinder would be 


tive retardation R between the ordinary and extraordi- 
rays, which is proportional to the stress difference 
to the thickness T of the plate. If pr, p are the mag- 
nitudes of the principal stresses, the law is very approxi- 
mately given by 
R = c (pr - » )T, 


where c is an optical constant. 

The stress difference p, —p; may be measured directly 
by mechanical or optical means, and it has been shown 
experimentally in simple cases, that the results agree 
very closely with the calculated values, and also with 
other experiments where the stress distribution is inferred 
from strain measurements at the surfaces of iron and steel 


68 lb. It cannot, therefore, be said that stays are | members. 


worse than useless; in any case, they may be of service 
as safeguards against collapsing of overheated plates, 
and they may help to keep distorted furnaces in shape. 
Generally, however, it will be found that the fitting of 
stays to weak furnaces of donkey boilers intensifies rather 
than diminishes the stresses to which they are subjected. 
Estimates of the stresses in existing stayed donkey boilers 
should prove of interest, for in most cases they would 
reveal that the stays are subjected to higher stresses ths 
10,000 lb. per sq. in. without failing, that the partial 
pressure p; on the inner cylinder is sometimes higher 
than the actual pressure p,, resulting in circumferential 
tension stresses, and that both p, and p, are something 
much higher than would be allowed on stayed flat plates. 
Nevertheless, as there are only three records amongst the 
Board of Trade reports of the explosions of boilers 
stayed in this manner, of which two were due to unknown 
over-pressures, it would not be advisable to condemn it 
merely because the stresses in these stays and plates ave 
higher than those sanctioned in other parts of boilers. 





THE DISTRIBUTION OF STRESS DUE TO 
A RIVET IN A PLATE.* 


It is, however, not n to rely on such agree- 
ment to ostablish the validity a an optical method, since 


the theory of elasticity shows that if a material fulfils 
the conditions of a perfectly elastic body the distribution 
of stress obtained by measurements upon it is applicable 
to other similar elastic bodies, if due allowance is made 
for the difference in the elastic moduli, and provided the 
limit of elasticity is not exceeded. 

Sum of the Principal Stresses.—A plate of elastic mate- 
rial alters in thickness when subjected to stresses in its 
own plane, and this alteration is a simple function of the 
principal stresses. If, for example, both stresses p, and 
pr at a point are tensions, there is a lateral contraction of 
amount (p, + pr ) T/m E, where E is the modulus of direct 
elasticity, and m is Poisron’s ratio. These latter quan- 
tities, although somewhat difficult to measure accurately, 
can be determined experimentally, and the values of 
ey pe ) ata point evaluated as an average throughout 
the thickness of a plate. Having obtained the sum and 
difference, it is a simple matter to state the values of 
prand p separately, thereby affording a complete ex- 
perimental solution of the problem of plane stress. 

The principle of the method of determining the sum 
of the principal stresses was described by Professor 
Mesnager* in 1901, and he suggested that the minute 





By Professor E. G. Coxer, M.A., D.Sc., A iate, and 
W. A. Scostr, B.Sc., Wh.Sc. 
In a former papert one of the authors described some 
measurements of the differences of ae stresses at 
ints in plates having notches and holes of various kinds. 
fs the majority of these cases the stress distributions were 
such that the minor principal stresses either vanished or 
were of little importance. In many practical md 
however, both principal stresses are of considerable magni- 
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tude, and it is then important to obtain each stress 
se) tely. 
The a paper describes a general method for 


determining both the sum and the difference of the 
principal stresses at a point in a plate, considered as 
averages taken over the normal at the point, and bounded 
by the two faces of the plate. The experimental deter- 
minations, therefore, correspond to the mathematical case 
of generalised plane stress, and the methods a 
here to examine the distribution of stress ca by a 
rivet bearing against a plate; some applications to other 
problems are pany briefly stated. ’ 
Difference of Principal Stresses.—It is well known that 
tes of glass, celluloid, and like transparent bodies 
me temporarily doubly refractive when stressed, and 
that in polarised light there is, in consequence, a rela- 





* Paper read before the Institution of Naval Architects, 


March 14, 1913. ; 
+ ta mel of the Institution of Naval Architects, 


h in the thickness of glass plates due -to stress 
might be measured by observing the interference bands 
due to two plane mirrora, one of which is fixed and the 
other secured in such a way that any change in thickness 
of the plate causes a change of position of the movable 
mitror, and a corresponding alteration of the interference 
bands. In the determinations of stress, described below, 
xylonite plates are used, having a modulus E of approxi- 
mately ¢,th that of plate-glass, so that very delicate 
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optical measurements are not essential, and an extenso- 
meter is employed instead. 

Description of the Instrument for Measuring the Change 
in the Lateral Dimensions of a Plate.—This apparatus is 
shown in elevation, Fig. 1, and in plan, Fig. i. od its 
construction is simple and in some respects unusual. An 
important feature of the cotemnanatts is that ho lover 
measuring portion is supported by a separate clamp C, 
and therefore the points which are used to give the 
measurement required are reserved for this purpose, 
while the force with which they grip the specimen can be 
adjusted to any required amount. 

_The independent supporting clamp C consists of a bent 
piece of steel strip provided with screws which grip the 
specimen above the part to be measured. spring 
form of the — is advantageous, because the —~ 
is still gripped firmly even after it contracts laterally 
under tension, and a new clamp can be easily made for 
any work for which the form shown would not be suitable. 

e -o | portion of the instrument is supported 
by broad strips 8 of thin flexible steel, and the measuring 
— - eens of the — screw ws and a 

unger P. springs are adjusted to press the point 
of the calibrating screw very lightly against the eugene, 
when the line between the measuring point is brought 
normal to the surface by the adjusting screw A 8S. A 
divided disc is a frictional fit on the screw, and serves for 
calibration by working over a —_ wedge W on the 
main frame. is arrangement has the advantage 
that the calibrating disc can be kept close to the fixed 
point W. The plunger is held against the specimen by a 
very light conical spring, but it is probable that it would 
be more convenient if this were omitted. A point on the 
lever L is kept in contact with the end of the plunger by 
the tension ef a spring TS. A rod R on the lever sup- 
ports an arm A perpendicular to aspindle which carries a 











1911, Part I., page 265. Enorverrine, April 21 and 28, 
1911. 


* Budapest Congress of the International Association 
for Testing Materials. 
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concave mirror M. Thearm A of this mirror is. prolonged 
to throw the mirror spindle out of balance, thereby main- 
taining contact between it and the vena, R. | 
If the specimen be put in tension it contracts laterally, 
the plunger P moves in and allows the lever L and dis- 
tance piece R to move in an upward direction, thereby 
causing the mirror to point in a downward direction. An 
ordinary galvanometer lamp and a scale are used in con- 
janction with the mirror for reading the contraction or 
expansion. A division on the le ot a millimetre is 
equivalent to two millionths of an inch change in the 
lateral dimensions of the specimen. The average lateral 
contraction due to the stress is approximately one quarter 
of a thousandth of an inch, and a high degree of sensitive- 
ness is therefore essential in order to obtain trustworthy 
results. The value of thesum of the principal stresses 1s 
most conveniently obtained by comparing the readings at 
the point considered with those at a point on the same 
ae where the only stress is a known simple tension. 
is method avoids the laborious arithmetic which is 
involved by a direct reference to the numerical values of | 
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The values for various points along the section are |p: — pr 


shown as ratios of the mean stress p in the accompanying 
Table I., and the sum and difference values are included 
for comparison with the experimental results. 


Taste I. 

















| 
| 
. 10 | 1.25 | 1.50 | 2.0 3.0 4.0 | » 
| 
», 
= 3 | 1.9834 | 1.519|1.219| 1.074 | 1.050 | 1 
| 
P, | | 
= 0 | 0.846 | 0.870|0.281| 0.148 | 0.090 | 0 
P, + P, | | | | 
— 3 | 2.280 | 1889/1500] 1222 1.140, 1 
| 
Pr = P, | | | 
> 3 | 1.588 | 1.149] 0.938! 0.926 0.960; 1 
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E and m. The material used here has a modulus E = 
257,000 in pound and inch units ; the value of Poisson’s 
ratio m is 2.24 in the direction of the thickness of the 
plate, and 2.45 in the direction of the breadth. 

Tension Member with a Central Hole.—In order to show 
that the measurements described above may be relied 
upon to give fair approximations to the principal stresses, 
we may briefly refer to the state of stress at the minimum 
cross-section of a tension member with a single rivet hole 
(Fig. 3). So far as we are aware, the stress distribution 
for such # case has not been calculated, but, if the plate 
is sufficiently wide, so that the influence of the straight 
boundaries may be neglected, it can be shown* that the 
stresses at a point P distant r from thecentre of the hole, 
radius a, on a line inclined @ to the axis are— 


: _~ 24, _ ¢ _4a* 3a 
Radial stress, pr = 5 {1 “+ (2 oo +58") cos 0 } 

° » Pp a? 3a‘ 
Tangential stress p; 4 {1+ " (1+ = ) e082 0} 
+ Sf) sina 6. 


at 2a? 


2 2 
g(-1- 

At the minimum transverse section these expressions 
give a tensional stress of intensity 3 p at the boundary of 
the hole, rapidly diminishing as r increases. The radial 
stress is zero at r = a, rises to a maximum of  p at a 
distance r = a V2, and then ually diminishes to zero. 
There is no shear stress at this section, so that p, and 
pe are the principal stresses at any point. 

* Foppl, ‘‘ Vorlesungen iiber Technische Mechanik,” 
Vol. V., page 352. See also ‘“‘ The Distribution of Stress 
in Plates having Discontinuities, and Some Problems 
connected with it,” by Dr. K. Suyehiro, ENGIngERrna, 


Shear stress p+ 








September 1, 1911, 





The experimental case examined necessarily differs 
somewhat from this ideal case, because the plate is 
limited in width, and it will be useful to point out what 
differences are caused thereby, in order te show that the 
correspondence cannot be perfect. In the experimental 

late with a width four times the diameter of the rivet 

ole and a thickness T, if the law for p; is assumed to 
hold, the total pull P across the minimum section is 


given by 
e 24% 
P or | ( +o 


4a 
2 
2 


a 


+ Sa) ar =7.784 pT a, 


instead of 8 p T a, which shows that p;, as given by the 
formula, is about 3 per cent. low. Again, at the extreme 
points of the horizontal cross-section, the radial stress pr is 
n ily zero, and not 0.090 p as given in TableI. We 
may, therefore, expect low values of p, at, and near, these 
points. We infer generally, that in the determinations 
of stress difference the correct values are probably higher, 
and for the sums, lower, than those given in the table, 
particularly at the edges of the plate. 

Measurements of the Principal Stresses at the Cross-Sec- 
tion of a Central Hole in a Plate.—The measurements of 
the sums and differences of the principal stresses, obtained 
in the manner descri above, are, for convenience, 
expressed in terms of the mean stress p at a distance from 
the hole, and are shown in Table II. These determina- 
tions are plotted in Fig. 4 (above) in firm lines, while 
the corresponding values of Table I. are indicated in 
dotted lines, and, as will be observed, they bear out the 

conclusions stated above. 

As the points for each kind of measurement do not 


correspond, imtermediate value of m + Pr have been 


Pp 
taken from the curve passing through the observations 
recorded above, to agree with the observations of 











We then obtain the values shown by 
Table III., giving the principal stresses at four points 
of the cross-section. It was found impossible with the 


specimens employed to measure the sum of the 
principal stresses at the boundary of the hole; but in 
this case the sum and difference are equal, and an optical 
measurement gives a value of 3.29 p, or rather higher 
than the approximate theory indicates. 

The values of the stresses p,, p are plotted in Fig. 5, 
and they Pn @ very fair agreement with the values 
shown by dotted lines of Table I. The differences which 
occur are precisely those which may be expected: the 
tension stress across the section is greater point for point 
than the approximate theory indicates, while the radial 
stress is low, and practically vanishes at the outer 
boundary, as we know it must. We are, therefore, fairly 
entitled to conclude that such measurements will give 
very approximately the principal stresses at a point, and 
thereby afford a complete experimental solution of the 
stress distribution. 









Fig. 8. 
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Fig.13. 










































Tas.e II. 
: 1.2 14 | 1.92 /| 228/ 28 32 | 3.72 
Pr +Pr | os7 | 9.955 | 1.62! 1.44! 1.167 1.134 | 1.082 
Pp | | } 
a 10 | 15 | 20 | 80 | 4.0 ~- |= 
a 
Pe - Pr | 3.09 | 141 | 1.19 | 1.09! 1.08 - |- 
p 
Tasie III. 
) —— 
r | B+ Pr | me - Pr an ae 
208 f. p | p 
1.5 2.00 1.41 1.70 0.295 
2 1.56 119 «=| 1.37 0.185 
3 1.15 1.09 1.12 0.03 
4 1.06 1.08 107 | «- 0.01 


Tension Member with a Rivet in a Hole.—The former 
case was taken mainly to check the accuracy of the com- 


bination of optical and lateral strain measurements, wre 





the experimental results can be checked by an ap 
mate It is also a prelimi step towa 
case of a rivet in a plate, when the pull is applied through 


the rivet. f 

The present case is an intermediate one, since We 
are now concerned with a tension member having * 
plug of xylonite fitted in the central hole. It corre 
— to the case of an idle rivet. The measurements 
obtained are shown in the accompanying Table IV., snd 
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the princi stresses are shown in Table V. These 
results, plotted in Fig. 6, page 440, show \the value 
of lateral! strain measurements, as the optical appear- 
ance gives a strong impression to the eye of a radial 
compression, due to the grip of the plate -on the 
rivet but the values of the stress differ are 
very similar to those obtained with a free“hole. This 
value is slightly higher at the hole, and it remains 
about 3 per cent. higher, except at the edge of the 


late. 
” The sum values of the principal stresses are lowered by 
the introduction of the rivet, and instead of a maximum 
at the hole, we now obtain the test value at about 
i a. This indicates a considerable radial compression 
between the rivet and the plate, which decreases very 
rapidly across the section. © principal stress curves 
(Fig. 8) confirm the above conclusion, and they 
indicate that the radial compressive stress quickly 








also| The stress distributions have also been d 

















fluenced somewhat by the material of the rivet pressed 
against the boundary of the hole; but so far as the 
optical effects are concerned, the effect of a xylonite 
rivet is not very different from that shown for a s 
rivet. Owing to there being no xylonite available suffi- 
ciently thick to make models of rivets, a ring of this 
material was pressed nst the boundary by a small 
central pin of steel. e distribution of stress is much 
affected by the distance to which the plate extends 
beyond the rivet. If the plate has a considerable over- 
lap the lines of principal stress spread further into the 

late beyond the rivet, and the variations of stress are 
ame rapid than those in which the overlap is small. 

A general ides of the forms of these lines is shown by 
Figs. 8 and 9, in which the overlaps, measured from 
the edges of the rivets, are 6.54 and 2.34 Me may 

i y deter- 
mined by a combination of optical and strain measure- 


near the rivet, since the values plotted are tensions, and 
there cannot be a tension between the rivet and the 
plate. It is quite possible that there is a compression 
stress here, but from the results of these experiments, 
which are in the nature of a preliminary application of 
combined methods, we are not pre at moment 
to specify the stress at the hole. ere seems to be no 
doubt that, with larger and consequently more accurate 
apparatus, this, and other measurements omitted here, 
could be obtained. low the rivet on the centre line 
the material is subjected to very intense radial pagret 
sion, which diminishes very rapidly, and is negligible as 
the end of the plate is approached. ’ 

The measurements also indicate a tangential compres- 
sion stress at the hole of great magnitude, rapidly decreas- 
ing to zero as the distance r increases, and then changing 
to tension of gradually increasing amount up to the edge 
of the plate. 






































changes to a tensile stress, but of lower value than that 
found in the earlier example. 

The radial stress should be zero at the edge of the 
plate, but the experimental results indicate a small error 
mm compression. i to the fact that these 
values are found by the differences in observations by two 
entirely different methods, this result may be regard: 
as satisfactory. The tensile stress at the outer edge of 

plate is slightly smaller than in the former case, but 
the ‘qrnceal distribution is similar in character. The 
visual effect observed for the case of a steel rivet in a 
plate shows that the colour effects around the rivet are 
somewhat more intense than in the case of a xylonite 
rivet. [Professor Coker also showed an example in which 
four holes occurred in a tension member, in which two 
of the holes carried steel rivets, so that the optical effects 
could be com with those at the other two holes in 
the plate. The additional radial stress produced by the 
Tivets was shown by an increased optical effect, and a 

ular, but somewhat smaller, increase is obtained with 
& rivet of the same material as the plate. } 

Force Transmitted Through a Rivet ina Plate. Cuse I. 
~The final case examined here is that in which the stress 
in the plate is caused by a force applied through a rivet. 

general character of the stress distribution is in- 











ments, and the dimensions of the specimens used are 
indicated in the accompanying figures. In the first 
case the overlap is 2.8 times the rivet diameter, with a 
space on each side of 1.5 times this unit. The stresses 
across the section, and along the centre line, are 
recorded in Table VI., the experimental readings are 


ed ——< in Fig. 10, and the principal stresses in Fig. 11. 


n each case tension is considered positive and compres- 
sion negative. The distribution of the longitudinal 
stress is now very different from the preceding cases, 
since the section is subjected to a bending action, in 
addition to the direct tension, with the result that the 
longitudinal tension falls to about # p at the edge of the 
plate. The radial stress is a tension, which diminishes 
as the edge of the plate is approached, but we have not 
been able to trace the variation quite to the boundary 
of the hole. 

The total longitudinal tension across the section must 
be the same in all these cases; since it is equal to the 
total pull applied. The present values are lower than 
those obtai in the former cases, and the curve becomes 
much steeper as the rivet is approached. For equili- 


brium, it appears that the tension at the rivet must be 
very high, probably of the order of 5p. With to 





escend 


the radial stress, it is clear 


that the curve must 
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Tension Applied through the Rivet. Case 2.—In the 
first case the breadth of the specimen is four times the 
diameter of the rivet, and the overlap of the plate beyond 
the rivet is nearly three times this diameter. In the 
pa instance the material is cut down until the 

readth at the two important sections equals the rivet 
diameter in each case. The measurements are of pre- 
cisely the same kind as before, and the results appear in 
Table VII., and are plotted in Figs. 12 and 13, page 440. 

ing first with the stresses across the section, we 
observe that the bending effect is now greater than that 
of Case I., on account of the diminished width and the 
lessened section below the hole. The tensile stress 
practically vanishes at the outer edges of the plate, and, 
since the mean average tensile stress is 1.5 p, the 
remaining part of the p; curve must be very steep, with a 
very high stress intensity at the edge of the ho! The 
radial stress determinations show a compression between 
the rivet and the plate, but as r increases this stress 
changes sign and becomes a tension. The experimental 
results, in fact, indicate a small radial tension at the 
outer edges of the plate, where it must be zero, as the 
dotted curve indicates. This value affords an indication 
of the combined possible errors of both sets of measure- 
ments, and the discrepancy is probably due to small 
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initial errors in the testing-machines employed to exert a 
pull or push on the calibrating member, and to load the 
t pecimens themselves. , F 

The measurements on the centre line below the rivet 
show an intense radial compression stress between the 
rivet and the plate; indeed, this point ap to 
more severely stressed than any other. he stress 
decreases very rapidly with an increase in the distance r, 
and vanishes at the edge of the overlap. The tangential 
stress at the hole is also a compression of | ome intensity 
changing sign at about one-quarter of the depth, an 
becoming a tension of considerable amount near the edge 
of the plate. As strain measurements of the kind 
denmstbed bere can be made very close to a boundary, it 
is clearly an advantage to make experiments on speci- 
mens of considerable size. If the linear dimensions of 
these two cases were quadrupled, for example, it would 
be possible to continue the stress curves right up to the 
boundary with considerable accuracy. The stress dis- 
tributions have not, so far, been examined for any other 
sections, but the same methods are clearly applicable. 
They have the very considerable advantage of giving 
experimentally the values of each principal stress at 
apy specified point in a ~~ taken as an average 
throughout its thickness. Such optical and mechanical 
methods appear to be capable of extension to groups o 
rivets in one or more plates. Some examples of joints 
have been examined optically, and the colour effects show 
features of symmetry, which give some hope of solution, 
although the problem in all its generality is clearly very 
complicated. In all such cases it appears desirable to 
work with large-scale models, much larger than we have 
used here, since the sums of the stresses can then be 
determined close up to the boundaries. 

In conclusion, we desire to express our thanks to the 
City and Guilds of London Institute for the oo ed 
facilities afforded for this investigation, and to Mr. F. H. 
Withycombe for his skill in constructing specimen plates 
free from initial stresses. 





SUPERHEATING AND FEED-WATER 
HEATING ON LOCOMOTIVES. 
Some Effects of Superheating and Feed-Water Heating 
on Locomotive Working.* 
By F. H. Treviruick and P. J. Cowan, Member, 
of London. 
(Continued from page 412.) 
EconomMIcaAL Fgatures OF THE SYSTEMS. 

The Blast.—In a paper on the efficiency of the method 
of creating draught be ae gee of the blast, read recently 
by Mr. H. B. MacFarland, of the Atchison, Topeka and 
Santa Fe Railway, before the International Railway 


Fuel Association, the author showed how disproportionate 
is the effect produced to the power consumed in main- 
taining the smoke-box vacuum. By ensuring equivalent 


output with reduced draught, improvement in this direc- 
tion is secured, and the engine is made freer, in addition 
to the boiler losses being reduced. : 

The use, in all the heater systems here dealt with, of 
part of the cylinder exhaust for = ony ogy equivalent 
to an enlargement of the blast-pipe top. The volume of 
steam driven through the orifice is diminished by over 
12 per cent. The diameter of the blast-pipe top is thus 
virtually increased from the actual 4} in. to a correspond- 
ing 4} in., or from 4} in. to a corresponding 5-in. top. 
Again, enclosing the blast in a com tively small 
chamber, as in the later Egyptian State Railways’ 
systems, increases the inducing action and results in 
com tively high vacua with a larger nozzle than is 

in the standard engine. In the latter a top of 4} in. 
is used above the netting, and produces in front of the 
tube space a vacuum of about 6 in. in normal working. 
With the high-degree superheat system alone, as fitted 
to engine No. 712, it was necessary to reduce the top 
from -| in. to 4% in. to obtain a proper vacuum with the 
reduced quantity of steam then used. Since fitting the 
feed-heaters to this engine (Type C, Appendix I.), 
the blast-pipe has been again e to 44 in., and as 
part of the exhaust is used for f renting, it is now 
virtually one 4? in. in diameter, for about 15 per cent. 
less steam than passes through the standard top of the 
ordinary engine. The size to which this 44-in. top 
actually corresponds is thus about 5 in. in diameter. In 
the case of the engines with a eee feed, or with 
moderate feed-heating and super-heating combined, =. 
tops are used, the virtual size being, therefore, about 
5in. The cylinders benefit greatly by this increased area 
and the resultant reduction of back-pressure. 

With these blast-pipe tops a vacuum of from 6 in. to 
8 in. is obtained in the smal] blast-chamber. This is 
reduced by the resistance offered by the heater-tubes, and 
there is a vacuum in the smoke-box proper of from 2 in. 
to 3 in. compared with 6 in. or more in the ordinary 
engine. This is in accord with the reduced rates of firing 
necessary, te which a lighter draught corresponds. The 
natural accompaniment of the softer draught, which 
allows a thinner and more efficient fire, is higher boiler 
Ss reduced losses in unburnt coal. 

The uction in the Loss of Unburnt Coal. —The 
lighter draught just considered results in less loss in 


unburnt fuel. e Egyptian State Railways engines 
show, age po less accumulation of cinders in the 
smoke-box, with increased economy. In non-heater 


ines the quantity of cinders retained in the smoke-box 
is and after a certain | of run practically all 
cinders coming through the boiler-tubes, except the 
largest, are probably ultimately forced through the spark- 
arrester mesh and ejected. In one class of passenger- 





engines the smoke-box cinders amounted to 2.173 lb. per 
mi uivalent to about 1.87 lb. of coal. In sister en- 
gines, fitted for moderate feed-heating and moderate 
superheating, the ash collected in thesmoke-box was only 
0.796 lb. per mile, equivalent to 0.68 lb. of coal. In 


be | another class of engine with installations of this type, the 


ash retained was found to be 1.168 lb. per mile, compared 
with 3.823 lb. for the non-heater engines, equal to a saving 
of 2.28 lb. of coal in the smoke-box cinders alone, on a 
eonsumption of about 47.75 lb. per mile. 

The engine with the high-degree superheater only, 
showed very similar results, while after the addition of 
the high-degree feed-water heating apparatus, the smoke- 
box cinders collected only amounted to 0.26 lb. per mile. 
Taking into consideration the ash ejected, the actual 
saving is much greater than these figures indicate. On 
account of the lighter draught of the heater engines and 
the obstruction offered by the heater, it is probable that 
a larger proportion of the cinders drawn through the 
boiler tu is retained in the heater engine smoke-box 
than in that of the non-heater. The total saving is 
therefore probably very considerable. Absolute deduc- 
tions, hpwever, are im ible on this point. 

The reason why the heater engines show greater 
economy over the ordinary engines when on stopping 


f| trains than when on fast non-stop expresses, is con- 


nected with the blast and heater. he smoke-box 
heater offers some resistance to the flow of the 

and has the effect of damping the heavy pulsations of the 
blast when the engine is working at or near full gear. 
The fire is not lifted in the same way. The loss of coal 
is thus reduced. This becomes marked when loads are 
heavy and ome frequent, as is shown in Tables VI. and 
VII. (page 411 ante). 

The Reduction in Smoke-Box Temperatures.—A reduc- 
tion in the final temperature of the waste gases naturally 
results from the use of a smoke-box heater. On ordinary 
engines of the class chiefly dealt with in this Paper, the 
temperature in the smoke-box, when on a fast and heavy 
schedule, will be as high as 800 deg. Fahr. with a 6-in. 
smoke-box vacuum. The reduced vacuum in the smoke- 
box proper of the heater engines lowers this. In the case 
of the engines Type A, with the high-degree feed-heating 
system, 750 deg. Fahr. is a typical smoke-box figure, 
while in passing through the smoke-box feed-heater the 

fall further, to about 463 Re Fahr. In the engines 
aang B, with the moderate feed-heating and moderate 


8 

Fahr. and the final temperature 492 deg. Fahr. 

engine Type C (high feed-heating and high-degree super- 
heating) the draught is co light that the smoke-box tem- 
perature is no more than 668 deg. Fabr. at heavy load, 
and about 634 deg. Fahr. on a slightly lighter rating, 
with final temperatures of 410 deg. and 389 deg. Fahr. 
eapertiodls, the steam temperature being about $30 deg. 
r. 


EconoMy AND PERMISSIBLE ENGINE WEIGHT. 
It has already been stated that if increase of weight 
permit, an enlarged boiler will result in a certain d 
of economy. upon American practice, Dr. 
has drawn the full line AB, Fig. 15 (below), to show 


Fig.15. RELATION OF ECONOMY OF VARIOUS 
SYSTEMS TO INCREASE OF WEIGHT. 


} Len, Type C. 
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the economy that would be expected when an allowable 
increase in weight is utilised in enlargement of the boiler 
capacity of an engine. No great improvement can be 
looked for by the use of this am ey with other methods 
available. ordinary stan 4-4-0 engines — 
724 class) of the Egyptian State Railways weigh about 
~ 4, | = ewt. without _— The pegs of oe 

y eating apparatus, and a trimming slab at the 
walling end, involves an increase of about 3.75 tons—that 
is, about 7.6 per cent., while coal economy amounting to 
30  <. results from the addition. The Type C 
com tion fitted to engine No. 712 results in an economy 
of 45 per cent. for an increase of 4.75 tons, or 9.7 per cent. 
These weights are comparatively small for the improve- 
ment shown. Points representing the installations. 
PL pee A, B and C, are shown in Fig. 15 (above), and 

dicate the superiority of these systems as compared 
with the mere t of boiler capacity. A further 
point in the diagram indicates the position of the 
Glehn compounds. These my weigh 67 tons 1 cwt. 
without the tender. They show an economy over the 
non-heater four-coupled engines of 13.3 [= cent. on an 
increase of weight of 32 per cent. ud 





rs, March 14, 1913. 


_* Paper read before ‘the Institution of Mechanical 
Enginee 


“additional weight” standard these engines show up 





ages the smoke-box temperature is about 730 deg. 20 
n 


less well than would, according to Dr. Goss, the simple 
large-boilered engine, at least as far as continuous work 
is concerned. However, the heater engines easily have 
the advantage in this respect, both over the large locomo- 
tive, as such, and over heavy compounds of the De Glehn 
type. 

ADDITIONAL Power. 

A diagram complementary to Fig. 15 would be one 
showing the increase of power obtained for the incre. 
ments of weight resulting from the introduction of heater 
systems. Owing to the impossibility of carrying out 
tests in great detail on the Egyptian State Railways the 
necessary information for this is not available. There is, 
however, ample evidence that enhanced power results 
from the use of these systems. Their effect is similar to 
that of the enlargement of the boiler—namely, to move 
the ‘‘characteristic” outwards on the diagram, so that, 
at the usual working speeds, additional capacity results 
in in draw-bur pull, which may be utilised either 
in increase of or load. 

Itis frequently advanced that, because at equal loading 
an economy in coal is shown, at equal rates of firing a 
proportional increase of power is secured. When an 
engine shows 20 per cent. economy in coal (“Sco it 
is held that at — rates of firing the increase in power 


should be “ or 25 per cent. Such an example is 


given in Herr Garbe’s book entitled, ‘‘The Application 
of Highly Superheated Steam to Locomotives,” and 
others are constantly met with. The argument is falla- 
cious. While the coal consumption increases along the 
steep line a, Fig. 2 (page 408 ante), the output, upon 
which power is dependent, only increases along the 
line d—that is, at a much slower rate. 

The effect in the first case of high-degree feed-heating 
(Type A) considered on page 410 ante, is to give the boiler of 
that engine an increase in output of from 531,720 B.Th.U. 
to 632,000 B. Th. U. at equal consumption. This is equiva- 
lent to an increase of 18.8 per cent. compared with the coal 
economy, at equal loads of 24 per cent., and with a figure 
of 31.5 per cent. found by the common method. If general 
conditions remain unchanged, the increase in available 
ed is greater than 18.8 percent. If at speeds of about 

0 revolutions per minute the power absorbed in engine 
friction be taken, for the sake of an example, to be 
per cent. of the total, the actual increase in 
power available for overcoming external resistance, 
of the feed-heater engine, is not 18.8 per cent., but 


il Pod x 100 = 23.5 per cent. 


_ In the second case (Type B installation), the increase 
in boiler output would Apege 411 ante) from 514,560 
B.Th.U. to 632,000 B.Th.U., or 22.8 per cent. 
equivalent to 28.5 per cent. extra power. In case III. 
considéred on page 412 ante (Type C installation), 
the combined boiler and superheater output would be 
increased frum 457,050 B.Th.U. to 632,000 B.Th.U., or 
38.2 per cent., equivalent to 47.7 per cent. extra available 

wer. It is here assumed that the heater engine smoke- 

xes are normal. Actually this is not so. Head resist- 
ance must be combined with internal engine resistance 
— estimating additional power at the draw-bar, or 

ing. 

‘Additional power has resulted from all the heater 
> age mg on the Egyptian State Railways. Table1X. 
shows the results for the trials of Engines Nos. 711 
(rype A installation) and 695, described on e 410 ante. 

‘a! III., page 411 ante, also shows that, in ordinary 
service, Engine No. 711 with heaters has averaged heavier 
trains than when the heaters were out of use, and also 
trains heavier than sister non-heater engines. Other 








engines showed similar results. 
TaBLE IX.—Additional Loading of Feed-Heuter 
Engine No. 711. 
Engine | Class of er. Actual —- we Lene 
No. Train . ei | Load. a 
Coal per Mile. Engine No. 711. 
tons | tons tons | per cent. 
7il 250-300 30.2 * 268.3 61.5 29.7 
695 Under 250 31.3 206.8 " be 
711 350-400 38.2 362.4 94.8 35.4 
695 250-300 38.2 ee: 7a 





The engines fitted with the Type B arrangement are 
regularly employed for the heavier trains. _ oo of 
one class in Upper Egypt were p ne converted: ¢ 
meet the demand of the traffic department for more 
power, when it was not expedient either to purchase new 
stock or to strengthen the road sufficiently for engines of 
much greater weight. They have averaged loads about 
20 tons greater, at a smaller consumption, than the 
ordinary sister engines, and are capable of dealing 
economically with still heavier loads ines Nos. 706, 
714, &c., work in a link with large De Glehn compounds 
and heavy 4-6-0 type passenger-engines, and handle, well 
to time, trains of 405 tons tare behind the tender ; 
is an increase of about 50 per cent. above the loads for 
which they were originally intended. They average 
rly 360 tons compared with the 270 tons for which 
this class of engine is scheduled. F 
The limiting load of engine No. 712 (Type C installa 
tion) has not been determined by steam production. 
This engine runs in the link of heavy trains, and, as far 


De | as ability to keep time is concerned, is thoroughly effi- 


cient. Its capacity is limited by the risk of running hot 
with the additional loads at high speed. The 
surfaces are not now up to the standard suitable for load- 





ged by the. 


ing the engine to its maximum capacity. These points 
could be ae in the case of new engines, while if, for 
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these reasons, the fullest advantage cannot be taken of 
increased power after conversion, the engine will always 
give some increase in hauling capacity with very consider- 
able economy in coal —— The additional load 
taken, at equal consumption, by the pe State Rail. 
ways heater engines, is greater than the estimates based 
on the diagrams given in the paper. Fig. 12, page 410 ante, 
shows this to be correct, the consumption lines for heater 
and non-heater engines having different slopes. This must 
be attributed partly to the smoke-box heater and its 
moderating effect on an increase of vacuum. 


PRACTICAL FEATURES. 


Certain matters bearing on the value of the systems 
dealt with in this paper have been reserved for Appen- 
dix IT. [to be reproduced later], since they are largely 
affected by local conditions. Practical features of general 
interest will now be taken. 

As the Type A smoke-box heater has been discarded, its 
features will not be discussed. Thesmoke-box heater in 
the Type B installation employed on engines like No. 706 
isits superior in every way. The }-in. tubes used give 
nu trouble. All the attention these heaters receive is to 
have the front tube-plate swept down with a wire brush 
when the smoke-box is being cleaned. The tubes keep 
clean along the bore, and are self-clearing, with proper 
arrangements at the chimney end of the heater. 

A fiue-door was introduced into the uptake in the 
case of the installations, Type B and C, Appendix I, 
in order to the gases of combustion direct to the 
chimney while raising steam, thus enablin lighting up 
to be carried out in the ordinary way. ithout thie 
means of temporarily cutting out the heaters the engines 
would take longer to get ready. In the last type (D) a 
flue-door has not been necessary, for, owing to the more 
direct flow and to the use of tubes of rather Pa od bore 
(3 in.), the resistance to the gases is less and lighting up 
takes its normal course. : 

The systems described require no special skill in 
operating, such as is needed, for instance, with com- 

nds with independent cut-off. The installation 
Pype C requires the small amount of additional attention 
involved in the working of high-degree superheater 
engines. With engine No. 712 this is eliminated, so far 
as operation on the road is concerned, because the super- 
heater elements are never raised to the a tempera- 
ture, roe | to the greatly reduced draught. It appears 
probable that, with so light a draught, the superheater 
element loops might be lengthened somewhat without 
harm, provide? that the dampers were properly main- 


tained. 

In the Type B arrangement there are no adjustments 
to be made nor dampers to be considered in connection 
with the smoke-box heater, which needs no attention. 
No change is involved with this se in lubrication prac- 
tice, the temperatures attainable with the waste- 
heater not being high enough to give trouble. Slide- 
valves with sight-feed lubrication may, therefore, be 
retained. Mechanical lubricators are, however, gradually 
replacing the sight-feed type on the Egyptian State 
Railways, but quite apart from any connection with the 
heater systems. 

The waste-gas smoke-box heater is et to tem- 
peratures having a maximum in the neighbourhood of 
70 deg. Fahr. At these temperatures there is no risk 
of damage if the heater be empty of steam when it is 
used for superheating. During any stop a certain amount 
of hot gas continues to pass from the fire-box to the 
chimney by way of the heater, which is thus kept up 
reasonably near to its working temperature. The use of 
the blower, or the act of blowing off the brakes, increases 
this flow, and superheat results from the start. The 
smoke-tube superheater, on the other hand, takes several 
minutes to reach its working temperature, unless special 
arrangements are provided. These points have an effect 
on the economy shown in stopping service. 

If the smoke-box heater used for feed-heating, it 

mes effective as a thermal storage system during 
stops and periods of light work such as drifting. The 
pe gure in this heater may rise to 360 deg. Fahr. 
(with 180 Ib. pressure) during a stop, although the 
exhaust heaters are not then in operation, and there is 
thus a supply of hot water ready for transfer to the boiler 
at the first demand. The same applies in drifting. This 
form of thermal storage, taking advantage of otherwise 
waste products, is a gain in every sense. Both in feed- 

ing and in superheating the harder the engine works 
the higher the temperatures attained. On rising grades, 

fore, when all the steam is needed, the feed tempe- 
rature and superheat are both rather above the average. 
In normal working, with about 30 per cent. or so cut-off, 

steam pressure in the exhaust-steam feed-heaters 
amounts to about 3 lb. per sq. in. The delivery from 
these heaters then has a temperature about 210 deg. Fahr. 
When working hard with later cut-off, the pressure may 
nse to 4.5 lb. per sq. in., equivalent to a steam tempe- 
tature of about 226 deg. Fahr., and slightly higher feed 
‘emperaturesareobtained. In the case of the smoke-box 
aeater, the greater draught with the increased cut-off 
Involves an increase in the smoke-box temperature, 


hrourable to an increase in feed temperature or super- 


When smoke-box feed-heating is installed, care must 
taken when the regulator is closed, in order to avoid 
byes and the nuisance caused by blowing off. The use 
of the injector is then recommended instead of the pump, 
lm order to reduce the risk both of blowing off and of 
rg from leaky heater-tubes. 
tis found advisable to blow the feed-heating system 
Ronee at regular intervals. On the Egyptian State 
it Ways this 1s done after ahout 300 miles when over a 
Pitordrain. A tumbler-cock fitted on the pump side of 
main exhaust-heaters, wit) a drain-pipe set in towards 





the pit, is opened, and the special clack, Fig. 16, is then 
raised off its seat by turning the screwed spindle, which 
engages loosely with jaws on the clack valve-head. The 
heaters are thereupon blown through in series, including 
the smoke-box heater, if used for feed-heating. The pro- 
cess is simple and quickly accomplished, so that it is readily 


Fig. 16. 
COMBINED BOILER 


CLACK AND BLOW! 
THROUGH VALVE. 
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adopted as one of the ular routine duties. A large 
= of the deposit is thrown down in the exhaust 

eaters,“ and this operation removes a considerable 
amount of scale-forming matter. 

All heater systems dealt with are handled equally well 
by Egyptian as by European drivers. The fastest and 
heaviest trains on the system are poguiarty entrusted to 
both classes of men, indifferently. In order to get the 
best results, some little co-operation is necessary on the 
part of the men, but experience has shown that after 
a few days they become fully alive to the benefit of the 
systems, on the heavier trains especially. 

_ It is desired, in conclusion, to place on record an appre- 
ciation of the persevering efforts of those members of the 
Egyptian State Railways locomotive staff who, duri 
the past twelve years, have been closely connected wi 
the development of the various systems dealt with in 


this paper. 
(To be continued.) 











CATALOGUES. 

Iron Cement.—We have received from the Smooth-On 
Manufacturing Company, whose London address is 8, 
White-street, Moorfields, E.C., a pamphlet giving in- 
structions for using their iron cement for stopping leaks 
in the joints of screwed piping. 

Suspension Bridges.—Messrs. John M. Henderson and 
Co., of King’s Engineering Works, Aberdeen, have sent 
us a copy of a pamphlet illustrating some examples of 
steel-rope suspension bridges constructed by them. The 
illustrations show bridges having spans ranging from 
95 ft. to 295 ft., mostly used for foot traffic. They can, 
however, be supplied to fulfil almost any conditions of 
span or loading. 

Air-Filters.—A pamphlet pointing out the advantages of 
Moller air-filters ~ reached us from Mr. H. R. Witting, 
of 41, Berners-street, W., the sole British agent for these 
filters, which are largely used for extracting dust from 
the air supplied to cool the windings of turbo-generators. 
It is stated that each cloth pocket is entirely independent, 
and can inserted, withdrawn, or tightened without 
affecting any other pocket. The filters are also claimed 
to be very easily cleaned, and to have a very low air 
resistance. In the standard pattern the air resistance 
with clean cloths amounts to 1 mm. water-gauge, which 
rises to about 6 mm. after four or five weeks’ working, but 
other patterns with greater and less air resistance are made. 


Roller - Bearings. — Pamphlets relating to “‘ Empire” 
are have reached us from Mr. Thomas W. 
How, M.I. Mech. E., the sole representative of the 
Empire Roller-Bearings Cunuaps. Limited, 17, Vic- 
toria - street, Westminster, 8.W. One of these pam- 
phlets gives prices and particulars of bearings for line 
shafting up to 6 in. in diameter, light, medium, and 
heavy patterns being listed. Another pamphilet gives 
particulars of two series of bearings, one of which is 
suitable for works bogies, trucks, mine-tubs, &c., while 
the other is designed for use on railway-trolleys and in- 
spection-cars, which have to be dismounted quickly from 
their axles. The results of comparative tests of ‘‘ Empire” 
roller-bearings and plain bearings on British tramways 
and on Indian railways are given in a third pamphlet. 
In the tramway tests a saving of 15 per cent. in current 
consumption, due to roller-bearings, is recorded in two 
instances, while one of the railway tests shows a reduction 
in fuel consumption of just over 7 per cent. in favour of 
roller- bearings. 

Superheaters.—A circular illustrating and describing 
one of their sectional superheaters for use with Lancashire 
boilers has come to hand from the Cruse Controllable 


* See Appendix II. 


Superheater Company, 1, Parsonage, Manchester. These 
superheaters comprise four pressed-steel headers con- 
nected by two sets of vee tubes, the steam passing 
through the two sets of tu “in series.” The tubes 
have a stout cast-iron bar of cruciform section fitted into 
each vertical leg, so that in the straight eae the tubes 
are divided into four quadrant-shaped channels. The 
object of these bars is to absorb heat and restore it to the 
steam when the temperature of the flue gases is lowered 
by opening the furnace doors. It is claimed that with 
this arrangement the temperature of the superheated 
steam is kept much more uniform than would otherwise 
be the case. The bars are al imed to increase effi- 
ciency by keeping the steam in better contact with the 
surface of the tubes during its passage through the super- 
heater. Another advantage mentioned is that when 
priming occurs the deposit formed in the superheater 
adheres mostly to the rough surfaces of the cast-iron bars, 
which can easily be removed, cleaned, and replaced. 


Punching, Shearing, and ing Machines. — Messrs. 
Henry Pels and Co., of Lincoln Chambers, 9, Portsmouth 
ana a: a Fields, hehe sa Seep Sones some 
ogue of their -power punching- ines, splitting- 
shears, and bar-cropping machines with steel - plate 
frames. These machines are capable of shearing plates 
up to g in. thick, of punching holes up to 1 in. diameter 
in ?-in. plates, and of cropping angles up to 6 in. by 6 in. 
by } in. section. Combination machines for performing 
any two or all three of these operations are also made. 
A very greit variety of work can be done on these 
machines. For instance, the shearing-machines can be 
fitted with special blades for notching —- tees, &c., 
and for cutting round, square, angle, and tee sections. 
The punching-machines can also be provided with tools 
for notching various sections, and the cropping-machines 
can be arranged for bevelling angle and tee sections to any 
angle up to 45 deg. The catalogue also deals with 
Werner’s portable shears and punching hi for 
joists, channels, and other sections. Full particulars, 
including prices, woe, capacities, &c., of all the 
machines are given. Illustrations of power-driven ma- 
chines for similar work are also included. 


Insulation of Electrical Machinery.—A catalogue of 
my for drying and impregnating the windings of 
electrical machinery has reached us from Messrs. Dryers, 
Limited, 39, Blackfriars-street, Manchester. The appa- 
ratus comprises a vessel, heated by steam or other means, 
in which the coils, &c., are placed, and to which is 
connected a vacuum and pressure-pump, and a vessel 
containing the insulating varnish or compound. The 
vacuum in the vessel is maintained long epough to 
drive off all air, vapour, and moisture from the coils, and 
the connection to the varnish or compound tank is then 
opened to allow the varnish to be drawn in until the coils, 
&c., are completely covered. Air under pressure is then 
admitted, to force the varnish or compound into the 
coverings of the coils; afterwards communication is 
again opened to the varnish-tank, allowing the varnish to 
be driven back into this tank. The coils are then dried in 
the heated vessel, in a drying-oven, or in a room at 
ordinary temperature. It is recommended that the coils 
of machines, or the complete armatures of small 
ones, should be treated in this way with varnish, while 
field coils, small transformers, transformer coils, complete 
stators of ~e = ey machines, and stator coils 
of large ones, should be treated with compound. It is 
stated that when complete armatures, &c., are treated in 
this way, the insulating material is forced in between the 
laminations, and thus helps to reduce eddy-current losses. 
Field coils, &c., when treated with compound, are said 
to be formed into a solid quite impenetrable to 
water, and to retain their insulating properties for a ver 
long time; armatures, &c., insulated with varnish should, 
however, be re-insulated periodically at intervals depend- 
ing on the conditions under which the machines work. 
The catalogue gives full particulars of all apparatus 
necessary for using either varnish or compound, and also 
deals with the Simpson coil-tester, by means of which 
internal short-circuits in any coils can be detected with 
certainty and with great rapidity. 








Tue Russian Cement Inpustry.—The production of 
cement in Russia—at least in St. Peters’ « Y- the 
Baltic provinces—was very brisk last year, the output 
being nearly double that of 1910, when the production 
certainly amounted to only 60 per cent. of the capacity 
of the works. Last year the large harbour, railway, 
road, and canal undertakings, either actually commenced 
or to be shortly taken in accounted for some 
50 per cent. of the total sale. e increased activity 
of the Russian cement factories is likely to result in a 
material reduction of the import of foreign cement. In 
1912 the imports, principally from Germany and Sweden, 
amounted to some 450,000 tons, but for the present 

ear perhaps even less than half that quantity of 
‘oreign cement will be required. The erection of cement 
factories in Russia is proceeding at a comparatively 
rapid pace, and the day may not be distant when Russia 
wil have to face over-production. Whilst foreign cement 
has a fair chance of competing against the home product 
in the districts mentioned above, the Russian manu- 
facturers further up country, in the Moscow district, avail 
themselves of the advantage which the heavy railway 
freight confers upon them, and they have formed price con- 
ventions which have run up prices to such an extent that 
considerable dissatisfaction now prevails, and it bas even 
been proposed to petition the Government for an abolition 
of all duty on cement, a step which, naturally, would be 
energetically opposed by the manufacturers, especially in 
| the Baltic provinces and Poland, where German competi- 


| tion is already severely felt. 
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GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
8260/12. J. Keith and G. Keith, London. Igniting 
rs. (2 Figs.) March 16, 1912.—This invention 

relates to an improved electric ignition device for gas-lamps and 


4 


ts not | ha; 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

8393/12. A. Her’ Kenilworth, and P. V. Vernon, 
Coventry. of Turret-Lathe Slides. 
(3 Figs.) April9, 1912.—This invention relates to turret lathes 


“| of the type in which two or more slides are used. When the stops 


by such slides are set for machining a number of cast- 

e like, all su to’ be the same, it sometimes 

8 that, owing to the castings varying in thickness, the 
position of all the stops 


en 
ings, or 


has to be altered slightly. It is the 


object of this invention to provide simple means for effectin 
such alteration of all the stops without affecting their individu 


design of the turbine buckets. It is usually preferable to provide 
one discharge nozzle a, a! for each water admissién nozzle n, ni, 
A valve vis provided for controlling the supply of water to the 
nozzles n, n'. This valve, as shown on the drawings, is so con. 
structed that one nozzle n, 7! of each row is always open, but 
the other nozzles are open or closed according to the angular 
position of the valve, which is mounted on the shaft b and adapted 
to be actuated by meansof a worm-wheel and worm. Any number 
of nozzles from one to four of each row can be open at a time, 
The valve v, which is of hollow cylindrical form and concentric 
with the turbine rotor, is shown on the drawings as being located 
inside the drum d, but it may be arranged on the outside of the 
drum if desired. Moreover, the valve may be constructed and 





———— the stops being on carriers which are movable to 
bring the various into their operative positi A ding 
to this invention, the two-stop carriers are so arranged that. 
they are capable of slight endwise movement simultaneously. In 
one construction, one-stop carrier A is mounted at one end ina 
bush B mounted in a bracket on the lathe frame, whilst the 
other end is grooved as at C, and is en by a split bush D 
carried by a support attached to the lathe frame. This split bush 
engages a correspondingly grooved part E on the other stop- 
carrier F, the other end of which runs in a bearing (not shown) 
carried from the frame. The stop carriers A and F are of any 
convenient type adapted to carry stops (not shown), and to 
be rotated independently to bring each stop in turn into the 
operative position in the well-known manner. The split bush D 





the like, intended more particularly to be used in conj 
with electrically-opera’ valve-controlliog means of the kind 
wherein an auxiliary supply of gas passes into and through a 
chamber containing a filament joined to electric conductors. 
According to the invention, the cover eushocing the chamber is 
provided or formed with a louvre piece adap’ to divert a por- 
tion of an auxiliary supply of gas from a point external to the 
chamber into the interior of the chamber, to be there ignited. 
Referring to the drawings, the improved ignition device includes 


a small insulating body A, which carries two conductors B, C, 
joined by a platinum filament D, protected by a metallic cover E 
forming a chamber, and having a small adjustable louvre-piece F. 
The ly A is slipped on a tube H serving to lead an auxiliary 
supply of gas to an outlet I, from which a jet of gas is projected 
and directed towards the mantle J. The louvre-piece F is so 
adjusted or set as to catch a small portion of the jet issuing from 
the outlet I, and divert it into the interior of the chamber afforded 
by the cover E, where it is ignited at the filament D, the flame 
issuing through an opening in the end of the chamber, and 
igniting the jet issuing from the outlet I. 7 this means a fairly 
large jet may be ignited without risk of cooling the filament by 
the rush of gas. (Accepted January 15, 1913.) 


17,029/12. The Firm Robert Bosch, Stuttgart, Ger- 
many. Magneto-Electric Ignition. [2 Figs.) Septem- 
ber 2, 1911.—The present invention relates to devices for the 

t tic adjust t, by means of a centrifugal coupling, of the 
time of ignition in internal-combustion engines with magneto- 
electric ignition. In previously-known constructions, the centri- 
fugal ponreas has been inserted between the armature-shaft of the 
electric-ignition machine and the driving-shaft, so that the drive 
of the armature as well as that of the positively-coupled interrupter 
and distributor was transmitted through the centrifugal coupling. 
Since both the driving effort of the armature and also the speed 
are subject to very — fluctuations in these machines, this 
arrangement requires that the centrifugal controller through 
which the coupling is effected should have very large dimensions, 
for which it is difficult to provide sufficient space. The present 
invention obviates this drawback by the arrangement by which 
the armature of the ignition machine is positively coupled with 
its driving-shaft, and a centrifugal coupling is inserted between 





4 
SS 


Sas 





pm 


N <— 
Ss 





the armature and the interrupter, which latter is paindy 
coupled with the distributor. combined mass of the dis- 
tributor and interrupter is relatively small, so that the centri- 
fugal coupling has much less power to transmit, and consequently 
can have much smaller dimensions for the same control. The 
armature of the ignition-machine is driven at the end shown 
broken off in the drawing from the internal-combustion engine, 
so that'no relative adjustment is possible between the driving- 
shaft the armature-shaft. The centrifugal controller ) on the 
armature-shaft a consists, as shown in Fig. 2, of two masses c, 
which are drawn together by springs, fly apart under the 
action of centrifugal force, and at the same time turn about 
the fixed pins e. Pins / attached to the masses c engage in curved 
slots g of a disc h, which is connected to the toothed wheel i, 
which is rigidly connected to the interrupter k, and, by means 
of the toothed wheel /, drives the distributor m. By means of 
the dise A, both the interrupter and the distributor are adjusted 
relatively to the armature without any action on the shaft of 
latter. (Accepted January 15, 1913.) 








is prevented from rotation, but is capable of endwise move- 
ment, and preferably between the abutting ends of the 
stop-carriers lies a collar G which is also prevented from 
rotation. For this purpose the bush and collar may be engaged 
ty a peg H which is —s to slide in a keyway J in the — 
which carries the b D. Thus the bush can move endwise 
ether with the two stop-varriers and the collar G, but the 
collar does not transmit any rotation from the one carrier to the 
other. It will be understood that as the bush engages grooves in 
the ends of the stop-carriers it couples the two together as 
s axial movement. The adjustable bush B lies between 
collars and on the stop-carrier A, and is capable of endwise 
movement, but is prevented from rotation by the key which is 
carried in the bracket O. For instance, as shown, it may be 
threaded at each end and provided with nuts N bearing against 
te sides of the bracket O which carries the bush, these nuts 
being capable of rotation, so that the ——- may be simul- 
taneously moved slightly endwise. It will be clear that the stop- 
carriers A and F are at liberty to rotate independently to bring 
the stops which they carry, and which, for the sake of clearness, 
are not illustrated, into and out of position, but that for varying 
thickness in castings, &c., being machined, it may be necessary to 
adjust all the stops, which is effected by rotating the nuts N, 
which causes the stop-carriers A and F to move endwise slightly. 
(Accepted January 15, 1913.) 


PUMPS. 


4853/12. G. and J. Weir, Limited, and J. Peter- 
moller, Glasgow. Compressors. [4 Fig.) February 27, 


pted to act by an axial, instead of a rotational movement, 
(Accepted December 31, 1912.) 


SHIPS AND NAUTICAL APPLIANCES, 


4761/12. L. W. P. Chetwynd, Mill Hill. Mariners 
Compasses, [1 Fig.) February 26, 1912.—The object of this 
invention is to provide mariners’ compasses, and particularly 
those of the liquid type, with an auxiliary pointer or other suit. 
able course-indicator, which can be readily and accurately set to 
any desired point of the compass-card. The invention consists 
in an improved apparatus of the kind in which means are provided 
to hold the compass-card against rotation, and to revolve the 
pointer or course-indicator, such means being operable from 
outside the bowl. According to the present invention, a positive 
detent is brought into operation to lock the compass-card or 
float-chamber by means of the same device whereby the course. 
indicator is rotated with respect to the compass-card. The 
invention is illustrated with reference to a com of a parti- 
cular type in the sonsmmpanying drawing, wherein a represents 
the bow! of a liquid compass, ) the ter tagger ¢ the float 
chamber, and d the pointer or course-indicator, which may, as 
shown, be fitted with luminous tubes, the lubber’s point or 
points attached to the bowl being also preferably in the form 
of luminous tubes. The pivot of the compass-card or fioat- 











chamber, instead of being fixed, is yieldingly supported ins 
socket, as by means of a spring, being also guided for vertical move- 
ment in this socket as by a pin projecting from the stem of the 
pivot and engaging in a vertical slot of the socket. On the lower 
side of the float-chamber is a serrated or toothed ring, the teeth 
of which are adapted to engage in holes or notches in the edge of a 
disc k, which may, as shown, be integral with the socket, the 
arrangement being such that when the float-chamber is thrust 
downwardly, compressing the supporting spring of the pivot, the 
float-c ber and compass-card will be locked against rotation. 
The course-indicator or pointer d is carried by a ring mounted fric- 
tion-tighc on the stem of the float-chamber, so as normally to 
rotate with the float-chamber and compass-card. When, however, 
the float-chamber is locked as hereinbefore described, the course- 

dicator d can be’rotated with respect to the compass-card, as by 





1912.—This invention relates to apparatus for exhausting or 
compressing air or other elastic fluid by means of an auxiliary 
medium, such as water, which is projected from a rotating tur- 
bine-wheel into a discharge nozzle or nozzles, and by impact and 
entraining action, delivers the air intoand through the nozzle or 
nozzles. e invention consists in a construction involving the 
employment of a ee of discharge nozzles, with correspond- 
ing water-admission nozzles, and means for controlling the flow 
of water, or other liquid, through these nozzles so that the 
number of nozzles in action at one time can be varied as desired. 
In the drawings,.7 is the turbine rotor mounted on a shaft. 

















Inside the rotor is located a drum d, and means are provided for 
supplying water to the interior of the drum, as, for example, by 
the duct u. The drum is provided with nozzles or apertures 
n, n}, adapted for admitting water to the turbine rotor. These 
nozzles are shown in the wings as arranged in two opposite 
rows; but all the nozzles may, if desired, be arranged in one 
row ; or three or more rows may be provided, or the nozzles 
otherwise arranged. The turbine rotor is to rotate 
within a chamber c to which air is admitted by the port p. The 
water supplied to the turbine rotor by the nozzles n, »! is pro- 
jected into the nozzles a, a!, and drives the air from the chamber 
¢ into and through the nozzles a, a@!, which are suitably shaped 
and suitably located with respect to the nozzles n, n!, r- with 





respect to the speed of of the turbine rotor the 


means of the plunger x, which projects through the cover of the 
compass-bowl, and has at its lower end a finger or fingers adapted 
to engage in a notch or notches in the edge of the ring for this 
purpose, the plimger n being normally retracted from engagement 
with the compass-card or its accessories, as by means of the spring. 
(Accepted December 27, 1912.) 


TEXTILE MACHINERY. 


6514/12. T. Wood, Walsden. Looms. [2 Figs.) 
March 16, 1912.—This invention relates to the buffers or checks 
for the pickers and shuttles in which a short strap is connected 
to buffers at both ends of the picker-spindle and passed through 
a loopor - in a bracket attached to the front of the shuttle-box. 
Instead of the swivelling or other bracket hitherto 
applicant = a loop of leather to secure the loose check- 
strap in position. On the picker-spindle A in the shuttle-box 
two loose buffers B, B! of leather or other suitable material are 
mounted, and are connected by a loose strap O in any ordinary 














way. The connecting strap C is brought down in front of the 
shuttle-box and — through a loop D of leather 

thereto. The buffers B, B! are preferably made of leather oF 
buffalo-hide, folded to a suitable shape, with a lining or stiffening- 
ow b of leather or hide, and the short flexible connecting Ly | 

is secured by pins c Dong ye through holes therein. The buffer 

at one end of the spindle A stops or checks the picker E after the 
shuttle has asteeell the shuttle-box, and the buffer B! at the other 
end of the spindle stops or checks the picker as the shuttle leaves 





the shuttle-box. (Accepted January 15, 1913.) 
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COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 
(Continued from page 286.) 

System. — Having described a fully - equipped 
branch so far as the personnel is concerned, we can 
now consider the system upon which it should be 
worked. No system should be instituted without 
giving it serious consideration, as it is difficult to 
alter any system involving such ramifications as 
this will possess without causing a certain amount 
of dislocation. The system now to be suggested is 
based on the working of a large branch ; this while 
not claimed as perfect, is at least workable, and can 
be modified to suit the varied conditions met with. 

Much has been written of the relation between 
estimating and profit ; there should be no miscon- 
ception on this point, the addition of profit to an 
estimate being a function of the commercial side of 
the concern. The profits are not relevant to esti- 
mating, except that careless estimating, when too 
low, may result in diminished profits, or even loss. 
4iThe question of managerial manipulation of 
estimates has been the subject of criticism in the 
technical Press, and although all that has been said 
and written may be true, it does not absolve the 
estimator in the event of his providing an incorrect 
estimate. The estimator should early realise that 
he is employed as an expert in a particular line, 
and however much his work may be altered after 
it has left his hands, it is still his duty to be as 
correct as possible in his estimate of the cost to the 
concern of the articles to be manufactured. 

The function of estimating, as performed by the 
branch, should be on productive lines only. The 
whole of the required percentages relating to the in- 
cidence of indirect expenditure should be calculated 
bya clerical staff periodically for the varying factors 
of shop expenses and other establishment charges, 
notification of any alterations in the percentages of 
these items being conveyed to the estimating and 
rate-fixing staff, to enable them to keep their 
charges correct to date. Thus the whole of the 
data necessary for estimating, outside the actual 
wages and material costs, is particularised and for- 
warded to this central organisation, enabling the 
members to give to the firm the total productive 
value of the articles estimated for. 

Subjecting the work of estimating the wages cost 
to careful analysis, we find that it can be in most 
cases resolved into two sets of factors: (a) the 
basic, relating to actual machine or manual time for 
the performance of an operation ; (b) the unknown 
and variable, governed by the actual conditions 
of doing the work, which must be taken into 
account, including setting of components on 
machines, or handling them in the forging, foundry, 
or fitting sections. It will depend on the accurate 
estimating of this latter factor as to whether the 
wages cost is correct or not. The remainder of the 
charges, with the exception of material, being 
based on these two factors, it will easily be recog- 
nised that this (b) is one of the most important 
factors in estimating. 

The question of costs will not easily be deter- 
mined at the commencement, but in a short time 
sufficient data should be at hand to prevent any 

ing inconsistencies occurring. The whole his- 
tory of all the components produced by the concern 
should be recorded for reference to actual wages 
costs ; the variable items of indirect expenditure, 
being calculated for an estimate when required, 
will be consistent with the percentage of charges in 
existence at the time. 

As before stated, the performance of the two 
functions, estimating and rate-fixing, by the same 
men will, in itself, eliminate the element of guess- 
work from the estimates ; also the data relating to 
wages costs accumulated by them will enable them 
to estimate for work with which they are not 
<r by actual experience. 

m receipt of the request for an estimate, accom- 
panied by drawinge, detailed lists of the compo- 
nents of the articles should be prepared in the 
manner shown in Form I., which will be found on 
pase 446, this form being provided with columns 
or the total wages on the various operations ; also 
for recording the quantity and weight of the 
various materials, and rate value of the casti 
as delivered from the foundry. To facilitate the 
Preparation of the estimate, the whole of the 
estimating rate-fixers should consider the drawings 
of the different components in detail, In the 
case of many small and medium-sized compo- 
Rents the total wages value of the operations can, 


after some experience, be decided at once. The 
larger and more complicated components, however, 
will need to be carefully studied, the various opera- 
tions being analysed in detail, to estimate the 
value of each. The minimum quantity of material 
necessary should be stated in the column provided, 
the rate-fixers of the various sections performing 
the primary operations being nsible for this. 
The foundry rate-fixer should also calculate the 
weight of the castings, making the necessary allow- 
ance for machining, with a percentage for waste 
through defectiveness, the rate value being ob- 
tained by reference to the foundry cost-book of 
materials. Tocomplete the estimate a certain per- 
centage should be allowed—wages and material— 
for waste owing to the failure of components to 
pass material or examination tests in course, or on 
completion, of manufacture. 
hen the operations on the several components 
are being estimated for, the — jigs, tools, and 
gauges likely to be required should be noted, and 
an estimate prepared for manufacture, in the same 
way-as for the components concerned. The total 
cost of the working drawings should be obtained 
from the drawing-oftice, while the pattern-makers’ 
charges will be got from the foundry rate-fixer. 
These items—tools, jigs, gauges, drawings, pat- 
terns, and percentages for waste—should be pre- 
ed as a separate estimate, the resultant cost 
ing distributed pro ratéd over the whole number 
of articles estimated for, thus giving approximately 
the true productive value per article. In the case 
of repeat orders, sufficient allowance should be 
made for renewal of tools and proportion of waste, 
as in the case of the first order. 

Assuming that the estimate of the wages cost is 
finished, it should be prepared in the form of a 
complete estimate (see Form II., 446), the 
several items of indirect expenditure being added 
under the various headings in the manner shown, 
so that the article shall bear its due proportion of the 
expenses of the various workshops, machine rates, 
establishment charges, and initial expenditure. 
After the estimate has been completed in this 
manner, it is ready to be forwarded to the manager 
for his consideration and approval, a duplicate 
copy of the net cost being provided for the com- 
mercial section. To the latter is added the profit to 
complete the quotation, the original sheet with the 
net quotation being returned to the estimating 
and rate-fixing staff. The whole of the estimates 
thus returned are guarded up for future reference, 
being indexed under title, so as to be readily 
accessible. 

Passing from the purely estimating function of 
the branch to the rate-fixing in connection with the 
workshops, we come to a more definite and detailed 
part of the work affecting the establishment. The 
estimating and rate-fixing branch, if run on the 
system suggested, will always have at hand prac- 
tically the whole of the information necessary for 
the production of the various articles to be manu- 
factured. The centralisation of everything in con- 
nection with the productive side of the concern 
will have the effect of eevee | the loss of any 
time which might possibly occur through the neces- 
sity of further information being required through 
queries being raised in the workshop. 

The point aimed at is to arrange for a constant 
supply to the workshops of everything necessary 
for production. Since the whole of the drawings pass 
through the hands of the rate-fixers, these can, 
from this basis, set everything in motion for the 
supply of material, operation-cards, and informa- 
tion relating to methods of production laid down or 
initiated by them. An order for an article, or 
number of articles, having been received by the 
firm, the first proceeding—on receipt of the detailed 
drawings from the drawing-office—will be to pre- 
pare a complete detailed list of components in such 
a manner that it can be easily referred to. A system 
of preparing these lists used by a large branch of 
this type, which has been found to work very suc- 
conte, though not originated by this branch, has 
been found to be so useful that it may prove of 
interest to others, and is well worth describing here. 


Under the title of the article, the different compo- | sh 


nents are divided into groups, preferably those 
which can be considered complete in themselves. 
The components are then detailed under the sub- 
title of the groups to which they a a title and 
number being provided for each different com- 





ponent. Form III., on e 446, is an illustration 
of part of a typical list of details as it would appear 
when finished. 


This example shows how the titles of groups 
components may be arranged. Everything 
should be kept in alphabetical order; first the 
groups and then the components under them ; each 
component also receiving a number, and these num- 
bers being consecutive through the whole series. 
These list numbers should also be placed on the 
drawings, so that each component in all transactions 
may be known by a number, if desired, instead of 
by a possibly cumbrous title. From this list should 
be prepared the rate-cards, on which will appear 
the same information, one card being required for 
each component. The cards with the drawings 
should now be to the rate-fixing section, 
which should be assembled together, as before 
described for estimating, and, with the original 
estimate before them, subject the drawings to a 
careful scrutiny. 

The first thing to be studied will be the method 
of production and the amount of material required. 
After the method has been decided, the various 
operations can be arranged in their consecutive 
order ; many of these on small articles will, as the 
experience of the rate-fixers widens, be settled by 
comparison — actual or mental — with work ane 
viously done. Some of the operations it will be 
necessary to subject to careful analysis ; this will 
be done by the individual rate-fixers, for their par- 
ticular operations. After the rates for the various 
operations have been agreed upon, the results should 
be added to the respective rate-card for the com- 
ponent. An example of such a rate-card is given in 


Form IV., 447. 

In theory, the wages value of each component is 
complete when the drawing has been dealt with 
and the result recorded on the rate-card. In prac- 
tice; Tiowever, it will be found that some of the 
operations will have to be reconsidered ; various 
causes for this arise, over which the rate-fixer has 
no control. With a new type of article to be 
manufactured, some operations may be arranged or 
some method laid down which it is not convenient 
to carry out in the workshop. Various contin- 
gencies arise in connection with the shop-load 
which cannot always be foreseen, and although the 
shop-load diagram is of t assistance, it may be 
that alternative rates will be required for machines 
other than those arranged for. The duty of the 
rate-fixer is to put out rates for the most economical 
method, and for the shop-foremen to ask for them 
to be varied, or the alternative rates to be issued. 

With many components there can be only one 
method of production, but with some there may be 
several. In fixing rates for those components the 
production of which is governed by the convenience 
afforded by the plant, it must not be overlooked 
that the foremen of the workshops, with an inti- 
mate knowledge of the plant under their super- 
vision, especially in the machine section, will be 
able to give material assistance to the rate-fixer. 
Those components which may be made from stock 
or from forging should, when they are liable to 
strains or shocks, be given the advantages of forging, 
unless the draughtsman decides otherwise. 

So far the office-work of cost-estimating and 
rate-fixing has been dealt with by technical men, 
whose function is primarily to initiate the pro- 
ductive portion of the work. We now require 4 

manent record of the work performed by them ; 
ut before preparing this, it will be best to arrange 
for it to fit in with the other clerical work of the 
branch. It is nec that the information 
accumulated on the rate-card should be conveyed 
to the other branches concerned, and a little con- 
sideration in this direction will save unnecessary 
duplication. 
irst, we require a record for the estimating and 
rate-fixing branch ; secondly, the information 
necessary must be distribu to the card-issuing 
section, and also to that section of the w depart- 
ment which records the work done. ese rates 
should then be for approval to the respon- 
sible financial official, to obtain his signature giving 
the requisite authority for the payment of wages, 
and also for the amount of material to be issued, 
through the stores-demand section, to the work- 


ops. 
The loose-leaved ledger will be found a service- 
able of record for all three sections. This can 
be copied by a typist from the rate-cards as soon 
as they have been dealt with by the rate-fixers. A 
similar form to that.used-on the rate-card is neces- 
sary for the heading on one side, as shown in 
Form V., the reverse side being ruled with vertical 





lines only, asa continuation. The whole of the infor- 
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SAFETY APPLIANCES IN COTTON-MILLS 





Fie. 1. Hoxttann’s Locxine Morion on Carpine-ENGINE. 





Fic. 5, Guarp (A) over Drart-Wueets or Speep-FRame. Fic. 6. Leverep Presser (at A) on Stiver-Lap MACHINE. 


bankruptcy. While it is held, on the one hand, | enterprises should have ample protection for the| Rochdale, Stockport, Oldham, and the suburbs, are 
that no restriction should be placed on the invest- | interests of the investors, who, at present, frequently | built on the ‘‘limited-liability ” principle, whereby 
menéiof capital in cotton-spinning or manufacturing, | number hundreds in a single concern. each shareholder is liable for the amount of his 
there is a widely-diffused idea that these great} The bulk of the new mills erected in Bolton, | nominal holding, which he may be called upon 
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pay in full, by instalments, duly notified at the 
instance of the board of directors. As a rule, the 
shares are held, in the first instance, by the parties 
more immediately concerned in the mill-construc- 
tion. These cover a wide area, and include con- 
tractors and sub-contractors, engineers, boiler- 
makers, machinists, builders, land-owners, iron- 
founders, managers, and overlookers. The share 
prospectus is not issued to the public, and they are 
not invited to subscribe to the share capital. 

The public interest is centred in the loan deposit. 


now in a much better position than formerly to 
save a portion of their weekly earnings ; and it is 
significant of Lancashire’s progress and prosperity 
that operatives are to be found in every cotton 


town in the county who are interested, by loan 
investments, in the mills wherein they perform 


their daily labour. 


Incidentally it is shown by the Board of Trade 
returns that the increase in earning capacity is such 
as to induce the thrifty efforts of the operatives. 

| 'The earnings per week of a family of six children 





449 
Spinning Towns. s. d.° Weaving.Towns.’ s.  d. 
dham iw B® Burnley. .. 2310 
Ashton 19 5 Blackburn ... 21 0 
Stockport 19 2 Acorington ... 19 9 
Bolton 18 7 Rochdale 19 6 
Leigh ... 16 6 Bacup... 19 5 
Manchester 16 3 Preston 18 6 
Average 18 64 Average “20 4 
The fact is clear that operatives throughout 
Cotton-land have at present a monetary interest 
in the mills such as never existed before. The 














¥ _ 


‘ A. ash 
¥ ge ty, “4 
% ae > 


Peay, 





Fie. 9. Rinc-Frave Roiiers with 
Ancote-Iron Nip-Guarp. 

















Fis, 


10). 
Nir-Guarp with Banpinc WEe1GHT at A. 


ARRANGEMENT SHOWING Manwoop's 


Loans, in small and large amounts, are invited 

ing annual interest at the rate of 4, 44, and 5 
Percent. And the sum invested as loan by the 
Public of Lancashire and surrounding counties in 
modern cotton-mills amounts to hundreds of thou- 
sands of pounds. To this system of interest-bearing 
deposit all classes are admitted. An enormous 
number of depositors are found among the work- 
People themselves, who invest sums of 5. to 1001., 
“ie interest being paid whether shareholders receive 
luterest on their holdings or not. The workers are 








Fig. 11. 


and the father have’ appreciably improved during 
the last two decades for which data are available. 
This fact is exemplified in the following table :— 





Average Weekly Earnings. 
Family. 1886, 1906. 
&a.4@ 8. a.4 
1. Father (four-loom weaver) 1810 1 410 
2. Son (operative spinner)... 114 5 2 5 0 
5. Son (big piecer) 12 9 15 9 
4. Son (big piecer) 12 9 15 6 
5. Son (little piecer) ... 8 6 ll 9 
6. Daughter (slubbing 

tenter) ...... 41 17 9 

7. Daughter (three-loom 
weaver) = 12 6 15 5 
Family total 51310 7 6 0 


Such a family working in one of the new mills on 
full-time employment would average between 81. 
and 9. per week. 

A further interesting computation reveals the 
fact that weaving towns are better paid than 
spinning towns. The average earnings for 1906 
are as follow :-— 


| expenditure, mechanical equipment, 
| shares, and interest on loan deposits. 








Tare Suuttie-Guarps on Broap Looms. 


supreme value of the principles embodied in the 
proposed legislation cannot be over-estimated when 
it is borne in mind that of the world’s 130,000,000 
spindles Great Britain runs 55,000,000. For raw 
material alone England pays 60,000,000/. yearly. 
The annual value of its manufactures. is estimated 
at 135,000,000/., and the value of its exports at 
110,000,000. It follows that between the raw 
material. and the manufactured goods there is a 
margin of 75,000,000/. devoted to wages, general 
ividends of 


The expansion of the cotton trade in Lancashire 
during the recent mill-building period has no 
parallel in the industrial history of our time. The 
mill-floating activity of the ‘seventies pales with 
insignifieance when compared with the vast increase 
of 1905 to 1912. Populous villages have arisen on 
green fields:.in suburban hamlets are now busy 
hives of industry where 300 to 500 persons are 
employed between 6 a.m. and 5.30 p.m. 

Another important factor is the great advance 
made in the structure and general efficiency of the 


| present-day. cotton-mill as compared with f@ her 
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types. The preparatory departments where cotton 
fibre is unbaled, asseverated in cotton-openin 

machines, and converted by scutchers into roll 

layers or ‘“‘laps” of cotton, exhibit a material 
change in more spacious rooms and up-to-date types 
of machinery. e@ master-spinners of the County 
Palatine have amply proved the maxim—the best 
machinery for the best work. And this efficient 
equipment must begin not halfway through the 
processes of the mill, but in the first department— 
the cotton-opening chamber and the scutching-room. 

From this department onward the processes 
have improved in speed and general efficiency. 
Carding, drawing, slubbing, and roving follow the 
operations of the scutching machinery, and these 

rocesses are generally installed in one room, known 
in every factory as the ‘‘card-room.” Here is the 
item in the ‘‘new mill” régime, which is specially 
marked with increased power and production. The 
equipment of a modern card-room is of consider- 
able magnitude from an engineering point of view. 
A few examples may be worth quoting. A mill of 
73,000 spindjes has in its card-room 69 revolving 
flat ing-engines, the cylinders of which are 
50 in. in diameter, and present to the cotton fibre 
under treatment a wire width of 45 in. These 
machines are arranged on the side of the room 
which is in close proximity to the scutching-cham- 
ber, from which ‘‘ laps ” are conveyed by stands on 
rails to the carding engines. This same card-room 
contains 8 drawing-frames, each containing three 
parts or ‘‘heads” of seven separate deliveries of 
sliver. There are 8 slubbing flyer-frames, each 
bearing 86 spindles ; 14 intermediate flyer-frames 
of 132 spindles each ; and 28 roving flyer-frames, 
each running 172 spindles. Here, then, is a room 
containing 127 machines, suitably spaced for com- 
fortable working conditions, and covering an area 
of 130 ft. by 170 ft. 

In a card-room of ampler proportions still we 
have preparation for 108,000 mule-spindles. This 
room embraces 90 revolving flat carding-engines 
of 50 in. diameter and 38 in. width of wire. Suc- 
ceeding these machines are 15 drawing-frames, 
each bearing four heads of four deliveries. An 
increase in the number of heads and diminution in 
the number of deliveries is often an economical 


advantage, as each “head” can be stopped peaty 
at 


when required ; and it will be obvious t if a 
breakdown occurs to a fitting in a single delivery it 
is a decided advantage to be able to continue the 
running of the remaining deliveries of the machine. 
For this reason spinners generally prefer four 
heads of four deliveries to two heads of eight 
deliveries, insomuch as it allows, in case of acci- 
dent, the continued operation of twelve deliveries 
(three heads) instead of eight deliveries (one head). 

In the room referred to are ten slubbing frames 
of 98 spindles each, eighteen intermediate-frames of 
140 spindles, and fifty roving-frames of 176 spindles. 
These occupy a floor-space of about 150 ft. by 230 ft., 
allowing for worki es and alleys. 

In the preparation department of a mill of 
30,000 ring spindles the dimensions of the card- 
room are of kindred import. This mill contains 
eighty-eight carding-engines of 50 in. diameter and 

in. card-wire width ; eleven drawing-frames of 
fourteen deliveries in two heads ; eleven slubbing- 
frames of 82 spindles each ; fifteen intermediate- 
frames of 128 spindles ; and thirty-three roving- 
frames of 164 spindles. 

Inthe majonty of new mills the card-room, with 
the greatest bulk of heavy machinery, is located 
on the ground floor; and the products of the 
machinery there are lifted by hoisting-gear to rooms 
above for further treatment. Present-day architects 
of cotton-mills seldom plan even a fraction of the 
card-room machinery on lofty flooring, well know- 
ing the risk of vibration and what it may entail. 
The collapse of a cotton-mill is not an unknown 
quantity ; but, fortunately, where such events have 
occ there has been no loss of life or limb, and 
the causes were such as could not be foreseen. 
Although on the ground-level, card-rooms do not 
lie immediately on the ground. There are base- 
ment rooms underneath where the cotton yarn is 
warehoused, conditioned, and packed into large 
skips for export. But the sustaining columns, 
pm ot joists, and concrete ceilings are of such 
strength and stability as to bear not merely the 
card-room machinery, but the superincumbent 
rooms and their equipment. The card - room 
machinery included in the mill first quoted com- 
prises an aggregate weight of 365 tons. It will 
therefore be clearly of immense working advantage 





to have heavy machinery of this class as near the 
ground-level as possible. 

The spinning operations are carried on in upper 
rooms—three or four, as may requisite—over 
the card-room, and occupy the same area of floor 
8 . These rooms, whether for mule-spinning or 
ring-spinning, are vastly superior to the small 
chambers existing in many mills of the older type, 
where four to twelve frames are crowded upon a 
minimum of floor space, allowing the workers 
barely sufficient room to perform their duties. In 
the mill last mentioned 60 self-acting mules are 





twelve pairs will carry 300 tons of working 
machinery. A substantial idea may now be formed 
as to the absolute necessity of a sound and well. 
constructed building for the purposes of a cotton. 
mill. The machinery alone which bears on its 
foundations weighs from 1300 to 1500 tons. 
Ring-spinning mills on the modern system are 
seldom built higher than three storeys, with a base. 
ment. The ground level is devoted to the processes 
of the card-room ; and in several instances the whole 
or part of the ring-spinning frames are also located 
on the ground level. Where land space is available 
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Fic. 12. Wire-Ner Sxautrie-Guarp. 
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Fie. 13. Leatuer-Cone Suuttie-Catcuer. 


spaced in three rooms, one above another, allowing , 


side alleys of 4 ft. for wheeling trucks of yarn, 
and a space of 18 in. to 2 ft. between the backs of 
the mules. Now-a-days it is not an uncommon 
practice for mill-constructors to plan 3 ft. between 
the backs of mules to facilitate the drawing of 
bobbin-skips from one end of the bobbin-creel to 
the other. This is a wise provision, especially 
where space is available, as in the case of suburban 
or country factories. 

A common average of machines in mule-spinning 
rooms is ten to twelve pairs, arranged so that the 
carriages of the mules have « 63-in. or 60-in. 
traverse. These work well: on a concrete floor 
covered with screwed timber. Mules vary in length 
and weight, according to the number of their 
spindles, and the gauge’ between these. Mules of 
110 dozen spindles, fixed with a gauge of 1} in|, 
will approximate to 12§ tons, so that a floor of 





this plan is held by competent master-spinners to 
have important advantages in top-lighting from 
roof windows, facility in transit of material, 
thoroughness of supervision. The striking feature 
of the new ring-mills is the adequate spacing of 
machines, so as to give ampler opportunity for the 
women and juvenile operatives to deal with bobbin- 
boxes and finished material. 

Ring-spinning is gradually forging ahead ; and 
though it is not likely to displace mule-spinning for 
the Roar counts of yarn, it forms a most valuable 
adjunct to the possibilities of cotton - spinning 
machinery. During recent years several mills have 
béen erected, devoting their entire mechanic# 
energy to ring-spinning. In mills of an older typ 
fresh installations of ring-frames, where mules were 
once in operation, tell the story of progress ™ 
by this modern machine. 


In contradistinction to the mule, where, a6 4 rule, 
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only men and boys as minders and piecers respec- 
tively are employed, the ring-frame is tended by 
women and girls. And since a ring-mill of, say, 
80,000 spindles employs about 300 hands, it affords 
in its own locality a prolific user of labour. Wide 
and vast have been the ramifications of the mill- 
building boom, insomuch as there is scarcely a 
single trade in the county which has not felt its 
magnetic touch. The engineering trade, which in 
several departments had been flagging for years, 
suddenly revived with the spell of new orders. 

Some recent developments in machinery and 
plant are worthy of consideration. The application 
of electricity to separate rooms and machines is 
growing apace ; but this motive force has also been 
used in the construction of a cotton-mill. In this 
case electricity was employed for driving mortar- 
mills and stone-breaking machines, for hauling 
bricks, copings, girders and pillars to different 
floors, and for lighting operations during day and 
night. There was no steam about the premises, 
no cartage of coal, and the mill of 120,000 spindles 
was built several weeks within the usual period. 
Electrical energy up to 80 horse-power was obtained 
from the local main at a cost of one penny per unit. 

The mechanism of the cotton-mill has undergone 
important changes, chiefly in regard to safety ap- 
pliances. The accident-roll of cotton-mills has 
always engaged the serious attention of mechanical 
engineers and machine-makers. Safe working is 
far more profitable than the prevalence of accidents, 
and inventors have produced valuable aids for the 
prevention of casualties. Fig. 1, page 448, shows 
a patent locking-device for carding-engines. This 
works close to the fast pulley, with which it has a 
wire-and-lock connection, and is so arranged that the 
cover-plate at A cannot be lifted from the card- 
cylinder until the machine is stationary. Andas the 
locker is connected also with the strap-fork, the 
strap remains on the loose pulley until the cover- 
plate is closed and locked. 

Another locking motion is shown in Fig. 2, on 
the same page, where the cover-plate A on the 
carding-engine has a lever-arm B, to which the 
locker-rod is attached. As seen in the illustration, 
the cover-plate is closed and locked, and the driving- 
strap may be on to the fast pulley C. When 
the cover-plate is open the strap-rod at D keeps the 
strap on the loose pulley. The draw-frame, Fig. 3, 
is now provided with a locking device to prevent 
admission to the calender wheels. In the illustra- 
tion the driving strap is on the fast pulley, and the 
locking-motion at A prevents the guards at B being 
lifted. Not until the locker A takes a different 
position, as shown in Fig. 4, can the guard B be 
i At that moment the machine is quite 
still. 

Guards on speed-frames have advanced in the 
direction of greater security. That over the draft 
change-wheels (see Fig. 5, page 448) is now built 
on the roller-shafts down to the level of the roller- 
beam. An ingenious appliance has been devised to 
prevent injuries from the sliver-lap machine when 
starting the lap on the wooden roller. The cotton 
sliver is limp, and if not properly adjusted at start- 
ing, the roll is uneven and faulty. Frequently 
have hands been trapped while attempting to make 
the roll even. The presser, Fig. 6, entirely obviates 
such an accident ; it is made of hard wood, heart- 
shaped in section, with a wire insertion pending 
from upright arms. These arms are actuated by 
side-springs, which keep them vertical and away 
from the roller, except when used by the operative, 
48 seen in Fig. 7, page 449. A similar appliance 
is available for the ribbon-lap machine. 

The tin rollers of the ring-frame are engaging the 
attention of machinists for the provision of guards 
to the ingathering parts or ‘‘nips.” These rollers 
(shown in Fig. 8, page 449) gather in on the under 
side, and make 800 to 1000 revolutions per minute. 

any serious casualties have occurred owing to 
workers’ hands being entangled in the bands and 
cleaning-cloths and drawn between the rollers. The 
guard seen at A is designed to prevent these 
casualties ; and the plate projecting from the guard 
is intended to facilitate the placing of bands round 
the rollers. The guard is free to move on its axis so 
as to touch each roller and guide the banding-weight. 
Fig. 9 illustrates an angle-iron fixed rigidly 
between the rollers and about } in. from their peri- 
pheries. In Fig. 10 isa guard of sheet-metal attached 
to the machine-stands by patent brackets. The 

g-weight is seen at A, and is made of curved 

Tass ; in descending, this weight may be made to 

on either side of the guard as desired. 


In the weaving department shuttle-guards are 
assuming new forms. In Fig. 11, page 449, we have 
guards of woven tape fixed to studs projecting from 
the slay-top of the loom. The guard is tightened by 
turning the studs in the centre and at the extremi- 
ties of the slay-top. Notwithstanding the universal 
practice of fixing some form of guard to the slay- 
top, shuttles in oe, occasionally do serious 
damage to workers. 'o ensure further safety 
framed wire-nets (Fig. 12, page 450) are attachable 
to under-pick looms immediately over the shuttle- 
box. Fig. 12 shows a net which was struck by a 
‘flying ’ shuttle. In Fig. 13, on the same e, 
we have a new shuttle ‘‘ catcher” in the form of a 
leather cone fixed at the entrance to the shuttle- 
box. This is designed to check the shuttle when 
about to “fly” from the end of the warp-shed. 





QUADRUPLE-SCREW TURBINE ALLAN 
LINER ‘“ ALSATIAN.” 

Tue Allans have been identified with the Canadian 
mail, passenger, and emigrant service for over ninety 
years, and evidence is afforded of their determination 
to maintain their position in the launch, on the 22nd 
ult., of the first of two turbine-steamers at present being 
built from designs which represent the best practice in 
every known respect. The line was originated by Cap- 
tain Alexander Allan, a shipowner-mariner of Glasgow, 


been made within the last few years, with the result 
that steamers of 16,000 and 18,000 tons now find no 
difficulty in reaching Montreal. The total fleet of the 
Allan Line is now represented by a quarter of a 
million tons gross, and there can be no doubt that the 
Allans, not only in connection with their steamship 
service, but in other respects, have done much to 
develop Canada to that state of prosperity which in 
recent years has enabled the extension of railway 
lines to be profitably undertaken, and to stimulate 
the utilisation of the natural resources of the enor- 
mous tract of rich grain-growing soil. Internal 
development and attractive emigrant services across 
the ocean act and re-act upon each other, and thus, 
with the enterprise of steamship owners and of 
the Canadian railway companies, the Dominion must 
advance very rapidly. For his services to Canadian 
commerce, Mr. Hugh Allan was yo by Queen 
Victoria in 1871. lis son, Mr. H. Montagu Allan, 
was knighted by King Edward in 1904. A a 
generation of the family now carry on the business 
of the founders of the line with marked success, 
Mr. Hugh A. Allan, in London, being the chairman 
of the company. 

The first of the two ships to be launched is named 
the Alsatian, and, as already stated, it has been con- 
structed by Messrs. William Beardmore and Oo., 
Limited. sister ship, the me eg is being con- 
structed by the Fairfield Shipbuilding and Engineer- 
ing Company, Limited, and will be launched on the 





TABLE I.—Particunars oF soME Typica, ALLAN Line STEAMERS FROM 1860 TO 1913. 
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Ionian .-|1901) 470.0 | 57.5 | 29.2 8,265) 5,730 ype = > -apeammaees triple expansion,| 154 | 14 | Twin screw. 
condensing 
Victorian .. .. | 1905) 520.0 60.4 30.0 10 ,629| 12 ,500| Parsons compound steam turbines .-| 18} 174|Three screw. 
Virginian .. —.. | 1905/ 520.4 | 60.3 80.0 | 10,754/12,000 0 Ss a s --| 10.11 | 17§]_ ,, a 
Grampian .. ..|1907; 485.7 | 60.25 30.1 10,947) 7,726 Reciprocating, triple expansion, direct) 15.82 | 15 (Twin screw. 
| acting, vertical, inverted 
Corsican .. .-|1907) 500.3 61.25) 30.1 11,436, 9,376 Reciprocating, direct —— 9 triple ex-/17.4 | 15 - 
ion, vertical, invert 
Hesperian .. ..|190S) 485.5 | 60.25 30.2 10,920) 8,199/Triple expansion, direct acting, vertical, 16.4 | 15 ,, a 
inverted, reciprocatin 
Alsatian .. . 1918 600.0 72.0 54 18 ,000/ 20,000 Parsons compound turbines - . _ 18 | Four screw. 
} 








with a brigantine, named the Hero, of 175 tons, her first 
duty being to carry stores to Wellington’s army in the 
Peninsula. The service to Quebec was inaugurated 
by the Jean of corresponding size to the Hero, in 1819, 
and was continued with a fleet of sailing ships of from 
300 to 400 tons. Later, iron was adopted, and by 1845 
the tonnage of the ships had risen to 710 tons. The first 
steamer was placed in the service in 1854, to carry out 
the mail contract with the Canadian Government. 
The steamers by 1858 had reached a tonnage of over 
3000 tons, with machinery of about 1800 indicated 
horse-power, the service s being 11 knots. On 
Table I. is given a list of dimensions of typical ships 
from 1860 to show the steady progress in size and speed. 
One of the notable ships is the Buenos Ayrean, built in 
1879, as she was the first Atlantic steamer built of 
steel. The Parisian, too, wasa notable ship in respect 
of size as well ass ; she was also the first ocean ship 
fitted with bilge-keels. Her builders were Messrs. 
Robert Napier and Sons, which firm was mee | 
me in Messrs. William Beardmore and Co., Limited, 
the builders of the latest ship launched for the line. 
Two other notable ships on the list are the Victorian 
and the Virginian, the first ships to trade in the 
Atlantic fitted with Parsons turbines. The adyance 
in size and is the more remarkable as the 
condition of the channel between Quebec and Mon- 
treal greatly limited the dimensions of steamers sail- 





ing up the St. Lawrence. But improvements have 


19th inst. The launch of the Alsatian on March 22 
was an unqualified success, the occasion is of 
interest, as the vessel is the first to be launched by 
Mr. A. J. Campbell, who has taken up the manage- 
ment of the works, after having completed the organi- 
sation of the Spanish naval establishments at Ferrol 
and ma, as shipyard manager of the Sociedad 
Espafiola de Construccion Naval. 

he following are the principal iculars of the 
Alsatian, which was designed, and was built from 
specifications, by Mr. A. M. Gordon, the naval archi- 
tect of the Allan Line :— 


Length on L. W.L. ai ies 600 ft. 
1 between perpendiculars 570 ,, 
Breadth, moulded te ae 7 
Depth, moulded, to ‘‘D” deck 4 ,, 
Gross to’ (about) ... 18,000 
Draught fully loaded... 28 ft. 6in. 
Speed on trial, fully loaded 19 knots 
8.H.P. a (about)... 20,000 
Speed on service a m ; 18 knots 
Number of decks ... +e Jal sia 8 
an So ae ia; a 
*” rst-o) passengers, abou 
o- second-class re 500 
ma third-class * as 1000 
officersand crew, &c.__... 500 


The profile and deck plans of the Alsatian are 





reproduced on page 452 and on the two-page plate 
pages453 and 454, sections showing the scantlings, 
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while on pages 456, 457, and 460 there are reproduced 
photographs showing the bow and stern on the ways, 
with a view (Fig. 15) of the vessel after being launched. 
The views, Figs. 13 and 14, are interesting, because 
they illustrate a notable feature of the ship—viz., | 
the adoption of the cruiser stern. This arrangement | 


Fig. 1. 


of the steering-gear 


ge ace, it is probable that 

to uce the vibration due to propellers. This re- 
duction in vibration is further ensured by the placing 
low down in the ship, imme- 
diately over the rudder-head, so that the weights in 


|| Scathed wih ¢ ig Teak) (srvagzless e. 


is form of stern tends 


















































stability, especially at the deeper draughts. In the 


































































































MIDSHIP SECTION. : 
6:30 Spaced 36- ‘wor 
| 2597 
3S 5:4%he T Bar 
H Deck Plating 743 
1 Vinthed wth S26 P 
—(B ' | ( where eaposed, . 
fl : PR 
DECK COVERINGS. Beams 6;.3%1 ee : ol 
| | Iway of all 13, 24. & 3° Class Accommodation  Balbangie space 36° —t- ” 
} Decks are covered with Linoleum or Rubber 10: 4 x 2946 tA 634%e TBar 
: rLincleam ; 4 
© in Crews, Stew & Officers Accommodation 4s 24x VeoBA. tagth to lop Deck 
% | Cold Chambers & CargoTween Decks 2 Litosilo. spaced, 36° SoS: Hb 
4 Cortiraous 
{ peerage seem Parris 
EDs Ln way PBAdge to % “mains em 
\8:3%613% 427 Channels 7 _ sag —— 078 Getter 
7: 6x46 in way of Bridge 4:4: Mp in may Bride 
Pillars spaced 12:0~4 a eo i 
9 ‘ ; artial Bulk al 
_ for % L to "ab at Ends NcIncreas . © 
> wucreased at Break of Bridge wo. ank eind Thx 1% Be 
Sheathed with 5:3 PP ir Covered - 3 Reon T i 
Promenade For? é at AfterEnd Bridige sncrecoed: oud ocd 
» Bridge ucreas ‘ 
; 603 *Mafor % L. , 
\D_ SHELTER p* todd Mabat Ende | Height of 4 4 
: P mi — + «. i 
rama WF. id 
| ag, va las $4 » $e sin Bridge &Fore Bnd) \\| s 
S| 1 Pillars spaced 12/0" 
| Deck 6 for Lto@atEnds ie fir Yergth Fora Art ete eh 
| Lapped & Joggled Soar phed. into Bridge"*wat. 
lle upper ox { Strung Plate 60: 5%ifor'sL. || 
ae ' 
— 7 =o Quock Anglas 6:4;"he fortel pearelee Rs | 
| Beams Ji5-5t6: GP Contiraous Angle3'sr3% x Mgt" 1 
é > Pillars spaced 12:0" ka’ 
- | Deck Plating'%é or 'sL to"%yatEnds id % Tt ete he 
| — ) : Continadacdngteedh28:8Ge\| Metro 
| eno p* | j Sau Plate Mo fore. i i 
| < ae 2B Re at Bre at Bre => Longéikiew 
| t | | Camber cre 71RD. ] nee ketreietl Four Strakes of Shell in way of ok, ll 
Beams 7: 3% x 3% | Water Lines to be ora, 
; Channels on every Frame | Mean Length ofabout 300 trem Stem. $i || iter Lt" 
| % + Pillars spaced 12:0" z 
NS o4* 22: -! 
; P . 04343 H 
| Deck Plating”'iter tL to Neat Ends Dock sngie tits. ae | Pxtortin™ 
x Stringer Plate 50: "efor %2L. 
& 30° oO! 1 (048s We at AP End. SS Hgightor | 
Z —— | 
=! Camber 6 on 71Ft. ABUSE 4 — —— of | 
Beams 8:34 13%1 Sparring 6:2 ih erm N tev | 
a 2 ‘ | 
Channelon every | wel Face of f av = Se Palo tel to" Ho} 
Slufting Boards arranged tor; in Cleats . Se 
to G Déck in N°2Hold. Peellangle sis: - to" | 
Bia hy ‘ 
H 47" D* | Stde Stringer Plate ti 0 tor ‘al to Feo 
Ror Deck Plaung" Tt, $540 tn Space &Bunkers 1. 
B N° 1& 2 Holds ~~ —— x 
BIS OS ef! on every Frame Pillars spaced 12:0 7 Ih o . 
| ! ee ee 
Ta in 46; Motor’. | J 
Topangles 443 9% Feat nds clear a E& BSpacds S| daueeatmatiy 4 
L{Tonangles €:4;-Sei tor fab. © 63.65: Mex MeBR. 1585 Me HBR X |. 3 
to %e atEnds. *%o in B.Rooms. : Af t.of Ys Length. | | Pers 
| | {Corte Strake 42': ho for 'eL. ! jor White. Margin Angle s:5: Fe Grae. 
| Be Fok Tal Ar o6vas , é, ~ 6 This Form of Tank 
Shr8 . * - ‘ || Wo u yD 
| SII wwpes ee bactinarenced || ReDoablog wat trate nat 
. Boiler. | ¢ . or down ab 
e oy ee. Sis Si tapped (x) to Prdinaryl 
penanil . > ae | 
“he 525: ef 24 = C) 6:3%ex +> 4 
'é FO Og O eT 
~~ 6 " a j 
ei 
2 =f z sae ANKE MANNER it 
Dass & yA Fre BARE | bap tom dy 3 nu B Rory, ‘hall dnglas 4 £35 tr abometst 
SL oA has Or {Garboard-Strale%e for Yel Flush Batts in way 
(queCirder 50: %etor4L. shell, Strakas B.C.D,E,F,6 & Hi for2L. mies cue 
(aay ERAS hen B ROOMS ty ty APD. See Forward, at 4 Spacing. 


confers several advantages. 
—. to get a greater displacement on a 
over-all, with corresponding increase in 


68 may be fined down, 


the second p 


are permissible with this type 





9 the steering- 
ead- | diately un 


weight, or. if 7 " er it, with an overhanging counter. 
; » or, if the displacement be not increased, the | further claimed that the cruiser form of stern will make 
ven, with , 80 that the ship is more easily | the ship more comfortable with a following sea, as there 
— Hp tg ee, bpm in engine power. | will be less tendency for her to ‘‘slam” on the waves. 
lace, the er water lines aft which | This form of stern also increases the deck s 

of stern ensure greater | for the accommodation of passengers. The 


In the first place it is , the after part are more directly water-borne than where 
gear is placed on the poop-deck or imme- 
lt is 





aft 


rudder fitted with this type of stern considerably 
improves the manceuvring powers of the vessel, and 
being entirely immersed and protected by the long 
overhang aft, it is less liable to damage from ice, 
floating wreckage, or other obstructions, especially 
when the vessel is going astern. To some, however, 
the ap ce of the ship aft may not appear so 
attractive as with the older form of stern with a 
counter of graceful lines, but this is largely due to the 
training of the eye. 

The cross-sections on this and the following page 
give the principal scantlings of the ship, and it 
will be seen that these afford great strength. The 
vessel is fitted with a double bottom all fore and 
aft, which is carried to the upper portion of the 
bilge—much higher than in some recent passenger 
ships. Bilge-keels of the Admiralty type are fitted 
for about half of the vessel’s length amidships, to 
minimise rolling in heavy weather. The shell for 
about 80 ft. from the stem has been doubled for a 
considerable extent both above and below the water- 
line, with a view to protecting the hull from ice, 
and the framing has also been specially strengthened 
for this a The frame-spacing for the major 
portion of the length is 3 ft., being pobseed gradually 
at the ends to 2 ft. in the forward and after peaks. 
Hydraulic riveting was adopted for a considerable 
portion of the length amidships on the upper por- 
tion of the shell and stringers, where tensile and 
compressive stresses are likely to become greatest. 
Another feature in connection with this vessel is that 
no expansion-joints are fitted in the boat or pro- 
menade decks forming the upper structure; these 
have been specially strengthened with a view to taking 
their portion of the stresses. This special strengthening 
takes the form of deep angle coamings, 10 in. by 4 in. 
at the top and bottom of houses, with thick fore and 
aft plating in two strakes between them, stiffened by 
angle-bulbs, 4 in. by 24 in. by 3% in., spaced 3 ft. 
apart. The boat-deck is also plated abreast the raised 
portion of the tope of the houses, such as the lounge, 
smoking-room, &c., with plating of }{ in. thick. e 
side-plating of the superstructure has also been made 
of rma thickness, and diaphragm-plates are intro- 
duced at the different deck-levels, so as to avoid any 
racking strains which may be set up when the vessel 
is rolling and pitching in a seaway. The ends of the 
superstructure also are further strengthened by means 
of additional webs and fore and aft plating, extendin 
from ‘‘ A” deck (Fig. 2, page 452) night down women 4 
the various decks to ‘‘D” deck (Fig. 5, Plate XIX.). 
These webs, with the plating, thus distribute thestresses 
into the moulded structure of the ship, forward and aft. 
The vessel is designed so that she will have a posi- 
tive G.M. of not less than 3 in. when fully equipped, 
in light condition ; thus she may be moved in dock 
without the excessive use of water ballast. The 
vessel has been subdivided by eleven water-tight 
bulkheads, built up generally of plating 34 in. at 


their lowest part and }{ in. at their upper part, the 
average thickness being about i$ in. The stiffeners 
of the lower portion consist of bulb les 10 in. by 


34 in. by 24 in., and the upper portion of angles 4 in. 
by 3 in. by }4 in., with additional webs where required 
locally. All the water-tight bulkheads are carried 
up to ‘“*E” deck, and are therefore 9 ft. above the 
maximum load line at the lowest point of the deck. 
Several of them, however, are carried to ‘‘ D” deck, 
which is 8 ft. higher. In addition to this, ‘‘F” deck 
is made water-tight at the forward and after ends of 
the vessel, beyond the machinery oy It is there- 
fore calculated that the vessel will float with any four 
adjoining compartments open to the sea. Hitherto 
the Board of Trade have only required a vessel to be 
capable of remaining afloat with any two adjacent 
compartments open to the sea, so as to enable her to 
claim a reduction on the number of boats and other 
life-saving appliances to be carried ; but in this vessel 
the aim has been to ensure her remaining afloat with 
four adjacent compartments i to the sea, which is 
far’in excess of Board of Trade requirements, whilst 
the boats and life-saving appliances are also sufficient 
for every person on board, in accordance with the 
latest regulations. A further element of safety in this 
vessel is that all the vertical and horizontal sliding 
water-tight doors which it was found necessary to fit 
in the water-tight bulkheads below ‘“‘E” deck are 
actuated hydraulically from the bridge on the Stone- 
Lloyd system, and provision is also made for working 
them independently at the doors or from “‘ E” deck. 
The disposition of the boats carried is shown on the 
rofile and boat-deck plan (Figs. 1 and 2, on page 452). 
rom these it will be seen that there are eighteen 
ordinary and twenty-eight Englehardt decked boats. 
The vessel has eight decks, and plans of each are 
given in Figs. 2 to 9; and it may be useful here briefly 
to describe the accommodation afforded on these 
respective decks ; the first-class accommodation on all 
decks begins at 160 ft. from the bow of the vessel. 

On “‘ A” deck (Fig. 2) there is a deck-house, forward 
of the funnel hatch, containing accommodation for the 
captain and navigating officers, the mess-room being 





ced 


further aft on the starboard side of the ship, with a 
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pantry adjoining, having a lift direct from the first- 
class galley on ‘*D” deck. Abaft the domed skylight 
(to the lounge on the deck below) there is a large 
gymnasium, which will be fitted with all the latest 
appliances for exercise which experience has suggested 
to be acceptable to passengers on board ship. The 
wirelees-telegraphy station is on the port side of the 
same deck-house. The smoking-room and verandah 
café are unique features on this ship. The smoking- 
rooms, as in one or two earlier vessels, are on. two 
decks, the upper deck being pierced by a well, while 
ventilation and light are further ensured by a dome 
overit. The verandah café, instead of being aft of the 
smoking-room, as has been almost the general practice, 
is forward of it, and is an entirely enclosed room, 
having very large square windows on to the pro- 
menade of the boat-deck, and these can be opened 
so as to make almost an open-air room. Abaft a some- 
what novel arrangement has been adopted for addin 
to the accommodation for boats, as an after boat-dec 
has been constructed immediately over the second-class 
quarters. This deck further serves the purpose of a 
second-class promenade, and space is found on it for 
winches which work in connection with the cargo 
derricks on the mainmast. 

‘*B” deck (Fig. 3) contains several of the important 
public rooms. Forward is the library and writing- 
room, which will be an especially favoured quarter 
on the ship, as the front windows look right over the 
bow of the ship. Abaft of it is the first-class main 
entrance, with a main companion-way and a lift. Two 
corridors lead to the first-class lounge, which has a 
very high ceiling, surmounted / dome, and is fitted 
with a series of bay windows. e defer descriptions 
of the public rooms, which are to be in the Jacobean 
style; but it may be noted that the designs of decora- 
tions are by Mr. George Crawley, Caxton House, 
Westminster. Abaft the lounge there is the card-room, 
from which there extends a corridor to the first-class 
main entrance, adjoining which is the lower floor of 
the smoking-room. Under the after boat-deck is the 

-class entrance and companion-way, and the 
second-class smoking-room, the remainder of the deck 
abaft this being given up to promenading space. 

**C” deck, which is y shad in Fig. 4, Plate XIX., is 
the uppermost continuous deck, and is the first deck 
above the moulded structure of the vessel. Forward 
there are three hatchways, and aft two hatchways, lead- 
ing to the different holds, in which there is capacity for 
about 4000 tons of cargo. The whole of the central part 
of this deck is taken up with first-class state-rooms, the 
barber’s shop, the doctor’s quarters, and the dispen- 
sary. Aft there is the second-class lounge. 

The first-class sleeping accommodation on this deck 
is exceptionally fine. There are four sets of en suite 
cabins, each consisting of two bedrooms, sitting-room, 
bath and dressing-room, so arranged that the sitting- 
room may be let oy as a one-berth state-room, 
or with either or both of the bedrooms as desired. 
Each bedroom is provided with two large hardwood 
beds, dressing-table with concealed marble-top wash- 
basin, couch, wardrobes, &c. Each sitting-room has two 
large couches (one of which is available as a bed), 
writing-table with concealed marble-top wash-basin, 
table, chairs, wardrobe, &c. Eight special cabins are 
provided with bath-room adjoining. ese cabins are 
each fitted with two large hardwood beds, dressing- 
table with concealed marble-top wash-basin, chairs, 
wardrobe, &c. All these en suite cabins and special 
state-rooms are framed and panelled in oak, with 
oak furniture, and a constant supply of hot and 
cold fresh water is led to the wash-basins. In 
addition to the foregoing, there are sixteen other 
special state-rooms, with bath-rooms communicating 
with each pair of rooms. The arrangement of these 
special state-rooms is somewhat ingenious, as by 
P ing the bath-rooms between two state-rooms it is 

ible for a large party occupying four rooms to 
ave the exclusive use of a bath-room, or a bath-room 
may be let exclusively in connection with one or two 
adjacent rooms. The remainder of the sleeping accom- 
modation for the first-class consists of one-berth and 
two-berth cabins, having iron beds with hardwood lee- 
, sofas, wardrobes, and large wash-basins in lieu 

of the usual folding lavatory. 

On the ‘“‘D” deck (the top deck of the moulded 
structure), Fig. 5, there is shown forward the Napier 
capstan and windlass gear, the quarters for the fire- 
men, lavatory and mess accommodation for seamen 
and firemen, the sleepin — of seamen, Xc., 
and the covered promenade for the third class, with 
hospital. There are also electric lifts communicating 
with the e and mail rooms on ‘‘G” deck. 
Abaft the third-class promenade there are arranged a 
series of state-rooms of a special character for first- 
class or The dining-saloon is abaft these. 
It is about 60 ft. long and the full breadth of the ship, 
the height from deck to deck being 9 ft. A large 
dome is fitted in the central portion of the saloon, and 
at the forward end there is a ‘minstrel gallery” to 
accommodate the ship’s orchestra, which will play 
selections at lunch and dinner. The saloon is arranged 
to dine 216 passengers at one sitting, the tables being 





arranged for parties of two to eight persons in the centre 
of the saloon and at the sides, where they are arranged 
in alcoves. The middle part of the ship around the 
after funnel hatch is taken up by the cuisine d 
ment. Aft of this is the second-class dining-saloon, 
which is about 72 ft. long and the full width of the 
ship, the seating accommodation being for about 300 
persons. The arrangement of tables is somewhat 
similar to that of the first-class dining-saloon. Abaft 
this is the second-class companion-way, with a very 
commodious vestibule. The remaining part of the 
deck is given over to the third-class passengers, 
there being a lounge and a smoking-room adjoining 
each other, with lavatory accommodation in a house 
at the extreme end of the deck. There is a covered-in 
promenading space at the sides. 


Fig. tt 
SECTION THRO’ MACHINERY SPACES. 





which are available for use either for first or second. 
class gers, and first-class main entrance and 
embarkation gangway doors. The remainder of this 
deck, right to the stern, is fitted up with state-rooms, 
lavatories, barber’s shop, steward and stewardesse,’ 
rooms, &c., for second-class penne with the excep. 
tion of a portion abreast the engine-room on the port 
side, where the engineers’ quarters are arranged. There 
is accommodation for about 500 second-class passengers 
in all, and a considerable number of two-berth rooms 
are provided for this class. The engineers’ quarters 
are very roomy, with exceptionall , se mess-room 
and pantry, having a hoist leading direot to the saloon 
galley on the deck above. Three large rooms for bed. 
room stewards are also provided on this deck at the 
extreme after end. 
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The next deck, ‘‘ E,” Fig. 6, is designated by the 
Board of Trade the ‘‘ bulkhead ” deck, as to the level 
of it all the main water-tight bulkheads must be 
carried ; but, as previously explained, many of these 
extend to a deck higher in the vessel in order to 
ensure an exceptional margin of safety in the event of 
collision at sea, At the extreme fore end of this deck 
are the firemen’s, trimmers’, and greasers’ quarters, 
arranged in three watches. A spiral stairway leads 
from this compartment to a tunnel in the hold, which 
runs along the top of the double bottom in the centre 
line of the vessel to the forward boiler-room, and 
enables the firemen, &c., to get to and from their 
quarters. Abaft of this there are state-rooms for third- 
class n, with inspectors’ and matrons’ rooms, 
bar, lavatories, &c., a large smoke-room on the port 
side, and a sitting-room on the starboard side, also for 
third-class gers. In thenext com ent, aft 
of this, there is provided a number of state-rvoms, 








“F” deck, Fig. 7, is almost entirely a third-class 
passengerdeck. ‘The three forward compartments are 
fitted up with two, four, and six-berth rooms, barbers 
shop, stewardesses’ cabius, lavatories, Xc., and also 8 

e-room for first-class passengers. In the next 
compartment is the forward third-class dining-saloo, 
capable of seating 348 persons at one time, with pan 
adjoining. Amidships, on the port side, there sf 
provision and refrigerated provision store - rooms 
stewards’ mess-room, and a service room with a hoist 
to the third-class galley on ‘‘ D” deck ; on the star 
board side there is a bulk store and rooms for 
accommodation of cooks, stewards, &c., connec’ 
with the culinary department, special stairways being 
rovided to give them access to the galleys, pantrie® 
c., and also to *‘C” deck promenading space, withou 
passing through any of the passenger sccommodatict 
ineers’ store and wor 


A large eseen™. and an engin 
shop, are pi 


rovided in this part of the vessel, betwee 
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the engine and boiler casings. In the next compart- 
ment is the after third-claes dining-saloon, to seat 176 
ngers ; @ pantry adjoins. In the compartments 
abaft this there is more sleeping accommodation for 
the third-class passengers, with stewardesses’ room, 
lavatories, &c., and baggage-room for second - class 
ngers. At the extreme after end are two 
[erge compartments for bedroom stewards, with suit- 
able lavatories, &c. It should be here noted that 
whilst free communication between the third-class 
pwssenger accommodation at each end of the ship is 
rovided for by means of a wide passage on the star- 
ied side of this deck, it is at the same time so 
arranged that each portion is complete in itself with 
sleeping and dining accommodation, public rooms, 
hospitals, lavatories, promenading spaces, &c., so that, 
in the event of infectious disease breaking out in the 
ship, it may only be necessary — one-half of the 
third class under quarantine. e total number of 
third-class passengers provided for is about 1000. 
«“G” deck, Fig. 8, has four large rooms at the 
forward end for bedroom stewards, and immediately 
abaft this portable accommodation is provided in two, 
four, six, and eight-berth rooms for third-class pas- 
sengers. In the next compartment abaft this are 
arranged the mail, baggage, and specie rooms, with 
two electric lifts to ‘ 
rooms are large refrigerated provision-chambers of 
about 10,000 cub. ft. capacity, and in the tween decks 
abaft tlie engine-rooms there are two holds subdivided, 
as shown, for the carriage of refrigerated cargoes. 
Abaft the steering-engine house is a compartment for 
the accommodation of additional bedroom stewards if 


required. 

“H” deck and the hold plan, Fig. 9, shows the 
arrangement of cargo holds, engine and boiler-rooms, 
bunkers, feed-water tanks, and firemen’s tunnel ; and 
itmay here be pointed out that the condensers are 
placed in a separate compartment immediately abaft 
the main engine-room, the refrigerating machinery 
and dynamos being | wey over them on a platform 
at the level of ‘‘G” deck (Fig. 8). 

In addition to the ship’s refrigerated provision 
chambers (of about 10,000 cubic feet capacity), re- 
frigerated cargo holds and ’tween decks are provided 
of about 70,000 cubic feet capacity, of which about 
30,000 cubic feet is for cold-air storage. These are 
placed at the after end of the ship, as shown in Fig. 8, 
and suitably subdivided into separate compartments 
for the different natures of the cargo to be carried, 
and the various temperatures n for each. The 
refrigerating machinery is of the lo type, is in 
duplicate, and was supplied by the Liverpool Refrige- 
ration Company, Limited. 

The gear for working the anchors consists of two 
separate and independent engines, each driving one 
cable-holder and one pemngas Magy em by Messrs. 
Napier Brothers, Glasgow. e engines are placed 
on (D) shelter deck (Fig. 5), and the cable-holders 
and capstan-heads on (C) upper promenade deck 
(Fig. 4). In addition there are four independent 
steam warping capstans, two on each side of the 
vessel, placed on (D) shelter deck aft (Fig. 5). The 
engine for each capstan is placed in a separate house, 
and connected by shafting to the capstan, which is 
outside of it. These capstans are also by Messrs. 
Napier Brothers. The steering gear (shown on plan, 
Fig. 8), is by Messrs. Brown Brothers, and is of 
their latest steam steering-tiller type, with stand-by 
steering gear, the whole controlled by means of tele- 
motor gear. 

There are ten steam-winches for working cargo, six 
of which are 8 in. by 12 in. (double), and four are 
8 in. by 12 in. (single), all by Messrs. Wilson, of 
Liverpool. 

There are five electric lifts, one passenger lift, two 
for stores, and two tor mails and . These lifts 
Were all supplied by Messrs. Waygood and Co., 
Limited. Electric t-winches are provided for 
working boats, each driven by a 14-brake-horse- 
aed motor. These are being supplied by Messrs. 

throyd, Limited. 


The main electrical generating plant consists of three 
steam-turbine-driven sets constructed by the British 
Westinghouse Electrical Company, each capable of 
giving & continuous output of 250 kw. at a pressure of 
2 x 110 volts when running at 3000 revolutions per 
minute. The turbines of the main generating sets are 
of the Westinghouse impulse type, the normal steam 
Pressure being 150 1b. per sq. in., exhausting against 
sback presure of 12 1b, gauge. The dynamos are of 
special construction, and are fitted with slip-rings on 
the shaft, to which tappings are taken from the arma- 
ture windings, thence through brushes to the auto- 

‘nsiormers or balance-coils, the middle or neutral 
point of the balance-point constituting the mid-point of 

e direct-current circuit. A small emergency turbo- 
generator is also provided and placed in a separate 
compartment on the lower promenade “‘C ” deck well 
sbove the load water-line of the vessel. This emer- 


cy set is also being manufactured by the British 


” deck. Between the boiler- | o 


elevated platform on the port side of the engine-room 
aft, and the main switchboard abaft of the machines 
on the bulkhead. The switchboard contains the three 
dynamo panels fitted with automatic circuits of massive 
design ; voltmeters and ammeters of the moving coil 
type and shunt-regulators for each dynamo, there being 
in all thirty circuit-breakers and fourteen switches 
and fuses. 

A special feature of the installation is the three- 
wire system, which, we believe, is now fitted for the 
first time on a large passenger ship. All heavy-power 
circuits are fed direct from the main switch at 
220 volts pressure, the lighter and smaller motors 
co supplied from each side of the three-wire 
supply at 110 volts. From the switchboard heavy 
lead-covered cables are run on the port and star- 
board side to auxiliary switchbcards placed in different 
compartments, and interconnected by heavy cables 
through circuit-breakers, forming complete ring mains 
round the ship, these being so arran that in the 
event of a failure on any cable, a full supply is still 
obtained through the opposite feeders. Special pre- 
caution against heating ee been made by carrying all 
feeders clear of the engine and boiler-room on the 
deck above these com ents. The total number of 
“ss installed throughout the ship is about 3000, all 

f these being of the metal-filament type. Cables are 
also run from the main switchboard to the emergency 
dynamo-room for supplying a separate eme cy 
circuit, a change-over switch being provided, so that in 
case of accident a sufficient number of lamps can be 
kept lighted in the engine-rooms, boiler-rooms, and 
passenger accommodation, also on the boat-deck should 
the main dynamos be shut down. Power is also avail- 
able from this emergency dynamo for working the 
wireless installation and navigation lights. 

The fittings in the public rooms and state-rooms are 
in keeping with the scheme of decoration, which is 
Jacobean. The domes of the lounge, smoke-room, 
and first-class entrances are arranged with concealed 
lamps above the coloured glass, giving a pleasing effect. 
Electric clocks of the ‘‘ Magneta” type are placed 
in the public rooms, entrances and chart-room, and 
all are controlled by a master clock. Pearson’s 
automatic fire- alarms are fitted throughout the 
vessel, with an indicator in the navigating-room. 
Thermostats, or heat-detectors, are fixed in the dif- 
ferent compartments. These can be set so as to give 
analarm ata rise of 15 deg. Fahr., and can be limited 
for compensation to any predetermined temperature ; 
means are also provided to allow each circuit to be 
tested for continuity by pressing a button at the indi- 
cator. In addition to the above there is a very 
complete system of fire-alarm pushes or bells in 
corridors, &c., these being connected to indicators in 
the engine-room and navigating-bridge. Telephone 
instruments are fitted throughout the suite and special 
state-rooms and connected through a central exchange 
situated on the main deck. There is also a system of 
intercommunication telephones between the officers’ 
cabins, and a similar system in the stewards’ depart- 
ment, all of the Sterling Company’s make. 

Bell communication is fitted to every part of the 
ship, with indicators in the different service-rooms, 
buzzers being used in place of bells to guard against 
unnecessary noise in the vicinity of the cabins. 

For the ventilation of the ship an elaborate system 
of Ashwell and Nesbit’s hot and cold air apparatus is 
fitted, the whole of the fans for this installation bein 
electrically driven. Forty-six motors are used, which 

uire over 150 horse-power. 

‘or the navigation of the ship Graham’s loud-speak- 
ing telephones are adopted on the navigating-bridge, 
communicating between forecastle, crow’s-nest, dock- 
ing bridge aft and chief engineer, Marconi room and 
engine-room and bow. A complete system of sub- 
marine signalling apparatus is arranged in the ship, and 
also a semaphore with Morse flashing-lamp i keys 
on a platform above the bridge. There is a navigation- 
light indicator of McGeoch’s new pattern for masthead 
lights, bow lights, anchor and stern lamps. 

As regards the electric appliances in the mg ee | 
department of the ship, there are four large fo - 
draught Howden-Laurence Scott combination fans 
for boiler-rooms, and twelve ventilating fans for stoke- 
holds and engine-rooms, the total horse-power for 
these being 250. The three turbine lifting and turning 
motors have a total capacity of 15 horse-power. 

In galleys, electrical power is used for the bakery 
machine, cooking-ovens, and there are motor-driven 
spits, knife-cleaners, dish-washers, potato-peelers, and 
freezing-mwachines, and a large number of electric hot 
lates throughout the dining-saloons and bars for 
eeping a and liquids warm during service ; this 
gear requires about 60 horse-power. 

The gymnasium is equipped with motor-driven 
appliances, consisting of one frictional machine, one 
Seiste’s machine, and three horse exercise machines. 
Curling-tong heaters and fans are titted in first-class 
cabins, also wing fans in the public rooms. A motor- 
driven printing-machine is also placed in the printing- 
room. The barbers’ shops are provided with the 


dryers, and massage apparatus ; each machine is fed 
from a socket placed in a convenient position to the 
chair, no overhead shafting being required. 

The steam-whistle is the Willett Bruce psttern, 
and is worked by a smal! motor and solenoid en- 
closed in a water-tight case placed in a convenient 

ition near the whistle. rovision is made for 
lowing by hand-cord in the ordinary way, and the 
whistle can be operated by the three switches placed 
port, starboard, and amidships on the captain’s bridge, 
these are so arranged that either ‘‘ time control” or 
**signal control” can be made. 

Aiter the ship has completed her trials, we hope to 
illustrate the propelling machinery, which consists of 
Parsons’ compound steam-tutbines arranged in series 
on four shafts, and including one high-pressure, one 
intermediate, and two low-pressure turbines (Fig. 9). 
Two astern turbines, each with impulee and reaction 
blading, are incorporated with the low-pressure tur- 
bines, which latter drive the inner lines of shafting. 
These, therefore, are alone used for mancuvring. 
Steam from the boilers may pass direct to each 
turbine, and by a suitable arrangement of pipes and 
valves, any shaft may be operated independently of 
the others; but normally the steam will pass in 
sequence through high, intermediate, and both low- 
pressure turbines. With this arrangement of 
machinery, better cconomy ‘s expected than with the 
usual four-shaft parallel arrangement. 

The turbine casings are of cast iron, and the drums, 
dummies, spindle, wheels, and shafting are of forged 
steel made at the Parkhead Works of the builders. 
Forced lubrication is fitted throughout for the main 
bearings, ad justing-blocks, and a, and 
the arrangements include four Weir’s lubricating oil- 
pumps, two Carruthers’ water service pumps, with the 
necessary oil-coolers, drain, and reserve-tanks. 

The condensing plant is fitted in a se te water- 
tight compartment immediately aft of the engine- 
room (Fig. 9), and consists of two main condensers of the 
**Uniflux” type, in conjunction with two dual air- 
pumps, together capable of carrying and maintaining 
a high vacuum even in summer, when the temperature 
of sea-water approaches 75 deg. Fahr. Four centri- 
fugal circulating-pumps are provided for supply- 
ing the necessary water to the condensers. The 
air-pumps discharge to filters of the gravitation 
‘yPe, through which the feed-water flows to large 
oat-control tanks. These control-tanks are arranged 
about the middle line of the vessel, and suctions 
are provided for the main and auxiliary feed pumps. 
A large feed-heater of the surface type takes all 
the exhaust steam from the auxiliary machinery, 
including the turbine-driven electric a and 
is drained to the float-tanks through the filter. Any 
surplus exhaust steam may be paesed to the turbines. 
With this utilisation of the exhaust steam for heating 
the feed-water for the boilers great economy in working 
is expected. Other auxiliaries include pumps for 
bilge, sanitary, ballast, hot and cold fresh water, hot 
and cold salt water, and ash-ejector purposes. It 
should be noted that the sanitary pumps are of the 
rotary type, driven by electric motors, thus elimi- 
nating noise and shocks. 

Steam at a working pressure of 200 Ib. per sq. in. 

is supplied by six double-ended and four single-ended 
boilers of the cylindrical type, working under 
Howden’s system of forced draught, and arranged in 
two compartments (Fig. 9). There are four forced- 
draught fans, placed on deck above the boilers, and 
driven by electric motors. Ash-ejectors and ash- 
hoists are fitted in each compartment, and special 
arrangements have been made for ventilation of boiler- 
rooms by electric fans of the pressure type. 
The vessel, boilers, and machinery have been built 
under special survey to British Corporation Rules to 
enable her to class B.S. with that Society, and she will 
also comply with latest Board of Trade requirements 
and Canadian Immigration laws. 





Tue Messacerres Maritimes. —This important 
French steamship company has been able to resume 
dividends upon its preference shares, upon which no 
distribution had been made since 1907. The ordinary 
shares are still not receiving any dividend. The com- 
pany appears to stand in need of more substantial 
government assistance ; but its position has somewhat 
improved during the past twelve months. 





CoMPETITIONS OF MgcHanicaL Motors ror AGRICUL- 
TURE IN ITaLY.—A series of competitions of mechanical 
motors for agricultural purposes are to take place in 
Parma from June to October next. These will include 
(a) an international field competition of motor apparatus 
for the cultivation of land ; (6) a nationa] competition of 
internal-combustion engines; and (c) an international 
competition of internal-combustion crude-oil agricultural 
engines. The events are promoted by the Italian Tour- 
ing Club, the Italian Federation of Agricultural Associa- 
tions, and other prominent bodies. Further data can be 
obtained from the offices of the Italian Touring Club, 
14, Via Monte Napoleone, Milan. The applications 
under (a) will be received up to April 30 next, and those 








1d nashouse Company, and is of 20 kw. — at 
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INDUSTRIAL NOTES. 

Tue report of the National Union of Boot and 
Shoe Operatives for the month ended February 22 
shows that the total membership of the society at 
the end of the month was 42,881. Employment 
during the month was, on the whole, good, and 
was better than a year ago. Returns from firms 
comparing 68,903 workpeople in the week ended 
February 22 showed an increase of 0.2 per cent. in 
the number employed and of 0.9 per cent. in the 
amount of wages paid compared with the previous 
month. Compared with a year ago, there was an 
increase of 3 per cent. in the number employed and 
of 4.8 per cent. in the amount of wages paid. 
Employment was good at Leicester, and better 
than in the previous month and a year ago. At 
Northampton it was also good. There was, how- 
ever, a decline at Stafford when compared with the 
previous month, but employment was much better 
than 4 year ago. At Kingswood and Leeds there 
was, in the heavy-boot trade, a further seasonal 
decline, but employment was better than a year ago at 
Kingswood. Employment was fairly good in Scotland, 
and better than a month and a year ago. During 
February a further increase was recorded in the ship- 
ments of British-made foot-gear abroad, for there were 
exported 120,783 dozen pairs, valued at 337,305/., as 
compared with 115,609 dozen pairs, valued at 311,000/., 
in February, 1912. The value of the exports from 
the United States to the United Kingdom in the 
month of December last was 62,618 dols., as compared 
with 136,146 dols. in the corresponding month of the 
previous year. In thetwelve months ended December, 
1912, the figures were 1,744,101 dols., and in the 
corresponding riod of the previous year they 
amounted to 1,694,055 dols. 


The formation of the National Union of Railway- 
men was celebrated in many parts of the country on 
Sunday last. In London there was a demonstration 
in Hyde Park, which was, it is reported, attended 
by 20,000 persons, and addresses were delivered 
from four forms ; among the speakers were Mr. 
J. C. Williams, the general secretary of the new 
union, and Mr. J. H. Thomas, M.P., the assistant- 
secretary. Regrets were expressed that two societies 
were still outside ; but even without them, the new 
society is said to be the largest in the world. The 
organised capital amounts to 500,000/., and nearly 
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80 per cent. of the railwaymen of the country are 
said to belong to it. Another object the union has 
in view is to see before long that there shall be no 
railwaymen getting less than 1/. a week, and that 
continuous work for long hours at a stretch shall be 
done away with. oe the secretary, the 
strength of the union will not be used in any way they 
could not justify. The following resolution was 
unanimously carried :—‘‘ That this meeting of railway 
workers welcomes the fusion which has brought us 
together. Whilst we regret there is still an organisa- 
tion outside, we hereby extend to them a further 
welcome to join with us, and thereby consolidate the 
whole of the railwaymen of the United Kingdom in 
one organisation. We would urge all the non-unionists 
immediately to join the National Union of Railway- 
men, and so enable us to meet the huge amalgamation 
of railway companies in one body, thus hastening the 
time when we can press for a further reduction of 
hours and increased wages, and deal effectively with 
the question of victimisation.” 





On Saturday last a return was published showing 
the output of iron during the first two months of this 
year in the area under the control of the Midland 
Iron and Steel Wages Board. The wages of iron- 
workers in North and South Staffordshire, Shropshire, 
Lancashire, Yorkshire, and South Wales are con- 
trolled by the board. The books of seventeen firms 
were examined in January and February, and it was 
found that the total output of all descriptions of iron 
by these firms was 39,425 tons. The average net 
price obtained was 8/. 4s. 7d. per ton, or an increase 
of 1/. 8s. 5d. per ton over the price obtained in the two 
opening pra of last year. For the first two months 
of this year the production was 4722 tons below 
that of the corresponding peried of last year, and 
721 tons less than the figures for November and 
December. The wae for puddling have been increased 
24 per cent. according to the sliding scale, making 
them 10s. 6d. The men are also entitled to a bonus 
of 6d. a ton in addition to the rate for puddling, 
which brings the rate to lls. ; this is the highest rate 
reached for nearly half a century. The wages a year 
ago were 9s. a ton. During January and February 


the total output of iron by the firms selected. was 
26,479 tons, and the average net selling price was 
8/. 4s. 7d. per ton, compared with 8/. Os. 4d. in 
November and December respectively. 


In January 








and February miscellaneous iron, hoops, and strips 
amounted to 9605 tons, and realised 7/. 19s. 8d. per 
ton, a price higher by 3s. 6d. than during the closing 
two months of 1912, when the output was 8570 tons. 
During the first two months of this year 2s. ld. per 
ton more was realised for angles and tees than in 
November and December last, when the price was 
8/. 16s. 5d.; but then the output was about 1000 tons 
more. InJanuary and February last the production of 
sheets and plates fell 137 tons below that of November 
and December, but an average net selling price of 
3s. 8d. per ton more was obtained. 





A conference of the National Amalgamated Union 
of Enginemen, Firemen, Mechanics, and Electrical 
Workers was held in the Caxton Hall, Manchester, 
on Saturday last, in order to consider, among other 
things, the proposed amalgamation with the Amalgs- 
mated Union of Engine-Drivers, Crane-Drivers, and 
Hydraulic and Boiler Attendants. The pro 
laid down by the executive are said by the secretary 
of the latter union to be a minimum basis of amalgs 
mation, and he stated that consolidation in their 
ranks was much needed. The question was, however, 
deferred to another meeting. 





The municipal strike at Barrow has not yet beet 
settled, and the public lamps in the street have not 
been lighted for nearly three weeks, as it has only 
been possible to make sufficient gas for indoor light 
ing. The dispute at the gas works is over 4 demand 
for a 10 per cent. rise in wages, which the Corporation 
has refused to agree to in all cases. There was & 002- 
ference between the parties last Saturday, but without 
result so far as a settlement was concerned. 
wages committee issued a circular stating that they 
could give no further increases, for the reasons they 
had previously given. They, however, made it clear 
that they aan endeavour to give employment os 
many men as possible, taking them in the order . 
seniority of service ; but it was to be understood = 
all men returning to work should work amicably W! 
a, already engaged. The men refused to sgre 
to this. 





The first instance of putting into force the new 
militant policy of the Co-Operative Employees’ Unios 
has occurred in the shape of a threat ot the employs 
of the Bury District Co-Operative Society to 8 
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unless certain demands are conceded. This proposal 
has been sanctioned by the union executive. The 
management does not appear to have taken any step 
with regard to this, or ifit has, none is reported. The 
strike at the boot factories of the Co-Operative Whole- 
ssle Society at Leicester, which has now lasted 
several weeks, is still running, and, indeed, seems as 
though it would extend. The main demands are for 
& minimum wage for men of 35s. for a forty-eight 
hour week ; for women, 12s. at the age of fifteen, 
rising to 25s. at twenty-one ; and boys, 14s, at the 
age of sixteen, rising to 35s. at twenty-one. 
The aspect of this latter strike has aot improved 
since the beginning of the week, and there are now 
about 3000 workers idle, because of the dismissal of 
one operative for alleged faulty work. In the opinion 
of the employers the action of the workpeople is in- 
tended to break down the rule, generally accepted in 
the trade, that a dispute shall not be brought about on 
account of an individual case. The union demands 
that women should be paid 12s. a week when fifteen 
years of age, rising to 25s. a week at twenty-one. The 
demands are regarded by the employers as impossible, 
especially in view of the great increase in the price of 
leather. 
In the Rhondda and Rhymney coal districts of 
South Wales the Miners’ Federation appears to be 
determined to cause trouble in order to put in force 
their tyrannical doctrine that no non-union men must 
allowed to work with men belonging to the union. 
The question has been again up for consideration this 
week in the conference the miners have held. It 
‘ppears that there was @ great falling-off in the 
membership of the union after the last strike, said to 
due more to want of money than to lack of en- 
thusiasm, and although there has recently been an 
improvement, the executive think that more drastic 
measures must be taken than have hitherto been put 
in force. It has been decided also to serve & monti’s 
hotice on the part of the coal-trimmers at Cardiff, 
try, and Penarth, the object. being to get the non- 
unionists to join the Coal-Trimmer’s Union. 
At the conclusion of the South Wales miners’ con- 
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ference, on Tuesday last, it was announced that the 
executive had decided that a stoppage of work shall 
take place on May 1 at all the collieries in the coal- 
fields where non-unionists are employed, there being 
at present at least 70,000 men and boys outside the 
federation. 


On Saturday last the text of the Bill to establish a 
Minister of Labour appeared. When the Bill was intro- 
duced in 1911 and again in 1912 it was explained in 
@ memorandum that it was founded on the monthly 
reports of the Poor Law Commission. It attempts 
to embody proposals for the prevention and treatment 
of destitution arising from unemployment and chronic 
under-employment. Unemployment of able-bodied 
workers will be looked after by a national authority 
under a Minister of Labour, and to this authority 
will be transferred the existing powers of boards of 
guardians in England and parish councils in Scotland, 
and of certain State departments. Steps will be 
taken by the Minister of Labour to arrange the 
demands of public departments for works and ser- 
vices in order to re rise employment during the 
different seasons of the year and during the good and 
bad years ofa trade cycle. In addition, he is to frame 
schemes for economic works in times of trade de- 
pression, by engaging suitable workmen in the 
ordinary way. The prevention of vagrancy will also 
be a matter of care for the Minister, and he will be 
responsible for the treatment of this class. Any 
scheme for insurance that may be hereafter enacted 
he will have to supervise. The responsibility of pro- 
viding any form of public assistance for the unem- 

loyed of able-bodied men will be removed from the 
focal authorities, and they will not have to organise 
any relief works or otherwise. 





In connection with the abolition of the monopoly of 
the Thames lightermen, to which we referred last 
week, the members of the Amalgamated Society of 
Watermen, Lightermen, and Bargemen of the River 
Thames held a meeting on Sunday last, and adopted 
a resolution stating that the action of the Port of 
London Authority in bringing into operation the new 
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bye-law with reference to the licensing of lightermen 
will prove a danger to navigation and a risk to the lives 
and fimbe of the competent men. There does not, how- 
ever, appear to be the — round for anxiety on 
this point, for there is no doubt that the greatest care 
will exercised to prevent unqualified men being 
engaged in the work, and the members of the society 
need not feel any anxiety in the matter. Even sup- 
posing there should be some slight increase in risks 
(which we do not fora moment think will be the case), 
it will be amply compensated for by the} fact jthat 
there has been rendered impossible a monopoly 
capable of the gross abuse which was witnessed during 
the last great dock strike. 





The sliding-scale committee of the South Wales and 
Monmouthshire steel trades, at their quarterly meetin 
on Saturday, decided that wages at the associa 
works should be advanced 6} per cent. from April 1. 





In the cotton-manufacturing district of North-East 
Lancashire the non-unionist question has cropped up 
again, and seems likely to cause trouble. Owing to 
it a strike has voter | at Nelson, because one opera- 
tive in a weaving-shed refused to join the Weavers’ 
Association. There is to bea meeting between the 
committee of the North and North-East Lancashire 
Cotton-Spinners and Manufacturers’ Association and 
the representatives of the operatives’ organisations in 
Manchester to-day, to consider the position of. affairs. 
It is feared in some quarters that the diepute may lead 
to a general stoppage, but this is probably an extreme 
view. 





AGRICULTURAL Macuingery.—The new year has not 
commenced particularly well for our agricultural machi- 
nery exports, the value of the shipments in January 
having m 55,8731., as oun with 93,4071. in 
January, 1912, and 58,084/. in January, 1911. Of the 


ricultural machinery exported to January 31, this year, 

—_——_ were made to European countries to the value 
of 25,9321. ; to South American countries, to the value of 
92821. ; to South Africa, to the value of 7226/.; and to 
Australia, to the value of 4172. 
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‘“* THE TNFLUENCE OF AIR-PUMPS ON THE 
MILITARY EFFICIENCY OF TURBINE- 
DRIVEN WARSHIPS.” 

To THE Eprron OF ENGINEERING. . 

Srr,—I notice in your last issue that Mr. Rainey 
assumes that certain figures I gave in connection with 
tests on a kinetic pump are misprints. The result which 
seems to bother him is that, on a closed system, a vacuum 
of 29.8 in. was obtained by a kinetic air-ejector with 
water at 85 deg. Fahr. poses through the jets. This is 
perfectly correct and there is no misprint. 

Yours truly, 
Works, Hartl = . Morison. 
Hartlepool Engine Wor artlepool. 
March 31, 1913. 





WATER-SUPPLY IN SCOTLAND AND 
DERBYSHIRE. 
At the meeting of the Institution of Civil Engineers, 
held on the 1st inst., two papers were read, of which the 
following are abstracts :— 


The Yield of Vorious Catchment Areas in Scotland. 
By Witi1am Carstairs Rei. 


This paper deals with the yield of several catchment 
areas in Scotland, which, for a number of years past, have 
been under the observation of the author and his firm. 
The utilisation of the catchment areas for water-supply 
purposes has been sanctioned by Parliament. The areas 
under review are situated respectively in the counties of 
Peebles, Midlothian, and Perth. 

Reference i3 made in the first place to the observations 
having been undertaken on one at least of the areas 

use the information available in regard to rainfall 
was insufficient to permit of the proper quantity of com- 
pensation-water being determined by a Lg agp aw | 
tribunal. A comparison is e between the rainfall 
and the actual flow of the streams according to steam- 
gauge recorders or having regard to the rise and fall of 
water in reservoirs of known capacity. The results of 
observations on an evaporation-gauge at Talla Reservoir, 
Peeblesshire, are given. The extent of the Peeblesshire 
catchment-areas is 6180 acres, taken as a whole, but 
separate information is given in to a portion of 
this area amounting to acres. The Midlothian area 
is 3825 acres, and the two Perthshire areas are respec- 
tively 1166 and 1437 acres. 

Some information is given as to the minimum flow in 
the areas for various different periods, such as one week, 

-one month, and four and five months. 


Measurement of the Flow of the River Derwent, 
Derbyshire. 


By Epwarp Sanpeman, M. Inst. C.E. 


The flow of the River Derwent has been measured since 
1905, when a weir was built by the Derwent Valley 
Water Board, to ascertain the yield from an area of about 
50 square miles of the northern portion of its watershed. 

The area in question varies in elevation from 500 ft, 
to 2060 ft. Rain-gauges to the number of forty-six were 
fixed on this area, being approximately 1 to each 700 
acres. In the last thirteen years the recorded rainfall 
has averaged 46.34 in. The lowest rainfall of any of the 
gauges was 34 in., and the highest 61 in. The measuring 
weir is in two parts, one 90 ft. and the other 30 ft. wide, 
the latter being 18 in. lower than the former, so that it 
will measure the lower flows. 

Since the pool formed by the weir tends to silt up, 
openings were made in the weir (provided with wooden 
doors), ‘or - which the deposited material can be 
removed by sluicing. A floating boom is placed across 
the river above the weir in order to catch trees, timber, 
&c., and prevent damage to the knife-edge weir. The 
flows over the weirs are recorded on a rotating drum 
driven by clockwork with cam attachment. 

The highest flood on the drainage area occurred before 
the building of the weir. It was calculated to have 
reached a flow of 486 cub. ft. per second per 1000 acres 
from an area of 9321 acres. The minimum flow recorded 
was 0.29 cub, ft. per second per 1000 acres. Records of 
evaporation from a water surface 6 ft. square showed a 
variation from 10.25 in. in 1907 to 19.62 im. in the year 
1911. The general result of the measurement of the rain- 
fall and the yield of the river showed that the quantity 
of water collectable was—on the average of the seven years 
under consideration—equal to 75.2 per cent. of the rainfall. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March I9. 

A FRESH revival of demand for steel products unex- 

tedly devel during the past week, especially 
in western steel-manufacturing centres. One reason 
is that consumers have become more fully aware of 
the oversold condition of the mills, and realise they 
are placing themselves in jeopardy by delaying the 
ordering of material for new work recently secured. 
While the Steel Corporation reduced its unfilled ton- 
nage 170,654 tons in February, it did so by not accept- 
ing some large orders within its reach. Much new 
business is accepted in a tentative sort of way. Last 
week orders were placed for 18,500 tons of struc- 
tural materials, 190 locomotives, and 34,100 tons 
of steel rails, of which 7000 tons are for Argentine 
delivery. Inquiris are now pending for 75,000 
tons of structural material, which will —- 
be closed by Saturday next, for delivery extend- 
ing over July to October. The car-builders are very 
persistent buyers, and the most recent authoritative 
estimate of pending inquiries is conservatively placed 
at some 600,000 tons of plates and shapes for as early 
delivery as is possible. Negotiations for delivery are 
now going on, and it is this that explains the delay in 
the final closing of orders for this enormous quantity 
of material. hese inquiries will soon be supple- 
mented by other inquiries as soon as ordera for cars 
are placed. The Pennsylvania placed an order for 
144 feight-cugints of great power. A large amount 
of construction work is now pending in eastern and 
western cities, largely on railroad account, and the 
estimated requirements total somewhere between 
150,000 and 300,000 tons. How and where these large 
requirements will be satisfactorily met is the problem 
which steel-makers have to face. 





Contracts. — The Newalls Insulation Company, 
Limited, Newcastle-on-Tyne, have now in hand 
contracts for supplying and fitting their ‘‘ Nonpareil” 
cork for cold-storage insulation and their ‘‘ Nonpareil” 
cork-tiling for floors. 





Tur Impertat Motor TRanseort CONFERENCE.—It has 
now been definitely decided that the Exhibition of Indus- 
trial Motor Vehicles at Olympia shall open on Friday, 
July 18, and the visit of the Conference delegates to the 
Exhibition is conveniently timed for the morning of 
Saturday, July 19, by which day the whole of the exhibits 
will, no doubt, be properly staged. 





THe IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY. 
—With the ee and occupation of 
its new buildings the Royal School of Mines, which is 
an ee portion of the Imperial College of Science 
and Technology, will be still better equipped to tackle 
the many problems which come before it for solution, as 
well as to carry out successfully the training of those 
men who will assist in guiding the mining industries of 
the Empire in the near future. How important is the 
bearing of such scientific institutions upon industry is 
shown by the warm support accorded to the Royal School 
of Mines by such practical authorities as the firm of 
Wernher, Beit and Co., the late Sir Julius Wernher, the 
late Alfred Beit, and others, to whose joint liberality the 

ibility of erecting the new buildings is largely due. 
oincident with this important extension the governing 
rag | are about to appoint a new professor of metallurgy 
in the room of Professor Carlyle, who vacates the chair 
in order to resume the active practice of his profession. 
His successor will have the satisfaction not only of 
following a line of distinguished predecessors (notably 
among whom are the names of Mr. John Percy, M.D., 
F.R.S., Sir W. C. Roberts-Austen, K.C.B, D.C.L., 
F.R.S., and Mr. W. Gowland, A.R.S.M., F.R.S.), but 
also of presiding over a department probably as well 
coslaged | for its purpose as any in the world. 





Messrs. Cammett, Larrp anp Co,— Mr. W. L. 
Hichens, presiding, on the 2nd inst., at Sheffield, at the 
annual ere of Messrs. Cammell, Laird and Co, 
Limited, said that in 1912 the profit was 144,988/. 12s. 3d., 
as com with 120,961/. 14s. 7d. in 1911. In connection 
with the reorganisation at the Birkenhead Works, Mr. 


THe CommerciaAL Mortor-Users’ AssociaTion.—The| R. R 


seventh annual parade of motor-vans and motor-lorries 

will take place on Whit Monday, May 12, in London, 

and will — be under the patronage of the King. Cash 

— to the value of upwards of will be distributed. 

he le will hav» the en of the Royal Auto- 

a e Club and the Society of Motor Manufacturers and 
ers. 





Tue CovuttrHarD Boat-Launcuine Appiiance. — A| M 


demonstration took place, on Thursday, March 27, at 25, 
Water-street, Liverpool, with an appliance manufactured 
by the Coulthard Patent Lifeboat-Launching Company, 
Limited, and designed for the rapid launching of pay wn 
and rafts which are carried on the boat-deck of steamers, 
With this appliance the boats and rafts can be moved to 
wherever they are required. They are picked up from 
any part of the boat-deck by cranes, which either launch 
them direct into the sea or serve to convey them to 
another station. For the demonstration a sectional model 
a ee . fitted with the appliance 

a number of boats, an @ arrangements worked 
satisfactorily throughout: 


. R. Bevis having resigned the managing directorship 
after forty years’ honourable connection, it was of vita! 
importance to the interests of the company that a man 
of the highest experience and reputation, and possess- 
ing the gift of organisation, should be gener to 
the vacant position, for a very great deal remained 
to be done in matters of reorganisation. The company 
had been ey fortunate in securing the services 
of Mr. G. J. Carter, who was formerly a local director of 
essrs. Sir W. G. Armstrong, Whitworth and Co., 
and manager of the Elswick shipyard. He believed con- 
fidently that in Mr. Carter’s capable hands Birkenhead 
would rise to a position of eminence as a shipbuildi 

centre, and that the undertaking would prove a source o' 
strength to the company. An important event of the 
year’s work at Birke had been the sale to the Greek 
Government of four torpedo-boat destroyers which the 
company had been building to the order of the Argentine 
Government (see ENGINEERING, vol. xciv., 642). 


They had had excellent reports of these boats, which had 
been in continuous commission during the war, and they 
had received a letter from the Greek Minister of Marine 





expressing his satisfaction with them: 





NOTES FROM THE NORTH. 
Gtascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market opened with a firm tone and 6500 tons of 

eveland warrants were done at 66s. fourteen days, 66s, 
and 65s. 11d. one month, and from 63s. 6d. to 63s. 9d. and 
63s. 74d. three months. Closing sellers quoted (fs, 94, 
cash, 114d. one month, and 63s. 8d. three months 
In the afternoon Cleveland warrants continued firm, but 
dealings were limited to 2000 tons at 65s. 114d. twenty. 
two ‘aoe 65s. 9d. May 16, and 63s. 6d. June 17, 
Sellers’ closing quotations were 65s. 9d. » 6s. Od, 
one month, and 63s. 9d. three months. One lot of hema. 
tite changed hands at 79s. cash. On Friday morning 
the tone was again strong, and Cleveland warrants 
amounting to 7500 tons were done at 66s. 3d. cash, 
66s. 44d. five days, 66s. 6d. twenty days and April 29, 
and at 63s. 9d. three months. At the close the prices 
were firm at 66s. 34d. cash, 66s. 7d. one month, and 64s, 
three months sellers. Oash sellers of hematite quoted 
79. The afternoon session was quiet, and only one 
Cleveland warrant was dealt in at 63s. 6d. three 
months, with sellers over at 63s. 8d. and at 663. 44d 
cash, and 663. 74d. one month. For the latter pai. 
tion there were no buyers’ quotations. On Monday 
morning Cleveland warrants continued firm, and 4000 tons 
were dealt in at 66s. 54d. and 66s. 6d. seventeen days, 
66s. 6d. May 16, 66s. 8d. one month, and from 633. 9d. to 
63s. 10d. three months. Closing sellers were firm a 
66s. 44d. cash, 66s. 84d. one month, and 63s. 10d. three 
months. The market tone was again strong in the after- 
noon, when a business of 3500 tons cha hands at 
66s. 44d. four days, 66s. 5d. eight days, 6d. fifteen 
days, 66s. 8d. twenty-eight days, and 633. 114d. and 64, 
three months, with sellers over at the latter figure. For 
the other positions there were no sellers’ quotations, 
but buyers offered 66s. 5d. cash and 66s. 8d. one month. 
On Tuesday pone my | the upward movement of Cleve. 
land warrants made further progress, and 5000 tons were 
done at 66s. 104d. cash, 66s. 7d. six days, 67s. six and 
seven daysand April 30 and May 6, 67s. 14d. May 12, 
and 66s. 9d. May 13. Sellers’ closing quotations were 
66s. 104d. cash, and 67s. 1d. one month, but three months 
iron was not mentioned. In the afternoon Cleveland 
warrants were steady, but only one lot changed hands 
at 66s. 91. sixteen days, with sellers at the close namirg 
66s. 10d. cash, 67s. 1d. one month, and 64s. 3d. three 
months. Cash hematite was quoted 79s. 3d. sellers, and 
78s. 9d. buyers. When the market opened to-day (Wednes- 
day) the tone was a little irregular, and the business con- 
sisted of 3000 tons of Oleveland warrants at 67s. 14d. 
May 13, 67s. May 26, and from 64s. to 64s. 14d. three 
months. Closing sellers quoted 67s. cash, 67s. 1d. one 
month, and 64s. 14d. three months. In the afternoon the 
market was just the turn easier, and dealings were con- 
fined to 1500 tons of Cleveland warrants at 66s. 11d. one 
month, and 64s. three months. The session closed with 
sellers quoting 66s. 104d. cash, 67s. one month, and 64s. 1d. 
three mon 


Sulphate of Ammonia.—There has been little change in 
sulphate of ammonia since last report, but the price has 
shown a hardening tendency. To-day the quotation for 
prompt shipment lots is firm at 14/. 2s. 6d. per ton, 
Glasgow or Leith, and inquiries are fairly satisfactory. 


Scotch Steel Trade.—The condition of the Scotch steel 
trade again shows little change, and although specifica- 
tions are rather more plentiful and the various works are 
well employed, the amount of new business passing 18 
still very small indeed. Merchants have command of 4 
fairly large tonnage of material and are shading prices to 
secure orders, partly in anticipation of a fall in values. 
But as cost of production has become so heavy of late, and 
as the pig-iron market has become firmer, there is not the 
same likelihood of either steel or iron prices geting 
weaker at present. The threatened strike in Belgium is 
also a factor towards keeping up prices here. Some 
difficulty is still being — in getting a sufficient 
number of wagons to take away the finished material, 
and in some cases makers are being rather severely 
handicapped through this. There is a fair demand for 
black sheets, but for galvanised sheets the position 
still weak. The export demand for structural sections 
continues to be very good, and ao oy a point to 
the fact that quite a heavy tonnage is likely to be wanted 
in the near future. 


The Malleable-Iron Trade.—The malleable-iron trade 
of the West of Scotland must still be written down as 
an unsatisfactory condition just now. Specifications are 
exceedingly difficult to secure, and some of the works are 
quite idle, while others are not having an output 
anything near what is generally possible. The — 
of foreign material finding its way into this market at 
present time is certainly telling heavily against the home 
makers. 


Scotch Pig-lron Trade.—The improvement in the war- 
rant market has strengthened the position of Scot 
iron during the past week, and a little more buying both 
taken place. Makers are very busy, the deliveries bot 
for local requirements and for export taking up. in 
cally the whole of the present output. New business ™ 
hematite is rather poor, although deliveries against cop 
tracts are heavy. The current price is round 89s. per eT 
The following are the market quotations for makers’ ( ae 
iron :—Clyde and Calder, 80s. 6d.; errie and _ 
merlee, 8ls.; and loan, 82s. (all shipped at 


: ith), 
w) ; po (at Ardrossan), 82s.; Shotts (at Lei 
Sos. a and Carron (at Grangemouth), 82s. 
Scotch Shipbuilding.—Active conditions continue 
rule in the Scotch shipbuilding industry, and the — 
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tonnage launched from the various centres was as 
follows :— 


Vessels. Tons. 

ss a a 61,053 
The Forth .. oft tl ae # 3 1,270 
The Tay .. ; os 1 1,100 
The Dee .. oil o os ioe 6 750 
29 64,173 


e figures for the Clyde are aon interesting, because 
jn Cnstitate another record for the month of March, 
the previous best nye | been 60,355 tons in the same 
month of 1911. The total for the past three months now 
amounts to 117,858 tons, which is more than 17,000 tons 
under the record output for the first quarter of last year, 
and has also been bet on four occasions during 
the past seven years. The above total is, nevertheless, 
highly satisfactory when it is remembered that the 
January figures were only some 9755 tons. Order- 
books are still well filled, and some additional contracts 
were added during the past month, so that the ship- 
building trade is likely to experience a fairly long spell 
of activity yet. One of the difficulties still prevailing is 
the scarcity of skilled labour, and when it is also remem- 
bered that shipbuilders have recently had trouble in 
getting supplies of steel and material generally, the ton- 
nage figures given above cannot be considered other than 
excellent. - 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Messrs. Vickers and Their Shareholder: 
former shareholder of the great Sheffield concern now 
known as Messrs. Vickers, Limited, been present at the 
annual meeting on Friday, he would have had cause for 
reflecting that ‘‘ the old order changeth.” An inquiring 
disposition on the part of shareholders has not been in 
evidence at Messrs. Vickers’ meetings for many years ; 
but on this last occasion a s handful, in a crowded 
meeting, voiced their dissatisfaction not only with the 
10 per cent. dividend, but with other of the directors’ 
proposals. In urging that the dividend should have been 
more substantial in view of the te profits for the 
year—over a million pounds—the objectors found sympa- 
thetic support, but ara = he report and the directors’ 
proposals were adopted, although a few hands were held 
up against the resolutions. The chairman, Mr. Albert 
ickers, contradicted a rumour that the directors had 
decided never to pay more than a 10 per cent. dividend 
in the future. It was probably the announcement the 
same day of the treatment meted out by Messrs. Arm- 
strong to their shareholders that made some of those 
present at Messrs. Vickers’ meeting ultra-critical. The 
directors proposed that the allotment of the new issue of 
740,000 1/. shares should be in the proportion of one share 
at 30s. to every holder of five, and carried this easily 
against an amendment from the shareholders that the 

allotment should be two at par to every holder of five. 


Parkgate Iron and Steel Company.—The shareholders 
in the Parkgate Iron and Steel Company have received a 





very pleasing communication. They have been notified 
that the trading results of the year have enabled the 
directors to recommend a final dividend equivalent to 25 


per cent. for the year, as compared with the 15 per cent. 
of the previous twelve months. Furthermore the directors 
have under consideration an increase of capital and the 
distribution amongst shareholders of the reserve fund, 
towards which 60,0001. is being allocated this year. 


South Yorkshire Coal Trade.—The effect of the holida 
was to increase pressure at the pits from which trade isstill 
suffering, and there is some difficulty in obtaining sup- 
plies, particularly in view of the heavy demands on indus- 
trial account. The reduction in —_—_ which, in some 
quarters, had been expected yeste , did not take J nn 
and there are no signs of a weakening market. ouse- 
coal inquiries are still good, and there is an enormous 
demand for hards and slacks. Collieries are not able to 
lay by any stocks in readiness for the opening of the 
hipping season, and it is probable the present condi- 
tions of pressure will last for the next few weeks. 
Quotations: — Best branch hand-picked, 14s. 6d. to 
lds. 6d. ; Barnsley 3s. to 14s.; Derby- 
shire best brights, 12s. to 13s.; Derbyshire house, 10s. 6d. 
to lls. 6d.; large nuts, 10s. 6d. to to 11s. 6d.; small nuts, 
9%. to 10s.; Yorkshire hards, lls. to 12s.; Derbyshire 
hards, 10s. 6d. to 11s. 6d.; rough slacks, 7s. 6d. to 
6d.; seconds, 6s. 6d. to 8s.; smalls, 4s. 6d. to 6s. per 


Tron and Steel.—There is a fair amount of iron buying 
at present, and requirements for the new quarter, just 
b , are being considered. The market shows little 
, but is, if anything, slightly firmer. common 
iron makers are disinclined to make any further con- 
cessions. A big tonnage of iron is being consumed, and 
there seems little likelihood that prices pnanly will 
show any declining tendency in the near future. In the 
general trades, although new work is not too plentiful in 
many directions, the majority of the local firms have such 
& weight of accumulated orders in hand that this is not of 
much moment, and before this back work is cleared off 

contracts may have nn to come in more freely. 
The remarkable activity of armament firms is still the 
ya feature of the local trade situation. In this 
irection there is certainly no lack of orders, and every 
week almost sees the placing of more big contracts for 
‘mour-plate, battleship - machinery, or guns. Further 
i foreign orders for railway material have been 
received in the city, and manufacturers in this branch, 
and in the making of tramway points and i con- 
tinue to be exceptionally busy. The way in which the 


being dealt with. The rolling mills, forges, and foundries 
are all well occupied, and there is plenty of activity in 
the lighter trades. Employment in the city is particu- 
larly good, and those receiving unemployment benefit 
under the Insurance Act are only 1 per cent. of the total 
number insured, and in regard to the steel trades it is 
probable the proportion is even less. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRoucH, Wednesday. 
The Cleveland Iron Trade.—There is not a great deal 
of business passing in pig iron, but this is mostly due to 
the difficulty experienced in obtaining guarantees for 
early delivery, the descriptions of iron in demand being 
scarce. No. 3 g.m.b. Cleveland pig is now realising more 
than for close on nine weeks There are buyers at 
67s. 3d. f.o.b., and many ers will not quote below 
67s. 6d. No. 1 is 69s. 9d. to 70s. ; No. 4 foundry, 66s. 3d.; 
No. 4 forge, 663.; and mottled and white iron, each 65s. 9d. 
It will thus be seen that the lower qualities have not ad- 
vanced in the same proportion as the better kinds of Cleve- 
land pig. All the foregoing quotations are for early de- 
livery, buyers and sellers alike being disinclined to enter 
into contracts on forward account. East Coast hematite pig 
is a8 scarce as ever, and efforts to buy Nos. 1, 2, and 3 at 
81s. 6d. for early delivery meet with little success. Only 
a few small odd lots have nm purchased at round about 
that re. Forward business, however, can be done at 
less. th makers and merchants are to con- 
tract for mixed numbers over the second alf of the year 
at 80s. There is nothing passing in foreign ore, and in 
the absence of business it is difficult to fix values. Nomi- 
nally market rates are still based on 21s. 6d. ex-ship Tees 
for Rubio of 50 per cent. quality. Ooke continues in 
uest, especially for local consumption, and 
average blast-furnace kinds remain in the vicinity of 
25s. for early delivery at Tees-side works. 


Manufactured Iron and Steel.—Producers of all descrip- 
tions of manufactured iron and steel are busily employed 
on contracts made some time specifications for which 
are being given out freely, but new orders are now 
scarce. Up to the present quotations all round are 
maintained, but prices of some descriptions may 
slightly reduced shortly. Common iron bars are 81. 15s. ; 
best bars, 9/. 2s. 6d. ; best best bars, 9/. 10s. ; packing iron, 
6l. 15s. ; iron ship-plates, 8/. 2s. 6d. ; iron ship-angles, 
81. 15s. ; iron ship-rivets, 97. 15s. ; iron a 
8l. 17s. 6d. ; steel bars (basic), 7/. 17s. 6d. ; s bars 
(Siemens), 82. 5s.; steel a 8l. 5s. ; steel ship- 

er- 


angles, 7/. 17s. 6d. ; steel 91. 5s. ; steel 
strip, 81. ; steel hoops, 8/. 2s. . ; and steel joists, 
71. 7s. 6d.—all less the customary 24 per cent. discount. 


Cast-iron columns are 7/. 7s. 6d.; cast-iron rail 
chairs, 4/. 10s. to 4J. 15s. ; light iron rails, 77. to 7l. 
heavy steel rails, 6/. 15s.; and steel railway 
all net at works. Iron and steel galvanised eorrugated 
sheets, 24 gauge, in bundles, range from 12/. 15s. to 131. 
f.o.b.—less 4 per cent. 


Shi; of Iron and Steel.—March shipments of pi 

iron from the Tees totalled 103,982 tons, as com 

with 92,851 tons for the previous month, and 133,439 tons 
for March of last year. Of last month’s clearances, 94,420 
tons went from Middlesbrough and 9562 tons from Skin- 
ningrove, 9022 tons of the iron from Skinni ve going to 
Scotland, and the remaining 540 tons to Holland. Of the 
pig loaded at Middlesbrough during the third month of 
the year, 60,664 tons went abroad and 33,756 tons coast- 
wise. Once more d was the largest customer, 
taking 18,911 tons ; whilst Belgium received 10,077 tons ; 
Germany, 8687 tons; France, tons; Italy, 7061 tons; 
Wales, tons ; Japan, 6108 tons; Sweden, 5851 tons ; 
and Holland, 4070 tons. Manufactured iron shipped from 
the Tees last month amounted to 15,810 tons, and the 
steel cleared reached 40,920 tons. Of the former, 6080 
tons went abroad and 9730 tons coastwise; and of the 
latter, 36,892 tons went foreign and 4028 tons coastwise. 
India was again the largest receiver, importing 3130 tons 
of manufactured iron and 9820 tons of steel. South 
Australia took 3648 tons of steel, and the other principal 
customers for steel were: Victoria, 3417 tons, and the 
Argentine, 3262 tons. 


The First Electric Ship.—There has recently been 
launched from the Smith k Company’s yard at South 
Bank, Middlesbrough, the hull of a vessel that is to be 
electrically This, it is stated, will be the first 
sea-going vessel to be driven by electricity. She has 
been built to the order of the well-known Tyne firm of 
Messrs. Swan, Hunter, Wigham Richardson and Co. As 
she left the ways she was Gheistened the unt. If 
the trials prove satisfactory, as it is ho; and believed 
they will, other vessels of a similar type are to be con- 
— The fa ee | t is — tons a, - 
ti lectricity is genera’ two oi i to 

wpm hy ye gh hen Bp te pg 
Rttings of the Tynemount. 





Tue SprciricaTion or Srreet - Licntinc.—A Fon an 
by Mr. A. P. Trotter on ‘‘The Specification of Street- 
Lighting,” giving an account of the work of the Joint 
Committee of the Institution of Electrical Engineers, the 
Institution of Gas Engineers, the Institution of Municipal 
and County Engineers, and the Illuminating neering 
Society, will be presented at a meeting of the Illuminat- 
ing Engineering Society, at the Royal Society of Arts, 
18, John-street, Adelphi, London, on Tuesday, the 15th 
inst., at 8 p.m. The paper will not be read. The dis- 





demand from the railway companies for rolling-stock 
fentinues is an indieation of the heavy industrial traffics 





cussion be opened after some introduetory remarks 
by the authori 


NOTES FROM THE SOUTH-WEST. 


if.—The steam-coal trade has not been particu- 

larly active but has shown increased s' , supplies 
for coal for prompt shipment being restricted in conse- 
uence of the short Easter output. It is not surprising 
that coal-owners show unwillingness, under the circum- 
stances, to make concessions for delivery over April. 
The firm attitude of coal industrialsis further strengthened 
yy the prospect of a heavy demand from coaling dépéte. 
ousehold coal and coke have shown little change. The 


best Admiralt has made 19s. 6d. to 20s. per ton; 
qualities have ranged between 18s. and 19s. 3d.; 
best bun! smalls between 15s. 6d. and 1@s.; and 


cargo 

smalls between 14s. 6d. and 15s. per ton. The best house- 
hold coal has been quoted at 19s, to ave,s gped Semeuens 
qualities have made 17s. to 18s.; No. 3 ida large, 
17s. to 17s. 6d.; and smalls, 15s. to 15s. 6d. ton. No.2 
R ida t 16s. 3; and No. 2 
. to 14s. 6d. per ton. Special foundry coke 

realised 32s. 6d. to 33s. 6d.; foundry coke, 29s. 

28s. perton. As 

iron ore, Rubio has made 21s. to 22s. per ton, upon a basi 

of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Devonport.—Provision has been made in this year’s 
Navy estimates for the erection of a large shop for repair- 
ing turbine machinery and go storage for a reserve 
of heavy guns in the north dockyard. The works con- 
templated will involve an outlay of 33,500/., 23,5001. of 
which is to be expended in 1913-14. The foundations for 
the proposed new building have been commenced, and 

some of the steel framework has already been delivered. 


The Fernhill Collieries.—Mr. D. A. Thomas, chairman 
of the directors, presided at an officials’ dinner of the 
Fernhill Collieries, Limited, held at Blaenrhondda, on 
Saturday. Upon the occasion attention was called to the 
remarkable increase in the output of the collieries since 
they were taken over by the present company in 1910. 
In referring to the Fernhill output, Mr. Thomas said two 
years since the output was less than 400,000 tons per 
annum. In 1911, it rose to 500,000 tons, and last year it 
a tons. So fer as the present year had developed 
iteelf the output had also further advanced to nearly 


be | 700,000 tons per annum. 


cong —Some of the tin-plate works were shut down 
during the recent Easter holidays. They have since 
resumed operations upon a rather restricted scale. Hopes 
are entertained that the Balkan War will now be brought 
toaclose. Should this be the case, the Balkan market, 
which has been closed by the recent hostilities, will be 
reopened. Steel bars have shown a fair amount of 
activity. There has been a good demand for anthracite 
coal, and the collieries in the Gwendraeth Valley have 
been in full operation. 

Denmark and Welsh og nay Danish railways 
took a large quantity of Welsh coal, but, as the 
current year, Westphalian coal has almost entirely ousted 
British, no North- n contracts having been accepted. 
oe ne for only 17,400 tons of Scotch coal have been 
p 4 





Tue Conorete INsTITUTE.—A mavtoget this Institute 
took place on Thursday evening, the 27th ult., at which a 
per was read by Professor Stephen M. Dixon, M.A., 
M'Sc., M. Inst. C.E., M.C.1., Professor of Civil Engi- 
neering at Birmingham University, entitled ‘‘ Props and 
Beams in Mines.” In this the author stated that the use 
of reinforced concrete was becoming general for pit-head 
works, such as bunkers and hoppers, and in a few mines 
in = ¢ re was u Lon ® lar one below 
und, some of the princi pits being near 
udley ; Sneyd, near Stoke-on-Trent ; and Tunnel Pit, 
Haunchford, near Nuneaton. Plain concrete was not 
used in mines to the extent to which engineers who 
worked above ground would anticipate. One reason for this ~ 
was that time formed an all-important factor in mining, 
and the methods in use at the present, which gave 
full width of the roads immediately they were timbered, 
seemed preferable to those methods which needed tem- 





porary su blocking the narrow roads for consider- 
able a But by the collaboration between the 
inforced-concrete specialist and the mining engineer 


special means would be found to meet the special require- 
oot, and an immense fie)d would be opened for the use 
of reinforced concrete. 


Tue Incorporate MunicipaL ExvgorricaL Associa- 
TION.—The eighteenth annual convention of the above 
Association will be held in London from June 17 to 
June 21 next. The convention will be o at 10 a.m. 
on Tuesday, June 17, in the hall of the Institution of 
Electrical ineers, when an address will be delivered 
by the ex-president, Mr. C. E. C. Shawfield, and a paper 
on ‘Prime Movers” will be read by Dr. Ferranti. In 
the afternoon visits will be made to the West Ham and 
Deptford electricity works. On the day, June 18, 
a discussion will be held in the hall of the Institution of 
Electrical ineers in the morning, and a visit will be 
paid to Lots-road power-station in the aftern 





oon. The 
annual dinner will be held at the Hotel Cecil in the 
a On June 19 a visit wil] be paid to Kingston- 
upon-Thames, and a on “Electric Vehicles,” by 
Seabrook, Watson and Mitchell, and on “ Air 
Filtration,” by Mr. J. Christie, will be read. A river 
trip will occupy the afternoon. On the morning of 
June 20 the annus! meeting will be held at the building 
of the Institution of Electrical i while it is 
hoped that a visit to the Metropolitan Water Board’s 
new Chingford pumping-station may be arranged for the 





morning of June 21; 
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NOTICES OF MEETINGS. 


THe SraFroRpDsHIRE IRON AND Sree. Instirvute.—Saturday, 
April 5, at the Institute, Wolverhampton-street, Dudley, when 
Mr. David E. Roberts, M. Inst. O.E., will read a paper on ‘The 
Latest Development of the Roe Puddling Process.” The chair to 
be taken at 7.15 p.m. 
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Howard Lecture. ‘‘ Aeronautics,” by Professor Joseph E. Petavel, 
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Loading and Velocity; Resistance and Power; Stresses and 
Factors of Safety.” Wednesday, April 9, at 8 pm. Ordinary 
meeting. ‘Electric Supply in London,” by Mr. Frank Bailey, 
M. Inst. O.E., M.1.E.E., joint managing director, City of London 
Electric Lighting Company. 

Tue Surveyors’ InstiTUTION.—Monday, April 7, at 8 p.m., a 
paper will be read entitled ‘‘ Reinforced-Concrete Construction,” 

y Mr. P. J. Waldram (Fellow). 

Tus Society or Enemveers.—Monday, April 7, at 7.30 p.m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.C. A paper will be read on “‘The Status of Engineers and 
Engineering, with Special Reference to Consulting Engineers,” 
by Mr. William Ransom, A.M. Inst. C.E. 

Tne CLEVBLAND InstiTUTION OF ENGINEERS.—Monday, April 7, 
in the hall of the Cleveland Literary and Philosophical Society, 
Corporation-road, Middlesbrough, at 7.30 p.m. Paper on ‘‘ Modern 
Practice in Cleaning Blast-Furnace and other Gases,” by Mr. H. 
Stonewall Jackson, Middlesbrough. 

British FOUNDRYMEN’S ASSOCIANON : BIRMINGHAM BRANCH.— 
Monday, April 7. Visit to Messrs. Willans and Robinson, Limited, 
2 af ee from No. 1 platform, New-street Station (L. and 

.W.) at 2 p.m. 

Tue InstTiroTion oF Crvi. Enemvmpas.—Tuesday, April 8, at 
8 a at the Institution of Mechanical Engineers, Storey’s Gate, 
8.W. Papers to be further discussed :—‘* The Yield of Various 
Catchment Areas in Scotland,” by Mr. William Carstairs Reid. 
**Measurement of the Flow of the River Derwent, Derbyshire,” 
by Mr. Edward Sandeman, M. Inst. C.E. And, time permitting, 
paper to be read :—‘‘ Coastal Sand-Travel near Madras Harbour,” 

y Sir Francis Joseph Edward Spring, K.C.1.E., M.A.I., M. Inst. 
C.E. Students’ meetings, Mondays, April 7 and 21. Lectures 
on “‘ Production of Steel Sections and their —— in rf 
neering Structures,” by Mr. A. T. Walmisley, M. Inst. ©. 
Members of all classes of the Institution are invited to attend 
these lectures. 

THe AERONAUTICAL Society oF Great Brrrain.—Wednesday, 
April 9, at 8.30p.m., at the Royal United Service Institution, 

itehall. Lecture (followed by discussion), “* Propellers,” by 
Mr. Archibald R. Low, M.A., A.F. Aé.8. 
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Member. 
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at the Imperial College of Science, Imperial Institute-road, South 
Kensington, 8.W. Agenda:—On ‘‘Some Errors in Magnetic 
Testing Due to Elastic Strain,” by Mr. A. Campbell, B.A., and 
ag H. C. Booth. ‘‘ Note on Cathodic Spluttering,” by Dr. G. W. 
C. Kaye. 

Tue Roya Instrrution or Great Brrram.—Friday, April 11, at 
9p.m. On *‘ The Winds in the Free Air,” by Mr. Charles J. P. 
Cave, M.A., J.P., M.R.I. Afternoon lectures next week at 3 o’clock. 
Tuesday, April 8. ‘' Recent Discoveries of oe Man,” by Mr. 
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THE NAVY DEBATE IN PARLIAMENT. 


Frankness, fullness, and fairness were the 
characteristics of the debate on the Navy policy of 
the Government continued throughout four sittings 
of the House of Commons. There was frankness 
on the part of all in recognising not only the right 
of our friends across the North Sea to carry out the 
programme and policy which they deemed neces- 
sary in their interests, but also the duty of our 
Government to make such provision as will main- 
tain that inviolable sea power which is vital to us 
in view of our insular position and the position of 
our dominions across the seas. The First Lord was 
as full and as candid as the requirements of the 
service justified in his comprehensive and illumi- 
native exposition of the present position and of 
required developments of the Navy policy. While 
criticism, especially in respect of the number of 
ships to be laid down, was keen, there was fairness 
in the general acknowledgment, tacit and out- 
spoken, that Mr. Churchill has a firm grip upon 
the immensity of the ramifications and the intri- 
cacies of the administration of the Navy. We have 
always contended that the rights of Germany must 
be acknowledged, and, further, that only good can 
accrue from a clear enunciation of, as well as active 


=== = ——__—____—_ 1 


466 | determination to fulfil, our vital duty to render 


nugatory whatever aims Continental nations may 


467 | have to despoil us of our traditional and essential 


sea supremacy. The preparations to this end must 
be adequate and timeous, taken without hesitancy, 
yet without haste, and without even the remotest 
ibility of any misunderstanding regarding our 
eliberate purpose, or our mechanical or financial 
resources. For this reason we deprecate the diver- 


77 | sion made by Mr. Churchill in favour of “a year’s 
78 | holiday” from new naval construction. 


No one in 


this country doubts his motives, but, in view of the 
‘‘acute naval rivalries and rapid scientific expan- 





sion,” to which he referred in another. part of his 
speech, it was inevitable that, as Mr. Walter Long 
proved later to be the case, his overtures were open 
to be ‘‘misunderstood and misinterpreted.” Beyond 
this we do not propose to go, because a little 
reflection must prove to all the impossibility of 
accepting the proposal, in view of the volume of 
work in progress in all countries for the respective 
Governments, of the danger of liberating men 
even temporarily from naval work in progress, of 
the economic impracticability of diminution or tem- 
porary suspension of demands from establishments 
exclusively devoted to naval construction, and of 
the difficulty of ensuring the n co-opera- 
tion not only of Germany, but of all Powers which 
might be allied against us. 

Mr. Churchill was much more convincing in his 
apologetics for the steady increase in naval expendi- 
ture than in his contention of the adequacy of the 
— made, icularly for new construction. 

n reference to the former, he pointed out that it 
was necessary to multiply the number of ships 
building by the number of months when work was 
being done on them, and he showed that the pro- 
vision in 1909-10 was for 91 Dreadnought months ; 
for 1910-11 it was 130, for 1911-12 it was 146, and 
for the past financial year the same number—146, 
while the estimate for the current year is 134. A 
Dreadnought month costs on all votes, roughly, 
100,000/., and on this showing there ought to be a 
relief of 1,200,0001. in the estimates of the current 
year. But many causes have contributed to an 
actual increase of the total vote. There was an 
addition to the number of ships maintained in full 
commission, and a consequent augmentation of the 
numbers and pay of the personnel, which absorbed 
730,0001. more than in the past year. There was next 
the development in the size, speed, armament, and 
equipment and cost of warships of all kinds. Since 
1906 the horse-power of the propelling machinery in 
the Navy has nearly doubled, with a correspond- 
ing increase in fuel consumption and an aug- 
mentation in the cost of oil fuel, owing to its 
advanced price. The introduction and development 
of new services—particularly oil fuel, aeronautics, 
and wireless telegraphy—absorbed 1,500,0001. in 
excess of the figures of the past year. The in- 
crease in price, particularly of coal, oil, and steel, 
involved 1,500,0001., while arrears of shipbuilding 
in the last two years added another 1,000,000/. to 
the current year’s probable expenditure. It was 
pointed out, further, that a delay of six or seven 
weeks in the execution of the current programme 
made a difference collectively, in view of the great 
magnitude of the work in progress, of nearly 
2,000,000/. in the estimates of the year. 

The delay in construction occupied much of the 
attention of the members of the House during the 
debate, and it must be confessed that the attitude 
of the Admiralty on this point did not seem to be 
justified logically. Mr. Churchill, in referring to the 
congestion of work in naval establishments, drew 
a distinction between the continuation programme 
and the new programme, and said he ‘‘did not 
use ‘ congestion’ as an argument for fixing the 
date on which the new ships should be laid down.” 
The contention we made in discussing the Navy 
Estimates a fortnight ago (page 395 ante) was that 
the delay should have been met by anticipation 
in laying down ships at an earlier period each 
year ; and Mr. Alan i. Burgoyne, in the course of 
the debate, very our contended in favour of 
this peer and, further, of allowing 24 years 
for the construction of the modern big ships. In 
this, of course, is clearly included the provision 
for the manufacture of the armour and gun-mount- 
ings. Indeed, we proved by the figures quoted from 
the Navy Programme that, even in the first of the 
new battleships, which it is proposed to lay down at an 
earlier period than the others, adequate provision 
has not been made in connection with the pro- 
gress of the gun-mountings. We welcome, there- 
fore, the remark of Mr. Churchill which we have 
quoted, and we hope that the gun-mountings and 
armour will be put in hand for all the ships, and, 
indeed, that the new ships will be laid down, at as 
early a date as possible, so that as men are released 
from ships now approaching the launching stage 
or completion, their services may at once be 
transferred to the new ships of the programme. 
The congestion during the past two or three years 
has been, as Mr. Arthur Lee pointed out, due to 
the spasmodic building policy that the Government 
have pursued for someyears. Germany has been pro- 
gressing in her naval construction with a persistent 
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continuity which demands greater regularity in 
our building programme. On the other hand, we, 
in 1906-9, were building relatively few ships, and 
had to jump from two ships in 1908 to nine in 
1909-10. This fluctuation was due in some measure 
to a desire on the part of the Government to hold 
out the olive branch to Continental Powers ; but 
it needed little knowledge of human nature to 
realise that such action was Utopian. Indeed, it 
proved pernicious ultimately, as it seemed to en- 
courage our friends across the North Sea to believe 
that we were becoming afraid of the financial 
burden which our duty was placing upon us. 
Apart altogether from the date of laying down 
the new ships, there is anxiety regarding the 
adequacy of the buildiog programme. It must be 
confessed, too, that the debate in the House and 
Mr. Churchill’s figures have intensified the anxiety 
of even moderate men regarding our position two 
or three years hence—in 1915 and 1916. We have, 
first, a striking statement by the Prime Minister 
of Canada, who, in reference to the information 
publicly and secretly given him by the British 
Admiralty, stated that ‘‘the information placed 
before us discloses so grave a situation that it calls 
for immediate action.” Itis accepted by the Admi- 
ralty that such ships as are presented to the Na 
by the Dominions, or the Crown Colonies, shall 
be reckoned as an addition to the provision which 
the home country must make to meet the national 
requirements; in other words, that the contri- 
buted ships shall constitute an addition to the 
Fleet, and shall be destined for essentially Imperial 
purposes. At the present time the standard aimed 
at, but not necessarily accepted as permanent, is 
sixteen ‘Dreadnoughts to ten owned by the next 
strongest Power. Mr. Churchill made a comparison 
of the German fleet with the British fleet. In- 
cluding the two Lord Nelsons, the New Zealand, 
the Australia, and the Malaya, and the Dread- 
noughts of both Powers, the First Lord of the 
Admiralty showed that up to 1915-16 we should 
have a surplus ‘*‘ which will never fall below two, 
and may rise as high as eight, with an average 
surplus of four or tive ships over the 16 to 10 


standard.” 

But the Colonial ships ought not to be included, 
nor should the two Nelsons. The speed 
of these latter ships is less than 19 knots, and 
that of all our Dreadnoughts is over 21 knots. 
Just as the strength of a chain is determined 
by iis weakest link, so the tactical efficiency of 
a squadron is determined by its slowest ship. 
If, therefore, the Lord Nelson and Agamem- 
hon are associated in a squadron along with six 
Dreadnoughts, the fleet speed is the speed of the 
Lord Nelson, and the immense cost of the higher 
speed of the six Dreadnoughts is absolutely for- 
feited. This reason alone, apart altogether from 
the disadvantage of mixed armament in the Lord 
Nelsons, is sufticient argument against the inclusion 
of these vessels in reckoning Dreadnoughts. 
When they are excluded, along with the three 
Colonial ships named, it is found that, according 
to the First Lord’s reckoning, we shall have in 
1915, in the first quarter of the year, only 
the correct sixteen to ten relationship, in the 
second quarter a deficiency of three, in the third 
quarter a deficiency of two, and in the fourth 
quarter the sixteen to ten standard will be restored. 
In the year 1916 the first quarter will show a 
surplus in our favour of three, the second quarter 
a deficiency of two, the third quarter a deficiency 
of two, and the fourth quarter the sixteen to ten 
standard. We have accepted Mr. Churchill's figures, 
but excluded the two Lord Nelsons, the New Zea- 
land, the Australia, and the Malaya. The deduction 
of these five ships gives the above results. Of course, 
as Mr. Churchill said, unexpected minor variations 
may arise in practice. The construction of ships is 
sometimes delayed oraccelerated, andthe assumption 
he made was that the German ships will be finished 

unctually and ready for battle on the day of the 

rst commission trial, three years after being laid 
down, while the British ships are not accounted 
as effective until they have —— all their 
trials. It is possible, as has been done on former 
occasions, to correct any accidental lateness of 
delivery of our ships by an emergency commission 
date, which is several months before formal and 
final delivery. Notwithstanding this, it must be 
accepted that the Admiralty, from the figures 
already given, have not a sufficient margin to meet 
contingencies, and that therefore the me 


for this year ought, as we have already contended 


in our previous article, to include at least six 
battleships instead of five. 

The difficulty of the situation as regards stand- 
ards has been greatly intensified because of the 
building programme of the Mediterranean Powers. 
We have, as Mr. Lee pointed out, become some- 
what ‘‘ obsessed by the North Sea danger,” and we 
are forgetting sometimes the requirements in the 
Mediterranean, in the Pacific, and in the trade 
routes to the outposts of the Empire. In 1915 
Austria and Italy combined will have ten Dread- 
noughts, so that we shall require to make pro- 
vision for a greater number of capital ships in 
the middle seas. Mr. Churchill met this view 
by accepting as a suflicient force of Dread- 
noughts in the North Sea a proportion of three 
to two as compared with Germany, and he 
tried to justify this by entering upon a differentia- 
tion between ty of Dreadnoughts. No doubt 
we have advanced in the quality of individual ships 
at a greater rate than other Powers ; but there is 
nothing so unsatisfactory or so delusive as depen- 
dence upon superiority of individual ships rather 
than on the number of ships. The First Lord, after 
providing for 50 per cent. superiority in home waters, 
said there would be available for the ‘‘ whole 
world service of the British Empire ” in the first 

uarter of 1915, seven ships, the Lord Nelsons and 
the three Colonial ships named being included, 
although the Australia is detinitely part of 
the navy of the Commonwealth for services in 
Oceania ; in the second quarter, four ships ; in the 
third quarter, five ships; and in the fourth quar- 
ter, seven ships. In the first quarter of 1916 the 
number would be ten ships ; in the second quarter, 
five ; in the third quarter, five ; and in the fourth 
quarter, seven. In view of the rapidly-increasing 
strength alone of the Austrian and Italian navies, 
this margin for the ‘*‘ whole-world service of the 
British Empire” must be pronounced as inade- 
quate. The three Canadian ships, of course, are 
not included, and when they are sanctioned by the 
Canadian Parliament and built, may advance by 
three the figures quoted by Mr. Churchill ; but it 
must be remembered that Canada, like the other 
Dominions, will exercise a lien on their presenta- 
tion ships, so that to rely upon them for service in 
the Mediterranean might give rise to a situation 
of extreme gravity due to difference of opinion 
between the Imperial and Dominion Governments 
—a situation which ought not for a moment to be 
contemplated. Moreover, should any of the 
Colonial ships be recalled or become hors de combat, 
they would require to be replaced. Indeed, the 
figures given create an unpleasant impression that 
the home country is relying too much on the 
Dominions, and is looking to them to relieve us of 
some part of the burden of maintaining our supre- 
macy in the North Sea and the Mediterranean. 

The phrase the ‘‘ whole-world service of the 
British Empire” is preferred by Mr. Churchill to 
‘* Imperial defence,” but the decision to constitute 
the contributed ships from the Dominions into an 
Empire fleet, esedl oe Gibraltar, suggests that the 
defence of the Mediterranean was not far from his 
line of reasoning when this decision was arrived at. 
It is intended that the fleet of Colonial ships shall 
be able to go wherever required in the interests of 
the Empire ; and Mr. Churchill pointed out that it 
would be possible for the squadron to reach Halifax 
from Gibraltar in 5 days, Quebec in 6, Jamaica 
in 9, the South American coast in 12, Cape Town 
in 13, Alexandria in 3, Sydney in 28, New Zealand 
in 32, Hong Kong in 22, and Vancouver in 23 days. 
Obviously these voyages are to be made at pretty 
high speed, and it would be interesting to know 
what fuel the ships would have at the end of their 
trip in order to do effective action. Whatever may 
be the difference of opinion regarding Dreadnoughts, 
all heartily welcome the proposal to provide guns, 
refrigerated magazines, and ammunition for a e 
9, gen of our merchant ships, so that they will 

in a position to resist attack by merchant 
cruisers of an enemy. 

Among the many other interesting points raised 
in the debate, we need refer now to one only, 
as it belongs essentially to the adequacy of our 
provision for naval defence. This has reference to 
the Aviation Department of the Navy. It is idle 
to ignore the fact that in aviation, and particularly 
in airships, we do not occupy the primary position 
which our superiority in science and industry 
justifies. The Admiralty have not been sufficiently 
active in the matter. It is true that the first 
Navy airship designed by the Admiralty was not 











a success, but, as every scientist and engineer 
knows, failure points the way to success ; trial and 
error is often, indeed nearly always, the surest 
process towards the attainment of efficiency. No 
great mechanical advancement has been made with- 
out long and costly experiment. This has been 
the experience in Germany in connection with 
the evolution of their airships. Our Admiralty 
investigated the causes of the accident to the 
Navy airship, and such searching after truth, if 
properly directed, must have revealed important 
and suggestive lessons, the application of which 
should have tended towards ultimate success. Did 
the Admiralty attempt to apply the lessons of 
experience, and utilise the men who had bought 
that experience through failure, in order to achieve 
better results? Instead of that, it would seem 
that no definite progressive action has been made 
until now, when it is fully realised that Germany, 
by the processes of failure and of trial and error, has 
developed successful types of airships. And now, 
when Germany hasevolved a complete scheme, we are 
taking action, although, it must be confessed, in a 
halting sort of way. Germany proposes to spend 
something like 64 millions within three years for the 
navy and the army and for the organising of a flying 
navy personnel, including 1542 officers and men. 
For the German navy alone there will be organ- 
ised two squadrons of four airships, all of them in 
commission, and each with an airship in reserve, 
At Cuxhaven there is to be an airship base, with 
four double-revolving sheds for the iien in com- 
mission, and buildings for the reserve ships, gas- 
works, and quarters for officers, non-commissioned 
officers and men. The life of an airship is to be 
assumed as four years, so that every four years new 
~ will have to be substituted for the old. 

ur Admiralty have purchased two airships, one 
an Astra Torres, shortly to undergo trials, and 
another, the Parsifal, of which the envelope is com- 
plete and the car nearing completion. It is also 
proposed to enlist the services of some great British 
manufacturing firm in the construction of rigid 
airships. In Germany there is a total fleet of 
fifty aeroplanes, six groups of six to be kept in 
commission, the remaining fourteen being in 
reserve. There will be a mother station provided 
with a flying-ground, and all that is necessary for 
machines and personnel. Our naval aeroplane 
section, it is expected, will have 75 naval machines 
and 75 pilots by July next; during the next 
financial year this number will be increased 
to 100 machines and 100 pilots; these, with 
the Army acroplanes, will make up the number to 
300. Our expenditure on the Navy Aeronautical 
Section is to be 321,000/., which, added to that 
taken by the Army, will make a total of 850,000). 
The Germans, on the other hand, are spending 
this year on the Navy Department alone 1,000,000 , 
as against 307,500/. last year. These figures indi- 
cate that in this, as in other departments, there is 
need for a quickening of our pace. In hydroplanes 
we are in advance of other nations ; but even in this 
department there seems some unaccountable lack of 
enterprise, pe due to the want of encouragement 
from the Admiralty. Everyone, therefore, interested 
in this new weapon of war will welcome the proposal 
of the Daily Mail to award a prize of 10,000/. for 
a flight from the American continent to any point 
in the United Kingdom, and 5000l. for a flight 
circumnavigating the British Isles, under certain 
conditions regarding the replenishment of fuel. 
These, no doubt, seem impossible tasks in view of 
our present knowledge ; but in science, and par- 
ticularly in the engineering departments of science, 
the impossibilities of to-day are sometimes the 
attainments of to-morrow, owing to close applica- 
tion, experiment, and personal courage. 








THE GEARED TURBINE. 

THE extremely interesting discussion on geared 
turbines, which constituted one of the chief attrac- 
tions.to the recent meeting of the Institution of 
Naval Architects, has been followed by a paper on 
the same subject, read last Friday by Mr. C. W. 
Cairns, M.Sc., before the North-East Coast Insti- 
tution of Engineers and Shipbuilders. In his 
paper, which we reproduce elsewhere, the author 
gave the results of a very carefully conducted com- 
parative trial of two steamers, the Cairngowan and 
the Cai the former being fitted with recipro- 
cating engines, and the other with geared turbines. 
Both boats measured 370 ft. by 51 ft. by 
27 ft; 9 im.; and on the trial the displacement of 











APRIL 4, 1913.] 


ENGINEERING. 





463 





the Cairngowan was 9891 tons, and of the Cairnross 
9950 tons. The latter boat was, it will be seen, a 
little more heavily laden, but this was compensated 
for by its block coefficient being 0.779, in place of 
the 0.784 attributed to the Cairngowan. Both 
ships had an identical boiler equipment, consisting 
of three single-ended boilers, 14 ft. 9 in. in diameter 
by 10 ft. 6 in., designed for a working pressure of 
180 lb. per tq. in. The engines of the Cairngowan 
had cylinders 24 in., 40 in., and 66 in. in diameter 
by 45in. stroke, which on trial developed an 
average of 1790 indicated horse-power over a thirty- 
six hours’ test, the mean speed being 61.68 revolu- 
tions per minute. The Cairnross had a high-pressure 
and low-pressure turbine geared to a single main 
shaft, the reduction ratio being 1 to 26.2. On the 
test the power developed was 1570 shaft horse- 
power, the propeller speed being 61.76 revolutions 
per minute. - 

The two boats were sent side by side over the 
same ccurse and instructed to keep within sight of 
each other during the whole of the run. In the 
thirty-six hours’ trial the Cairnross consumed 
22,000 lb. of coal, and its reciprocating rival 

7,200 lb. Actually the turbined boat had a very 
considerable reserve of power, since the pressure at 
the turbine stop-valve was 158 lb. only, as against 
175 lb., which was the corresponding figure for the 
reciprocating engine, and lighter boilers could have 
accordingly been used for the Cairnross without 
reducing its effective power below that of the 
Cairngowan. Special attention was paid to having 
the hulls of the two ships in a similar state of 
cleanliness, so that the results of these very impor- 
tant and interesting trials may be taken as conclu- 
sive evidence of the greater efficiency of the geared 
turbine as compared with good triple-expansion 
engines. 

The question which next arises is, of course, the 
price to be paid for this higher efficiency. In the 
discussion which followed the reading of the paper, 
Mr. R J. Walker stated that the cost of geared 
turbines was 5 per cent. more than reciprocators 
for plants up to 1500 horse-power ; about 3 per 
cent. more for installations of between 1500 and 
3000 horse- power ; whilst above 5000 horse- 
power the cost of the two was the same, and 
these estimates were confirmed by Mr. Allen, 
of Messrs. Hawthorn, Leslie and Co. Since the 
geared turbine showed an economy of 19 per cent. 
on the coal taken to do the same work, it is 
obvious that even in comparatively low-powered 
ships it has very substantial advantages over its 
rival, and these would be accentuated by a saving in 
lubricants and in the cost of overhauls. Moreover, 
in the trials in question the best was not being got 
out of the turbine machinery. The boiler weights, 
as stated, were higher than they need have been ; 
but it was desired to have the two ships as nearly 
identical as possible. . Mr. Walker stated, however, 
that a somewhat higher rate of revolution would 
have suited the turbine better, and that with a 
smaller and finer-pitched screw the relative saving 
would have been even higher than shown in the 
tests. The incidental economies rendered possible by 
the adoption of geared turbines are well illustrated 
by the 40 per cent. saving in the coal consumption 
of the Normannia. Of this, only some 15 to 20 per 
cent. was due directly to the higher economy of the 
turbine, the remainder being attributable to the 
improvements in the form of the ship which the 
adoption of the gear made ibie. 

_Mr. Gerald Stoney, in his contribution to the 
discussion at Newcastle, exhibited in a very striking 
way the disadvantages under which the direct-con- 
nected marine steam -turbine commonly has to 
labour. He gave the following table showing the 
it speeds considered desirable in power-station 
practice. 


Horse-Power. Revolutions. 

,500 1500 
3,000 1000 
6,000 750 
8,000 650 
12,000 500 
24,000 350 
35,000 290 
48,000 250 


These, as stated, are minimum figures, and are 
normally greatly exceeded in practice. Thus, the 
10,006 )-horse power turbine at * eeraan runs at 1200 
revolutions per minute. If the speeds in the above 
table are compared with the s' s usual with direct- 
driven turbines at sea, it will be obvious how heavily 
handicapped the turbine has been by its unequal 
mating with the screw propeller; For example, in 








the full-speed trials of the Mauretania, when some 
39,000 shaft horse-power were developed per side, 
the revolutions averaged only 190 per minute. It 
is quite true that the steam consumption was low 
as compared with what is usual at sea, being just 
over 12 lb. per horse-power ; but this high economy 
had to be purchased by the adoption of very large 
and massive turbines. 

Mr. Stoney also pointed out that the adoption of 
gearing would make it possible to run the high- 
pressure turbine at a higher s than the low- 
pressure turbine. Under certain conditions this plan 
might prove very conducive to economy. The limit 
to the speed of the low-pressure turbine is fixed by 
the necessity of having sufficient steam-way at the 
exhaust end. In land practice this limitation to 
the possible speed of a turbine is now inning 
to be of material importance, owing to the im- 
provements which have of recent years been 
effected in the design of high-speed generators. 
At the present moment we believe that the 
electrician is rather more ready than the turbine- 
builder to supply high-speed machines of very 
large outputs. In marine practice this limitation to 
the sree y and size of a turbine has not yet been felt ; 
but with the increase of speeds rendered ible 
by the introduction of gearing, the upper limit to 
the speed of the low-pressure turbine may, as in 
land service, prove to be fixed not by questions of 
mechanics, but simply by the necessity of keeping 
down the losses by ‘‘ carry over” to the exhaust. 
For these to be moderate, the mean diameter of 
the last row of blades should not be less than about 


0.65 VS.H.P. 

The minimum diameter, therefore, is fixed en- 
tirely by the output of the turbines, and is indepen- 
dent of the speed of revolution. Thus the least 
diameter at the exhaust end desirable for an output 
such as that of the Mauretania’s turbines would be 


0.65 39,000, or about 128 in., whilst the dia- 
meter actually used was 162 in. The weight of 
the turbine varying approximately inversely as the 
square of the revolutions, the ible reduction of 
weight in the low-pressure turbines of the Maure- 
tania would be about 35 percent. In the case of the 
high-pressure turbine, however, the diameter could 
be reduced, without increasing the loss by ‘‘ carry 
over,” by about 27 per cent., corresponding to a 
saving in weight of about 43 per cent., and yet, by 
the introduction of some form of reducing gear, it 
could drive its shaft at the same speed as before. 
Such an arrangement would be economical, since 
the length of the blades increases in direct propor- 
tion to the mean diameter of the turbine, and the 
flow by leakage over blade-tips is reduced in the 
same ratio as the blade height is increased. 

Remarkable as are the results which have already 
been realised with gearing, still more striking 
achievements are promised in the early future. Mr. 
Ferranti, in the recent discussion at the Institution 
of Naval Architects, suggested that pitch-line speeds 
of 250 ft. a second would prove quite practicable 
with teeth cut on the ingenious system which, by 
a very remarkable coincidence, was independently 
devised by himself and Sir C. A. Parsons. On 
this system, it will be remembered, any cyclical 
error in the master wheel of the gear-cutter is dis- 
tributed over a large number of teeth, and is thus 
practically eliminated. 

English engineers have never taken kindly to 
the floating frame originally introduced by Messrs. 
Melville and McAlpine, since it was difficult to see 
how the elasticity provided could be of much service 
in practice. The pitch-line speeds are high, and the 
inertia of the pinion and frame very considerable, so 
that a badly-formed tooth would have come into 
and gone out again before the frame could adjust 
iteelf, as it was theoretically designed to do. The 
view is certainly strongly held here that the true 
solution of the gear question is that proposed by 
Sir Charles Parsons--viz, to produce teeth sub- 
stantially free from errors of form. His confidence 
in this solution of the gear problem is well illus- 
trated by the fact that a gear is now in course of 
construction in which 6000 horse-power is to be 
transmitted through a single pinion. The results 
of the trials of this gear will certainly prove of 
great interest and importance. 

The reduction in the size of the turbines due 
to the introduction of gearing will do much to 
facilitate the use on shipboard of highly super- 
heated steam. A superheat of 200 deg. Fahr. 
reduces the steam consumption per shaft horse- 
power by about 18 per cent:, and the fuel bill by 


about 12 per cent. What the ultimate limits 
to pressures and temperatures may ultimately 
be remains for the future to disclose ; but an 
offer was recently made to instal in a power station 
a 5000-kw. machine to take steam at 300 Ib. pres 
sure, and at a temperature of 700 deg. Fahr., the 
guarantee offered being 104 lb. per kilowatt-hour, 
with a vacuum of 28 in. r. Stoney, in the dis- 
cussion at Newcastle, stated that the consumption 
of the 25,000-kw. machine now building for Chicago 
was expected to be 7} lb. per shaft horse-power. 

Another important innovation which he is suaul- 
taneously introducing into marine practice is the ise 
of thrust-blocks of the Michell type. These have 
been before the public now for a good many years, 
but engineers, even in this country, have been slow 
to realise their advantages, and apparently they 
are still less known abroad. Dr. Féttinger, for 
instance, spoke of thrust-block losses being about 
1 per cent. of the total power developed, and this 
is not an over-estimate for the old type. With 
the Michell type, however, as stated at the Naval 
Architects’ discussion, the loss is not more than 
one-tenth of this figure. 

The introduction of an innovation such as this 
into commercial engineering illustrates that it is 
not the way merely of the transgressor which is 
hard, but also that of the deviser of important 
improvements in the direction of the forces of 
Nature to the service of mankind. Every mishap 
due to accident or to trivial errors in subsidiary 
elements of the design are commonly held to be 
defects inherent in the new system, and the Michell 
bearing has been no exception to this general 
rule. In one case, for example, a block of this 
character was provided for a turbine. By a mis- 
understanding of the conditions, a spherically- 
seated block was provided, oblivious of the fact 
that the journals of the turbines also rested in 
spherically-seated bearings. As the spherical sur- 
faces of the block seating were not concentric 
with the surfaces of the journal seats, the two 
sets were naturally incapable of working together ; 
but though the cause of the trouble was obvious, 
no further trial of the block was made. 








SYNTHETIC AMMONTA. 

Arter having studied the much investigated 
equilibrium between nitrogen and hydrogen in 
1904, Professor F. Haber, then at Karlsruhe, now 
of Berlin, was asked by the Badische Anilin- und 
Soda-Fabrik to experiment on the synthetic manu- 
facture of ammonia from the two constituent gases, 
nitrogen and hydrogen, under the conditions which, 
according to his previous studies, appeared indis- 
pensable—high pressures of several Renteed atmo- 
—- and high temperatures, probably of more 
than 600 deg. Cent. Technical apparatus in which 
gases could be circulated under these conditions 
were novel. Satisfactory results were obtained, 
and it is expected that the new ammonia works 
which the famous chemical firm is erecting at 
Oppau, near its chief works at Ludwigshafen on 
the Rhine, will be opened in the course of this 
year. Under these circumstances the publication 
of the confidential report, which F. Haber and 
R. Le Rossignol presented to the firm in 1909, in 
the Zeitschrift fiir Elektrochemie of January 15, 
1913, was most welcome, although the report does 
not mention certain features, especially quantitative 
results, and is not supplemen by the experience 
gained in the years which have e — since the 
report was drawn up. Information about the actual 
process adopted is not given either. Some hints 
as to the working were, however, contained in the 
lecture on ‘‘ Synthetic Ammonia,” which Dr. A. 
Bernthsen, one of the directors of the Badische 
Anilin Fabrik, delivered before the Congress of 
— Chemistry at New York last summer. 

e principle of the process is that the two 
gases, mixed in the proper volume-proportions of 
1 N to3 H, are heated in the presence of a catalyst 
under a pressure of about 200 atmospheres ; the 
resulting ammonia—less than 20 per cent. of the 
possible yield at the best, generally about 8 per cent. 
—is then condensed by cooling to about — 39 deg. 
Cent., or absorbed, and the uncondensed are 
returned to the furnace. At —80 deg Cent. the 
ammonia would solidify; but dangerous stoppages of 
ipes were never observed when the temperature was 
owered to —75 deg. Cent. It will be i 
that, assuming the difficulties of the construction 





of suitable technical apparatus to be overcome, the 
main preblem will be te make a proeess remune- 
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rative, in which the gases are to be heated to 600 
or 700 deg. Cent. in one part of the apparatus, and 
cooled to — 30 deg. in another part, and yet to be 
kept in circulation without undue waste of heat. 
The technical difficulties were sufficiently serious. 
Quartz furnace-tubes were first experimented 
with, but they were not free from bubbles, and 
did not appear safe at 1000 deg. Cent. and pres- 
sures of over 100 atmospheres. Steel tubes, espe- 
cially when internally heated, were more suitable; 
later on sheet-iron cylinders wound with resistance 
wires were placed inside the steel tubes; they 
also gave trouble, however. At high pressures 
hot hydrogen attracts the carbon in the steel with 
the formation of hydro-carbons, and the nitrogen 
combines with the iron to nitride, so that the steel 
becomes porous and weak. At high temperatures 
iron is not impermeable to hydrogen, moreover. 
This difficulty is not referred to by Haber, but it 
was mentioned by Bernthsen ; he did not explain, 
however, how it was overcome. 

The heated gases pass through the catalyst. Haber 
first tried cerium compounds as catalysts, and ex- 
perimented afterwards with manganese, tungsten, 
urenium, ruthenium, and osmium, both as metals 
aud compounds. We will not enter into details ; 
but it is noteworthy that the experimenters were 
guided by theoretical considerations in their choice, 
and that they often observed considerable differ- 
ences in the efficiencies of metals when reduced 
by different methods. Uranium and osmium, 
though expensive, proved satisfactory catalysts ; 
uranium was very sensitive to the presence of 
water vapour, however. Platinum did not answer, 
nor did pipe-clay, asbestos, and pumice stone, 
which had been found to a certain degree 
successful by E. P. Perman, who also investi- 
gated the reaction in 1904. Any success obtained 
with pipe-clay may probably be ascribed to the 
iron oxide it contained. The whole subject of 
catalysts is very important, and still very obscure. 
Many metallic catalysts become activated—i.e., 
much more energetic —when certain oxides or 
compounds or other metals are distributed through 
them. Other compounds, on the other hand, are 
downright poisons to the catalysts and to the 
respective reaction, and the poisons for ammonia 
production are not the same as those for the 
manufacture of sulphuric acid by the contact pro- 
cess. The metalloids sulphur, selenium, tellu- 
rium, phosphorus, boron, arsenic are poisons for 
ammonia synthesis, and the metals of low melting- 
point which resemble metalloids in some features, 
are also to be excluded—viz., lead, tin, bismuth, 
and even zinc. Sulphuretted hydrogen and hydro- 
carbons are likewise detrimental. A trace of one 
per mille of sodium sulphate in iron may spoil a 
good iron catalyst altogether. Iron seems to be the 
catalyst chiefly relied upon, however. Bernthsen 
did not say that directly, but he stated that the iron 
should be oxidised at high temperatures, and subse- 
quently be reduced at relatively low temperature. 
Owing to the exceedingly great sensitiveness of the 
catalysts the gases hydrogen and nitrogen have 
themselves to be very pure, as they might contami- 
nate the catalyst. One-millionth part of sulphur 
in- the gas was found to ruin the reaction. Accord- 
ing to Bernthsen and to Mittasch, who has con- 
tinued the researches on the catalysts in the works 
of the firm, want of purity of the gases may be 
the reason for the sailure of some experimenters. 

If the left the furnace at the high tempera- 
ture at which a pass through the catalyst, the 
waste of heat would be great. The heat-regenerator 
which Haber and Le Rossignol introduced for 
this reason consisted of a system of capillary steel 
tubes, through and round which the gases played. 
Two hexagonal steel plates were perforated with 
127 holes each, to hold the upper and lower 
ends of 127 steel tubes, 1.5mm. and 1.1 mm. 
external and internal diameters ; the projecting 
free ends were packed with a powdered mixture 
of 60 per cent. of copper and 40 per cent. of 
silver, which was then melted, so that the upper and 
lower ends were embedded in the alloy. Each steel 
tube had previously been wound outside with a 
spiral of iron wire ; the spaces between the tubes 
thus formed spiral passages. The whole tube 
system was finally fixed in a hexagonal steel tube. 

he gas mixture under pressure now passed down 
the spiral passages between the tubes, flowed 
outside t the catalyst-chamber, entered the 
catalyst from below, and forced its way up through 
the catalyst and the capillary tubes. the resist- 


sheet-iron cylinder and. wound outside with iron 
wire; temperatures were measured by the aid of 
thermo-couples, and rammed mixtures of calcined 
magnesia and asbestos held the respective parts in 
position within the cylindrical steel furnace. 

Leaving the furnace, the gases passed through a 
copper capillary coiled within a cooling-tank, 
through a valve and a gas-drying tube with the 
so-called cold-generator, and thence to the con- 
denser, which was of the Kamerlingh Onnes type. 
Part of the ammonia was liquefied in the condenser 
and drawn off ; the liquefaction was never com- 
plete, however, because the vapour tension of 
ammonia is considerable, even at temperatures below 
the freezing-point of water. Thus a good deal of 
ammonia gas, together with the mixture of uncom- 
bined cue and nitrogen, escaped from the 
condenser and re-entered the jacket of the just- 
mentioned cold - regenerators, to pass on to the 
circulation pump which returned the gases to the 
furnace. ere is not much said about the circu- 
lation and the cold-regenerator. The latter was 
formed by a three-fold copper coil inserted into the 
pipes ; the inner coil was wound closer than the 
two outer coils, and the gases entered and left the 
three spirals simultaneously, the entrances and 
exits of the three coils being common and their 
lengths the same. The regenerator is said to 
operate excellently. The pump was a double-acting 
pump, of steel; the stuffing-boxes were packed with 
alternating washers of brass and paraffined cotton 
fabric, and this packing answered perfectly, while 
the leather ring of the piston did not keep quite 
gas-tight in the long run. 

We will not enter into further particulars. The 
report by Haber and Le Rossignol, which covers 
twenty pages, contains much detail which will be 
instructive to experimenters and specialists. As 
regards the gas circulation in the technical appa- 
ratus, Bernthsen remarked that the gas mixture 
passed through the furnace-tube, the catalyst, and 
the inside of the heat-regenerator, to the circulation 
pump. Returning from the pump the gases were 
carried in the opposite direction round the outsides 
of the regenerator-tubes and the catalyst-chamber, 
to re-enter the furnace from the other end. The 
ammonia produced was either absorbed (by water 
or other agents) or condensed. The furnace-tube 
was well jacketed to prevent heat losses, and the 
whole +e ge was placed in a bomb-proof room 
to avoid all risk of explosions. We mentioned 
that the hydrogen Be. force its way through 
the iron, and ordinary gas leakage may easily occur 
in such machinery ; all access of the air has hence 
to be prevented. These remarks give an indication 
of the difficulties that have to be faced. It is clear 
that such processes are not worked out by rule 
of thumb and by lucky chance observations. Years 
of systematic scientific research are involved. The 
contact or catalytic sulphuric acid process remained 
a technical problem long after the scientists had 
solved it. Phat success was finally attained in the 
works of the same Badische Anilin-und Soda-Fabrik 
was chiefly due to their great engineer and 
chemist, the late Rudolph Knietsch. If the syn- 
thetic manufacture of ammonia becomes a success 
—which is hardly doubted at present—the engi- 
neer will justly claim his share in the triumph. 








THE TESTING OF SAFETY 
EXPLOSIVES. 

THe paper on ‘‘The Testing of Safety Explo- 
sives,’”’ which Professor Vivian B. Lewes, F.I.C., 
read before the Society of Arts on Wednesday last, 
April 2, had a particular object in view. New 
Home Office regulations, revising the tests of 
explosives for inclusion in the permitted list, were 
to come into force on April 1. These regulations 
have been criticised, and the authorities have 
already extended the time over which the old 
explosives may be used to the end of 1913. With 
the object rather of perfecting the regulations than 
of opposing them, Professor Lewes drew attention 
to some points in the regulations which appear to 
deserve earnest consideration. 

The actual standpoint, he explained, was the 
following :—Up till recently the official testing of 
safety explosives had taken place in the old testing 
gallery at Woolwich, which was erected in 1896, 
for the purpose of determining the liability of explo- 
sives to ignite gas mixtures, and also their strength; 
the latter by firing into the ballistic pendulum. In 
1896 the only Continental testing installation of 





ance heater was a magnesia tube pushed over a 


that kind was at Gelsenkirchen, in the Westphalian 


coal district. Since then testing galleries had, he 
said, also been set up in France, Austria, Belgium 
and the United States, and the methods used were 
not in all cases identical. The chief difference be- 
tween the British and the Continental practice was 
that on the Continent the explosives were fired tn- 
stemmed into the gas mixtures, or were suspended 
in them, whilst stemming was used at Woolwich. 

The Home Office Memorandum of May, 1912, 
ponpanes alterations of far - reaching character 

or the new testing-station at Rotherham. It 
was intended to bring the British method into 
line with those of other countries and to render 
the explosives as safe as possible. As blown-out 
shots had proved the most frequent cause of ex- 
losions in mines, the test mortar was no longer to 
tamped, but the charge was to be fired directly 
into gas mixture or into coal-dust clouds, and the 
largest charge which failed to ignite either mixture 
was to be known as the ‘‘ maximum charge ;” this 
maximum was not to be less than 8 oz. (226.8 
grammes). There was no doubt now, Professor 
Lewes remarked, that very few of the explosives 
on the permitted list would pass this very severe 
test. t was a serious matter. Yet objections 
such as had been made—and were heard during the 
discussion—‘‘that it was criminal to fire an un- 
stemmed shot in a mine, and absurd therefore to 
introduce such a test,” or ‘‘ that the new regulations 
were framed to save the life of the test cannon, 
and not of the miner,” were useless. 

The ‘‘unstemmed” test, Professor Lewes con- 
tinued, had not originated with Government officials, 
anxious to shelve responsibility for accidents due 
to permitted explosives, but with mine-owners. 
The German law exacted ‘‘ safety explosives,” but 
left the onus of finding out what a safety explosive 
was to the mine-owner. ‘‘ Safety” being a rela- 
tive term, Watteyne, chief of the Belgian official 
testing gallery at Frameries, had suggested, in 1903, 
at the Berlin Congress of Applied Chemistry, that, 
since any explosive would cause ignition of a gas 
mixture, into which it was fired unstemmed, pro- 
vided the charge were large enough, the largest 
charge which failed to cause ignition in a series of 
shots should be called the charge limite. That 
suggestion had met with general approval, and the 
British Government, when adopting it, and giving 
up the Woolwich gallery (only 2 ft. 6 in. diameter) as 
unsuitable for ‘‘ unstemmed tests,” had decided 
that the ‘‘maximum charge” should not be less 
than 8 oz. It had soon been found, however, that 
different galleries did not agree as to the weight of 
the maximum charge, and that the weight varied 
with many factors, the shape and section of the 
gallery, the dimensions of the gun-bore, the 
character of the gas, the composition, size, and 
freshness of the coal-dust which was suspended in 
the gas mixture, and with atmospheric conditions. 
Professor Lewes discussed several of these features 
at some length, with special reference to the 
galleries at Frameries and at Rotherham. He 
regretted that the sectional area of Frameries 
(2 sq. m.) had not been retained at Rotherham 
(1.8 sq. m.=5 ft. in diameter); we rather agree 
with the opinions expressed by other experts who 
are glad that the various galleries are so different 
from one another, just because accidental features 
have brought out many factors which might other- 
wise have been overlooked. The gallery at 
Rotherham had, said the Professor, a length of 
15.2 m. (50 ft.), against 30 m. at Frameries, and 
was built in iron (wood at Frameries); the gun was 
4 ft. in length of bore, and had a diameter of 2 in. 
(1.5 ft. and 2in. at Frameries), but there were 
several galleries at Frameries, as there are at 
several stations, we may add, also at Eskmeals,* 
to which Professor Lewes subsequently referred. 

The effects of the many concomitant factors were 
very complicated. The cross-sectional area would 
not affect all explosives alike. A wetter dynamite 
was hardly affected in its action on dust by the size 
of the gallery; a carbonite was, because the former 
gave 45 per cent. of water vapour in its combustion 
products, and the latter only 7 per cent ; the effect 
on gas was always larger in small galleries. The bore 
and length of the cannon made a difference, because 
in a wide gun the gases would be cooled before leav- 
ing it. As the gas mixtures, the British 
authorities regarded it as preferable to exper!- 
ment with coal gas of definite composition rather 
than with the pit gas which was at disposal at 
Rotherham. One feature should not be over- 





* See ENGINEERING, page 164 ante. 
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looked, however. When methane burned, formal- 
dehyde was first formed, which subsequently broke 
down into carbon dioxide and water; the igni- 
tion was hence ‘‘retarded.” The French Explo- 
sives Committee had adopted 650 deg. Cent. as 
ignition temperature of pit gas, but -had found 
that this temperature had to applied for about 
10 seconds before inflammation of the gas took 
lace. Thus there was considerable difference 
between ignition (by flash) and inflammation (by 
flames of same duration), and the Rotherham 
coal- gas, which contained about half of its 
volume of hydrogen, would be fired by explosives 
which would fail to explode pit gas (essentially 
methane). 

The ‘‘relative ignition points” of the Eskmeals 
experiments came in for some critical comments. 
Professor Lewes suggested that, if the relative 
ignitions were to be determined by blowing coal- 
dust across a heated coil of platinum, it might be 
said that the relative ignition point of paper was 
above 1700 deg. Cent., because a sheet of note 
paper could be passed through a Bunsen flame 
without being scorched. Professor Lewes also 
pointed out that the gases occluded by coal-dust 
would play an important part, and that the drying 
of the Eskmeals dust at 107 deg. Cent. could not 
but alter the dust. Referring to other factors, 
Professor Lewes quoted the interesting case of 
two safety explosives which, at Rotherham, had 
failed to ignite gas or dust with charges of 
32 oz. and 30 oz. respectively on one day, but which 
ignited, in a second series of tests made on another 
day, dust (but not gas) with small charges; the 
experimental conditions had been exactly the same 
on the two days, except that the barometer was 
exceptionally low on the first day, at 29.3 in., and 
about normal, at 30.2 in., on the second day. 
Professor Lewes considered that the difference in 
air pressure would make a difference of 3 per cent. 
in the weight of oxygen per cubic foot, which would 
account for the different behaviour. Perhaps the 
experimental conditions were not really the same 
on the two days; but we agree that the barometer 
might affect very oy | pits, and that a barometric 
limit should be fixed for the days on which testing 
might be conducted for the enews test. For he 
proved by further examples that the question of avail- 
able oxygen was very important, as John Harger 

inted out to the Institution of Mining Engineers 
in 1912, and that in this respect a distinction should 
be drawn between explosives which in their detona- 
tion yielded free oxygen, and others which yielded 
stifling flames. To the former class belonged 
nitroglycerin and ammonium nitrate, and these 
two agents again represented different types. The 
former was an exceedingly powerful, hot explo- 
sive ; the lattera feeble, cool explosive, difficult to 
detonate completely. Now explosives of the first 
type (nitroglycerin) could be ‘‘cooled down” by 
adding cellulose (which would undergo incomplete 
combustion) and diluents likely to stifle the flame ; 
whilst the latter (the ammonium nitrate) could be 
“waked up” by adding nitroglycerin or nitro- 
toluene, and further be cooled down by sub- 
stituting potassium and sodium nitrates for the 
ammonium salt. The wetter dynamites were of 
the first cooled-down = ; their combustion pro- 
ducts contained large volumes of carbon monoxide, 
whilst the latter still contained free oxygen. 
These differences affected in particular the com- 
parative case of ignition of gases and of coal-dust, 
as had been recognised at Rotherham and at 
Frameries ; some explosives would more readily 
ignite the dust, others the gas mixtures. The 
‘game of carbon dioxide would render the dust 
ess sensitive, while carbon monoxide was objec- 
tionable, because it was both itself explosive and 
poisonous, especially with repeated explosions. 
A reaction of the gases with the surface of the 
coal had also to be considered. Traces of carbon 
monoxide were always found when a bore-hole 
had been made in the coal, because some dioxide 

been reduced upon the cold surface; this 
reaction tended in itself to increase the safety, 
because it absorbed heat and cooled the flame. 
ere was danger in bore-holes passing through 
fissures, as they might be charged with fire-damp ; 
48 arule, however, that gas would be too rich in 
hydrocarbons, and too poor in oxygen, to explode, 
unless the explosive itself yielded free oxygen. 
¢ phenomena were complex ; but in any case it 
would manifestly be wrong to demand explosives 
which would yield an excess of either oxygen or of 


The only true safety test was that of prac- 
tical use in mines for many years. The English 
approved list contained several such effective ex- 
plosives which had stood twenty years’ practical 
experience. That experience should certainly not 
be cast aside, and new rules not be laid down, Pro- 
fessor Lewes concluded, because other countries 
had chosen to adopt them. There was, moreover, the 
danger that the mine manager would consider him- 
self to be free of all responsibility, as long as 
he did not exceed the maximum charge which had 
been found safe. The practical conditions of use 
were so widely different from the empirical test 
conditions that the personal factor onvell of 
enormous value. It was in this sense that Pro- 
fessor Lewes strongly urged consideration of the 
points he had raised. 





THE LAUNDRY EXHIBITION. 

On visiting the Exhibition of the Society of 
Laundry Engineers and Allied Trades, now open 
at the Royal Agricultural Hall at Islington, the 
thing that particularly attracted our attention was 
the great improvement both in the workmanship 
and finish of many of the machines on view when 
compared with the last similar Exhibition, held 
in the hall three years ago. Any engineer who 
visits the hall will know what we mean when 
we say that the machinery now on view is 
more what may be called engineers’ work in dis- 
tinction to ironmongers’ work. There are, of 
course, firms that have not made great headway, 
and whose work still leaves much to be desired but, 
on the whole, there are undoubted signs of general 
improvement, Cut gears, for instance, are more in 
evidence than they were, while anti-friction rollers 
and ball-bearings are more common ; besides which 
the arrangement of the different has been im- 
proved. There are also some new designs of machines 
and many improvements in details, in addition to the 
progress e in workmanship and finish. Taken 
as a whole, therefore, the Exhibition may be con- 
sidered as distinctly good. 

A firm that has, we believe, never before been 
represented, or had a stand, at these exhibitions 
has this year brought together in the hall a very 
fine collection of machines. This firm is Messrs, 
Manlove, Alliott and Co., Limited, Bloomsgrove 
Works, Nottingham, and 41 and 42, Parliament- 
street, Westminster, S.W., and perhaps the most 
striking machine at their stand is a ‘‘ W. R.” 
** Decoudun ” ironing-machine, with a barrel 108 in. 
long and 24 in. in diameter, which is claimed 
to the most modern machine of its kind. 
The name ‘“ W. R.,” given to the machine, is 
derived from the wire-rope gear fitted to the 
appliance for raising and lowering the drum out 
of and into the trough; but this we shall allude 
to again. A special feature of the machine is that 
the drum or roller is so arranged that it gives a 
large opening between it and the trough when it is 
raised, and so enables the trough to be readily 
cleaned. The roller is not, as is usual, raised 
vertically, but is carried on two quadrants, one at 
each end of the machine, the quadrants being 
pivoted at one end, while at the other they sup- 
port the spindle of the roller, which, when it is 
ised, swings out of the trough approximately 
on the back edge of the bed, and as it rises it 
recedes from the front edge of the trough, leaving 
in its highest ition a wide opening between it 
and the mee gga § makes cleaning very easy. 
The quadrants are actuated by the wire ropes 
already alluded to, which are worked either by 
power or by hand. The.rope is fastened to a nut, 
which is drawn along by screws when the raising 
ear is in action, and pulls the quadrants round, 
f the rope should break, a safety gear comes into 
action, and prevents the roller falling back into the 
bed. This safety gear consists of a spring cam, ordi- 
narily held in position by the tension of the rope ; 
but when the rope breaks the cam spri ee back 
and grips the quadrant, holding it in whatever 
position it may be in at the time. 

The machine is fitted with four speeds, a very 
unusual thing, for we do not remember seeing a 
machine of this class before with more than two 
speeds, and many of them have not more than one 
speed. The change gear consists of two sets of gear- 
wheels, which are always in mesh, the change being 
effected by means of a sliding-key, which travels 
inside a hollow slotted shaft, and engages different 
wheels as desired. The gear is actuated by a lever 


cut so as to lock the lever and the gear in any of 
the four positions as may be desired. 

The main drive is effected through a coil clutch, 
the clutch being connected with the safety guard 
on the front, so that the machine can be thrown 
out of work instantaneously, and this can be 
done at any point along the length of the ma- 
chine by handles placed on the finger-guard plate. 
The roller is driven, as usual, from both ends. 
The bed is of cast iron, and is tested to 150 lb. 
per sq. in., the working pressure being 45 lb. per 
sq. in. 

Extra pressure can be put on the roller over 
and above that due to its weight if desired. In 
large machines, like the one we are describing, 
usually the only pressure is that due to the 
weight of the roller; but in this case there is a 
means of applying extra pressure. This is done by 
means of a screw and a spring which bear directly 
on the roller-bearings, one at each end. This 
pressure can only be applied when the roller is in 
the bottom of the trough; when raising or lowering 
the roller the action can be stopped at any point 
by means of a clutch. As far as possible, every 
chance of accident appears to have been avoided 
in this machine, all the gear-wheels being pro- 
perly guarded, and the machine being made ti- 
cally ‘*fool-proof.” The feed and y meen meet 
are removable, a fact that very much facilitates 
cleaning. 

Another new machine at this stand is a chain- 
driven washing-machine, which, when at work, is 
absolutely silent. The machine is of the usual 
cylindrical type, in which the cylinder makes three 
or four complete revolutions in one direction and 
then reverses, after which it makes the same 
number of revolutions in the other direction. The 
reversal is effected by an open and a crossed belt. 
The inside cage is all brass, the ends being cast 
iron lined with brass; the outer casing is of gal- 
vanised boiler-plate, and the door openings are 
edged with brass. The bearings for the cage are 
anti-friction rollers, and the cage can, if desired, 
beturned by hand. These anti-friction roller bear- 
ings reduce the friction of the machine very con- 
siderably, and they are adjustable, so that the cage 
can be raised on the packing at each end. 

This firm also have a unique flannel-washing 
machine, which has been designed to imitate as 
closely as possible the action of hand-washing, 
squeezing, rubbing, and sluicing the articles in 
the washing liquor. It can also be used with ad- 
vantage for other ar such as the washing 
of print dresses, &c. e action of the machine is 
that of a pendulous rocking-arm, which swings 
to and fro ina trough in which the flannels are 
placed. . 

A novel form of flannel- washer which has 
attracted much attention at the Exhibition is what 
is known as the ‘‘ Bellsuction” machine, shown 
at the stand of Messrs Armitage and Crossland, 
Limited, Westwood’s Works, Millwali, London, E. 
It is quite a departure from all previous methods of 
constructing this classof washer. Asis well known, 
flannels require very special care in their treatment 
in the laundry, and so much trouble are they that, 
we believe, some laundries have reverted to the old 
pane when dealing with them, for this method 
as always been effective. The machine at the Exhi- 
bition has been designed with the view of reproducing 
punch-tub action in a mechanical form. It consists 
of a tub and an arrangement of hollow bell-shaped 
glazed earthenware plungers—usually four—which 
move up and down in it, always striking a fresh 
place and so leaving no clothes untouched. As 
each bell descends in succession it presses the 
fabrics against a grid at the bottom of the tub and 
the air is expelled from the inside of the bell and 
bubbles up through the water. When the bell is 
raised the clothes are sucked up through the water 
again, on account of the partial vacuum within the 
bell. The action of the bells is obtained as 
follows :—The spindle from which the arms - 
ing the bells radiate is inclined somewhat from the 
vertical, the lower end being supported in a cup- 
bearing, and the upper end carried by a bearing 
at the end of a short arm that revolves in a 
horizontal plane and is actuated by a bevel-wheel 
and a pinion by means of a belt, the revolving 
arm being carried on a bridge-piece extending over 
the tub from side to side, at some distance above 
the top edge. It will be understood that as the 
arm carrying the top end of the spindle revolves, 
this end generates a circle, the bottom end being 








tarbon monoxide. 





and a notched-wheel quadrant, the notches being 
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the centre of the tub. The spindle thus describes 
a cone-shaped path, causing each bell at the end 
of its radial arm to plunge consecutively into the 
tub. Two of the bells describe an inside course 
(being on shorter arms), and two an outside 
course. To ensure the bells coming down in a 
different place each time, there is a cog-wheel near 
the bottom of the inclined spindle, which gears 
into a fixed cog-wheel on the top of the central 
support ; and as the number of teeth in these two 
wheels is different, the spindle revolves in a conical 
path and rotates on its own axis at the same time, 
so that each time a bell descends it enters the 
water a little further round in the tub than on the 
previous stroke. When in use the tub is filled 
with water, so as fully to submerge the bell that is 
down. The flannels, about sixty or eighty pieces, 
are then put into the tul, and the machine 
is started. It has been found that a 10 minutes’ 
run, a change of liquor, and another 10 minutes’ 
run, is usually sufficient. The machines can, if 
desired, be made with six bells. 

The largest stand in the hall is that of Messrs. 
James Armstrong and Co., Limited, 116, Queen 
Victoria-street, London, E.C., who are the sole 
European agents for the Troy Laundry Machinery 
Company, Limited, U.S.A. ; and here may be seen 
a great variety of mechanism. The machines of 
special interest are, however, a turbine-cylinder 
washer, a ‘** Trojan” ironer, a woven-wire dry- 
room tumbler, and a ‘‘ Prosperity” moulder. The 
first of these machines consists of a revolving 
cylinder fitted with rows of perforated and em- 
bossed scoops, the scoops in one row carrying the 
water as the cylinder revolves in one direction, 
the other scoops taking it in the opposite direc- 
tion when the cylinder reverses. ese scoops 
cross the entire cylinder alternately. The cylinder 
is 54 in. long and 36 in. in diameter, and has in it 
2720 openings, while an ordinary brass cylinder of 
the same size has fewer than 2000. It is claimed 
that the construction of the machine produces 
a cataract-like motion of the water, which is 
very effective. The cylinder is made of brass. 
The wire-woven dry-room tumbler consists of 
a revolving perforated cylinder placed inside 
a casing which is practically air-tight, except 
where it is intended that ventilating air shall 
pass in. The tumbler cylinder is made of either 
Bee or §-in. mesh galvanised - iron netting 
galvanised after the wire is woven), or of per- 
forated galvanised-iron sheets, and the ends are 
made of cast iron, with trunnions 2}% in. in dia- 
meter. A 36-in. machine can be made, when 
desired, with removable and renewable bear- 
ings, while on a 42-in. machine the bearings 
are ring oiled. The cylinder reverses every three 
revolutions, and can be clamped when being 
filled. The articles to be dried are placed in 
the cylinder, being carried to the top at each 
revolution of the tumbler; and while they drop 
when the cylinder stops, heated air is forced 
through them from Solem: and absorbs all the 
moisture possible, the damp air passing out 
through a pipe below the cylinder. The air is 
heated before ing into the tumbler by means 
of steam-heated coils at the bottom of the casing. 
It is drawn in and forced down through the 
tumbler by a fan on the top of. the casing. 
The fan is 15% in. in diameter, and consists of 
sixteen steel blades of such length as to deliver the 
same amount of air at the same speed in all 
machines. The amount of air delivered is from 
2500 cub. ft. to 5000 cub. ft. per minute. 

The third machine to which we have referred— 
namely, the collar-moulder—is for moulding and 
edging turn-down collars in one operation, and it 
leaves the collars with ample tie space, a feature 
that must = very strongly to the collar-owner, 
if not to the laundryman. The collar is folded 
over a steel ring, wh.ch saves the linen from being 
pinched down to a knife-edge between shaping. rolls, 
as in ordin machines. By this one operation 
the collar is not only moulded into shape, but all 
rough and irregular edges are removed. The 
machine is steam-heated. 

Messrs. Thomas Bradford and Co., Crescent Iron 
Works, Salford, Manchester, show a new design of 
washing, boiling, and rinsing-machine, which they 
call the ‘‘ Surgar.” The main bearings of this 
machine are situated outside the ing in order 
to give greater accessibility for lubrication and 
adjustment. Its capacity is350 shirts. They have 


also a ‘‘Flexure” washing, boiling, and rinsing- 
machine, for use on foul-linen washing for hospitals, 





asylums, &c., and the linen need not be handled 
after it enters the machine. The clothesare placed 
in a washing compartment, into which a continuous 
stream of cold water enters. This dissolves and 
loosens the foul matter from the clothes, so that it 
can pass away through a hollow trunnion at the 
end of the cylinder directly into a drain, or it can 
be allowed to pass through the outlet lid at 
the will of the operator. There is also a special 
outlet-valve, which can be used for emptying 
the washing compartment of the dirty water be- 
tween each part of the process, and all the opera- 
tions of ing, boiling, rinsing, and disinfecting 
can be completed without the clothes being re- 
moved, and without the necessity of raising the 
lid. The special outlet is made of aluminium, and 
the washing compartment is fitted with a venti- 
lating-pipe, so that no objectionable smell is notice- 
able in the washhouse, soap, chemicals, &c., being 
admitted through ahopper. The washing compart- 
ment is constructed Hg hard-rolled brass plates, 
and is provided with midfeather and rubbers, the 
heating being done by steam. A third machine at 
this stand to which we may call attention is a 108-in. 
**Decoudun” ironing-machine, which can be worked 
at a steam pressure of 80 lb. persq.in. All the 
driving-gear, together with the steam fittings, is 
situated at one end in order to economise space, 
and all the gear is carefully guarded. 

Messrs. R. G. Whitaker, Limited, 22, South- 
wark Bridge-road, London, 8.E., have on show a 
** Waterleap ” non-wear-and-tear washer for deal- 
ing with flannel and delicate finery, and one of 
their ‘‘ R. G. W.” perfected 26-in. electrically-driven 
hydro-extractors. This latter machine has no 
countershaft, bracket, belt, guide-pulleys, &c., the 
electric motor being fixed direct on the spindle of 
the cage. The wired safety cover on the top of the 
casing switches the current on and off, and starts 
or stops the machine accordingly. 

in ™ le” **‘ Decoudun”’ ironing-machine, not 
before exhibited in the hail, may be seen at the 
stand of Messrs. D. and J. llis, Limited, 
Kilbowie Iron Works, Clydebank, N.B., and 22, 
Southwark Bridge-road, London, 8.E. The bed 
of this machine is supported in such a way that 
it is allowed to expand and contract as required. 
The roller, which is steam-heated, is so arranged that 
it can be raised in an angular direction clear of the 
bed by means of power. The bed is steam-heated and 
is tested to a pressure of 100 1b. per sq. in., and the 
freedom given to it to expand and contract prevents 
any tendency tosag in the centre. The gearing is all 
well guarded, and is arranged to give two speeds 
on the roller, the gear running in an oil bath. All 
the usual safety appliances are fitted. A new 
collar-blocking press, having a capacity of from 
600 to 700 collars per hour when operated by two 
girls, may be seen at this stand. The articles are 
placed on an endless belt, and are run under a hot 
bed, where they remain until sufficiently dry; but 
while this is going on the operator need not wait 
(as is the usual practice), but can place more wet 
collars on the next portion of the endless belt, 
ready to follow in after the first lot is ready for re- 
moval. In order, however, to get over the difficulty 
arising from the collars being too dry, the operator 
can press a foot lever, and raise the hot off 
the collars that are being pressed. When the next 
lot of collars is ready, a hand-wheel is turned, and 
the dry ones are stripped off into a basket, while the 
wet ones on to be pressed. This press needs 
no drier, for the collars can be taken off perfectly 
dry, if desired. The operator need not, however, 

the collars out except at the proper state of 
ryness, so that there should be no difficulty on this 
score. Another advantage claimed for the machine 
is that, owing to the length of the endless belt, a 
fresh portion comes into use eaeh time, and the belt 
is always dry, and does not require changing, which 
means a considerable saving of time. The machine 
is fitted with an automatic guard. Several new shirt 
and collar presses, heated by steam and may 
also be seen at the stand of Messrs. Russell Watton 
and Co., Pritchard-street, Charles-street, C.-on-M., 
Manchester. In the latter the ironing-chest is 
heated by forced air and gas, or pressure gas 
supply; and it is claimed that this method of heat- 
ing puts asmoother surface on the linen than steam 
heating, and provides a better ground-work for 
subsequent polishing. 

A new “ four-contact ” glossing-machine is shown 
at the stand of Messrs. Hill and Herbert, Limited, 
Great Central-street, Leicester. This machine, 
as the name indicates, polishes collars, cuffs, &., 





four times for each passage of the article. It 
consists of two gas-heated glossing-rollers, 24 in. 
long, which rotate between two top and bottom 
rollers. The collars are fed in and pass between 
the bottom felt roller and the two central 
gas-heated rollers, after which they are conducted 
upwards Py a curved plate, and are brought back 
to the table between the polishing-rollers at the 
top, and the upper surface of the felt roller, by 
which means four glossing contacts are obtained 
as the article passes round, and with one handling. 
The circumferential speed of the polishing-rollers 
is greater than that of the felt rollers, so that an 
excellent gloss is imparted to the linen without any 
great pressure being required, and excessive wear 
on the linen is avoided. The pressure can, how- 
ever, be increased, if desired, when a very high 
gloss is needed. At this stand there isalso a table- 
linen washer, of the well-known ‘‘ Sunflower ” type. 

Messrs. J. J. Lane, Limited, Phoenix Engine 
Works, Cranbrook-street, Old Ford-road, London, 
E., have an interesting show, including two of 
their horizontal steam-engines, fitted with Picker- 
ing governors, washing-machines, ironing-machines, 
&c.; but the novelty at this stand is a gas-com- 
— for laundry pu , which we hope to 

escribe and illustrate more fully at a future date. 
Messrs. Summerscales, Limited, Phcenix Foundry, 
Keighley, Yorks, also have a good exhibit of washers, 
ironers, &c., and other standard machines. Messrs. 
Thomas Broadbent and Sons, Limited, Central 
Iron Works, Huddersfield, show a 48-in. suspended 
electrically-driven hydro-extractor and a 26-in. 
self-balancing belt-driven hydro-extractor, which is 
fitted with a hinged safety cover provided with a 
locking-device which prevents the machine being 
sta until the lid is closed. 

Messrs. Isaac Braithwaite and Son, Engineers, 
Limited, Kendal, and 67, Upper Thames-street, 
London, E.C., also have a very large stand, con- 
taining a collection of laundry machines. They show 
a complete shirt-pressing plant, which is worked 
by compressed air. here is a body-dressing 
machine, which is also worked by compressed air. 
Altogether this exhibit is well worth attention. 

The Exhibition closes to-morrow. 








NOTES. 
Repuction oF Aquzous Sarr So.utions sy 
HypRoceEn. 

THE engineer, who remembers from his college 
days that hydrogen is a powerful reducing agent, 
may also remember, perhaps, that it would be useless 
to pass a current of hydrogen through a solution of 
copper sulphate, for the pu of reducing the 
metal from its salt. Yet the reduction is pos- 
sible, provided the appropriate pressure and tem- 
perature be applied. This has been found true 
in a series of investigations, the results of 
which Vladimir Ipatieff, of St. Petersburg, has 
published during recent. years in the Berichte 
der Deutschen Chemischen Gesellschaft. Ipatieff pro- 
ceeds in the way in which chemists study certain 
organic reactions under somewhat violent condi- 
tions : the substances are sealed up in strong glass 
tubes and heated while lying within iron pipes, in 
which an explosion would do little harm. He 
forces hydrogen into the solution by means of a 
pump under an initial pressure which may be 
equal to 100 atmospheres, and he then heats 
the tube up to 100 deg. and even 200 deg. Cent., 
when enormous pressures must be set up. Under 
these conditions the water exercises a very power- 
ful hydrolytic action. That was foreseen. But 
that copper crystals would be formed, and finally 
alone be left in the tube, in which at first oxides 
and basic salts had been deposited from the 
sulphate solution, was hardly expected. Yet at 
90 deg. Cent., and at a pressure of less than 200 
atmospheres, all the copper may be deposited 
in the pure state. Much depends on the condi- 
tions of the experiments, temperature and pres- 
sure, salt concentration, and also on the nature 
of the vessel. Thus, for instance, some metallic 
cobalt, mixed with cobalt salt, was separa 
from cobalt sulphate solution in a glass tube. In 
a quartz tube no metallic cobalt was observed, 
though the reaction could be continued longer m 
the quartz, which is not, like glass, attacked by hot 
water under high pressure. The reactions may 
take hours or days. Nickel is also partly reduced 
from its salt solutions. When the experiment 1s 
started with nitric acid and hydrogen in the 
presence of some metallic copper or nickel, the 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-lron Warrant Markets.) 


JANUARY. FEBRvarY. Marcu. 


14}. 





(3396) JANUARY. FEBRUARY. MARCH. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 1b. to80lb. The metal 
Prices are per ton. Heavy steel rails are to Middlesbrough qustttiens, Ghoghiies are per box of I.C. cokes. 








acid is completely reduced to ammonia; in the | their real action is not understood. Probably the 
sence of the metals no such reductions take glass and the quartz are also concerned in the 
Place. The metals thus play the part of catalysts ; reactions to a certain extent. It would, indeed, 





be strange if they were not; it is not only in gas 
reactions that the nature and surface of the con- 
taining vessel exert their influence, which may be 
very great. Ipatieff does not suggest any technical 
: var ny og and reactions of this kind are very 
difficult to control. But technical chemistry is 
only beginning to deal with really high pressures. 


Resutts with Marte Dress, EnNcIves. 


We read in the Zeitschrift des Vereines Deutscher 
Ingenieure the following account of experiences 
with the Diesel-engined ship Monte Penedo. This 
ship, belonging to the Hamburg-South America 
Company, and described in a former issue (see 
ENGINEERING, vol. cxiv., page 315), left Hamburg 
on August 31 last and Lisbon on September 6, 
arriving at Paranagua, South America, on Septem- 
ber 26. She then went to Buenos Ayres, where 
her Diesel engines were overhauled, when it was 
found that cracks had formed in several of the 
pistons ; these were replaced by new pistons. She 
then made voyages in the South American waters, 
and left Monte Video in February for Hamburg, 
where she arrived on March 1. The engines worked 
quite satisfactorily during the thirty days’ pas- 
sage to Hamburg. The average fuel consump- 
tion per twenty-four hours for the whole machi- 
nery, including the Diesel-engine-driven dynamo, 
amounted to 7200 kg., equal to 0.151 kg. per 
indinted tase gncieteer (= 0.339 lb. per British 
horse-power hour). The total average lubricating 
oil consumption was 2.8 grammes per indicited 
horse-power hour (= 6}1b. per 1000 British horse- 

wer hours). On overhauling the engines at 

amburg, the mechanism and pistons were found 
to he highly polished, a proof that combustion had 
been good during the whole —— home. The 
Monte Penedo left again on March 20 for South 
America. On the other hand, the Hansa Company's 
first Diesel-engined ship, the Rolandseck, built by 
Messrs. J. C. Tecklenborg, Geestemiinde, has not 
given, from the economical point of view, the results 
which had been expected, owing to the great rise 
in the price of oil, and for that reason a sister-ship 
to the Rolandseck is being fitted with a steam- 
engine. The difference experienced, according to 
our contemporary, is due to the fact that the Monte 
Penedo makes voyages to countries where coal is 
very expensive and can take in sufficient oil fuel 
for her outward and homeward es where 
this fuel is cheapest ; whilst the Robedanck, which 
has been used so far in European service, has 
hitherto touched ports at which coal is very much 
cheaper than in South America. 








INSTRUCTIONS AS TO THE SURVEY OF PASSENGER 
Sreamers.—The Board of Trade have issued a new 
edition of these instructions, which supersedes that of 
1905. With the exception of Part II., which deals with 
the survey of the hull, the matter has been rearranged, 
= = ag ays ae rewritten. Bp — 

‘art il. has m postpor pendi the report of the 
Bulkhead Committee. The Pca Be relating tu life- 
saving appliances have been omitted, and a separate 

phlet will be issued dealing with the subject. The 
ormule in Part IV., which formerly applied primarily 
to iron boilers, have been made directly applicable to 
steel boilers. 





PrrsonaL.—Messrs. Meldrums, Limited, have moved 
their London office to 92, Grosvenor-road, Westminster, 
8.W.—The White Star Line are fitting their Australian 
fleet with the new hydraulic underline ash-expeller, which 
has recently been introduced by Messrs. J. Stone and 
Co., Limited, of Deptford.—We learn that Mr. J. Law 
son, who has for many years represented Messrs. Ash- 
more, Benson, Pease and Co. in the capacity of their 
London manager, has now joined the board and been 
appointed managing director of Messrs. Edward Cockey 
and Sons, Limited, of Frome, gas-works plant and con- 
structional engineers.—The Newalls Insulation Company, 
Limited, Newcastle-on Tyne, state that owing to the 
increased demand for their manufactures it has become 
necessary for them to open offices in London ; they have 
appointed as their London representative Mr. Robert 
Cromer, M.1.M.E., who was for some years associated 
with Messrs. J. and E. Hall and Messrs. Burmeister 
and Wain, Full details of their manufactures, and 
samples, can be obtained at 61, Gracechurch-street, E.C. 
—i. Arthur Reiner and Co., Limited, state that 
they have removed to larger premises at Parliament 
Mansions, Victoria-street, Westminster, S.W.—Mr. T. 
R. Wilton, M.A., 18, Westminster Chambers, 1, Cross- 
hall-street, Liverpool, informs us that he has taken 
into partnership Mr. Guy Kenyon Bell, Assoc. M. 
Inst. C.E., formerly assistant to Mr. A. G. Lyster 
(at that time engineer-in-chief and now consulting engi- 
neer of the Mersey Docks and Harbour Board , and 
latterly resident engineer on the Oanadian Northern 
Railway. 
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it bine teamer Vespasian, and her records showed that | undoubtedly lost some of its superiority. Among these 
GEARED TURBINES IN CARGO STEAMER with sad one fully-loaded turbines even better results might | sacrifices the author would specially indicate the follow- 


**CAIRNROSS.” 


A Comparative Trial between the Triple-Expansion Engine 
and Geared Turbines in Cargo Steamers.* 
By C. Watpre Cairns, M.Sc. 

Tue secretary having invited the author of this paper 
to lay before the Institution the results of a com tive 
trial, recently carried out under his supervision, between 
a cargo steamer fitted with geared turbines and one fitted 
with triple-expansion — the author is pleased that, 
with the consent of the owners of the steamers in 
question, he is able to comply with your secretary’s re- 

uest. The contractors concerned in the building of the 
ips and machinery also courteously assented to the 
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ex . Her gearing, too, had shown that it could 
be relied on under the “ rough-and-tumble” of a ship’s 
work atsea. Sir Charles Parsons, too, and his firm had 
shown their faith in this system by putting it into the 
two cross-Channel steamers then building for the London 
and South-Western Railway, the s.s. Normannia and the 
s.s. Hantonia. At that time, however, they had not 
completed their trials. 
ilst the Cairnross was the first ship of her type to 
be built to take geared turbines, it will be unders 
that the grounds for the expectation of good results were 
excellent. One has only to realise how the high-speed 
steam-turbine has put the large reciprocating steam- 


| 





RECIPROCATING ENGINE S.S.;CAIRNGOWAN” 





tood | doubtedly leads to in 


ing :— 

1. The boilers were identical in the two shi In view 
of the quite sufficient boiler power in the Cairngowan, 
the boiler power in the turbine-ship was evidently at 
least 15 per cent. too great for the purposes of the trial, 
entailing excessive radiation losses, as well as excessive 
weight of boilers and water. 

2. The boiler pressures were kept alike—180 1b. This 
is unnecessarily high for economy in turbines, and un- 

creased radiation losses, increased 
loss in temperature of uptake, and unnecessary extra 
weight of boilers. 





engine out of the market for power-station work to 





Fig. 2. 
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publication of the results, and have ~ at the disposal of 
the author much information which he is certain will add 
to the interest of the paper. The steamers in question are 
the Cairngowan, with Sep enpeanes engines, and the 
Cairnross, with geared turbinee. Both are the property 
of the Cairn Line of Steamships, Limited, of Newcastle. 
The Cairngowan, completed late in 1911, is looked on, by 
her owners at any rate, as a good example of the larger 
class of tramp steamer, with machinery and boilers of a 
good commercial standard for the attainment of a reliable 
10 knots sea speed, with such economy of fuel as can be 
attained with relatively little complication of outfit. 
When, early in 1912, the directors of the line decided 
to order another steamer of similar type, it appeared 
advisable for the author, as their consulting engineer, to 
consider carefully whether he should recommend them to 
repeat the usual triple-expansion engine. It will be 
remembered that for some time previous to that the air 
had been full of rumours as to the great things that might 


3. The a goa tunnel shafting, and_ thrust-blocks 
were identical in the two ships. No doubt, in view of 
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understand that the success- 
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ful application of gearing— 
oqullen high - speed (and 
therefore economical)  bur- 
bines to be coupled with a 
suitable-sized propeller for 
ships of cargo-carrying class 
—may work a revolution in 
marine practice. Until the 
combination of a reduction 
gear between the turbines 
and the propeller had been 
put into successful use, 
marine turbines, at any rate 
in steamers of small 

and power. had never been 
capable of being designed to 
give expectation of a steam 
economy equal to that 
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be expected from the oil-engine in marine pr , and 
some creditable performances by that prime mover had 
already been reported. The true position had not yet 
been disclosed 2 very interesting and useful series 
of papers read before this Institution by Sir Charles 
Parsons, Mr. E. L. Orde, and Mr. A. C. Holzapfel, in 
April, 1912, which so clearly set out the comparative 
economical possibilities of the oil-engine, the geared 
turbine, and the yas-engine, as compared with the usual 
triple-expansion marine steam-engine. Prior to the pub- 
lication of these papers, and the excellent discussion to 
which they gave rise, and without such full consideration 
as these papers stimulated, the view that the next step 
in advance might well be the adoption of the geared 
steam-turbine had recommended itself to the directors 
of the Cairn Line. It appeared at that time that 
the oil-engine still to some extent entailed ‘‘a leap in the 
dark,” A Po 2 troubles and t — 
price of its fuel, whilst the marine gas-engine and gas- 
producer were even less tried than the oil-engine ; at the 
same time either of these, it appeared possible, might 
emerge from its ‘infantile diseases” before a steamer— 
then new—should have attained a scrap-heap age, so that 
fuel economy might become more more essential in 
competition as time wenton. With boilers still indispens- 
able, the steam-turbine was therefore chosen as 
giving promise of good economy of steam and fuel, with 
won Pry ow pe than 2 + sneer | with ~ usual means 
to that end—gq ing and superheating. Care- 
ful feed-heating and etiam use of vacuum are usually 
added to the two means just mentioned, but it will be 
ecogn that the steam-turbine offers superior pos- 
sibilities regarding these two, as com with the 
reciprocating engine. Information was by that time 
general as to the economy attained by the first geared 


* Paper read at the North-East Coast Institution of 





Engineers and Shipbuilders, March 28, 1913. 








attai in the high-speed 
turbines used for similar 
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wer on shore. As the 
riction loss in the gearing 
is claimed to be only 14 to 2 
per cent., it will be at once 
understood that thereis little 
to charge to the account of 
the gearing as an offset 
against the increased econ- 
omy of the turbine over the 
reciprocating engine, pro- a 
vided, of course, experience .. 
as to durability proves satis- — 
factory. te 

Before proceeding to an \ 
account of the trial, a general | aie 
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description of the ships and pee $ 
their machinery is submitted 
in Table I., printed on page 
471. It will be noti from this table that the two 
ships themselves are almost identical in essential charac- 
teristics as far as this trial is affected. In fully-loaded 
condition (summer draught) a difference exists arising 
from the fact that the Cairnross, owing to her complete 
shelter-deck, is allowed some inches deeper immer- 
sion than the Cairngowan, in view of which the lines 
of the Cairnross were fined slightly from those of the 
Cairngowan. The trials taking place in February, the 
Cairngowan was run at her correct winter draught, and 
~ Cairnross was loaded to , + ~o x han, the 

irngowan, to compensate for t ightly ines 
of the former vessel. Freight was therefore sacrificed 
in the case of the Cairnross for this voyage, in order to 
obtain a valid comparison without calculated corrections. | 
It should be here stated that sacrifices were made in 
other directions, in the elimination of differences between | 
the two ships, and in some of these the turbine machinery | 








| piston type, with Lockwood and Carlisle rings. 
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the steady turning moment and absence of racing with 
turbine machinery, the shafting might have been reduced 
in diameter even with the same propeller. Probably, 
too, in the interests of the turbine, of the gearing, and 
weight, the propeller diameter might have been reduced 
without loss of advantage in economy in the turbine-ship, 
with an increase of speed of revolutions of the propeller, 
and either a higher speed of revolution of the turbines or 
a lower ratio of reduction in the gearing, either of which 
would have been an advantage. ‘ 

It will be noticed from Table I., and from the trial re- 
sults, that the Cairngowan’s machinery is arranged with 
an efficient feed-heating system. To indicate further 
what relative economy this ship’s machinery should show, 
it may be stated that the high-pressure valve is Stigh 
pa and intermediate-pressure pistons also have 

wood and Carlisle rings, and the low-pressure 
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piston is fitted .with the usual broad ving and ‘coach | after pinion, each pair forms virtually a ‘*double-helical” | gear beari and gear teeth, the oil being delivered 

springs. The inter P slide-valve is of the | set, with the apex of the spirals cut away. These pinion- | the latter wear the pinions by a series of jets. Oil bom 
completely-balanced type, made by Messrs. Andrews and shafts are of nickel steel. The darge wheel driven by | all these passes by gravity to a closed tank, which 
Cameron, and may be described as a rectangular piston- these pinions is on a shaft forward of, and coupled by | is mma 4 aed the double bottom, from which it is lifted 
valve in an adjustable casing. The high-pressure and | the usual flange-cou and bolts to the thrust-shaft. | by a steam-driven pump, passed through a filter and 
intermediate-pressure piston-rods are packed with a | This wheel consists of a heavy cast-iron eens aoe through a cooler, supplied with water from the main 








cast-iron rec lar ring packing, with no | dises, on to which a mild cast-steel hoop is sh circulating-pump, up to the gravity tank in. The 
action, and are therefore subject to comparatively little pegged. In this hoop the gear-teeth are cut. The pinion | same oil is thus used over again, about 600 gall ’ being 
friction. and wheel-shaft bearings are incorporated in a honey cast- | in circulation. eit os 





The general arrangement of the Cairngowan’s machinery | iron gear-case, which gives them suitably rigid support| Regarding the trials, it is a matter of regret to the 
is shown in Figs. 1, 2, and 3, page 468. , The Cairngowan | and encloses the gears, so that they may be run under jets | author that no ‘‘ measured mile” results are available 
had already done about fourteen months’ ordinary work in | of oil and be kept free from risk of da either by dirt | for either of the ships in question, in either light or 
River Plate, Black Sea, and Eastern trades ; before pro- | or by the accidental introduction of any object that might | loaded condition. Neither of them has been “on the 
ceeding on trial, all main cylinders, pistons, and valves, | endanger the gearing. The form of the teeth is in- | measured mile” off the Tyne. There is none available 
were examined by her own staff and representatives of | volute. This form of tooth has one t advantage for | in the Bristol Channel, A. the nature of the tidal cur- 
her builders, and were found in good condition. Since last | machine-cut gearing—namely, that the correct worm to | rents there makes any attempt at exact speed determina- 
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Fig. 6 
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== work with an involute worm- | tion by distance run point to point practically useless, 
q-—*- wheel, being geometrically | whilst in the English Channel the weather conditions 
WINCH FLOAT TAR equivalent to a ‘‘ rack,” has | were too unfavourable to make any useful record obtain- 
LCONDERGER |) paps straight sides to its thread. | able. It will be understood that the object of the trials 
ome o Asim | multiple- | to be described was purely a comparison of the two ships 
>) threaded hobbing cutter, of | under conditions as nearly identical as could be attained. 
ee “* worm” type can therefore | With this end in view the two steamers, loaded to 
* ‘ be used on a suitable machine | draughts mentioned, left Cardiff Docks on the morning 















to produce automatically the | tide of Thursday, February 6, 1913. The Parsons Marine 
correct tooth form of the| Steam Turbine Company, Limited, Messrs. Wm. Dox- 
pinions and the large wheel. | ford and Sons, Limited, and Messrs. Oairn, Noble and 
The turbines are designed | Co., of the Cairn Line, each had three watches 
to give their sea-power at | of observers on each steamer. The owners were particu- 
1700 revolutions per minute, | larly concerned in the coal records, but the two first- 
corresponding to 65 revolu- | mentioned firms, in addition to checking coal consump- 
~ tions per minute of the pro- | tion, obtained other records pl ig may interest from 
/ peller. For astern driving, | their respective standpoints, by their courtesy the 
—}. 4. 4 a turbine is embodied in the | author is enabled to embody them in this paper. The 
i. after end of the port-side | two ships were run by their usual staffs of engineers and 
turbine, the latter being the | firemen, the only additional assistance in the stokehold 
low - pressure turbine. As/ being one man on each watch for the filling of coal skids. 
usual in such arrangements,| On completion of com adjustment, &o., the two 
“Do the low-pressure and astern | vessels left Barry Roads a ye nm on February 6. It 
turbines exhaust into the| had been arranged that the -measuring trial would 
same connection, at about | commence at some time the same night, time to be agreed 
the middle of the length of | by exchange of signals after steady working of firemen 
the port turbine casing, so|and steady steam was assured. P 
. that when one of these is} Instructions had been given for 62 to 63 revolutions to 
| } under steam the other runs | be aimed at, and for the vessels to be > * constantly 
BILCE PUNP idly in the vacuum. For | within signalling distance of one another. Incidentally, 
= compactness, the astern tur- | it may be mentioned that the modern mercantile marine 
bine has one impulse s' officer is generally a keen signaller with either flags or 
at its high - ure end.|the Morse lamp. Before settling to steady running a 
The power of the astern | series of records were taken on the Cairnross, which 
turbine has not been mea-| may be described in one sense as a “‘ progressive trial.” 
ete 2 | 2° Hs He 2: C sured, but appears to be| These were taken just after leaving Barry Roads, in com- 
ample. As evidence of this | paratively fine-weather conditions, for the purpose of 
; it may be mentioned that | obtaining a curve connecting revolutions per minute 
dry-docking (Rotterdam, January 15, 1913), she had run | whilst tho vessel was being worked into the docks at Cardiff | with steam pressure at entrance to turbiné at this draught 
tom Rotterdam to London, lain in the Thames four days, | a record was taken of one operation, and it was found that | and trim of theship. The results of this trial are embodied 
and run to Cardiff, where she lay fourteen days. in 28 seconds from receipt of the signal on the engine-room | in the lowest curve in Fig. 7, page 470. It will be noticed 
Sou Cairnross, since dry-docking, had lain four days in | telegraph, the propeller was at nearly 49 revolu-|on this curve that spots representing actual r 
th Dock, Sunderland, had run in ballast from Sunder- | tions per minute. The epemn J the turbines during | show recorded results at from 56 to 64.2 revolutions per 
din to Cardiff, and lain twelvedaysin Cardiff. The con-| manceuvring is extremely simple. Beyond the opening} minute. A use for this curve will be referred to later. 
dition of the skin of these ships may therefore be taken as | and closing of the valves giving steam to the ahead or} As the ships proceeded down the Bristol Channel the 
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identical. They were painted with similar paint. The | astern turbines as necessary, nothing is required except r freshened, and a strong head wind and sea was 
main machinery of the Cairnross consists of two reaction | occasional slight adjustment of the steam supply to such | encountered _— time both ships were ready for coal- 
turbines in series. These are one on each side | glands as are steam-packed against the drawing in of air. | measuring. e revolutions were therefore allowed to 


of the main line of shafting, and each is connected by a| At such times the air-pumps, the circulating-pump, and | remain at from 60 to 62, the horse-power under these 
exible and ‘sliding coupling to a pinion-shaft; each/| the oil-pump are kept running, and the feed-pumps, | weather conditions, at 63 revolutions, being heavy, and 

ay re 1s carried on three bearings, and between | under control of their float-tanks ‘‘look after themselves” | not + ge Sng anything like normal running itions 
the Pinion teeth are cut on parts of | when in proper order. for either ship. At 9 p.m. Thursday, areey > coal- 
thal. © general arrangement of the Cairnross ma-| The lubrication of the main machinery is effected by | measuring commenced on each ship, both being in 
out ny 8 Shown in Figs. 4, 5, and 6. The teeth are spirally | oil fed down by gravity from a tank at about the level | the neighbourhood of Lundy . The vessels pa 
=o as the spiral on the forward pinion on each side is | of the main d A thick carbon-filtered pure mineral | ceeded around Land’s End, up ihe ee a 
to opposite hand,” as compared with that on the | oil is used. The same oil is used for the turbine bearings, | far as St. Catherine’s (Isle of Wight), w. both vessels 
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‘* put about,” and back towards Brixham. Coal measur- 
ing céased at 9 a.m., Saturday (February 8), thus allowing 
a continuous record for thirty-six hours, and Brixham 
was reached about noon. pa Ate 

From the log abstracts on page 471, it will be seen 
that stormy weather was experienced throughout the trial. 
As the wind and sea were abeam only for a short time 


whilst rounding Land’s End, being ahead or abaft the 


beam the remainder of the time, no difficulty in keeping | good 


steam arose from rolling. In considering the results 
obtained in this trial, it must be borne in mind that ordi- 
nary seagoing conditions of running were adhered to. 
Thus steering engine, steam ash-hoist, and auxiliaries, 
were supplied with steam from the main boilers. The 
evaporator, too, was run in each case as necessary, watch 
by watch, for the maintenance of water level in boilers. 
Steam was also supplied to radiators in officers’ quarters 
and to the steam boiler in galley. No correction has 
been applied for these items. Further, fires were 
burned down, cleaned and made up, just as in ordinary 
running on voyage. The author understands that 
this is not always done in consumption trials, 

cially in cases where forced draught is available, 
and, naturally, where such procedure becomes possible, 
through shortness of trial or other cause, remarkably 
favourable results may be obtained which could not - 
sibly be maintained on a more extended trial. Further, 
in view of the careful and frequent determination of 


triple—1.704 lb. per indicated horse-power hour—appears 
high in view of the efficient feed heating; but the fact that 
the result includes coal for all purposes must be borne in 
mind, as well as certain points regarding evaporation to 
be referred to later on. It will be noticed from the indi- 
cator cards that im ge of the Cairngowan are well- 
loaded, the “ref mean pressure” being nearly 
374 lb. per sq. in. This is probably not conducive to a 
result in fuel per indicated horse-power hour, 
although favourable to true economy in fuel per effective 
horse-power hour. 

Line 7.—For the Cairnross this figure is the direct 
result of lines 2and 4. For the Cairngowan this figure 
is obtained on the assumption that the shaft horse-powers 
of the triple and turbine sets are equal 

Line 8.—In the case of the irngowan the single 
Weir’s pump delivering hot feed from heater to boilers 
was utilised as a water-meter, the number and the length 
of its strokes being integrated by a mechanical counter, 
and a delivery efficiency of 90 per cent. being assumed. 
As the auxiliary exhausts, including exhaust from the 
steering engine, mingle with the water from the main 
engine ee in the feed-heater, the water measured 
by the Weir feed-pump is really the total consumption of 

main and auxiliary machinery, and should represent 
the total evaporation of the boilers. This figure is, of 
course, subject to the uncertainty involved in the assump- 
tion above as to the “slip” of the pump. 


instance of the installation of a contact heater with 
turbine machinery. In the case of the Cairngowan, leas 
auxiliary exhaust is available, but by the aid of steam 
withdrawn from the low-pressure steam-chest, the very 
satisfactory temperature mentioned is maintained, and 
the feed-pump deals with the water at this temperature 
without any difficulty. 

Line 13.—Estimate: ‘lbs. of water per lb. of coal,” 
This is the result of calculation based on the measured 
uantities of line 2, and the estimated quantities in line8, 
te is thus an estimated evaporation ‘‘ from feed tempera- 
ture at boiler pressure.” Converted to ‘‘ evaporation from 
and at 212 deg.” the figures would be about 5 to6 per cent. 
greater. There seems no obvious reason why, with identical 
boilers, there should be nearly 5 per cent. poorer evapo- 
ration in the case of the Cairnross than in the Cairn. 
gowan, the only apparent difference in conditions being 
the 15 per cent. lower demand for steam, which could 
hardly raise the boiler radiation-loss ratio high enough 
to reduce the efficiency to this extent. Part of the 
apparent difference is no doubt traceable to the different 
means of ascertaining the water consumption in the two 
cases. If the evaporation for the Cairnross be calculated 
on a mean between the water consumption stated in 
Table II. and the figure based on 0.5 dryness of auxiliary 
exhausts, say 23,200 lb. per hour, the evaporation comes 
to practically the same figure as on the Cairngowan. In 
neither case can the evaporation per pound of coal be 








horse-power, any inflated figures are avoided, such as are 
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often put forward in steamship reports, in which indi- 
cator-cards, obtained when conditions are at their most 
favourable level in the day’s work, are coupled with the 
coal consumption over the whole of a 12 hours’ or 24 hours’ 
trial. Anyone who has practical experience of the run- 
ning or supervising of steamers is well aware of the 
caution with which reports must be accepted, in which 
claims are made arding triple-ex on machinery 
all to be able to do their daily work at from 1.2 Ib. to 
1.5 lb. of coal per indicated-horse-power hour. Ship- 
owners and engine-builders alike appear to enjoy tall 
tales of this order, but in this case the author has no such 
tale to tell. General results of the trial are given in 
Table II. - 
The main result in which the owners of the two shi 
and no doubt other shipowners, are interested is the 
ascertained coal per day of the two ships—32.7 tons for 
the triple-expansion set and 27.8 tons for the geared- 
turbine set, a gain of 15 per cent. of the consumption of 
the triple set ; or, stated in the other direction, the triple 
set demands 17.6 per cent. more fuel than the turbine set. 
Referring to the other comparisons in Table IT., the fol- 
lowing explanations and comments are offered :— 
Line 1.—Revolutions per minute were ascertained by a 
mechanical counter. : 
Line 2.—Coal per day. The coal for the whole period 
of trial was measured by means of the usuul stokehold 
skids —open-bottomed measures of sheet iron. The 
weight of the contents of representative skids were taken 
each watch, and the coal used on each watch was calcu- 
lated from the —— per skid taken during that watch. 
Line 3.—The indicated horse-power on the Cairngowan 
has been calculated from the cards by planimeter in the 
usual way, no deduction being made for piston-rod areas. 
A tS set of indicator cards is shown in Figs. 8, 9, 
and 10. 


Line 4.—The_shafy horse-power on the Cairnross was 
obtained by a Hopkinson-Thring torsion-meter, applied 
to a calibrated length of shafting in the tunnel, and is 
therefore practically the effective power supplied to the 


"lane 6.—Ratio of shaft horse-power of the Cairnross to 
indicated horse-power of the wan. This gives an 
interesting approximate determination of the mechanical 
efficiency of such a set of triple-expansion machinery, 
including thrust-block. It seems safe under the circum- 
stances of the trial to assume that the effective horse- 
powers of the two sets of machinery were equal. _ 

Line 6.—The “‘equivalent” figure 1.45lb. given in 

i ’s column may be taken to mean the coal per 
indicated horse-power hour that a reciprocating set under 
similar circumstances, and with same ciency, 
would have to attain to give results equal in coal economy 
to the results on the tur The actual figure for the 


The figure given for the Cairnross in - 8 is the turbine 
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consumption calculated from the ave pressure at first 
stage in the turbine, and from the area through the blades 
of the first guide row in accordance with experimental 
results in Messrs. Parsons’ possession, plus an allowance 
for exhaust from auxiliaries, calculated from the observed 
rise of temperature resulting from the mixture of this 
exhaust steam with the condensed exhaust from turbine. 
The calculation has been made on the basis of dry satu- 
rated exhaust from the auxiliaries, which probably intro- 
duces an error reducing the calculated total below its 
true value—for instance, a dryness fraction of the auxi- 
liary exhaust steam of 0.5 would nearly double the allow- 
ance for auxiliary exhausts, raising the water per hour to 
about 24,400 lb. Probably the true value les between 
this and 22,000 Ib. An attempt was made to measure 
the feed-water by the pump counter in the case of the 
Cairnross, as in the Cairngowan, but the slip of the 
paw in the Cairnross proved to be so variable from 

ur to hour that there was no option but to discard the 
results, and fall back on an estimated value. 

Lines 9 and 10 are subject to interpretation similar to 
that indicated for lines 6 and 7, with the reservation that 
lines 5 and 6 represent the results cf actual measure- 
ments, assumptions as are mentioned in connection 
with line 8, from which lines 9 and 10 are calculated, not 
being involved in lines 2, 6, and 7. 

Line 11.—The hot-well temperature in the case of the 
Cairnross is measured in the head of the wet air-pump. 

Line 12.—The feed temperature mentioned in the case of 
Cairnross was a‘tained by utilisation of auxiliary exhaust 
only. This rise of temperature, amounting to 123 deg., 
is, of course, a valuable aid to economy of fuel, repre- 
senting as it does the return to the of the latent 





and sensible heat of the auxiliary exhaust. The author 
thinks he will be correct in claiming this as the first 


considered very good, in view of the fact that a good class 







ESTIMATED PERFORMANCE IN FINE WEATHER. 
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of Welsh coal was used, of ‘‘ Admiralty large” type. 
The coal burnt per sq. ft. of grate my an the bridges) 
works out to 17.9 lb. per hour for the Cairnross, and 21 lb. 
per hour for the Cairngowan. Owing to the high funnels, 
the draught was always ample; probably with such 
ample draught a more economical result would have bee 
attained with either smaller tubes or with retarders in 
the actual tubes. It should be stated that in spite of the 
apparently high percentage of ash, and the fairly high 
rate of combustion, there was no difficulty in kee 
good fires ; no pricking, and only one turn with a ro 
poker was necessary between each round of firing ; at the 
same time it is possible that better results might have 
been obtained with good North Country coal, which, 
according to the writer’s experience, is usually at least 
as satisfactory as Welsh coal with natural draught and the 
usual firemen obtainable. 

Line 14.—Percentages of ash. The difference between 
the results on the two ships is possibly due to some dif- 
ference in the incidence of fire cleaning, as the coal for 
the two ships was got from the same colliery. 

Line 17.—In the Cairnross the vacuum was measured 
by the ‘* Kenotometer,” an instrument by which the abso- 
lute back pressure is indicated by a mercury column, 89 
arranged that it is practically impossible for any accident 
to cause mercury to be drawn to the condenser. It is not, 
perhaps, generally enough realised that mercury has 8 
prompt and ruinous effect on the metals and alloys usually 
classed as ‘‘non-ferrous.” The ‘‘ Kenotometer” was con- 
nected to the upper part of the condenser, at its forward 
end. On the Cairngowan an ordinary Bourdon-ty 
vacuum gauge was connected to a point just below 
centre of the condenser, at the forward end. : 

The weather conditions during this trial make direct 
comparison of the running on trial of these two ships 
with the ordinary running of any other ship 
The immediate object of the trial was obtained—namely, 
a compari of the two ships under identical conditions. 
The law of steam consumption of the steam-turbine 
however, makes some interesting deductions from 
rough-weather trial possible. The law is an experi 

t, well founded in rs. Parsons’ experience, # 
the effect that in a given turbine (with constant vacuum) 
the steam passed a! unit of time is approximately pr 
portional to the absolute pressure at inlet to the high-pres 
sure turbine, and is practically independent of the 8} 
of rotation. It follows, therefore, t the ant 4 
gauge is a reliable index of the consumption of steam, 
and, uently, of fuel. The ‘‘ revolutions rer minute 
of the system, for a given initial pressure, will, of 
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with each change of turning moment resistance, as ' TaBLe II.—Sum f 36 Hours’ Trial. 
altered by the variations of wane Foenen of the ship, and a sca meri COLONIAL AND FOREIGN ENGINEERING 
the consequent variations of thrust and slip. i ai t PROJECTS. 

As the Cai was at the same draught on the me Chae,” | a We give below a few data on several colonial and 
smooth-water trial and on the 36-hours’ trial, the law Turbine. Expension foreign engineeri projects, taken from the Board of 
above enables a connection between the two trials to be} — —_-———_| Seale Seent rther information concerning these 
established as follows :—It was found on the 36-hours’ trial | 1. Revolutions per minute projects can be obtained from the Board of Trade, Com- 
that to maintain 138 lb. initial pressure (or rather steam (mean of 36 hours)... 61.76 61.68 mercial Intelligence Branch, 73, Basinghall-street, E.C 
flow resulting from oJ a consumption of 27.8 tons of 2 on day .. o --| 27.8 tons 32.7 tons South Africa: H.M. Trade Commissioner for South 
coal per day was required. Owing to weather conditions| SE: -- 1570 = Africa has forwarded an extract from the local 
the revolutions per minute on this trial were only about| 5° Ratio of S.H.P. Cairnross from which it ap that it has been decided to a 
61.8. On referring to Fig. 11, where steam pressure and to L.H.P. of Cairngowan | 87.7 per cent. _ immediately with the construction of a system of track- 
revolutions per minute for smooth-water conditions are| 6. Pounds of coal per I.H.P. less trams in Bloemfontein, at a cost of about 80,0002 
plotted, we find that 138 lb. initial pressure should give hour, all purposes.. _—..| (equiv.) 1.45 Ib. 1,704 Ib. Australia: The Imperial Trade Correspondent at 
sixty-four revolutions per minute in smooth water. We| 7 — = coal per 8.H.P. , : ib, | Brisbane reports that the ratepayers have approved the 
may therefore safely deduce that for 64 revolutions per| , gucur:All purposes... -- 1-65 Ib. | (equiv.) L941. | ising of 2 loan of 250,000. for carrying out of the 
minuté, in smooth water, with the ship in trial trim, the tion per hour, all 4 scheme for the outer harbour at Mackay, and ater 
consumption of coal would be 27.8 tons per day. R poses . aaa: 22,0001b. | 27,200 Ib. Board nae mp Jo appl * the vesunene Fox Se 

= . ° ° . Estima 4 ‘ money. y have resolved to uest t t To 
TABLE I.—Comparison of Ships and Machinery. ne El, (equiv.) 12.3 Ib. 15.18 Ib. Island and other land be vested in the Board ; that a 
ye g a “ tion per 8.H.P. hour 141». _| equiv.) 17.81b, | Government be asked to recommend suitable engineers ; 
8.8. “Cairngowan.” 8.8. “ Oairnross. 11. Hot-well temperature 79 deg. Fahr. | 104deg. Fahr. | and, further, that the Government extend the present 


Builders : Messrs. Builders: Messrs. 
Wm. Doxford and Wm. Doxford and 


Sons, Limited. Sons, Limited. 


.. Part awning - deck Complete shelter-deck 
(poop, long bridge 
and f/c) 

November, 1911 


. Type 


= 


Date of comple- January, 1913 
tion 


Registered ton- 4015 gross, 2560 net) 


bad 


4016 gross, 2513 net 
nage :f 
Length between 370 ft. x 51 ft. x 370 ft. x 51 ft. x 27 ft. 


oo 


perpendiculars 27 ft. 9in. 9 in, 
x breadth ex- 
treme x depth 
mould 4 
5. Draughton trial, 23 ft. 14 in. 23 ft. 6} in. 
forward 
6. Draught on trial, 23 ft. 8} in. 23 ft. 10} in. 
ft 


a 
. Draught on trial, 23 ft. 43 in., leaving|23 ft. 8} in., leaving 
mean Cardiff Cardiff 


8 am on 9891 tons 9950 tons 
tri 
9. B'ock coefficient 0.784 0.779 
at trial draught 
Boilers. 
10. Numberand pres-Three single-ended, Three single - ended, 
sure 180 Ib. | 180 1b. . 
ll. Dia. of boilers .. 14 ft. 9in. 14 ft. 9 in. 
12. Length of boilers 10 ft. 6 in. 10 ft. 6 in. 
13, Heating surface, 6823 sq. ft. 6823 sq. ft. 


i 
14, Furnaces, 


and, 9 ft. x 3 ft. 5in. 9 ft. x 3 ft. 5 in. 
internal dia. ‘ 
15, Length of bars.. 4 ft. 9in. (trident) 4 ft. 9 in. (trident) 
16, Draught and Natural ; 3} in. Natural ; 3} in. 
tube diameter 
17. .— top above About 77 ft. About 77 ft. 
ars 
18. Grate area (bars) 145 sq. ft. 145 aq. ft. 
19. Bridges .. ..|Cast iron (3turrock), Cast iron (Sturrock) 
20. Machinery ..|Single, triple-expan-One high-pressure, one 
sion inverted direct-| low - pressure, high- 
acting | speed turbine 
Oylinders, 24 in., to single main shaft. 
40 in., and* 66 in. in) Ratio 26.2 
diameter; stroke, 
45 in. | 
|Ratio L.P./H.P., 7.55 
21. Condenser ..|Usual marine type, Separate circular type 


| forming part of 


framin; } 

22. Cooling surface 25683 . ft. } 
23. Machinery and Messrs. Wm. Doxford|Messrs. Parsons Marine 
condenser built’ and Sone, Ltd. | Steam Turbine Co., 


y Ltd. 

24. Pumps .. .. Air, circulating, feed, All independent—viz., 
and bilge - — Weir's dual air-pump, 
driven by n| centrifugal circulating 
engine, as usual. mp, single-cylinder 
These feed - pumps Pil -pump, single- 
deliver to— cylinder oil-pump, one 

| Nichols’ feed - pump 


ig m 
(float control), deliver- 





ing 
Feed-heater .. Weir’s contact heater! Nichols’ contact heater 
~ feed pumped One Weir's feed- One Nichols’ feed-pump 
vy— 


, pump 
27. Heat obtained Steering engine, feed Steering-engine and all 
from — pump and ash-hoist, auxiliary exhausts and 
exhausts, eed evaporator vapour 
nd est, 


BR 


sure 
and evaporator va-| 


r 
°8, Steering-engine \Wigham’s $}-in. dia. Rogers’ 8-in.dia. x 12-in. 
| x 9-in. stroke with) stroke, with flat valves 


s 


Propeller ..|Loose bronze blades,|\Loose bronze blades, 

30. ai cast-iron boss | cast-iron boss 

. Last painting of|/At Rotterdam, Janu-|At Sunderland, Janu- 

, a dottom —ss|_ary, 1918 ary, 19138 

|. Nature of paint.. Usual one coat each of anti-corrosive and 
anti-fouling composition ; same maker. 

! 


ew 








F Tn Fig. 11 this deduction, 64 revolutions per minute, 
or 27.8 tons per day, is used as the starting-point for a 
hew curve, the lower of the Sve, enanesting coal per day 
snd revolutions per minute for the Oairnross. Of course, 
27.8 tons per day includes coal for auxiliaries, so in 
extending the curve to lower revolutions the followi 
assumptions are made :—(1) That the initial pressure 
revolution will be connected as in Fig. 7. (2) That 
ine consumption will be proportional to the abso- 
ene Rreaware. (3) That the auxiliary steam wil! be 
() Thee | culated as before, with dryness fraction = 1). 
) +hat the coal per day will be proportional to the tur- 
ne steam and auxiliary steam, with total coal of 27.8 tons 
Per day for 64 revolutions per minute as a basis. 


12. Feed temperature .. --| 208 ” | 221 ” 
13. Estimate pounds of water 
aed pound of coal (from 


eed temperature). . os} 8.5 Ib, 8.97 Ib. 
14. Percentage ofash .. -.| 12.5 percent. | 9.36 per cent. 
15. Pressure, steam-pipe in| } 

engine-room a ae 158 Ib. 175 Ib. 
16. Initial pressure, H.P. tur-| 

ieee I — 
17. Vacuum “a em” 28.75 in. | 26.8 in. 
18. Circulating water inlet 50 deg. Fahr. | 50 deg. Fahr. 
19. ~ » outlet ..| 70 pa 95 9 


In attempting to extend the Cairngowan’s thirty-six 
hours’ trial result to smooth-water conditions we are met 
with difficulties arising from change of feed per revolu- 
tion and change of revolutions, between the trial figure 
61.8 and the standard 64 revolutions, with their unknown 
effect on consumption. If we assume, however, that the 
same effective horse-power is required in the two shi 
at the thirty-six hours’ trial condition and at 64 revolu- 
tions in smooth water—and this only involves the assump- 
tion of constant efficiency of the turbines from 61.7 revo- 
lutions per minute to 64 revolutions per minute—we may 
claim that in the case of the Cairngowan 32.7 tons per 
day should give 64 revolutions per minute in smooth 
water. If we assume further that the ratio ascertained 
on trial between the consumptions of the two ships at 
trial conditions (assumed also for 64 revolutions smooth- 
water conditions), holds within the limits of Fig. 11, 
we can plot the upper curve on that figure. This curve 

airly well with the i running results of 
the Cairngowan at about 60 to 62 revolutions per minute. 
Of course, any improvement in evaporative efficiency 
would improve both ships proportionately. 

In conclusion, the writer must ex his indebted- 
ness to the Parsons Marine Steam-Turbine Company, 
Limited, and to Messrs. Wm. Doxford and Sons, Limited, 
for the use of plansand trial records, and to them and the 
owners of the two ships for permission to make public 
the results obtained. 





APPENDIX. 


Extract From Curer Orricer’s Loc-Boox, 
S.S. ‘‘ CargNGowan.” 


Thursday, February 6: 


2.45 p.m. Arrived Barry Roads, turned round and 
proceeded at half s 3 p.m., full speed. 

6.5 a oak ~ m. a 

8p.m. Strong gale, sea, vessel shipping water 

+ forward ; clear. 

9 p.m. Started trial. 

10.55 p.m. Hartland Light abeam, dist. 5’. 

12. Strong gale and terrific squalls, high sea, vessel 
plunging heavily ; clear. 


Friday, February 7 : 


2.50a.m. Trevose Head abeam, dist. 7’. 

4a.m. Moderate gale and high head sea; vessel 
flooding fore decks and hatches ; clear weather. 

8 a.m. hips abeam, dist. 1”. 

10.35a.m. Li is abeam, dist. 7 

Noon. Moderate to fresh gale, cy A beam sea ; 
vessel taking quantities of water fore and aft ; 
misty rain. 

4p.m. Similar weather continues. 

8p.m. Strong gale, very high sea; vessel taking 
large quantities of water; weather clear at 


times. 
9.41 p.m. Portland abeam, dist. 94’. 
11.10 p.m. Anvil Point abeam, dist. 9’. 
Midnight. Strong following breeze and sea ; clear. 


Saturday, February 8: 


1.45 a.m. St. Catherine’s abeam, dist. 6’. Turned 
ship round and to Tor Bay. 
4 — Strong half gale with terrific squalls, and 
lear. 


4.25a.m. Anvil Point abeam. 

7.8a.m. Portland abeam, dist. 5’. 

8am. § head wind and sea; vessel flooding 
fore decks and hatches; clear weather. 

9a.m. Finished trial. 





**FurnisHep Lopernes.”—The Great North of Scot- 
land Railway have issued a pamphlet giving a list of 
furnished lodgings available for visitors -in the districts 
served by their railway system. 





railway system to the shore end of the viaducts. 

Spain: The Gaceta de Madrid announces that sealed 
tenders will be received, up to May 21, at the Directorate- 
General of Public Works, Madrid, for the construction 
and working of a railway between Palma and Santajfiy. 
A deposit of 49,317. pesetas (about 1830/.) is required to 
qualify any tender. The capital on which the State 
guarantees interest up to a maximum of 5 per cent. per 
annum, being the amount estimated as necessary for the 
undertaking, is 4,931,744 pesetas (about 182,650/.), Local 
representation 1s necessary. 

Italy: The Gazzetta Ufficiale, Rome, publishes a decree 
approving the contract entered into between the Ministry 
of Public Works and the Societa Varesina per Imprese 
Elettriche for the construction and working of an electric 
railway from Ghirla to Ponte Tresa. The Gazzetta also 
contains a decree approving the contract entered into 
between the ey of Public Works and the Societa 
Anonima Tramvie Valcuviane for the construction and 
working of a steam railway from Cittiglio to Molino 
d’ Anna. 

_ Austria-Hungary : The Reichsgesetzblatt, Vienna, pub- 
lishes a decree granting to the Aktiengesellschaft Niede- 
résterreichisch-steirische Alpenbahn, of St. Pélten, a 
concession for the construction and working of a narrow- 
gauge railway from Ruprechtshofen to Gresten. 





Inp1an State Raitways.—The annexed table shows 
the length of State Railways in operation in British 
== each of the ten years ending with 1911 
inclusive :— 


Year. Miles. Year. Miles. 
1902 ee .. 20,318 1907 23,260 
1908 eo 21,131 1908 23,633 
1904 - .. 21,574 1909 24,882 
1905 .. .. 22,082 1910 24,465 
1906 22,623 1911 24,822 


The length of line owned by associated companies 
advan from 2261 miles in 1902 to 3903 miles in 1911. 
The most important State lines are the and 
Nagpur, which had 1852 miles in operation in 1911; the 
East Indian, 2266 miles ; the Eastern Bengal, 1510 miles; 
the Great Indian Peninsula, 2420 miles; the Madras 
and Southern Mahratta, 2553 miles ; the North Western, 
3656 miles; the Oude and Rohilkund, 1433 miles; the 
Rajputana and Malwa, 1778 miles; and the South 
Eastern, 1323 miles. 


Tue Cuina YeAR-Book, 1913.—In this most interesting 
book may be found a fund of information regarding a 
country about which, until quite recently, v little 
was known, and of which even now the customsand habits 
of the people, the resources of the different districts, and 
the nature of the climate, are veiled in more or less 
mystery. The China Year-Book will, however, greatly 
— to dispel false ideas regarding the new Republic, 
and bring up to date our knowledge of a land that pro- 
mises to ey into a world power, of the magnitude of 
which perhaps few of us have any idea. The book repre- 
sents a great amount of labour, the information filling its 
703 pages having collected from a great number of 
sources, much valuable assistance ha’ been offered 
to the compilers, Messrs. H. T. Mon‘ e B.A., for- 
merly editor of the North China Daily News, and H. G. W. 
Woodhead, M.J.I., editor of the Peking Daily News, by 
the President, H. E. Yuan Shih-Kai; his secretary, 
Mr. Liang Shih-yi; and his A.D.C., Admiral Tsai 
Ting-Kan. The Vice-Ministers of the Waichiaopu, the 
Ministry of Finance, the Ministry of Communications, as 
well as other Ministries, have also contributed largely to 
the fund of information the volume contains. Great 
assistance was obtained from Siz John Jordan, the British 
Minister at Peking, and other officials. The of the 
book are devoted to a description of country, 
its geology, fauna, fiora, climate, people, 
religions, &c., and to its natural resources. Valuable 
statistics are also given, while an important section 
is a oe ‘° commerce. Means of en par- 
tic y ways, occupy, very properly, a place in its 

and there are chapters on defence, Govern- 

ment finance, shipping, education, constitutional reform, 
public justice, public th, &e. A is also given 
to ‘* Who's Who” in the Chinese world. Another valu- 
able feature of the volume is that it forms a full and con- 
cise record of the early phases of China as a Republic. 
The book has an index of gy poses and is provided 
y Messrs. Rout- 





with a ma It _is publish 
ane Limited, London and New York, price 
net. 
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SUPERHEATING AND FEED-WATER 
HEATING ON LOCOMOTIVES. 
Some Effects of Superheating and Feed-Water Heating | 
on Locomotive Working.* 
By F. H. Trevirnick and P. J. Cowan, Member, 
of London. 
(Concluded from page 443.) } 
APPENDIX I. 
Tue DEVELOPMENT OF THE HEATERS. 

In the heater systems developed on the Egyptian State | 
Railways, the principle has been followed throughout of | 
compelling all the waste from the boiler to 
over the heating surface of the smoke-box heater. e 
smoke-box is virtually divided into two by the heater, 
the smoke-box compartment proper, and another section 
beyond the heater, which may be termed the blast- 
chamber, communicating with the chimney. The blast 
ejects into this latter chamber and draws the gases 
through the heater tubes. Table 10 (below) illustrates 
some of the s in the evolution. 

The first of the heaters mentioned below was composed 
of two large ring-shaped shells set one within the other, 
Figs. 17 to 19 (annexed). The water flowed successively 
round a = space in both heaters before ing to the 
boiler. ae, fixed to the inner shell and carried back 
to the smoke-box tube-plate, enveloped the tube area. 
The blast-pipe was carried up through this plating to the 
base of the chimney, the aeag owes forward from 
the tube-plate towards the smoke-box door, then back 
through the annular space between the shells, and sent 
up the chimney. This was a cumbersome apparatus of 
small heating surface. In No. 2 (Table X.) the annular 











TaBLe X.——Development of the Smoke-Box Heaters. 
aa ~ == bahia 
1 | Annular Shell Heater | 3.53 sq. ft. of heating surface per 1 cwt. | 
2 » Tubular ,, 5.8 ” ” ” 
3 | Twin Drum » | 24 *” *”» ” 
4 | Single ,, = » 136 
' 


space was transformed into tube space, Figs. 20 to 23, 
page 473. Subsequently a much higher ratio of heating 
surface to weight was secured by adopting small drums 
containing small tubes (Nos. 3 and 4, Table X., and 
Figs. 24 to 32, pages 474 and 475.) 
heater of comparatively high efficiency may thus be 
obtained. The design possesses two valuable features of 
ual importance to the success of waste-gas heating: 
(1) the boiler tube-plate is not obstructed ; (2) the best 
tube proportions for the, heater may be adopted without 
joa to limitations >f a purely practical character im- 
posed by the boiler. The utmost amount of heat may 
thus be abstracted from the gases, a result impossible 
with a tubular heater in the barrel, when the size of the 
poo meee pr Sy ae _ +4 —— ns of a re- 
tubing of t , &c. For ting purposes, lon 
and relatively small tubes are the most a a mag and, 
for a given length, a heater with small tubes is more 
efficient than one limited to large tubes, Moreover, in 
the small heater, circulation is more ra) id and the trans- 
mission greater. If the boiler-tubes be shortened in order, 
vide space for the heater, 
The resultant lower boiler 


as is sometimes done, to 
their efficiency is reduced. - _- 

in the engine before an 
m the use of the heater. 


etticiency must be made 
net gain can be derived 








* Paper read before the Institution of Mechanical |. 


Engineers, March 14, 1913. 











Fie. 18. 














Fic. 19. 


Figs. 17 10 19.  HicH-Deocree Feep-Water Heatine System ; Smoke-Box Heater No. 1 (Taste X.). 


small heater with small tubes, combined with a normal 
boiler-barrel, is thus better than a large but short heater 
with large tubes and a shortened boiler-barrel, 7 
when approximately similar pm ge may be obtained 
with both. From the practi I~ there is no com- 
parison between the two, the small heater interfering in 
no way with work on the boiler. 

The exhaust-heaters have been of the tubular type. 
An early form is illustrated in Figs. 17 to 19 (above). 
In later arrangements the exhaust-heaters were placed on 
either side of the smoke-box on the running board, and 
consisted of long cylindrical shells fitted with tube-plates 
and small tubes. The water circulated outside, and the 
steam through the tubes. The pump exhaust-heater was 
similar, but arranged vertically below the pump on the 
suction side. The feed in series through the two 
main exhaust-heaters, which are supplied by 3-in. branch 
a from the exhaust cavity of the cylinder casting. 

y means of diaphragms i among the tubes it is 
made to traverse the | two or more times. 

The Egyptian State Railways engines of the 695-7 
class, which are chiefly referred to in the paper, are of the 
4-4-0 type, having 18-in. by 26-in. cylinders, a boiler 
pressure of 180 lb. per sq. in., and 6-ft. 3-in. driving- 
wheels. The oo oy is a sq. _ — yok, 
a 4 aq. ft. provi y tu 
and 141.1 in the fire-box. 

Type Installation for High-Degree Feed-Water 





Heating (Engine No. 711).—This class of installation 
illustrated in Figs. 20 to 23, page 473. It comprise 
pump-feed and (1) a pump exhaust-heater ; (2) two main 
exhaust-heaters ; and (3) a large heater in the smoke-box, 
all arranged in series. ‘The smoke-box heater is shown 
longitudinal section in Figs. 20 and 23. The F -shaped 
ring tube-plates were 1 ft. 11 in. apart. It contained 671 
tubes, the majority being 4 in. in internal diameter. 12 
boiler-tube area was again enclosed as described on this 
, and the blast, arranged in the outer space thus f , 
| the gases of combustion forward. and then - back 
through the heater-tubes. Fig. 23, page 473, shows a form 
of spark-arrester and ash-hopper, which gave the best 
ts. This heater provided about 248 sq. ft. of heating 
surface, and the exhaust-heaters altogether about 14/ 
ms ft. Feed temperatures (exceeded with later patterns) 
of 270 deg. Fahr. were obtained, with temperatures of 
even 360 deg. Fahr. for short spells after stops. 
design was cumbersome and was not adhered to. 
Type B. Installation giving .Moderate-Degree Feed- 
Heating and Moderate Superheating, or High-Degre 
Feed-Heating Only. (Engine No. 706.)—The installa 
tion shown in Figs. 24 to 27, 474, and Figs. 2 
to 32, page 475, is simple and cheap to instal. It 
includes a pump on the driver's side, a small pump 
exhaust-heater, and two main exhaust - heaters, and & 
smoke -box -heater in the form of a single drum 
the upper part ‘of’ the smoke-box. «© With simple 
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Fic. 21. 














Fic. 22. 


Fics. 20, 21, anp 22. Hicu-Decree Feep-Water System, Tyre A (ske Aprenpix I.). 
Smoxe-Box Heater No. 2 (Taste X.). 


alterations the latter can be adapted either for feed-water 
ting or for superaeating. On the Egyptian State 
ways it proved, on the whole, most iecahentins 
when used as a superheater. Heaters fitted to the 706 
class of engine contain 943 tubes of }-in. bore, and have 
322 “1. ft. of heating surface. Inside baffles are pro- 
vided butting alternately against the opposite tube-plates. 
These and the sestristed: volume ensure rapid circulation. 
© concentration of the heating surface in such a drum 
overcomes many of the objections usually raised against 
smoke-box heaters, and also enables effective provision to 
be made for the enclosed blast. The blast-pipe top is 
enclosed in a hood or uptake which, yee | from the 
chimney, envelops completely the back tube-plate of the 
te A short petticoat pipe inside the hood distri- 
tes the effect of the blast evenly over the tubes, and 
makes it possible to use a blast-pipe which does nob 
ptende far into the uptake. The uptake itself and all 
3 heater-tubes thus become self-clearing. At the back 
the uptake is fitted a flue-door to facilitate lighting 
up. The blower and ejector discharge are arran 
within the uptake. ‘ 

Spark-arrester forms a special feature of this in- 
a tion. Effective spark-arresting is essential in coun- 
ia such as pt, where conditions are often extremely 

Vourable to fire, and the climate favours the transport 

8 in open wagons, unprotected. The pen 

tives, Fig. 33, Page 476, on the Egyptian State Rail- 

ways, are all fitted with spark-arresters, and with large 
ke-boxes, which are found to be a necessary accom- 
Patiment of an efficient arrester, for which ample area is 








ecessary, in order to prevent the netting heseming blind | 
t 


n 

during working, and impeding the draught. Wi 
smoke-boxes ample area oar ie had, and all risk of the 
engine failing to steam removed. In some of the heater 
engines of the Egyptian State Railways, the netting ex- 
tends across the upper part of the smoke-box, just below 
the heater, the screen being completed by netting at- 
tached vertically to the door. A more convenient form 
is shown in Figs. 24 to 32. This arrester is like a sieve 
with both sides and end of wire mesh, fixed wholly to 
the door, Fig. 30, page 475, with which it opens, leaving 
the interior clear. ‘he netting is shaped to fit round 
the heater, the tube-plate of which remains uncovered. 
The heater itself assists in quenching such live sparks as 
may get through the netting. Their passage gh the 
8 tu and the intimate contact into which they 
are brought with the exhaust, in the small blast-chamber, 
is very effective in rendering the sparks innocuous, and 
there is a marked absence of glowing cinders ejected from 
the chimney. 

Waste-gas heaters, such as those in Figs. 24 to 30, pages 
474 and 475, give superheat of 85 deg. to 90 deg. r. 
on 180 lb. per square inch boiler pressure, but heaters 
have been u-ed giving rather more than this (90 deg. to 
100 deg.) taken at the root of the steam-pipe near the 
dling. Be Used in this way, this heater has been 
employed in combination with feed-water exhaust-steam 
heaters giving temperatures of about 210 deg. Fahr. 
When used for feed-heating in conjunction with the ex- 
haust-steam heaters, feed temperatures above 280 deg. 
Fabr. are obtained, 














Fic. 23. Smoxe-Box with Heater No. 2 
(Taste X.), AND SPaRK-ARRESTER AND 
Asu-Hopper. 


Type C. Installation for High - Degree Swperheating 
and High-Degree Feed- Water Heating. (Engine No. 712.) 
—In this case an engine was first converted into a smoke- 
tube superheater engine, to the recommendations of the 
Schmidt Superheating Company, of Wilhelmshohe, and 
with parts iurnished by Messrs. Henschel and Sohn, of 
Cassel, the original builders of this class of engines. In 
compliance with Messrs. Schmidt’s advice, the engine was 
rebuilt with piston-valves, in place of the Egyptian State 
Railways standard slide-valve cylinders.  super- 
heater installation gave temperatures rather below usual 
European practice. At 180 1b. pressure the superheat 
varied hetween 200 o. and 230 deg. Fahr., according to 
load. Theengine so fitted, and having the advantage of 
piston-valves, proved to be more economical on coal than 
ordinary sister engines by about 29.8 cent, 

The further addition of the feed-heating system was 
carried out as in Dah hn page 476, and Figs. 37 
and 38, page 477. he pump was on the driver’s side 
with its exhaust-heater below it. Two main cylinder 
exhaust-heaters, 7 ft. long and 7 in. in diameter, were 
placed alongside the smoke-box. They each contain 
eighty-two tubes, and provide together 150 sq. ft. of 
heating surface. In the smoke-box, two horizontal drum- 
heaters were placed with their axes across the smoke-box. 
Each contained 465 tubes, and together they provided 
heating surface of 339 sq. ft. They were connected by 
the cross limb of a large inverted T-shaped uptake con- 
tinuous with the chimney. The general arrangement of 
blast-pipe, petticoat, side doors, spark-arresters, side 
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hoppers, &e., are clearly shown in Figs. 34 to 38. At the 
elbow of the blast-pipe, branch connections led exhaust 
steam off to the main exhaust-heaters. On the unbolti 

of two _ connections to each heater, the latter coul 
be withdrawn through the side doors. The oa 
netting spark-arresters were fixed to theside doorsand slop- 
ing floors. The water-heaters were all connected in series. 
A flue-door was provided in the uptake. The resultant 
effect of this installation is rather complex. Feed tem- 
peratures of over 290 deg. Fahr. were obtained, but not 
with the original degree of superheat, for reasons already 


— 

‘ype D. Installation for High-Degree Superheating 
and High-Degree Feed-Water Heating. ( ine No. 712). 
—Fig. 39 shows a later device fitted to ine 712, in 
order to remove as much ap’ tus as possible from the 
smoke-box. The smoke-box heater is carried by a door- 
plate, and the blast-chamber and chimney are removed 
to the forward end of the heater. The flow of the gases 
is direct, and less resistance is offered to their ‘ 
tubes of 3-in. bore having been used in this case. The 
draught is lighter than in the other designs. On opening 
the smoke-box door the heater and chimney swing clear. 
No trouble has been met with in making the necessary 
joints, &c.. for this arrangement, which therefore appears 
> mass | advantages over the installation Type C, above 

escribed. 


APPENDIX II. 


In this appendix information and deductions based on 
data are “7 which need to be considered in connection 
with the fact that thoy relate particularly to conditions 


in Egypt. 

Coste —"The Type B installation has been applied on a 
sufficiently large scale for reliable costs to be available. 
The new parts required by this system are shown in 
Figs. 24 > 27, ay A ee ting to the yearly 
8a wn use of heater engines in t 
cual be of mak interest, since that country is untgee 
in many ways, and costs and se are not- on the 
European i However, from figures based on 
Egyptian State Railways records, the relative annual 
expenses shown in Table XL., sonenee, “— would fall 
on ordinary engines, engine wi ype B installation, 
and on De Glehn compounds, are given, taking 50,000 
as the yearly mil and 15s. per ton as the price of coal. 
The standard 4-4 i 25682. 
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of boiler repai Lpeds then be slightly under 1.7d. per 
mile. The De Glehn engines, which are typically French, 
cost 4800/, each, built by and to the designs of a Conti- 
nental firm, and their repairs amount to 2.7d. per mile. 
Allowing 5 os cent. for interest, depreciation for a 
twenty-year life, and deductions for the two latter ty 
for coal saving, the approximations shown in Table XI. 
are arrived at, 

The reduced ool bile for tho, pase, and De Site 
engines are based on figures a +, page ante, 
which covered lighting-up coal, &c., and approximated 
to service working. In estimating for long periods some 
discount might be allowed on those figures, but, accord- 
ing to them, the inclusive cost of the heaters, whether 














fitted to existing or to new engines, is small enough to be 


Fies. 247027. ExHaust 
Ferp- HEATING AND 
Waste-Gas SuPper- 
HEATING SysTEM,TYPE 
B (see Appenoix I.). 
Smoke - Box Heater 
No. 4 (Taste X.) 


covered by the first year's savings. On existing engines, 
it may be pointed out, the actual installing involves no 
expensive work, the worst matter to be taken in 
being the possible my poe of the smoke-box. 

The systems O and D used on engine No. 712 have not 
been gee on a scale large enough to warrant figures of 
cost of installation being given, though from the exper'- 
ence sc eae their practical success would seem to be 
assured. 

The question of additional power has often an important 
bearing upon the value of 2 entailed in con- 
version, and this alone will frequently warrant the 
additional cost. 

TaBLe XI.—Relative Annual Charges against Ordinary, 
Heater, and De Glehn Compound Engines. 


Ordinary | Heater | De Glehn 
Engine. | Engine. | Compound 


Sa | é 


240.0 
0 


£ 
135.9 
135.9 
354.1 


625.9 


£ 
128.4 
128.4 
325.0 


581.8 


| 
' 


Effect of Usage.—The efficiency of the heaters is well 
maintai in service. In nigh-degne feed-water heat- 
ing the deposit found in the smoke-box heater bas 
not been great. From the temperatures and pressures 
reached it appears that the carbonates or soft deposit 
ery | salts are thrown down in the exhaust-heaters 
Most of the more slowly-depositing sulphates are prob- 
ably precipitated before the boiler is reached ; but if, 
as is commonly held to be the case, these depos 
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Fig. 28. 
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Fig.30. 


ON LOCOMOTIVES. 


EXHAUST FEED-HEATING & WASTE GAS SUPERHEATING SYSTEM, a nee 


eS ee | 


TYP. xD). . 
(FOR GENERAL ARRANGEMENT SEE Figs. 2¢-27,) } f 


in 


ae | 


however, the train-load was 16 tons heavier than in the 
second, and it is therefore probable that no real drop 
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Fie. 31. | Fic. 32. 
Fics, 31 anp 32. 


Exnavust Frep-Heatine anp Wasts-Gas SuPERHEATING SysTEM, 
Type B (Appenpix I.). 


chiefly where conditions are favourable to a gradual | exhaust-heater. The artificial softening of water, now 
Concentration of the liquid, they are most likely carried | frequently adopted, would naturally be beneficial to feed- 
tien to the boiler, much as usual. Good circula-| water heaters. When the smoke-box heater is used as a | 
ry 18 encouraged in the smoke-box heater. That | superheater there is no incrustation. 
er is relieved of a amount of scale-| the Egyptian State Railways, for the 


occurred. 

Life, Deterioration, &c.—The pump deals only with 
water of about 90 deg. to 95 deg. Fahr., and may easily 
be kept in good order. The life of the heaters is partly 
dependent on the water and the irregularities of pitting. 
The heater shells stand well, and steel tubes only », in. 
are a » last } most a 
miles, a mileage frequently largely ex > e life 
may be in by using epectally treated tubes, or by 
i ing their thickness. smoke-box heaters keep 
clean inside, and remarkably free from wastage outside, 
if raised and kept in the warm dry gases. The tubes of 
these heaters, when used as superheaters, last for as much 
as 72,000 miles. In a recent case, after 82,000 miles, only 
a few bad places were found in the whole set of tubes, 
and no actual failures. The practice has been adopted, 
however, of renewing all heater tubes when shopping 
engines for general repairs. This is the heaviest repairs 
expense, but, comparatively, it is not serious, and might 
even be reduced by the use of brass or copper tubes. 

No conclusive information is available, unfortunately, 
on the effect of the heater systems on boiler repairs. 
From the improved condition under which the oiler 
works it would be expected that heater engines would 
show up better than others in this respect. All that can 
be stated is that, on the Egyptian State Railways, the 
boilers of such engines are extremely light on repairs. 





British Raw Exports—The new year has opened 
tolerably well in connection with our rail exports. The 
shipments in February were 41,849 tons, as compared 
with 34,951 tons in February, 1912, and 31,887 tons in 
February, 1911. In the two months ended Fe y 28, 
this year, the exports attained an of 77,372 tons, 
as compared with 70,609 tons and 86,505 tons in the cor- 
responding periods of 1912 and 1911. Argentina took 

tons of British rails in the first two months of this 
year, as com with 6824 tons and 16,531 tons 
respectively. colonial demand was as follows in 
the first two months of the last three years :— 


Colonial Group. 1918. 1912. 1911. 





British South Africa 8,120 2.783 2,270 
British India on 8,84 22,792 26,698 
Australia .. 25,043 23,788 12,882 
New Zealand 4,285 3,908 2,247 

191 41 657 


B system, | The value of the rails exported to February 28, this year, 


te matter is clear from the turbid condition | before and after running over 45,000 miles, showed an | amounted to 510,935/., as com with 428,851/. in the 
be water co: from the exhaust-heaters when | a t drop of 4 deg. Fahr. in the superheat, and | first two months of 1912, and 499,365. in first two 
blewing through. ‘There is no incrustation in the pump ' 2 deg. Fabr. in the feed temperature. In the first case, | months of 1911. 
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SUPERHEATING AND FEED-WATER HEATING ON LOCOMOTIVES. 
(For Description, see Page 472.) 











Fic. 33. Non-Heatrer ENGINE WITH STANDARD SmMoKE-Box. 
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British Locomorive Ex- 
PoRTS.—The value of the loco- 
motives ship in January 
last was 200, 927/., as compared 
with 159, 8917. in January, 1912, 
and 137,732/. in January, 1911. 
In the two months ended 
February 28, this year, British 
locomotives were exported to 


329,7671. in the first two months of 1911. The Argentine 
Republic figured in these totals for 97,1314., 40,583/., and 
19,5401. respectively. Colonial demand was as follows:— 
1918. 1912. 1911. 
Colonial Group. £ z £ 
British South Africa 30,482 69,831 14,762 
1 


British India 18,092 64,500 164,389 
Australia 21,957 51,619 14,355 


the value of 411,072/., as com- 
— with 331,219/. in the 
7st two months of 1912, and 


It will be observed that the Australian and South Africa 
demand has been relatively yaomnaewo f so far this yest, 
but this has been more than compensated for by increased 





business with British India, 
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SUPERHEATING AND FEED-WATER HEATING ON LOCOMOTIVES. 


(For Description, see Page 472.) 
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Fias. 37 anp 38. 


CATALOGUES. 


Motor-Cars.—We have received from Bayard Cars, 
Limited, 98, High-street, Marylebone, W., a catalogue of 
motor-cars for the coming season. Prices and particulars 
are given of three models with 8, 10, and 14-horse-power 
engines respectively. 

Electric Cranes.—Messrs. John M. Henderson and Cc., 
King’s Engineering Works, Aberdeen, have issued a 
four-page pamphlet referring to electric jib-cranes of the 
type in which the jib is carried by a vertical rotating 
post pivoted at its upper and lowerends. Such cranes are 
especially suitable for use in railway and dock goods 
sheds, factories and warehouses, and on wharves, loading 
banks, &c. 


Calculating-Machines.—Circulars relating to the ‘‘Tim” 
and ‘* Unitas” calculating-machines have reached us from 
Mr. George Spicer, Hastings House, 10, Norfolk-street, 
Strand, W.C. These machines perform the operations 
of addition, subtraction, multiplication, and division, 
and the given examples of calculation made on them 
include percentages, interest, averages, invoicing, rail- 
Way statistics, wages, and many technical calculations. 
Among other advantages claimed it is mentioned that 
they are self-checking and almost noiseless in action. 


High-Lift Centrifugal Pumps.—We have received from 
the Turbo-Electrieal Company, 25. Victoria-street, S.W., 
a pamphlet relating to their high-lift centrifugal pumps. 
The pamphlet points out the advantages of these pumps, 
illustrates and describes their construction, and gives 
some notes on running them. Numerous examples of 
installations for mine drainage, shaft-sinking, boiler- 
feeding, water supply, and other purposes, are illustrated. 


They can be supplied to work against heads of over 
3000 ft. 


Mechanical Stckers.—From the American Engineering 
Company of Philadelphia, Ps., U.S.A., we have received 
& copy of an attractive publication they have issued to 
illustrate typical installations of Taylor mechanical 
stokers. These stokers are of the type in which the coal 
18 pushed forward by reciprocating plungers to the centre 
epee of an inclined stepped grate, on which it is burned. 

é installations illustrated include the waterside stations 
of the New York Edison Company, where 115 Taylor 


—, with an aggregate capacity of 300,000 kw., are 
8, 


, Motor-Cars.—Their catalogue of motor-cars for the 
_ season has been published by the Wolseley Tool and 
otor-Car Company, Limited, Adderley Park, Birming- 

- The book is in every way a first-class production, 
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being beautifully printed and illustrated, and giving all 
the information a prospective customer is likely to 
—— without the unnecessary matter often found in 
publications of this kind. Three separate sections of the 
catalogue deal respectively with the 16-20 horse-power 
four-cylinder model and with the 20-30 and 50-horse- 
power six-cylinder models ; each model is made in two 
patterns, with long and short wheel bases. A full speci- 
fication and fllustration of each chassis is given, together 
with illustrations and descriptions of every type of body 
with which the chassis is fitted. Prices are stated for 
complete cars, ineluding chassis, body, hood and screen, 
and a list, with prices, of suitable accessories, is given in 
each case, so that the purchaser can easily arrive at the 
exact cost of a car to meet his requirements. We dealt 


with these cars in our issue of November 1 last, on | 


page 607, where detail drawings of the 24-30 horse-power 
model, with compressed-air self-starter and tyre-inflator, 
will be found. 


Hydraulic Machinery.—A catalogue which has come to 
hand from Messrs. J. Kirby and Co., Vortex Works, 
Alpha-street, Leeds, gives prices and particulars of 
direct-acting steam-pumps, hydraulic engines with three 
oscillating cylinders, and hydraulic engines of the recipro- 
cating type for organ-blowing. The three-cylinder “+ 4 
are listed in five sizes, the outputs of which range from 
0.4 to 3 horse-power when supplied with water at a 
pressure of 60 Ib. per sq. in. and running at 60 revolutions 
per minute ; they are, however, made in larger sizes, and 





Fia. 38. 
Type C (Appenprx I.), 


for high pressures. Some examples of their applications 
are illustrated in the catalogue, and these include the 
|driving of mine haulage gears, capstans, and other 
| machinery, as well as the control of sluice-valves. Other 
| products of the firm illustrated in the catalogue are 
direct-acting steam-driven air-compressors, pumps driven 
by water pressure, and rotary blowers. The latter have 
been specially designed for organ-blowing, but are equally 
| suitable for blowing cupolas, and for many other purposes. 


Gas- Engines and Suction-Gas Producers.—The Société 
Anonyme des Moteurs 4 Gaz A. Bollinckx, of Buy- 
singhen, Belgium, have issued a — relating to 
their gas-engines and suction-gas pr ucers. The con- 
struction of the engines is first dealt with, all the prin- 
cipal parts being illustrated and described in detail. 
Among other special features it is mentioned that all 
parts are made to gauge and are interchangeable, and 
that special attention has been paid to the question of 
lubrication. We also note that a single cam operates 
both exhaust and admission valves, and that the latter is 
of the variable-lift type, the lift being controlled by the 

vernor. Bosch high-tension magneto ignition has 

m adopted. The latter part of the pamphlet deals 
with the construction and working of the producers, and 

ints out their special features, In these producers the 
ower part of the body consists of a cast-iron cylinder, 
without any fire-brick ‘toi. The outer surface of the 
cylinder, which is provided with a series of grooves, 
forms the vaporiser, water being led into the grooves 
from a reservoir on top of the producer body. The fuel 
rests partly on a stationary cast-iron hearth raised up 
from the bottom of the producer, and ly on a cast-iron 
ring concentric with the hearth and raised a short distance 
above it. This ring is supported on rollers and can be 
|turned by a hand-wheel and bevel- to remove 
clinkers and stir the fire. The ashes fall through the 
| space between the rotating ring and stationary {earth 
into a water-trough surrounding the latter. It is claimed 
that with this arrangement small, cheap fuel can be 
gasified satisfactorily. The descriptive matter of the 
pamphlet is printed in English, but the translator has, 
in several instances, made use of some quaint expressions 
in place of common technical terms. For instance, the 
engines are spoken of as “‘four-beat” engines, and the 
piston-rings are described as “‘elastic circles.” Another 
striking assertion made is that, but for the action of 
the governor, the engine would be ‘carried away” if the 
load were suddenly thrown off. We only refer to this 
matter in order to point out the advisability of havi: 
such literature revised by an apes thoroughly we 
acquainted with the language used. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELEBOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS — AOT wR rd 

number of views in Specification wunngs is stated 

ee, ee Foon ete caanttoned the Mpecipieation ta net 


illust: 
Where inventions are communicated from abroad, the Names, éc., 
the Communicators are given 
C 


in italics. 
i Specifications may be obtained at the Patent Office, Sale 
4 26, Buildings, Chancery 


-lane, W.C., at 
yg oy > A the assaptance of @ Comaise 
ification is, in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any poreon may, ot any Shes within te mente Lie cate, 
“tears Punt Oe of Span ot pret of 
stent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


21,013/12. A. P. Lundberg, G. C. Lund 
P. Lundberg, Electric 8 
(3 Figs.) mber 26, 1912.—This invention has relation to 
electric switches and has reference in cular to single-way 
switches of the tumbler t; The invention has for object to 
provide improv tsin such switches and of such nature that it 
shall be possible to take a porcelain or other np | base 
designed for use with swi' of the kind described in the 
Specification of Letters Patent No. 10,423, dated April 28, 1910, 
and granted to the present applicants, and to assemble and mount 
ene Prange pg => — rot — such 
parts bein; a greater current-carrying ca y than parts 
ordinaril Scented thereon. 1 is the switch-base, made of - 
lain or of other insulating material. The base 1 is provided with 
a plurality of recesses 2, 3, 4, in which the fixed contacts are dis- 
posed, and to permit also the movement or working of,the movable 
contact. The movable contact 5 is of the shape shown in Figs. 2 
and 3, and is stamped or pressed to shape. The contact 5 is 
operable, as usual, from a dolly or actuating lever pivotally 


and 











mounted in a -piece, the feet of which are mounted on the 
base 1, as well unde The movable contact 5 has four knife 
blades, all in electrical connection, which make contact between 
the jaws of the fixed contacts 6,7. The knife-blade contacts 8, 
co-operate with the fixed contracts 6, and the knife-blade con- 
tacts 9 with the fixed contacts 7. The fixed contacts 6 are con- 
nected electrically by a strap 10. The strap 10 is contained in 
the recess 2, and it and the contacts 6 are secured in i- 
tion by the terminal 11 and a fixing member 12 The fixed 
contacts 7 are of a construction similar to that of the contacts 6, 
but are carried by a strap 13, which is arched or of inverted U- 
shape, the ends of the vertical portions of which rest on the 
bottoms of the recesses 3, 4, or, as shown, On projections on the 
base 1, and are secured by the terminal 14 and fixing member 15. 
The contacts 7 are ted on the underside of the strap 13 and 
extend downwardly t rd: bott of the 3, 4, but 
not so far as to prevent the knife-blades coming out of contact 
therewith. The knife-blades of the movable contact 5 when 
moved from the off position move downwardly and upwardly into 








and between the jaws of the fixed contacts. (Ac January 
2z, 1913.) 
GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


and N. E. Rambusch, London. 

5 Figs.) January 16, 1912.—This inven- 
tion has for its object the construction of a qogmtene of the 
type having a rotary base, which term is intended herein to 
include the ash-tray or pan and grate, or air-distributor, or of 
the type having a ro body. The improvement consists in 
causing the agitation of the fuel over the whole area of the gas- 
producer by means of m ically raising and lowering, and at 
the same time mechanically revolving the whole base of the gas- 
roducer consisting of ash-tray or pan and grate, or air-distributor, 

n one and the same ration. a is the te or air-distributor 
fixed to the revolving ash-tray or pan b, which together constitute 
the rotary base, the revolution of the same being effected by 


A. H. 
ucers. 
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Fig. 



































MOTOR ROAD VEHICLES. 


H. Pearson and P. Cox, and Pearson and 
Cox, Limited, Shortlands. Motor Road-Vehicles. 
{3 sigs.) March 11, 1912.—This invention relates to a steam- 
engine of the single-acting type and having poppet-valves and an 
en crank-chamber, and consists in operating the valves 
from cams on the crank-shaft through bell-crank levers mounted 
within the crank-chamber, and mounting the feed-water pump 
on the exterior of the crank-chamber and operating the plunger 
of the pump by means of an eccentric mounted on the crank- 
shaft. The engine is of the single-acting type, with a trunk 
piston a coupled to a crank-shatt ) by a connecting-rod c in the 
usual manner, and the crank-shaft b mounted in bearings carried 
by an enclosed crank-chamber d of the two-part type, as in 
internal-combustion engine practice, the fly-wheel ¢ and trans- 
mission sprocket—if one be used—being mounted on the crank- 
shaft exterior to the crank-chamber. On each side of the crank 
is mounted a cam, one of which h operates the inlet-valve, 
and the other h! the exhaust-valve through rocking bell-crank 
levers h2 pivoted and ss within the qunh camber and 
lifters h3 passing through suitable guides in the crank-chamber, 


the opening of both valves being effected by the cams and closing 









@ 


Fig. 
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by the usual ings, as in internal-combustion engine practice. 
On the crank b, exterior to the cam /!, but within the crank- 
chamber, is mounted an eccentric n, the strap of which is connected 
——— suitable guide with the plunger p of a feed-water pum 
mounted on the exterior of the crank-chamber. The pump, which 
is vertically arranged, is carried on a yoke moun on the top 
of the crank-chamber. The preferred construction is to cut a 
screw-thread on the exterior of the barrel of the pump so that it 
can be screwed into the top of the yoke and fixed by means of a 
lock-nut. The lower open end of the barrel is closed by a packing 
ape the adjusting cap of which is screwed on to the barrel which 
threaded to receive it. To enable the gland to be adjusted a 
suitable opening is made in the yoke which is provided with a 
sliding cover or shield to keep out the-dust and dirt. The pump, 
which is provided with the usual suction and delivery-valves and 
the usual suction and delivery-pipes, is also provided with a by- 
pass pipe in which is a suitable lator so that the amount of 
water passing can be varied as desired. The crank-shaft ) is pre- 


ferably balanced by making one part of the rim of the fly-wheel e | Lo 


heavier than the other by forming an annular opening of a suit- 


able size in the rim. (Accepted January 22, 1913. 


8317/12. H. W. Dover, Northampton. Stee 

d-Wheels. (6 Figs.) April 6, 1912.—This invention 
relates to the construction of hand and like wheels, and more 

ularly to the steering hand-wheels of motor-cars and the 
ike, which are built up of a peripheral rim, a central hub, and 
intervening arms, and it has for its object to enable a set of arms, 
initially independent, to be bled in such manner as to inter- 
lock with one another and with the rim, and be so held, by means 
of bolts, screws, or rivets serving to fix them to the hub, as to 
firmly support the rim concentrically with the hub. According 
to this invention, the arms have each an outer end adapted for 
interlocking engagement with the rim, and an inner end so 
shaped as to fit snugly throughout part of its width around a 
central bors, and have at one side of its radial centre-line a seg- 
mental portion extending to about the centre of width of the 
adjacent arm, whilst at the other side of the radial centre-line 
the inner end of the arm is voided or cut away to accommodate 
the lateral projection of the adjacent arm at that side, whereby 
said inner end will interlock with the inner ends of the 











adjacent arms, and prevent mutual displacement in the plane 
of rotation. In the construction shown, the hub a is formed 
integrally with or secured te the end of the shaft whereon 
the wheel is to be mounted, and is provided with a central 
(and usually circular) boss & serving, when the arms ¢ are 
being assembled, to facilitate and determine the centering and 
correct positioning of the several arms, The arms ¢ are 
constituted by stampings from sheet metal, and are so bent as 
to be adapted to re the rim d out of the plane of the hub a. 
Each arm ¢ is so formed at its inner end or root as to fit snugly 
throughout of its width, as at ¢ around the central boss b ; 
the root of arm having at one side of ite radial centre-line a 
ey projection f, which reaches to about the centre of 
ith of the adjacent arm, where the projection is apertured to 
give to the fixing bolt y, whilst at the other side of the 
radial centre-line the root of the arm is voided or cut away to 
the lateral projection / of the adjacent arm c at that 

side. Displacement of the arm c in the plane of rotation is pre- 
vented, as regards movement in one direction, by contact of the 





segmental lateral projection f with the boss b on the hub a, and 
also by the fixing-bolt g itself (which acts as a fulcrum to the 
lever represented by the arm), and as regards movement in 
the ite direction, by the fact of the lateral projection / being 
held between the boss b on the hub and the contiguous part of 
the root of the adjacent arm c at that side ; a heel h on this root, 
preferably interlocking, for the sake of greater security, with a 
recess provided in the lateral projection / of the adjacent arm, or 
vice versd, The inner ends of the several arms c are held down to 
the hub @ by a ——_ j riveted or otherwise secured to the 
boss a. The outer end of each arm c, which may be T-shaped or 
splayed out laterally at both sides, as at k, is tongued centrally, 
80 as to fit into a slot provided at the inner side of the wheel-rim 
d, whilst the pair of lateral shoulders k on the arm bear against 
the > d at the outer ends of the slot. (Accepted January 22, 
1913. 
J. E. Lees, Alderley Edge, J. M. Hewit 

, and A. J. Drake, Hale. 8S De 
vices. {1 #ig.] February 16, 1912.—This invention has reference 
to the steering arrangements of motor vehicles. According to 
this invention, the applicants make the 4 sagres, ee and steer- 
ing-wheel accommodate themselves—that is, to be collapsible and 
extensible with the object of ne access to and leaving 
of the driving position. The steering shaft a@ is telescopic, and is 
—— to be slidable within a sleeve-like pe or support b 


to the dash-board or elsewhere, and this sleeve-like 
su b is so designed as to hold the steering shaft at the 
d angle. The steering shaft a passes through a worm form. 
ing part of the worm or other gear in the steering-gear box c, 


motion imparted to such gear being communicated to the shaft 
d to effect steering in known fashion. To permit the steering 











2 
{a0 : ? 


shaft a to slide whilst preserving intercommunication with the 
worm in the -box ¢ slip-feather and groove or other known 
arrangement for the end in viewis utilised. Any readily actuated 
spring or other locking device may hold the steering shaft a 
when in the withdrawn position, and means may be provided to 
prevent the shaft a being withdrawn too far. When the chauffeur 
or driver leaves the car, he pushes the steering-wheel a! and 
causes the shaft a to slide in its support b, and so the steering- 
wheel retreats. The telescoping of the steering shaft either 
ensures the application of a brake, or locks one of the brakes 
“on.” When the steering shaft a is pushed it acts on a bell- 
crank lever e,and depresses its upper arm. The effect of this is 
that the other arm is raised, and also the connecting-rod /, 
which connecting-rod, when elevated, applies a brake or acts on 
a brake to lock the same. (Accepted Janwary 22, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


13,965/12. The Stirling Boiler Company, Limited, 
mdon. (J. E. Bell, Barberton, U.S.A.) Steam Gene- 
{2 Figs.) June 15, 1912.—This invention relates to 
that class of water-tube steam-generator of the kind in which the 
furnace is in front of vertically-extending water tubes, and is 
provided with an arch or dome, the furnace front, the water 
tubes, and the furnace arch or dome forming a heated space in 
which is located a superheater provided with tubes extending 
horizontally over the arch or dome for a portion of their length. 
Referring to the drawing, 2, 3, and 4 ee — trans- 
verse steam and water drums connected by vertically-inclined 
tubes 5, 6, and 7 to the lower transverse mud-drums 8. 9 isa 
furnace, the gases being directed among the tubes of the front 
bank by the baffle 10, preferably having a shelf, and thence 
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descending among the second bank of tubes, in which they are 
retained by the baffles 12. The then rise through the last 
bank of tubes and pass to the outlet port. The superheater, which 


is shown as consisting of boxes embedded in the front wall at 
connected by a transverse series of superheater tubes 16, has its 
tubes , in accordance with the main feature of the pre- 
sent invention, substantially horizontal throughout their length 
and comparatively close to the furnace top 17. If desired, le 
bars 18 may be provided to any desirable number, these bars 
extending among the tubes of the front bank above the super- 
heater and g the rising gases to deflect towards the front 
wall so as to more readily act upon the superheater tubes. By 
the number and character of these deflectors in the 
bank of water tubes the amount of superheat imparted to the 
steam can be promptly regulated. (Accepted January 15, 1913.) 
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THE SAN FRANCISCO WATER SUPPLY. 


Tus city of San Francisco is in trouble concern- 
ing its water supply, since neither the present 
service nor the means of increasing it gives satis- 
faction to all parties concerned. The* municipal 
a an hey central —— have 
apparently requi experts to furnish reports, 
nay copies of these have been seasieaman | for- 
warded to us.* These re are lengthy and com- 
prehensive, admirably illustrated by photographs 
and diagrams, and afford abundant information, 
but, unfortunately, as we think, exhibit an animus 
at times which is regrettable. As outsiders with 
no other information than that supplied by these 
reports, we have not the slightest intention of pass- 
ing any comment on the origin of the divided 
counsels, or on the relative merits of the proposed 





cient both for present requirements and any future 


demands which can be foreseen. The general 
problem is whether it is desirable to trust to small 
scattered sources, ingeniously combined in one 
main supply, or construct one gigantic aqueduct 
which will answer requirements. Evidently 
local considerations must decide all such questions, 
and each side must defend its own position, The 
Spring Valley Company, apparently a private cor- 
poration that has hitherto enjoyed the monopoly 
of supply on the western side of the Bay, has to 
prove its competency to do the work. This com- 
ny, by the expenditure of considerable capital, 
gradually increased its resources as the popula- 
tion of the district has grown, and contends that 
by some further expenditure, which it is willing to 
make, it can command a supply adequate to the 
increasing demands of the city and district. This 





from San Francisco, bring a copious supply of pure 
potable water, capable of satisfying the demands 
of the several considerable centres of population 
that have collected round the picturesque shores 
of this famous bay. Evidently only those who 
are well capetiiel with the topography of the 
district and character of the competing catch- 
ment areas, the requirements of the ulation, 
and the needs of the several industries ioued in 
the not inconsiderable area between the source and 
the delivery of the water, are in a ition to pro- 
nounce any opinion upon the merits of the rival 
schemes. 

The geographical position of the city introduces 
some features of an unusual and rather interesting 
character. San Francisco is, to a certain extent, 
isolated from the continent. It stands at the 
northern extremity of a! peninsula, which is sepa- 
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plans, more especially as the interests, legal 
and pecuniary, of the present supplying com- 
pany are involved. To those unversed in the 
relations that obtain between local and central 
authorities in the United States, it is not clear 
whether the question is still sub judice or 
whether it has been settled by the adoption of 
either of the schemes submitted. In any case, 
it is n to use caution, but it may be 
said, without prejudice, that the disagreement 
turns on the question of using to the utmost the 
existing machinery for supply, supplemented by 
Sources comparatively near at hand, or discarding 
the old system in its entirety, and tapping a single 
distant source, which, it is admitted, would be suffi- 





* 1. ‘A Report to the Honourable the Secretary of the 
Interior and the Advisory Board of Engineers of the 
United States Army,” by the Spring Valley Water Com- 
pany. San Francisco, October 31, 1912. 2. ‘* Report on 
the Water-Supply System of the Spring Valley Water 
Company, San Francisco, Cal.,” by H. Chittenden, 
Srigudier-General, U.S.A. and A. O. Powell, Member of 
the American Society of Civil Engineers. 3. ‘On the Pro- 
sed Use of & Portion of the Hetch Hetchy, Eleanor, and 
seers V alleys, within and near to the Boundaries of the 
alee, nited States National Forest Reserve, and 
Yosemite National Park,” by John R. Freeman, Civil 
July 1h te. Providence, Rhode Island, San Francisco, 





position is challenged by Mr. Freeman, appar- 
ently an independent authority, who maintains 
that the Spring Valley Company has overestimated 
its possible supply, has not sufficiently considered 
the variation in rainfall, and that the storage of 
water in the warm temperature and almost unin- 
terrupted sunshine of the Californian climate is 
attended with ——a 

Further, it is urged that though the water is 
excellently cared for, it is not of the most superior 
quality, being ‘‘hard,” and requiring a greater 
outlay for soap ; a remark that s ts that Mr. 
Freeman is not without a sense of humour. The 
other side have thought it necessary to reply— 
** that it is not wholly correct to assume that ‘ ie 
ness * increases consumption. The more ble 
action of soft water on soap naturally leads to 
freer personal use, whether necessary or not.” The 
alternative plan for the supply of soft water, due 
to Mr. Freeman, and known as the Hetch Hetchy 
scheme, is one that appeals, on the ground of its 
magnificence, to the imagination of a wealthy cor- 
poration. He will have nothing to do with the 
accumulation of small increments near at hand, 
but would at once attack the distant Sierra, and 
by utilising a portion of the Hetch Hetchy, Eleanor, 
and Che Valle s, near the boundaries of the 
Yosemite stlonal Park, some 170 miles distant 
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rated from the mainland by the broad arm of the 
sea, known as San Francisco Bay—an indentation ex- 
tending some 30 or 40 miles to the south and about 
12 miles broad where the width is greatest. On the 
northern side the continuity of the coast is broken by 
the well-known Golden Gate. From an engineering 
point of view, it is, of course, not impossible to bring 
a water supply under the sea from the north, or to 
follow a circuitous course round the southern 
extremity of the Bay ; but either alternative intro- 
duces peculiar difficulties. To those whose expe- 
rience has been gained in England the problem 
would seem to admit of a comparatively simple 
solution. The town is not , and the amount 
of water required could apparently be easily dealt 
with. In 1910 the population was only 417,000, 
and taking the whole area to be served by the 
Water Board, which would embrace some 500 
square miles, the population is only 773,000. The 
number in the outlying district is somewhat less than 
that for which the Water Department of Birming- 
ham caters, and it might be imagined that a similar 
quantity of water would suffice; but for some 
reason which is not clear the quantity of water 
ita to the American citizen greatly 
cient 








supplied per capita 
quavee that which the Britisher finds su 

In the Birmingham district the average daily 
demand is about 24} million gallons, and on no one 
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day has the supply ever reached 31 million gallons. 
The present daily supply to San Francisco alone is 
admitted by Mr. Freeman, a hostile critic, to exceed 
37 million gallons ; and though this quantity allows 
85 gallons a day per head, it is contended that 
it is insufficient and should be increased to 
100 gallons. This is four times the quantity 
found to be sufficient in Birmingham, a highly 
industrial district. This last factor is not without 
importance, for the American authorities all agree 
that the individual requirements increase as the 
total population increases, and explain this greater 
consumption, per head, as due to the enhanced 
demand from manufacturing firms. In New York 
the per capita consumption went up in twenty 
years (not uniformly) from 95 to 119 gallons ; in 
Chicago from 137 to 232 gallons ; but these figures 
are quite dwarfed by those of Buffalo, New York, 
where the consumption in 1890 of 186 gallons rose 
in 1900 to 234 gallons, and by 1910 had reached 
313 gallons. This result is startling, and suggeste 
that it was cheaper to waste water than to take 
the necessary means for conserving it. In esti- 
mating the future supply that will be needed, the 
probable increase of both population and _ indi- 
vidual consumption brings us face to face with 
very large figures, and incidentally we learn how 
unsatisfactory it is to attempt to forecast the 
owth of American centres. Mr. Freeman, fol- 
owing what we think is an excessive estimate, 
calculates that at the beginning of the next 
century the population will have quintupled, 
and provision will have to be made for a water 
supply to 3,632,000 people, requiring no less than 
441 million gallons daily. Since there is no apparent 
reason why this district should increase more 
rapidly than other portions of the United States, 
on this estimate the total population of the country 
would amount to 400 million, and this seems im- 
ible. Mr. Herrmann, the chief engineer of the 
_— Valley Company, more modestly places 
the number at 2,100,000 for whom a daily supply 
of 210 million gallons should suffice. Against these 
figures may be placed those published by our 

etropolitan Water Board, who have to content a 
population certainly exceeding 7 millions with a 
daily distribution of about 225 million gallons. 
The American water engineer would consider this 

uantity miserably inadequate, and certainly it is 
difficult to explain what is the peculiar feature 
that demands such abundance. Considering the 
large Chinese population in San Francisco, it is 
evident that injustice has been done to this people 
on the ground of personal cleanliness. Mr. Free- 
man himself has urged that, in the case of New 
York, with proper precautions, 42 to 67 gallons 
per capita per day would be ample ; and Mr. Dexter 
Brackett, of Boston, has put on record that ‘‘ the 
quantity actually required for all uses in the Boston 
district was 554 gallons per inhabitant per day, and 
that all used above that amount was waste.” 

It is hardly possible to describe the rival schemes 
for water carriage to San Francisco and avoid the 
charge of partisanship, but there are some points 
considered here which have an importance out- 
side all local considerations. It was natural that 
when it became necessary to secure a water supply 
for the city, the district immediately to the south 
was first selected for operations. Here there were 
streams, such as the Pilarcitos and the San Mateo, 
with a watershed of some 36 square miles, pos- 
sessing an annual rainfall rarely less than 30 in., 
and occasionally cf double that amount. In this 
district reservoirs have been constructed capable 
of storing 30,000 million gallons of water (about 
double the storage of Liverpool or Birmingham), 
and, at the same time, permitting a daily supply 
of 194 million gallons to the city, whose very 
varying levels offer some little difficulty in the way 
of distribution. There came a time, however, 
when this quantity had to be supplemented, and 
the Spring Valley Company, for local reasons, 
into which it is not necessary to enter, did not push 
this scheme further south, tapping the Pescadero 
and San Gregorio Rivers, but moved off to the 
opposite side of the Bay, and developed an impos- 
ing system on the Alameda Creek above the Niles 
Canyon. 

The company’s officials, with many years’ experi- 
ence at their command, p great store on the 
latent possibilities attaching to a watershed of not 
less than 620 square miles, contending that with 
proper development the daily yield could be in- 
creased to 120 or 130 million gallons. On the 
other hand, Mr. Freeman ridicules the validity of 





this claim, and holds that the system cannot be 
made to produce more than an additional 25 or 30 
million gallons, and probably much less. That 
experienced officials can produce from the available 
data results so totally at variance is not edifying, 
but has an interest outside this particular contro- 
versy. It suggests that scientific methods have 
not reached the degree of reliability we had 
fondly hoped, and that approximate accuracy is not 
attainable by existing methods. It strikes a 
blow against the validity of water measurements, 
and enlarges the margin of uncertainty that we 
are obliged to allow in such investigations. Over 
and above the uncomfortable feeling of insecurity, 
the question is one that has an important bearing 
upon the economic value of the country. Here 
we have a comparatively small town, whose water 
requirements exhaust an area about equal tothe 
county of Hertford, or half the State of Rhode 
Island. In a community, whose members may be 
quintupled in a century, the withdrawal of 
such extensive reservations from inhabited areas 
and possibly diminishing the opportunities for 
irrigation, must soon make itself felt. We may 
well hope, therefore, that the estimate of the 
Spring Valley Company is justified. But even if 
it be possible to determine the amount of water 
available, there are still perplexing doubts besetting 
the actual amount of the run-off. Weir measure- 
ments and computed results upon which we have 
been accustomed to rely appear to be broken 
reeds when handled by interested experts. The 
engineer of the Spring Valley Company admits 
that the dams, not having been constructed with the 
view of acting as weirs for the purpose of measuring 
the water flowing over them, may give results that 
are not altogether trustworthy. Under these cir- 
cumstances the engineer has not adopted a rigorous 
hydraulic formula, but ‘‘has used a simple and 
compact formula of my own.” Mr. Freeman com- 
ments caustically on no allowance being made in 
these formuls for obstructions, for backwater, or for 
eddying cross-currents, and apparently he is justi- 
fied. Models of the various dams have been con- 
structed, and special formule have been devised by 
independent experts, but the settlement of the 
vexed question does not advance. As might be 
expected, the results from the various expressions 
agree within limits, whether the older formule of 
Kutter or of Bazin, or those more newly derived 
in the laboratories of the California University, be 
used, because they all depend upon the same 
original measurements. The doubt attaches to 
the trustworthiness of the original data, not to 
the arithmetical results deduced from them. We 
imagine it is not possible to make a closer approach 
to the truth than that arrived at by Brigadier- 
General Chittenden, who has issued a separate 
report on the engineering problem. He points 
out that a total run-off from such a watershed, 
equivalent to 5 in. uniform depth per annum, or 
23 per cent. of the average rainfall, should not be 
considered extraordinary. This decision supports 
the contention of the engineer of the Spring Valley 
Company. 

The actual amount of run-off assumes here a con- 
siderable importance, because it goes to feed the 
underground sources upon which the present con- 
trolling company relies for a supplementary supply. 
Into this purely local question it is not necessary 
to enter, though both sides have urged opposite 
views with some pertinacity. By the nature of the 
case, underground sources do not permit of accurate 
estimation : personal experience and knowledge 
must be relied upon, especially when, as here, the 
problem is not a question of a subterranean source, 
as such, coming no one knows whither, but one 
in which the origin can be traced to a super- 
ficial run-off from the tributary watershed; 
and not a drop can be counted on from other 
causes. It is, however, important to note that in 
California, where the rainfall may be small and the 
region semi-arid, more than one-half of the domestic 
supply comes from underground stores. The com- 
plete practicability of puraping water from gravel 
is admitted, the only limitation being practically 
one of cost. The same remark applies more or 
less to other sources of supply, which the foresight 
of the company has provided, and which offer no 
—_ peculiarities ; but it is important to note 

e ingenuity with which these various sources are 
combined to formone complete unit, and, consider- 
ing the area over which the works extend, this 
feature is probably unique. The water drawn from 
more than 700 square miles of watershed in widely 





separated localities is so deftly handled as to ~ 
furnish a complete system, as if all were drawn 
from one stream or one source. And in this scheme 
we must give credit to the boldness of conception 
that contemplates the construction of reservoirs 
possessing a maximum storage capacity of 210,000 
million gallons. In such a scheme, complicated 
as it may seem on paper, there are some advan- 
tages over a single pipe-line of great length, which 
is liable to rupture, especially in districts where 
severe floods are apt to occur. But in this 
neighbourhood there is further to be taken into 
account the possibility of injury by earthquake, 
as the disaster of 1906 amply proved. The chance 
of accidental rupture, or of injury to the dams 
when such enormous reservoirs, or rather huge 
lakes, are impounded cannot but be a source of 
constant apprehension. It is reassuring to learn 
that in the last great earthquake the San Mateo 
dam did not suffer in the slightest degree, though 
it was only a few hundred feet away from the rift, 
and parallel to it. The rift passed directly through 
the shallow easterly end of the earth dam at San 
Andreas without spilling a drop of water, though 
the reservoir was nearly full. Fortunately in this 
country we have little experience of this kind of 
danger, or of the precautions necessary to secure 
immunity ; but Mr. Freeman’s forecast seems more 
hopeful than convincing when he says, ‘‘ The loca- 
tion of this rift (possibly the cause of the 1906 
disaster) would, it is believed, be more of a safe- 
guard than a danger; in fact, a sort of slip-joint 
for the relief of stress, that might otherwise occur 
along the aqueduct line.” Pipes, it is said, 
suffer most when they are on, or in, soft ground, 
probably from the loss of support, and Mr. Free- 
man therefore urges that where a continual aque- 
duct consists of pipes and tunnels, it is only in 
the steel pipes that ruptures are to befeared. Over 
a considerable portion the pipe section would even- 
tually be duplicated. 

Mr. Freeman’s own project, which is simple 
in its conception, bold in design, and attractive 
by its magnitude, seems to have been schemed at 
the request of the municipal authorities of San 
Francisco. From the very ample report it would 
appear that the city has been alarmed by the 
number of complaints from private sources of in- 
sufficiency of water, and, further, moved by the 
prospect of a great increase in the population con- 
sequent upon the completion of the Panama Canal, 
the authorities have felt themselves compelled to 
take steps to ensure a supply that will meet all 
requirements. Perhaps, too, it has been thought 
desirable to forestall any claims to water rights that 
might be urged by prior users. Mr. Freeman pro- 
poses to buy out the Spring Valley Company, whose 
plant he regards as incapable of the necessary ex- 
tension, on terms which will ensure ‘‘a willing 
buyer and a willing seller, both parties benefiting 
by the trade.’ This sum is put at 38,000,000 dols. 
By the expenditure of another 40,000,000 dols., 
or thereabouts, it is suggested that an aqueduct 
may be constructed from the Hetch Hetchy Valley 
to San Francisco, largely in the form of a tunnel 
about 10 ft. in finished diameter. In some 
places, as across the San Joaquin Valley, a 
steel pipe, 74 ft. in diameter, lined with concrete, 
might be substituted, and in other places, when 
nearing the southern extremity of San Fran- 
cisco Bay, the tunnel would be enlarged to 
12 ft. or 13 ft. in diameter. These are details 
with which we have nothing to do, but which are 
all set out clearly and in great detail; the main 
point is that by a single channel it will be pos- 
sible to convey a constant supply of 200 million 
gallons daily, and by duplicating the pipe in certain 
parts a supply of double that quantity (equiva- 
lent to 620 cub. ft. per second). Whether any 
portion of the old scheme, such as the Crystal 
Springs Reservoir, will be utilised seems to be left 
in abeyance, and alternative schemes are set 
forth. There is no doubt about the practicability 
of the scheme, which is simplicity itself compared 
with the complex systems which have been evolved 
by time and necessity from the modest beginnings 
of the Spring Valley Company. There are, of 
course, many ornamental fringes to the main plan 
which add to itsattractiveness. There is the pro- 
vision of a picturesque site at Hetch Hetchy, with 
new and inviting recreation grounds. In planning 
a scenic road and developing the natural beauties, 
Mr. Freeman is good enough to refer with approval 
to what has been accomplished in the Elan Valley 
by the Birmingham Water Board, at Thirlmere, 








wn 
me 
ion 
irs 


ted 
an- 
ich 
ere 
his 
ato 
ke, 
nce 


ge 


am 


an 
ld 
he 
in- 
he 
yn- 
al, 


all 
ht 
lat 


se 
X- 
ng 
ng 
ls. 
ct 


el 


aft 
et 
ty 


ed 


of 
an 
as 
th 
ng 


al 
by 


APRIL If, 1913.] 


ENGINEERING, 


481 





FOUNDRY PLANT AND MACHINERY. 


Fig. 02. 


























3100 






































(3317.6) 








Fics. 912 ro 914. Rorary-Taste Sanp-Biastine Macuine ; Mgssrs. 

















Fic. 915. Recrerocatinc-Taste Sanp-Biastinc Macuine ; THe Bapiscue 
MASCHINENFABRIK, DURLACH. 


by Manchester, and to other places in this country, 
where artificial lakes have added to the amenities 
of the surroundings. Again, the height of the 
Hetch Hetchy dam above sea-level suggests the 
possibility of the development of electric energy, 
which Mr. Freeman estimates at some 150,000 
horse-power per diem. Such projects are inevitable 
ina scheme of this magnitude as by-products, 
but should not allow the attention to stray from 
the main question of water supply. Stripped of 
adventitous inducements, Mr. Secscien's plan has 
much to recommmend it to a district growing in 
commercial importance. It exhibits prevision and 
confidence, with a thorough grasp of the entire 
situation. He perceives fully the advantage of 
tapping those sources of supply where Nature has 
created great reservoirs, and by going to the Yose- 
mite National Park he ensures for all time the 
Protection of those regions by the supervision of 





the Central Government. There is, however, one 
other general consideration, which should not be 
overlooked, for it may have an application wider 
than the present issue. The interests of town and 
country are not mutual, but antagonistic, and in a 
semi-arid climate these conflicting aims may have 
great importance. In any case, in constructing a 
lengthy aqueduct, the money actually expended 
does not represent the total cost to the country, 
for the requirements of irrigation are imperilled, 
and the productiveness of the country diminished. 

General Chittenden points out that ‘* the back- 
bone of California’s greatness is the agricultural 
development of her great central basin-—a develop- 
ment impossible without water.” Generally, if 
judgment is allowed to be swayed by the magnifi- 
cence of an outlined plan, portrayed with all the art 
that engineering experience makes available, it may 
well be that an economic error would be com- 
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mitted, and on that ground alone it seems to be 
the duty of authorities entrusted with the sanita- 
tion of any congested centre of population, to be 
certain that the water supplies near at hand, and 
over which they have the first claim, have been 
exhausted before competing with and endanger- 
ing the prosperous development of districts more 
remote. 
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A ROTARY-TABLE machine, by Lentz and Zimmer- 
mann, is shown by Figs. 912 to 914. The same 
standard sand-blasting apparatus is utilised as was 
shown in the previous article, seen at A to the right 
in Figs. 913and 914. The turning table B is carried 
on supporting rollers, and is driven by a friction 
gear, though these details are not visible. The 
whole surface is available for use. The gratings 
are removable. The edge of the rotating-table has 
the circumference encircled by an angle iron, so that 
small castings cannot fall off the surface. Under- 
neath the table a wire netting is fitted, which catches 
bits of metal and waste. Any breakage or damage 
to the driving mechanism by the jamming of cast 
ings is prevented by the slipping of the friction 
drive which then occurs. Double rubber hanging 
curtains protect the workman from the flying sand. 
Suitably-dimensioned exhaust outlets are provided. 
The sand-collecting device under the front half of 
the table is extended, so that heaping up of sand 
is wholly prevented. The nozzles are arranged 
circularly and are adjustable, and the blast comes 
out at an angle. An elevator with a dust-separator 
is provided. The machine takes weights from 25 kg, 
to 200 kg., and heights up to 400 mm., according 
to the size of the table. The wearing parts are 
easily replaceable, and revolving portions are com- 
pletely enclosed from dust. 

A highly specialised piece of apparatus is one 
designed for dealing with castings, which are much 
too heavy for tumbling in a drum or carrying on 
a rotating-table. The largest castings which are 
dealt with in the fixed plants have to be put on 
reciprocating-table machines, one of which is 
shown in Fig. 915. The tables are reciprocated 
as are those of planing-machines. In the machine 
shown, by the Badische Maschinenfabrik, the blast 
is supplied, as in the other machines built by the 
firm, either by a compressed-air _ or by a fan, 
or by a pressure blower. The tables will carry loads 
of from 3 tons to 8 tons, according to the size of 
machine. Five sizes are built. In the smallest 
the table measures 8 ft. 5 in. in length by 2 ft. in 
width. In the largest it is 14 ft. 10 in. long by 
4 ft. 14 in. wide. 

Figs. 916 to 918, page 482, show a ‘‘ ladder ”-table 
machine, with two tables, made with either circular 
adjustable nozzles, or adjustable slit nozzles, suitable 





for long and flat objects, such as radiators, ribbed 
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yipes, piano-frames, hearth-plates, &c. This is by 

entz and Zimmermann. The work can be moved 
on both tables in the same direction or in opposite 
directions. With this arrangement it is possible 
when pieces on the one table have passed under the 
blast to return them on the other table. 

To ensure dustless working, cleaning-chambers 
of different designs, previously referred to, are 
constructed, outside of which the operator is pro- 
tected. The details of the chambers are widely 
varied to suit requirements. Essentially they in- 
clude whatever apparatus is to be used, including 
turntable, conveyors, elevators, and provisions for 
dust exhausting. The castings are admitted 
through doors. Openings in the sides are covered 
with draw screens which the operator standing 
outside can open in any locality desired. Fig. 919 
shows the interior of one of these by the Badische 
Maschinenfabrik, a cleaning-house with the use 
of pressure sand blast. The advantage is that 
wide and irregular surfaces can gone over 
by the nozzle, and hidden parts and parts difficult 
of access owing to obstruction, particularly in steel 
castings. Thése pieces have to be individually 
handled. 

In the Lentz and Zimmermann designs the 
workers stand in a travelling house, Figs. 920 to 
923, which is telescopically fitted into the actual 
cleaning-house, so that the distance which separates 
the worker from the castings is made variable at 
will. One large air-pipe with an exhauster sucks 
the dust-laden air from the cleaning-house, and by 
the fresh air drawn in through the worker’s house 
forms an air-cone in the neutral core,of which no 
dust can enter. The worker when in his position 
in the house stands behind the neutral core fully 
protected against dust and current of air. The 
entering wall of the worker's house is protected at 
the height of vision with a transparent celluloid 

late, so that flying sand cannot reach the man. 
The floor of the cleaning house is built of wrought- 
iron grating, through which the used sand fal/s on 
to a sand-conveying worm. It is then returned to 
the sand-blast apparatus by means of the elevator 
after separation. Th» dimensions of the cleaning- 
house can be varied to suit requirements or size 
of work. 

Two designs are shown by the figures. Figs. 920 
and 921 show a house with a trolley-track and turn- 
table for large and heavy pieces, which are put on the 
foundry-wagon and run into the house and turned 
round on the table as desired, Figs. 922 and 923 
represent a house with a revolving table for small 
pieces. The table is divided into halves by a hanging 
curtain, so that one half is outside the cleaning- 
house, and can be loaded or unloaded while the sand- 
blast operator is engaged upon the other half. 

A sand-blast apparatus with a chamber combined 
is useful for small articles, which can be brought 
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under the action of the blast by hand, using rubber | 
loves. The apparatus (see Fig. 924) takes up 
ut little space. The nozzle, seen dotted, can 
be arranged for either over or under-working ; in 
most cases the under-working method is preferred. 
Exhaustion from the chamber is effected by the 


air blast turned into the outlet-pipe at the top. 
Two flexible curtains with slits enable the hands 
to be through, and the work is inspec 
through the window between them. If larger objects 
are to be dealt with, which cannot be p: 
through the hand openings, the window is con- 
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a coal having a much higher volatile content. In 
the cases of e and d the coal had about 15 per cent. 
of volatile matter, whereas in the case of f the 
volatility was 35 per cent. 

At high rates of combustion the difference in 
efficiency found was very marked, and there was 
also a considerable difference shown when the 
authors’ method wasapplied. The upper horizontal 
line on his diagram represented the original rate 
of heat absorption, 632,000 B.Th.U., and corre- 
sponded, with the authors’ coal, to about 80 lb. 


structed with a hinge, so that it may be opened 
and closed in a dust-proof manner, after the 
casting has been placed within the chamber. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Feep-WaterR HEATING AND SUPERHEATING 
in LocomortivEs. 


Ir will be remembered that on the 14th ult., at 
a meeting of the above Institution, a paper entitled 
“Some Effects of Superheating and Feed-Water 
Heating on Locomotive Working,” by Messrs. F. 
H. Trevithick and P. J. Cowan, was read and 
partly discussed. The meeting was reported in 
our issue of the 21st ult., while the paper was 
reprinted in our issues of the 21st and 28th ult. 
and the 4th inst. At an adjourned meeting, which 
took place on Thursday, the 3rd inst., the Presi- 
dent, Sir H. F. Donaldson, K.C.B., occupying the 
chair, the discussion of the paper was resumed. 

Mr. Lawford H. Fry was the first speaker. He 
said that, as it appeared to him, the paper offered 
two points for consideration: firstly, the theoretical 
method used by the authors for calculating the 
probable saving gained by the application of super- 
heating and feed-water heating ; and secondly, the 
practical application of their devices. He thought, 
m connection with the theoretical aspect, that it 
would have been well had the authors called attention 
- the quality of the coal with which the results in 
me 2 of the paper (page 408 ante) were obtained. 
; e coal used in the tests in question had about 
5 per cent. of volatile matter. The effect of 
- change in efficiency with the rate of com- 
agar depended very greatly on the composi- es per sq. ft. of grate per hour. If the rate of heat 
TRG 5 ns tos | Re Cates nk a 

“ he diagram which we reproduce in| Fy¢, Saat . +. .,. | coming down to the lower horizontal line, the rate 
vig. 1, idk page. In this diagram the line a/ By; bey ae, Cue ee, of firing with that coal was reduced, as the authors 
author’ Fi ent to the line so designated in the) y,nn G.m.s.H., Dtsserporr.RaTH. had shown, from 80 Ib. to 58.5 Ib., a saving of 
4 w Fig. 8, representing the heat in the coal ; 26.9 per cent. Taking the coal with the higher 

- The line d in his diagram was also taken |box gases; but he had added to his figure a line | volatile content, the original rate of heat absorp- 
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authors, in constructing their figure, had taken 
great care to make the necessary reservations to 
obtain satisfactory results ; but he thought a word 
of warning, to the effect that the curve d was not in 
every case applicable, was necessary. Another 
question in connection with the application of the 
curves was whether the draught conditions would 
remain the same. The authors had shown that the 
weight of steam exhausted was reduced some 12 
per cent., and the question deserved consideration 
as to whether, with that reduction in the weight of 
steam, there might not be a considerable reduction 
in the weight of air taken through under different 
combustion conditions. 

He would like to direct attention to the figures 
given by the authors in their comparison of com- 
pounding and superheating. The De Glehn com- 

und engines used were evidently of special 

esign, and therefore, he thought, not properly 
comparable with the superheater engines. 
the engines been of similar design, it should have 
been ible to obtain a compound for not more 
than 10 per cent. greater cost than the simple ex- 
pansion engines, instead of about 75 per cent., as 
shown by the Table XI. in the paper. The 
repairs, too, on the simpler compounds, would be 
considerably less, and ee the figures should 
show a saving of about . & year as compared 
with the figures actually given. Of course, the 
figures were accurate for the Egyptian State com- 
pounds, but were not a fair representation of the 
cost of compounding when compared with the cost 
of superheating. Turning to the practical appli- 
cation question, he would refer to the point made 
by Mr. Hughes—namely, the great reluctance 
which would generally be felt towards putting the 
complicated heater into the smoke-box. Generally 
there would be considerable difficulty in the re- 

irs. The authors had shown that the life of the 
eed-water heater was about 63,000 miles. If this 
was an average, there would be feed-water heaters 
requiring attention before that mileage was at- 
tained, and if, by reason of the feed-water heater, 
an engine was brought into the shops before it was 
normally due, it would be difficult to keep feed- 
water engines in service. 

Mr. Fry thenillustrated by means ofa lantern-slide 
a type of feed-water heater which had been tried in 
the United States, fitted on a large Mallet engine, 
the forward part of the boiler having been made 
into a feed-water heater. The primary object was 
not to obtain economy, but to utilise the forward 
length of the boiler. The regular boiler on the 
rear portion had tubes 21 ft. long. It was not 
desirable to make the tubes much longer, and, in 
order to provide a weight on the forward engine, 
the boiler was divided by a chamber, and the feed- 
water heater, 5 ft. 3 in. long, was fitted. The 
water level in the heater was carried right up to the 
top, the water being taken from the top and fed back 
into the boiler for evaporation. It was found that 
these engines gave great trouble, owing to pitting 
of the heater tubes, the difficulty referred to by 
the authors in their paper, Finally, the heater 
was connected to the boiler proper, and steam 
allowed to collect on the top of the water, an 
arrangement which largely reduced the pitting 
difficulty without noticeably affecting the efficiency 
of the boiler, The authors, of course, would recog- 
nise that there were difficulties to be encountered 
in the introduction of feed-water heating. He 
would like, hewever, to record his admiration of 
the courage with which they had overcome many of 
those difficulties, and obtained large savings. 

Mr. ©, J. Bowen Cooke, the next speaker, 
said the mass of figures given required time to 


grasp properly, but the principle upon which | parabl 


the paper was seemed to be this—that in the 
case of a locomotive the water before going into the 
boiler must be heated by the waste products with- 
out — expense, and that the steam, after ing 
through the boiler, must be similarly heated, with- 
out expense, before being passed into the cylin- 
ders, That was a proposition over which all who 
had to deal with locomotive construction had been 
thinking for a long time. The pa resented 
the matter in a very practical way, and the whole 
theory of the business had been very thoroughly 
gone into; and, while there were difficulties in the 
way of feed-water hoating, there could be no doubt 
that locomotive —— in this country would 
greatly benefit by the presentment of the subject 
contained in the paper. 

Mr. Cooke then went on to say that in the light 
of English experience it was somewhat difticult to 





understand how the efficiency of the boiler was 
maintained with the complicated arrangement of 
feed-water heater-tubes in the smoke-box, particu- 
larly in the case of type C, where the gases from 
the boiler-tubes had to follow a tortuous passage 
before arriving at the chimney. The experience of 
the London and North-Western Railway in experi- 
menting with various forms of spark-arrester— 
which of necessity had to be placed in the same 
position as the feed-water heater in the smoke-box 
—showed that when heavy loads and high speeds 
were attempted the steaming efficiency of the engine 
was curtailed. He therefore thought that further 
experience was needed to show whether there would 
be any difficulties of that sort when dealing with 
English locomotive practice, and whether, by using 
the feed-water heater described, the benefits to be 
derived from it would be balanced by the initial 
cost of installation and the expense of upkeep. On 


ad | the North-Western line various forms of feed-water 


heaters had been tried, but, so far, the results 
had not been encouraging. He feared that the 
complicated arrangement mentioned would place 
extra work on the drivers and firemen in seeing to 
the pump, &c.; and whether this would militate 
against the due observance of their other important 
duties was a matter which only experience could 
show. 

With regard to superheating, he thought that all 
the railways which had exploited the subject had 
obtained most satisfactory results. Engines fitted 
with superheaters had shown that not only had 
the promised economies been amply fulfilled, but 
that they had made the locomotive a far more effi- 
cient machine in respect to hauling power and 
speed, factors which in the main were, perhaps, 
more important than coal economy. He recalled 
how upon one occasion a locomotive superintendent 
was explaining to his general manager certain 
theories which promised economies in relation to 
the locomotives, when he was met by the intimation 
that he might do as he liked about his economies if 
he would keep time with his trains. Perhaps that 
was the most important thing in competition. 

He would like to refer to the captivating sugges- 
tion of Mr. Churchward, that it might be possible 
for railway companies to subscribe for and to build, 
for experimental purposes, a locomotive that would 
be the common property of all the railways con- 
cerned. Such an arrangement might be made, and 
the cost would be comparatively small divided up 
amongst a number of companies, while the experi- 
ments would no doubt prove most useful. Of 
course, it could not be contended that the require- 
ments of different railways were not comparable in 
some cases. For instance, the North-Western 
Railway Company, running north to Scotland, and 
the Great Western Railway, running west to Pen- 
zance, had fairly comparable conditions. The North- 
Western Railway had a fairly level road down to 
Crewe, and a very hilly one afterwards ; while the 
Great Western Railway had a flat road to Bristol, 
but had, further west, to contend with heavy 
gradients. Both companies had to make provision 
for hauling very heavy trains at the maximum 
speed, and were able to construct locomotives to 
do this efficiently, because in both instances the 
permanent way had been brought up to date for 
the purpose. The state of affairs indicated did 
not, however, apply toa good many other railways. 
Railways which might justly regard themselves as 
among the principal main lines of the country had 
not to contend with exactly the same state of 
affairs ; and therefore, in constructing engines, or 
even in fitting them with superheaters, the condi- 
tions to be met could not be said to be com- 


e. 

Mr. Cooke added that was another aspect to con- 
sider ; the proposal, if adopted, might have the effect 
of minimising the desire to alter the design to meet 
individual requirements, because the moment the 
accepted standard was agreed upon, if it were 
departed from to the smallest extent, the standard 
would goaltogether. However, if Mr. Churchward 
were prepared seriously to follow up the sugges- 
tion, the speaker would willingly recommend 


his directors to participate. There was no doubt | 


that trials and experiments made on different 
railways with a common locomotive would enable 
dependable data to be deduced which would be 
useful to locomotive engineers in future designs. 
Possibly, however, there might be some little 
difficulty in settling who should design the model 
locomotive. Apart from individual requirements, 
the cost of altering standard parts would have 


— 


an important bearing on the commercial aspect 
and he could not help thinking that anyone who 
undertook the matter would naturally be inclined 
to work in, as far as he could, his own design in 
regard to particular parts of the engine. If sucha 
proposition were to be realised, it would be a good 
thing if someone would undertake to see it through, 
and in that connection he could think of no one 
better qualified than Mr. Trevithick, with his 
career on the Egyptian State Railways behind him, 
to endeavour to bring the railway companies into 
a should the idea of a common locomotive bear 
it. 

Mr. C. H. Wingfield was the next speaker. He 
referred to the straight-line diagram shown jn 
Fig. 9 of the paper (page 410 ante), recording the 
amount of steam saved by superheating, which 
the authors had alluded to as a unique diagram ag 
far as locomotives were concerned. He had thought 
it might be interesting to get similar data for a land 
or mill engine, and had found that the result in 
this case was also a straight-line diagram. (Mr. 
Wingfield’s diagram is reproduced in Fig. 2, an. 
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nexed.) The tests on which it was based were 
made on a tandem compound engine by Professor 
Schroter, in Germany. The straight line is indi- 
cated at b in Fig. 2. Assuming it to be a law 
that results, plotted in the way indicated, did come 
in straight lines, he had taken the case of other 
trials in which there were only two spots. Two of 
these, shown at ¢ and d in the figure, were prac- 
tically parallel with Professor Schroter’s curve, 
and the fact that this inclination was less than 
that of the locomotive curve reproduced at a in 
Fig. 2, from Fig. 9 of the paper, showed that, in 
the more economical type of engine, the gain due 
to superheat, expressed as pounds of steam per 
indicated horse-power per hour, was less than in 
the case of a non-condensing engine, this gain in 
the latter being 2.81 Ib., and in Professor Schroter’s 
trial only 1.01 lb. for each 100 deg. of superheat. 
In a third trial, shown at e in Fig. 2, which was 
made by Professor Ewing on an engine in Holland, 
the slope was very steep, and although this was 4 
compound condensing engine, the gain due to the 
superheater was apparently much greater even 
than in the locomotive type. A large part of this 
gain, however, was due to the fact that the horse- 
power, when working with superheated steam, was 
47 per cent. greater than when working without it, 
whereas in the other stationary engines the horse- 
power was nearly constant. It was only fair to 
say that a diagram published by Dr. Nicholson, 
when reproduced in this way, made a curved line; 
but he attributed that to the fact that the engine 
was regulated entirely by altering the expansion, 
and not by aid of the throttle-valve. : 

In Fig. 4 of the authors’ paper the relation of 
draught to coal consumption was shown, and that 
figure worked out in such a way that the coal varied 
almost exactly as the draught. In torpedo craft 
that was not the case. he coal consumption 
varied very nearly as the square root of the 
draught. It was interesting to search for the 
reason, which he himself believed to be that 
the thickness, and therefore the resistance, of the 
fuel on the grate of torpedo-boats and destroyers 
varied with the draught pressure, being kept 
small as was consistent with absence of holes 
the fire, whereas he believed it was much more 
constant in the case of locomotives. 

The authors had given a new reason for economy 
from superheat. The old reasons were, of course, 
the saving in cylinder and pipe condensation, the 
reduction of radiation and the reduction of leakage 
in joints and slide-valves. Very few people now 
claimed any thermodynamic saving. The —_ 
new reason was that less coal had to be burnt ane 
less steam was used. That was a double savitg; 











pect, 
| who 
lined 
0 in 
ich a 


ugh, 


) One 
him 
into 

He 


’ the 
hich 
ught 
land 
lt in 


an- 





nd, 


the 
ven 
shis 


it, 
se- 


ow 
ors 
snd 


ag ; 





APRIL II, 1913.] 


ENGINEERING. 





485 








in saving the steam (part of it in the ordinary way) 
less blast was required, and less of the ly- 
burnt fuel was thrown away. That brought him 
to a consideration of the authors’ indications of 
the amount of cinder blown away at different 
rates of burning per foot of grate. They had not 
stated the size of the grate, and therefore his 
figures were not absolute. He thought, however, 
it would be interesting to check the curve by re- 
plotting it on a logarithmic basis, in order to see 
whether it wasa fair one. In doing this he had 
found a remarkable result. In the curve (which is 
reproduced in Fig. 3, below) it would be seen 
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that there were two straight-line portions. The 
curve formed a straight line of a particular slope 
up to a rate of firing of 77.4 lb. per sq. ft. of 
grate, and then suddenly formed a straight line of 
a different slope. At the rate of firing of 77.4 lb. 
per sq. ft. of grate for the particular engine there 
was a sudden change in the law connecting quantity 
of cinders with quantity of coal. By measuring 
the inclination of the two lines he found, calling 
the coal per sq. ft. of grate per hour G, that the 
weight of cinders varied as G'’ up to the 
critical point, and above it as G?*" The meaning 
of this possibly was that up to 77.4 lb. per sq. ft. 
the draught was not able to lift the coal. The 
harder the burning the more quickly the coal 
began to lighten up, loosening its crown and solid 
parts. Then probably the balance of air pressure 
was sufticient nearly to lift the coal, and the coal 
was lightened up to about the point which made 
this possible. After that the draught began to 
throw away the cinders much faster. This, how- 
ever, was merely an assumption. 

The authors had mentioned that a small size of 
blast was equivalent to a larger actual size. He had 
had at first some difticulty in comprehending this, 
out had found the explanation to be very simple, and 
had prepared the diagram which is given in Fig. 4, 
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herewith. He had assumed a given size of pipe 
leading to the blast, and, further, that the steam 
was divided into five equal layers, part being con- 
densed by the feed-heater. To make the diagram 
clear, he had exaggerated the amount of condensa- 
tion and had shown it as two-fifths of the whole. 

¢ had supposed two of the five layers of steam to 

condensed, so that, as far as the steam was con- 
cerned, that part disappeared. (In the diagram 
these two layers are shown taken off by a branch 
Pipe.) The remaining three layers had to expand 
amaeently to fill the original area of the pipe, to 
. which they had to increase in thickness, as 
— in the end view in Fig. 4. The result was 
2 Same as if all the five layers had been led 
Into a nozzle, the area of which was § of the 


original one. The area represented the virtual 
nozzle described by the authors. He thought, how- 
ever, that as the perimeter of the actual nozzle was 
so much less than that of the virtual nozzle, as 
shown in the end views in Fig. 4, its inducing action 
on the blast would not be so effective, although 
evidently sufticient for what was required. 

Mr. Wingfield went on to say that he had noticed 
that truncated cones were sometimes placed 
between the funnel and blast - nozzles of loco- 
motives. Years ago he had taken part in experi- 
ments to see whether an induced-blast fan could 
be made use of without passing the hot gases 
through the fan. There was, of course, a tendency 
for the hot gases to spoil the fan if they went 
through it. His experiments were made with 
the arrangement shown in Fig. 5, below. A 
wooden box had been made fitted on one side with 
a discharge-pipe from a fan, which was arranged 
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to blow straight across into a larger pipe on the 
other side of the box, representing a locomotive 
chimney. An anemometer was fitted to a hole at 
the other end of the box, through which the 
induced current of air entered, and a U-tube 
manometer indicated the degree of vacuum pro- 
duced. It was found that with cones arranged 
below the chimney, as shown, the inducing effect 
was insignificant, but when these were removed, as 
shown in Fig. 6, several inches of vacuum were at 
once produced. He wondered whether the nozzles 
sometimes placed in locomotives may have had a 
bad effect, which had passed unnoticed. They 
were, as the authors had pointed out, useful in 
localising the point of the smoke-box, into which 
the hot gases were drawn, making what was some- 
times called a sink. In that way any fault they 
might have would, perhaps, be less important than 
the good derived from them. The authors had 
made an important point in relation to the per- 
centage of gain, and had said that a certain 
percentage of gain on the whole amount was a very 
much larger percentage taken on the useful horse- 
power ; that was fairly obvious when pointed out. 

Mr. D. E. Marsh, having but just returned from 
Spain, had had little opportunity to investigate the 
paper, but joined other speakers in praise of the 
method of presentment. The high economies 
effected from feed-heating in certain cases had, 
he said, surprised him, as had also those effected 
from low temperature superheat. There was, per- 
haps, in the Egyptian engines more to go at than 
in some English soln an For instance, there 
were cases in which the smoke-box exhaust gases 
ran up to between 700 deg. and 800 deg. Fahr. 
When the devices described were applied to such 
engines high economies would no doubt accrue. 
For the information of members, perhaps the authors 
would state whether the results had m corrobo- 
rated in the course of observation of a year’s coal- 
sheets. He had entertained great hopes of trial 
locomotives from happy results obtained in a speci- 
fied trial ; but at the end of the year the condition 
of affairs was such as entirely to justify the observa- 
tion of the general manager referred to by Mr. 
Bowen Cooke, 

Judging by experiments he had personally made, 
he agreed with the authors in believing that great 
economy could be effected by the Py a introduc- 
tion of the feed-water heater. He did not, however, 
like tampering with the smoke-box end of the 
engine, for the reason that although the arrange- 
ment in the smoke-box would have attention while 
the locomotive engineer or his assistant was present, 
as soon as the locomotive left the running-shed, 
and was out of the engineer’s sight, the smoke-box 
would be neglected. He objected to devices in the 
smoke-box, but particularly to an arrangement 
fitted with tubes, the inside of which would be 
clogged with soot, and the outside, in course of 
time, covered with scale. He had come to that 











arrangement in the barrel of a boiler similar to that 
shown by Mr. Fry. He had not been troubled 
with pitting of the tubes, but had met with 
difficulty owing to the incrustation of the tubes 
from the feed-water. The heater had been very 
efficient at the start, but the efficiency was ually 
reduced until, by the time the engine had to have 
the tubes changed, very little economy was left, 
and the tubes were so corroded that they had to be 
cut out. 

Mr. Marsh then went on to say that he preferred 
the more antiquated method of feed-heating by 
condensation. This method proved more practic- 
able at the end of the year, because there was 
nothing to get out of order. If arrangements were 
made to take the feed-water from near the surface 
of the water in which the steam was condensed, 
the feed-water could be got into the boiler at ap- 
proximately boiling temperature. Critics of the 
system referred to the blocking of the boiler by 
grease and oil from the condensed steam, but, in 
practice, he had found that, so far from being dele- 
terious, the grease and oil kept down the scale in 
the boiler. A locomotive boiler need not be treated 
on the same lines as a land boiler, for the reason 
that there was not the risk of getting fate and oils 
incrusted on the top of the fire-box or on the tubes. 
If this happened, no harm would follow, because of 
the staying at intervals of 4 in. in both directions, 
and a collapse of the boiler was out of the question. 
Asa matter of fact, the deposit did not form ; it 
appeared to emulsify with the chalk in the water, 
and aided the washing out of the boiler at the end 
of the week. 

In fitting such a feed-water heater to engines on 
the Brighton Railway he had commenced with a 
particular type of engine, and had divided the 
type up into three sections. He had then fitted a 
feed-water heater alone to the engines of one section, 
a superheater alone to the engines of the second 
section, and to the third section he had fitted a 
feed-water heater and a superheater. Further, he 
had tried engines of the same type without either 
feed-water heater or superheater. The result was 
that at the end of the year, Jjudgin from the coal- 
sheets, the economy of the feed - water - heater 
engines, as compared with the engines without 
either feed-water heating or superheating, was 
about 15 per cent. The economy of the super- 
heater engines, the superheat being 600 deg., 
reached 20 to 25 per cent. 

With regard to the straight-line diagram form- 
ing Fig. 9 of the paper, and referred to by Mr. 
Wingfield in connection with his Fig. 2, he (the 
speaker) could not agree that this line was straight 
in ordinary locomotive practice. Land usage and 
locomotive usage were not comparable. With loco- 
motives in service, rushing through the air, there 
was much wall condensation in the cylinders, and 
the conditions were essentially different from those 
of stationary cylinders. As regards monetary sav- 
ings at the end of the year, he had found little in 
the first 100 deg. of superheat, all economy being 
attained in the neighbourhood of 600 deg. In 
conclusion, he would like to learn from the authors 
what were the results, at the end of a year, as 
shown by the coal-sheets for the different engines. 
Mr. William Weir said that he spoke with some 
diffidence on the paper, since although he had had 
many years’ experience of feed-heating, that ex- 
perience had been mainly in marine work, and it 
was only in the last few years that he had been 
concerned with locomotive practice. The analysis 
of the different factors involved in feed-heatin 
rocesses was practically complete, and afford 
ittle opportunity for criticism or further enlighten- 
ment. e thermal saving in these processes was 
quite definite and easily calculated, but the actual 
economies obtained were considerably greater than 
was accounted for by the heat saving. The chief 
reason for this was clearly shown in the paper to 
be the reduction in unburnt fuel losses under feed- 
heating conditions, as com with equal power 
production without feed-heating. The values 
obtained in practice, indicated in Fig. 11 of this 
paper, were in striking agreement with the curves 

uced from Dr, Gioss’s experiments. He would 
like to add two points to Fig. 11 which confirmed 
the authors’ views. The first was obtained with an 
ordinary exhaust-steam feed-heater fitted to a loco- 
motive of a Continental railway. The compara- 
tive trials with and without the heater were care- 
fully carried out, and at fixed-power production 
the heater engine gave 16 per cent. economy over 





conclusion as a result of fixing a feed-heating 





the other, the feed temperature being raised from 
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62 deg. to 185 deg. This point came rather above 
the line of coal-saving in Fig. 11. He believed the 
tendency was for the saving actually obtained to 
be rather greater at the lower degrees of feed-heat- 
ing than at the higher. 

e next point was taken from a comparative 
test on an English railway system, and covered an 
almost similar range of heating ; but the economy 
was 11.3 per cent., which was slightly over the 
calculable thermal saving. The reason underlying 
the difference in the two cases had been well 
brought out by the authors. In the first case, the 
power production remains similar, but, in the second 
case, the heater locomotive was called upon to do 
more work, and, due to its ability to do so, the 
coal economy did not reflect the total benefit. 
Another curve would be necessary to show this 
benefit, which would represent coal economy plus 
increased commercial value of the locomotive. 
It was to be doubted if, at its rated output, the 
locomotive of thirty years ago consumed much 
more coal per indicated horse-power than its 
modern prototype, neglecting, of course, modern 
superheater locomotives. Accordingly any im- 

rovements of the order of from 12 to 40 per cent. 
in coal economy, as indicated in the paper, merited 
the closest possible attention, and no railway ad- 
ministration could afford to neglect savings of this 
nature, if obtainable without sacrifice in other 
directions, 

The paper submitted at least three different eco- 
nomy methods, each method being capable of sepa- 
rate detailed consideration, and each being charac- 
terised by independent initial cost, maintenance, 
and reliability, while in addition each possessed its 
own degree of fuel economy. The three methods 
were :—Feed-water heating by flue gases; feed- 
water heating by exhaust steam ; and oe pemares ; 
and approximately the comparative fuel economies 
could be taken at 74, 15, and 20 per cent. respec- 
tively. It had always appeared to him somewhat 
strange that of these three available economy 
methods the last had received the greatest degree 
of favour and adoption, particularly as regards its 
application to existing locomotives. He did not 
think it would be denied that this method entailed 
the highest initial cost and maintenance, and for 
existing locomotives the maximum structural altera- 
tions. In marine practice these same three 
economy methods have been open for adoption, 
with the result that exhaust-steam feed-water 
heating was practically universal. Flue-gas heating 
had been tried, but on account of the chemical and 
physical conditions of working the rate of tube up- 
keep had always proved too great, and consequently 
practically no examples of this method were now 
running. ree pooner og was being adopted to a 
certain limited extent, but it could quite fairly be 
said that the commercial balance-sheet of its advan- 
tages had not yet disclosed an over-all economy of 
such a degree as would warrant its universal 
application. 

1e desired to submit that if economy methods 
were toebe adopted, and more especially for existing 
locomotives, the primary adoption should be that 
of simple exhaust-steam feed-heating. The paper 
justified the adoption technically, while from the 
commercial standpoint the following factors might 
be advanced. The initial cost of applying exhaust- 
steam feed-heating to existing locomotives would 
be about one-quarter that of applying superheaters. 
Depreciation aud repairs would be in the same 
ratio, while the coal economy would be in a ratio 
of 3 to4. To prevent misunderstanding he would 
say that he quite appreciated that eminently satis- 
factory results were obtained by superheating ; but 
he contended that the true lines of progress was to 
feed-heat first and superheat afterwards ; in other 
words, to adopt the easiest and most profitable 
method before proceeding to the higher degree of 
refinement. From «xperience he was also justified 
in saying that, from the point of view of mani- 
pulation, a pump-fed locomotive boiler was 
superior to an injector-fed one, and the authors’ 
experience was interesting as corroborating his 
own. Drivers greatly appreciated the extra flexi- 
bility of feed obtained with the pump, and in many 
cases this had enabled a lower water-level to be kept, 
with a consequent improvement in the ness of 
the steam ome while it entirely did away 
with a possibility of drowning the boiler at critical 
periods. 

As regards the question of reliability and risk of 
breakdown, two sources of failure would appear 
possible—viz., failure of heater-tubes and failure of 





pump. By the use of suitable material and tube 
section the failure of heater-tubes in an exhaust- 
steam heater could be practically eliminated, 
whereas in a flue-gas heater-tube troubles were 
much more likely to occur. The conditions under 
which the feed-pump must operate were very exact- 
ing. It could have no attention on the road. It 
must vary its speed through a wide range, and be 
able to start immediately steam was turned on. 
Recent experience, he thought, had shown that 
satisfactory gear was salle for working under 
these conditions. 

Mr. J. W. Smith endorsed the opinion of Mr. 
Hughes as to the significance of the first paragraph 
of the paper. The whole of the power had te come 
from the boiler, and, with the work now put upon 
railways, heavier loads had to be hauled in shorter 
times than formerly. The questions of feed-water 
heating and superheating were hence of interest to 
locomotive engineers at the present time, whose 
object was to decrease the work on the boiler and 
increase its efficiency. 

The authors had said: ‘If part of the exhaust 
steam be efficiently employed in raising the feed to 
temperatures approaching the maximum, its utilisa- 
tion in this manner is productive of more economical 
working than its use in the blast would be in main- 
taining a higher smoke-box vacuum.” He would 
ask the authors why they should seek for a higher 
smoke-box vacuum than was needed to keep steam. 
The object of the blast-pipe was to keep steam, 
and, in a properly designed engine, the size of the 
nozzle could be so fixed that there was nothing to 
waste—that was to say, the whole of the power was 
required to keep the boiler in steam. 

Some years ago he had been interested in trying 
to avoid the blast-pipe altogether, and he had gone 
to France and other places to make inquiries in this 
connection. He had found that a French engineer 
(M. Farcot, he believed) had invented a fan, which, 
on being tried, worked satisfactorily, but presented 
the difficulty that it could not be stopped when the 
engine was running without steam. He had made 
certain calculations to determine the power required 
to drive the fan, and, speaking from memory, he 
believed that it amounted to over 40 horse-power. 
The blast, obviously, was an efficient part of the 
engine, as steam could not be kept without it. He 
had then gone to Ireland, where Mr. Davidson, of 
the Sirocco Fan Works, had told him that he 
(Mr. Davidson) had made a fan for come agri- 
cultural engineers, but could not recommend it on 
locomotives, as it would certainly not work. 

It might be said that engines must be designed 
to suit various kinds of coal, and a margin must be 
allowed in the blast-pipe so as to keep steam with 
any class of coal in a particular engine. It fol- 
lowed that with good coal the blast might be more 
than was needed. He believed that on the Great 
Northern Railway Mr. Fletcher had resorted to 
the device of a *‘Jumbo”’ cock on the bottom of 
the steam-chest, and this had a connection with 
the tender. When making steam freely, the cock 
was opened, and exhaust steam turned into the 
tender tank. In this way a certain amount of heat 
was saved which might otherwise have been 
wasted. 

In a properly-designed engine the blast-pipe 
should suit boiler uirements, and he could not 
see the necessity for the authors’ complicated feed- 
water heater, lasting for about 63,000 miles, which, 
it appeared, involved a new heater about every 
nine months. He would ask the authors if they 
had reduced the size of the blast-pipe in order to 
get a small quantity of steam which might have 
been better used, and whether they had taken into 
account the cost of wear and tear as against the 
savings obtained? With regard to waste gases, 
Fig. 1 of the paper clearly showed that the greatest 
loss was due to unburnt fuels. That all turned on 
the amount of coal burnt per sq. ft. of grate per 
hour, and in this direction he thought there should 
be some opportunity for taking advantage of some- 
—— was at present lost. 

A better way to utilise waste gas losses was to be 
found, Mr. Smith continued, in the superheater. 
He had not found the upkeep of the superheater a 
serious matter, and great economies were obtained. 
He had experimented with engines in which the 
smoke-box temperature was 1000 a That was 
not usual, except when working up a sharp incline. 
Then, no doubt, something was being thrown up 
the chimney, with resulting excess of draught in 
the smoke-box. The normal tem ture, how- 
ever, was 600 deg. to 700 deg. for ordinary loco- 





motives. Experience had shown that economy 
rose with the rise of temperature in the super. 
heated steam, and, according to Mr. Robinson’s 
experiments so far, the limit was marked by 
trouble with lubrication or with glands. This 
trouble did not occur at 630 deg. to 650 deg. 

Th authors claimed an advantage in using a pump 
instead of an injector ; but, although figures were 
given, he could not quite understand them. It 
appeared that part of the steam was taken to 
work the pump which put the water into 
the boiler. He assumed the pump to be used 
chietly when dealing with the higher temperatures 
of water, but in the paper it was stated that the 
heater was placed between the pump and the 
boiler. He could not therefore make out how 
the advantage claimed was secured. A pump 
might, perhaps, respond better to the wishes of 
driver or fireman. ith the present-day injectors, 
however, it was possible to throw up either a very 
small quantity of water or the maximum amount 
with very little trouble. 

Mr. W. A. Lelean admired the courage of the 
authors in introducing such a novel type of super. 
heating arrangement. It might be of interest if he 
presented the conclusions come to by the firm with 
which he was associated in constructing loco- 
motives for India. The consensus of opinion was 
contrary to the experience of the authors. In 
regard to the trouble arising from the burning of 
the tubes, it appeared desirable to embody some 
form of automatic damper. Other dampers had 
been tried, and were still on trial. In this country 
it was proposed that dampers should be aban- 
doned altogether. With regard to steam-pipes, it 
had been found necessary to use steel through- 
out for superheated steam. The cylinders were of 
the piston-valve type. Forced-feed lubrication 
appeared to be necessary, as was almost invariably 
the practice in this country. In America sight- 
feed lubrication was used almost entirely, and one, 
at least, of the large British lines was using sight- 
feed lubrication exclusively. If satisfactory, it 
removed the troubles attending mechanical lubri- 
cators. 

With regard to adding a superheater to a loco- 
motive, he would take the standard class of loco- 
motive, of the 0-6-0 type, weighing about 47 tons. 
He had found that the superheater added 1.3 tons, 
The extra weight all came at the front end. The 
difficulty had been got over by redistributing 
the weight. It was found that the whole of the 
engine—motion, wheels, axle-box, &c.—could be 
left as it stood, while the boiler could be shifted 
back 6 in., and a cast-steel make-up piece intro- 
duced. The cost was not great. According to his 
experience, it was necessary to add 100 per cent. 
to the original estimate. He considered the 
remarks of Mr. Hughes formed a very valuable 
addition to existing information on the subject, and 
he had been struck by that gentleman’s statement 
that the introduction of superheated steam did not 
ultimately add to the cost. 

In his experience it had been possible to reduce 
the boiler pressure by 20 lb. by the aid of super- 
heating, and practical engineers would see that 
this influen favourably the upkeep of the 
boiler. Inquiries had elicited the fact that on 
certain railway the life of the fire-box varied with 
boiler pressure, three years being the average at 4 
pressure exceeding 180 Ib., and six years when the 

ressure was over 160 lb.; while with some older 
Scien working in constant service at 140 lb. pres- 
sure, ten years of life could be got out of the fire- 
box. It would be useful if the authors would say 
how far a balance had been struck as between 
boiler-saving and wear and tear elsewhere. 

Mr. H. N. Gresley referred to the authors 
observation that, in regard to efficiency of steam 
generation, the combination of the waste-gas super- 
heater and boiler ranked first. A locomotive could 
not, he contended, be considered from the point of 
view of boiler alone, but should be regarded from 
that of boiler plus engine. It was true that better 
thermal efficiency was obtained from a boiler of the 
ordinary type with a smoke-box superheater ; but 
the low degree of superheat obtained—about % 
deg. — increased the volume of the steam by 
about 10 per cent. With a high degree of super 
heat, however — say 200 deg.— the volume of 
steam was increased up to 25 per cent., and on the 
Great Northern Railway the speaker had had certain 
engines superheated to 300 deg. He had engines 
running at a temperature of 700 deg., and they had 
been running for some considerable time. 5° far 
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there had been no trouble with lubrication, and he 
did not therefore agree with the remarks of Mr. 
Smith to the effect that 630 deg. was in the 
neighbourhood of the limit. 
The paper had mentioned an economy of 9 per 
cent. in relation to exhaust injectors, and he under- 
stood Mr. Hughes to have said that on the Lanca- 
shire and Yorkshire Railway they had been unable 
to find that economy. He confirmed Mr. Hughes's 
comment, as on the Great Northern Railway 
nothing approaching that economy was obtained 
with injectors. He considered that dampers could 
be done away with altogether on superheater 
engines, subject to the provision of means for pre- 
venting the elements getting too hot. This could 
be done hy putting a snifting valve on the satu- 
rated side of the heater, so that directly steam 
was cut off cold air was drawn in through the ele 
ments and kept them from getting over-heated, 
while the air itself was heated and prevented the 
cylinders from getting cold. The result was that 
when the steam was turned on again there would 
not be the same condensation as with a damper. 
He took the view put forward by another speaker 
on the question of a common experimental engine— 
namely, that while specially watched such an engine 
might show good economies, but if left to take its 
chance economical results would seldom be main- 
tained. He had had an illustration of that in the 
case of an engine which had been put on for 
three months’ service on two or three regular 
trains, to try the coal consumption. The engine 
was a superheat engine, running long mileages— 
favourable to low consumption per train-mile— 
and the consumption was something like 30 Ib. per 
train-mile. When put into service with pf ond 
engines and allowed to take ifs chance, the con- 
sumption immediately went up to 40 
Mr. A. J. Hill remarked that the paper was of 
rticular value and interest to him, inasmuch as 
is general manager took a serious view of economy. 
Locomotive engineers were most anxious to make 
experiments and carry out alterations in locomo- 
tives which might lead to reduced coal consump- 
tion. He was not clear as to the order of the 
efficiency obtained by the authors when they 
referred to the matter of the combination of the 
waste-gas superheater and boiler, and he supported 
Mr. Gresley’s contention that the efficiency of 
the engine as a whole should be considered, not 
merely that of the boiler as a steam-generator. 
The authors had remarked: ‘‘ Further, when high- 
degree feed-heating is combined with superheating, 
the superheat is reduced, but to what extent is 
yet uncertain.” Here, again, he could not quite 
gather the meaning of the authors, nor could he 
understand why the superheat should be reduced in 
consequence of the adoption of some system of feed- 
heating. 
In immediate sequence, the authors had said : 
“Also superheater engines are commonly fitted 
with piston valves, to which part of their perform- 
ance should rightly be credited, instead of the 
improvement being wholly imputed to the super- 
heating system.” He would say in this connection 
that he was experimenting with superheater engines 
fitted with both slide-valves and piston-valves. 
While he was to some extent singular in this prac- 
tice, he believed that Mr. Hughes also had to adopt 
it in certain circumstances. He would admit that 
pea were more suitable in many way, but 
e was not satisfied that it was necessary in all cases 
to resort to them. When redesigning an engine, 
it might sometimes be profitable to superheat the 
engine and retain the old cylinders with the D valve. 
He had been making investigation into the ques- 
tion of comparative results from piston-valves and 
D valves, and at most he did not think it could be 
suggested that the piston-valve had more than 
1 to 14 per cent. advantage. Following Mr. 
Bowen Cooke’s remarks about the experimental 
engine which Mr. Churchward had suggested, while 
he admitted the advantages of experiments being 
carried out in the way proposed, he could not over- 
look the difficulties. One of the great difficulties to 
be contended with would be the load question. Not 
all the lines were so favourably placed as the 
London and North-Western and the Great Western. 
It would be a very satisfactory thing if permanent- 
way engineers could come to a definite agreement 
a8 to the weight of engine to be allowed in such 
an experiment as Mr. Churchward had suggested. 
Mr. W. A. Stanier believed that the authors had 
not mentioned the size of the cylinders and the 


points, he considered, had a considerble bearing on 
the steaming capacity of the boiler. He thought 
it was generally found that the size of the blast- 
pipe had to be reduced with the use of superheated 
steam, and usually the top of the blast-pipe had to 
be set lower. He agreed with Mr. Marsh as 
to keeping the smoke-box clear. The practice on 
the Great Western Railway was to keep the smoke- 
box arrangement as simple as possible. It was a 
driver’s saying that, unless the fire burned brightly 
under the door, the engine would not steam properly, 
To ensure bright burning under the door, it was 
necessary to pull through the bottom tubes, and if 
the bottom of the smoke-box were blocked up with 
feed-water heater or other apparatus, there would 
be difficulty in getting the fire to burn brightly 
under the door. 

Turning to the subject of lubrication, it was said 
that superheated steam had at high temperatures 
a considerable effect on lubrication. According 
to Great Western experience, some agent or 
special arrangement was required to spread the 
oil. He did not think the trouble arose from 
the temperature of the steam affecting the oil so 
much as from the difficulty of spreading it. Could 
the authors give any information on that point? 
With regard to the matter of the slide-valve, 
mentioned by Mr. Hill, the Great Western had 
fitted a number of their older class engines with 
superheating arrangements, and all these engines 
had flat valves. e main trouble in this case 
was with the bronze of the valve with high-tem- 
perature superheat. At moderate - temperature 
superheat there was no trouble. 

r. P. J. Cowan, in replying to the discussion, 
thanked the members, on behalf of Mr. Trevithick 
and himself, for the kindly reception accorded to 
the paper. That reception had been distinctly 
gratifying to the authors, because, after the paper 
had been written, the opinion had been expressed 
to them in Westminster that, as it dealt largely 
with work carried out in Egypt, it could not be 
ex to be of much interest in this country, 
although, possibly, it might attract the attention of 
aa who were still further afield, such as those, 
or instance, in Australia. The very representative 
character of the discussion at that, and the last, 
meeting satisfied the authors as to the correctness 
of their belief that the general subject of the 
paper was worthy of wider attention than the 
opinion referred to suggested. 

Although he would have preferred replying to those 
who took part in the discussion at the previous meet- 
ing in their presence, Mr. Cowan continued that he 
could not refrain from dealing then with some of the 
points they had raised, because they were funda- 
mental to the paper. Mr. Churchward had argued 
that Fig. 2 of the paper showed too great a loss in 
unburnt coal, and, calculating from the figures 
given, either in the diagram or elsewhere, had 
stated that he thought the losses—which he figured 
out as 5 cwt. for a run from London to Plymouth 
—would be excessive. In the first place, it was 
pointed out in the paper that Fig. 2 was based on 
one of the series of the St. Louis tests. It was Fig. 1 
converted. In 1906 Mr. Churchward read a paper 
before the Institution, and, at the close, recom- 
mended locomotive engineers to procure and study 
the report on the St. Louis tests, which, he said, 
were to his mind the hest that had ever been made. 
If, after a lapse of seven years, Mr. Churchward 
thought those tests were in some respects unsatis- 
factory, it was, to use an American phrase, ‘‘ up to 
him” to provide engineers with something better ; 
until he did so, it would be necessary to make the 
best of what was available, for the Great Western 
Railway possessed the only locomotive-testing 
plant outside America. He considered it a matter 
of great regret that that plant had not been used, 
to some extent at least, in the same manner as that 
belonging to the Pennsylvania Railroad. We had 
not available, for any use such as that to which the 
St. Louis tests had been put in the paper, a single 
series of tests on a British locomotive, and for 
all information on investigations of that kind we 
had to rely on the results obtained on the two 
American plants, and published in that country so 
unstintingly. 

Mr. Churchward had suggested that a trial 
locomotive might be built out of a common fund, 
and subsequent speakers had referred to this 
matter. It was not for him (the speaker) to say 
what might be the outcome of the proposal, but 
the difficulties in the way were manifest. He 


that the Council of the Institution might do worve 
than approach the Great Western Railway Com- 
pany with a view to carrying out a series of tests 
on representative British locomotives in the manner 
that the Institution now conducted research work, 
with this difference, however, that the cost of such 
an investigation might be defrayed from a common 
fund such as Mr. Churchward had suggested. He 
believed such an investigation would be welcomed, 
and it might aptly form a basis for a companion 
volume to the valuable report of the Pennsylvania 
St. Louis tests published in 1904. 

Mr. Fry had also referred to the loss in unburnt 
coal, and suggested, Mr. Cowan gathered, that Dr. 
Goss’s tests with Youghiogheny coal—the curve f, 
Fig. 1 (Fig. 1, on page 483)—more nearly repre- 
sented the conditions which the authors wished to 
—. The Youghiogheny cval to which Mr. Fry 

ad referred showed less loss in unburnt coal than 
the test which they had chosen. Supposing, for the 
moment, that to be the case, Fig. 6 of the paper 
showed a curve of cinder loss for that coal, from 
which it would be found that, between the firing 
rates of 80 lb. and 90 lb. of coal per sq ft. of grate 
per hour, the loss measured was, roughly, something 
over 100 1b. That, on a run equivalent to the run 
from London to Plymouth, would amount to over 
400 Ib. of cinders. Considering the fact that the 
Great Western Railway locomotives were, at least, 
40 per cent. larger than the Purdue engine on 
which those tests were made, and also that the trains 
were proportionately heavier than the load taken by 
an engine of the size of that at Purdue, the speaker 
did not consider that the 5 cwt., somehow estimated 
by Mr. Churchward from the figures in the paper, 
was at all unreasonable; it was certainly not 
exaggerated. He was not prepared to admit, how- 
ever, that Mr. Fry’s suggestion about the coal was 
correct. The Youghiogheny coal was, properly 
speaking, of the kind that, in this country, would 
be ed as a gas-coal, with 30 per cent. of 
volatile matter. The coal upon which the authors 
had based their argument was known as Scalp 
Level coal, which, in regard to volatile matter 
and certain other characteristics, was very similar 
to Welsh steam coal. Scalp Level coal was cer- 
tainly friable ; but it should also be remembered 
that a goodly proportion of the Welsh steam coal as 
fired was usually extremely small—so small indeed, 
that_a large portion never got to the grate at all. 
It passed straight from the shovel to the tubes, a 
fact which was not surprising when it was con- 
sidered that, under certain circumstances, the 
current of air passing in at the fire-hole door 
might attain a velocity of about 65 miles an hour. 
For that figure they are indebted to Mr. Fowler at 
a former meeting of the Institution. Mr. Marsh 
had said very much the same thing, at a discussion 
on Mr. Bowen Cooke’s paper before the Institu- 
tion of Civil Engineers last autumn, of good 
Durham steam coal. It was quite incorrect to 
imagine, as Mr. Churchward had suggested, that a 
large display of ‘‘fireworks” was a necessary 
accompaniment of a big loss in unburnt coal ; the 
glowing cinders ejected constituted an extremely 
small proportion of the whole ; the vast majority 
were thrown out black, for which reason, he be- 
lieved, the great loss was not usually realised. 

Mr. Churchward had also referred to the question 
of weight. In many circumstances, however, the 
question of additional weight was not a stumbling- 
block. While Mr. Cowan did not wish then to 
enlarge on that int, he thought that if Mr. 
Churchward could run on his railway an engine 
like the ‘‘Great Bear,” he had many other engines 
on which the additional weight involved by the 
heaters would have no ill-effect at all. 

Mr. Cowan continued that Mr. Hughes had 
referred to Table III. in the paper, and, taking 
therefrom the figure of 27 per cent., had endeavoured 
to show that that figure was a weak link in the 
authors’ chain of argument. It had been pointed 
out in the paper that the figure was considered to 
be rather on the high side, the reason being that 
engine No. 711 was kept in exceptionally good 
order, and was used during part of that period for 
trials, in which the coal was, of course, carefully 
measured. Of the twenty-nine sister-engines the 
—— were under every-day working conditions, 
and the coal records given from the working 


registers did not pretend to extreme accuracy. 
The ordinary coal-stage methods in such a country 
as Egypt gave only an approximate accuracy, and 
that would tend to exaggerate the figure for economy 








size of the blast-pipes of their engines ; but these 





would put it forward as worthy of consideration 
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more the figure for the system fitted to engine 
No. 711 in general service. 

Mr. Hughes had next proceeded to compare the 
figure of 27 per cent. from Table III. with the 
figure of 30.8 per cent. in Table V. That com- 

rison, however, was not quite allowable. The 
igures in Table V. were derived from tests. 
They were, it was true, service tests; the coal in- 
cluded lighting up, light mileage, and certain other 
incidentals, such as standing time; but in that 
particular case it was very carefully weighed and 
used from sealed sacks. The two — chosen 
should therefore not be compared. In the final 
part of Mr. Hughes’s argument, he had asked, in 
view of an extra economy of only 3 per cent., shown 
by comparing the 27 per cent. of Table III. with 
the 30.8 per cent. of Table V7 whether the additional 
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complication involved was warranted. Mr. Oowan 
pointed out that Figs. 20 to 23, of Plate I. 


{page 473 ante), showed the installation to which 
able III. related, while Plate II., Figs. 31 to 32 
(page 475 ae illustrated the installation referred 


to in Table On comparing these figures it 
would be seen that, so far from there being more, 
there was less, complication. The heaters in the 
latter case had the advantage in every sense. 
They were more eflicient, provided more heatin 
surface for weight, and had immense practica 
advantages. He was afraid that the variety of 
items dealt with in the paper had, perhaps, led to 
Mr. Hughes's confusion in this respect. 

Several speakers had referred to the question of 
blast, and he would show three slides made from 
diagrams in Mr. MacFarland’s paper to which the 
authors’ paper had referred, believing that they 
would be of some interest in that connection. 
They were for American engi , and owing to 
certain features in them the «ves were not, of 
course, such as would be e:., .cted in British _ 
tice. They, however, showed some interesting facts. 
The first diagram (Fig. 7) was for a 4-6-0 engine 
on a fast stopping schedule. The curves showed 
the back-pressure horse-power, draw-bar horse- 
power, indicated horse-power, and mean effective 
pressure. The back-pressure horse-power was cal- 
culated on the pressures in the exhaust cavity of the 
valve. It would be seen in that case that at 43 miles 
an hour the back-pressure horse-power curve 
crossed the draw-bar horse-power curve. At the 
point of maximum indicated horse-power at 32 miles 
an hour, about 700 horse-power appeared at the 
draw-bar, while 370 horse-power was lost in back 
pressure. If the exhsust were free to the atmo- 
sphere, if such were ble—he was not embark- 
ing on a discussion of the fan proposition—then, 
using a back pressure of not more than 4 Ib., the 
back-pressure horse-power would be brought down 
to the dotted line shown, with correspondingly large 
increase in the draw-bar horse-power developed and 
in indicated horse-power developed. The maximum 

int of the indicated horse-power would then 

» at 52 miles an hour, and the draw-bar horse- 
power at that point would be increased 122 per cent. 

The second slide (Fig. 8) showed curves for a 
similar engine, but with cylinders 1 in. smaller in 
djameter, and a blast-pipe 4 in. larger in diameter, 








the steam exhausted being less per square inch of 
blast-pipe top. The back-pressure horse-power 
loss was a great deal less in this case, and the two 
curves of draw-bar horse-power and back-pressure 
horse-power did not meet until a speed of 58 miles 
an hour was reached. There would, of course, be 
again a large increase if the back pressure could 
be reduced to 41b., as would appear from the dotted 
curves. 

The third set of curves (Fig. 9) were for a Mallet 
compound engine, not quite similar to that shown 
during the evening by Mr. Fry, but one in which, 
in addition to the boller proper, the boiler arrange- 
ment included a reheater and superheater, with a 
feed-water heater section for the front portion of 
the barrel. In this case the back pressure horse- 
power was simply enormous, and were it possible 


Fig.8. 


9. 


again to reduce the back pressure to 4 lIb., the 
maximum point on the draw-bar horse-power curve 
would go up from 15 miles to 18 miles an hour, a 
very considerable increase in speed for freight 
service, with a very considerable increase in power 
at the same time. The back-pressure horse-power 
curve met the indicated horse-power curve at a 
speed of about 28 miles an hour ; and if it were 
possible to reduce back pressure again to 4 lIb., 
the power then would be more than doubled. 

All those curves showed the advan of large 
nozzles and small back pressure, conditions which 
the systems described in the paper went some way 
towards meeting, because not only were the nozzles 
actually enlarged, but in addition a portion of the 
steam was abstracted, and there was therefore 
the virtual enlargement which they had pointed 
out. The matter ought, however, also to be 
looked at from another standpoint. The blast-pipe 








was a very inefficient contrivance for doing work. 
Mr. MacFarland, in his paper, had shown how 
great an amount of power was lost in the form of 
back-pressure horse-power, in creating the neces- 
sary vacuum in the smoke-box to draw the gases 
through the boiler tubes. In one case, for instance, 
Mr. MacFarland calculated that 25 horse-power 
would suffice to draw the gases through the tubes, 
but the actual power lost in back-pressure horse- 
power was not less than 500 horse-power, showing 
an efficiency for the blast, as a contrivance for 
drawing the gases through the tubes, of about 5 per 
cent. Not all that power was lost in the blast on 
account of having to overcome the resistance in the 
boiler tubes ; some of it went, in the cases cited, 
in overcoming that due to the low diaphragm and 
spark-arrester in the smoke-box. In some cases 
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the excess of power developed over work done 
was 2300 per cent. If, however, part of the steam 
were withdrawn and used effectively for feed- 
heating, instead of using it at the low efficiency 
mentioned, it would, by heat transference, yield 
its equivalent in work in a system which might 
be arran to have an efficiency between 70 per 
cent. and 80 per cent. Therefore the systems 
described in the paper not only relieved the engine 
by making it freer, but substituted a very much 
better method of making use of part of the exhaust 
steam. Mr. Cowan added that to the remainder of 
the points which had been discussed the authors 
would reply in writing. ; 
The President then announced that the anniver- 
sary dinner would take place on Thursday, the | 7th 
inst. The next ordinary meeting would be on the 
18th inst., when he would read his presidential 
address. The proceedings then terminated. 
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THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 


By Frank W. Sxunner, M. Am. Soc. C.E. 
(Continued from page 421.) 


The Suspended Centre Span.—The trusses of the 
suspended span are 285 ft. long and 57 ft. deep on 
centres, and are divided into five 57-ft. panels, 
with pin-connections at all panel points except the 
riveted connections at points. U 21, U 23, L 19, 
L20, and L 21. The top chord has a maximum 
stress of 2,680,000 lb., with a cross-sectional area 
of 1874 sq. in.; radii of gyration, 14.46 and 6.4 ; 


and a value of 24 for Ll It consists of two 


n 
built I-beams, about 40 in. deep and 32 in. apart 
on centres, and is made of four 40-in. by ?-in. web- 
plates, and eight 6-in. by 6-in. by j-in. flange- 
angles latticed with zig-zag 7-in. by 34-in. by y4-in. 
diagonal angles, with their vertical flanges turned 
inward and cut to clear the webs. As shown in 
Figs. 142 to 145, Plate XX., the webs are con- 
nected by vertical transverse diagrams, and have 
projecting top and bottom flange cover-plates 
forming jaws for the field-riveted connections of 
the lateral members, The splices are made with 
web cover-plates and flange cover-angles field- 
riveted to both members. The position of the 
section illustrated is shown in the key plan, Figs. 
134 and 135. 

The inclined end-posts (see Figs. 125 to 132, 

late XX.) are made with two sections of nearly 
equal length, with several pairs of gusset-plates, 
forming very heavy jaws, bored for the end-bottom 
chord-pins, which are 12 in. in diameter, and a 
supplementary 14-in. pin above it for the connec- 
tion to the riveted vertical suspension member 
which transfers its weight to the end of the canti- 
lever-arm. The main vertical posts and the sub- 
vertical posts are made of pairs of built and rolled 
channels respectively, latticed, and have maximum 
stresses of ,000 lb. The centre bottom-chord 
panel has a maximum stress of 2,539,600 Ib., and 
8 made up of six 14.in. by 1}-in. eye-bars, with an 





area of 157.5 sq. in., and 12-in. pin-connec- 
tions to the adjacent riveted chord members. The 
riveted bottom-chord members L 20 and L 22 (Figs. 
136 to 141, Plate XX.) are made with pairs of built 
channels, 37 in. deep and 26 in. apart over all, with 
their flanges turned in and latticed by flat bars on 
their inner faces. The splices are similar to those 
of the top chords, and the channel-webs are con- 
nected by transverse diaphragms, and have wide 
gusset-plates riveted to them and projecting beyond 
the top flanges, to form jaws receiving the vertical 
and sub-vertica] posts. 

Expansion Connections.—The centre is sus- 
pended by four vertical members connecting the 
end top chord-pins U 18 of the cantilever arms with 
the end bottom chord-pins L 18 of the centre span 
trusses. At the extremities of the centre span and 
cantilever arms the top chords are discontinued, 
and the bottom chords have a telescopic connection, 
while the lateral and floor system have longitudinally 
sliding connections, providing for the transmission 
of transverse and vertical stresses without trans- 
ferring any bending moments from the centre span 
to the cantilever arm, and also providing for longi- 
tudinal movements to correspond with temperature 
variations. 

The vertical suspender L 18—U 18, illustrated 
in Figs. 119 to 121, in Plate X VIII., of March 28, 
is proportioned for a stress of 2,423,000 lb., and 
has a net cross-section of 152 sq. in., made of two 
built channels, 3} ft. deep, latticed. Each channel 
has three 40-in. by §-in. web-plates and two 6-in. 
by 6-in. by §-in. flange-angles, and the webs are 
reinforced at the ends to give 247 sq. in. bearing 
for cast-steel bushings 3 ft. long and 19 in. in 
diameter, lined with manganese-bronze, and bored 
for 14-in. forged-steel pins. The upper pin is 
5 ft. 9 in. below the top chord cantilever truss-pin 
in the wide jaw-plates at the end of the inclined 
post U 18—M 17, Plate XVIII. ante. The in- 
clined post (Figs. 99 to 107) is a massive member 
with a cross-sectional area of 222 sq. in., made up 
of two built channels, latticed, having double web- 
plates with nine rows of stitch-rivets and transverse 
diaphragm. plates. The end top chord-pin of the 





cantilever arm receives six 14-in. top chord eye- 
bars on the shore side, and on the river side 
engages a light strut or false member, which pre- 
serves the continuity of outline and transmits lateral 
stresses, and is made with a pair of 14-in, eye-bars, 
connected by horizontal angle-latticing riveted to 
continuous connection-angles on the centre lines of 
the bars. 

The bottom chord L 18—L 19 (see key, Fig. 134, 
Plate XX.) has a 13-in. pin connection to in- 
clined posts L 18—U 20, about 3 ft. beyond 
which on the shore side the gusset-plates of 
the inclined posts are bored for a 12-in. pin, 
which projects beyond them to engage a slotted 
hole 19 in. long in the end of the false bottom chord- 
pin L 16—L 18, connecting the cantilever-arm with 
the centre suspended span. This member, as shown 
in Figs. 108 to 110, Plate XVIII. ante, has a 
cross-section like that of the ular cantilever 
bottom-chord pieces with webs lel from L 16— 
L 17, and tapered from 5 ft. at L 17 to 3 ft at L 18; 
44 ft. from the slotted hole it is bored for a 12-in. 
erection-pin, marked L18C. The member was 
designed for an erection stress of 1,235,000 Ib., 
but after erection carried no compressive stress, 
The members L 16 to L 18 have already been illus- 
trated in detail in Figs. 108 to 116, Plate X VIII. 
At panel points L 18 the floor-beams are riveted to 
the centre span, and on their shore side have deep 
pockets to receive the ends of the stringers and 
allow them to slide longitudinally. 

The end top lateral struts U 20—U 20, Figs. 146 
to 150, Plate XX., of the centre span are connected 
to the portals of the inclined end posts. They 
have a rectangular cross-section made up of four 
6-in. by 6-in. angles, latticed and proportioned for 
a stress of 30,000 lb. A vertical pin, passing 
through slotted holes in the top and bottom flange- 

lates at the centre of the strut, engages round 

oles in jaw-plates riveted to the end of the 
I-shape semi-diagonals in the cantilever arms. The 
sliding bearings are made with cast-steel blocks 
and bronze friction-plates, and the horizontal shear 
is thus transmitted without interfering with the 
longitudinal motion. The bottom lateral stresses 
are similarly transferred from the end floor-beams 
of the centre span to the end diagonals in the 
cantilever arms, which are proportioned for maxi- 
mum stresses of 158,000 lb, Where the semi- 
diagonals intersect on the centre line of the bridge 
me 18, their top and bottom flanges are riveted 
between horizontal jaw-plates riveted to the 
bottom flange of the centre stringer, and projecting 
beyond it to engage a vertical pin through a cast- 
steel block, which slides in longitudinal manganese- 
bronze guides on heavy brackets riveted to the 
bottom flange of floor-beam L18—L 18 at the centre. 
This beam is shown in detail in Figs. 151 to 154, 
Plate XX. 

Floor Construction.—The floor construction is 
uniform from anchorage to anchorage, and the 
depth was limited to 5 ft. 64 in. from top of rail to 
underclearance, thus necessitating much heavier 
floor-beams and stringers than would have been 
designed if greater depth had been permissible. 
There are two pairs of gauntleted tracks, each with 
inside guard-rails, and each carried on four lines of 
stringers, with a ninth line on the centre line of the 
bridge. The regular floor-beams, 284 ft. . 
are about 31 ft. long, and are proportioned for 
maximum shears and bending moments of 459,000 
and 4,914,000 ft.-Ib. —— They have three 
intermediate sections of 49-in. by 1-in. web-plates 
and two end sections 42 in. long, which project 
4 ft. through slots in the top flange cover-plates, 
and are connected to the vertical post by seventy- 
three 1-in. field-rivets through the pair of vertical 
8-in. by 8-in. hitch-angles shop-riveted to the floor- 
beams. Lach flange has a ofoss-sectional area of 
62 sq. in., made of two 8-in. by 8-in. angles, two 
side-filler plates and four cover-plates. 

The regular stringers have a maximum shear of 
129,600 1b. and a-maximum bending moment of 
795,600 ft.-lb. They are 48 in. deep and have a 
#-in. web, stiffened by vertical angles and fillers 
4 ft. apart, and have flanges made of pairs of 6-in. 
by 6-in. angles without cover-plates. At the fixed 
ends the stringers are riveted to the floor-beam 
webs through vertical angles, and at the expansion 
end the notched lower corners are provided with 
horizontal flanges sliding on the floor-beam shelf- 
bearing. Expansion joints are provided at the 
ends of the centre suspended span and at a number 





of intermediate points in it and in the cantilever 
and anchor arms, to avoid the possibility of trans- 





490 


ENGINEERING 


(ApRIL 11, 1913, 





mitting chord stresses through the stringers. A 
very important feature is a system of two hori- 
zontal lattice girdera, 2 ft. apart vertically, built 
into each truss about 5 ft. above the rail, to receive 
the impact and protect the trusses from derailed 
rolling-stock. e girders are spliced across the 
truss members by cover-plates and cover-angles 
riveted to horizontal connection angles on the 
trusses, and weigh about 180 lb. each per linear 
foot. 

Fabrication.— All plates and angles were rolled 
to order and were straightened in the bridge-shop 
rolls before and after punching. The regular webs, 
cover-plates, angles, and other full-length pieces 
were not marked by hand for the regular rivet- 
holes, which were punched either by the aid of a 
wooden strip clamped to the piece, and made to 
register with the travelling carriage of the punching- 
machine, or they were punched by an automatic 
multiple machine, with adjustable stops rigidly 
attached to its bed-plate. The By my. was so 
accurate that no reaming was needed for purposes 
of assembling, but in some cases was required to 
remove the metal which might have been injured 
by the punching stresses. 

Rivet-holes were drilled from the solid in all 
tension-plates more than ? in. thick, and in all 
compression-plates { in. thick, and in the very wide 
gusset-plates which formed the main connections 
at panel points. Corrections were made in the 
spacing of very long pieces to allow for elongation 
of perhaps } in. in 50 ft., produced by the punch- 
ing. In rack punching the effect of elongation from 
punching is eliminated. Nearly all compression 
joints are at right angles to the axis of the members, 
and all of them were very accurately surfaced in 
rotary planers, which could be set to the required 
length and position, thus ensuring uniform dimen- 
sions of all pieces in the same set. All rivets were 
driven by pneumatic hammers or by pneumatic- 
pressure machines, which did not release them 
until they were sufficiently cooled to ensure per- 
manent grip on the pieces. Most of the rivets were 
{ in. or 1 in. in diameter, and when they were more 
than 5 in. long they were tapered ,°; in. in the length 
of the rivets, and when driven through test-plates 
and afterwards cut apart, examination showed the 
holes perfectly filled. 

The eye-bars of the largest dimensions within the 
capacity of the Ambridge plant were manufactured 
by the standard process, upset in one operation, 
and rolled to the required thickness under heavy 
pressure, maintained until the bar was nearly 
cooled. The thickness of the head was made 
uniform with that of the body, and they were 
annealed in a gas-furnace. Both ends of the bars 
were punched in the forging press, and were after- 
wards bored simultaneously in a machine with the 
boring-bar set within ,; in. of the required length, 
and maintained in that locked position until all the 
bars of that set had been bored at a uniform tem- 

rature, thus ensuring absolute equality in their 
ength. 

hey were bored for a clearance of from 0.03 in. 
to 0.04 in. on the pin, and were tested by assem- 
bling, in a horizontal position, all of the bars of 
each panel on a pair of cast-iron gauge-pins of the 
required diameter with conical points. Fifty extra 
bars were manufactured on the regular order, and 
were tested to destruction in a machine of 2000 
tons tas A showing satisfactory results in excess 
of the specific 
broke in the body with excellent elongation and 
reduction of area at the point of fracture. 

Preliminary Assembling.—To secure the accuracy 
of the connections and to eliminate secon 
stresses in the joints of the main trusses, all 
riveted splices were assembled and fitted up in 
the bridge-shop, matehed and marked for erection 
and disconnected for shipment. The bottom chords 
and main posts were completely assembled on hori- 
zontal skids in the bridge shop-yard, and all field- 
rivet holes were drilled from the solid by electric 
machines with bits centred by sub-punched holes 
in the outer pieces and long enough to pass entirely 
through the member. 

The bottom chord was assembled in a straight 
line on the skids, corresponding to the dead-load 
position of the erected truss when the bottom-chord 
splice rivet-holes were drilled. Afterwards, when 
these were fully bolted up, 50-ton hydraulic jacks, 
reacting against dead-men provided for the purpose, 
forced each bottom chord into the camber Sletten 
curve and maintained it there while the holes 


in its connection with the web-members were, 


ation requirements. All of these bars | 





drilled. The bending stresses thus introduced 
into the bottom chord were the exact reverse of 
those due to dead load when the bridge was swung, 
so that, after swinging, the chords were free from 
dead-luad bending stresses. 

The shop-work was done under the direction of 
an inspecting engineer retained by the contractors 
and of the regular inspectors for the railroad com- 
pany and for the bridge-shop. The inspecting 
engineer was made responsible for the accuracy of 
the machines and tools, and in the beginning he 
compared all of the steel-tape lines used in the 
shop with the Government standardised . used 
in Tales out the bridge foundations. hen in 
use, all of the shop-tapes were supported at inter- 
vals of 10 ft. and were held under a constant 
tension of 12 lb. 

The allowable error of ; in. in the total length 
of any bridge-member was rarely equalled and 
never exceeded. ‘The accuracy of the planed-end 
surfaces of compression members was determined 
by standard straight-edges and squares. The 
lengths were measured on both sides of the piece 
between straight-edges clamped at both ends, or 
between squares applied to straight-ends and to 
the webs of the members. The planed ends of 
very large sections were also checked by plumb- 
lines before they were removed from the planing- 
machine. 

Great stress was laid on the requirements that 
the diameters of the 16-in. pins should not be 
more than 16 in. nor less than 15.992 in., and that 
their pin-holes should not be less than 16.030 in. 
nor more than 16.040 in. These requirements 
were necessitated in order to provide the maximum 
erection clearance consistent with the railroad com- 
pany’s demand fora hole not more than 0.040 in. 
greater than the specified diameter. 

First, standard stamped rods, ground to fit 
15,;-in. holes, were used by the men at the 
boring-machine. Second, all double-end cutting- 
tools were ground under the engineer’s calipers to 
the correct length for boring a 16,;-in. hole. 
Third, as soon as the hole was bored the number 
of the cutter used was stamped alongside of it. 
The engineer measured the hole with a pair of 
inside micrometers, and as soon as the cutter was 
worn enough to bore a hole les; than 16); in., it 
was re-ground, re-calipered, and re-marked. All 
micrometers were made to ;gy5 in. Gauge-pins, 
16,5 in. in diameter, calipered by the engineer to 
tooo in., were stamped and inserted in every hole 
after each corner had been filed. 

Rings, calipered to ;q5,5 in. and stamped, were 
bored to a diameter of 16.01 in., and slipped with- 
out driving from end to end of each pin. Most of 
the pins were found slightly too small, and were 
measured by outside micrometers. It was found 
that the large pins were liable not to be abso- 
lutely circular in cross-section on account of the 
lack of perfect adjustment in the lathe, and the lack 
of complete uniformity in the density of the steel. 
Hard spots produced increased diameters, and 
it was often necessary to take several finishing 
cuts, amounting almost to polishing, in order to 
make a large pin enter a ring with only ;}, in. 
clearance. The records on this bridge show that, 
with a few exceptions, where the cutters clogged, 
the variation of the pin-holes was kept within 


0.005 in , a degree of accuracy which could readily | PS 


be repeated in the same shop. 
Shipment.—Most of the steel was loaded on 
standard flat cars and shipped from the bridge- 


shops direct to the site, about 40 miles away, over fl 


the tracks of the railway company which owned the 
bridge. The material for the cantilever arms and 
centre span was shipped down the Ohio River on 
barges, which delivered it to the cantilever traveller 
at the extremity of the overhanging structure, or, 
when the water was too low for the draught of the 
barges at the bridge site, it was transhipped from 
the barges to the railroad and delivered at grade at 
the rear of the traveller. 

Shipment was very much facilitated by making 
the connections at the main panel points of the 
compression members in separate pieces. None 
of the large pieces “ye was more than two 
cara, or about 60 ft. in length, but some of them 
had lateral dimensions up to the limits of clearance. 
The 15-ft. 10-in. by 22-ft. section of bottom chord 
and main vertical post over the river piers could 
not be loaded on ordinary cars or handled by 
available derricks from the barges. Therefore it 
was suspended between a pair of 50-ft. plate 


girders spaced 7} ft. apart on pivoted pedestals at | 





the centres of two 75-ton steel cars. In this 
position it had a clearance of about 4 in. from the 
track and 3 in. from the tunnel roofs, and the pro. 
jecting gusset-plates were protected by stiffening 
angles temporarily bolted to them, which in one 
case were badly bent, but saved the gusset-plates 
from injury. e heaviest pieces weighed 84 tons 
and did not exceed a length of 65 ft., although 
some of the light members were as much as 106 ft, 
long. 
, (To be continued.) 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 26, 

THE buying of railroad material and supplies con. 
tinues to be the most important factor in the iron 
and steel situation. The latest large order placed by 
the Penneylvania Railroad amounts to 6,500,000 dols, 
for car a motive-power equipment. Western roads 
have placed an order for 25,000 tons of rails, and 
20,000 tons were contracted for delivery to South 
American . Nine roads are negotiating for 
20,000 cars, and fully 300 locomotives are being called 
for. The Montreal Locomotive Works have ked 
orders for nine locomotives for the Inter-Colonial 
Railway at Canada, four of them being 120-ton pas. 
senger ‘‘ Pacific,” and five being 110-ton consolidated 
freight engines. The railroads are ordering more 
equipment and motive power than ever in their 
histories. This activity will continue until the 
equipment has reached a maximum state of effici- 
ency, a8 measured by the probable requirements for 
the next two or three years. The demand for steel 
plate continues to be enormous, and a number of 
inquiries are now in the market for the first quarter 
of 1914 delivery, but it is given out that the mills are 
uuwilling to quote so far ahead. A great deal of 
expansion of capacity isin progress in the larger mills, 
much of which will be ready by midsummer, and for 
which orders are being booked up to the anticipated 
capacity. The smaller lines, such as bars, merchant 
pipe, tubes, sheets, and —— all maintain their 
accustomed activity for months past. There is nothing 
in the market horizon to indicate any lessening de- 
mand, and certainly the developing new requirements, 
as indicated by inquiries and known enterprises, do 
not indicate any subsidence of the extraordinary 
activity. The mills have shown an unwillingness to 
make definite terms just at this time for the 1,000,000 
tons of merchant bars and steel wanted by the imple- 
ment-makers for the year beginning July 1. 

April 2. 

The widely-spread flood disaster of the past week 
has seriously interfered with furnace and mill pro- 
duction, curtailing operations and inflicting vast 
damages. It is estimated that approximately 
1,000,000 tons of pig iron, 800,000 tons of crude 
steel, and 500,000 tons of finished products have been 
lost from the output through the crippling of steel 
plants and the suspension of transportation. This 
reduced production represents a money value prob- 
ably approaching 40,000,000 dols. The full extent 
of the damage is not yet known. The railroads 
could not ship coke, pig iron, and crude steel to 
many who needed them, and this fact is respon- 
sible for as much as 30 per cent. of the idleness. 
More than 60 per cent. of the country’s entire 
independent sheet and tin-plate capacity has been 
rendered idle by the floods. Upwards of 50,000 tons 
of bridge steel are required immediately for the recon- 
struction of the destroyed bridges. This, however, is 
not all of the steel that will be required for that pur- 
e. Two of three large steel-fabricating plants in 
the Pittsburg district are under water. Both of the 
large steel-car companies in the Pittsburg district 
have been obliged to suspend operations. ‘The entire 
steel-making section is more or less disturbed by the 
oods, and while the managements are exerting every 
effort to resume, it will be some time before normal 
output will be re-established. The demand for iron 
bars has shown improvement, and eastern sheet-iron 
makers have been adding heavy orders to their ye | 
crowded engagements. Much disappointment will 
be suffered by those concerns who are relying on 
deliveries for current requirements. Wire and wire 
roducts have advanced | dol. perton. Specifications 
or all kinds of material are pouring in with great 
rapidity. There is a stronger probability than last 
week that premium rates will become common. 








Fug, Light, AND Power ExutBiTI0n.—This Exhibi- 
tion will be held from Friday, October 24 to Saturday, 
November 15, inclusive, in the City Exhibition Hall (late 
the Jungle), Sheffield. It is under the auspices of the 
Sheffield’ Health Association and the Sheffield Smoke 
Abatement Society, and under the patronage of the 
Right Hon. the Lord Mayor of Sheffield (Alderman 8. 
Osborn), the Master Cutler of Sheffield (Mr. J. Rossiter 
Hoyle), and the President of the Chamber of Commerce, 
Sheffield (Mr. T. W. Ward). 
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INDUSTRIAL NOTES. 


SyNDICALIST influence appears again to be in the 
ascendant in the South Wales coal district, and the 
Miners’ Federation there is consequently adopting 
measures that must lead very soon to a state of affairs 
that cannot be ee as anything but serious, for 
they threaten to force a strike at the beginning of 
May, with the object of coercing non-unionists to join 
the Federation. This is greatly to be regretted, 
for there has lately been a period of prosperity 
in South Wales, which has enabled some of the 
Icsses caused by the t strike of a year ago to 
be made up. This, however, appears to count for 
nothing to the men who have at the present time got 
control of the Federation. Their own ambition seems 
to be the chief thing they care about, and the advance- 
ment of their false ideas is of far greater moment than 
the well-being of the industry or of the country. Owing 
to the policy of these men the Federation is on the 
decline, old and tried men, whose control tended 
towards conciliation, having been ousted from among 
the leaders. Moreover, the wild tactics of the younger 
men have alienated many of the more thoughtful 
workmen, who know that their only true way towards 
advancement is through moderation. This being the 
case, the Federation now finds itself faced, not with a 
hopeful future, but with a declining membership and a 
shrinking revenue. About this there can be no doubt 
if figures teach anything. The annual report of the 
Federation proclaims this, for it shows that, since the 
conclusion of the national strike, great secessions from 
the organisation have taken place, which recruiting has 
not succeeded in making up for. Before the strike the 
membership was 117,000. To-day it is 114,200, while 
five years ago it stood at 144,600 The figures as they 
now stand represent not more thun 50 per cent. of 
the miners and surface men—nearly 250,000 men— 
employed in the mines of South Wales. 

his in itself is a serious matter, but it is not the only 
indication that things are pointing at present to a not 
very prosperous future for the Federation. Before the 
national strike the funds amounted to 115,890/., and 
this was after a serious strike undertaken by the men 
of the Cambrian Collieries. Now, the total of the accu- 
mulated funds is about 17,039/. Again, we have only 
to look back a little further than a year ago to see 
more clearly the real significance of the present trend 
of the Federation. Four years ago, at a time when 
Syndicalism had not tainted the great union, the fund 


laid by amounted to 226,000/. What consolation can | beca 


the rank-and-file of the Federation gather from figures 
like these? The men may refuse to recognise their 
meaning and incline blindly to follow leaders whose 
wild ideas fascinate them and whose hollow eloquence 
may for the time being lead them astray, but it will 
be strange if in the end hard facts do not bring reflec- 
tion, and reflection realisation that all is not well and 
that Syndicalism is a hard master, introducing forms of 
tyranny whose burden must become intolerable. 

In the meantime, however, the shrinking funds and 
the waning membership form an excuse for more 
agitation, the cry now being ‘‘ Coercion.” Men must 
be forced to join the ranks whether they wish to or 
not. When funds drop from 226,000/. to 17,039/., and 
membership from 144,600 to 114,200, something must 
be done, and the modern leaders have chosen tyranny. 
How the agitation is to be carried on it is not easy to 
see, for no strike of any magnitude can be supported 
for any length of time on 17,039/., and the coercion of 
half the employees will be no light task. The future 
is full of interest, and this struggle of a section of the 
industrial world towards Syndicalism is a phase that 
will be watched with close attention by masters and 
men alike. There can only be one ending ; but before 
the end comes much water will ond to the sea, and 
much suffering will have to be borne if the present 
course be continued. 

The intention of the Federation is to render every 
coal-field idle by May 1, so that non-unionists may 
not be able to leave one district in order to work in 
another. We shall not have long to wait before 
we see what measure of success treads upon the heels 
of this enterprise. 





It is thought in some quarters that a shipyard strike, 
which at the end of last year looked possible, is now 
much more of a mepee 7 Indeed, the Boilermakers’ 
Society, which has a membership of over 60,000, and 
is the chief of the shipyard unions, is taking a strike 
ballot this month, the question put before the members 
being, ‘‘ Are you in favour of giving the Shipbuilding 
Employers’ Federation one month’s notice that, unless 
& special advance of 24 per cent. on piece-work rivet- 
ing rates be paid, all our members in federated firms 
will cease work?” The demand of the men was 
originally 4 per cent., but since then it has been 

ified. Three general advances of 5 per cent. have 
been granted to the men during the present wave of 
Prosperity, and, as we have mentioned in a previous 
issue, @ fourth advance is under consideration. The 
request for the 24 per cent. above referred to is, how- 


fourth advance be given, it will make 20 per cent. on 
all piecework es in shipyards since the beginnin 
of 1911. The demend, erefore, is one that wi 
bring the piecework rates up to 224 per cent. beyond 
the rates existing in 1910. 

There has for a long time been an agitation among 
the holders-up for a larger share of the riveting 
money. At present they receive 75 per cent. That is 
to say, for every 20s. received by each riveter each 
holder-up gets 15s., and the boys are paid by the day. 
The holders-up now demand 874 per cent. of the 
riveters’ money, and as the riveters are not willing 
to agree to this concession at their own expense, 
the employers have been asked to advance rates 
beyond the general wage advances. This represents 
nearly the additional 2} per cent. asked for, to 
which we alluded at the beginning of this para- 
graph. According to the 7imes, it has been worked 
out that on a riveting squad earning 12/. 15s. for 
a week, an advance of 24 per cent. will be nearl 
sufficient to meet the pote pe the holders-up, with 
only a slight loss to the riveters. The demand is, 
however, still refused by the masters, and now 4 
national strike is spoken of. The holders-up contend 
that if they were paid 17s. 6d. instead of 15s. a week, 
much less time would be lost. 

This, they maintain, is due to the fact that at present 
there can, almost any morning, be seen several riveting 
squads idle because a few holders-up in some squads 
and a few riveters in others have not turned up. 
Now, according to the men, if the difference between 
the pay of the riveters and the holders-up were less, 
some of the riveters would not mind taking the holder- 
up’s hammer rather than stand idle, and ane squads 
would be stopped. The riveters will not do so now, 
however, because the pay of the holder-up is 25 per 
cent. less than his. According to the employer, the 
piecework rates are high enough, as they have been 
advanced 15 per cent. since 1911, and the sharing of 
the money is a matter entirely for the men them- 
selves or their union. Moreover, the men earn good 
wages, many of them working only four days a week, 
and any further advance would but encourage further 
irregularity in time-keeping. 

On the other hand, there are men well able to judge 
who think that the chances of an early strike are not 
great, one of them. being the secretary of the Boiler- 
makers’ Society. The view taken by this official 
appears, however, to be based on the belief that the 
employers will grant the 24 per cent. asked for, 
use it is ‘‘so reasonable.” According to the 
Labour Press Agency, there is another outstanding 

uestion—that of the proposed National ment, 
tom which the boilermakers have withdrawn. 
Negotiations regarding it are, however, in progress. 
A scheme has been prepared by the boilermakers 
for dealing with disputes between employers and 
themselves, which has been accepted by the former as 
the basis for negotiations on condition that the men 
enter into a general ment covering disputes 
common to all sections of the shipbuilding industry. 





On Sunday last, the 6th inst., at a meeting at the 
Barry Docks, the Cardiff, Barry and Penarth Coal- 
Trimmers’ Union confirmed their decision to strike on 
May 3, if the non-unionists at work did not join the 
union. It appears that at Barry every outsider has 
already joined, but there are about 300 men at Cardiff 
and Penarth who are not members of any organisation 
or belong to some other union. Should the remaining 
non-union men not yield to coercion it is thought that 
trouble will follow. 





Trouble is again threatening among tke carters in 
Liverpool, and it is stated that there is a Fagen ad 
that 1500 men may shortly go on strike. On Sunda 
last, the 6th inst., a mass meeting was held, at whic 
a resolution was passed in favour of notices being 
handed in the following day. Most of the men are 
in the employ of the Corporations in the district, the 
City Corporation employing most of them. Some are, 
however, coal-carters and builders’ carters. Some of 
the grievances my rd to be in connection with over- 
time among the Liverpool Corporation carters, but 
the employment of non-union men is also a question 
causing unsettlement. In some cases the question of 
hours is to the front, the desire of the men being that 
the time worked shall be brought down to that of 
other carters. 





On Saturday last, the 5th inst., after a long debate 
at Workington, the Cumberland and North Lanca- 
shire Federation of Coal-Miners, Blastfurnacemen, 
Steel-Smelters, and Winding Enginemen, err a 
resolution declaring that ‘‘the National Amalgamated 
Union of Labour have no justification for entering 
Cumberland to organise surface workers.” It is 
thought, therefore, that the notices which expired 
on Saturday last at seven pits where the National 
Union have got a footing will not now be enforced by 
the union. fn case the men should strike, the deter- 





ever, over and above the general advances. Should a 





mination is expressed by the Cumberland Miners’ 


Association to work the pits themselves. Notices 
have been withdrawn by the Winding Enginemen’s 
Asscciation. 





The following terms which have been formulated by 
the railwaymen on the North-Eastern Railway will 
be submitted to the Conciliation Conference in May :— 
1, That an eight-hour day be granted to all men. 
2. That an advance of 2s. a week be given to all men 
who are in receipt of less than 30s. a week. 3. That 
the system of classification as a basis of payment be 
abolished, and that a method of advance in status and 
pay be based upon servitude with the company. 4. 

at all piece-work, tonnage, and bonus systems of 
payment abolished in the goods and engineering 
departments. As the agreement now existing between 
the company and the men will soon expire, the Con- 
ference will be asked to discuss the new demands in 
the light of a fresh agreement. 





A settlement of the strike of 100 men in the employ 
of Messrs. W. Little and Sons, Netherton, boot manu- 
facturers, has been arrived at, and the men returned 
to work last Monday, the 7th inst. The wages have 
been increased 2s, a week, and a minimum wage of 
28s. a week has been agreed to by the firm. 


Speaking at the annual dinner of the London and 
South-Western Railway Company, at Southampton, on 
Saturday last, the 5th inst., Mr. H. A. Walker, 
General Manager of the company, said that South- 
ampton had not a good name in connection with labour, 
for many troubles had originated there. The port 
was undoubtedly suffering from these disputes, and if 
the men did not wish to drive the trade of the port away 
there must be a limit put to their demands. The men 
did not consider everything, but if they continue to be 
too exacting in their demands they would themselves 
be the greatest sufferers. The London and South- 
Western Railway Company, he said, ran large ser- 
vices of boats between Doulbensten and France, and 
the margin between the receipts and the expenses 
of these boats was very small and had indeed nearly 
reached vanishing point. When that point was reached 
they would have to consider the discontinuance 
of those services, though such a course would be 
bad for the company, and they did not want to do it. 
It would, however, be worse for the men. There 
was a limit beyond which neither railway companies 
nor shipping companies could go. The company did 
not run these boats for pleasure, but as a commercial 
undertaking, and they would continue to run them 
so long as they produced any return on the money 
invested. They could not go on losing for ever, a 
fact which he hoped the men would realise. 





On Tuesday last, the 8th inst., Mr. McKenna re- 
ceived a deputation from the Parliamentary Com- 
mittee of the Trades Union Congress in order that he 
might receive further resolutions passed at the last 
congress at Newport. All the twenty-five subjects 
that had been raised would, Mr. McKenna said, have 
to be dealt with by new legislation, The difficulty of 
passing one-fifth of the twenty-five Bills would be very 
great. He would like to introduce Bills on all the 
subjects, but he saw no chance of getting through with 
more than a very few of them. They had a Bill at 
present relating to deductions from wages and the im- 

ition of fines which was based on a report of the 

mmittee, and the Truck Bill which they had now in 
hand was, he said, an excellent Bill and ought to be 
carried. He suggested that a private member’s Bill 
might be introduced enabling magistrates to pay 4 
cab-driver reasonable expenses incurred m recovering 
fares from those who ‘‘ bilked” them. He also made 
other inspiriting suggestions calculated to cheer the 
hearts of the members of the deputation. 





In the new rules of the National Union of Railway- 
men there is a clause empowering the executive to 
deelare a strike without bal sg the men, and, accord- 
ing to a correspondent of the 7'imes, this rule, in the 
opinion of the eminent King’s Counsel who has been 
consulted, makes a complete change in the constitu- 
tion of the society, transferring it from the mutual 
benefit to the ‘‘ restraint of trade” section. Acoord- 
ing to this, whereas members of the Amalgamated 
Society of Railway Servants had formerly the right to 
enforce payment of benefits in the law Courts, member- 
ship of the new organisation automatically deprives 
them of that right, quite apart from the rule binding 
members to refrain from suing. 





On Wednesday last, the 9th inst., a strike com- 
menced at the Elswick shipyard of Messrs. Sir W. G. 
Armstrong, Whitworth and Co., among the riveters, 
the rates of pay being the cause of the trouble. Ac- 
cording to the men, they have been asked to do certain 
work at a reduced price, and this they decline. Four 





hundred men and boys are said to be affected. 
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19,000-HORSE-POWER WATER-TURBINES FOR RIO DE JANEIRO. 
CONSTRUCTED BY MESSRS. ESCHER WYSS AND O©O., ENGINEERS, ZURICH. 


*~ THE illustration on page 489 is a view of one of two 
19,000 - horse-power water-turbines which Messrs. 
Escher Wyss and Co., of 109, Victoria-street, West- 
minster, and Ziirich, have recently supplied to the 
Pirahy power-station of the Rio de Janeiro Tramway, 
Light, and Power Company. The turbine is shown 
during erection in the builders’ works. Views of one 
of the turbines and its control arrangements in situ are 
iven in Figs, 2 to 4 on this and the opposite 

hese new turbines form the main sr of this 
article, but before describing them in detail it will be 
well to give a brief account of the power-station in 
which they are situated. 

The Pirahy power-station, which is the property of 
the Rio de Janeiro Tramway, Light, and Power Com- 
rm » Limited, was put into operation in the year 

907, It is situated on the River Lages, at a distance 
of about 50 miles from Rio. Power, in the form of 
three-phase ourrent at 6000 volts and 50 periods, is 
generated by vertical-shaft water-turbine units. The 
current is stepped up to a pressure of 80,000 volts for 
transmission to the city, where it is stepped down to 
160 volts for lighting, and to 200, 400, or 6000 volts 
for power supply. For traction it is converted to 
550 volts direct current. The generating machinery 
which was in operation prior to the installation of the 
two 19,000-horse-power units, which are described 
below, consists of six 8700-horse-power impulse-wheel 
units built by Messrs. Escher Wyss Co., and 
coupled to Westinghouse alternators. The station 





7 


also contains three 200-kw. exciter sets running at 
500 revolutions per minute, and giving 250 volts. 
Two of these sets are Pelton-wheel driven, and one 
motor-driven. 

The River Lages, on which the station is situated, 
has a catchment area of 193 square miles, over which 
the average rainfall is 59 inches a year. The river 
descends, in a series of falls and rapids, a height of 
nearly 1000 ft. in a distance of only a few kilometres, 
and offers a very suitable position for the location of a 
power-house. A dam has been built just at the top 
of this fall, forming a reservoir, the average level of 
which is 1323 ft. above sea-level. The power-station 
is built at a level of 308 ft. above sea-level, so that 
the head available for the turbines is 1015 ft. A 
very favourable spot was found for the location of 
the dam, which is a horizontal arch structure, 656 ft. 
along the crest and 138 ft. high. Itis built of con- 
crete, and contains 7800 million cub. ft. of material. 
The length of the storage lake formed is 17 miles, and 
it has a total surface perimeter of about 137 miles. 
The variation in the water-level is about 62 ft. 

Before the addition of the two 19,000-horse-power 
units, water was conveyed from the dam to the power- 
house by pipe-lines made in two sections and consist- 
ing of two upper low-pressure lines and six lower 
high-pressure lines. At the time of the installation 
of the new units two new high-pressure pipe-lines 
were Connection between the high and low- 
pressure sections is made by means of a receiver pipe. 





/ 


———— 


The upper low-pressure pipes have a diameter of 8 ft. 


and a thickness varying from } in. to § in. The maxi- 
mum pressure head is 186 ft. The pipes are of riveted 
steel. The original high - pressure sections have 4 
diameter of 3 ft. and a thickness varying from 0.4 in. 
to 1.06 in. The lines are fitted with relief-pipes. The 
high-pressure lines for the new turbines are divided 
into three sections having diameters of 56 in., 54 in., 
and 52 in. respectively. Relief-pipes, 400 ft. long, are 
fitted. As stated above, the normal head avail- 
able at the turbines is 1015 ft. This is reduced to an 
oye of 925 ft. by pipe friction losses. The whole 
of the pipe-lines, in addition to the turbines, were 
supplied by Messrs. Escher Wyss and Co. 

© arran, ent of one of the new 19,000-horse- 
power units in the power-house is well shown in Figs. 2 
to 4. It will be seen from Fig. 2 that the machinery 
room is constructed with two floors, the upper of 
which forms the station floor proper and carries the 
alternators, governors, and control - handles. The 
lower floor carries the thrust-bearing of the vertical 
shaft of the machine and also the oil-pumps which 
serve for lubrication anh fuss the operatian of as — 
valves. The position of the oil-pumps is shown 
Figs. 3and 4. 4 comparing Fig. 2 with Figs. 3 and4 
it should be noted that the former is reversed with 
respect to the latter two, and that while the water 
enters the station at the left-hand side of Fig. 2, it 
enters at the right-hand side of Figs. 3and4. The 
space below the thrast-bearing floor serves as the wheel- 
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Fig. 2. It may be said that actually the stationis| The general arrangement of the turbine is well | above the turbine runner, and the other on the base 
built close to the bank of the river which takes the shown in Fig. 2, The runner to which the buckets | of the alternator frame. The shaft has also s thrust- 
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bearing situated just above the thrust-bearing floor, 
and well shown in Fig. 2. The turbine wheel is sur- 
rounded by a4 casing carrying four needle-valves 
arranged symmetrically in a horizontal plane. The 
pipe distributing the water to the needle-valves is 
arranged in the form of a spiral without sharp 
bends or angles, so that a smooth flow is obtained. 
The arrangement is clearly shown in Fig. 4. 
The nozzles are entirely independeat from each 
other, and are governed directly by a servo- 
motor, operating with oil in such a way that the 
area of nozzle open at any time corresponds with 
the load. The main water-valve, which can be seen at 
the left-hand side of Fig. 2, is operated by means of 
pressure water taken from the incoming pipe-lins 
acting in the operating cylinder, which is fixed above 
the valve. he actual water connections to this 
cylinder are taken from the main valve by-passes, 
which can be seen in Fig. 4. The control-gear for the 
cylinder-valves can be seen in Fig. 2. 

Kach pipe-line is fitted with a pair of relief-valves 
at its tail-race end, in order to limit the pressure rise 
under sudden changes of load. One pair of these 
valves can be seen at A, at the right- side of 
Fig. 2, while their operating cylinders can be seen in 
plan at the left-hand side of Fig. 4. The valves, 
which are of sufficient capacity to allow the total 
quantity of water to pass i yee are operated in 
conjunction with the nozzle regulating-gear. is 

ear is operated by two servo-motors situated on the 

ase-plate which carries the thrust-bearing and one of 
the main bearings, as shown in Fig. 2. The servo- 
motors are shown at B in Figs. 3and 4. They can 
also be seen on the top of the turbine in Fig. 1. The 
crossheads of the servo-motors are connected up, by 
means of cranks, to short rocking-shafts which are 
carried in domes on the base-plate, as can be seen in 
all the figures. The rocking-shafts operate the needle- 
valves through double links, the arrangement of one 
of the connections being clearly shown in Fig. 2. 

As there are but two servo-motors and four rocking- 
shafts and needle-valves, arrangements have to be 
made to interconnect the rocking-shafte in pairs. This 
is done by means of bell-crank levers lying. in a hori- 
zontal plane, as shown at C in Fig. 4. One arm of 
each bell-crank lever is connected by short links to 
the head of the rocking-shaft crank which lies = 
site the front end of the servo-motor, while the other 
arm of the bell-orank lever is connected to an oscilla- 
ting link, shown at D in Fig. 4. This link connects 
up to the crank of the rocking shaft, which lies at the 
opposite side of the turbine from the servo-motor 
which is driving it, and at the back end of the second 
servo-motor, The result of the arrangement is that 
the second rocking-shaft lies at right angles to the 
first, which gives the best position for connecting up 
to the second needle-valve, owing to the lay of the 
incoming pressure pipe. The whole arrangement will 
be easily followed from Fig. 4. This figure also shows 
that the two horizontal bell-orank levers, and thus the 
two servo-motors, are connected together by a diagonal 
link, so that they will always work in unison. 

The interconnecting links E between the valve 
mechanism and the operating gear of the relief-valves 
is shown in Figs, 2 to 4. The link is carried at the end 
of a crank secured to one of the rocking-shafts, and 
thus operates the relief-valves after the needle-valves 
have closed to a predetermined amount. The relief- 
valves are fitted with tandem cylinders, the lower of 
which are ae with water from the main-pressure 
pipe, and tend to open the valve ; the upper cylinders 
are supplied with oil from the pump, and oppose the 
lower cylinders, The oil-pumps are fitted in duplicate, 
and can be seen at the right-hand sides of 
and 4. Fig. 3 shows one of the pumps in side 
tion, while Fig. 4 shows them both in plan. 
pump is driven by a Pelton wheel F, the i con- 
nections to which sre shown in Figs. 3 ok . The 
pumps work in conjunction with a common oil-acou- 
mulator G. Each pump is large enough to supply the 
whole of the oil required for the operation of its 
turbine, so that the other is available as a stand-by. 
The oil-supply to the governor and servo-motor is at 
& pressure of 350 lb, per sq. in., but the pressure is 

uoed to 120 Ib, sq. in. for the bearings. The 
governor is of the Escher Wyss high-head type. Its 
connections to the ay s and needle-valve mecha- 
nism are indicated in Fig. ¢ 
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Roya InstrrvTion,—On Tuesday next, April 15, at 
three o'clock, Professor William Bateson delivers the first 
of two lectures at the Royal Institution on ‘* The Here- 
dity of Sex and Some Cognate Problems,” in continuation 
of those delivered before Easter. On Thursday, April 
17, Professor J. Garstang begins a course of three leo- 
tures on ‘* The of Hittite Studies,” and on 
Saturday, April 19, Sir Walter igh com- 
menoes a course of three lectures on (1) ‘* Boccaccio” ; 3) 
**Mediwval French Novelists”; (3) *‘ Chaucer.” T 
Friday evening discourse on April 18 will be delivered b 
Dr. T. M. Lowry on “ Applic tions of Polarized Light,” 
on April 25 by ‘Professor . Garstang on “* Meroé : Four 
Years’ Excavations of the Ancient Ethiopian Capital,” and 
on May 2 by Mr. H. G, Plimmer on “ Ttlood Parasites,” 





TRAVELLING GANTRIES FOR BRIDGE 
ERECTION IN INDIA. 


WE illustrate on 496 a perspective view of two 
travellin paorbaky A boos | many constructed by 
Messrs. P. and W. Maclellan, Limited, 129, Trongate, 
Glasgow, to the order of the India Office, for use in 
the erection of fifteen spans, of 350 ft. each, of the 
Lower Ganges Bridge, Sara. They have been built 
to the designs of Messrs. Rendel and Tritton, MM. 
Inst. C.E., Westminster, S.W., and are alike in every 
way; @ description of one of them will therefore 
be sufficient, particularly as the far one in the illus- 
tration is shown in an incomplete state. Each is 
designed to lift four 7}-ton loads simultaneously 
by means of four winches. When lifting these loads, 
and while subjected to a wind pressure of 15 lb. per 
e4- ft., the crane must be able to travel at a speed 
of 10 ft. per minute ; but by change gear, having a 
ratio of 3 to 1, the speed can be increased to 30 ft. per 
minute when there is no wind. The crane is capable 
also of lifting the 74-ton loads simultaneously at a 
speed of 30ft. per minute. The traversing can be 
performed by two men working at a winch geared by 
worm and worm-wheel to one of the axles, but a 
motor is fitted for the purpose. 

As the travellers had to be erected at home, and 
re-erected in India, all joints in the structure are 
connected by turned and taper bolts, though a small 
amount of riveting was done in the contractor’s shop, 
and some in India, before erection. As the cranes are 
exposed to very high winds, and will have to travel 
on a runway which is somewhat flexible in a vertical 
direction, every care had to be taken to ensure the 
perfection of every part, and to avoid the possibility 
of a failure which would seriously interfere with the 
progress of the work. Each crane has one travelling 
motor and four hoisting motors, the former running 
about 700 revolutions per minute, and the latter at 
about 1400 revolutions per minute. They are driven 
by a three-phase current having a periodicity of 50 
and a voltage of 440. 

Two of the winches have right-hand rope-grooves on 
the barrels and two left-hand, so that there will be no 
longitudinal travel of the load when it is being lifted 
by two winches. The motor for travelling is pro- 
vided with a fly-wheel and disc-coupling. The con- 
nection between the motor-shaft and the cross-shaft is 
by a change-gear of 3 to 1 and 1 to 1, and the motor is 
controlled by a man standing in such a position that the 
lifting-hooks can be seen. Two of the four wheels in 
each truck on both sides of the traveller are driven by 
a horizontal worm-shaft provided with flexible coup- 
lingsand geared toa worm-wheel on a shaft connected 
by a pinion to spur-wheels on the driving-wheels. 

The vertical shafts, leading up both sides of the 
traveller to the cross-shaft at the top, are each pro- 
vided with ball-bearings at the top to take the weight, 
and at the bottom they slide through the bevel-pinion 
so as to allow for alteration in the height of the struc- 
ture under varying loads. The horizontal shaft also 
slides through the bevel-pinion at the end farthest 
from the motor, for the same reason. This bevel- 
pinion is so arranged that it can be drawn out of gear 
while the traveller is being squared up, in case one 
side should get ahead of the other. On this shaft 
there is a screw-down hand-power brake, and the shaft 
is ap on bearings at each cross-frame ; the ver- 
tical shafts are carried at suitable points. The driving 
travelling-shafts are made capable of taking 50 per 
cent. more than the average load, in order to compen- 
sate for the increased traction on one side of the 
traveller due to the wind. 





Paris Meerine or THE INSTITUTION OF ELECTRICAL 
Enainerrs.—By invitation of the Société International 


des Electriciens, a joint meeting of that body and of the | be shad 


Institution of Electrical Engineers will be held in Paris 
from May 21 to May 24 next. According to the provi- 
sional me, those attending the meeting from this 
country will leave London on the morning of May 20. 
The inaugural meeting will be held at 9 a.m. on the 2ist 
at the Conservatoire des Arts et Métiers, when a dis- 
cussion on the electrification of railways will take 
Visits will be paid in the afternoon to the electricity works 
at St. Denisand Asniéres, while in the evening there will be 
a banquet at the Palais d’Orsay by invitation of the Sociéte 
International des Electriciens. On the morning of the 22nd 
there will be a meeting at the Conservatoire des Arts et 
Métiers, when a pew will be read by Mr, J. S. Highfield 
on “ The Thury tinuous-Current System,” and one by 
M. Maurice Leblanc on “‘ Three-Phase Current.” In the 
afternoon there will be a reception by M. Eiffel and an 
eepectien of the wireless telegraphy installation at the 
iffel Tower. On the 23rd there will be a meeting in the 
morning at the Conservatoire for the discussion of the 
papers previously read. There will also be various alter- 
native visits in the ing and an excursion to Chan- 
Cy & Oe ieee Oa the last day, the 24th, there 
ill be a meeting in the at the Conservatoire, 
when a ill be read by M. matpen | any 
Means of Vapour-Tube Lamps,” and a lecture on “‘ Wire- 
less y” will be delivered b 
Ferrié. will be a visit to Versailles in the after- 
noon, and afterwards a visit to the Aerodrome at Buc. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
; ig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a weak tone, and only some 
tons of Clev warrants were dealt in at 66s. 44d. 
cash and 66s. 74d. eleven days. The closing quota- 
tions were 66s. cash, 66s. 9d. one month, and 63s. 10d. 
three months sellers. In the afternoon weakness 
again prevailed, and Cleveland warrants amounting 
to 3000 tons were done at 66s. cash, 66s. ld. twelve 
and fifteen da and 63s. 6d. three months, with 
buyers over at the latter figure. Sellers’ closing prices 
were 2d. cash, 66s. 4d. one month, and 63s. 8d. three 
months, On Friday morning there was no improvement, 
and Oleveland warrants dropped another 5d. The turn- 
over consisted of 2000 tons at 65s. 6d. May 19, and the 
session closed with sellers at 65s. 9d. cash, 65s. 11d. one 
month, and 63s. 3d. three months. In the afternoon a 
further decline took —_ and 2500 tons of Cleveland 
warrants changed hands at 65s. 6d. eighteen days, 63s. 44d. 
June 18, and at 63s. 3d. and 63s. 6d. three months. At 
the close sellers quoted 65s. 6d. for cash and onc month, 
and 63s. 6d. for three months. On Monday morning 
there were more buyers than sellers in the market, 
and, consequently, prices of Cleveland warrants were 
higher for cash and one month. The business amounted 
to 1500 tons at 65s. 9d. cash, 66s. one month and May 23, 
with sellers over at 66s. cash, 66s. 3d. one month, and 
63s. 3d. three months. In the afternoon a strange state 
of affairs was noted. There were no quotations for 
the cash ition, and the dealings consisted of 2000 
tons of Cleveland warrants at 62s. 6d. June 15, and 
66s. one month, with buyers over, but no sellers, 
while for the three months position sellers were 
down to 61s. 6d., and buyers to 60s. On Tuesday 
morning Cleveland warrants were again erratic for the 
three months position, —— hands at 63s., with 
buyers over, and sellers at . 3d. The turnover of 
2000 tons included 66s. May 14 and 19, and 65s. 6d. cash, 
with buyers cover, and sellers at 65s. 9d. cash and 66s. 
one month. The afternoon session was very quiet, 
and only one Cleveland warrant was done at 62s. 9d. 
three months, with closing sellers at 65s. 9d. cash, 
66s. 1d. one month, and 62s. 10d. three months. When 
the market opened to-day (Wednesday) the tone was 
fairly firm, and 2500 tons of Cleveland warrants were 
dealt in at 65s. 74d. cash, with buyers over, and at 
65s. 9d. nineteen days, and 65s. 104d. one month. 
Sellers’ quotations were 65s. 9d. cash, 65s. 104d. one 
month, and 63s. three months. In the afternoon Cleve- 
land warrants were nominally steady, and 1500 tons 
changed hands at 653. 9d. fourteen days and May 20, 
and 453. 7d. nine days. The session closed with sellers 
at 65s. 9d. cash, 65s. 1ld. one month, and 63s. three 
months. 

Sulphate of Ammonia.—The market for sulphate of 
ammonia keeps steady, and the price is anaes at 
14l, 2s. 6d. per ton for prompt delivery, Glasgow or Leith. 
The inquiry is moderately good. 

Scotch Steel Trade.—It cannot be said that Scotch steel- 

makers are as happy at the moment as they were a few 
months ago, because the demand has fallen off somewhat, 
and new orders are very scarce. A number of the makers 
are still fairly well provided with specifications for heavy 
material, but others find a little difficulty in securing 
sufficient for requirements. Even with these conditions 
prevailing there has been no change in the official list of 
prices for the home market, but in the case of shipment 
orders the general tendency is to cut the prices to secure 
the business. Black-sheet makers have gradually been 
overtaking arrears, and are now in the unfortunate 
— of having only sufficient work on hand for a 
imited time ahead. There are a number of inquiries in 
the market for sectional material, principally for export, 
and keen competition is general to book the orders. 
a Canada, and South Africa are all inquiring for the 
atter. 

Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland, as the 
amount of material at present being imported from 
America and the Continent has caused a quietness all 
round. The local price for ‘‘crown” bars is still the 
same, but in the case of export lots the quotations might 
led to mest buyers. 

Scotch Pig-Iron Trade.—The deliveries of Scotch Pig 
iron are still large, but makers are not securing as muc 
fresh business as they would like. The easier tone in the 
warrant market has not strengthened the position, but 
prices are well maintained, following are the market 

uotations for makers’ (No. 1) iron :—Clyde and Calder, 

6d.; ie and Summerlee, 81s.; and Langloan, 

82s. (all shipped at Glasgow); Glengarnock (at Ardrossan), 

$23.; Shotts (at Leith), 80s. 6d. ; and Carron (at Grange- 

mouth), 82s. Hematite iron is weak, and the price 1s 

still in the neighbourhood of 85s. per ton, delivered at 
the local steel works. 





Keuty’s Customs’ TaRIFrs oF THE WoRLD, 1913.— 
The value of this work is well established. It contains 
so much information concerning the various custom tariffs 
in foree th: t the world which cannot be obtained 
in such a y form from any other source that its 
value can scarcely be estimated. The present edition 
for the current year extends to over 1100 pages, in double 
columns, but the arrangement is simple, and the index 
complete, so that the duty on any r article levied 
by any particular country can be found quickly and with 
little trouble. It will ‘ore we serviceable to ex- 
import merchants manufacturers. It 18 

publi by Kelly’s Directories, Limited, 
183, and 184, High Holborn, London, W.C. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—Foreign trade largely accounts for 
the big increase in the tonnage of coal dealt with at Hull 
during the month of March. The total was 577,136 tons, 
as compared with 305,328 tons for March of 1912—an 
increase of 271,808 tons. The total for the first quarter 
of the present year is 1,802,520 tons, which compares 
with 1,344,224 tons, showing an increase over the same 

riod of last year of 458,296 tons. Of this amount, the 
den trade for the quarter just ended was represented 
by 915,911 tons, which was an advance of 396,196 tons. 
The quantity sent abroad last month was 377,760 tons, 
and the coastwise exports amounted to 99,840 tons. The 
output from the maby and Cadeby collieries was 
83,044 tons. 

Big Work at Messrs. Cammell’s.—Messrs. Cammell’s 
have just produced for Admiralty requirements the 
largest ingot ever forged. It weighs 150 tons, and is 
93 ft.6in in length. This is only one of the many items 
of big work which the firm have in hand. It was stated 
by the chairman at the annual meeting that they were 
very actively e ed upon rey go marine 
forgings, turbine-drums, orders for H.M.S. Valiant and 
several cruisers, and had a lot of work in hand on railway 
account, both in respect of home and foreign confracts. 
The new tyre-rolling department is doing excellent work, 
and new machinery is to be installed. 


American Ezxports.—The returns of Sheffield’s trade 
with America during the past quarter show an increase 
as compared with the corresponding period of last year of 
67,0202. The total figure for the three months just ended 
is 219,855/. Last year, of course, the coal strike bad an 
appreciable effect. Almost the whole of the increase now 
shown is on account of steel, which represents a figure of 
171,102/., giving an increase of 65,4727. The machinery 
exports advanced from 4371. to 22911. Included in this 
figure was a big tyre-mill, valued at 1645/. The figure for 
saw-plates was 4089. 


South Yorkshire Coal Trade.—The week has not seen 
much change in the position, and the market is still very 
strong in all departments. The demand for hards con- 
tinues at a high level, and collieries have not yet caught 
up the arrears accumulated during the Easter holiday. 
Railway deliveries are now wag bee There is 
a big call for smalls and slacks. Coke is moving in rather 
more free fashion. The house-coal market is strongly 
placed, and far from there being any indications of 
weakening prices, the tendency is in the opposite direc- 
tion. Some reduction in quotations is expected on May 1. 
The present quotations are :—Best branch hand-picked, 
14s. 6d. to 15s. 6d. ; Barnsley best Silkstone, 13s. to 14s.; 
Derbyshire best brights, 12s. to 13s. ; Derbyshire house, 
10s. 6d. to lls. 6d. ; nuts, 10s. 6d. to lls. 6d.; 
small nuts, 9s. to 10s.; Yorkshire hards, 10s. 6d. to 11s. 6d.; 
rough slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s. ; 
smalls, 4s. 6d. to 6s. 


Iron and Steel.—The improvement which was looked 
for in pig-iron buying has not taken place, except in so 
far as quantities for immediate consumption are con- 
cerned. The fixing up of the half-yearly contracts is still 
being delayed, in spite of the firm attitude of the market 
and the ibilities of prices moving up rather than 
down. Makers are in a strong position, and it hardly 
seems likely they will make any effort to tempt business 
by price concessions. Hematite ——— love been 
very consistent, and the variation for some months t 
has only been slight. The deliveries under contract show 
no falling off. As regards the general trades, the weakness 
in new business is still a parent, but there is no diminu- 
tion in activity at the te works. If ordering does not 
show improvement, there may be a slackening off in the 
coming months, but so far the prospects for the most im- 

t branches of Sheffield trade are distinctly good. 

e heavy expenditure of our own and foreign A a 
ments upon armaments continues to provide abundant 
work for the local firms, and there is at present important 
work in hand for Russia, Spain and Italy. ere is 
little doubt that the railway material manufacturers are 
enjoying a phenomenal year. Five local firms are _— 
cipating in acontract for the Argentine Central Railway, 
and for other South American concerns, as well as on 
Indian account, fresh work isin hand. A contract stated 
to be worth 10,0007. has been placed by the Sheffield 

orporation for the reconstruction of one of their tramwa 
depots. The steel wire and rod manufacturers have experi- 
enced for several years very substantial prosperity, and are 
at present very well engaged upon the making of haul 
~ for various purposes. The activity at the shipy 
18 having a very favourable influence upon the Sheffield 
makers of tool steel and tools, and the file manufacturers 
continue to be busily All the special steel 
branches are full of work, and there is exceptionally 
heavy demand upon the available supply of tungsten, 

jum, and other alloys used in the manufacture of 
expensive steels, 





thi Toe Newspaper Press Drrectory.”—A copy of 
is directory for 1913, the sixty-eighth annual issue, 
Sent tous. It is published at the price of 2s. by 

; C. Mitchell and Co., Limited, Mitchell House, 
tind 2. Snow Hill, Holborn Viaduct, £.0. It gives the 
wes of all British newspapers and gutledlea, their 
ane date of establishment, address, publishers, &c. 
a data are given for the provincial publications, 
on clonal journals, mone yo tion -" also given 
Jeading papers in ni tates and in foreign 
countries. The British journals and iodi are 


Sassifed under various i to facilitate reference 


regard to editorial matter and advertising. 


has|an article in the Revue Générale 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The fact that the new tariff 
proposals in the United States suggest that the import 
duty on ferro-manganese iron be increased from 10s. per 
ton to 33s. per ton has been a good deal discussed here 
this week, and the opinion prevails that though the 
addition is a heavy one, it will not interfere greatly with 
the trade between this district and America. Business in 
pig iron is quiet just now. Ferro-manganese is in the 
neighbourhood of 11/. No. 3 g.m.b. Cleveland pig is 66s. 
f.o.b., and that figure also rules for No. 4 foundry, whilst 
No. 1 is 68s. 6d.; No. 4 forge, 65s. 6d.; and mottled 
and white iron, each 65s.—all for early delivery. 
Traders show no disposition to do forward business in 
Cleveland pig iron. t Coast hematite pig is inquired 
for rather freely for early delivery, and buyers experience 
much difficulty in purchasing at 81s. 6d., so short is the 
supply ; but business over the second half of the year is 
possible at 80s. Business in foreign ore is at a standstill, 
and market values are still based on 21s. 6d. ex-ship Tees 
for Rubio of 50 = cent. quality. Coke keeps steady and 
firm, average blast-furnace qualities standing at 25s. de- 
livered at Tees-side works. 


Shipments and Stocks of Pig Iron.—Shipments of pig 
iron from the Tees continue on a satisfactory scale. To 
date this month they average 3391 tons per working day, 
the total despatches reaching 27,130 tons, 24,997 tons of 
which have gone from Middlesbrough, and 2133 tons from 
Skinningrove. To the same date last month the total 
loadings of Bg were returned at 20,330 tons, or a daily 
average of 1 tons, and for the corresponding part of 
April last year the clearances amounted to 23,552 tons, or 
an average of 3364 tons per working day. The stock of 
Cleveland pig iron in the public warrant stores here now 
stands at 210,596 tons, or 3225 tons less than at the 
beginning of the month. 


Blastfurnacemen’s Wages. — The yg = net selling 
price of No. 3 g.m.b. Cleveland pig iron for the months 
of January, February, and March has just been certified 
at 63s. 5.76d. per ton, as compared with 60s. 1.17d. per 
ton for the previous three months. There was thus an 
advance _ of 3s. 4.59d. per ton in the first quarter 
of 1913. is means an advance in blastfurnacemen’s 
wages of 4.25 (4}) pee cent., which raises wages from 35 
per cent. above the standard to 39.25 (393) per cent. 
= the standard. The advance takes effect from the 
th inst. 


Manufactwred Iron and Steel.—There is very little new 
business doing in manufactured iron and steel, but pro- 
ducers keep busy on contracts made some little time ago. 
A feeling exists that orders will not come in until prices 
are reduced, but the present cost of output, manufacturers 
contend, will not admit of values being lowered. The 
price of fuel is at present a serious item. The principal 
market quotations for finished iron and steel stand :— 
Common iron bars, 8/. 15s.; best bars, 9/.2s.6d.; best 
best bars, 9/. 10s.; packing iron, 6/. 15s. ; iron ship-plates, 
82. 2s. 6d.; iron ship-angles, 8/. 15s. ; iron ship-rivets, 
91. 15s. ; iron boiler-plates, 8/. 17s. 6d. ; steel bars (basic), 
7l. 17s. 6d. ; steel (Siemens), 8/. 5s.; steel ship- 
plates, 8. 5s. ; steel ship-angles, 7/. 17s. 6d.; steel boiler- 
plates, 9/. 5s. ; steel strip, 8. ; steel hoops, 8/. 2s. 6d.; 
steel joists, 7/. 7s. 6d.—all less the customary 24 per 
cent. discount ; cast-iron columns, 7/. 7s. 6d.; cast-iron 
railway chairs, 4/. 10s. to 4. 15s. ; light iron rails, 7/. to 
71. 5s. ; heavy steel rails, 6. 15s.; steel railway sleepers, 
7l.—all net at works ; and iron and steel galvanised eorru- 
gated sheets, 12/. 15s. to 131. f.o.b.—less the usual 4 per 
cent. 


Extensions at Smith’s Docks. — At the South Bank 
Middlesbrough, docks of Messrs. Smith’s Dock Com- 
pany, Limited, extensive additions are in course of con- 
struction. Two new docks are being built, and these 
will be a good addition to the facilities for ship repair on 
the River Tees. 





Tue CuemicaL Trape Drrectory.—The fifth edition 
of this book has recently appeared, and although its 
arrangement has not been altered many additions have 
been made to it, both in the alphabetical and classi- 
fied lists. It contains an alphabetical list of names with 


Y | addresses, classified lists of chemical products, &c., with 


the names and locations of the makers, and a of it 
is devoted to useful information regarding the Alkali 
Works Regulation Act, 1906, Census of Production, 
Price Diagrams, Factory, and Workshop Act, &c. It 
measures 10 in. by 64 in., and contains 4 It is 
wh Messrs. Davis Brothers, Strand, 
Londen, 0. 


Tue Mont v’Or Tunne..—In a former ph (see 
page 62 ante) we referred briefly to the flooding of the 

ont d’Or Tunnel. This tunnel is designed to shorten 
the distance between Paris and the Simplon by a short 
cut from Frasne to Vallorbe, leaving out Pontarlier. In 
des Sciences Mr. E. 
Fournier, who has made a complete sooey of the local 
geological formation, states that a further flooding of the 
works may certainly be expected when the heading 
reaches a point which he indicates in a geological section 
of the mountain. The whole tunnel is on a gradient 
towards Switzerland, and Mr. Fournier adds that it will 
gradually drain a very large number of sources of 





rivers which now flow on the French side; the waters 


instead of finding their way to the via the Doubs 


from these sources will aad ay ag | flow to the Rhine | certain 


NOTES FROM THE SOUTH-WEST. 

Cardiff. — Tonnage arrivals, notwithstanding delays 
occasioned by stress of weather, have been sufficient to 
meet current requirements of shippers. Recent colliery 
outputs are reported to have been disappointing, some 
= having been stopped in consequence of renewed 
abour troubles. Colliery owners have shown a disposi- 
tion, accordingly, to advance quotations. House has 
ruled firm and patent fuel has also commanded higher 
prices. Coke has shown little change. The best Admi- 
ralty large steam coal has made 20s. to 20s. 6d. per ton ; 
secondary qualities, 19s. to 20s.; ordinary qualities, 
18s. 6d. to 19s. ; best bunker smalls, 15s. 6d. to 16s. 6d.; 
and cargo 14s. 9d. and 15s. 3d. per ton. The 
best household coal has brought 19s. to 20s.; 
households, 17s. to 18s.; No. 3 Rhondda large, 17s. to 
17s. 6d. ; and smalls, 15s. to 15s. 6d. ton. No. 2 
Rhondda has made 16s. 3d. to 17s.; and No. 2 
smalls, 13s. 6d. to 14s. 6d. per ton. Special foundry 
coke has been quoted at 32s. to 32s. 6d. ; foundry 
at 29s. to 3ls.; and furnace at 25s. to 27s. 6d. per 
ton. As regards iron ore, Rubio has made 21s, to 22s. per 
ton, upon a basis of 50 per cent. of iron, and 
including freight, insurance, &c., to Cardiff or Newport. 

Death of Mr. Vassall.—The death was announced on 
Monday of Mr. R. L. G. Vassall, for the last fourteen 
ears chairman of the Taff Vale Railway Company. Mr. 

assall was trained as a solicitor, and he played a con- 
Pong part in an important action brought in 1900 by 
the Taff Vale Railway Company against the Amalga- 
oats Lag ae oc a oe led to 

e es Disputes Act ber . e@ corm 
lesa awa = - — followed b | men was 
1 , and they brought an action nst the Amalga- 
mated Society to recover damages. Mr. Justice Farwell 
decided in favour of the company, but his judgment was 
reve the Court of Appeal. In July, 1901, the 
House of Lords decided that a trade union could be sued 
in its registered ay ho @ corporate y, and at a 
subsequent conference between the parties the society 

to pay the company 23,0007. The costs incurred 

by the Amal ted Society in the litigation amounted 
to no less ti 50,0007. . Vassall was eighty-three 
years of age. 


Swansea and the East.—A direct service has been estab- 
lished between Swansea and Java, Batavia and Padang 
being alse intended to be visited. Formerly merchandise 
from Swansea and West Wales was forwarded to Liver- 
pool and transhipped there. 


Dowlais.—The steel works have resumed operations. 
The blast-furnaces were not stopped during the Easter 
week, the output being added to stock so as to be avail- 
able for sale. The Goat Mill has turned out steel rails 
of heavy weight, blooms and plates, with a little tin- 
bar, while the steel-sleeper press has been engaged upon 
metallic sleepers for exportation. The Big ill has been 
engaged, as usual, upon fish-plates, light steel rails, 
curves, and angles. 


i 





Cuinesrk Rartways.—A direct railway route has now 
been opened from Shanghai to Peking. Early in December 
a> traffic was commenced from Palow, on the 
Yangtze (opposite Nanking), to Tientsin, and the journey 
is now possible from ay to y= 2 in 40 hours. 
Hitherto the time occupied has been five days. 


Tue Smoke PropieM AND AGricuLturE.—The follow- 
ing notice has been sent us by the Kéniglich Siichsisches 
Finanz Ministerium, Dresden :—The prize competition of 
August 7, 1908, organised by the Finanz Ministerium 
in connection with the prevention of by smoke to 

iculture and forestry, has not given satisfactory results. 
The Ministerium has decided to grant rewards for inven- 
tions which render the proceeding from furnaces 
and chemical works harmless to agriculture without inter- 
fering in any way with the working of the said installa- 
tions. Measures and contrivances which only lead to 
soot-free combustion will not taken into considera- 
tion. All applications will be tested by the Commission, 
instituted by the Finanz Ministerium for the investiga- 
tion of the smoke evil, and the Commission will decide 
concerning them. Applications, which must bein German, 
and with any drawings and anal should be 
addressed to the Finanz Ministerium, II. Abteilung, 
Dresden. Awards may also be granted for literary wor 
calculated to promote the solution of this question. 


Tue “Aca” Frasu-Licut Ratway Sienat.—On 
Wednesday evening, at the Alexandra Park, we bad an 
opportunity of inspecting installations of the “Aga” 
flash-light railway signal. This signal-light was briefly 
described in ENGINgERING, vol. xciii, page 346. It is 
being introduced here by the Gas Accumulator na oom 
United Kingdom), Limited, Westinghouse Building. 
S Norfolk-steeet, London, W.C. ‘The object of this 
particular development is to provide a distinguishing 
signal for use pay in such cases as distant 
signals, for which railway companies sre making efforts 
to secure something rather more readily recognisable 
than the ordinary standard lamp. The “Aga” light 
flashes at a speed which may be regulated over a fairl 
wide range, and t was no doubt left in our mi 
after witnessing the demonstration on Wednesday evening 
that, so far ao being clearly distinctive, it is superior to 
other devices now being tried by certain companies. The 
light, whether red or green, is very sharp and clear, and 
is not confused by the proximity of white light, as in 
i now in use. The illuminant is dissolved 








and the cost of running is vo tam wll We 
Tr. 





and the Saéne as now occurs, 





fete ded with the simple flashing 
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ELECTRICALLY-DRIVEN TRAVELLING GANTRIES; LOWER GANGES BRIDGE, SARA 
MESSRS. RENDEL AND TRITTON, MM. INST. C.E., ENGINEERS; MESSRS. P. AND W. MACLELLAN, LTD., GLASGOW, CONTRACTORS 


(For Description, see Page 494.) 
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Enoingers.—Saturday, April 12, at 2 p.m, in the Wood Memorial 
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will deliver an address to practical men, being some further — 
on “ The Combustion atten mand Coal-Dust in Mines,” 
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e a appointed to make experiments with the view of 


testing Mr. Briggs’s conclusions in his paper on “ ioe wi = 
Fire-Damp and Black-Damp by Means of A’ — 
Mr. Henry Rowan wil a piper eo 


submit their a. 
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“ The Testing of Fans ; A Plea for Standardised Test Conditions.” 
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“The Ph hnysical Properties of Olay,” by Mr. Hancock, 
B.A., F.LC. Mr. William Burton, M.A., F.C.S., wil preside. 
Thureda: vy 17, at 4.30 p.m. Indian Section._—‘The Burma 
Oil- Fiel Mr. N. G. Cholmeley, ©.8.1., late Commissioner, 
Magwe Di - a, Burma. Sir Herbert Thirkell White, K.C.LE., 
late Lieutenant-Governor of Burma, will le. 
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“On the Mechanical Production of Cold, with Some Applications,” 
by Mr. Alex. R. Horne, B.Sc., Assoc. M. Inst. C.E. 

Tae INSTITUTION OF MECHANICAL ENGIN@ERS : GRADUATES’ ASSOCIA- 
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on Coal-Gas Manufacture” will be read by Mr. A. L. Evans, 
Graduate, of Woolwich. Chairman, Mr. Harry E. Jones, M.I. 
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Tue Instirotion or Crvi, Enomneers.—Tuesday, April 15, at 
8p.m., at the Institution of Mechanical Engineers, Storey’s Gate, 
S.W. Paper to te submitted for discussion :—‘* Coastal Sand. 
Travel near Madras Harbour,” by Sir Francis Joseph Edward 
Spring, K.C.I.E., M.A.1., M. Inst. ('.E. Students’ visit, Saturday, 
April 19. To the Cuffley- -Hertford Extension of the Great 
Northern Railway. 

Tar Roya Merroro.osicaL Socrery.—Wednesday, Aprib 16, at 
7.30 p m., at the Surveyors’ Institution, 12, Great George-street, 
Westminster, S.W. Papers to be read :—1. “ The Vertical Distri- 
bution of Temperature in the set and the Work required 
to Alter it,” by Mr. W. H. Dines F.R. Report on the 
Phenol Observations for 1912, fe by Mr. J. .* ee B.A., 
and Mr. R. H. Hooker, M.A. 8. “‘ Meteorological, trical, 
Magnetic Observations during the Solar Eclipse, ‘Apri 17, 1912,” 
by Mr. Speman .A., Mr. G. Dobson, B.A., and Mr. O. Chree, 
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Tue InstiruTION OF MINING AND METALLURGY. — Thursday, 
April 17, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed in the order in which they are given :—‘‘ Notes 
on Some Bulgarian Mineral Deposits,” by Mr. Herbert K. Scott 
agg ay ** Notes on the San Fr Mill, Pach , Mexico,” 

by Mr. J. P. Holcombe (Student); “ Errors ‘in Sampling and 
Assaying Ores due to the Presence of Coarse Gold,” by Mr. Franklin 
White (Member). 

THE INSTITUTION OF cre: Enorneers.—Friday 18, at 
8p.m. The President, Sir H. Frederick Donebieos i .O.B., will 
deliver his address. 

Roya Instrrvtion oF Great Brrrain.—Friday, April 18, at 

9 p.m. A discourse will be delivered by Mr. omas Martin 

Lowry, D.8c., F.C.S., on “ —— of ‘Polarised Light ” (with 
Experiments). Afternoon lectures next week at 3 o'clock. 

Fore April 15. On ‘* The Heredity of Sex and Some Cognate 
my P fi William Bateson, M.A., D.Sc., F.R.S., 

Fullerian Pro’ lessor of Physiology (Lecture I.). Thursday April 17. 











“The of Hittite Studies: (1) Recent Explorations,” 7 
Bank, | Professor John Garstang, M.A., B.Litt., F.S.A. Saturday, April 19. 
(1) “B io,” by Prof Sir Walter — WA. 


THE CUNARD “LINER “ AQUITANIA.” 

Next week a special supplement of ENGINEERING 
will be devoted to illustrating and describing the 
new Cunard liner Aquitania, which is to be launched 
on Monday, April 21, by the Countess of Derby from 
the yard of Messrs. Jchn Brown and Co., Limited, 
Clydebank. 
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LOCOMOTIVE PRACTICE AND 
RESEARCH. 


Tne charge is sometimes levelled at locomotive 
engineers that, com with others connected with 
the development of steam practice, they show but 
little progress. It is, of course, a fact that the 


504| bulk of the locomotives at present running are 


a ; — _ ee a | Mater Reet -  Cheensiag ae simple non-condensing engines with tubular boilers 
Notes from South York- | Methodioal Exporiasents of a type developed long ago. On the other 
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the use of hot feed, superheating, and compound- 
ing, to say nothing of the more recent develop- 
ments of turbines and mechanical gearing. The 
marine engineer has in fact tried most of the 

sible schemes of making the most of the heat avail- 
able, whereas locomotive men are apt to insist that 
for their work there is nothing like the ordinary 
engine. The reasons for this are not obvious to! 


the outsider, but are nevertheless cogent. The 
actual working time of a locomotive, on which any 
improvement can alone justify itself, does not 
occupy the whole working life of an engine. The 
result is that when lighting up coal, consumption 
during standing time, light mileage, and other 
factors are included, as these are similar to all 
engines in one class of traffic, small economies, 
which would be appreciable on a long spell of regular 
running, are reduced in proportion. As the financial 
as) to take into account the whole time of 
the locomotive, and not only that spent in service, it 
is nae a acute. Savings may not be completely 


swamped a but, being on only a portion 
of the mh re ti 7 do not show up so well as 
is expected from claims made on test results. It 
would not be reasonable, therefore, to accept as 


absolutely reliable, as was done by a speaker in a 
recent discussion at the Institution of Mechanical 
Engineers, a high figure for economy shown by the 
records of the coal-stage, when more careful tests 
showed a lower figure. In service some discount 
would be expected off the test figures even if they 
were for regular working conditions ; and if, as 
they did in the case referred to, they related to 
fuel consumption for running time only, the fi 

could tee be ex to be fully maintained, 
and pareve + not exceeded, by over-all results. 

The same reason probably accounts for the fact 
that the exhaust-steam injector sometimes fails to 
show more than a small saving overa lo riod. 
The saving which accrues by its use is ov owed. 
In this, as in other instances, there is also the addi- 
tional chance that the appliance may not be kept in 
use to the utmost extent — there being always 
a stand-by injector available if the men insist on 
using it. Clearly, therefore, it is desirable not to 
stop at any one system capable of producing small 
economies on test, buf to work towards making 
the whole plant efficient, so that for the work done 
as little coal as possible need be burnt, and as little 


and|as possible of the heat available rejected. The 


larger the showing for any system, the more valu- 
able will be its ultimate effect on the coal-bill, 
since the incidental coal consumption remains con- 
stant. There is thus no reason why locomotive 
engineers should rest content, as so many seem 
inclined to do, at any system giving, say, 20 per 
cent. economy. We heard recently of an American 
superintendent of motive power, who, though he 
had used feed-water heating quite estistactorily for 
a number of years, was now turning his attention 
to superheating, as he thought there was more to 
be got out of that. Taken se tely, that may or 
may not be so—it probably is if superheating be 
carried far enough ; but the two systems are not 
antagonistic. They can be combined without inter- 
ference. Engineers in other practice would be very 
reluctant to agree that they might be used as alter- 
natives, and not in combination. 

It is interesting to notice from the recent dis- 
cussion at the Institution that while feed-heating 
by direct condensing has shown a considerable 
saving on the London, Brighton and South-Coast 
Railway, the exhaust-steam injector, which, after 
all, is a condenser, showed very small savings on 
the Lancashire and Yorkshire and on the Great 
oe Railways. The difference in the feed 

the large diff attained hardly seems to account for 
the e difference in the economies reported. The 
couiiahdinn system of feed-heating may carry the 
temperature to 210 deg. Fahr. Higher tem tures 
may be obtained, however, with proved advantage, 
for some conditions at least. It is clearly worth 
while to work in the direction of the highest feed 
temperature, no less than it is advantageous to 
adopt the best arrangement of ee 

As regards the various aspects from which bo 
superheating question must be viewed, the dis- 
cussion last week at the Institution was disa —_ 
ing. The story so a propagated, tro 
German sources, that there is no gain for “ae 
first 100 deg: Fahr. of superheat was again brou - 
forward, although Mr. Churchward stated 
he was getting satisfactory results with an ap appe- 
ratus giving little more than that amount. 
always been difficult to understand why yn 
should be, so to k, a critical point at the 
100 deg. Especially is this so in the face of authen- 
ticated figures on record showing very appreciable 
economies for the moderate degree systems. Two 
speakers, we think, on this matter of superheating, 
offered rather loose criticism of the paper. They 








argued that gee of generation was of no 
moment compared with the net result of efficiency 
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of generation and consumption. Nowhere in their 
paper did the authors s t otherwise, but they 
were none the less perfectly justified in pointing out 
that if two systems giving approximately the same 
degree of superheat were compared, that having 
the benefit of higher efficiency of generation would 
have the advantage. In view of the facts adduced 
with regard to cheapness of conversion, such a com- 
parison was quite proper, and was more complete 
than that e by speakers in the debate. 

There is no doubt, of course, that efficiency of 
generation is a matter of importance. The ideal 
would be to combine a high efficiency in this direc- 
tion with high efficiency in the engine. At present 
the high-degree superheater system proves satis- 
factory because the gain in the engine more than 
counterbalances the loss in the generator ; but if 
the future develop a high-degree superheater more 
efficient than the present smoke-tube system, 
it will secure a distinct advantage. The substi- 
tute would naturally also have to commend itself 
from the practical point of view. This again is a 
point on which there is a great tendency to con- 
fuse issues. All smoke-box heaters, for instance, 
are not alike, and they cannot all be sweepingly 
condemned as objectionable in type. They differ 
so materially in design and application that some 
are undoubtedly less open to criticism than others. 

The practical point of view must ever be borne 
in mind, of course, as must also the financial. 
It would appear, however, that recent develop- 
ments as regards locomotive engineering have 
suffered rather from an excess of ‘‘ business talk,” 
and from a lack of careful engineering investigation. 
If a system backed by sound principles does not 
justify itself, it ought to be possible to bring the 
cause for the failure home more commonly than is 
usually done. There is also much conflicting 
evidence which it is extremely difficult to reconcile. 
The suggestion, therefore, made by Mr. Churchward, 
that engines might be built tojointdesign and worked 
over several associated lines in turn, is extremely 
interesting. Were such a scheme feasible, it might 
afford some explanation for many conundrums now 
insoluble; but we must admit that we do not think 
the scheme to be very practicable. The second 
suggestion made, that the Institution of Mechanical 
Engineers might perhaps find it possible to embark 
upon research work of the kind conducted at 
Purdue and Altoona, in the United States, seems to 
afford an easier way of settling some of the points 
in dispute. The Great Western Railway possesses 
at Swindon an excellent locomotive testing plant, 
and if the company could be prevailed upon to give 
facilities to a research committee appointed by the 
Institution for testing locomotives on it, valuable 
decisions might be arrived at from its use. There 
would, we fancy, be little difficulty in finding a 
suitable man to put in charge of the work. An 
investigator such as, perhaps, Professor Dalby would 
do excellently, and much of the work might be 
carried on as a vacation course for one of the engi- 
neering colleges, by which plan plenty of voluntary 
assistance would assured. The bulk of the 
expense could come out of a common fund sub- 
scribed to by various railway companies, and such 
companies would probably welcome the chance of 
having their locomotives tested. There are points 
of engineering moment on which such tests give a 
much clearer indication than do the ordinary road 
tests, in which results are fogged by a multitude 
of variants. 

It is surprising that with all our endeavours to 
make headway in engineering science, with schools 
and colleges up and down the land, only recently 
has railway engineering been taken at all seriously. 
In America, it must admitted, they are pay- 
ing this large branch of the profession more of 
the attention which is its due. In addition to the 
Pennsylvania testing plant, on which so many tests 
have gt carried out, there are, besides less- 
known plants, two important installations for 
locomotive testing at Purdue University, Indiana, 
and at the University of Illinois, Urbana. At 
the former plant, inaugurated by, and for long 
in charge of, Dr. W. F. M. Goss, there is in use a 
locomotive, of comparatively small size, which has 
been altered from time to time, so that the research 
might cover various modern developments. At the 
new installation at Urbana, Dr. Goss has a plant 
which is capable of being adapted to almost any 

locomotive up to and including those of the 
eight-coupled type. No ial engine is provided 
for this plant, and it will be e available for 
railway companies generally. It is anticipated 





that the railroad companies will freely avail them- 
selves of the facilities for having engines tested on it; 
and with Dr. Goss as Dean of the College of Engi- 
neering, and Professor E. Schmidt as Professor of 
Railway Engineering, we may expect that valuable 
results will accrue, and that they will be as freely 
= as the results of other investigations 

ve been in the past at Purdue and at the Univer- 
sity of Illinois. It would be a great thing if by 
some means similar investigations on representa- 
tive British locomotives could be carried on here, 
and we hope the suggestion made last Thursday 
evening at the Institution of Mechanical Engi- 
neers will bear fruit. At present little is accurately 
known of British locomotive performance and very 
little of a truly comparative nature. Tests on a 
suitable plant might lead to much enlightenment, 
and, if undertaken on a well-organised scale, might 
be arranged to show the effect of variations between 
types, and also between engines of the same class 
embodying different developments. 





INSPECTION OF CAST-IRON PIPES. 

THE proper inspection of cast-iron pipes is gene- 
rally regarded as a necessary and important matter 
by engineers dealing with water-supply systems. 
Cast-iron pipes are cheap, but the waste of water, 
the damage and inconvenience caused by a broken 
pipe, and the time and labour required to open up 
the roadway and remove and replace it, may be a 
serious matter. It is therefore necessary to make as 
certain as possible that when the pipes are laid 
down they are sound and suitable for their purpose. 

To this end elaborate specifications are often 
drawn up by the consulting engineers, but the 
drawers of these specifications sometimes appear 
to forget the character of the works where the 
pipes will probably be cast. They appear to assume 
that the works will be laid out to suit their require- 
ments and will be devoted entirely to their order, 
with the result that when the order is placed the 
inspector appointed finds he cannot carry out all 
the requirements of the specification unless he is to 
delay greatly the delivery of the pipes. He is 
therefore obliged to use his own judgment as to the 
inspection ; this is generally satisfactory if he 
knows his work, but it may lead to disputes. 

Specifications usually state that the pipes must 
be cast from metal remelted in the cupola, the 
quality. of metal to be such that a test - bar of 
given size, either 1-in. square or 2 in. by 1 in., will 
support a certain weight in the centre without 
fracture or undue deflection. The pipes are to be 
cast vertically, socket ends down, and are to be 
tested by water pressure and rapped from end to 
end with a 7-lb. hammer while under test. They 
are to be slowly and carefully rolled on a level 
surface to ascertain whether the thickness of 
metal is uniform and whether the pipes are 
straight ; they must be gauged at the spigot and 
socket ends, and a plug 12 in. long and } in. less 
in diameter than the pipe must pass freely through. 
Various letters and numbers are to be cast on 
each pipe, and they are to be coated while hot 
with a certain water-proof composition, usually Dr. 
Angus Smith’s. 

The ng sage is sup to see to all this, and 
as a rule he does his t to; but what are the 
actual conditions at the works? 

Most of the principal pipe foundries in this 
country are old works, which have grown, and been 
added to from time to time, until they cover a large 
area of ground. Some of the epee are quite 
modern, and others quite out of date although still 
in use. In some cases there is an old and a new works, 
which may be separated by a quarter of a mile or 
so. Some of our large foundries turn out 10,000 
tons a month of pipes and other castings; they 
may have several large orders running and hundreds 
of smaller ones, ranging from one small pipe 
upwards. These large foundries have blast-furnaces 
and make and sell pig ; but they cast pipes from 
blast-furnace iron as well as from cupola iron. 

The pipe-casting shops are not all together, but 
scattered all over the works; there are sheds 
devoted to the casting of large pipes, others to 
small pipes, and other shops, again, for special 
pipes and other castings. Test-bars are usually 
cast in these last shops, very rarely in the same 
shed as the pipes are cast. Sometimes there is 
no cupola in a pipe-casting shop, and the iron is 
brought in a ladle from the cupola somewhere else. 
There are seldom enough proving-presses to test 
the pipes as quickly as they are cast and fettled. The 





test-pumps for special pipes are usually inadequate, 
slow in action, and are often placecin the open yard 
without shelter. There are sometimestwice or three 
times as many i tors present at the works as 
there are test-pumps available, so that they have 
to take their turn, and are lucky if they are able 
to put in a full day’s work at the pumps. 
he manager of the foundry cannot keep his 
eyes on everything ; he does not go out of his 
way to interfere unless he gets complaints from 
a Meanwhile the running of the works 
is left largely in the hands of working fore- 
men—men who know their work very well, but 
whose main object is to get as many pipes passed 
as possible. If the inspector likes to take pipes 
that he ought not to take, they will not prevent 
him ; he will get the blame if there is any com- 
— afterwards. The manager of the works, 
owever, will blame the inspector for delay in 
delivery if he thinks he is too particular in carrying 
out the requirements of his specification. 

It will thus be seen how difficult it is for an 
inspector at a large foundry to insist on the pro- 
visions of his specification and still get his pipes 
passed through quickly, and how easy for the 
works to get the better of him, if they wish to, 
and he is not very alert. 

Test-bars cast separate from the pipes are practi- 
cally a farce ; all they prove, in most cases, is that 
a certain quality of iron is being produced in the 
works. But how can the inspector be sure that 
that is the iron he is getting in his pipes? He may 
see the pipes being cast, have some of the iron 
poured into a small ladle, follow it to the small 
castings shop and see some test-bars run ; but he 
cannot very well mark them, and when he sees 
them cold next morning in the test-house he cannot 
be certain that they are the same bars. Besides, 
his pipes are possibly being cast in two or three 
different sheds at the same time, and at night as 
well as in the daytime. Most inspectors see 
some bars cast once or twice, and after that 
call at the test-house each morning, and are 
told : ‘‘ These are your bars, Mr. So-and-So.” 
Test-bars should be cast on the pipes themselves, 
at the socket ends, one bar to so many pipes, 
according to size and weight, and the bars should 
be left on the pipes, so that the inspector can 
stamp them before they are broken off, or when he 
has seen them broken off himself. A pipe with a 
test-bar would, of course, require a more expensive 
moulding-box and more care in the preparation 
of the mould, but it would be well worth it. 
The size of test-bars again is a point that the 
inspector must watch ; they often vary in thickness 
or depth by as much as }in., which, of course, 
affects their strength. The size of a bar should 
be taken at the centre, or at the point of fracture 
if broken under test, and the rough skin and sand 
should be filed off where the size is taken. 

Rolling pipes to ascertain whether the thickness 
is uniform is often impracticable; there is not 
enough room, the gantries are seldom quite level, 
and rolling takes too much time; it is better to 
caliper them with the long pipe-calipers provided 
by the works. The minimum and maximum thick- 
nesses for the metal are often specified in per- 
centages ; it is better to state them in definite 
fractions of an inch—for instance, that the maxi- 
mum permissible thickness is not to exceed the 
thickness specified by more than 4 in., nor the 
minimum thickness to fall below the specified thick- 
ness by more than y in. It should also be specified 
that the difference between the thick and the 
thin sides of any pipe should not exceed a given 
fraction of an inch, which, of course, would vary 
with the different thicknesses of pipes. Thin places 
may be looked for at the spigot ends of pipes, and 
at the bottom of the socket where it joins the 
straight pipe. Ordinary straight pipes can be 
cast venting uniform, and close to specified 
thickness if the usual care is exercised by the 
moulders and they are used to the work. But 
specials, such as bends and branch pipes, which 
are cast horizontally, often vary considerably in 
thickness, being generally thicker than specified. 
It is usual to specify the weight of each size of 
pipe, and to place the order on the understanding 
that not more than a given small percentage—2} to 5 

r cent., according to the kind of pipe—will be paid 
or over specified weight. This obviates the necessity 
for the inspector to see all the pipes weighed ; all 
he has todo is to weigh an occasional pipe 45 4 
check. 

There are times when the question of blast- 
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furnace versus cupola iron enters into pipe inspec- 
tion. Ifthe works are rushed and the inspector 
js lax or ignorant, blast-furnace iron is sometimes 
used instead of the cupola iron specified. This 
may be done without the chief officials of the 
works knowing anything about it. Unless the 
inspector knows the works well he cannot be 
certain whence all the ladles of iron he sees about 
are coming. He may see a ladle, for instance, 
half full of iron taken to a cupola and filled up ; 
the first half may be iron taken direct from the 
blast-furnace, but unless he has followed the ladle 
about he does not know this. He cannot be 
always in the casting-sheds; he will be stationed 
probably for hours each day at the testing pump. 

If the inspector actually detects a ladle of blast- 
furnace iron being used to cast his pipes and reports 
the matter at once to the foreman or manager, he 
will probably be told that those are not his pipes, 
and before he comes next day they may be put out 
of sight and the distinguishing letters chipped off, 
and this, again, without any knowledge on the 
part of the responsible officials of the firm. There 
are many inspectors who cannot tell from the 
appearance of a pipe whether it has been cast 
from blast-furnace or cupola iron, and some blast- 
furnace pipes would deceive an experienced in- 
spector, while some cupola pipes have the graphite- 
speckled surface characteristic of blast-furnace 
pipes. The fracture, however, shows what kind 
of iron the pipe has been made of, the cupola-iron 
being, of course, much closer in grain. Test-bars 
cast on the pipes would make this quite clear, 
while separate test-bars can not be relied upon. 
Green blast-furnace pipes generally sweat freely 
under the test pressure, but if they are left out in 
the open for a few weeks to rust up a little, or are 
coated before being tested, as some inspectors 
will allow, they will past the test all right. 

The water-pressure test is, perhaps, the most 
important point in the inspection of cast-iron pipes. 
The pipe-founders say that they test every pipe 
themselves before it leaves the works, and as a 
matter of fact they do test most of the pipes they 
make, whether they are to be inspected or not; 
but they test very quickly, and as long as the pipe 
does not burst, or leak very badly, they — it asa 
good one. The writer has very frequently rejected 
pipes for leakage after they had been tested by 
the works. The inspector should see every pi 
tested, and examine it from end to end while 
the pressure is on. This gives time for the water 
to find its way through the spongy places. But 
to keep the pressure on for five minutes, or more, 
as is sometimes specified, would take too long, 
and this provision is practically never carried 
out. Where leakage occurs in straight spigot and 
socket pipes it is generally at the spigot end. 
The greater part of the inspection of straight 
pipes can be done at the test-pump. At the large 
oundries the principal test-pumps are laid out with 
a long gantry for pipes on each side, a weigh-bridge 
forming part of the gantry. When pipes to be 
tested have been fettled and the ends have been cut 
off, they are placed, with the socket ends all one 
~ way, on the gantry on one side of the pump, rolled 
one by one into the pump, tested, passed over the 
weighing-machine, and rolled on to the gantry on 
the opposite side of the pump, to be taken from 
there to the dipping-tanks. 

After seeing a pipe tested the inspector can check 
the weight and thickness, uge the ends, and 
stamp and book it while another pipe is being put 
into the pump and filled with water. But if he do 
all this properly, he cannot get through more than 
from 25 to 50 tons a day, depending on the size of 
the pipes, and if there are a number of special 
Pipes in the order, and test-bars to break, he will 
sean heey average as much. Therefore, when 
n Inspector reports large weights of pi assed 
every day his principals may be tality oetads that 

@ is leaving some of the inspection to the works 
officials, and they would be well advised to send 
someone down to the works for a day to see a few 
Pipes properly tested and inspected, and to note 

@ time taken to get through a dozen or so. 
Of course, a great deal depends on the inspector. 
A man with years of experience at pipe inspection, 
who has inspected hundreds of times before at the 
same foundry, knows exactly what he wants, what 
defects to look for, and what the works can do. 
On the other hand, the works know what he wants, 
and give it to him, so that he gets through much 
more work in a given time than a man with only 
slight experience of pipe inspection, who sticks 





closely to his specification, insists on details, 
and often misses the important points altogether. 
The weather, season, kind of test-pump used, and 
the character of the men who work it, all affect the 
number of pipes which can be got through in a 
day. But the average rate is not very high at most 
works, and engineers should be chary of giving the 
inspection to men who quote very low rates, as such 
men are probably inspecting several orders at the 
same time, and cannot give full attention to each. 

The inspection of special pipes is always a slow 
business. The test-pumps for specials are often 
old-fashioned hand-pumps placed out in the open, 
so that in wet weather it is impossible to test. It 
takes a long time to bolt blank flanges on, especially 
where the pipe-flanges are not drilled and clamps 
have to be used, and it takes longer still to blank 
up the ends of socket and spigot pipes. Checking 
the dimensions of special pipes takes time, espe- 
cially where there are bends in two planes, or 
at angles other than right angles. The drawings 
of special pipes supplied to the works and the 
inspector often show the angles of bent and branch 
pipes marked in degrees. It is often difficult to 
check these angles correctly with the appliances 
at the works, unless the inspector has special angle- 
gauges made; it would be better to give the 
distance where possible across the ends of the pi 
from centre to centre. The draughtsman should 
bear in mind that two straightedges, a square, a 
tape, and a rule are the usual appliances for check- 
ing the dimensions of special pipes. 

ith regard to the coating of pipes, it is often 

specified that they must be heated in an oven 
before being coated. The usual arrangement at 
the works is to have large tanks sunk in the ground, 
filled with composition kept hot by steam or fire, 
and to dip the pipes in cold. Unless the inspector 
sees his pipes heated they will be dipped cold. 

Turned and bored joints on pipes require careful 
attention from the inspector, as the turning and 
boring machines at the works are often old and not 
usually kept in the best of order, the men are paid 
piecework, and they use worn gauges. The in- 
spector should use his own gauges for checking the 
taper, and occasionally have a Pm put together. 
The use -of limit-gauges should be a for 
turned and bored pipes, as this enables the in- 
spector to reject at once all pipes the taper ends 
of which are over or under the limit. It is also 
necessary to check the turned faces of flanges 
on pipes to ascertain whether these are exactly 
square with the axis of the pipe, otherwise 
the pipes will be out of line when bolted up. 
It is not often that holes in pipes are filled up 
with lead, although it is done ie = = 

nsive special pipes. The inspector should have the 
broken up when he finds this has been done. 

en commencing the inspection of a large 

order, especially at a works where he is not known, 
an inspector will be well advised to reject freely at 
firet. He will then have less trouble afterwards, as 
the workmen and officials take their cue from him, 
and if they see he is lax, or does not know his 
work, they will not be particular what they put 
before him. 

The writer does not suggest that the sole aim of 
all the pipe foundries is to get their pipes past the 
inspectors somehow or other. Such is not the 


case by any means. Firms could not have built| y 


up their enormous businesses on these lines, nor 
would they be sending pipes, as they do, to all parts 
of the world. But at the same time there are few 
pipe inspectors who have not had cases where the 
works were trying to get the better of them. 
In the great majority of these cases the head 
officials at the works are quite free from blame. 
Usually it is the under-foremen and leading 
hands who try to palm off defective pipes on the 
inspector, not so much through fraud, but because 
these men are uneducated and have not had much 
experience as a rule outside the foundry. They 
think they know more about cast-iron pipes than 
any consulting engineer or inspector, and they 
have a great contempt for any special refinements 
in the way of testing or inspection. If they think 
a pipe is good enough they will try by every means 
to get the inspector to take it, and if he is not 
careful he wil it on Wednesday after he had 
rejected it on Monday. After all, inspection is, in 
its essence, similar to all operations in which a 
man is engaged in the work of seeing that others 
do their duty conscientiously, and do not give way 
to the carelessness and obstinacy which are inrate 
in all of us, 


THE WHEEL AND THE ROAD. 


At the meeting of the Institution of Automobile 
Engineers on Wednesday last Colonel Crompton, 
the engineer to the Road Board, read a highly 
instructive paper upon the mutual relationship of 
the wheel and the road. At the outset he empha- 
sised the unfairness of the demand sometimes made 
to the effect that mechanically-propelled vehicles 
should be subjected to noes | taxation. Such a 
tax on transport would, he said, retard progress, 
and was unjustified in view of the merely tempo- 
rary character of the existing drawbacks to motor 
traffic. In the meantime, Colonel Crompton sug- 
gested that much might be done to reduce road 
wear by the adoption of er wheels, Many 
commercial motor vehicles, he said, had steel 
wheels generally 40 in. to 41 in. in diameter, and 
such wheels injure the roads very much more than 
rubber-tyred wheels of the same size. In fact, to 
be equivalent to a rubbher-tyred wheel, Colonel 
Crompton said that a steel-tyred wheel should be 
at least three times as much in diameter. The draw- 
back to the use of large steel-tyred wheels lay, he 
proceeded, in their weight and in the difficulties 
they occasioned in loading and unloading a wagon. 
Where, however, long journeys were taken, he 
thought that this latter inconvenience was of small 
importance compared with the reduction, the adop- 
tion of such wheels would make, in the wear and 
tear of the roads. 

a, he said, had been made in the 
daily Press that roads should be paved with rubber, 
but even could the latter be obtained at 6d. a 
pound the cost would be quite prohibitive. The 
speaker thought, however, that sufficient elasticity 
could be introduced into the roads by the adoption 
of an artificial asphalt sheeting, the cost of which 
promised to be such as to make its use practicable 
on many main roads. This asphalt was made, he 
said, by taking the bitumen left as a residue in 
petroleum distillation, and combining it with an 
equal weight of finely-ground “filler,” which might 
be lime, clay, or Portland cement. The addition 
of this filler increased the ‘‘ covering” power of the 
bitumen without materially decreasing its resilience 
and mechanical strength. The product thus ob- 
tained was used as a binder for the ground flint or 
shingle which formed the bulk of the asphalt 
sheet. Ordinarily, the speaker said, this sheet 
would require from 20 to 30 per cent, of the binder 
in question. 

Referring to the Road Board’s experiments, 
Colonel Crompton said that to make the whole of 
these on the roads themselves would be very 
expensive, and the variability of our climate greatly 
a matters, increasing the cost of the 
work, and rendering more difficult the drawing of 
definite deductions. In consequence, a road-testin 

lant had accordingly been installed at the Nationa 

hysical Laboratory, consisting of a building con- 
taining a cireular track, on which experimental 
lengths could be laid down and tested to destruction 
by heavily-loaded wheels driven over the surface. 
This experimental track was completely protected 
from the weather, but could be artificially heated, 
watered, or frozen, and with this plant it was hoped 
to arrive at results within a few months, which 
could otherwise not have been acquired for 


ears. 
With reference to tar-spraying, Colonel Crompton 
said that when 2 lb. to By Wb. of tar were per 
square yard the effect, when first applied to water- 
bound macadam, did not extend more than } in. to 
? in. below the surface. When, however, the 
material was coated before laying, and the quantity 
of tar was increased to 224 lb. per square yard, the 
voids in the road metal were almost completely 
filled. Slag, the speaker stated, was superior even 
to the Mee th stones, as it was less easily crushed 
or broken in the roadway. In the system of pitch 
grouting introduced by the Road Board the metal 
was rolled down in the dry state sufficiently to bring 
the stones well into contact with each other, but not 
enough to close the voids, which were then filled 
with a hot binder consisting of pitch melted and 
mixed with its own volume of hot sand. The double- 
pitch grouted macadam introduced by Mr. Brodie, 
the city engineer of Liverpool, gave, he said, 
some of our strongest roads. On the Thames Em- 
bankment a bituminous “ carpet” 1} in. thick was 
laid above the metal, and this system he strongly 
recommended where the amount of traffic justified 





the cost. The metal below the ‘ it” was 
pitch-coated macadam. The cost of this type of 
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roadway could, he thonght, be reduced to a figure 
which would enable it oh Be on a great many 
of our main 





CONDITION OF THE SHIPBUILDING 
TRADE. 

NarusaLLy those interested in the shipbuilding 
industry are sereng + | keenly for every indication 
which will throw light on the question as to how 
long the present abnormal activity will continue, 
and the return issued this week by Lloyd’s Register, 
indicating that there are 94,000 tons more merchant 
shipping in course of construction in the various 
yards in the United Kingdom than was the case 
three months ago, will be regarded as satisfactory. 
It must not be assumed, however, that this result is 
altogether due to a development of demand for A 
ping ; nor is it a promise of its maintenance. With the 
recent great advance in wages to operatives in the 
shipbuilding yards, and the increased cost of all 
materials due to higher wages in steel and ancillary 
works, the prices quoted by builders for new ship- 
ping have had to be — greatly increased. Another 
contributive cause is the increased charges due to 
recent legislation. As a consequence of the higher 
prices quoted for all types of new shipping, there is 
much more hesitancy in placing orders, and the 
feeling in shipping circles is that until the prices 
become steadier there will not be many new ships 
put into construction. The increase shown in 
Lloyd’s Returns is due to the bringing into evidence 
of work which.was placed sometime ago at more 
favourable terms than are now quoted. The opinion 
is therefore growing that the recent brisk demand 
for new tonnage has been met, or, at least, that it 
will not be maintained unless the cost of ships is 
reduced. 

The total number of vessels, excluding warships, 
now in course of construction is 563, with a col- 
lective tonnage of 2,063,694 tons gross. This, as 
we have said, is 94,000 tons more than at the end 
of the past year, and is due to the fact that while 
158 vessels, of 386,866 tons, were launched in the 
quarter just ended, the number of vessels on which 
building operations were commenced was 176, with 
a total tonnage of 489,798. A-few vessels on which 
work has been commenced have been stopped for 
some reason or other. Compared with a year ago, 
the total incr: ase is 377,000 tons. Thus the total 
marks another new record so far as work in p 
is concerned, and the upward movement has n 
continued since the middle of 1909, with two slight 
checks—one towards the end of 1910, and the other 
in the autumn of 1911. It remains to be seen whether 
after the impending check there will be a continued 
upward rise ; but, as we have indicated, prices have 
ceased to be conducive to that result. When the 
warship tonnage is added to the total, the result 
is still more striking. We tabulate the main fea- 
tures of the work on hand now, three months ago, 
and at the end of September last :— 

March 31, Dec. 31, Sept. 30, 
12, 1912, 
Tons. 

1,846,829 

122,240 

264,648 

117,650 


2,341,367 


Merchant ships. . - 
Warships in dockyards 
H.M.8. in private yard 

Foreign warships... 


Total 2,620,005 2,466,940 


It will thus be seen that the aggregate, including 
warships, is 153,066, tons more than three months 
ago, and 278,638 tons more than six months ago. 
As fom merchant work, the improvement is 
shared by all the districts. in the Glasgow district 
there are 126 vessels, of 497,238 tons, in progress, 
about 30,000 tons more than three months ago 
and 110,000 tons more than a year ago. At 
Greenock, where 71 vessels, of 311,482 tons, are in 

rogress, the increase is 11,420 tons on the figure 
ie the end of the vear, while as oh ooe with 
April last year the increase is about 50,000 tons, 
On the Tyne there are 76 vessels, of 335,310 tons, 
in process of building, 23,000 tons more than three 
months and 74,000 tons more than a year 
ago. At Sunderland there are 58 vessels on the 
stocks, with an aggregate tonnage of 245,674 tons, 
which is 13,500 tons more than at the beginning 
of the year and 44,624 tons more than twelve 
months ago. The position on the Tees has 
not improved since the end of last year, but 
the tonnage is 24,000 tons more than twelve 
months ago, the total number of vessels now in 
progress being 34, of 108,210 tons. At Hartlepool 
the tonnage was 78,230 tons a year ago, and 








98,844 tons three months ago, while now it is 
106,805 tons, the measurement of 22 steamers. 
There has been very little change in the situa- 
tion at Belfast, the figures ranging from 326,740 
tons to 330,390 tons, the total of the 26 vessels 
now building. At Hull there is a slight increase, 
the 39 vessels now building being of .30,229 tons. 
At Liverpool there has been an advance from 15,688 
tons to 44,927 tons. It may be added that the 
warships in progress include ten battleships, some 
of which, however, are in a fairly advanced stage, 
two battle-cruisers, one of which is ready for 
trial, six light-armoured cruisers, four protected 
cruisers, one third-class cruiser, 36 torpedo-boat 
destroyers, and 13 submarine-boats, all for the 
British Navy ; while the foreign work includes four 
oe te one battle -cruiser, and eight other 
vessels. 





NOTES. 
Tue Larcest Ocean Surps OF THE Past 
Tuirty YEARS. 

In view of the launch at the Clydebank Works of 
Messrs. John Brown and Co., Limited, on the 21st 
inst., of the Cunard Liner Aquitania, the largest 
express steamer so far built, it may be interesting 
to indicate the great growth in size of the ‘‘ largest 
ships” afloat during the past thirty years. These 
are set out in the appended table :— 





| 


Year. | Length. m. -t 





Ship. 
loumend Liner Servia as 
|American Liner New York 
{Cunard Liner Campania .. 

1899 | White Star Liner ic .. 
1901 White Star Liner Celtic 


1904 |White Star Liner Baltic .. ..| 709 

1906 White Star Liner Adriatic . . -;| 709 

1907 Cunard Liners Lusitania and) 

| Mauretania - 3 ..| 790 

1910 | White Star Liner Geet --| 883 
Hamiburg-America LinerImperator | 
Ounard Liner Aquitania .. “a 


CO MWKHOCe C~0008 


|Hamburg-America Liner Vater-, 


50,000 





The New York had as consort the Paris, and the 
Campania had as sister-ship the Lucania. The 
ong agg og 1897 and 1907 built five 
large ships of high speed corresponding to the 
Kaiser Wilhelm If but, with the aati of this 
ship, none of them was the largest ship afloat at 
any time, owing to the series of White Star liners 
built between 1899 and 1906. The honours for 
8 during these years rested with the North 

erman Lloyd, and were only recovered by Britain 
when the Cunard liners Lusitania and Mauretania 
were built in 1907. Since then these ships have 
taken first place in speed, although the White Star 
liner Olympic has now premier position in respect of 
size. is year we shall have not only the Aqui- 
tania, but the Imperator and Vaterland, the former 
entering service in May, and the latter and the 
Aquitania some months hence. These will make 
the number of vessels of over 30,000 tons in service 
six. The Lusitania and Mauretania, however, will 
still remain supreme in speed. 


A Devetorpment oF Morion Srupy. 


A development of the methods of motion stud 
has recently been made by Mr. Frank B. Gilbreth 
in connection with the reorganisation of the works 
of the New England Butt Company, of Providence, 
R.L, U.S.A. “The development consists essentially 
in the use of a cinema ph to record the 
motions made by workpeople when carrying out 
operations in the shops. The cinematograph 
replaced the usual trained observer who, with a 
stop-watch, recorded the time taken to carry out 
the various motions, which a make up the 
operations. The cinematograph is used in connec- 
tion with a special chronometer, which has a 
large face, round which a single hand makes 
ten revolutions a minute. The face is divided 
into 100 divisions around its circumference, 
so that each division, owing to the speed of 
the hand, represents ;,4,; minute. The chrono- 
meter is set up in the neighbourhood of the work- 
man whose motions are being studied, and in such 
a position that it is reproduced on the cinemato- 
graph film alongside the figure of the workman. It 
will be clear that the film, after development, con- 
stitutes a complete record of the motions of the 
workman, and that the absolute time of each of these 





motions, down to fractions of,a second, are easily 
ascertained from the figures,of the chronometer on 
the film. The onpeniorny, of the method over a 
system of personal observation with a stop-watch 
will beclear. The cimematograph film forms « per. 
manent record, which may be studied at leisure, and, 
if necessary, with a detail which is not possible in a 
series of visual observations of the workman’s 
motions. As a further refinement on this method, 
studies of operations which involve the movement 
of the workman about the shop are carried out in 
a ial room, the walls and floor of which are 
divided up into squares by bold lines. These lines 
are reproduced on the cinematograph film, and 
form a measure from which, in conjunction with the 
chronometer indications, the actual speed of motion 
of the workman during his various movements can 
be directly ascertained. It may appear that this 
method of time-motion study will prove more 
costly than a system of stop-watch observation, 
but in the absence of direct information we are 
unable to say if this is the case. 


Tue Associate MemBersHtP EXAMINATION OF THE 
INSTITUTION OF ELEecTaiIcaL ENGINEERS. 


It will be remembered that some months ago it 
was decided by the Institution of Electrical Engi- 
neers that an examination should be instituted for 
applicants for associate membership. The conditions 
which are to govern that examination have now 
been made public, and it has been decided that on 
and after June 1 of this year candidates for election 
into, or transference to, the class of associate 
member shall be required to pass the examination. 
The possession of certain qualifications will, how- 
ever, serve as an exemption. The examination will 
be held twice annually, in London, at about the end 
of ag and the end of October, while, if the 
number of candidates warrant, it may also be held 
in other centres. It will extend over two days, and 
will be divided into two parts. The first part 
will cover either an English essay or a translation 
from either French, German, Italian, or Spanish, 
and in addition a paper on applied mechanics, and 
one on either general elementary physics or 
chemistry. The second part will consist of two 
papers on one of the following subjects:—(a) Elec- 
tricity supply ; (b) electric lighting and power; 
(c) electric traction ; (d) telegraphy ; (e) telephony; 
(f) application of electricity to mines ; (g) electro- 
chemistry and electro-metallurgy ; (h) manufacture 
of electric machinery (including works management); 
(i) design of electric machinery and apparatus. 
The papers in Part II. will contain a certain number 
of optional questions on administrative and econo- 
mic matters. The fees for the examinations are to 
be 2/. 2s. for the first entry, and 11. 1s. for subse- 
quent entries. No detailed syllabus of the subjects 
of examination is to be published, but, as far as it 
is possible to judge from the particulars given, it 
seems that the examinations are to be conducted on 
broad and fair lines, and without too much scholastic 
flavour. We are pleased to be able to say that 
slide-rules are to be allowed in the examination 
room, and that mathematical tables will be pro- 
vided by the Institution for the use of candidates. 
We should have been still more pleased, however, 
if we had been able to say that the use of note- 
books would be allowed in the examination. We 
still await, more or less patiently, the advent of an 
examining body in this country which will have 
the cour to allow candidates to take books of 
reference into its examinations. 


Tue CHEemMIcaL EXAMINATION oF Liquip FUEL. 


A paper read last January before the Liverpool 
Section of the Society of Chemical Industry by Mr. 
W. Hamilton Patterson, M.Sc., on ‘* The Chemical 
Examination of Liquid Fuels,” deserves attention, 
though it is rather statistical. Mr. Patterson has 
analysed and examined seventeen different oils, 
and he tabulates the values of his analyses and 
calorific and other determinations. But owing to 
the + variety of the products, none of which 
sre definite compounds, and the ambiguity of the 
nomenclature, it is not easy to draw general con- 
aay re from his Eten co a gp his ae 
tion does not a icularly apposite. . 
Patterson woul Maistinguish between ‘‘oil fuels 
to be burnt in external combustion, e.g., under 4 
boiler, and ‘oil fuels” for internal-combustion 
engines. A distinction is called for, but we do 
not think the terms suggested will obviate mis- 
understandings. The latter oils should be volatile, 
they should not corrode the cylinders, and not 
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deposit carbon in them ; for the former the essen- 
tial requirements are high flash-point and high 
calorific value in addition to cheapness. As regards 
the sources, Mr. Patterson distinguishes :—(1) 
Crude petroleum or petroleum —— and resi- 
dues; (2) tar-oils from coal distillation, coking 
and producer plants ; (3) liquids or oils from vege- 
table or animal sources ; and (4) oils from lignite, 
peat, wood, or shale. Classes (2) and (4) clearly 
are rather closely related, we should think, and 
quite distinct from class (3), which is wedged 
between them. Why the seventeen oils studied 
are arranged in this order, the author did not say. 
They are merely styled: fuel-oil for a torpedo- 
boat destroyer, ordinary crude petroleum, liquid- 
fuel oil, Admiralty fuel oil, residuum, ‘‘ black 
oil,” solar oil . . . a coal-tar oil, gas-oil, &. 
Apart from the coal-tar and gas oils, which had 
higher densities than the other oils (1 or more, 
against 0.82 or 0.92 in the other cases), and lower 
calorific values (about 16,000 B.T.U., against about 
18,000 B.T.U.), many of the chief properties did 
not appear to differ very much. e flash-points 
differed widely. The coal-tar and gas oils flashed 
at 77 deg. or 90 deg. Cent., and other oils at 
from 120 deg. to 187 deg. Cent. Some of the 
oils were suitable for Diesel engines ; the coal-tar 
and gas oils were not, owing poe to their low 
calorific values and to the deposition of carbon. 
One feature, Mr. Patterson pointed out, was very 
important for Diesel engine fuel—the viscosity 
of the oils. In the case of a petroleum pro- 
duct fractionated above 200 deg. Cent., the vis- 
cosity (taking the viscosity of water as unit) was 
69 at 15 deg. Cent., 32 at 18 deg. Cent., 15.5 at 
25 deg. Cent., 5.5 at 50 deg. Cent.,; and 2.7 
at 75 deg. Cent. Thus the oil showed a great 
sensitiveness to the temperature at low tempera- 
tures, and that made a very marked difference. 
The Diesel engine could take a fuel which would 
not visibly flow at ordinary temperature, if the 
oil had previously been heated ; but the oil might 
become too volatile, and leak through the valves ; 
and if the engine took the fuel at a temperature at 
which the viscosity curve was steep, trouble might 
ensue, because the rate of flow would fluctuate. 
Mr. Patterson also dwelt on the importance of 
distinguishing the gross calorific value, as obtained 
in the Mahler bomb, from the corrected value, 
which was the essential thing for doing work. To 
make the proper correction it was necessary to 
know the amount of hydrogen and also of free 
water present in the oil; the hydrogen could be 
accurately determined only by an elementary 
analysis, but the German modification of Dulong’s 
empirical formula was generally sufficiently exact, 
also as regards the deductions to be made from the 
gross calorific value on account of the sulphur and 
nitrogen in the oil, which were converted into sul- 
phuric and nitric acids. 





DIMENSIONAL ARITHMETIC. 

By Sypney H. Sretrox, B.Se., A.M. Inst. C.E. 

A PHysiIcaL quantity is expressed by the produet 
of two terms; one of these factors is the unit or 
standard with which the given quantity is compared, 
and the other factor is merely numerical, and shows 
the ratio of the given quantity to the standard. 
Thus 6 ft. expresses a Yength which is six times 
caged than the selected standard—namely, 1 ft. 
t is clear that a quantity may be expressed in terms 
of any unit of the same physical dimensions, and 
also that if the unit is increased in a certain ratio 
the numerical factor must be decreased in the same 
ratio. Thus 1 yard = 3 ft., hence 6 ft. can be 
expressed as 2 yards; the standard or unit has 
been multiplied by 3, and the numerical factor has 
been divided by 3. This shows clearly that the 
use of the word ‘‘ product” in the opening sentence 
is fully justified, and that the oily’ can be dealt 
with in precisely the same manner as the numbers; 
in the face of this it seems unaccountable that 
almost every authority on physics advocates openly 
or tacitly a system of separating the two factors at 
the start of a problem, and writing in the correct 
unit after the final numerical result has been 
obtained.* Such a system has many faults, and 
opens up a multitude of us pitfalls for the 
unwary. Of course, a ial chapter is generall 
devoted to the subject of dimensions, but in all 
Probability the sight of negative and positive 





Dr. W. Stroud’s lec iversi 
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indices attached to capital letters representing 
mass, space, and time, gives to the elementary 
worker the impression of higher mathematics, 
whereas the more advanced student can generally 
get the correct result without such aids, and so 
never appreciates their value.— 

To suggest the necessity of any alteration when 
dealing with simple expressions in which the only 
units are foot, second, and pound, would probably 
be judged as a sign of pedantry, although even in 
the simplest cases it is V capers that a better gri 
of the elusive ‘‘g” could be obtained by the method 
advocated in this article. The method may be out- 
lined by the following two rules :— 

1. Write both factors of every expression and 
treat words and numbers in a isely similar 
manner. The correct units of the result will then 
be given with the same assurance as the correct 
numerical factor. 

2. Include in all formule the necessary units, 
and treat symbols representing physical quantities 
as containing both factors, and not merely as 
numbers. : 

Take as an elementary example the question of 
speed. A point moves a distance of 10 ft. in 
2 secs.; its mean speed is the distance moved 
divided by the time, or 

10 ft. ft. 


mean speed = 9 =5—. > 


We get the unit of speed when this numerical 
ratio is unity, as when a distance of 1 ft. is 
covered in 1 sec. This is referred to as a speed 
of 1 ft. per sec., the word ‘“‘per” meaning ~. 
Particular care should be taken not to define speed 
as the distance passed over in unit time; it can 
never be a distance, although it may numerically 
be equal to a distance. It is essentially a ratio 
between a space and a time, and this idea assists 
materially in realising the meaning of speed at a 
point, or the limiting value of this ratio when 
the distance is small. 

The alteration of units can be effected by merely 
striking out any unit, and writing in its equivalent 
in terms of any other. Thus ‘‘1 ft.” could be 
replaced by ‘‘}yd.,” and ‘‘ sec.” by ‘* gy min.” 
More methodically the same effect is obtained by 
multiplying the given speed by a series of fractions, 
each equal to unity; the words of the fractions 
are arranged to cancel as required, and since each 
fraction is unity, the result is unaltered in value. 

Thus 


2 ft. a? ft. om e 60 sec. _ 2x60 mile 


= 1 mile 60sec. _ 2x 
sec. sec. 5280ft. 1 min. 5280 min. 

The chance of the very common slip of multi- 
plying instead of dividing by the reducing factor 
is entirely avoided, and the working is peculiarly 
easy to check when set out as above. 

Again, the mass of a body is ens by the 
ratio of a force to the acceleration which that force 
could produce in the body ; so that if a force of 
6 lb. can produce an acceleration of i2 (ft. per sec.) 
per sec., or 12 ft. per sec.”, the mass of the body is 

6 Ib. _ 95 1b. x 800.” 
19_*t. ft. 
sec.? 
It so happens that this ratio is most easily deter- 
mined by weighing the body at a place where the 
acceleration due to gravity is known. The weight 
W divided by this acceleration g is a measure of the 
mass in convenient units from the engineer's point 
of view, for any other acceleration f will be pro- 
duced by a force P, where 


P=Wwxtior™ xt, 
g g 





It should be noted that a ‘‘ standard pound ” 

only weighs ‘‘1 lb.” whereg = 32.2 ft. per sec.* ; 

its mass is, of course, constant, and may be ex- 

pressed as ‘‘1 lb. mass” or by the ratio W +g as 

above ; in the latter case the mass of 1 lb. is 

1 Ib, wt. x sec.? 
S35: ° 


or, as it is often called, — (engineer’s unit of 


mass). 

It can be shown that. the.stress (f) in a ring 
ae with a peripheral speed v is given by the 
‘orm 


w v2 
fa 


g 
where. w is the weight of the material divided by 





the volume. 





It is convenient to calculate f in lb. per sq. in., 
w in lb. per cub. in., v in ft. per sec., and g in 
(ft. per sec.) per sec., and so the formula is often 
quoted as 

fa 12 wv 
._=—— 

In this form it is correct only for this cular 
set of units, and there is always a risk of error in 
adapting the formula to other units ; the symbols 
are, of course, used to represent numbers only, 
and not the complete quantities. 

The present suggestion is to define each symbol 
as before, and give after it, in brackets, the most 
convenient units, but to quote the formula as 


— 12 wv | in. —— in. x sec.? 
. ee a 

If, then, these units are adopted, the result is 
automatically given in pounds sq. in., and, 
indeed, the words may be omitted by any operator 
objecting to the system, and the working is iden- 
tical with the former method. On the other hand, 
say the operator, retaining the words, puts w = 
450 lb. per ft.*, his result is still correct, but its 
units contain the inconvenient term (in.* + ft.%), 
the value of which is 172s; hence he sees his slip 
at once, cancels i . 
gets his reeult in Ibs. per sq. in. without any chance 
of error in the alteration of units. 

In most of the examples given below the solution 
is given in the original units of the question, as 
shown by the portion enclosed in brackets; the 
reducing ratios are then added so as to get the 
result into the required units. In practice the words 
can be omi in simple work, and in many cases 
can be reduced to more convenient units before 
inserting in the equation. It is strongly recom- 
mended that no actual units should appear on the 
left-hand side of the equation. Thus, if a horse- 
— is required only, the word ‘‘ power” should 

written, and the result reduced, so that H.P. 
appears automatically on the right-hand side. 

(a) Find in ft.-lb. the kinetic energy of 150 tons 
moving at 10 miles per hour :— 


150 tons = (° miles 2 
32.2 ft. hr. )} 
sec.? 


‘ (mny.. F 2. 2240 Ib, 
mile ton) ton 
oi 150 x 10? x 5280? x 2240 
=zsx = =. FL ft. x Ib. 
(6) Reduce lb. per in.* to kilogrammes per cm.”, 
given that 1 kilo. = 2.20 lb., and 1 in. = 2.54 cm. 


jb yl , Ikilo , ( Lip y 


, replacing it by ;74,5, and so 


K.E.= 4m v -{i x 


in? in? ~ 2.90 Ib. ™ (264 om. 
2 1 kilo. 
2.20 x (2.54)? om.7 
(c) Find the water supply at 700 lb. per in.’ 
required to develop 10 h.-p.; neglect all losses. 


10 x 38,000-ft.-1b. ’ 
Rate of supply =_POW®r — mee. ft. 


pressure 700 Tb. " 144 in.? 
in,? 


— 10 x 33,000 ft.* 


700 x 144 min. 


(d) The deflection of a beam of span | under a 
central load W is given by the formula 
we 
8EI’ 
where E is Young’s modulus for the material, and 
I is the second moment of the cross-section of the 
beam. Adjust the coefficient so as to read 8 in 
inches when W is in cwt., 1 in feet, I in (inch)', 
and E=30,000,000 lb. per inch?. 

In the above formula it will be seen that both 
sides are of the same physical dimensions, and the 
formula is correct as it stands for any unite; it 
remains to add a series of reducing factors, so that 
when the quantities are expressed in the varied 
units given in the question, the result will appear 
as required without unn cancelling. is 
can be done by the following expression :— 


we 112 Ib. x 1728 in.® 


2 * 











$= 





8 x 30,000,000 BS. 7 low, ft? 
In. 
_ 112x178 . We in. 

8 x 30,000,000 I owt. x ft." 


The numerical portion can now be worked out, 
and when the values of W, 1, and I are inse 
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the units will cancel so as to give 8 in inches as 


required. : 

"te The flow of water through a V-notch is given 
by the formula F =0.305 H!, when Fis the number 
of cub. ft. per minute, and H the height of water in 
inches. Alter the formula to suit when F is in 
cubic metres. per hour, and H is in cm. 

Treating and H as expressing the actual 

quantities, the formula would read 


F = 0.305 Hf =——_**? _ 
min. X 


(inch)? 

so that for H in inches the right-hand side becomes 

ft.° per minute. 7 
This can now be altered to suit any other units 

by the aid of reducing factors ; for the given condi- 


tions 
0.0283 metre* 


ft.3 
F = 0.303 Hi ihe 


min. x (inch)! * 
60 min. linch \$ 
*~ Thr. «(a4 a 
_ 0.308 0.0288 x 60, (metres)? 
(2.54)8 cm.z x hr. 
(f) A horizontal jet of water 1 sq. in. in cross- 


section strikes a vertical plane surface at speed of 
40 ft. per second, and flows off along the surface. 


What is the pressure on the surface ? 
change of momentum 
time 
_ mass x change of velocity 
time 
62.5 Ib. x 40 =| 


Pressure = 


x __ft3 
144 in.? 


1 i n.? x 40 ft. x 
sec, 


32.2 x 144 B. 

Conclusion.—The following advantages of the 
system seem to be beyond dispute :— 

1. It draws direct attention to the physical 
dimensions of the quantities dealt with, and it 
prevents such misleading statements as ‘‘ mass is 
the weight divided by 32.2.” 

2. Every term has its unit attached in the 
preliminary writing down, and hence the work is 
easy to follow, both for checking and for inspection 
by another person. 

3. The operator is prevented from making a slip 
in the units due to oversight, notably, for example, 
when g ap in a formula where inches are used 
for linear dimensions. 

4. It forms a useful check on the formula used, 
as the omission of any term or alteration in a 
power is indicated by the appearance of the wrong 
dimensions in the result. 

5. Conversion of any formula from one set of 
units to another is made with certain accuracy. 

6. Formule are expressed to suit any convenient 
units, but are correct for all units. 

7. No extra labour is involved ; the operator 
must know the units at the start, and, if inserted, 
they must give correctly the units expected in the 
result. 

Whether looked on as a means of impressing on 
students the physical meaning of dimensions, or 
whether looked on as a check on arithmetical calcu- 
lations, the system seems to offer many advantages, 
and no di —— compared with the systems 
usually adopted. In addition to this a pocket-book 
with formule quoted on these rational lines could 
be worked from with greater assurance than with 
the present system, and could be almost instantane- 
ously adapted to suit any system of units. 








Tue InstiruTion oF Locomotive Enoinrrers.— On 
Saturday, the 5th inst., the Institution of Locomotive 
Engineers held their annual dinner at the Holborn 
Restaurant, Kingsway, W.C., the company numbering 
between fifty and ony The chair was taken by the 
President, Mr. Henry Fowler, Chief Mechanical Engineer 
of the Midland Railwa’. The toast-list was commend- 
ably short, as were also the speeches themselves. The 
President proposed the toast of the Institution, and spoke 
of the advan of engineering societies on the various 
lines, and of enhanced value of such a society as the 
Institution of Locomotive Engineers, in which representa- 
tives of the various railways could meet and in 
ideas. The Chairman of the Institution, Mr. C. A. 
Suffield, opted, Subsequently Mr. Lawford H. Fry 
pro e guests, remarking that the company in- 
cluded representatives of our colonies depen- 
dencies and of foreign countries, in addition to others 
from various railways at home. Mr. A. J. Hill, loco- 
motive superintendent of the Great Eastern Railway, 
responded. An excellent me of music was pro- 
vided, and altogether the evening proved to be a most 
enjoyable and successful one. 


THE LATE PROFESSOR ADOLF SLABY. 


Tak electrical age is not the age of long memories. 
Professor Slaby, who died at Charlottenburg last 
Sunday, April 6, was, three and two decades ago, most 
popular among German engineers and electricians, 
and well known abroad ; but the young electrician of 
our days may hardly remember his name. Throughout, 
@ particularly original electrical engineer, he per- 
haps exercised a considerable influence. He had 
been president of the Elektrotechnische Verein, and 
rector of the Technical High School at Charlotten- 
burg, which re-elected him many times, when he came 
in personal contact with the Emperor William II. 
while installing the electric light in the famous Weisse 
Saal of the Royal Castle in Berlin. He was thereby 
enabled to carry on experiments on radiotelegraphy 
in the Royal parks on the Havel River and lakes, not 
far from Berlin ; and in conjunction with one of his 
early assistants, Count Arco, he made there and 
elsewhere many of the experiments on which the 
Slaby-Arco system, which eter on merged into the 
Telefunken system, was based. In 1897 Slaby estab- 
lished connection by Hertzian waves between two 
captive balloons, 14 miles apart. Illness obliged Pro- 
fessor Slaby two Pow ago to retire, and a repeated 
paralytic stroke deprived him of consciousness a fort- 
night before his actual death. 





TWENTY YEARS OF THE GERMAN COAL 
SYNDICATE. 

THE Rhenish-Westphalian, or, as it is generally 
called, the German l Syndicate, was formed on 
February 16, 1893, and has thus existed for two 
decades, during which period the syndicate has exer- 
cised a very material influence, not only upon the 
German coal trade, but upon German industries 
generally. At that meeting in 1893, at which the 
coal mines of the iron works of the Osnabriick dis- 
trict, and those of less than 10,000 tons annual pro- 
duction, as well as those mines which had refused to 
join the syndicates, and three mines, which for some 
special reason were not represented, or, in any case, 
were not taken into consideration, a provisional board 
was elected,{and Essen choren for the headquarters of 
the syndicate. Negotiations, extending over several 
years, preceded the formation of the syndicate, which, 
in a preliminary way, started work on March 1, 1893, 
the final arrangements, however, not being completed 
till August 1 of the same year. 

The Rhenish-Westphalian Coal Syndicate is the 
largest trading concern in the world, gauged by 
its turnover, and it has attracted the attention of 
the public, of governments, of legislatures, of science, 
to an exceptional degree ; and the criticism levied 
at its actions, et at the outset, was not by 
any means always of a friendly nature, and it came 
from what may be called experts in industrial politics, 
and from a portion of the industrial community. 
The hostile criticism eventually caused the Imperial 
Government, in the year 1903, to make German kartels 
the subject of an investigation, which resulted in 
convincing not only those more directly concerned, 
but also the public generally, that the —— brought 
against the 1 Syndicate were unjustifiable, even if 
some mistakes had admittedly been made at the out- 
set and during the earlier years of itsworking. Of 
late years the Smee Government, the Parliaments, 
and the Press have taken a far more favourable view 
of the principles and mode of working of the Coal 
Syndicate, and it is now admitted on almost all sides 
that the Syndicate has been instrumental in giving to 
the German coal-mining industry an impetus, the results 
of which farexceed even the most sanguine expectations. 
It is now by no means a matter of indifference to the 
Imperial Government whether or not the €oal Syndi- 
cate is prolonged after the termination of the present 
agreement, and some two years ago it was admitted 
on all sides in the Prussian Diet that the maintenance 
and renewal of the Coal Syndicate was a matter of 
the utmost importance to the Prussian State. 

Prior to the formation of the Coal Syndicate the 
coal-mining industry of the Ruhr district, generally 
speaking, was unremunerative, and this industry was 
he'd in but poor esteem, in many cases, excepting 
some periods of exceptional buoyancy, the concerns 
being beet going only at an actual loss. The pos- 
session of a -mine was for many years, rather 
than not, the reverse of an asset. As a result ex- 
cessive econom ity, wages conse- 
pene A falling to extremely low figures; and with 

eclining prices, and the continuous development of 
the mines, larger sales became essential. As fore- 
runners of the Coal Syndicate, sales- unions were 
formed, but most of these were short-lived and 
inefficient, a somewhat conspicuous exception bein 
the Westphalian Coke Syndicate, in Bochum, whic 
existed for thirteen years before it was eventually 
absorbed by the Coal Syndicate. The formation of 
the latter is entirely attributable to a desire to make 
the Westphalian mining industry remunerative, so 


beca a 








that the immense amount of capital invested in it 


should yield some interest. Asa natural sequel it has 
been possible to raise the standard of wages to 
reasonable level, and they are now less influenced 
by varying markets in the Ruhr district than ip 
most other large industrial branches. The state of 
the mines themselves has also been much improved 
during the time of the Syndicate, and may now, in 
numerous instances, be looked upon as of a model 
character. 

Cause and effect often become involved, and, no 
doubt, the immense development of German industries 
during the last twenty years, and the growth of the 
production of the coal-mines of the Coal Syndicate, 
are closely bound up together; but some share of the 
former can, no doubt, be attributed to the latter, 
inasmuch as the proper handling of an important 
5 ond always means increased facilities to the industry 
at large. 

The following table illustrates the growth of the 
production of the Coal Syndicate during the last twenty 
years :— 





Sale of 
Briquettes, 


tons 
694,025 
943,732 


Sale of 


Production of | 
Coal. Coke. 





tons 


11,063,194 
13,375,831 





93,797,666 

Whilst within the above twenty years the produc- 
tion of coal in Upper Silesia rose from 17,100,000 tons 
to about 40,000,000 tons, and that of the State coal- 
mines in the Saar district from 5,900,000 tons to 
12,500,000 tons, the production of coal of the mines 
under the Coal Syndicate rose from 33,500,000 tons to 
93,800,000 tons. 

The renewal of the Coal Syndicate will not be an 
easy matter to bring about, and preliminary negotia- 
tions, which have now been proceeding for some years, 
have not, so far, led to any definite result. Hopes are, 
however, expressed on all sides that the collapse of 
eo combine will not be permitted to take 
place. 





PgrsonaL.—From the 8th inst. the offices of the 
British Chamber of Commerce, Paris (Incorporated), have 
been transferred from 17, Boulevard de la Madeleine to 
9, Rue des Pyramides, Paris. This change has been 
rendered necessary by the rapid extension of the 
Chamber’s work. 


British Coat Propuction.—The production of coal 
in the United Kingdom in 1912 was 262,865,341 tons, or 
9,012,783 tons less than the output of 1911. The aggre- 
gate of 262,865,341 tons, representing the production of 
1912, was made upas follows :—Scotland, 40,032,193 tons ; 
Northumberland, 28,442,753 tons; Durham, 25,993,058 
tons; Yorkshire and North Midlands, 65,356,084 tons; 
Lancashire (Munchester), 10,607,577 tons; Lancashire 
(Liverpool) and North Wales, 15,938,946 tons; South 
Wales, 50,267,923 tons; and Midlands and Southern 
Counties, 26,266,807 tons. 


Tue LiveRPoot CoRPoRATION TRAMWAYS.—The annual 
report of the general manager of the Liverpool Cor- 
poration Tramways for 1912 has just been issued. As 
usual, the report is a most complete and excellently 
—— document. It appears from it that the 

Yorporation has now 119 miles of track, and operates 
27 different routes, one of which is served by motor- 
ompibuses. First-class cars are run on six of the routes. 
On these cars the outside fares are the same as on 
other cars, but the inside fares are from one and « half 
times to double the ordinary fares. The first-class cars 
have proved profitable in practice. The average length 
of a penny stage is 2 miles 802 yards, and the average 
fare per r is 1.128d. The longest route 6 
12 calles 253 yards. The Corporation hasa total stock of 
587 cars and 3 motor-omnibuses, two of which latter are 
of the Stevens petrol-electric type. The total 
number of passengers carried in 1912 was 134,249,967, an 
increase of 4.4 per cent. over 1911. The total mileage 
run in 1912 was 12,590,408, an increase of 1.5 per cent. 
over 1911. The total receipts were 631.071/., an increase 
of 5 per cent. over 1911. The total revenue in 1912 
amounted to 668,2201, the spmating, cote to 425,0180., 
and the gross fit to 243,202. e net profit was 
133,8572. 138. 11d., an increase of 19,1251. 17s. 5d. over 
1911. During the year 1912 thirty-four persons were 
either knocked down by, or fell in front of, tram-cars, and 
in all cases they were pushed clear of the wheels, by the 
Liverpool plough life-guard, without serious injury. 
There were seven fatal accidents during the year, mostly 
due to people walking against or falling from cars. The 

ration now cover their own Third Party Risk, 
having taken it over in May, 1908, at which time they 
were paying an insurance company 11,580/. per annem. 
Since taking over the risk the rporation have 
18,5552. on claims, an average of 3976/. a year. 1 hese 
figures show a saving on the old ment of 35,485/. 
and of this sum 26,549/. have been Placed to « § 





compensation fund. 
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THE ROSYTH NAVAL BASE. 
To THE Eprtor oF ENGINEERING. 

Sir, —Some time ago attention was drawn in the 
columns of one of the daily papers to the design of the 
Rosyth Naval Base. The design was adversely criticised, 
on the ground of insufficient depth (a) in the closed 
basin, and (b) on the graving-dock sills. It was pointed 
out, first, that in the event of the emergency entrance 
caisson being prevented from closing, owing to damage or 
accident, 44 as the jamming in the entrance of a 
damaged ship, the depth in the closed basin would be 
reduced at low water of spring tides to 22 ft. 8 in., with 
the result that all ships in the basin of greater draught 
than this would bs aground, and almost certainly vitally 
damaged by straining ; second, that when a ship had to 
be brought in for dry-docking through the em ~ 4 
entrance at neap tides there would beat high water a dep’ 
of only 33 ft. 4 in. on the dock-sills, whereas a damaged 
battleship would probably draw 36 ft. These criticisms 
have not been met, and there does not ap to be any 
answer to them which is likely to satisfy either public or 
professional opinion. : 

The construction of the graving docks and north wall 
of the closed basin is now so far advanced, and the work 
is being carried out so rapidly, that the advocated proce- 
dure of deepening the basin and lowering the dock sills 
is fast being placed beyond the — of practical possi- 
bility, not only on the ground of the expense involved in 
undoing heavy work already done, but use the delay 
entailed would be greater than our naval uirements 
and situation would permit. The problem therefore to 
be faced is how the defects in the design can now best 
be remedied or minimised. The soundest procedure 
would appear to be to do away with that source of danger, 
the emergency entrance, and, instead, construct another 
lock—in this case, for economy, a lock pure and simple— 
parallel to and inshore of the existing one. The duplica- 
tion of entrances would thus be maintained, with the 
immense added advantage that the basin level need never 
be lowered for the entrance or exit of a ship under 
any circumstances, but could be permanently kept at the 
level of high water of spring tides, thus ensuring a con- 
stant and sufficient depth of 40 ft. 4 in. in the basin and 
37 ft. 8 in. over dock sills. x 

The safeguards against reduction of the basin level 
would also ape increased by this construction, as 
either caisson of the lock would serve to hold up the basin 
level in the event of dam: to the other ; besides which, 
additional protection could be provided against emer- 
gency by fitting the basin side of the inner lock sill to 
take a ship caisson. With the present design, a da 
ship arriving at low water outside the emergency 
entrance will have to wait and be kept afloat for five 
or six hours till she can be taken in at high water—those 
who have had experience will appreciate what this 
means for a water-logged and sinking ship; with the 
lock entrance a damaged ship could taken into the 
basin and docked without delay at any state of the tide. 

Yours truly, . - 





STABILITY DEVICES FOR AEROPLANES. 
To tuk Eprror oF ENGINEERING. 

Sir,—In my letter of February 24, 1913 (see page 436 
ante), I said that the advantageous effect of negative 
angle lateral balancers is not interfered with by giving 
both balancers an initial negative angle of incidence 
which is useful for other reasons of stability. Some of 
the advantages of this use of the negative angle have 
recently been discussed by Mr. Berriman in Flight. It 
seems possible that one important advantage of an 
initial negative angle of incidence behind the centre of 
gravity of the machine arises from the fact that it virtu- 
ally introduces the well-known stabilising principle of 
the upward longitudinal V, and that, if the negative wing 
tips or separate negative lateral balancers are set suffi- 
ciently far back, and sufficiently wide apart laterally, the 
distribution of pressure on the system as a whole is even 
more conducive to stability than in the case with an 
aeroplane with a simple upward V between the main 
plane and the tail and having the latter set at a negative 
angle, as I have attempted to show in the accompanying 

rams. 

‘ig. 1 shows an aeroplane with upward V between 
main and tail planes, the tail plane being seb at a nega- 
tive angle. 

Fig. 2 shows an aeroplane with negative ry or 
— lateral balancers set far back and wide apart 

rally. 

In Fig. 1, though the principle of the upward longi 
tudinal V is introduced, this type seems less likely to 
stable laterally than the one shown in Fig. 2, in which 
two diagonal upward V’s between main and tailing-planes, 
along the dotted lines, are introduced, thus tending to 
diagonal or both longitudinal and lateral stability com- 
bined on the same principle. An initial negative angle 
of incidence given to well-receded wing-tips or to separate 
balancers does actually appear to impart some extra 
stability under ordinary conditions, at all events, and the 
above theory is tentatively advanced as one possible 
explanation. If it is correct it would appear to be un- 
hecessary, where there are negative wing-tips, to adopt also 
# lateral dihedral, with its attendant d vantages in the 
main planes. I should like to take this opportunity of 
explaining more clearly my reason for advocating the use 
of the independent working of lateral negative-angle 


balancing-planes or wing-tips; and - objection to 
attempting to right an aeroplane laterally 

means—such, for instance, as the introduction of an 
additional negative angle on one side and an addi- 


— positive angle on the other, as appears to be 


by any other 


introduction of a positive angle which did not exist 


prior to the action of attempting to right the aero- 
plane results in a new drag on that side of the aero- 
plane, which is presumably the side which it is 
intended to raise, and this back drag is prejudicial to 
raising that side of the aeroplane. A similar prejudicial 
effect 1s produced by increasing an existing positive 
angle. It is therefore dangerous to introduce a new 
lateral positive angle in the action of righting an aero- 
plane, and we have to resort to manipulation of lateral 
negative angles, as the birds appear todo. If we have 
two lateral planes normally floating in the wind, we must 
dip one of them with front edge down and rear up, 


have two lateral planes set at an initial negative angle, 
we may increase the negative angle of one, or uce 
that of the other, or do both of these things, but we 
must not be able, even by accident, to impart a positive 
angle to either of them. This is easily arranged by 
having the control wires connected in such a way as to 
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make it possible to pull the planes in one direction 
only, that of the negative come of incidence. The con- 
ditions of flight are so varied that it is not safe to y 
entirely on either theory or model experiment, and 
shall, if possible, put these theories to practical tests on 
the aeroplane I am building ; but I think it is a pity that 
the nation is not doing more than it is at present in 
vetineting with models at the National Physical 
Laboratory ; and if we are to spend large sums on avia- 
tion in the near future, as seems probable, it might be 
worth while to consider the advisability of constructing a 
wind channel sufficiently large to take even a full-sized 
aeroplane with a pilot at the controllever. As this would 
certainly save the smashing up of many aeroplanes and 
their pilots, and would end the innumerable controversies 
and uncertainties of the present s of progress, it 
would appear to be worth a considerable financial sacrifice 
to uire, and it does not seem that the engineering 
difficulties involved are insuperable. Such a channel 
would, moreover, probably provide the best means for 
testing the strength, as well as the stability and flying 
powers, of new aeroplanes and new devices for them, an 
would be useful in school work. 
Yours truly, 


H. S. WiLpesioop. 
Meerut, India, March 6, 1913. 





THE BONECOURT BOILER. 

To THE Eprrog oF ENGINEERING. 
Srr,—An interesting question is raised by the report 
of tests of a Bonecourt boiler, on page 367 of your issue of 
the 14th ult. For the test of January 13, without the econo- 
miser, the temperature of the escaping gases is given as 
568 deg. Fahr., and the efficiency 87.8 per cent. Assuming 
that there was no loss by radiation, that combustion was 
rfect, that the specific heat of the gases above 568 deg. 
‘ahr. is a constant, and that the tem ture of the 
mixture of air and gs before combustion was that of 
the atmosphere, say, 68 deg. Fahr., then the temperature 
of the gases of combustion immediately upon ignition 
may be calculated as follows :— 


(100 — 87.8) : 100 :: (568 — 68): (T — 68) 
T = 4167 deg. Fahr. 
This temperature could be reached only by having the 
excess air supply rd much smaller than is customary, 
and it is a question whether the high efficiency is not due 
to the low excess of air, producing an ex ingly high 


ture, rather than to the so-call 
combustion.” The high rate of evaporation = square 
or by the 


whence 


initial tempera’ 

foot of tubular heating surface is accounted 
fireclay filling of the tubes, 
the heating surface, carryin 
by conduction, just as the ri 


which acts as an extension of 
heat to the metallic surface 
do in a Serve tube. 
ours truly, 
Ws. Kent. 





Practice in some aeroplanes at present. The 


Montclair, N.J., March 25, 1913. 


so as to introduce the negative angle on that side. If we | 98° 


“THE DESIGN AND CONSTRUCTION OF 
OIL STEAMERS,” 
To THe Eprror or ENGINEERING. 


Srr,—Referring to Mr. James Montgomerie’s paper on 
“The ign and Construction of Oil Steamers” in your 
issue of Feb. 28, page in which he quotes the late 


Mr. Martell to the effect that it was possible for him to 
ne Ry ~ that a ly the — of the petroleum 

ipped in America for Bri uropean ports was 
then carried either in barrels or in tin cases enclosed in 
wood boxes, — me to show that petroleum was 
carried in bulk from the United States over fifty years 
. The schooner Jane, built at Ramsey, Isle o} Man, 
by Thomas O. Gibson, in 1562, was equipped for carrying 
oil in bulk. She was an oak vessel, but had iron tanks 











OIL SCH. VANE” 1862-9 
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formed and fitted which entirely filled her-holds. These 
tanks were fitted with pipes passing through the decks, 
and were ongtns by pumps. 

Possibly Mr. Martell would not know anything about 
the Jane, as he was then, or about that date, resident at 
Sunderland. 

The Jane was designed by Peter McNidder, formerly 
of Peter Denny’s and Gourlay Brothers, the design being 
according to Torvold’s patent, by which all the frames 
above the water-line were segments of circies and were 
bolted to deep, flat, deadwood, both forward and aft. 
Pride, pilot-boat ; Eagle, Theilusen’s yacht; Ramsey, 
iron ship; Jane, oil schooner; Wren, yacht. Five of 
these were built at Ramsey, the most notable being the 
iron ship Ramsey, a little over 200 ft. in length. This 
was in 1863. This ship was successful, though the flat 
deadwood forward and the circular frames did not form 
a good combination. The enclosed outline sketch will 
give you an idea of their design. 

Very truly yours, 
JosepH R, OLDHAM. 

Cleveland, Ohio, March 31, 1913. 





‘*DrrectorY OF Paper-Makrrs ror 1913.” —The 
thirty-seventh annual —— of this directory 
recently argc. and contains an —— list of 
Paper an illboard Makers in the United Kingdom ; 
also a list of paper enamellers, paper-makers’ represent 
tives in London and the provinces, London wholesale 
stationers, &c. A numerical list of paper-mills is also 

ven, as well as an alphabetical list, with the names of 
the occupiers and the counties in which the mills are 
situated. The makers are also classified into the different 
trade branches to which they belong. Paper- trade 
customs and the sizes of paper are also given. The book 
is published by Messrs. ant, Singer and Oo., 47, 
St. Mary Axe, London, E.C., price 1s. net. 








Tue NorrHern Juncrion Ratway Soneme.—The 
railway line projected by the Northern Junction Rail- 
way Bill, which has created much o ition from the 
Hampstead Garden City Suburb, and other bodies, will, 
if constructed as at present intended, run for nearly a 
mile and a half through the suburb, cutting it in two. It 
would be chiefly used for goods traffic, and would be 
carried on an embankment which at some points would 
be 35 ft. high and would carry four lines of rails, An 
offer has been made by the promoters to put the railway 
into a tunnel at this part, but this offer has, we believe, 
only been made so far in ques terms, and before it can 
be seriously considered by the Garden Suburb Trust 
must be more clearly defined. Such a tunnel would, of 
course, ane increase the cost of the scheme and will 
have to be very carefully considered by both sides, 





Contracts.— Messrs. Doviag and Oo.’s recent con- 
tracts include 17 km. (about 10.5 miles) of welded steel 
ipe for the 1912 extensions of the Victoria Falls and 
ransvaal Power Company. The line consists of pipes 
of 27} in., 22 in., and 16 in. diameter, the pressure being 
100 lb. per sq. in., while the temperature of the com- 
air is as high as 80 deg. Cent. Further, 11,000 ft. of 
5-in. pipe are being supplied to the Rand Water Board. 
Other orders include two water-turbines of 225 horse- 
mel pad Japan, one ? 70 aeouraey for Cornwall, 
several large pumps, and a complete 110-in. paper-making 
plant.—The Hirrloes Watson Company, Limited, Glas- 
gow, have recently booked for seven sets of surface- 
condensing plant with Mirrlees Leblanc rotary air- ps, 
two sets of surface-condensing plant with Mirrlees 
Edwards’ air-pumps, eleven sets of Mirrlees multi-jet 
condensing t, two sets of barometric condensi 
lant with Mirrlees Leblanc rotary air-pumps, one set 
irrlees Leblanc simple jet, two sets of low-level jet 
plant, and five sets of tric ts with reci t- 
ing dry-air pumps, for a number of different ins tions 
in this country, the colonies, and foreign countries, these 
orders representing a total steam duty of over 1,000,000 Ib. 
of steam per hour.—The contract for an automatic electric 
passenger lift in Admiralty House, Whitehall, the official 
residence of the First Lord of the Admiralty, has been 
secured by Messrs. A. W. Penrose and Oo., Limited, 





109, Farringdon-road, E.C 



































504 





ENGINEERING. 


[APRIL 11, 1913, 





MOTOR ROAD CLEANSING MACHINE. 


MetuHops of cleaning and sweeping roads do not 
appear to have made any substantial advance for a 
considerable time. It is, of course, quite true that 
different kinds of horse-drawn machines have been 
introduced for sweeping the dust and dirt off the 
surface of the road, but these only sweep the material 
to the sides of the road, to remain there until it is 
placed in carts by hand labour, usually accompanied 
in dry weather by clouds of offensive dust, causing 
nearly as much annoyance as though it had been 
allowed to remain on the road to be kicked up by horses’ 
feet or disturbed by occasional winds. These machines 
are no doubt savers of labour, but it is questionable, 
save in this respect, if there is really any advantage in 
their use over what is obtained by hand labour. A great 
advance, however, appears recently to have been made 
in the way of mechanical cleaning, and a demonstra- 
tion was given in London, on Wednesday last, of an 
appliance called a motor vacuum road - cleansing 
machine, sweeper and gatherer, which has been in- 
vented and constructed by Mersrs. J. and P. Hill, 
Ordnance Works, Sheffield. 

The machine was tried first on a very wet, dirty 
street, where a successful demonstration was given 
of what it was capable of doing under such condi- 
tions, and in the second case we were able, through 
the courtesy of the makers, to see it at work in 
Smithfield Market on dusty, dry materials calculated 
to test its powers very severely. What was par- 
ticularly noticeable during the latter trial was the 
almost entire absence of dust raised by the machine 
itself, a most important consideration under many 
conditions of street-cleaning. When working on wet 
material it cleaned the street in a very efficient 
manner. This appliance we illustrate on the opposite 
page, Fig. 1 being a longitudinal vertical section through 
the machine, and Fig. 2. perspective view. As will 
be seen by these illustrations, the apparatus consists 
of a complete 20-30-horse-power four-cylinder motor 
chassis, to which is fitted a cylindrical a roller 
and shell, together with a large receiver immediately 
behind the sweeping cylinder, and into this the sweep- 
ings and refuse of the roads are collected. The main 
feature of the machine is the large cylindrical brush, 
which is cleariy shown in Fig. 1. It is made up of 
twenty distinct small piassava brushes, forming a 
cylindrical brush 5 ft. long. The brushes are adjust- 
able, and can be worn down to a few inches. The com- 
plete cylindrical brush has a diameter of 524 in., and 
it revolves between a sheet-iron shell in the opposite 
direction to the wheels of the car, as indicated by the 
arrow in Fig. 1, the running speed being 120 revolutions 

rminute. The sweepings are carried round by the 
rushes, and are raised about two-thirds of a revolu- 
tion, after which they are thrown through an openin 
into the receiver behind. In this receiver are p 
boxes, which can be quickly and easily emptied into a 
dust-proof rece tacle behin . There are several of these 
boxes for the sake of convenience of emptying. As the 
revolving brush has a circumferential speed of 4950 ft. 
per minute, the centrifugal force is quite sufficient te 
throw the refuse into the receiver and compress it 
well. On this account the amount of refuse that can 
be got into the receiver is very great. Moreover, 
it is claimed, sufficient draught is caused by the 
rotation of the brush to collect by suction all dust, 
and to deposit it in the receiver. 

The whole width of the brush is applied to the road, 
and the kerb can be approached to within a few inches. 
When out of action the brush can be raised from 
the road, and this can be done very quickly from 
the driver’s seat ; it will also work backwards or for- 
wards, according to requirements. To allow for wear, 
the small brushes can be adjusted in the cylindrical 
casing, and are operated by a lever on the side of the 
end casing, the lever rotating a right and left-hand 
screw, on which there are two discs, one on each thread. 
These discs approach towards or recede from each 
other, according to the direction in which the screw is 
turned. From the circumference of each disc are 
arms extending radially to the bars that carry the 
brushes, and form with them and the discs a kind of 
toggle-joint, so that when the discs gems each 
an the brushes are forced outw , and when 
they recede the brushes are drawn inwards, the move- 
ment being equal all round the cylindrical casing. 
When it is required to reduce the pressure on the 
road, or to reverse the brushes, the latter can be 
moved inwards. These brushes should, it is claimed, 
last at least for two months. They are effectually 
shut in at the bottom below the end casing close to 
the ground by means of a flexible steel and leather 
screen, which adapts itself to the inequalities of the 
road. By means of alever, operated from the driver's 
seat, the screen can be raised against the brush when 
the vehicle has to run backwards. 

Each receiver or collecting-box has a capacity of about 
50 cub. ft., or 2 tons, and the back portion is replaced 
by a hinged door, which forms an inclined platform 
when dropped down, and facilitates the removal of the 
collecting-boxes. The boxes can be taken out with 


great ease, as each is fitted with three small wheels on 
the bottom. 

The motor has four cylinders, and is of the 20 to 
30 horse-power type. The cylinders are coupled 
in pairs and have mechanical valves. The ignition is 
by high-tension magneto, and pump lubrication is 
fitted. The cylinders are cooled by fly-wheel and 
radiator fans. There are three changes of s in the 
forward gear and one reverse gear, the direct drive 
a on the top of the gear-box ; but the speed of the 
brushes remains constant no matter at what speed the 
vehicle travels. The brush can also revolve when the 
vehicle is standing still. The approximate ‘speeds 
along the road are 2, 4 and 8 miles per hour, and, 
generally, the area swept per hour of service is 2400 
square yards. 








THE LATE MR. JAMES TANGYE. 

THE death, on the 4th inst., of Mr. James Tangye, 
eldest of a noted family of engineers, at the advanced 
age of eighty-seven years, awakens memories of many 
early achievements in mechanical engineering. The 
story of the Tangyes has frequently been written, 
and the credit they have won in assisting the indus- 
trial progress of Britain has been widely recognised. 
To Mr. James Tangye a large share of this recog- 
nition is due, because he was, undoubtedly, the most 
inventive of the five brothers who founded the well- 
known Birmingham works. This is not in any way 
a disparagement of the contributions of the other 
brothers, because each brought into the business quali- 
ties which were essential components of the co-partnery. 








While Mr. James Tangye had the creative mind, the 
others were true mechanics, organisers, or salesmen, 
and it was the combination of these qualities which 
built up the business step by step. 

It is, however, with Mr. James Tangye that we are 
here concerned. His inventive capabilities were in 
some measure hereditary. He was born on October 6, 
1825, in the little village of Illogan, near Redruth, 
Cornwall—a noted centre even then of engineering, 
due in large measure to the mineral wealth of the 
district. any of the Tangye forbears had been 
connected with the mechanical trades. His maternal 
eae superintended the erection of some of 

att’s mill-engines. Mr. James Tangye formed his 
first acquaintance with the steam-engine when accom- 
panying his grandfather to his work, and he pooun gs 
an aptitude for ‘‘ making things.” He left school in 
1837 when only twelve years of age, and for some 
time was engaged in the Copperhouse Foundry at 
Hayle, where work was then in pro in connection 
with Brunel’s suspension bridge calidon for spanning 
the Thames at Hungerford (Charing Cross), and now in 
use over the River Avon at Clifton. The inquiring 
disposition of young Tangye gained him much informa- 
tion, and no doubt he found suggestions for future 
work in his observations of Brunel testing the 
strength of plates by an hydraulic press. He was next, 
for a time, ata wheelwright’s at Poole, where he built 
his first. tricycle, and proved his skill as a mechanic 


by making a wheelbarrow complete, including the 
wooden wheels. He made a cart-wheel in two days, 
and his was 4d. per day. As his work com- 











pared with tradesmen earning 18s. a week, his ambi- 


tion was aroused, and he soon left, and was engaged 
on various occupations on his father’s farm ; devising 
methods of ‘‘ dressing” tin in the mines, &c. About 
this time, also, he constructed and put to work a 
water-wheel, 18 ft. in diameter by 20 in. ‘‘ breast,” 
for driving a stamping-mill. Later he was employed 
by Mr. William Brunton, senr., one of Brunel’s assis- 
tants, to make hydraulic pumps, and was conse- 
quently, for a year, at the Redruth Foundry, where 
he came in contact with his first locomotive. His 
next employment—by this time he had attained 
twenty-three years of age—was at Messrs. Distin and 
Chafe’s works at Devonport, being engaged on repair 
work at the dockyard. Later, he was asked to become 
manager of the works, but he preferred to join his 
brother, Mr. Joseph Tangye, who was then employed 
by Mr. Brunton, jun., for scheming machinery for the 
manufacture of blasting fuse. They both remained 
with Brunton for some time, and made the whole of 
the machinery used in the process, and, indeed, ulti- 
mately had a small interest in the business. 

In 1855 the subject of our memoir accepted the post 
of works manager in Worsdell’s railway works at 
Birmingham, where some of his brothers were occupied; 
but in January, 1858, he associated bimself with his 
brother Joseph—-Richard and George joining them in 
what ultimately developed into the well - known 
——— Cornwall Works at Birmingham. Another 
brother, Edward, came from America to join them; 
the sixth member of the family, John, had died some 
years before. The style of the firm was James Tangye 
and Brothers, Machinists. It was not enough that 
there should be discrimination in the acceptance of 
rights of manufacturing inventions or proprietary 
articles; the means of successfully and economically 

roducing these was 2+ mem and in this Mr. James 

‘angye, frequently with the assistance of his brother, 
Mr. Joseph Tangye, achieved great success, The 
Weston block gave the firm a great fillip at the start, ard 
many will remember the vigorous chancery suit which 
the Tangyes had to carry through before the claim for 
originality was established. The well-known Tangye 
steam-pump, originally an American idea, was another 
important influence towards progress. The application 
of the hydraulic system to lifting-jacks by the subject 
of our memoir gave their business a further impetus, 
especially as these jacks proved of great service in con- 
nection with the launch of the Great Eastern. But 
perhaps the greatest work, so far as the prosperity of 
the company was concerned, was the standardisation 
of the design of the Tangye steam-engine. Mr. James 
Tangye, as a result of close observation of the faults of 
existing engines, prepared a design in which the acces- 
sibility of all parts was a notable feature, and each 
unit of the engine was not only made as simple as pos- 
sible, and with due regard to the supersession of hand 
by machine labour, but was standardised. The engine 
could thus be manufactured in large numbers for stock. 
There is little need to write at any length regarding 
this engine, or of the high-speed governor which fol- 
lowed immediately afterwards. he success of the 
engine was so pronounced as to necessitate an exten- 
sive and immediate addition to the works. 

The subject of our memoir decided to retire from 
business in 1872, as did also Joseph and Edward, so 
that Richard and George were left to continue 
the business. Mr. James Tangye, however, did not 
cease to take close interest in the progress of 
mechanics, and at his retreat—Aviary Cottage, near 
to the place of his birth—he had a workshop built, 
with machine-tools driven by one of his own small 
steam-engines. There he found relaxation in the re- 
maining years of his life. He had also an observatory 
with an equatorial telescope having a 4-in. aperture, 
and a sidereal clock. Thus he enjoyed the later years 
of life free from commercial cares, but with a zest due 
to his mechanical turn of mind, and with adequate 
means of gratifying his mental activity. 








Messrs, CAMPBELLS AND HunteEr’s S1x-SpinDLE DRILL- 

1nG-Macuing.—In our description of this machine on 

385 ante we inadvertently omitted to mention that 

it was designed and constructed for Messrs. Yarrow and 

Co., Limited, Scotstoun, Glasgow, where it is now 
working entirely satisfactorily. 





Tue CommerciaL Moror-Users’ Association (IN- 
CORPORATED).—At a meeting of the general committee 
which was held at 89, Pall 1, S.W., on Wednesday, 
the 2ndinst., Mr. T. B. Browne presented the interim 
report of the Parade Committee. The entries for the 
general parade (352), the drivers’ championships exam1- 
nation (75), and the team section (25), show a large 
increase over last year. The drivers’ examinations are 
to be held at the Royal Automobile Club on the 19th 
inst. for petrol drivers, and on the 28th inst. for steam 
drivers, and ments are being e for the 
drivers to be entertained at the Palladiura at the Whit- 
Monday afternoon performance. Mr. A. W. Windsor 
has been appointed chief marshal, and Captain E. H. 
Blamey assistant chief marshal. The official luncheon 
is to be held at the Royal Automobile Club on Whit- 
Monday, at 2 p.m., immediately following the distribution 
of the awards. 
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METHODICAL EXPERIMENTS WITH 
MERCANTILE SHIP FORMS.* 
By G. S. Baker (late R.C.N.C.), Member. 

Sairedetere—* 1. As this is the first paper which 
has been published giving the results of any systematic 
research work carried out at the William Froude Tank, a 
brief account of the ~—— taken to ensure the accuracy of 
such work seems desirable. The dynamometer and speed- 
recording ap tus used are those described in my vaper 
of 1910; both do their work well, and no measurable 
friction can be found on the dynamometer even with a 
pull of 25 1b. The speed diagrams have been analysed at 
intervals to find the variation of speed during the steady 
portion of a run, and for all ordinary speeds, such as 
those involved in the experiments to be described, the 
variation of speed does not exceed 0.4 per cent., and is 
generally somewhat lower than this. t higher s s 
this percentage increases slightly, varying from 0.3 to 
0.69 per cent. for the top speed of a destroyer model. 

Experiments have been made with models to lines sup- 
plied by Mr. R. E. Froude and Mr. W. J. Luke. Three 
models have been tested (one at two es peer peer and 
the results compared with those obtained with models to 
the same lines in the Admiralty and Clydebank Tanks. 
The National Physical Laboratory results are slightly 
lower than those obtained in either of the other tanks, 
the difference being 14 per cent. in the case of the Ad- 
miralty Tank, and from 14 to 3 per cent. in the case of 
the Clydebank Tank. In the case of the Admiralty 


Tank, comparison made in the form of resistance showed 
velocity ? 


practically the same distribution of humps along the | — 


curve of resistance. The difference is small, and in so far 
as it may be genuine, its explanation may be found in the 
much larger sectional area of water in the Froude Tank. 

In order to see to what extent a given result might be 
repeated, a new model was made to the lines of one of 
the Admiralty models, The curve through the experi- 
mental spots could not be varied appreciably from that 
obtained with the earlier model. A similar test was 
made with one of the models used in these experiments, 
and the results differed by 1.3 per cent. throughout. 
‘The two models were tried at an interval of six months. 
These results show that the model experiments may be 
relied on to give accurate results, and that whatever 
differences are found to exist in the resistances of our 
models are genuine. The results for the models are cor- 
rected for skin friction by the use of frictional constants 
obtained by Mr. W. Froude, with the ‘es! ight modifi- 
cation of the results made by Mr. R. E. Froude in view 
of his experience with paraffin models, 


PART I. 

Object of Experiments.—§ 2. These experiments have 
been carried out in order to test the effect upon the re- 
sistance of the ship of varying the relative lengths of the 
entrance to aa maintaining the same gen form, 
water-line and principal dimensions. Being the first ex- 
periments of a methodical character dealing with ships of 
mercantile form and fulness, which have been published 
in this country, they will be found of much value in many 
other directions. 

Forms and Scales of Models.—§ 3. Five parent models 
have been chosen, and with each of these, four or five pro- 
portions of entrance and run have been tried. The same 
sheer drawing was used in cutting the models with vary- 
ing lengths of entrance and run, the alteration necessary 
being simply one of relative longitudinal scale of the 
entrance torun. With the finest model series, viz.: 14a, 
14c, 16c, and 29a, the ratio of length to beam was 8.0; in 
all the other models this ratio was 7.654. For all the 
models the ratio of beam to draught was 2.25, and the 
midship section coefficient was 0.98. The fine models, 
viz., sets A, B, and C, were given a rise of floor equal to 
0.022 of the draught; in the fuller models (sets D and 
E) the sections were perfectly flat at the keel amidships, 
with a larger sweep at the bilge, the area of amidship 
section remaining the same (see Fig. 1). This was done 
to avoid the more or less pronounced a ce of the 
turn of bilge just beyond the limits of the parallel a 
when this amounted to a fair percentage of the length. 
With the flatter floor the bilge curves were much easier, 
and the possibility of local yy was reduced by 
the easier run of the models in this locality. These pro- 
portions have been chosen as being a fair average for 
such forms in the mercantile service. AJl the models 
were formed with an overhanging counter and vertical 
stern-post. The water-line of the run was slightly fuller 
at the extreme stern than is usually the case in such 
shi In every model the under-water form was taken 
righ? back to the rudder-post, without any gap such as 
there would be between the rudder-post and stern-post in 
asingle-screw ship. This was done so that the results 
should be independent of the mode of propulsion, and to 
keep the variable quantities at a minimum. All the 
model dimensions have been enlar; to those for shi 
of a fixed length (400 t.), the usual size of the mod 
being about one-twenty-fifth of this. The main dimen- 
sions and coefficients are given in Table I., and the plans 
of load water-lines, midship section, contours of stem and 
stern in Fig. 1. It will be seen that the prismatic co- 
efficients vary from 0.52 to 0.67 in the entrance, and from 
0.584 to 0.638 in the ran, and that the entrance prismatic 
was in some cases greater, and in other cases less, than the 
run prismatio, 





© Py read before the Institution of Naval Archi- 
tects, March 14, 1913. 

+ By entrance and run is meant here that portion of the 
bow and stern respectively which is clear of the perfectly 
parallel midship body. 





Owing to the difference of fulness of the entrance and 
run, the displacement at a fixed water-line varied slightly 
with the variation of length of entrance to run. The 
effect, however, was small, as can be seen from the table ; 
the difference between the displacement with extreme 
bow compression and extreme stern compression does not 
exceed 0.74 per cent. of the mean displacement, except in 
case A, where the movement of the el body is very 
great, and the difference in fulness of entrance and run is 
airly large. The wetted surface of the models belonging 


to a given set varied with (displacement)*, so that the effect 


of this is upon the value of pastas 3 was practically 

(displacement)’ 

negligible so far as pure skin resistance was concerned. 

The variation of skin resistance in any set consists of a 

slight reduction of total skin area as the fuller end of the 

ship is shortened. 

TaBLE I.—Model Dimensions Enlarged to those for 
Ship of Constant Length Equal to 400 Ft. between Per- 
pendiculars. 

The draught both forward and aft =. - Midship section 


coefficient throughout = 0.98, 
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The curves of areas are given in Fig. 1, in conjunction 
with the water-line planes. In varying the prismatic 
coefficient the curves of areas of the entrances and runs 
were kept of the same general character, but the amount 
of hollow in the curve was reduced with the fuller form. 
In the run the water-line was the same for all the forms, 
the underwater body only being changed in varying the 
prismatic coefficient of the run passing from set B to 
set C, &c. In the fore body the hollow present in the 
water-line of the models with low prismatics was reduced, 
but was never —— taken away in the fuller methods. 

The models of set B were derived from those of set A, 
by snubbing the bow, the length of run and lel body 
being the same with the snubbed, as with the unsnubbed 
models.* This snubbing is the cause of the increase in 
the entrance prismatic coefficient from 0.52 to 0.57, and 
also the cause of the difference in the ratio of length to 
beam, and percentage of parallel body in the models of 
sets A and B. 

Sets B and C differ only in the proportions of parallel 
body in the model ; both sets of models being cut from 
the same sheer drawing. It must be remembered that 
with increase of percentage of parallel body there is a 
corres se uction in length of both entrance and 
run, the total length of the model being maintained the 
game, irrespective of how much of the body is parallel 
and how much is entrance and run. 

Sets C and D have the same percentage of parallel 
body, but differ in prismatic coefficient, the latter set 
being much the fuller type of ship, and having its 
entrance fuller than the run. 

Sets D and E differ only in the proportion of parallel 
body, the entrance and run being cut from the same sheer 
drawing. The latter model has a total prismatic coeffi- 
cient of 0.825, which was as high as it was considered 
desirable to carry the experiments. 

Results.—§ 4. The results are presented in the form of 


©) curves for constant «) values,+ to a base of ratio of 








* The term is used here in the same sense as it has been 
used by Mr. R. E. Froude in describing the changes of 
model forms. 


E.H.P. 
+ The © values equal al vs x 427.1 and «®) 


Vv 
equals ae x 0.5834 for a ship, the speed (V) being in 


knots, and the displacement (A) in tons. Owing to their 
general usefulness in comparing one form with another, 


and to the general constancy of the values, these 


Froude constants are used in all the records of the experi- 
ment tank. 


length of entrance to length of run (see Figs. 2 to 6). These 


curves may be regarded as simple curves of "S'**nce 
REP (velocity)? 


or 3 for any ship of a fixed displacement, and 


show at once the variation of resistance at any speed as 
the entrance is elongated and the run shortened, and 
vice versa. 

It will be seen that for the finer models, set A, there 
are fairly well-marked limits of proportion of entrance to 
run for minimum resistance at all practicable speeds, this 
proportion lying between 1.0 and 1.2. These models 
when snubbed—1.¢., the models of set B—give results in 
which it is extremely difficult to point to any ratio of 
entrance to run which would be best at every speed, and 
the peculiar and consistent drop for the very short 
entrances produces a waviness in the diagram, which 
would su t that it is more than usually desirable for 
any ship of these proportions to be ‘“‘ tested” if it is to 
be run at any speed such that the (®) value lies between 


1,7 and 2.2. This waviness is produced, not by any incon- 
sistency in the results, but by a definite movement of a 


hump along the curves, with the changing lengths of 


entrance. Such humps in the resistance are met with in 
every form, becoming more marked the fuller the form. 
(See §6.) : 
Passing now to the forms with 30 per cent. parallel— 
t.e., sets C and D—the results show that with the finer 
rismatics the ratio of entrance to run may vary from 
.9 to 1.2 without any material effect upon the resistance 


at any fixed speed below that corresponding to a () 
value of 1.6. As in any case this form is not a good one 


at any speed above the value equal to 2.1—i.¢., a 
speed of 16.6 knots for a 400-ft. ship—the results are 
fairly definite for this type of ship. 

The same remarks apply to the models having 30 per 
cent. parallel body with the full prismatic of ends, with 
the exception that the form becomes wasteful at a 


value of 1.7, and that for speeds in this neighbourhood 
there is a definite disadvantage if the run is made shorter 
than the entrance. 

§ 5. The 50 per cent. parallel form is quite different 
from the other sets. For all py oe speeds the resule 
show that it is very wasteful to make the run short com- 
pared with the entrance, and that for all moderate 
speeds the resistance can be decreased by shortening 


the entrance, so that the ratio of length of entrance 
7 f length of run 
is not greater than 0.9. It will be seen that these models 


are more resistful than the others; the ©) having a 


minimum value of practically 0.76, whereas with 30 per 
cent. parallel and the same form of ends, this minimum 
value was approximately 0.67. The character of the 
curves suggests that this increase in resistance may be 
due to the stern being too short, with consequent eddy- 
making. Cross plotting of the ©) values for all the 
models to a base of length of run showed that there 
was a definite length of run to which these models could 
be shortened without any marked increase in resistance, 
but that with shorter runs than this there is a compara- 
tively rapid growth of resistance, presumably due to 
eddy-making in the after body. In these particular 
models this length was found to be slightly more than 
two beams; but it may, and probably does, vary with 
the character of the after-body lines. It has been 
expressed in terms of bea as a simple means of 
measuring the inclination of the level lines and stream 
lines to the line of motion of the ship, it being reason- 
able to suppose that the eddy-making depends very 
largely upon this. This eddy-making can be seen in the 
photographs shown in Figs. 14 to17, page 509. These 
ae ge ae have been taken by Messrs. Eden and 

olfe, members of Dr. Stanton’s staff, in the small 
channel used for similar work in connection with 
balloon shapes. As the model is entirely ey 
it was made similar to an ordinary form up to the load 
water-line, but the half above this line was exactly the 
same shape as that below. This confined the load water- 
line stream to a plane, and necessarily wave-making 18 
absent ; but wave-making does not affect eddy-making 
to any t extent so far as we know, and we may 
assume that whatever eddy-making is present under these 
eonditions will be present when the form has a free sur- 
face. Model 44 is similar in every respect to Model 19%, 
and marked eddy-making is present here. Model 45 1s 
similar to Model 19a, differing from the previous form 
only in length of parallel y- This was chosen as 
being probably just clear of eddy-making, and the 
we bears this out fairly well. It was extremely 
difficult to catch the eddying in the photograph of this 
form, as it was inclined to wash away for the slightest 
cause. 

The stream lines at the stern of Model 19) have to 
enlarge at an angle of approximately 22 deg. (maximum), 
and on Model 19a at an angle of approximetely 15.6 deg. 
Mr. Eden has been gcod enough to measure the inclins- 
tion when eddy-making is shown on the photographs of 
symmetrical balloons,* and found the angle to be practi- 
cally 18 deg. in almost every case. This all goes to show 
that what * been said is probably true, that these full 
sterns are liable to eddy-making. It is hardly necessary 
for the author to draw attention to the fact that this loss 
in eddy-making is really felt twice over in many cases 


* See photographs of such eddy-making given in the 
Report of the Advisory Commaittes for Aeronautics, 





1911-12. 
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METHODICAL EXPERIMENTS WITH MERCANTILE SHIP FORMS. 


Ft 1. curvES OF AREAS, WATER LINES, END CONTOURS, AND MIDGHIP SECTIONS OF MODELS. (§ 8 ). 
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—in added model resistance and decreased efficiency of 
the screw if working in the eddying water. It is in- 
tended to pursue this matter further in a new series of 
experiments now in p and it is hoped that next 
year we shall be able more closely to define its limits and 
indicate the factors which aid or retard eddy-making. 

§ 6. These experiments throw considerable light on the 
aoe at which ‘‘ humps” occur in the resistance curves. 

hese humps are due to wave-making, and it is these which 
define the speed limitation of individual forms. They 
become more emphatic, or occur in a more abrupt manner, 


the fuller the form. Fig. 7, page 507, shows the (©) curves 


for the models of set B to a base of (®) corrected for skin 
friction, so that the results apply to a 400-ft. ship. It 
will be seen that each model has two well-marked —y 
One of these, and by far the most emphatic, occurs for 


all the models of the set at fairly defined (®) value ; in 
this case equal to 2.6, when the bow system is aidin 


wave-making at the stern. The second hump for eac 
model varies in position, but not very much in magnitude. 
The longer the entrance the higher the (K) value at which 
the hump occurs, This feature is dealt with in another 
paper, and it will be sufficient to say here that it appears 
to depend upon the shape and length of the entrance 
curve of areas. Upon the position of these two hum 
depends the maximum speed to which each form can 
driven ; and by drawing such curves as these, this speed 
can be obtained for all the forms given in the paper. 

§ 7. There are ‘wy 4 other comparisons which can be 
made by use of the data given. Of these, potees the 
most interesting is the effect of adding parallel body on 
a fixed length. Such comparisons, however, I have 
refrained from making, as the interested reader can make 
them himself, the main purpose of the paper being to 
give the facts. 





PART II. 

Object of the Experiments.—§ 8. These experiments 
were made to test the effect upon model outa of 
various possible terminations to the lines, both in fore 
and after body. The alterations tried have affected both 
the area curve and the water-line, and, in addition, the 
effect of the presence of the rudder has been tested in 
one case. 

Form and Scale of Models.—§ 9. The experiments have 





Stern Modifications.—§ 10. In order that the resistances 
obtained for the various models shall all be upon the same 
footing, the practice has been adopted of finishing the 
form at the rudder-post with a taper and not fitting any 
rudder. Model 12d is formed in this we. Model 12c 
differed from 12d in having the lower level lines extended 
to finish at a contour similar to that of the ordinary 
unbalanced rudder, 12) also had the rudder, with the 
addition of a little filling out around the rudder-stock at 


Fig STERN OF MODELS 126, 12c AND 12.4 ¢$10). 








Jas. 


Level li 


if ] 
un Post as shewn 


s 
dotted Land n Levels. 
Levels for 12d are same as those tor 12c with a 4-1 Taper Aft 
Rudder 


to be that at these low speeds the wave-making advantage 
of the pg water-line is small, and is obtained at the 
expense of considerable addition to the skin. In fact, 
the wave profile against the model seems to show that the 
extension of water-line in model 12e was greater than 
necessary, and as good an effect would probably have 
been obtained with 8 in., or even 7 in., instead of 10 in. 
extension. 

Bluntness of Stem.—§ 12. This has been tested by 
er ey | four different models. The first model, No. 29, 
had a long entrance of a fine prismatic coefficient—viz., 
0.52, and the bow lines were finished to practically a 
knife-edge. In model 29) the stem was cut back 6 in. (or 
0.0314 of the length), and finished with a rounded curva- 
ture in a length equal to one and a half times the siding 
of the new stem at each level. Another 6 in. of the bow 
was afterwards cut away, making model 29c, the stem 
being trimmed away in the same manner as before (see 
Fig. 10). This gave a very yp mpen sony | bow, but with 
comparatively fine angles to the various level lines. All 
these models were tried at the same displacement—i.e., 
the later models were sunk —~ to make up the loss 
of displacement at the bow. This sinkage amounted to 
very little, the total displacement lost by the volume cut 
off a 29 to 29c, being only 5.5 Ib. out of a total 
of 1014.81 

§ 13. The diagram, Fig. 11, shows the effect of this 
cutting ——o consisting of a general and fairly uniform 
increase in the resistance. For a 400-ft. ship this amounts 
to an average excess of 5 per cent. for the first change and 
13 per cent. for the second, compared with Model 29. 

§ 14. The second model was 30/, which has 30 per cent. 

rallel body, equal length of entrance and run, the level 
ions rather hollow in the bow, and finished to almost an 
edge at the stem. This model was filled out near the 
stem, the alteration being confined to slightly less than 
one-fifth the length of entrance, becoming 30¢, but the 
lines did not terminate so bluntly as in models 29) and 
29c. A second variation, model 30g, was tried by shorten- 
ing the entrance of model 30f by an amount equal to 
one-eightieth the length of model at the water-line, and 
finishing the lines with much fuller ends then before. 
This necessitated a little more flare, and slight curvature 
of the stem (mainly above watér) (see Fig. 12). 

There was no difference between models 30f and 30g at 
practical speeds, but model 30e was approximately 2 per 
cent. worse than either of these. Presumably in mode 
309 the decrease in skin area is sufficient to compensate 
for the increase in divergent wave-making ; but, as in 
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been made with several models as opportunity occurred. 
All the models had the same midship section coefficient, 
viz, 0.98, and the same ratio of beam to draught, 
viz., 2.25, and in all of them a portion of the midship 
length was perfectly parallel body. The contour of stem, 
unless it is remy: described, was a vertical line with a 
slight round into the keel line. The stern was formed 
with the usual over ing counter well above the 
normal water-line. This counter is too high out of water 
in the majority of ships to have any effect upon the re- 
sistance, except in so far as it has an indirect influence 
upon the stern water-line and buttocks. The dimensions 
and characteristics of the models used are given in 
Table II., 510. Thealterations of ends tried may be 
divided under the — headings, and each of these 
will be considered separately :— 

(a) Stern modifications, in models 12), 120, 12d. 

(b) Contour of bow, in models 12e, 12h, 12d. 

(c) Bluntness of stem, in models 12h and 12s, of 

full form. 


Bluntness of stem, in models 30¢, 30f, 30g, of 
full form. 
ee of stem, in models 29, 29), 29c, of fine 


orm. 
Partial bluntness was also tried in model 12d. 
(@) Hollowness of bow, in models 12f and 12g. 








the water-line region. (See Fig. 8.) The resistance of | d sh than the fi d 
| end shows worse than the fine end. 


12c did not differ from 12, and differed from 12 only 
below 11 knots for a 400-ft. ship. The difference at low 
speeds in any case was small, and, in so far as it was 
genuine, consists in a maximum increase of one and a half 
per cent. in resistance. 
Contours of Bow.—§ 11. 


The object here was to test | model 12:. 


model 30¢, there is no reduction of length, the bulbous 


The third model was 12h, which had its water-line 
extended 2} in. beyond the main stem (see Fig. 13). 
This 2}-in. extension was cut away, and the lines rounded 
off in the manner described for model 29 (§ 12) forming 
The effect of this was again an increase In 


the effect of extending the water-line without any more | resistance, amounting te nearly 2 per cent. over the 
Ss. 


to attain this result, and confining the modifi- 
ible len; 


necessary 
cation to the shortest 
fairness. Fig. 9 shows 


extension or filling out of the area curve than og 


@ manner in which the exten- | 


practical range of 1 
In model 12d the bulbous formation of stem is worked 


consistent with | only below the load water-line, this being of the normal 


character, and the prismatic coefficient of the entrance of 


sions were carried out with models 12e, 12h, and 12d. It|12b is the same as that of 12a, the added displacement 


will be seen that the three models had the same bow 
contour from keel to p level line, and that 12h is extended | 
2 in. and 12e 10 in. at the water-line, the normal le 
of the model being 16 ft. The level lines when extended 
naturally became very fine, especially in 12e. The advan- 
tage of these longer water-lines was very considerable 
above 10 knots, there being a net reduction of 7 to 10 per 
cent. E.H.P. at any speeds above 12 knots for the longest 
water-line, and from 4 to 7 per cent. for the medium 
water-line. Below 10 knots the results want some ex- 
tion, as the models of the medium-length water-line 
somewhat better results than the model with longer 
water-line. The most plausible reason for this appears 





due to the bulbous endings in 12 being compensated by 


fining the lines a little at the fore end of the entrance. 


| In this case there is a slight gain in (©) value, with the 


bulbous formation between 10 and 14 knots, averaging 
about 1 per cent. : 

The fourth model was 19), which has 50 per cent. 
parallel and a full entrance, with level lines finished to 
almost an edge at the stem ; the entrance and run being 
equal in length: 1% in. of the entrance was cut away 
and the lines fini off bluntly to form model 1%, and 
this change caused no perceptible increase in resistance, 
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§ 15. These variations in resistance may be due to| the range of speed of the experiments. This increase i Hollowness of Bow.—§ 16. It has been s ted* that 








several causes :— div ce is quite independent of the tendency in all the | some advantage might be obtained in the ip form by 
1. Head resistance due to bluntness of stem. models for the waves to become more divergent as the speed | hollowing and filling the bow water-lines so that the ship 
2. Increase of energy in the divergent waves. decreases. Thisincrease ia divergence as speed is decreased | is formed with undulation at the bow. Two models have 


3. Effect of alteration of length of entrance on trans-| is not so noticeable in model 29c as in model 29, and in | been + ny date—namely, 12f and 129. In both of 

verse WAVES. | these the bow was hollo near the stem, so that th 
4. Change in skin friction. ; consequence the ©) curves tend to approach each other | initia) angle of entrance was the oune as for mddel 12. 
With regard to (1), this was probably present in models | at the lowest speeds. With regard to(3), with the blunter | The water-line was then brought out so that it ran into 


29) and 29c, but in models 30e and 30g the endings were form we have a greater prismatic coefficient, but if the the water-line for model 12a, about 10 in. aft of the stem. 
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arranged to avoid this as much as possible by a less abrupt | length is shortened the critical transverse wave-making | There was, therefore, a shallow or saucer-like depression 
nation of the bow-level lines. speed remains much the same. The smaller humps in the | in the aoe om this oe yey ae oe = 
© divergent wave system seems to be rather sensitive | peed : : water-line to about 0.4 of the draught (see Fig. 6). ~ 
to the ie car in the form of stem. Thus the bow | © curve change © » 6 little, but the moguitade of the crest of the bow wave in model 12a was always within 
ker for model 29¢ is convex outward for all moderate | the hump is not affected to any measurable extent. | 2 in. or 3 in. of the stem, this placed the hollow practi- 
Speeds, whereas the bow divergent wave leaves 29a | The effect cf the bulbous stem upon the area of skin is/| cally at the crest of the bow wave. In 12g the hollow- 
most tangentially. Moreover, the angle of divergence | practically nil, unless it is associated with a foreshortened - : - 
of the first few divergent waves poem by model is | entrance, in which case we should expect a slight reduc-| * Lord Rayleigh, O.M., F.R.S., Philosophical Maga- 
double that of the waves formed by model 29 throughout | tion of skin-friction resistance. | zine, September, 1909. 
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ness was carried further aft, extending to about 15 in. aft 
of the stem. This was done in view of the fact that the 
crest of the bow wave in 12f was considerably aft of its 
position for 12a, and it was thought desirable to extend 
the hollow well aft of the crest of the bow wave. 

Taste II.—Dimensions of Models. 


The midship section coefficient = 0.98 for all models the ratio 
; _ of beam to draught = 2.25 for all models. 


85°51 $8 | rina | 
§ 3 : Prismati | 


dee 


Remarks. 








lo 4 5 | 
12 2183) 6.22*|3.60) 1500 | 0.665 | 0.652 | Sti ht tapered stem. 
Rudder with filling at 
rudder-stock (Fig. 8). 
3. 60| 1509 | 0.665 | 0.652) Same ent in 
| fore as 12, but 
with bulbous forma- 








| tion of stem below 

the load water-line. 

12¢ 2.133 |16.22*|3, 60! 1509 | 0.665 | 0.650 | Angle of rudder with 

stern - post cleared 

| out as in ordinary 
practice (Fig. 8). 

12d 2.133 |16.00 |3. 60/1508. 7| 0.665 | 0.650 | Rudder cut away and 

rudder-post finished 

with four to one 

taper (Fig. 8). 

12e 2.188 |16.83 |3. 60/1510, 0| C.590 | Run | Elongated water - line 

| same | and contour of bow 

as above p level line 

—— (Fig. 9). 


en a ns 
e ion in e 
ioc inet ote ig 
ine leve . 13 
Ditto, vith hollow 
taken over a greater 
a 
12h | 2.183 |16.21 |%, 60/1609, 7/ 0.645 | Do. | Elon water-line 
and contour of bow 
| above p level line, 
| but to less extent 
than in 12e (Fig. 2) 
12i | 2.183 |16.00 |3, 60/1509, 6| 0.666 | Do. | Extension on model 
12h, cut a to pro- 
} file of model 12, the 
| stem rounded off in 
a blunt manner. 
29 | 1.00 |156.01 /|1. 69/1014.§) 0.562 | 0.584) Very fine stem and 
| angle of entrance 


12 f 2.133 |16.00 |3. 60/1507. 6] 0.664 | Do. 





12g | 2.133 |16.00 /3, 60/1507. 0) 0.663 | Do. 














| 

| (Fig. 

| 1.90 |L5.41 |1, 69/1014, 8} 0.562 0.585 |6 in. of stem of model 

| 29 cut away ; model 

| tested at same dis- 

| placement as 29. 
1.99 |14.91 /|L. 69/1014. 8} 0.589 | 0.586 | 12 in. of stem of model 

29 cut away ; model 

| tested at same dis- 

aes as model 

Fig. 10 


ig: 
7. 70|1404 | 0.672 | 0.688 | 19¢ “ffced from 19d in 
7. 70) 14038, 8| 0.692 | 0.638; having 1} in. cut off 
| the bow, and the 
| stem rounded away 
in a fairly blunt 
| manner. 
4. 53/1208 | 0.672 | 0.638 | Bow lines in 30/ had 
the usual finish. 
4. 56/1209, 8) 0.675 | 0.688 |In 30e the endings 
} | were made much 
fuller, keeping the 


| 
| same 
30g | 1.97 |14.78 1. s|1907 0.715 | 0.688 |In 30g the entrance 
} was shortened and 
| 4 the bow lines given 
fuller endings, with 
the least possible 


| alteration of the 
| level lines (Fig. 12). 
} | | 
* Including Rudder, 
The parallel body is that portion amidships over which the 
transverse secti i isely the same at all level lines. 
The prismatic coefficients of entrance and run are for the bodies 
before and aft this respectively. 

The resistance of the models with either of these modi- 
fications was found to be greater than that for the model 
formed in the usual way, for all practical speeds, and 
there was little to choose between the results for either 
modification. The excess resistance, although very 
definite, is not a very great one, varying from 2 per cent. 





80 f| 1.97 15.09 
80e | 1.97 |t6.09 | 
































at 10 knots to 5 per cent. ot 18 heots fer 0 chip of 400 ft. | C28" 


length. The wave profiles were taken for the first 2ft. of 
the model, in order to see to what extent these modifica- 
tions affected the bow wave. It was found that the form 
with the hollowed bow and full shoulder tended to throw 
the bow wave much higher than was the case with the 
model of the usual type, and, although this wave was not 
very solid, it sufficient to make any vessel of thi t 
very wet on the forecastle. The gentler les of the 
shoulder of the fore body in 12g produces a shallower wave 
at first, but the fine entraace angle increases the incli- 
nation of the level lines at the shoulders to a greater 
angle than that which would be used without such a 
depression, This more rapid ae of the bow 
produces a greater pressure change with the consequent 
elevation of the bow wave in its neighbourhood. 

The author’s thanks are due to his colleagues, Mr. 
Millar, Mr. Kent, and Mr. Powell, for their help and 
support in the course of the work. 
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MODERN LOCOMOTIVE PRACTICE IN 
EUROPE AND AMERICA. 


Practice in Europe and America” was 


Lawford H. Fry, 


and American 
the chief features to which he drew attention. 


motives fell more or less into three grou 


in between. 


pulation was only 24 times as great, so that eac 


1800, and in the 
haul thus necessitated, and from the 

of raw material to be handled, it followed that while, 
service with a | number of trains of moderate weight, 
in the United ' 
heavily loaded trains give the more economical results. 


of light locomotives per mile of 


engines. 


while in America it was from 23 to 27 tons. On American 


European engines, with five-eoupled axles, have only 
about 87 tons on the drivers. A common type of 
engine in America at present was the 2-8-2, or ‘‘ Mikado” 
type, which gave a satisfactory engine, and allowed 
sufficient boiler capacity to be obtained for fairly high 
speeds, while the use of the rear truck permitted ample 
firebox capacity and oe area. A more powerful type 
of engine was provided in the 2-10-2 type. An engine 
of this type, built for the C. B. and Q. Railroad, was 
the heaviest non-articulated engine in existence. It had 
a = area of 88 sq. ft., heating surface of 6600 sq. ft., 
and weighed 169 tons, of which 135 tons was on the 
drivers. Larger engines than that were of the Mallet 
type, of various wheel arrangements, the largest—the 
2-8.8-2 of the Virginian Railroad—having 215 tons on 
sixteen coupled wheels. 
There was a fairly regular progression in the heating 
surface with increase of total weight. Each square foot 
of heating surface required from 60 Ib. to 70 Ib. of total 
weight, and as each horse-power required about 2} sq. ft. 
of heating surface, the engines weighed from 135 lb. to 
160 lb. per horse-power, or 14 to 16.5 horse-power could be 
obtained per ton of total weight. The correctness of the 
assumption that 2} sq. ft. of heating surface would 
produce one horse-power depended on the grate bei 
prey roportioned to the heating surface, due r 
ing had to the quality of the fuel to be burnt. English 
engines were able to use a good-quality coal, and 
te areas of about 23 sq. ft., one example having 26 ft,. 
man engines of the same size had about 32 sq. ft. 
—i.e., about 12.5 per cent. more—and were therefore 
adapted to a lower grade of fuel. The large French 
nes had from 35 sq. ft. to 40 sq. ft. of grate area, 
which stood, to their weight, in about the same proportion 
as was found in British engines. Belgian engines Thad as 
much as 54,9 sq. ft., for comparatively inferior coal. 
American locomotives had proportionately more grate 
than English or French ; 60 sq. ft. to 70 sq. ft. was usual 
for the 2-8-2 type, and 88 sq. ft. was being provided on 
the 2-10-2 Bur’ apien ciginn. If the very engines 
were to develop their full power continuously, it was 
necessary for them either to burn oil fuel or to be fitted 
with some form of mechanical stoker. 

As r locomotives, the number of types 
was fewer and the of weight was less. The heaviest 
American example dealt with was a ‘ Pacific” ty 
(4-6-2), weighing 260,900 lb. (120 tons). As among the 
Frere the hoeek the oye aoe ines were the 

ish, the heaviest pe —- : - ivisions, how- 
ever, were not so sharply drawn as in the goods engines. 
Some of the Continental locomotives were 
lighter than the heaviest English, and other Continental 
engines were heavier than the lightest Americans. In 
ngland and Germany the 4-4-0 and 4-4-2 types were 
| in active service, but it a that four-coupled 
ae La ane me elsewhere, -—< the bulk of 
modern main-line passenger service was bei ‘ormed 
by six-coupled engines. In England and i. fon the 





24th inst., at 11 a.m. 








































On the 29th ult. a paper on ‘“‘ Modern haoqueaniee 


— : a on before Ban ee 
motive Engineers. In this paper Mr. Fry discus: 

the trend of modern practice as exemplified by typical 
locomotives of many of the leading British, Continental, 
systems, and we give herewith in abstract 


Discussing, first, goods engines, the total weight (exclu- 
sive of tender), ranged from 100,000 Ib. (45 tons) in the 
case of an example from the North British, to 540,000 lb. 
tons) in the case of the 2-8-8-2 type Mallet of the 

irginian Rai Between these extremes the loco- 
according to 
nationality. At the lighter end were the British, and at 
the heavy the Americans, the Continental engines coming 
The average American engine was about 
twice as heavy as the average British, and the heaviest 
American was over three times the weight of the heaviest 
British, and five times the weight of the lightest British 
machine. That difference was due todifferencein conditions 
of traffic. The actual mileage was some ten times greater 
in the United States than in Great Britain, while the 1 
po h | introduced practi 
inhabitant of the former country was served by about 
four times as mueh railroad mileage as each Briton. The 
inhabitants per mile in Great Britain worked out to about 
U.S.A. to about 450. From the longer 
quantities 


in England, it was economical to provide an intensive 
tates less frequent and much more 


The conditions of operation were also reflected in the 
number of locomotives per mile of road. On twelve of 
the principal roads in this country there were, on the 
average, 1.21 engines per mile of road, while for fourteen 
of the leading American systems the figure was only 
0.27. The same influences were visible in the Conti- 
nental countries. Belgium and Germany were densely 
populated, and showed comparatively large numbers 
, while more 
sparsely populated France employed fewer and heavier 


The paper next dealt with the various types of loco- 
motives for gout service, and pointed out that the axle- 
load of such engines in Germany and Italy was about 
15 tons ; in England, Belgium, and France it was 17 tons; 





engines it was thus possible to get an adhesive weight of 
108 tons with four-coupled axles; while the heaviest 





4-6-0 type sufficed, but elsewhere in Europe and in 
America the 4-6-2, or ‘‘ Pacific,” type was needed to pro. 
vide sufficient boiler capacity. 

The examples of passenger engines taken as typical 
had, for the most pat two single-expansion cylinders. 
One example had three, while six had four single-expan- 
sion cylinders, others being four-cylinder compounds, 
About half of the examples were superheater engines. 
The single-expansion engines included all the English and 
all but one of the American examples, while a large 
majority of the Continental — were four-cylinder 
compo It appeared that the decision as to whether 
the advantages or disadvantages of compounding were 
greater was largely a matter of nationality. The English 
and Americans gave the upper hand to the disadvantages, 
and Continental designers to the advantages. The choice 
for or against com ding would be determined by local 
conditions, in which the class of men available for the care 
and operation of the locomotives would be of importance. 
Where simplicity was of prime importance single expan- 
sion would be used, but where a slight complication 
could be permitted for the sake of economy, compound- 
ing was indicated. It was hard to see why single-expan- 
sion cylinders should be used. Four cylinders were 
desirable in ey! high-speed engines for the sake of 
balancing, but, if four cylinders were used, compounding 
i y no further complication, and 
secured considerable economy. : 

As regards locomotive practice in Great Britain, though 
the 0-6-0 and the 0-8-0 types were being used still in 
goods service, and the 4-4-0 and 4-4-2 types in passenger 
service, elsewhere those types were being ns into 
the background. The 4-6-0 type was being largely used 
for passenger service, and would become more and more 
important. For fast goods service a new type for 
England, the 2-6-0, or ‘‘ Mogul,” was being introduced 
by the Caledonian, the London, Brighton and South 
Coast, and the Great Northern, Railways. Manyruns in 
England were short enough to be handled by tank 
engines, and excellent results were being obtained with 
that class of machine. The London, Brighton and South 
Coast Railway had lately brought out a 4-6-2 type of 
tank engine, fitted with superheating and feed-heatin 
apparatus, Walschaert valve-gear with piston valves, a 

eir feed-pump. The engine was intended for the fast 
trains between London and the South Coast. An in- 
creasingly large number of new engines were being fitted 
with superheaters. Compounding appeared to be hardly 
doing more than holding its own. 

In France the four-cylinder compound type of engine 
was being maintained, in spite of the introduction of 
superheating. With the first introduction of super- 
heating there was a tendency to revert to single expan- 
gion, but the evidence was now clear that compoundin; 
was just as advantageous with superheated as with 
saturated steam. On the Paris-Lyons-Mediterranean 
Railway, in goods service, the 4-8-0 type was being suc- 
ceeded by 2-8-0 engines, the front coupled axle and the 
front carrying axle being equalised together to form a 
Zara truck. ‘hat arrangement gave as much power as 
the 4-8-0 type, with slightly smaller total weight, and a 
“7 greater adhesive weight. 

On the Paris-Orleans system the economy effected Ly the 
powerful modern engines was strikingly shown by the coal 
consumption for the Paris-Bordeaux express from Paris 
to Tours. In 1897 the train weighed 175 tons, and 
3235 kg. of coal were burnt. In 1911 the train on the same 
timing weighed 340 tons—an increase of 94 per cent.— 
while the coal burnt was 3583 kg.—an increase of only 
14 per cent. The coal consumption per ton of train was 
18.5 kg. in 1897, and only 10.5 kg. in 1911. 

In Germany, for heavy high-speed trains two types 
of 4-6-0 superheater-engines were used. The first of 
these to be introduced expanded steam once only, but 
recently the design had been modified to use compound 
cylinders, and the results had been so satisfactory that 
it was probable that the Prussian State would return 
permanently to compound cylinders for the heaviest high- 
speed engines. When working trains of 514 tons, the 
water consumption was given at 18 lb. per horse-power 
for 4-6-0 compounds, while for single-expansion engines 
of the same i it was 23.8 lb. In Belgium 2-10-0 goods, 


had | and 4-6-2 and 4-6-0 type passenger engines were used, all 


having four single-expansion cylinders with superheated 
steam. 


In conclusion, it appeared that at the present time 
the use of superheated steam was being widely extended. 
Compounding showed a revival on roads where it had 
been dispossessed by the introduction of superheating. 
In the matter of wheel arrangement there was little 
room for choice. In goods service the number of coupled 
axles was definitely determined by the weight of train 
to be hauled and the weight owed per driving axle. In 
passenger service everyone was being forced to the use 
of six coupled axles, and, except in England and Germany, 
it was being found desirable to use a two-wheeled rear 
truck, thus producing a 4-6-2 type of machine, in order 
to obtain sufficient boiler power. The fact, stated 
some years ago by M. Desmoulins, was becoming con- 
tinually more obvious:—the more difficult the problem 
presented to the locomotive engineer, the fewer are the 
solutions which will prove satisfactory. 





Tue Grane Correr-OrE Deposits.—Preparations at 
the Grang copper-ore deposits have been proceeding all 
the winter, and in the spring mining will begin in earnest 
with some 300 men. It has now been decided that the 
ore shall be oo over Norway. The rich Morsfjill 
deposits will also be worked experimentally this summer. 
It is expected that the Lillfjill ore deposits, situate 
some 3 miles west of Giddele, will also worked this 
summer. 
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FATAL EXPLOSION ON BOARD SHIP 
FROM WATER-HAMMER. 


A FORMAL investigation has been conducted by the 
Board of Trade at the Guildhall, Southampton, under 
the provision of the Boiler Explosions Act, 1882, with 
regard to an explosion which occurred on January 11 
last, on board the Royal Mail Steam Packet Company’s 
vessel Araguaya, when in the docks at that port, and 
whereby three men were killed and several others severely 
injared. The Commissioners were Mr, A. A. Hudson, 
K.C. (presiding), and Mr. Arthur I. Maginnis, M. Inst. 
C.E. Mr. Vaux conducted the proceedings for the Board 
of Trade, and Mr. Arthur H. Emanuel represented the 
Royal Mail Steam Packet Company. Mr. Allen, the 
company’s commercial representative. was also present. 

In opening the proceedi Mr. Vaux stated that the 
parties to the inquiry were the Royal Mail Steam Packet 
Company, Mr. H. Forbes, assistant superintendent 
engineer, Mr. D. Wilkins, the chief engineer of the vessel, 
Mr. George W. Campbell, the second engineer, and Mr. 
James Casey, a foreman of boiler-scalers. The subject 
of that inquiry, Mr. Vaux stated, was the bursting of 
the chest attached to the centre forward boiler stop- valve 
of the Araguaya. In the case of a passenger vessel the 
Board of Trade ularly required that steam-pipes 
should be tested by hydraulic pressure every five or six 
years to at least not less than twice the maximum 
pressure at which they were worked, and the main 
steam - pipes of the Araguaya were so tested in 
September last. The vessel afterwards sailed for 
another voyage to South American ports, and ar- 
rived back at Southampton on December 28. The cargo 
was then discharged, and the auxiliary steam-pipes were 
prepared for testing, which was carried out under the 
supervision of Mr. Heard, senior engineer-surveyor to the 
Board of Trade at Southampton, Mr. Forbes, Mr. Wilkins 
and Mr. Campbell. The pressure was maintainei for 
about one hour, the Be meanwhile being carefully 
examined by Mr. Heard. The result of the test was con- 
sidered satisfactory, and the part of the chest which sub- 
sequently exploded successfully withstood that test. 
Proceeding further, Mr. Vaux, referred at length to 
various circumstances connected with the explosion, the 
facts of which were generall to, and stated that 
shortly after the test Mr. Fo visited the vessel and 
noticed that the handle of the drain-cock, which was 
fitted to the fractured stop-valve, was about midway 
between the fully opened and shut positions, not being 
directed downwards and away from the chest. The ex- 
plosion was of a very serious character, as many as three 
persons having been scalded to death, while several others 
were injured more or less seriously. 

A number of witnesses were then called by Mr. Vaux, 
among them being Mr. Langley, leading draughtsman 
to Messrs. Workman, Olark and Co., the builders, 
who gave evidence to the effect that the valve was 
obtained from Messrs. Smith Brothers, brassfounders, 
Nottingham; Mr. Miller, secretary to Messrs. Smith 
Brothers ; Mr. Henry, chief draughtsman to the Royal 
Mail Steam Packet Company; Mr. Forbes, assistant 
superintending engineer, who was of opinion that there 
was water-hammer in the steam pipes; Mr. G. H. 
Heard, senior engineer-surveyor to the Board of Trade ; 
Mr. Wilkins, chief engineer of the Araguaya; Mr. 
Laurenson, engineer; Mr. Campbell, second engineer ; 
Mr. Wallis, senior fifth engineer ; together with others 
who testified to certain details in the course of the 
inquiry. 

On the second day of the inquiry, after taking certain 
evidence, the Court adjourned, the Commissioners mean- 
time inspecting the exploded valve in the ship. On the 
Court a Mr. Charles William Roberts, who, 
in conjunction with Mr. Leonard Parker, held the pre- 
liminary inquiry on behalf of the Board of Trade, was 
called, and stated that, in his opinion, the valve-chest 
received a great shock. He was satisfied that the explo- 
sion had been caused in no other way except from water- 
hammer action, and thought it possible that a man might 
have put his foot underneath, and thus have shifted the 
drain-cock. He did not think it desirable to alter the 
form of the cock in this case, and the risks would prob- 
ably be greater with valves. The cocks complied with 
the Board of Trade regulations. Mr. Leonard Parker 
also gave evidence, and supported the suggestions put 
forward by Mr. Roberts. 

On Wednesday, March 19, Mr. Hudson, the Chief 
Commissioner, delivered the judgment of the Court. At 
the outset he intimated that there was no need for 
Mr. Emanuel to address the Court, as they did not pro- 
pose to hold the Royal Mail Steam Packet Company 
responsible for the explosion. Mr. Hudson referred 
to the plucky act of Mr. Wallis, the senior fifth en- 
Sineer, who, he said, having his attention called to the 
fact that something had gone wrong, entered the stoke- 
hold and climbed the safety-valve casing-gear on to the 
top of the boiler under steam, there shutting off steam from 
the pipe of the valve which had exploded. The Com- 
musioner then went on to say, there could be no doubt 
tom the evidence that had been laid before the Court, 
- the turning of the drain-cock was the direct cause of 

ue explosion. Mr, Roberts had prepared very careful 

tams showing the eff-ct of the opening of the cock 

and the draining of the water, mora particularly for the 
Purpose of demonstrating the effect of the steam and 
Water in the pipe, resulting in what was well known as 
water-hammer. Everything depended upon the security 
interference with the drain-cock, but its position 

Hy such that anyone might accidentally knock against 
ay open it enough to bring about water-hammer. 
been suggested that the cock might have been 
y ene purposely to increase the heat of the pipe, hut the 
rt did not consider that was likely to .cour with the 





regular servants of the company. The Court therefore 
came to the conclusion that the cause of the explosion 
was water-hammer, and that it was brought about by the 
accidental opening of the drain-cock. As to the question 
of responsibility, raised by the Board of Trade, the Com- 
missioner did not feel that they ought to hold any- 
body responsible. The valve-chest was sound and 
of ordinary construction, and had been tested to 
double the working pressure three days before the 
explosion. They thought — arrangements should 
be made to prevent the handle of the drain - cock 
being moved under such circumstances; but the Court 
made no order as to costs. The Chairman expressed his 
canny with the relatives of those men who had lost 
their lives, and specially referred to Michael Casey, who 
did what they were ae glad to find Englishmen do— 
looked after the safety of others before securing his own. 
Mr. Emanuel stated that Sir Owen Phillips and the 
directors of the Royal Mail Steam Packet Company had 
already taken care that such cases of gallantry should be 
properly recognised, and given suitable rewards. 
With regard to the unfortunate families of the deceased 
men, the compiny had seen that they should be paid 
more than the law actually allowed, and that no law costs 
of any kind should be thrown upon them. 
a proceedings, which had lasted three days, then 








FOREIGN ENGINEERING PROJECTS. 


_ We give below a few data on several foreign engineer- 
ing projects, taken from the Board of Trade Journal. 
Further information concerning these projects can be 
obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

Netherlands: The Nederlandsche Staatscowrant publishes 
the military section of the Netherlands Budget for 1913, 
of which the following are extracts :—963,625 gulden, for 
the aes of material for building and equipping 
vessels ; 2,536,670 gulden, for the building and mainten- 
ance of ships; 644,016 gulden, for the manufacture of 
guns, artillery, projectiles, &c.; 603,020 gulden, for the 
provision of torpedoes and accessories; 758,000 gulden, 
for the purchase of coal; 129,000 gulden, for harbour 
materials ; 60,800 gulden, for the purchase of boilers and 
engine-shop accessories. (Gulden = 1s. *) 

Russia: The Commercial Intelligence Branch of the 
Board of Trade has received from the Commercial Agency 
in London of the Imperial Russian Government a copy of 
the Russian Budget Bill for 1913, from which the follow- 
ing items of ordinary and extraordinary expenditure are 
extracted :—Ministry of the Interior—ordinary expendi- 
ture, Postal and Telegraph Services: construction and 


repair of telegraph and telephone lines, 11, 200,000 roubles. 
Ministry of Ways of Communication—ordinary expendi- 
ture, Inland Waterways and Highways: new works on 


existing waterways, 10,078,285 roubles. Railway Depart- 
ment: extension and improvement of State railways, 
45,124,417 roubles; purchase of rolling-stock and appur- 
tenances for State railways, 39,639,219 roubles. xtra- 
ordinary expenditure — construction of railways and 
feeding lines, 108,318,248 roubles. Ministry of Commerce 
and Industries—ordinary expenditure, Mercantile Marine 
and Ports: hydro-techni constructions and organisa- 
tion of ports, 4,790,621 roubles. Extraordinary expendi- 
ture—construction of new ports and thorough improve- 
ment of existing ones, 18, 000,000 roubles. Ministry of 
Agriculture—ordinary expenditure, Section of Agricul- 
tural Economy and Statistics: fireproof buildings in 
villages, 720,000 roubles. Section of Agricultural Im- 
provements: drainsge and irrigation works, 8,432,551 
roubles. Ministry of War — ordinary expenditure, 
General Commissariat Department: clothing and 
equipment, 46,116,235 roubles. Artillery Department: 
ordnance, arms and uipment, 32,295,174 roubles ; 
construction of scientific and technical laboratory, 
467,400 roubles ; installation of chief ordnance yard, 
1,290,860 roubles. Engineering Department: engineering 
gaat. 3,599,987 roubles. Extraordinary expenditure, 

neral Commissariat Department: Stores of provisions, 
5,934,186 roubles; stores of clothing and equipment, 
1,836,526 roubles. Artillery Department: Small arms 
and ammunition, 22,761,000 roubles; machine-gun bat- 
teries material, 3,243,000 roubles; field artillery and 
ammunition, 10,947,000 roubles; garrison artillery, 
5,000,000 roubles. Po yom | Department: Field engi- 
neering material, 8,900,000 roubles ; garrison engineering 
materia], 1,926,000 roubles. Ministry of Marine—Ordi- 
nary expenditure :. clothing, 3,641,372 roubles; construc- 
tion of seven battleships, 38,800,000 roubles ; construction 
of armoured cruisers, 14,000,000 roubles ; construction of 
light cruisers, 8,000,000 roubles ; construction of torpedo- 
boats and submarines, 20,560,000 roubles ; construction 
of special vessels, 4,800,000 roubles ; thorough repair and 


will be opened on April 26 at the offices of the Italian 
State Railways, Rome, for the construction of a section, 
nearly 6 miles long. of the direct line in course of con- 
struction between Rome and Naples. The upset price 
is put at 3,640,000 aed 45,600U.). Although this contract 
will doubtless be a ed to an Italian firm, nevertheless 
there may be openings for manufacturers in the United 
Kingdom to supply some of the materials required. 

Spain: The Gaceta de Madrid states that sealed tenders 
will be received, up to April 28, at the Junta de Obras 
del Puerto de Huelva, Calle, Rascon, 21, Huelva, for 
ouves of certain reinforced-concrete works in connec- 
tion with the construction of two wharves at the port of 
Huelva. A deposit equal to 5 per cent. of the amount of 
the tender is required to qualify any offer. repre- 
sentation is necessary. The Gacetaalso publishes a notice 
ratifying the concession, granted to the Compafiia de los 
Ferrocarriles de la Carolina, for the construction 
working of a railway to run from the San Roque mines 
to Linares. The rolling-stock required will consist of 
three locomotives, ten passenger coaches and brake-vans, 
and eighteen —_ wagons. With reference to the supply 
of a floating fire-extinguisher for the Port of Huelva, the 
Gaceta states that, as only one tender wassubmitted, and 
this considerably ex ed the anticipated cost, the 
Minister of Fomento is authorised to arrange for a fresh 
call for tenders in this connection. It should be noted 
that the tender submitted provided for five kinds of ex- 
tinguishers, varying in price from 151,000 tas (about 
56002.) to 260,000 tas (about 9630/.). The same Gaccta 
notifies that the Minister of Fomento is similarly author- 
ised to arra for the issue of tenders for the extension 
of the San Felipe Pier in Cadiz Harbour by about 435 

ards, in accordance with the plans drawn up by Don 
{milio Martinez and Don Sdénchez Gigon, and the modi- 
fications proposed by the Public Works Department. 
The total expense of the work is estimated at 2,282,419 
pesetas (about 84,500/. ). 

Colombia: The Diario Oficial, Bogota, publishes a 
decree instructing the Minister of Public Works to pro- 
ceed with surveying operations for the construction of 
the following lines of railway :—(1) A section to join up 
the Pacific ¢ with a convenient point on the River 
Putumayo, passing by way of Pasto ; (2) a section from 
Popaydn to Pasto, connecting this line with the Pacific 
Railway; (3) a section from Cucuta, or the Port of 
Villamizar, to a suitable point on the River Magdalena. 
The Deario further contains a notice authorising Sefior 
Aristides Rojas, of El] Pefién, to construct 124 miles of 
telegraph line from La Palme to Topaipi. Also a similar 
notice empowering Sefior Alejandro Uerés to construct 
154 miles of telegraph line from Inzé to Belalcdzar. 

Chili: The Diario Oficial publishes law No. 2771 ear- 
marking a sum of 700,000 pesos gold (52,500/.) for the 
——~ of organising an aerial navigation service, and 
or establishing a school in connection therewith with 
the same object. The Diario also contains a decree 
approving the ape submitted by the contractor for 
the harbour works at San Antonio, for the construction 
of a Decauville railway from San Antonio to San Juan. 

Brazil: The Diario Official notifies that tenders will be 
received — June 25, at the offices of the Directoria 
Geral de Obras Publicas, Rio de Janeiro, for the carrying 
out of complementary works in Rio Harbour—viz., 


between the Marine Arsenal and the Calabouco Bridge. 
The cost of the work is estimated at 20,112, milreis 
(about 1,340,800/.). Each tender must be accompanied by 
a deposit of 100,000 milreis (about 6670/.), which must be 


subsequently increased to 300,000 milreis (about 20,000/. ) 
by the successful tender. The operations will comprise the 
building of wharves and sea-walls and extensive dredging 
of the harbour and docks. The Customs dues on any 
materal which may have to be imported will be borne by 
the Federal Inspectorate of Ports, Rivers, and Canals. 
Should the contract be awarded to a foreigner—+4.¢., non- 
Brazilian—or to a forei firm, then a duly qualified 
agent must be established in Brazil with a full power of 
attorney to settle any disputes which may arise. 





Tue Coprrr Marxet.—In their monthly report, dated 
the 1st inst., Mesars. James Lewis and § state that 
from 651. 10s. for cash, Standard copper advanced to 
661. 15s. on the 4th ult., but subsequently declined to 
641, 2s. 6d. on the 17th. With improved prospects of a 
conclusion of the war in the Balkans, an improvement 
took place on the 25th, which further developed, under 
the influence of strong share markets and an advance in 
Rio Tinto shares to 78J., until 667. 12s, 6d. for cash and 
661. 16s. 3d. for three months and 67/. for Apri] and 
May dates was paid on the 28th. A further advance 
took place on the 3lst, up to 67/. 17s, 6d. being 
for cash, and 681. for April and May, while 


— 
three 
months sold at 671. 15s., and, finally, with a back- 





re-armament of vessels, 5,209,544 roubles; manufacture of 
artillery material, 38,452,428 roubles; manufacture of 
torpedoes, wireless telegraphic apparatus, &c., 8,000,000 
roubles ; construction of ports, 10,199,957 roubles; con- 
struction of docks, 4,200,000 roubles; extension and instal- 
lation ae ordnance yard, 1,993,180 roubles. (Rouble 
. 144.) 
Greece: The Nuchrichten fiir Handel, Beriin, states, on 
the authority of the German Consul in Athens, that 
operations will shortly commence with the object of 
regulating the River Lefka in the neighbourhood. of 
Patras, at a cost of 12,0002. When this work is finished, 
it is proposed to start similar operations at Kalavryta 
(between Corinth and Patras), Kalamata (south of Pelo- 
ponnese), and Olympia, as well as at other places. 
regulation of the River Lefka will improve the means of 
communication between outlying districts, and large 
tracts of Jand will he reclaimed for agricu!tur] purposes. 


The | The Rio Tinto Company declared a final 





wardation of 7s. 6d. per ton. Closing values on the 
Ist were 671. 12s. . cash and 67/. 7s. 6d. three 
months prompt. The total sales amounted to about 
30,000 tons. rge sales of American electrolytic had 
been made both for home consumption and export on 
the basis of 15 cents per pound, and at 68/. 15s. per ton 
c.i.f., 691. 103. per ton c.i.f. being asked on the Ist inst. 
for wire bars. The exports for the month were excep- 
tionally large, being advised at 41,700 tons, of which about 
20,000 tons were afloat, and so not included in the stocks. 
A competent authority estimated the cost of production 
of copper in the different districts of the United States 
as follows :—Michigan, 9.19 ; Montana, 9.44; Porphyry, 
7.98 ; South-Western sulphides, 9.03 cents fa’ pound, 

ividend for 


the past year of 50s. per share, making with the pre- 
viovs interim dividend 90s., or at the rate of 90 ; er cent. 
per anoum. The production of copper was 39,925 tone, 


Italy: The Gazzetta Ufficiale, Rome, states that tenders against 33,385 tons in 1911. 
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CATALOGUES. 


Resistance Materials.—From the Schniewindt Electric 
Company, 40 and 41, Staniforth-etreet, Birmingham, we 
have received copies of price-lists of resistance wires an 
ribbons manufactured by Messrs. Kratos-Werke Erlau, 
of Erlau, Saxony, for which firm they are the sole agents 
for the United Kingdom. The wires and ribbons are 
made in eleven different alloys, in which the specific re- 
sistance varies from 5.82 to 50 michroms per cubic centi- 
metre. Prices are stated for wires ranging from 8 to 47 
S.W.G., and for strips, of which the thickness varies from 
19 8. W.G. to 47 8.W.G. ; all except the thinnest strips 
are supplied either } in., 4 in., # in., or 1 in. in width. 

Induction Motors.—Messrs. Wilson Hartnell and Co., 
Limited, Volt Works, Leeds, have recently issued a 
catalogue section giving prices and all particulars of two- 

hase and three-phase induction-motors and starters. 

e machines listed have outputs ranging from 2 to 100 
brake horse-power, and prices are quoted for both squirrel- 
cage and wound rotors in each size. They are stocked 
for 50-cycle circuits at 200, 220, 400, and 440 volts, but 
can be wound for any vol up to 600, and for other 
frequencies. Dust-proof bal ter tap lubricated with a 
thick non-corrosive supplied by means of Stauffer 
lubricators, are employed on all these machines, and in the 
larger sizes thrust-washers are also provided. 


Anti-Friction Metals.—The Hoyt Metal Company of 
Great Britain, Limited, 26, Billiter-street, EO. Pod 
issued a booklet containing some notes on the production 
and use of their anti-friction alloys, and giving particulars 
of the various brands they supply to meet all require- 
ments. The firm also supply die-cast bearings in solid 
white metal, using their “I.C.E.” metal, or a special 
alloy. These bearings, which are formed complete 
with oil-grooves, dowel-pegs, &c., are cast in vacuum 
under pressure ; they are guaranteed to be accurate to 
within 0.001 in. Where a fairly large number of similar 
bearings is required, as in the motor-car industry, con- 
siderable economy may be effected by using these die- 
cast bearings, but the initial cost of the dies will, 
obviously, prevent them from being produced cheaply 
in small quantities. 


Portable Electric Drilis.—We have received from the 
Chicago Pneumatic Tool Congas, of Fisher Building, 
Chicago, Ills., U.S.A., copies of three bulletins they 
have issued relating to portable electric drills. Two of 
these deal respectively with heavy-duty drills for use 
on direct-current and panes circuits ; both types are 
made in a full range of sizes, the maximum capacities of 
which vary from §-in. to 2-in. holes in metal. The other 
bulletin gives particulars of a new line of drills, the 
special feature of which is that they can be used inter- 
engeahiy on both direct-current and single-phase cir- 
cuits. Six sizes are listed, the smallest of which will 
drill holes up to ;; in. in diameter, while the largest will 
drill up to 1}-in. holes in metal ; all sizes are stocked for 
both 110-volt and 220-volt circuits. The London address 
of the firm is the Consolidated Pneumatic Tool Company, 
Limited, 9, Bridge-street, Westminster, S. W. 


Mining, Smelting, and Cement Plant.—-The Power and 
Mining Machinery Company, of Cudahy, Wisconsin, 
U.S.A., have issued a Spanish edition of their catalogue 
of mining, smelting, and cement-making machinery, and 
a copy of this catalogue has been forwarded to us. The 
catalogue first describes and gives particulars of crushing 
and grinding plant for rock and ore, including gyratory 
crushers, crushing-rolls, Blake rock-crushers, edge-runner 
mills, Huntington mills, elevators, screens, and hoists. 
Portland-cement plant is next dealt with, particulars of 
rotary kilns, ball mills, tube mills, and other machinery 
for this work being given. The remainder of the catalogue 
is devoted to reverberatory furnaces, blast-furnaces, copper 
converters, gas and oil-engines, gas-producers, and pumps. 
The catalogue is well —— and copiously illustrated, 
and thus makes a useful and attractive publication that 
wil] doubtless be appreciated in the mining districts 
of Spanish-speaking countries. 


Purification of Sewage and Trade Effluents.—From the 
Sociéte Anonyme L’Epuration, 59, Rue de Namur, 
Brussels, we have received a pamphlet relating to the 
purification of sewage, waste liquors from factories, &c. 
After pointing out the necessity for purification, the 
pamphlet describes the company’s system and points out 
its advantages. The process was formerly known 
as the Vial process, but is now called the Ostend system, 
as this town was the first to instal it on a large scale. 
Purification is effected by precipitation with milk of lime, 
and the sludge formed is dried, ground, and used as a 
manure. The pamphlet gives a fully illustrated descrip- 
tion of the Ostend plant, and also contains numerous 
analyses, reports, —— of press notices, &c., relating 
to the . The Linden process of eliminating excess 
of alkali from the effluent is also dealt with. The prin- 
= advantages clain.ed for the system are that a pure 
effluent is obtained, the plant occupies very little space, 
is cheaper than other systems to instal, and is odourless 
in working. 


Alloys.—From National Alloys, Limited, Altior Foun- 
dry, 38, The Hill, Ilford, E., we have received a copy of 
a pamphlet giving ag oseagee of the various alloys they 
supply, either in the form of ingots or castings. An 
aluminium alloy, known as ‘‘Ivanium,” is first dealt with. 
This alloy, which is onl 24 per cent. heavier than pure 
peng a | 4% - ile s he as cast, of —— ne 
per sq. in., and an tion of 8 per cent. on a len; 
of 2 tn, Tt is said to with a fine silky fracture, 
to cast well, to be easily machined, to retain its hard- 
ness after heating, and to be unaffeeted by sea-water, 


acids, or atmospheric conditions ; it can also be cast in 
dies. The pamphlet also deals with anti-friction i 

metals, ‘‘Oupranium” special brasses, tantalum an 
vanadium bronzes (also sold under the trade name 


d | ‘‘Cupranium”), and phosphor bronze, manganese bronze, 


aluminium bronze, aluminium solder, and type-metal 


renovating alloys, to all of which the tradename ‘* Altior” | ni 


is applied. 

Reinforced-Concrete Construction. —We have received 
from the Considére Construction Company, Limited, 5, 
Victoria-street, Westminster, S.W., the first of a series 
of booklets they are issuing, with the object of making 
the merits of the Considére system of reinforced-concrete 
construction more widely known. It will be remembered 
that the essential feature of this system is the employ- 
ment of spiral armouring for columns, piles, and arched 
bridges. The booklet gives some notes on the general 
ee of reinforced-concrete construction, and advo- 
cates the use of plain round bars in preference to special 
sections. It also points out the importance of the theory 
of continuity in the design of reinforced-concrete struc- 
tures, and refers to the company’s system of constructing 
hollow-tile floors. The advantages of spiral reinforce- 
ment for ne ony members are pointed out, and the 
application of the system to columns and piles is dealt 
with. In the latter connection it is mentioned that 
spirally-reinforced piles can be driven by allowing the 
monkey to fall directly on to the head of the pile without 
the intervention of any cushioning device, such as is 
necessary with other systems of reinforcement. Other 
sections of the booklet are devoted to the Considére 
method of bracing piles under water, the construction 
of arched brid and reinforced-concrete conical foun- 
dations for columns; the latter were illustrated and 
described in ENGINEERING of April 26, 1912, on 573. 
Several examples of structures in which the Considére 
system of construction has been employed are illustrated. 


Optical Instrwments.—Messrs. Adam Hilger, Limited, 
75a, Camden-road, N.W., have sent us a copy of an 
interesting ae giving prices and particulars of the 
high-class opti instruments and accessories manu- 
factured by them. This catalogue, which is well printed, 
ov. illustrated, and bound in cloth-covered boards, first 
deals with wave-length spectrometers, rome ae | and 
describing instruments of the photographic-scale and con- 
stant-deviation types. In the latter the collimator and 
telescope are fixed with their axes at right angles, 
and wave-length measurements are made by rotating the 

rism, which is of special shape, by means of a screw. 

his screw is provided with a large cylindrical head, 
on which a graduated helical groove is cut, and the 
position of a stationary index in this groove indicates 
the wave length of the line visible on the cross-wires 
of the telescope. Particulars of similar instruments 
having a diffraction-grating replica mounted on the 
prism are given, and also of another instrument of the 
same type, with modifications due to Dr. Tutton, used 
as a monochromatic illuminator in crystallographic work. 
The next section of the catalogue includes spectrographs 
of various ¢; including the Féry spect: ph, ilfos- 
trated and described in ENGINEERING of October 7, 1910, 
page 519. All kinds of accessories for spectrographs and 
spectrometers are dealt with, and these are followed by 
particulars of ket and direct-vision spectroscopes. 
One of these little instruments is fitted with a glass inter- 
ference étalon, giving a resolving power sufficiently high 
to enable the Zeeman effect to be demonstrated. The 
following sections give ticulars of measuring micro- 
scopes, spherometers, polarimeters, refractometers, inter- 
ferometers, and spectroscopic apparatus for high resolving 

owers ; among the latter are included Michelson echelon 

iffraction gratings, Lummer-Gehrcke parallel plates, and 
Fabry and Perot étalons. Prices are also quoted for 
prisms and lenses in glass, quartz, and rock salt, as well 
as for plane mirrors, galvanometer mirrors, plane parallel 
glass, and other optical work. 


Steam, Water, and Air Flow-Meters.—Particulars of a 
new line of meters for measuring the flow of steam, water, 
air, and other fluids in pipes, have reached us in the form 
of an illustrated price-list from the British Thomson- 
Houston Company, Limited, of Rugby, who are manu- 
facturing these instruments. The principle employed, in 
the case of large pi is to indicate the pressure differ- 
ences in a Pitot tu 
mercury, and this principle is used for any fluid in the 
case of larger t: 2 in. in diameter; for smaller 
pines a Venturi tube is inserted in the pipe, and the 

tube is connected to this in the usual manner. The 
peice sist deals more particularly with steam-flow meters, 

ut the design of meters for other fluids is very similar. 
The instruments are made in three patterns—portable, 
indicating, and recording. In the portable instruments 
the indicator consists of a U tube with glass limbs 
mounted on a stand fitted with levelling screws. The 
difference in level of the mercury in the limbs is read 
against a cylindrical chart, and the U tube can be tilted 
in order to magnify its readings when the difference in 
level is small. Auxiliary scales to correct for differences 
in pressure and quality of steam, and for different pipe 
diameters, are provided, and, by means of these cor- 
rections, the flow of superheated and saturated steam at 
any pressure, in a pipe of any diameter can be determined ; 
when the meter is used for water it is, of course, only 
n wy to correct for pipe diameter and temperature. 
In the indicating meters an iron casting forms one limb 
of the U tube and a reservoir for the mercury ; the other 
limb consists of a od screwed into the mercury reservoir. 
On the surface of the mercury in the cast-iron limb is a 





sulphuretted hydrogen, sulphides, carbonic acid, organic 
‘ 





float, from which a silk cord — over a pulley in the 
upper part of the casting. e pulley-spindle carries 
another smaller pulley, from which is sus ed a counter- 


by means of a U tube containing | H 


poise to balance the weight of the float. A small horse. 
shoe magnet is also mounted on the pulley-spindle in such 
& manner that its oy are turned towards the front 
of the casting, which at this point is closed by a screwed 
plug of copper. Outside the casting, and coaxial with 
the pulley-spindle and horseshoe magnet, the indicating 
dle is pivoted. The needle carries a small bar magnet, 
which naturally tends to set itself in the lines of force 
produced by the internal magnet. By the above-mentioned 
means the vertical movements of the mercury column are 
converted into rotary movements of the horseshoe 
magnet, and these are followed by the indicating needle, 
The latter moves over a large circular dial, clearly 

uated so that its indications are easily visible from a 
distance. It will, of course, be obvious that such an 
instrument can only be used under the conditions for 
which it has been calibrated. The recording instruments 
can, however, be adjusted by the operator for use on any 
pipe, and under any condition within their ranges, by 
choosing suitable nozzles and using properly graduated 
paper rolls. The mechanism comprises two cylindrical 
cups suspended from a knife-edge in the centre part of the 
bar joining the tops of the cups. The lower parts of the 
cups, which are half filled with mercury, are connected 
together by a pipe, and their upper parts are each con. 
nected by flexible steel tubing to one of the pipes leading 
from the Pitot tube or Venturi tube. The difference in 
pressure — by the flow causes the mercury to rise 
in one cylinder and fall in the other, so that the balance 
is disturbed, and the cups are tilted more or less, according 
to the rate of flow. The movement of the cups is trans- 
mitted by a series of levers to a pen, which moves over 
a Aggy drum driven by an eight-day clock, 
and thus a continuous record of the rate of flow is 
obtained. The pamphlet quotes prices for steam-meters 
for use on pipes up to 14 in. in diameter, and for 
steam pressures up to 250 lb. per sq. in.; the allowable 
range of steam quality is from 4 per cent. moisture to 
260 deg. Fahr. of superheat. The water-meters listed are 
for age up to 20in. in diameter, for pressures up to 
300 Ib. per sq. in., and for temperatures up to 300 deg. 
Fahr. Steam and water-meters of all three types are 
listed, but only indicating and recording air-meters are 
quoted for. The indicating air-meters are suitable for 
pressures up to 300 lb., and the recording meters for 
pressures up to 125 lb.; both types are listed for use on 
pipes, up to 20 in. in diameter, for measuring air at tem- 
peratures up to 520 deg. Fahr. The pamphlet also gives 
particulars of a special form of planimeter for averaging 
up the charts from the recording meters in order to obtain 
the mean or total flow. 





Navat Capets.—It has been decided to raise the 
limits of of candidates for entry as naval cadets into 
Osborne. “Phe limits at present are 12 years and 8 months 
to 13 years of age, and these limits will be retained for 
the next July examination (with entry into Royal Naval 
College, Osborne, in September 1913). For the Decem- 
ber examination (with entry into Osborne in January, 
1914), and for su uent examinations, the age limits 
will be 13 years and four months to 13 years and 8 
months. There will be, as at present, three examinations 
in each year—namely, in March, July, and December. 
Candidates who were not chosen to attend, or were un- 
successful at the qualifying literary examination held in 
March, 1913, and candidates who may be similarly un- 
successful in July, 1913, may present themselves again as 
candidates under the revised limits, but will require 
to be again medically examined and to attend before the 
Interview Committee. 





Tur Iron AND Stee InstiTuTE.—The annual meeting 
of the Institute will be held at the Institution of Mecha- 
nical Engineers, Storey’s Gate, Westminster, on Thursday 
and Friday, May 1 and 2, commencing each day at 
10.30 a.m. In the course of the proceedings the Council 
will present their report for the year 1912; the Bessemer 
Gold Medal for 1913 will be presented to Mr. A. Greiner ; 
the Andrew Carnegie Gold Medal for 1912 will be pre- 
sented to Mr. J, Newton Friend, Ph.D.; and the awards 
of research scholarships for the current year will be 
announced. The following is the list of papers that are 
expected to be sulunitted :—*Oritical Ranges of Pure 
Iron, with Special Reference to the Point As,” by Dr. 

Sy - Carpenter (Manchester); ‘Influence of the 
Metalloids on the Properties of Cast Iron,” by Mr. H. 1. 
Coe (Birmingham); ‘* Economy of Dry Blast,” by Pro- 
fessor J. von Ehrenwerth (Leoben); “‘ Corrodibility of 
Nickel, Chromium, and Nickel-Chromium Steels,” by Dr. 
J. Newton Friend (Worcester), Mr. J. Lloyd Bentley, 
and Mr. W. West ey ny ‘* Influence of Silicon 
on the Corrosion of Cast Iron,” by Dr. J. Newton Friend 
and Mr. C. W. Marshall (Worcester) ; ‘Influence of the 
Presence of Sulphur upon the Sratality of Iron Carbide 
in the Presence of Silicon,” by Mr. W. H. Hatfield (Shef- 
field); “A New Form of Electrically-Driven, Two- 
High, Continuous-Running Reversing-Mill,” by. 4 
Andrew Lamberton (Coatbri N.B.); “‘ Studies in ° 
Cold Flow of Steel,” by Mr. Percy Longmuir (Sheffield) ; 
“ Rolling-Mill Practice in the United States—Part IL, 
by Dr. J. Puppe (Breslau); ‘‘ Faults in Present- rl 
Tee, and their Remedies,” by Mr. Alleyne Reynol 
(Brighton) ; ‘‘A New Method for Accurate Determinatics 
of Ph horus,” by Mr. C. H. Ridsdale and Mr. N. 
D. Ridsdale (Mid amzough) ; “* Tenacity, Deformation, 
and Fracture of Soft S at High Temsperstarey, Ww 
Dr. Walter Rosenhain (Teddington) and Mr. J. @ A 
Humfrey (Sheffield) ; ‘* Chromiferous Iron pa 
Greece,” by Mr. Herbert K. Scott (London) ; f the 
duction of Sound Steel by Lateral Compression Et a4 
Ingot Whilst Its Centre is Liquid,” by Mr. B. 
(Middlesbrough) ' 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


§BLBOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
GATIONS UNDER THE ACT OF 107. 

Ma ah‘ whore none te menoned the Specfotion sna 

eae communicated from abroad, the Names, éc., 


of Communicators are given in italics. ae a 
4 ‘Specifieats ; " 

“ranch 25, r Buildings, Chancery-lane, W.C., at 
the uniform 

advertisement So ougnee Complete 
ee lon te in each case, canadien Ronen, ata the 
Pont has been when the date of sealing is given. 
Any person may, at any time wi months from the date of 


two 

ne Potent Os pas. to the grant of a 
i i of opposition to 0, 
dependen 7 + mentioned in the Act. 


MINING, METALLURGY, & METAL-WORKING. 


20,633/12. J. R. Hoyle and H. Warburton, Sheffield. 
Tappets for Stamp Batteries. [2 Figs.) September 10, 
1912.—This invention relates to tappets for stamp batteries of the 
type in which the tappet is secured in place on the stem of the 
stamp by one or more keys passing horizontally through the 
tappet and forcing gibs into contact with the stem. According 
to this invention, the corners of the gib and key chambers are 


required movement or twist to bit 54 the inter- 
mediary of the ratchet-sleeves. A bar projects from the cy- 
linder head within cylinder 2, and passes into a space provided 
in the rear of the piston 4, feathers on the bar engaging grooves 
in such space so as to guide the piston in its movements. The 
feathers on the bar projecting into the rear space of the piston 
4 may be straight, as shown, so as to prevent the piston 4 turning 
in its cylinder 2, in which case the feathers in front of the piston 
4 will be rifled, or the arrangement may be reversed, the effect in 
either case being to impart an oscillating rotary movement to the 
twist-sleeve 25, and from which the required intermittent rotary 
movement in the same direction is imparted to the bit or tool 54, 
such as by the ratchet-sleeves moun vely on the sleeve 
25 and on the tool-chuck 33 or on the shank of the bit or tool 54, 
or by a dog or pawl carried by the former and engaging a ratchet- 
wheel on the latter, or by any other suitable means. It is, however, 
preferable, as shown in the drawings, to have the guide feathers 
engaging the piston 4 straight, and those engaging the twist- 
sleeve 25 rifled, so that the piston 4 reciprocates in a straight line 
without rotary oscillation. (Accepted January 22, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1329/12. A. Herbert, Kenilworth, and P. V, Vernon, 
Goveetey. Automatic Devices for Controlling other 
M ms. (3 Figs.) January 17, 1912.—This invention 
relates to aut tic mechani devices for controlling other 
mechanisms of the type in which a change of their behaviour is 
produced by causing one member of the mechanism to occupy 
varyin a. According to this invention, a mechanism 
whose viour is changed by varying the ition of one of its 








formed rounded, and not sharpas hitherto, the rear corners of the 
gibs being similarly shaped and the keys or cotters also having 
rounded corners. In the example illustrated, the tappet A is pro- 
vided with a central bore or cylindrical opening B for the stamp 
stem, and is provided with slots or chambers on either side of the 
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bore for gibs and keys. Each gib chamber C is formed with 
rounded corners, as shown in the drawings, and the rear corners 
of the gibs D are also rounded. The keys or cotters F, whereby 
the gibs are forced into contact with the stem, are also of non- 

lar cross-section, their corners being rounded and their 
chambers E similarly shaped, as shown in Fig. 1. Since there are 
no sharp corners, either on the backs of the gibs D or in their 
chambers C, the gibs can be interchanged as desired, the sub- 
stantially flat surfaces of the keys F engaging the backs of the 
gibs, na | forcing them into contact with the stem as efficiently as 
in the case of the existing sharp-cornered construction. (Accepted 
January 22, 1913.) 


1461/12. A. W. Daw and Z. W. Daw, London. 
Hammer Rock-Drills. (3 Figs.) January 18, 1912.—This 
invention relates to improvements in that class of hammer rock- 
drills, percussive hammers, and similar tools in which a sleeve 
mounted in an extension of the piston cylinder is employed for 
the — of imparting an intermittent rotary movement to the 
tool or bit, and is provided with grooves which are engaged by 
oad on the piston-rod of the drill, the essential object 

ing to materially diminish the length, and consequently the 
weight, of this class of tools, and for which purpose the applicants 
cause the sleeve to itself act as an extension of the piston cylinder 
and allow the front of the piston proper on its forward stroke to 
pass into and engage the bore of the same. 2 is the drill-cylinder 
in which piston 4 reciprocates. The piston-rod is rifled, and 
engages corresponding grooves in the twist-sleeve 25, which is 
capable of reciprocatory rotation, but prevented from endwise 
movement in relation to cylinder 2. A sleeve mounted on the 
twist-sleeve 25 so as to follow its reciprocatory rotary movement 
and be capable of longitudinal movement thereon, has ratchet- 
face teeth formed on its forward end, and is, by a spiral. spring 





forced towards a sleeve 31 with corresponding ratchet teeth. 
The sleeve 31 is mounted on the forward end of the twist-sleeve 25, 
‘that it can rotate in relation thereto, and its forward end receives 
the end of the chuck 83, in which the drill-bit 54 is mounted, and 
‘owhich chuck the sleeve 31 transmits the movement imparted 
thereto, The forward end of the rifled part of the piston-rod 
anitates the hammer of the drill and acts on the anvil which 
rear bit 54 constitutes. The whole of the mechanism above 
ibed is of similar construction, and operates in the same 
eee as that described in the specification of the prior Patent 
NO. 15,511, 4.D. 1910; but, according to the present improve- 
— the twist-sleeve 25 is applied directly to, and constitutes an 
tension of, the cylinder 2, so: that the drill-piston 4, in its 
tion, works partly in the cylinder 2 and partly in the 

te thereof constituted by the sleeve 25, which serves also 
met the twist movement to the drill-bit 54, so that the total 
ons of the tool is very materially decreased, and the conse- 
tw Weight of such tool correspondingly diminished. The 
wist-sleeve 25 is, however, mounted so as to be capable of the 
Lot reciprocatory rotary movement in relation to cylinder 
*otwhich it constitutes an extension, to permit it to impart the 





s has with it an axially displaceable cam- 
carrying drum, such, for example, as a drum having a cam-groove 
in its surface, connected with the said member, and co-operating 
with the drum is a number of automatically-controlled selecting 
members, which may take the form of pins sliding in ides, 
each member being movable in a fixed path, and 
when moved into operative position, to en 
upon the drum to determine the axial position of thedrum. The 
drawings show the application of this invention to the variable- 
speed < wd of an automatic lathe. The variable -gear shown 
com a@ number of of spur-; A B, mounted on 
parallel shafts A2 and B2, any wheel A being capable of en; - 
ment with the driven shaft A2 by means of a spring key on the 
latter, which is free to slide as well as to rotate. When the key is 
not in engagement with any particular wheel on the driven shaft, 
that wheel is free to revolve thereu The spring ney is 
secured to the driven shaft, and the latter is movable axially 
through the hubs of the spur-wheels A upon it, ony the key 
with it to give the various required locki tions. e driven 
wheel A? of the pair giving the slowest motion to the driven shaft 
may be connected to the latter by a pawl-and-ratchet mechanism, 
so that if the key is in a position intermediate between two 
locking tions, and thus inoperative, the sl motion is 
automatically 





ven to the shaft A? through the ratchet, and that 
when the key is in engagement with a spur-wheel, the ratchet 
allows the shaft to overrun the slowest motion whee] A°. Upon 
an extension of the shaft A2is fixed a drum D having a cam-groove 
D2 upon its surface. Mounted in holes in a support E adjacent to 
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the drum D is a number of pins F, which are ah of sliding 
movement within the holes, and thus are capable of projecting 
from their support and engaging with the cam- ve D*. The 
gases is, throughout t of its length only, of sufficient 
width to accommodate a single pin, as shown at D%, and at that 
part follows a course at right angles to the axis of the driven 
shaft A2. The ve is at one part, D2, widened to such an extent 
that any pin F, no matter what its axial position in relation to 
thedrum, will, if protruded, enter the groove. Each pin is provided 
with a ng mounted within the same support which carries 
the pin, such spring tending constantly to thrust its pin forward 
into engagement with the cam ve on the drum. Each pin, 
further, has a catch or detent H, by which it is held in the with- 
drawn position against the action of its spring, and each detent is 
provided with a ti r J by which it may be released. Upon the 
controlling shaft of the lathe is mounted a disc K, whore rim 
revolves in close proximity to the triggers J. Upon the rim of the 
disc are clam dogs L, dog having a number of holes 
arranged in a line approximately parallel to the axis of the con- 
—_—a. whose spacing is equal to that of the triggers J. 
Studs M are provided which may be inserted, one in each dog, in 
a selected hole in the dog, so that as each dog passes the row of 
triggers the stud carried by it will strike the ge Fw trigger, 
as will be clearly seen from the drawings. In ition to the 
cam groove upon the surface of the drum, whose cam action is 
axial in direction, the bottom of the cam groove is made of vary- 
ing depth, so as to ye a cam action radial in direction for 
returning the pins F to their non-acting position. The operation 
of the device is as follows :—When, owing to rotation of the con- 
trolling shaft and the disc carried thereon, a stud M in one of the 
dogs strikes the co nding tri , the detent 7 
thereby is released, and the se in F is pro- 
of the cam 


causes the drum D to be displaced axially to the requisite degree 
so carrying with it the driven shaft A® with its spring key, and 
occasioning operation of the corresponding set of spur-gears. As 
the drum continues to rotate, and the depth of the groove pre- 
sented to the pin becomes less, the latter is forced back st 
its spring, and the depth of the groove dually decreases to 
nothing, so as to force the pin back to the point at which the 
detent H will retain it in the withdrawn position. (Accepted 
December 31, 1912.) 


MOTOR ROAD VEHICLES. 


5784/12. T. Clarkson and W. J. Morison, Chelms- 
ford. Motor Road-Vehicles. (6 Figs.) March 7, 1912.— 
This invention relates to the manufacture of metal wheels for 
road-vehicles, particularly those of the heavier type, and has for 
its object to provide a wheel of light construction, which can be 
made entirely of forged metal. According to this invention, the 
inner ends of tubolar spoke-members are butt-welded to radial 
bosses formed on a forged hub, the tubes being preferably sub 
jected to pressure during the welding process. e rim, which 
comprises one or more annular members, is shrunk on, and, in 
some cases, additionally secured by rivets, or the like, passing 
through the flanges on the spoke-members. In the construction 
shown, the wheel comprises a forged-steel hub A, having radial 
bosses A! corresponding in number to the spokes the wheel is to 
have. These bosses are drilled and so formed tubular, as shown, 
and have their ends machined, the other portions of the huh 
being hined to date the wheel-bearings, brake-drum, 
axle, and the like, and a ring, such as A2, — shrunk on one or 
both sides of the hub, to which is subsequently secured by bolts 























or rivets the cap or cover for the axle. After the hub has been 
machined, tubular spoke-members B of solid drawn steel tube 
are welded to the bosses Al, the ends of the tubes being first 
machined and the tubes being conveniently subjected to pressure 
during the welding process. To the outer e of the tubular 
spoke-members B are butt-welded flanged members OC, having 
curved lateral flanges, the outer ends of the tubes, which are 
also machined, eye lmpenee y welded to the flan, before the 
inner ends of the tu are welded to the hub en they form 
therewith a star-wheel. When the tubes and are thus 
welded in place, the outer surface of the flanges can be machined 
80 as to make all the spokes of equal len prior to the attach- 
ment of the rim. In the present case the rim comprises two 
annular members D of |_-section provided with lateral flanges D! 
which aré shrunk on to the star-wheel, and additionally secured 
to the flanged members C by rivets or the like passed through 
the latter. After attachment, the rim may be turned up and 
have ite flanges machined and drilled to receive tyre-retaining 
flanges (not shown in the drawings), which may be secured by 
bolts or rivets. (Accepted January 22, 1918.) 

331/12. D. M. White and D. Napier and Son, Limited, 
London. Motor Road Vehicles. (2 Figs.) January 4, 
1912.—This invention is for improvements in or re’ to com- 
pound shafts, such, for example, as the com: of a 
motor-vehicle. The object of the present invention is to provide 
efficient lubrication of transmission devices, bearings, and like parts 
eee ——, to ——a shafts, the — of — 
are subject to endwise relative displacement. ccording to the 
poe invention, where two shafts subject to endwise relative 

isplacement are so —— as to transmit rotation from one to 
the other whilst permitting such displacement to occur, a hollow 
cylinder is formed in or carried by one of the shafts, and a plunger 
therefor is operatively connected to, or is constituted by one end 
of, the other shaft, the cylinder and plunger combin to con- 
stitute a pump operated by the endwise relative di ment 
between the Shafts. The operation of the pump is utilised by 
providing one or more ducts formed in or carried by one of the 
shafts, and havin ication-ducts with the interior of the 
Lag apy ew od and with a device—for example—the bearing of a 

in in a Cardan joint, functionally related to one of the 

here the device to be lubricated is a Cardan joint, the inter- 
mediate member of which is engaged by two projections on one of 
the shafts, the arrangement of ducts is preferably such that one 
duct is provided from the pump-outlet toa between one 
of the projections and the intermediate member, one in or upon the 
interm te member from this bearing to the corresponding bear- 
ing of the second projection, and one from this last bearing to the 
inlet of the pump. A shaft A is connected to a Oardan joint to 
drive it, being made hollow and provided with two projecting 
arms B at one end, which en, with the intermediate member 
of theOardan joint. At the o end it is provided with a gland 
and stuffing-box, th h which gland and stuffing-box the engine 
crank-shaft D enters. Towards the end carrying the arms B, the 
bore of the shaft A is slightly enlarged, forming a shoulder A!, 
and within this yn portion isa Cy E, which is open at 
both ends. This cylinder is provided with an external flan 
E!, a second flange E?, and a Fey y E6 intermediate 
flanges E}, E2. The E!, E* are both a close fit within the 
bore of the rearward end of the shaft A, and the flange E! is 
slotted at several points to provide oil-ways. The projection E¢ 
is traversed by a radial hole, and is itself of such a length as to 
provide clearance between its outer end and the wall of the shaft 
A. Ascrewed cap F fits in the open end of the hollow-shaft, and 
serves to retain the cylinder E in position by forcing its yy E} 
against the shoulder Al. yond the rearward e E* the 
external diameter of the cylinder is slightly reduced, and the wall 
perforated by holes. This part of the wall is embraced by a flat 
steel spring, which constitutes a non-return valve for these holes, 
which serve as the —— ports for the cylinder E. The 
arm B, shown uppermost in Fig. 1, is pierced by a duct G!, 
which communicates at its inner end with the interior of the 
shaft A, the rearward —p E® being cut away to give com- 
munication between the in 











truded by the action of its spring. If the wide end 
ve on the drum is presented to the pin at that t it 


groo 
will enter it, otherwise the pin will rub upon the plain surface of 
the drum until it drops into the cam 


ve as the drum rotates. 








When the pin has entered the groove 
groove 


, one side or other of the 
engage with the pin, and, exerting ite cam action, 





and the holes in the cylinder wall, through an annular space 
bet the cap F and the cylinder wall. The 
pierced by a duct G2, whose inner end opens to the interior of the 
shaft A slightly in advance of the E*, The intermediate 
member of the joint driven A. 4 is 


and has its four pins H! made hollow 
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ends of all four communicating with an annular cavity H®, which 
is closed by a bushing. Each pin has a groove formed near its 
outer end and is pierced by two holes J1, which afford communi- 
cation between interior of the pin and the groove. Each pin 
is fitted with a bearing-brass K in the form of a cup provided with 

by a hole K2, which, when brass is in 
position, isin with the outer end of the duct in the arm B 
and with the hole J! ; the hollow interior of each pin is therefore 
closed at its outer end by the bottom of the bearing-brass K, and at 
its inner end by the bushing closing the cavity H®. The arms B 
are provided with capped ends which engage the ing-brasses 
K ve pins H!, The two free arms, seen to the right 
and left in Fig. 2, engage in the usual manner with a shaft to 
be driven by the engine; as usual this engagement does not 
permit of axial end play between the said two arms and the shaft 
which they drive. Thus any endwise movement of the driven 
shaft is communicated to the hollow shaft A through the 
intermediate cardan member. The crank shaft D of the engine 
carries a castellated head L which engages with interior 
castellations formed by ribs L! on the inner wall of the shaft 
A; the en ment between the head L and the ribs L! is such 
as to provide rotational drive, while itting of longitudinal 
relative movement between them. e end of the shaft D is 
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provided with an extension D!, which accurately fits the bore of the 
cylinder E and constitutes a piston therefor. The oo of the 
device is as follows :—A plug A? is removed, and oil is poured in 
until the interior of the hollow shaft and all the connected ducts 
and chambersare entirely filled w'th oil, the opening is then closed 
by the plug. Relative endwise movement between the shafts A 
and D will cause the extension D! to reciprocate slightly in the 
cylinder E, so causing it to act as a pump, which circulates the 
oil by way of the holes in the —— non-return valve, = 
the cut-away portion of the ne E?, through the duct G!, hole 
K2, the connected ve in the pin H!, hole J}, interior of the 
in H}, annular ber H2, the diametrically opposite pin H!, 
ts hole J1, and thence back through the duct G2 to the annular 
space bounded rearwardly by the flange E2 and forwardly by the 
flange E!; from this last annular it can gain access to the 
interior of the cylinder E through the hole in the projection E®, 
when the inner end thereof is uncovered by the movement of the 
piston Dl, The circulation of oil b the portion of the shaft 
enclosing the castellated coupling and the rearward end of it is 
provided for by the slotted ways in the flange E1. A movement 
of withdrawal of the piston D! from the cylinder E sets up within 
the latter a partial vacuum, and if the movement continues suffi- 
ciently to uncover the hole in the projection E®, oil is sucked 
therethrough into the cylinder. (Accepted January 15, 1913.) 


PRINTING AND ALLIED MACHINERY. 
384/12. Linotype and Machinery, Limi Lond 
(2 Figs.) January 5, 1912.—-This invention relates to apparatus 
for cleaning the ink-distributing and forme rollers of — 
machines ~ 


the class in which the rollers are alternately rota 
in opposite directions, as for instance, in reciprocating flat- 




















drawings, the shaft 1 of the roller 2, hereinafter referred 
to as a rider-roller, is, at each end, journalled in a frame 3, this 
frame being adjustably mounted upon a rod or shaft 6, about 
the axis of which it is free to rock. In the drawing only one of 
the two frames 3 is represented, the second one, which is or may 
be a replica of that shown, being situated at the side of the 
machine te to that which is shown. On each side of the 
rider-roller 2, and liel with the axis thereof, there isa rocking- 
shaft 7 or 8 journalled in the frames 3, and having on one end a 
lever-arm 9 or 10, the two arms being connected bya link 11, which 
transmits to one of them the rocking motion which is imparted to 
the other one, this rocking motion being derived conveniently from 
a cam 12, which,for each cycle of the machine, causes the two linked 
arms 9, 10 to be moved once backward and forward. For this 
purpose, the cam 12 is secured on a cam shaft 13 which rotates 
once for each cycle of the machine. and acts upon a bowl 14 
pivotally mounted on a cam-rod 15, and held constantly in opera- 
tive contact with the cam by a tension spring. At one end, the cam- 
rod 15 is forked to embrace, and be guided by, the cam-shaft 13, 
and at the other end it is pivotally connected to a lever-arm 18 
fast on a rocking shaft 19, on which is also secured a second lever- 
arm 20, which, through a link 21, is connected with a lever-arm 22 
fast on the shaft 7, on which the lever-arm 9 is secured. On each 
of the two rocking shafts 7, 8 there are loosely mounted two or 
more levers 23, the ends of which directed towards the rider- 
roller 2 carry a flexible blade adapted to be moved into and out 
of rubbing contact with the roller. The ends of the levers 23, 
remote from the rider-roller 2, are provided with holes or slots 
through which loosely passes a rod 27 fast in two or more bracket- 
arms 28 rigidly attached to the respective rocking-shafts 7 or 8. 
The bracket-arms 28 appertaining to the respective rocking-shafts 
7, 8 extend upwardly, and at their upper ends are preferably con- 
nected together by a bar 30 to which are attached the upper ends 
of helical springs whose lower ends are correspondingly attached 
to the respective ends of the levers 23. These springs serve to 
hold the blades on the levers 23 in contact with the surface of the 
rider-roller 2 with an elastic pressure, and enable the blades to 
= in the event of there being any unevenness in such surface. 

neath each of the blades there is provided a trough for receiv- 
ing the ink and ink-solvent removed from the rider-roller 2, the 
two troughs being connected together by pipes in any convenient 
manner so as to form virtually a single trough. In the arrange- 
ment illustrated, the rider-roller 2 is in constant rolling contact 
with one of a series of ink-vibrator rollers 34, which rotate in 
contact with the inking rolling 35, which, in turn, contact with 
the ink-table reciprocated beneath them, all in the usual manner. 
(Accepted January 15, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


9525/12. B. E. D. Kilburn, High Holborn. 
of Gebruder Sulzer, Winterthur and Ludwigshafen on the 

ermany. Internal: bustion es for Ships. 
(9 Figs.) April 22, 1912.—This invention relates to two-stroke 
cycle ti bustion internal-combusti engines for 

ips, having two or more driving engines, in which each pro- 
pelling engine drives one or more pumps, which supply air 
thereto within given limits of load, separate auxiliary motors 
being also provided for supplying additional air for scavenging, 
charging, starting, or the like. According to this invention, the 
main and auxiliary engines are divided into groups, each group 
being in a water-tight compartment, and the groups being so 
arranged that the auxiliary engine of an after group is arranged 
above the propeller-shaft driven by the engine forward thereof. 
In the dra’ , Fig. 1 is a plan view, Fig. 2 is a section on the 
line O—D, ig. 3 is a section on line A—B of an arrangement 
in accordance with this invention. In the construction shown, 
the machinery is arranged in two water-tight com ments 1 
and2. In the a compartment 1 is a main-engine 3, 
—— six cylinders. daming air-pump 10 is directly con- 
nected to the engine, and a compressed-air pump, which may be 
used for starting some other engine, reversing, or operatin 
auxiliary machines, may also be directly connected thereto, if 
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desired. The auxiliary engine 11 is avenast in the same water- 
tight compartment 1 supplies additional scavenging and 
air, as well as compressed injection air, compressed 
g air, &c., to the main engine 3. The cylinders of the 
auxiliary engine are indicated at 12 and 18, the cylinders of the 
charging air-pump being shown at l4and15. The charging air- 
= ve a suction- 18 and a discharge-pipe 19 open’ 
to the receiver 20 of the main engine. The pm odin § 21 
and 22 of the main, as well as of the auxiliary, engine open Tinto a 
joint funnel 23 ; instead of extending the exhaust-pipe upwards 
above the deck, as shown in the drawing, it may, if desired, be 
carried laterally overboard. In the water-tight com nt 2 is 
arranged a main engine 24 with six cylinders with a directly- 
connected charging air-pump 31. The main engine drives the 
propeller-shaft 32. In same compartment 2, as in the com- 
partment 1, there is further an auxi 
supplying scavenging and ing air and 
re iz, ig, atomising and injecting the , &e. The 
cylinders of the auxiliary engine 33 are marked 34 and 35, whilst 
86 and 37 are the cylinders of the charging air-pumps. The 
charging air-pumps are provided with a suction-pipe 40 and a 





discharge-pipe 41 opening into the receiver 42 of the main engine 24. 
The exhaust-pipes 43 and 44 of the engines arranged in Socom. 


(APRIL 11, 1913. 


partment 2 are led into a funnel 45. As will be seen from Fig, 1 
the propeller-shaft 32 is arranged in such a low position that the 
auxi engine 11 can be arranged directly above it. The receiver 
20 of the main engine 3 is connected by a pipe 46 to the receiver 
42 or air-supply pipe 41 of the other main engire 24. The two 
receivers 20 and 42 can be connected to, or disconnected from, 
each other by means of a valve -cock, so that in the event, 
for instance, of one auxiliary engine failing, the charging air 
could be supplied from the other auxiliary engine. (Accepted 
January 22, 1913.) 


TEXTILE MACHINERY. 

10,221/12. Taylor, Lang and Co., Limited, Staly. 
bridge, and P Warbustom, Luddendenfoot. 4 
Mules. (2 Figs.) April 30, 1912.—This invention re. 
lates to self-acting mules for spinning fibrous materials, and con. 
prises the combination with two driving: belts, running at different 
speeds, and pulleys, of belt-shifting gear arranged to cause one 
belt to continuously drive the front rollers and to give the 
slowest spindle speed, and the other belt to give the inter. 
mediate and highest spindle , without the intervention of 
pawl and rachet or like clutch devices. Six drums or pulleys are 
employed working in conjunction with two driving-belts, one, a, 
of Tid pulleys being fast upon a sleeve b carrying a rope or like 
formed ¢ for actuating the spindles at one speed ; another pulleyd 
‘ing fast upon the shaft ¢, termed the rim-shaft (upon which 

said sleeve b freely rotates), which through the medium of a ro 
or other pulley / drives the spindles at a second speed; a third 
pulley g being loose upon the sleeve-like extension of said pulley d 
and d between the aforesaid pulleys a and d; a fourth 
pulley & being keyed upon or formed integrally with a sleeve j 








wera 





upon the shaft e, driving the mule front rollers, a fifth pulley j 
being keyed to the rim-shaft ¢ and a sixth pulley k being loose 
upon the sleeve i. The two belts travel at different speeds. The 
operation of the’ is as follows :—Assuming that both belts 
are running;on the loose pulleys k and g, and it is desired to obtain 
the lowest spindle speed, the slow-speed belt, which is controlled 
by the shipper m, is brought over the pulley A driving the front 
rollers and also over the pulley j driving the small-diameter rope 
or like pulley f on the rim-shaft. The slow-speed belt thus drives 
the front rollers and thespindles at slow speed. To obtain the second 
speed, the high- belt which is controlled by the belt-shippern 
is moved on to the pulley d ; the belt shipper n in such movement 
is caused to engage the belt shipper m of the slow-speed belt and 
remove the latter belt from the pulley j and places it partly on the 
front roller driving-pulley h and partly on the loose pulley &. 
The third is obtained by transferring the high-speed belt 
on to the pulley a driving the large-diameter rope or like pulley c. 
By the arrangement aforesaid, a simple and efficient form of 
three-: mechanism for the spindles is obtained. (Accepted 
January 2% 1913.) 


MISCELLANEOUS. 
/i2. David Auld and 0 aS. J. Auld, 
J. Graham, Glasgow. Redu: “Valves. (3 Figs.) 
October 11, 1912.—This invention has reference to, and com 
ses improvements in and relating to, reducing-valves for deal- 
ng with high pressures, such as air or compressed, it may 
be, to a pressure of 2000 Ib. or 3000 Ib. to the square inch or other 
pressure fluid, and consists in the combination or a ent 
and construction of the parts, whereby an arrangement for uni- 
form pressure is maintained in the service-pipes independent of 
the fluctuations of the pressures in the main pipe, no balancing 
sempee being employed, and particularly in the arrangement of 
e valve-seat, which is held in place by a plug screwed into the 
valve casing. _In carrying this invention into effect or practice ss 
illustrated by Figs. 1 and 2, in which the elements are practically 


the same, but differently the gas enters by the inlet A, 


the valve ©, flows away by the outlet B. The valve 
form, and is made of hard metal, as also is its 


. e-seat is maintained firmly in position by the 
is screwed into the casing F, its end neing covered by & 


gs 
> 
ee 


the connection made air-tight by the er or 
The pressure fluid passing the valve C passes holes 

as shown in Fig. 1, and also by the hole I or 
-chamber J, and, as shown by Fig. 2, it pase? 
chamber J ; thence it flows 


i 


let B, 


ae 


valve, which is closed immediately the 
chamber J rises above that arranged for, 





re of the spring L, the valve being actuated 
en fulcrumed on the casing F. (Accepted 
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THE NEW CUNARD LINER 
“ AQUITANIA..” 


Tue Cunard Line—the premier line in Britain, 
not so much by reason of the magnitude of its fleet 
as of its stimulating influence on marine construc- 
tion and its continuous promotion of our maritime 
prestige—will next Monday further contribute to 
these national services by the launch of the Aqui- 
tania, the largest ship yet built for the express 
service to New York. Size, however, has not been 
the dominating influence in her design ; it is rather 
a consequence of the effort made by the Cunard 
Company to improve upon all those features in the 
famous liners Lusitania and Mauretania, in further 
promotion of the desiderata of safety and comfort in 
ocean transit, which have been safeguarded by the 
management since the inception of the company 
sixty odd years ago. The control and management 
of the line may change, but the traditions live ; and 
Mr. A. A. Booth, the chairman of the company, 
and his colleagues on the board, Mr. A. D. Mearns, 
the general manager, and Mr. L. Peskett, the naval 
architect, and all connected with the design and 
associated with the details of management main- 
tain and extend the traditions. In no more illus- 
trative way has this been done than in the design 
and equipment of the Aquitania. 

The Cunard Company maintain a large designing 
staff, and advisedly, because these technical officers 
study with singleness of purpose the lessons of ex- 
perience deduced from their own ships during their 
voyages, and accumulate experience disclosed in 
other ships. The possibilities of improving upon con- 
temporaneous practice may be gauged, for instance, 


TABLE III.— PARTICULARS OF 


is being maintained and extended under Mr. 
Thomas Bell, the general manager of the works ; 
Mr. W. T. Luke, the shipbuilding manager ; and 
Engineer-Commander W. f Wood, the engineer- 
ing manager. 

The question of stability under abnormal condi- 
tions—which includes the ingress of the sea through 
accident to any part of the ship—had special con- 
sideration in the design of this as of all other 
Cunard ships. Before even the dimensions were 
fixed upon, this matter was closely investigated. 
In the double bottom, which extends from bow to 
stern, there are 41 water-tight compartments, while 
in the moulded structure of the ship above this 
there are 84 water-tight compartments formed by 
transverse and longitudinal bulkheads and water- 
tight decks. The transverse bulkheads have been 
carried up to an unusual height, and this, in con- 
junction with the longitudinal and horizontal divi- 
sions, make the conditions such that should the fore 
part of the ship for the first five compartments, or 
the after part of the ship for the six after compart- 
ments, or the five centre com ents, be open to 
the sea, the ship would still remain in a perfectly 
stable condition. Indeed, everything ible that 
scientific knowledge could devise has been carried 
out to make this ship safe. 

The question of stability, &c., did not stand alone 
in determining the dimensions. There are many 
purely extraneous circumstances which affect 
the issue, not the least important being the 
limitations in the depths of channels, notwithstand- 
ing the enterprise of harbour authorities. Deep 
draught is the constant dream of the naval 
architect, but it is a costly idea for the harbour 





TaBie I.—Number of Steamers of Large Tonnage. 
(Compiled from Lloyd's Register Books published on July 1.) 


Tonnage Range. 1891. 1896, | 1901. | 1906. | 1911. 19138. 
Over 30.000 ° -- -- _ — 2 3 
25,000 to 29,999 . - -- - — 1 2 
20.000 to 24,999 . a — _ 7 8 4 
15,000 to 19,999 .. -~ -- 1 7 16 17 
10,000 to 14,999 .. 2 6 50 88 110 147 

7,000 to 9,990 .. 13 29 85 174 295 378 

6.000 to 6,999". 58 | 148 3876 601 875 116 

4,00010 4,999 .. 152 304 472 885 1298 1449 

3,000 to 3,999 .. .| 441 787 1199 1701 2108 

2,000 to 2,999 . 1464 1961 2095 2288 2308 2839 
Total number .| 2128 3185 | 4278 56746 7020 7564 


TasB_E ITl.—Number of Fast Merchant Steamers. 
(Compiled from Lloyd's Register Books published on July 1.) 





| | 
Speed. 1890- | 1895- | 1900- | 1905- | 1910- | 1912- 
1891. | 1896. | 1901. | 1906. 1911. 1H13 
20 knots and above ~ 8 24 58 68 105 108* 
19 and under 20 knots .. 8 29 34 34 42 49 
18} knots... ma Pa 1 7 8 ll 24 24 
a.) « * cal ae 81 39 41 60 68 
a 17 25 2, 41 4888 
as A 12 45 | 64 61 83 §©=.-80 
aE on 4 19 24 31 45 4h 
16 15 51 70; 95 126| 144 
15s Cis, 8 23; 8 43 4748 
16 38 98 121 #155 | 215 228 
144 37 56 56 72 8 92 
_ 4 58 148 141 «(189 276 395 
183 ,, 59 107 140 140) 187 170 
a « a) 258 | 323 417) 46% 468 
1243 (, 62 1h2 185 «188 206, 220 
as :« %e .-| 121 $91 | 488 | 662 782) 748 
Totals ..| 551 1462 | 1811 | 2249 | 2693 2850 





* Of this number, 16 were of 23 knots and above. 


NOTABLE ATLANTIC STEAMERS BUILT AND ENGINED AT CLYDEBANK. 


























| | | | 2 | 
| | Movu.pep Dimensions. | ae $ ENGINES. Borers. s | PASSENGERS AND CREW. 
Pa. os eck ¢ Pele | 
| = | |. a + 
oN | | la} #] 1 1 «| SlaleeereS es gi 
STEAMER’S NAME. | Pare : =} s : é 8 3 bee 36 § x) és e 
a = : | 2 r 
gitel/ 3/2 /4ia) Fie) al — $) 35) 3 E8| 2e | ron: Hist Be gq 
| > 2 ° | = | Dn ° | = ts 
2/8| i | Fielel él} a] é | g| 2° § |g) Be | BE go ehh gt 2 
|} ft | ft. in. | ft. in. ft. in. | tons. in. | sq. ft. sq.ft. Ib. |knots. 
Servia* -| 1881 | 530 | 52 0| 40 6} 9.90 | 12.71| 23 3 | 9,900 | 7,892 One 72-in., two 100-in. 78 | 27,488 | 1014 90 | 10,300 | 17.0) 236 — 484 «1ll4s 88 
America an ..| 1884 460 61 0 37 6) 847 11.52; 23 0 9,200 6, One 63-in., two 91-in. 66 | 22,750 95 7,360 17.8 348 — 694 149) =—-1191 
City of New York*..| 1888 | 560 63 0 4110) 888 13.32 | 23 0 18,000 | 10,499 |Two 45-in., yd 7l1-in., two 60 | 50,265 1°98 150 20,000 | 21.8 693 298 376 Bo2 1734 
| | | 118-in. 
Saxonia «= ww~Ssiw.| 1809 600 | 64 0 41 6! MBB 14.47) 2 O | 22,470 | 14,271 |Two 29-in., two 414-in., two 64 | 25,803 | 570 | 210 | 11,000 | 16.5 188 200, 761 179 1828 
| | 59-in., two 84-in. | 
Caroniat .| 1904 672 72 0| 52 0| 9.33 12.90, 32 0 | 29,800 | 19,687 |Two 39-in., two 544-in., two! 66 | 52,139 | 1298 210 | 22,000 | 19.5 | 304 326 | 1900 610 3040 
| | 77-in., two 110-in. 
Lusitania* .. --, 1906 | 785 87 6 60 4/ 897 12.99 33 6 38,000 31,550 | Four-screw steam-turbines. — | 158,850 4048 195 68,000 | 25.0 552 460 «1186 827 3025 
Aquitania .| 19138 902 | 97 0 64 0} 9.30 14.07; 34 0 | 49,400 47,000 | Four-screw steam-turbines. — |189,000 3500 195 | 60,000 | 23.5 660 698 1900, 972 4:30 





when one reflects upon the potentialities in respect | 
of comfort for passengers in details of such ship 
equipment, for instance, as ventilation, heating, 
natural and electric lighting, plumbing, &c., apart 
altogether from those arrangements which are 
obvious to the eye of the layman. Mr. Booth 
himself has intimate knowledge and wide ex- 
perience of shipping, and, consequently, guides, as 
well as stimulates, the whole staff towards the 
attainment of those ideals which are ever present 
to our premier company. 

The Aquitania is an embodiment of the proved 
qualities of the Lusitania and Mauretania, but 
many developments have resulted from experience, 
80 that the ship stands to-day as the highest ex- 
pression of those qualities which are essential to 
structural strength, stability under abnormal con- 
ditions of loading, economy in propulsion, regu- 
larity in mail service—i.e., in maintaining scheduled 
time—and to the comfort of passengers. Not only 
have the designers for the Cunard Company drawn 
upon their extensive and unique experience in all 
these respecta, but they have availed themselves, 
im regard to scantlings, of the services of Lloyd’s 
Registry of Shipping, who undertook the calcu- 

tions which were advantageous in settling many 
details. _ This recognition of valuable service 
's only just to a public organisation which is 
doing so much in many directions to advance 
naval architecture generally. It should also be 
Temarked here that in their choice of builders 
—Messrs. John Brown and Co., Limited, Clyde- 
bank —the Cunard Company have ensured a 
certainty of substantial work. As we shall pre- 
sently show, thé Clydebank staff and workmen have 
an unexcelled experience in the building of great 

ners, and the Aquitania is but a successor to 
many notable ships from the same establishment, 
and thus the high renown of the Clydebank Works 





* Denotes that vessels were the largest at the time of launch. 





engineer. Length and beam have therefore to be 
relied upon by the ship-designer, and even here 
there are limitations. In the general dimensions of 
the Aquitania, therefore, the increases are in length 
and beam, and in connection with the final pro- 
portions, and particularly the coefficient of fine- 
ness and generally the lines, the Cunard Company 
availed themselves of the experimental tank at the 
Clydebank Works, Messrs. John Brown and Co. 
being the only. firm capable of building a vessel 
of the size of the Aquitania who possess such an 
experimental tank. Calculations previously made 
for determining the power required to drive the 
vessel, as well as the design of propellers best 
suited to utilise that power efficiently, were thus 
confirmed, and the form and dimensions of the 
Aquitania finally fixed. As to the beauty of these 
lines, evidence is afforded by the photographs of 
the vessel on the ways reproduced on Plates XX XI. 
and XXXII. 





GROWTH IN DIMENSIONS AND SPEED OF 
MERCHANT STEAMERS. 


The dimensions and leading particulars of the 
Aquitania are set out in Tables III. and IV., on 
this and the next , the former including ships 
of prominence built at the Clydebank Works since 
1881, and the latter the large steamers of all 
nationalities. Both indicate the great advance in 
dimensions of these behemoths of the ocean. But 
of even ter significance are the facts disclosed 
in Table I., which shows the number of steamers in 
various tonnage-ranges disclosed in the informing 
books of Lloyd’s Register, which are published 
annually on July 1 each year. The figures are 
given for various years at that date. It will be 
seen that in the issue of 1891 the largest steamers 


+ The Carmania was a sister-ship to the Caronia, but was fitted with turbine machinery. 


two over 10,000 tons—the American liners New 
York and Paris (now pee Five years later 
there were only six between 10,000 and 15,000 tons 
--an addition of three in the intervening quin- 

uennial period — including the Cunard liners 
Gam nia and Lucania, of 12,500 tons. Then came 
a full recognition of the advantage of great size, 
alike in comfort, safety, and economy, and by the 
beginning of the century the number exceeding 
10,000 tons had gone up from six to fifty-one, one 
of the vessels being over 15,000 tons—the White 
Star liner Oceanic. Five years later, the number 
over 10,000 tons increased to ninety-seven, and of 
these, seven were over 15,000 tons, and seven more 
over 20,000 tons, the largest being the White Star 
liner Baltic, of 23,876 tons. The increasing popularity 
of the big liner was still more marked in the next 
quinquenpial period, as in July, 1911, Lloyd’s record 
showed 136 ships exceeding 10,000 tons, and of 
these fifteen were between 15,000 and 20,000 tons, 
eight were between 20,000 and 25,000 tons, one was 
between the latter figure and 30,000, and the Lusi- 
tania and Mauretania marked the highest point— 
31,550 tens. Then came the Olympic, of 45,000 tons. 
This makes three of this great tonnage actually in 
service now. This number will be doubled during 
this year by the addition of the new Cunard liner 
Aquitania and the Hamburg-America liners Im- 
perator and Vaterland. But in service there are 
now 178 vessels exceeding 10,000 tons, while 
twenty-two years ago there were only two. Equally 
illustrative of the present-day tendency is the 
growth in the same period of vessels from 7000 
to 10,000 tons—13 to 378 ; and of vessels between 
5000 and 7000 tons—53 to 1016. . The figures given 
in the table are worth close study. 

Although it involves some digression, it is inte- 
resting, before returning to the dimensions of the 





were under 15,000 tons, and there were then only 


Aquitania, to glance at the contemporaneous ad- 
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CRANES FOR THE BUILDING BERTH OF “ AQUITANIA.” 


CONSTRUCTED BY SIR WILLIAM ARROL AND O©0O., LIMITED, GLASGOW. 
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PLAN OF HOISTING PLATFORM 











to be demolished, but the range of platers’ and 
fitters’ machine-tool shops still continues along the 
head of the rearranged berths. It is significant of 
the importance of the work undertaken at Clyde- 
bank t, at the present time, there are on the 
rearranged berths the Aquitania, the largest 
merchant ship built ; HLM. Tiger, the greatest 
battle-cruiser yet ordered; and H.M.S. Barham, 
which belongs to the Queen Elizabeth class, and is 
therefore the embodiment of the highest achieve- 
ment in battleship design. 

Owing to the Ne of keel-blocks for the Aqui- 
tania being at a more acute angle to the river than 
were those of the Lusitania, additional piling had 
to be carried out, especially at the lowet end of the 
berth, in order particularly to take up the thrust 
from the fore poppets of the cradle when the stern 
of the ship is first water-borne. Careful calcula- 
tion was made from past experience in the launch- 
ing of long ships to determine the moment when 
the stern wold float, and the position at which 
the downward thrust forward would be exerted on 
the standing ways and berth. Close piling was 
driven over an extensive area, and heavy walings 
secured the piling together, as shown in the phote- 
graph reproduced on page 518, Fig. 5. This 

in was completely surrounded by concrete. 

e piling was carried under the area later occu- 
pied by the keel-blocks and standing ways. 

The crane arrangements made are illustrated in 
the same view and in several of —~ age Ro the 
ship in progress, reproduced in Plates . to 
XVII. st will be a that along each side of the 
berth are seven derrick cranes, which were supplied 
and erected by Sir William Arrol and Co., Limited, 
Glasgow. Owing to their great height and radius 
these are of special interest, and drawings of them 
are reproduced in Figs. 1 to 4,amnexed. The maxi- 
mum load is 5 tons at an extreme radius of 565 ft. 
The load can be racked in to a minimum radius of 
11 ft.6 in. The height of lift above the berth level 
is 111 ft., and the total height of the mast is 135 ft. 
over all, Slewing gear is provided to turn the jib 
through an angle of 205 deg. 

The mast is built up of rolled-steel sections, well 
braced and riveted together, and provided with 
suitable foundation plate and a top plate, to which 
the guys are attached. The jib is of rolled-steel 
sections and plates ; the bottom boom consisting 
of two rolled-steel channels arranged to form a 
track for the trolley. The latter is constructed of 
steel plates, and mounted on four single-flange 
wheels. It is racked up the jib by means of a 
four-part rope, and returns by gravity to the 
minimum radius. The racking-rope is wound or 
unwound on a cast-iron drum, driven by a motor 
through the medium of suitable reductions of 


gearing. 
Suitable stairs and platforms are provided to 
give access to all parts requiring attention. The 

river’s cabin is situated immediately under the 
slewing gear, where the man has complete control 
of the operations and a clear view. 

The motors are of the totally-enclosed reversing 
type, especially designed for crane service. They 
are rated so that after a half hour’s run under 
full load the temperature rise above that of 
the surrounding atmosphere does not exceed 
90 deg. Fahr. Each motor is provided with a 
tramway-type reversing controller, having the 
vertical contact barrel mounted on ball-bearings to 
ensure ease of operation. The jib-slewing motor 
drives a spur-wheel attached to the jib foot- 
bearing through reductions of gearing. The load 
is lifted on a single-part best plough-steel wire 
rope, winding on to a cast-iron drum, driven by a 
motor, through the medium of three reductions of 
spur-gearing. A double set of gear is provided for 
e last reduction in order that the two specified 
speeds of hoisting may be obtained. Change of 
ed is effected by means of a claw-clutch. The 

sem a is of diameter, turned and 
or to take the full amount of rope in a single 

p. Two brakes are provided; one is an automatic 
electric brake, operated by means of a solenoid 
magnet connected in such a manner that the brake 
is released directly the motor is started, and is 
applied directly the current is cut off, or fails for 
any reason. This brake is also ed so that it 
may be released by hand, and the 1 allowed to 
descend by gravity. A foot-brake is fitted on the 
hoisting-motor spindle, so that in the event of 
failure of the solenoid brake, this brake may be 
applied by the The speeds of worki 





1 — 
are :—Hoisting, 5 tons at 60 ft. per minute an 
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3 tons at 100 ft. per minute; racking, 5 tons at 
35 ft. per minute ; and slewing, 5 tons at 200 deg. 
per minute. 





THE DEEPENING AND WIDENING OF THE 
RIVER AT CLYDEBANK. 


Improvements had also to be made in the depth 
and width of the channel of the river, not only in 
anticipation of the launch, but for the navigation 
of the ship to the sea. This work is being carried 
out by the Clyde Navigation Trustees. Much had 
been done prior to the completion of the Lusitania. 
Thus, in 1904, the Clyde Trustees obtained parlia- 
mentary powers for widening the river at the point 
at which the Clydebank ships are launched. The 
location of the yard was originally decided upon in 
the early ’seventies, because nearly opposite to it is 
the confluence of the rivers Cart and Clyde, and 
for the launch of the Lusitania about 2 acres were 
thrown into the water space on the east side of the 
mouth of the Cart, and 6} acres to the west of the 
Cart. There has therefore been no need to add to 
the water area for the launch of the Aquitania, but 
special dredging has been done in the line of the 
launch from the berth to the mouth of the Cart, 
the depth reaching a maximum of 454 ft. below 
high water of ordinary spring tides. 

Under contract with Messrs. John Brown and 
Co., Sir William Arrol and Co. have lately leng- 
thened the fitting-out basin by extending the 
head landwards into the works. This was done by 
the sinking of cast-iron cylinders with the help of 
grab-dredgers, in order to provide a foundation for 
the new wall. Alterations were also made at the 
entrance of the basin in order to facilitate the 
movement of the Aquitania into the dock. The 
basin itself has been dredged, so that the Aquitania 
will always be afloat when lying alongside the 200- 
ton cranes available for putting machinery, &c., 
on board. 

At the same time the river has been further 
greatly widened by the Clyde Navigation Trustees, 
the builders of the Aquitania contributing 10,0001. 
towards the cost. The widening has been carried 
out on the south side of the river, where there 
exists an island known as Newshot Isle. This is 
arable land, and fully 13 acres have been cut 
away and added to the water space. The part of 
the river from Clydebank to Dalmuir has thus 
been increased to a uniform width of 600 ft., 
whereas formerly it varied from 460 ft. to 555 ft. 
At this place there was a bend in the river, 
which had proved awkward for heavy and long 
ships, and would have increased the difficulty of 
navigating the Aquitania to the sea. At the bend 
the width has been increased from 630 ft. to 695 ft. ; 
beyond this the increase in width is from 485 ft. to 
610 ft. This work must be of lasting benefit to 
navigation. Further down the river a good deal 
of dredging has also to be done to Port Glasgow 
by the Clyde Navigation Trustees, and beyond that 
by the Clyde Lighthouse Trustees, the responsible 
authorities for the channel from Port Glasgow to 
the sea. 


THE SCANTLINGS OF THE SHIP. 


We have already referred to the great experience 
of the Clydebank Works in the building of large 
merchantmen, an experience applicable alike to 
the staff and the workmen. It may be assumed, 
therefore, that the largest measure of reliability 
and strength has been ensured. The gs hs 
which we reproduce on Plates XXI. to X Vit 
illustrate the building of the hull, and incidentally 
the scantlings of the ship. 

From bow to stern there is a double bottom, 
which has a depth of 5 ft. 4in., in 
6 ft. 3in. in the turbine-room. Figs. 6 to 9, on 
Plate XXI., illustrate the building up of the double 
bottom eonsisting of longitudinal and transverse 
girders, some of them continuous to form water- 
tight pr and others having man- 
holes to lighten the structure and to afford means 
of communication in the compartments which form 
ballast, reserve feed, or condensed-water tanks. In 
all there are forty-one water-tight compartments 
in the double bottom, each of which can be pumped 
out or filled separately. Five of the fore and aft 
girders are solid or water-tight—the centre girder, 
the fifth girder from the centre on each side—about 
30 ft. from the centre line—and the in plates, 


from the last of which rise the side frames. 
There are further six longitudinal intercostal 
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girders, composed of 3% in. plates connected to the 
floor-plates and the outer and inner bottom by 
strong angles. Transverse to these longitudinals 
are the ‘‘ floors” or girders, with manholes for com- 
munication between bottoms. In Figs. 6 and 7 
the centre girder is seen, with some of the floor- 
plates, while the third, fourth, and fifth longitu- 
dinals are partly in place, the outermost of these 
being 30 ft. from the centre. The centre girder is 
built up of %}-in. plates with double angles at top 
and bottom secured to a flat keel made up of three 
plates of « collective thickness of 34 in. The 
seven longitudinals on each side of this centre 
girder are 44% in. thick, secured to the floor plates 
and to the inner (or tank-top plating) and outer 
skin by angles. There are the usual forward and 
aft peaks, which will serve as trimming - tanks. 
Fig. 8 shows the aft tank along with the steel cast- 
ing which forms part of the construction of the 


- | stern framing. 


At the after end, for a distance of about 70 ft. 
from the stern, the ship is cut away to give a clear 
run of water to the inner propellers, and the 


to | beginning of this cut away is shown in Fig. 8, on 


Plate XXI., while other views on Plate XXII. 
illustrate the building up of the stern. A strong 
heel casting is fitted to distribute the great stress 
which comes on the blocks at this part when the 
ship is being built. From this heel-post, as seen 
in Fig. 10, on Plate XXII., there is a centre 
girder supporting the propeller brackets and the 
rudder-post. This girder, formed of double plates, 
is in continuation of the central keel and is of great 
AP emg the keel to the steering flat. On each 
side of this girder the boss-framing is attached by 
strong angles, as illustrated in Fig. 11, on Plate 
XXIL This framing, it will be understood, is for 
carrying the propellers for the inner shafts only ; 
those for the outer shafts are further forward, with 
the framing bossed in the ordinary way. Fig. 9, on 
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Plate XXI., shows the beginning of such bossing. 
To the aft end of the girder and keel-plate is 
riveted the main casting of the stern frame to 
carry the rudder, which is shown in process of 
being lifted into position in Fig. 12, on Plate 
XXII. Above the main casting of the stern 
frame there is a continuation of lighter structure 
which forms the outer line of the vessel aft, as 
shown in Fig. 13. On the same illustration there 
are shown the inner starboard shaft-brackets con- 
nected to the main stern frame, which were 
hydraulically riveted to the stern frame. A com- 
plete view of the immense stern framing, illustra- 
tive of the method of building it up, is shown 
in Fig. 31, on page 521, reproduced from a view 
taken in the shop where it was assembled—that of 
the Darlington Forge Company, who constructed 
it. The final form of the stern, with propellers and 

eat balanced rudder, is illustrated in Plates 

I. and XXXII. ; 

The whole of the floors, intercostal girders 
and continuous girders, tank-top plating, and outer 
bottom plating in the double bottom, and the 
whole of the stern structure have been rivet 
by hydraulic machines, the method of applying 
these to the work being clearly shown in Fig. 14, 
on Plate XXIII. It will be seen that in most cases 
each riveter was suspended to one end of a beam 
supported on a standard on a truck traversed on 
rails, there being a counterbalance weight in the 
form of a drum on the other end of the beam. In 
other cases, however, as shown on the view, the 
riveter was carried by an ordinary jib-crane. 

This view, on Plate XXIII., shows the full extent 
of the double-bottom framing with some of the tank- 
top plating in position. The margin-plate on both 
sides of the ship is well shown, and some idea can 
formed of the great size of the ship as well 4s the 
number of hydraulic riveters used in construc- 
tion, On the right of the illustration it will be 














lew 


lers 
iter 
the 
sted 
ying 
14, 


j on 
the 
the 
tent 


ank- 
both 


; the 
ruc- 
| be 








Apri 18, 1913.] 


ENGINEERING. 





519 





seen that the double bottom has been extended at 
its maximum depth to the turn of the bilge in order 
to accommodate the bed-plate girders carrying the 
wing turbines ; consequently there is a quick change 
in the level of the margin-plate which would seem 
to suggest some alteration on the lines of the ship's 
form at this point. This is an optical illusion ; the 
lines of the ship are not affected, but only the margin- 
plate. Fig. 15, on Plate XXIV., is a view of the 
double bottom in a still more advanced state. This 
is also taken from the stern looking forward, and 
here the effect of the extension of the double 
bottom to full depth to take the machinery is 
seen both at the after and forward ends of the 
area covered by the machinery. 

Fig. 17, on Plate XXV., gives a fair idea of the 
side framing which from the margin-plate of the 
double bottom upwards is formed of steel channels. 
Web-frames, 36 in. deep, are introduced at every 
third frame throughout the greater part of the 
length of the ship, but closer where required, 
notably in the machinery space. All these extend 
at least to the deck 10 ft. above the load water- 
line, and some to decks above this level. The 
web-frames, as well as the ordinary framing, are 
clearly seen in Figs. 16 and 17, on Plates XXIV. 
and XXV. The latter view is taken near the 

to be occupied by the turbine-room, - where 
ee are the girders for carryin g the bed-plates 
of the turbines, which will extend from the top 
floor-plates shown at the bottom of the frames 
on the right and left of the view. On the frames 
to the left there will be seen also angles for sup- 
porting intercostal stringers, 36 in. wide, extending 
at two levels in the height of the frames right fore 
and aft. This view further shows the bracket- 
knees for the beams for the various decks. 

The shell-plating is #% in. thick amidships, the 
four sheer-strakes being doubled and riveted by 
hydraulic power. There are eight rows of rivets 
on the butt-straps. The process of riveting these 
sheer-strakes is well shown in Fig. 21, on Plate 
XXVI. 





THE SUBDIVISION OF THE SHIP. 


The hull is divided into eighty-four compart- 
ments, in addition to the forty-one in the double 
bottom. There are sixteen transverse bulkheads, 
most of which extend up to 19 ft. above the load 
water-line, the few others to 9 ft. above the load 
water-line. The turbine-room is divided into three 
compartments by two longitudinal bulkheads, the 
machinery driving each wing shaft being isolated 
from the machinery driving the two inner shafts, 
which is in the central compartment. Similarly, the 
condensing plant is divided into two units by a 
centre-line bulkhead. In order that the damage by 
collision at the point of junction of the transverse 
bulkhead in the machinery space with the shell- 
plating should not affect two compartments within 
the skin of the ship a A-sha connection has 
been made, so that damage at that point may be 
localised to one compartment only. The tunnel 
end of the condensing-room is also divided up into 
several compartments by the fresh-water tanks. 

There is a fore-and-aft bulkhead on each side of 
the space occupied by boilers, a distance of 450 ft., 
so that in this part of the ship, where the com- 
partments are largest, and where perhaps there 
might be the greatest danger due to the ingress of 
sea-water, there is achieved the great desideratum 
of a “ship .within a ship.” The longitudinal 
bulkheads forming the inner walls of the bunkers 
are 18 ft. from the outer skin of the ship. The 
space within the inner walls, constituting the 

iler-rooms, is thus 60 ft. wide. Fig. 16, on 
Plate XXIV., and Fig. 18, on Plate XXV., show 
the inner walls of the bunkers, which are curved at 
the top. The former illustrates the work in a more 
advanced state, and, being taken from a much higher 
level, shows clearly the great 5 between the 
inner wall of the bunkers and the skin-plating of 
the ship. In the coal-bunker space again there are 
fitted partial transverse bulkheads dividing these 

unkers into ten water-tight cellular sections on 
tach side, varying from 27 ft. to 33 ft. in length. 
ese fore-and-aft bulkheads are connected to the 
by strong stays formed of double channels 
spaced 9 ft. apart. 

The hatches to the cargo-holds, too, are trunked 
and made water-tight to the weather-deck. The 
fngine and boiler-casings are extra well stiffened 

webs and made water-tight to 20 ft. above the 


cargo, engine, or boiler compartments cannot flow 
into any adjacent compartment, but is confined 
within the trunk hatches or casings. This, in con- 
junction with the making of the a water-tight, 
will localise the volume which may, owing to acci- 
dent, be flooded with sea-water. 

The main transverse bulkheads are formed of 
pein. plating stiffened by 12-in. channels spaced 

ft. 6 in. apart, and at intervals there are intro- 
duced vertical web-stiffeners 3 ft. deep, formed of 
}§-in. plates and double angles. In line with the 
two intercostal girders between the web-frames at 
two points in the height of these vertical members, 
already mentioned, there are horizontal girders 
carried across the bulkheads at a level between the 
double bottom and “G” deck. It will thus be 
recognised that their construction is strong enough 
to resist any head of water due to one compartment 
— flooded while the other adjacent to it is er. 

All the doers below and adjacent to the load-lin 
are of the sliding pattern, and are fitted with Stone- 
Lloyd quick-closing gear. In the event of collision 
or an accident which would cause flooding of any 
part of the vessel, the officer on the bridge can 
close all the doors immediately by pressing a button. 
An electrically operated indicator on the navigating- 
bridge shows the position of all the water-tight 
doors throughout the vessel, and whether these are 
open or closed. The pumps and gear for this 
installation are being supplied by Messrs. Stone 
and Co., of Deptford, and the builders are fitting 
up the installation. The doors are by Messrs. 

echan, Scotstoun. 

The anti-rolling tank takes the place of one of the 
coal-bunkers on each side of the ship, and it is of 
some significance that after experience with the 
system in the Laconia the Cun a are for 
the present dispensing with bilge-keels, although 
these can be fitted at any time should the tanks 
fail to prevent rolling in a seaway. The system has 
already been illustrated in ENGINEERING in con- 
nection with the Cunard steamer Laconia.* A 
striking feature is the relatively small space re- 
quired for the tank in which the water flows from 
side to side in order to counteract the rolling of 
the ship. 


THE CONSTRUCTION OF THE DECKS. 


Assuming the ship to be a box-girder formed b 
the pe th ol and the side framing and shell- 
plating, the top would be what is known as ‘‘B” 
deck, which is 73 ft. from the keel-plate. The 
shell-plating is doubled for a height of 12 ft. at the 
gunwale ; for the remainin rt of the girder 
‘*B” deck is single-plated. below this level there 
are five complete decks extending fore and aft, and 
distant apart vertically from 8 ft. to 11 ft., the 
greater height being on the deck where the first 
and second-class dining-saloons and some of the 
best state-rooms are located. At the ends of the 
ship before and abaft the machinery spaces there 
is a partial deck, making six within the moulded 
structure of the ship. These decks have beams at 
every frame, consisting of 10-in. channels, and 
these are completely covered with steel plating. 
An idea of the strength of these beams is afforded 
by the view, Fig. 19, on Plate XXVI., which 
illustrates the ‘‘D” deck two floors below the 
top of the structure. The opening in the fore- 
ground is for one of the boiler casings. The shores, 
of course, are only temporary, and will ultimately 
be replaced by pillars. The thickness of the deck- 
lating varies from 4 in. to 1 in. The view, 
Fig. 20, on Plate VI., shows special beams 
for the turbine compartments in order to carry 
the gear for raising and lowering the upper part of 
the casing and the rotor. Girders also serve the 
function of transverse ties in view of the great 
width of the engine-room casing. 

Above the moulded structure of the ship there 
are two decks, designated the ‘‘A” deck and the 
boat-deck. These extend 2 ft. beyond each side of 
the moulded structure, giving increased space for 
promenading, games, and stowage of boats. 

An instructive view is that shown in Fig. 22, on 
Plate XX VL.,which incidentally illustrates the heavy 
character of the riveting of the sheer-strake, the 
thickness of the shell-plating, and directly illus- 
trates the method of boring out the shell-plating 
for the port-holes. This work is done in place by 
means of a machine driven by com air. A 
hole has first to be driven by hand, through which a 





bolt is passed to support the bearings of the pinion 
driving the cutting-tool. This pinion is iuiven 
through gearing by compressed-air cylinders con- 
structed on the same principle as the pneumatic 
boring-machine. Fig. 21, on the same plate, shows 
the hydraulic riveter working on the sheer-strakes 
forward. 

A view of the ship completely framed, and with 
a considerable part of the plating in progress, is 
shown in Fig. 23, on Plate XX VII. It is specially 
interesting, as there is afforded here an idea of the 
size of the Aquitania. Alongside is the Niagara, 
540 ft. long and 13,500 tons gross register, which 
is greater in size than the largest ship afloat in 
1888. The Aquitania is nearly four times the gross 
register tonnage. In the foreground there is also seen 
the ‘‘ Town” class cruiser Southampton. 





THE ARRANGEMENT OF THE DECKS. 


There are nine decks in the Aquitania, in addition 
to the hold, but one (the lower orlop) is only partial, 
being ahead and abaft the machinery. This is the 
same number as in the Lusitania. Of these decks 
six are in the moulded structure of the ship. Above 
these there are three superstructure decks, the 
first extending for about 640 ft., the second for 
624 ft., and the third, or boat-deck, for about 
464 ft. in length amidships. Further aft, a deck- 
house for the second-class quarters is utilised for 
the carrying of additional boats on the same level 
as the t-deck proper. The total height from 
the keel to the boat-deck level is 94 ft. 

The guestion of having another deck in the 
superstructure of the ship was carefully con- 
sidered by the Cunard Company, but although it 
would have added to the passenger accommoda- 
tion, such an addition was dispensed with in the 
interests of stability. The consequence is that 
no difficulty has been experienced in arranging on 
the boat-deck level, where there is no obstruction 
possible, for lifeboat accommodation for everyone 
on board. The great majority of the boats, too, 
are under davits. There are included two motor- 
boats, ve ge open boats and cellular boats 
with rigid sides, making the great total of ninety 
boats. All the ordinary lifeboats are to be under 
davits, and there will also be thirty cellular boats 
under davits, arranged three in a tier. Others are 
to be arranged on deck-houses athwart the ship, 
but directly opposite to the davits, so that they can 
easily be skidded over. 

On the boat-deck accommodation is to be found 
for the officers’ quarters and mess-room, and also 
for chauffeurs’ mess-room, as well as for the 
Marconi wireless telegraph office. The deck-house 
will cover in the skylights or the domes from the 
important public rooms on the deck below. The 
ceilings of these public rooms are to be at a much 
greater height than is usually the case, a special 
arrangement of structural work being latpolineed 
to give vertical strength, while the coamings are 
particularly heavy to make up for the larger 
openings in the decks. 

On the next deck, designated the ‘‘ A” deck, the 
principal apartments arranged for are the first-class 
drawing-room, lounge, smoke-room amidships, and 
a second-class lounge further aft. The first-class 
smoking-room has a height corresponding to that 
of the lounge. These two rooms are connected by a 
corridor of great width to form a sheltered pro- 
menade, with a complete sea view. 

On the ‘‘B” deck there are arranged many 
special state-rooms with one and two berths in each. 

e promenade extends all round the deck-house, 
but will be screened on each side at the forward 
end for a considerable length by extending the 
bulwarks up to the ‘‘A” deck, and fitting large 
sliding windows. There will thus be formed a 
sheltered promenade. On the after end of the ‘‘B” 
deck there is a large house containing the second- 
class smoking-room and drawing-room, outside of 
which there will be extensive promenading space, 
and above which will be a boat-deck. 

The ‘*C” deck, which forms the top of the 
moulded structure of the ship, and is 66 ft. from 
the keel, will be almost entirely given over to 
sleeping quarters. Later, when the ship is 
finished, we shall have more to say regarding the 
unique arrangement made to ensure a higher degree 
of comfort in these state-rooms than is obtainable 
even in some of the recent large passenger ships. 
At the forward end of this deck there is s or 
windlasses, capstans, cargo-hatches an 0- 








water-line. Thus water entering any of the 


* See ENGINEERING, vol, xcii., page 903, 





winches, and a house enclosing the entrance to the 
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third-class quarters on the decks below. The 

forward part of the deck will also afford a prome- 

nade for the third-class passengers in fine weather. 

At the after end of the ship, also, there is space 

for working the ship with the necessary winches, 

capstans, and gear, to which reference will be made 
te 


r. 
The first deck within the moulded structure, 
designated the ‘‘D” deck, is given over mostly to 
the cuisine department of this immense caravan- 
sary. In order to add to the comfort and simplify 
ventilation, the height between this and the deck 
above is 11 ft. he first - class dining - saloon 
is almost amidships and of great length and the 
full width of the ship. The square effect, how- 
ever, will be removed by the handsomely-treated 
funnel uptakes at the forward and after ends, 
and by the well in the centre of the ceiling. 
Along the sides, again, there are partial divisions 
forming alcoves. A foyer for the first-class pas- 
sengers forward of the first-class dining-saloon will 
occupy a considerable space, and will be a suitable 
rendezvous for those who are to dine together. 
The second-class dining-saloon is further aft, and 
is also of great dimensions; it will be similarly 
treated with well and alcoves as the first-class 
dining-saloon. Between the two is the kitchen 
and all that appertains to the culinary arts. At the 
extreme after end of this deck there is to be a 
third-class smoking-room and entrance to the third- 
class quarters, while at the forward end there will 
be a large third-class non-smoking compartment. 
The “E” deck is regarded as the ‘‘ working 
deck of the ship,” and thus there is upon it accommo- 
dation for stores and other departments. There 
are, however, to be, at the after end of the deck, 
cabins for second-class passenger accommodation. 
Large spaces are allocated for third-class pro- 


menades. There is a passage extending right fore |- 


and aft for the use of third-class passengers. One 
large compartment is given over for the handling 
of mails and of passengers’ luggage en route. 
Gangway doors through the shell-plating of the 
ship on each side give entrance to this deck. 
There are smaller doors affording entrance to each 
boiler-room. Isolated on this deck will be hospi- 
tals, third-class galley, &c. 

On ‘“‘F” deck there are three large dining- 

saloons for the accommodation of the third-class 

engers, the galley being on the deck above. 

he next deck, ‘*G,” is to be reserved entirely for 
third-class passengers. 

The seamen, firemen, and trimmers will be accom- 
modated at the extreme bow of the ship on several 
decks, while the stewards will have their sleeping 
quarters at the extreme after ends of the various 
levels. Under ‘‘G” deck, forward and aft of the 
machinery space, is a hold or ial deck for cargo, 
baggage and mails, while at the extreme after end 
of the ship is the steering-gear immediately in 
contact with the rudder-head. 


PROVISION FOR PASSENGERS. 


The arrangements we have described provide for 
the accommodation of a population of over 4000 
persons as follows :— 





First-class... 660 
Second-class ... 698 
Third-class ... 1900 
Officers and crew 972 

4230 


That liberal accommodation is provided is shown 
by the fact that for the first-class there are 450 
state-rooms, and for the second-class 240. 

In addition to notably spacious companion-ways 
—including two for first-class and one for second- 
class passengers—several lifts are to work between 
all the passenger decks. These are being manufac- 
tured and fitted by; Messrs. Smith, Major and 
Stevens, Limited (late A. Smith and Stevens), 
Northampton. 

The ventilation of the vessel has received par- 
ticular attention and will be as perfect as modern 
appliances can make it. Each com ent and 
the accommodation has been separately considered, 
and the most suitable system adopted for each \ 
Thus the thermo-tank system is being fitted 
throughout a considerable area, the installation 
consisting of thirty-six powerful thermo-tanks and 
the necessary trunking. To other compartments 
steam is supplied for heating, each state-room 
being under the control of the occupant. Fifty 


fans will supply cold air, or exhaust foul air into 
the open. 








THE CUNARD LINER “AQUITANTIA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LTD., SHEFFIELD AND CLYDEBANK 


Fie. 31. View or Bracket 


It will be readily understood that, to provide for | 


over 4000 persons, very extensive cooking arrange- 
ments have had to be installed. In all there are 
four kitchens for first, second, and third-class pas- 
sengers and crew, and these, and the pantries in 
connection therewith, are being fitted up complete 
by Messrs. Henry Wilson and Co., Limited, of 
Cornhill, Liverpool. 

The refrigerating installation, which is entirely 
in connection with the cuisine department, as no 
ag TH cargo is carried, is being carried out 
by the Liverpool Refrigerating Company, Limited. 
It is on the CO, system. A powerful compound 
duplex refrigerating machine with two CO, com- 

ressors, two independent evaporators, duplex 

rine-pumps, and circulating pump are being fitted 
to cool the many large compartments in which the 
ship’s stores are carried, and also many cold cup- 
boards situated in the various pantries throughout 
the ship. 

The fresh-water distilling machinery consists of 
two separate plants. These are of Quiggin’s well- 
known design, manufactured by the Liverpool 
Engineering and Condenser Company, Limited. 
Each plant includes two evaporators of equal capa- 
city, two distilling condensers, one evaporator feed- 

ump, and one circulating pump for the condensers. 

e@ evaporators, which are of cast iron, have a 
normal capacity of 75 tons each per 24 hours, but 
are capable of producing considerably over this 
quantity if required. ere are two distilling 
condensers of equal size, each having an output of 
50 tons (or 11,200 gallons) of distilled water per 
24 hours when supplied with vapour from the 
evaporators. Each condenser has its own indepen- 
dent and separate fresh-water filter, specially de- 
signed to facilitate cleaning and inspection, with 














FOR PROPELLER AND RUDDER. 


an aerating apparatus fitted between the condenser 
and filter. The condensers are designed to produce 
the drinking-water at a temperature within a few 
degrees of that of the sea-water. The feed-pump 
to supply the two evaporators and the circulating 
ump to supply the two distilling condensers are 
th of the vertical duplex type, having solid gun- 
metal water-ends. A liberal quantity of spare gear 
for the evaporators, distilling condensers, and 
pumps has been supplied. 





THE ELECTRICAL INSTALLATION. 


The generating machinery for the electrical instal- 
lation will consist of four British Westinghouse Com- 
pany’s impulse turbines, each driving a 225-volt 
three-wire direct-current generator at 1500 revolu- 
tions per minute. These will be placed in a compart- 
ment near the centre of the ship between Nos. 3 and 4 
boiler-rooms. Each generator will have a normal 
full-load output of 400 kw., but will be capable of 
carrying an vverload up to 500 kw. for two hours. 
The three-wire system of distribution is adopted, 
all motors being supplied with current at 220 
volts, while the Tighting circuits are of 110 volte. 
The out-of-balance currents on each side of the 
middle wire will be compensated for by static 
transformers in conjunction with slip-rings on each 
turbo-dynamo. In addition to the main generators 
a Mirrlees- Diesel oil-engine driving a 30-kw. West- 
inghouse generator will be installed in a house oD 
the boat-deck, and will be available for emergency 


—— is 
he motor load will form a very large propo 
tion of the electric-power supply, the ——— 
of motors to be fitted being close on 200, aD 





ranging in size from the 60-brake-horse-power 
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motors for stokehold fans to }-brake-horse-power 
for knife-cleaners and such like apparatus in the 
galleys. Electric power will be applied to the 
operating of passenger elevators, baggage and 
stores lifts, turbine-turning and lifting gears, 
workshop machinery, engine-room and ship venti- 
lation, cooking and heating apparatus, search- 
lights, wireless telegraphy, baggage-cranes, coaling- 
Winches, and Pam aad fans for stokeholds. 
For lighting the ship close on 7000 lamps will be 
installed, and as far as is practicable these will 
be of the metallic filament type. A very complete 
system of cabin-bells, loud-speaking telephones, 
indicators for Stone-Lloyd water-tight doors, fire- 
alarms, electrically-operated steam-whistles, and 
electric clocks will be installed. Messrs. W. C. 
Martin and Co., Limited, Glasgow, are carrying 
out all the electrical work. 





MOORING, CARGO, AND STEERING GEAR. 


_ The machinery necessary for warping the vessel 
in dock is, of necessity, very powerful in a vessel of 
the size of the Aquitania. For this purpose there 
are four large steam capstans on the ‘‘C” deck for- 
ward and four on the “‘ C” deck aft, all worked from 
engines on the ““D” deck below. Two large 
Windlass heads are situated on the “C” deck 
forward, for heaving in the 11-ton anchors by 
means of cables 3Z in. in diameter. There are, 
besides the anchor windlasses, two windlass heads 
On the deck for the mooring cable. The whole of 





Fie. 32. 


the capstan, windlass, and mooring gear is by 
Messrs. Napier Brothers, Limited, Glasgow, and 
six cargo and warping winches of the silent type, 
by Messrs. John H. Wilson and Co., Liverpool, 
are placed on the ‘‘C ” deck, forward and aft. 

e steering-gear is by Messrs. Brown Brothers, 
Edinburgh, who have supplied similar machinery 
to most of the latest Cunard vessels. In this case 
powerful steam steering-gears, similar to those in 
the Lusitania, have been adopted. The main 
steering-gear is situated on ‘‘H ” deck, well below 
the water-line. An auxiliary gear is fitted on a 
flat below the main gear, and connected to it. 
Both are worked by telemotor from the navigating- 
bridge forward, and from the docking-bridge aft, as 
well as from the compartments in which they are 
situated. 


THE TURBINE PROPELLING MACHINERY. 


The Aquitania, like all large ships now built, is 
driven by four screws. The position of the screws 
will be seen on reference to the view of the stern of 
the ship on the ways on Plates XX XI. and XXXII. 
The turbines are arranged in three engine-rooms, 
one in each wing, and a centre compartment, the 
division being by means of longitudinal bulkheads. 
The total length of the engine-rooms is 84 ft. 

As regards the general arrangement of the tur- 
bines, there is an important difference as com 





with the scheme adopted in the case of the Lusi- 
tania. In the latter, the system of compound 





turbines—one high-pressure exhausting into one 
low-pressure turbine—was adopted, there being 
two complete and separate units on each side of 
the centre line of the ship. In the Aquitania, 
however, the turbines are arranged to work on the 
triple-compound system, which gives a greater range 
of expansion, and consequently a higher economy. 
Thus the port wing-shaft is rotated by a high- 
pressure turbine, which exhausts into an inter- 
mediate-pressure turbine on the starboard wing- 
shaft, the steam flowing thence to a pipe leading 
into both low-pressure turbines mounted on the 
inner shafts. The steam-piping arrangement in 
connection with the operation of this triple arrange- 
ment is such that the high-pressure turbine may 
be cut out at will in the event of an accident, the 
steam passing direct from the boilers to the inter- 
mediate-pressure turbine on the starboard shaft. 
In the event of it being n to cut out the 
intermediate-pressure turbine, the boiler steam 
will pass to the high-pressure turbine on the port 
wing-shaft, and thence to the low-pressure turbine 
on the port inner shaft, while the starboard low- 
pressure turbine could be driven by boiler steam 
passed direct through the lead provided for the 
running of the low-pressure turbines when 
manceuvring, as will presently be explained. If the 
low-pressure turbine on the starboard inner shaft 
should be placed out of action, the high-pressure, 
the intermediate-pressure, and the port low-pres- 
sure turbines could be operated, a blank flange, 





provided for the purpose, being fitted in the con- 
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nection between the intermediate-pressure turbine 
and the starboard low-pressure turbine. Thus, if any 
one turbine be disabled, the other three shafts can 
be worked ; and in view of the capacity for overload 
of all turbines, the speed of the ship need not be 
greatly, if at all, reduced by the cutting out of one 
of the turbines. In other words, the turbine 
arrangement is considerably better than that of a 
twin-screw ship, where, if the machinery on one 
side breaks down, the ship can only be propelled by 
the machinery on one side of the centre line. 

As in all large ships, there are two main steam- 
pipes between the boilers and the engine-room. 

th are in direct communication with the main 
line of piping at the forward end of the engine- 
room. In this line are interposed separators and 
the usual stop-valves, these being so disposed that 
the steam may pass direct into the high-pressure 
turbine, or, alternatively, direct to the intermediate 
turbine, while an independent line of piping is led 
to each of the two low-pressure turbines, the main 
object being to utilise these for manceuvring in 
harbour or in dock. At sea, however, and when- 
ever required, all four propellers can be utilised 
for astern working, each shaft being fitted with an 
astern turbine. On the wing-shafts are mounted 
high-pressure astern turbines abaft and separate 
from the ahead turbines, and to these there are 
direct lines of steam-pipes. Low-pressure astern 
turbines are arranged in the same casings as the 
low-pressure ahead turbines on both inner shafts. 
The port astern high-pressure turbine passes steam 
direct to the low-pressure astern turbine on the 
port inner shaft, and the starboard astern high- 
pressure turbine to the low-pressure astern turbine 
on the starboard inner shaft. 

The valves controlling the various manceuvres 
are operated from the starting-platform, which is 
centrally situated, and all the manceuvring valves 
and the bulkhead valves are operated by Brown’s 
steam and hydraulic reversing gear, so that the 
engineer in charge has full control of the entire 
engine-room. On the line of high-pressure turbine 
exhaust to the intermediate-pressure turbine, a 53-in. 
change-valve is introduced, and by this means the 
high-pressure ahead turbine exhaust can be passed 
either to the intermediate-pressure turbine or 
direct to the low-pressure ahead turbines. A 
shut-off valve, 66 in. in diameter, is fitted in the 
line of piping between the intermediate-pressure 
turbine and the low-pressure turbines, so that, 
when this valve is closed, the intermediate-pressure 
turbine exhausts to the starboard low-pressure 
ahead turbine only, and the high-pressure turbine 
exhausts into the low-pressure turbine on the port 
shaft only. In other words, should the low- 
pressure turbine on the port inner shaft get out of 
order, the ship could then be propelled by the 
high-pressure turbine on the port wing-shaft, the 
intermediate.pressure turbine on the starboard 
wing-shaft, and the low-pressure turbine on the 
starboard inner shaft. As stated above, there is a 
separate boiler steam connection to the inter- 
mediate-pressure turbine, so that, if the shut-off 
valve on the intermediate-pressure eduction pipe is 
closed, the intermediate-pressure turbine and the 
low-pressure turbine on the starboard side can be 
worked independently of the high-pressure turbine 
and low-pressure turbine on the port side. Under 
these conditions, the port shafts may be working 
ahead while the starboard shafts are running 
astern, or vice versd. 

The high-pressure ahead and high-pressure astern 
turbines, partly lagged, are illustrated in the view on 
Plate XX VIII, Fig. 24. The high-pressure astern 
turbine is fitted abaft the high-pressure ahead tur- 
bine, on the port shaft. These two turbines when 
coupled together make a total length of 63 ft. The 
bearing-block between these turbines is fixed, the 
forward and aft ends being free to take up the 
expansion. The high-pressure astern turbine, fitted 
abaft the intermediate -pressure turbine on the 
starboard wing-shaft, is similar to that on the port 
wing-shaft. . 

The low-pressure ahead and astern turbines are 
contained in one ae Views of these turbines 
are given in Plates XX VIII. and XXIX. The main 
eduction pipe to the condenser is: ular, and 
is 15 ft. by 6 ft. Fig. 25, on Plate XXVILII., shows 
the aft end of the low-pressure casing in the lathe 
for turning the interior grooves to take the blading. 
The size of the eduction-pipe for the exhaust to the 
condenser will be realised from the engraving ; the 

shown is the astern turbine-casing. This 
portion of the casing alone weighs 33 tons 17} ewt. 


Fig. 26, on Plate XXIX., shows a rotor of the 
low-pressure ahead and astern turbines ready to 
be fitted into the casing, the after end of the flange 
for connecting to the tunnel shaft being in the fore- 
ground. The packing for the steam gland is covered 
up with cotton to protect it. The blades are fitted 
in segments on the rosary principle, and they are, of 
course, sharpened away at the points to a gouge- 
like construction. 

Fig. 27, on Plate X XIX., affords an excellent idea 
not only of the great size, but also of the general 
features of design, of the low-pressure ahead and 
astern turbines. This view shows the thrust-block 
and main bearing of the rotor in the casing, from 
which it will be seen that there are seven stages 
of expansion in the ahead turbine. At the distant 
end of the turbine there is seen the astern blades 
with the bearing. The casing is raised on the guide 
column, and from it will be seen the great depth 
and number of stiffening webs in the casing as well 
as the flange of the eduction-pipe to the condenser. 

Fig. 28, on Plate XXX., shows a view of one 
end of the erecting-shop at the Clydebank Works, 
and there are seen in the photograph several of 
the turbines of the Aquitania in process of com- 
pletion. In the foreground to the left there is 
seen the lower part of the casing for the high- 
pressure ahead turbine, while beyond it is one of 
a high-pressure astern turbine completed with the 
casing lagged; beyond it again is to be seen the top 
of the rotor in the casing of the intermediate-pres- 
sure ahead turbine, and in the distance a high- 
pressure astern turbine lagged. In the centre of 
the engraving there is seen the upper part of the 
casing of one of the low-pressure ahead and astern 
turbines, the flange of the eduction-pipe to the 
condenser being observable. Beyond it there is 
seen the rotor for the high-pressure turbine, the 
casing of which is in the left forefront of the 
illustration. To the extreme right there is seen 
the lower part of the casing for a low-pressure 
ahead and astern turbine. 

On the after turbine coupling, on each line of 
shaftirg, a powerful aunetints turning gear is 
fitted. All the casing-covers have powerful motor- 
driven lifting gear, the lifting beams being built 
into the ship and supported by the guide columns 
at both ends of the casing. 

The tunnel shafting is hollow and in about 25-ft. 
lengths. There are two bearings to each length. 
All the shafting, as also the rotor-drums, were 
made at the Atlas Works, Sheffield, of Messrs. John 
Brown and Co. The latter are of forged steel. The 
drums were manufactured by the special process 
exclusively adopted in this country by the company," 
being spun out from an ingot previously trepanned, 
so that the best results in respect of tensile strength 
are achieved. The turbine casings are of cast iron. 


THE AUXILIARY MACHINERY. 


Each low-pressure turbine exhausts into a Weir's 
‘** Uniflux ” condenser placed in a separate athwart- 
ship division of the vessel, 36 ft. long, abaft the 
main engine-room; this division being separated into 
two compartments by a longitudinal bulkhead in 
the centre line. 

In each compartment there are two centrifugal 
umps by Messrs. W. H. Allen, Son and Co. 
Fimited, Bedford. Two 30-in. diameter discharge- 
pipes from these pumps supply the circulating water 
to each condenser. In a | compartment there 
are two of Weir's air-pumps of the dual type. 
These air-pumps discharge into hot-well tanks, 
one in each compartment, fitted with float- 
control gear. Four of Weir's hot-well pumps 
draw from these tanks and discharge through 
four Harris filters (two in each side of the ship) to 
two of Weir’s ‘‘ Uniflux ” surface heaters and two 
of Weir's direct-contact heaters—one of each on 
each side of the ship—also fitted with float-control 
gear. Six pairs of Weir's feed-pumps, 18} in. by 
13 in. by 27 in., draw from the heaters or direct from 
the hot-well tanks, and discharge to the boilers 
through an independent line of piping to each 
boiler compartment. 

In each wing engine-room there is an auxiliary 
condenser, with a circulating and air-pump in con- 
nection therewith. There are four water-service 
pumps (two in each wing engine-room), and one 
sanitary and one wash-deck pump in the centre 
engine-room. There is also a motor-driven sani- 
tary pump in the port wing engine-room. In the 





centre engine-room are placed three Stone-Lloyd 
pumps in connection with the water-tight doors. 





There are four bilge-pumps—one in each wing 
engine-room, one in the main condenser and pump 
compartment, and one in the pump recess fitted 
in the cross-bunker between Nos. 1 and 2 boiler. 
rooms. In the port condenser-room there is also 
a hot salt-water pump, drawing from the condenser 
waterways for supplying baths. In the port wing 
engine-room there are two fresh and condensed- 
water pumps, discharging to service tanks on deck, 
Many of these pumps have been supplied by 
Messrs. J. H. Carruthers and Co., Limited, Glasgow. 

The forced-lubrication arrangement is very com- 

lete. There are six main forced-lubrication pumps 
in the centre engine-room, and in connection with 
these there are the necessary strainers and oil- 
coolers. All the tunnel-blocks have forced lubrica- 
tion connection, and the drain from these blocks 
flows into two tanks in the after part of the ship. 
From these tanks a pump, with float control, dis- 
charges the oil to the main drain-tanks to facilitate 
the natural flow of the oil back to the main tanks, 

In each wing engine-room there are two evapo- 
rators, each of 75 tons capacity per 24 hours. In 
connection therewith there is a feed-pump, two 
condensers, and two filters for drinking and wash- 
ing purposes, and a duplex pump for circulating 
purposes. 


BOILERS. 


There are twenty-one double-ended boilers, with 
eight furnaces in each, the working pressure 
being 195 lb. per sq. in. All the boilers are con- 
structed to the Board of Trade, Lloyd’s, and 
American Government Survey. All the boilers 
work under forced draught on Howden’s system. 
The air pressure is maintained by twenty-eight 
fans, 66 in. in diameter, driven by fourteen electric 
motors, one motor driving two fans, placed in 
separate fan-rooms on ‘‘ G” deck level. The fans 
are connected to the boiler fronts by suitable 
trunking, with all necessary shut-off valves, &. 

The boilers are placed in four boiler-rooms, 
with cross-bunkers at the forward end of No. 1, 
and between Nos. 1 and 2 and Nos. 2 and 3. 
Between boiler-rooms Nos. 3 and 4 are placed 
the turbo - electric generating plant at “H” 
deck level ; beneath it, at the stokehold level, are 
the refrigerating plant for the ship’s use, and other 
auxiliary machinery. The fore and aft space occu- 
pied by the boilers, cross-bunkers, and auxiliary 
machinery is 369 ft. In each of the three forward 
boiler-rooms, which are 78 ft. long by 60 ft. wide, 
are six boilers placed three abreast, while in the 
aftermost boiler-room, which is 42 ft. long by 60 ft. 
wide, there are three boilers similarly placed. In 
addition to the ordinary exit there is an emergency 
escape from each boiler-room to ‘‘ E” deck. 

To each boiler-room there is a large double 
elliptical funnel, the outer casings of each being 
24 ft. on the major axis by 17 ft. on the minor axis. 
The forward funnel is 154 ft. 9 in. above the fire- 
grate, and 64 ft. 6 in. above the casing top. 

For dealing with ashes there are seven Stone’s 
ash-expellers fitted in large recesses in each boiler- 
room, into which, after cleaning fires, all ashes can 
be stowed, to be expelled at will, thus facilitating 
the work of the stokers by having a clear firing- 
platform at all times. In addition to these expellers, 
eight ash-hoists are distributed throughout the 
boiler-rooms. In a recess in the cross-bunker, 
between the boiler-rooms 1 and 2, there are a bilge- 

ump, @ ballast-pump, and an assistant feed-pump. 

ere is also an assistant feed-pump and a ballast- 

pump in the auxiliary-machinery room beneath the 
turbo-generators. 


THE LAUNCHING ARRANGEMENTS. 


No establishment has a greater experience of the 
launching of large ships than the Clydebank Works, 
and the unqualified success which attended the 
° tion. of floating the Lusitania naturally 
afforded a basis for determining the details for the 
launching gear of the Aquitania. In view of the 
greater launching weight, the ways have been 
increased in width to about 7 ft., but otherwise 
the cradle is practically the same. The view of 
the forward cradle on page 521 is impressive. 
this case the top of the poppets are nearly 50 ft. 
above the ground level. It will be seen that they 
consist of five heavy vertical timbers abreast, 
the outer members being housed into built-up 
brackets of plates and channels with horizontal 
bracing, and the whole secured to the she)]-plating 
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of the ship. The poppets themselves are bound 
together by diagonal steel plates and timber 
ribbons, with heavy bolts through each poppet. 
But as to the launching, which, as already stated, 
takes place on Monday next, we hope to write 
more fully in our next issue. 





In conclusion, we desire to express our indebted- 
ness to the Cunard Company and to Messrs. John 
Brown and Co., Limited, for permission to place 
before our readers particulars of the Aquitania, as 
well as for facilities in acquiring information on the 
subject. When the steamer is further advanced 
we hope to return to the subject, and deal more 
fully with the innovations introduced in many 
departments of the ship. 





THE BUILDING TRADES’ EXHIBITION, 

Tue Building Exhibition now open at Olympia 
is the fifth of the biennial series that have been 
held there. It was opened on Saturday last, 
the 12th inst., by the Lord Mayor (Sir David 
Burnett), and will remain open until Saturday, 
the 26th inst. As an Exhibition, itis, as usual, full 
of interest, but, with some exceptions, this is per- 
haps more in the way of decorative exhibits than in 
those that appeal to the technical visitor. There 
is a remarkably good show of brickwork, which 
may be seen to advantage in some artistically- 
designed buildings, as well as at many of the 
stands, where a great variety of examples are ex- 
hibited. It would, however, be quite impossible for 
us to afford space to describe in detail all the 
stands devoted to this class of work (there are 31 
devoted to bricks, tiles, and clay goods generally), 
and we shall therefore only call particular atten- 
tion to the exhibits that are of special interest 
to engineers, or which present some particular 
novelty. If the names of certain firmsare omitted, 
it is not because their exhibits are not full of inte- 
rest, but because there are others more directly 
connected with engineering. This may be taken 
to apply to a great variety of exhibits, including 
all kinds of building material, art metal-work, 
furniture, all kinds of timber, floors, heating 
apparatus, paints and varnishes, marbles, metal 
casements and fittings, paving materials, rein- 
forced concrete, ranges, stoves and kitcheners, 
tiles, &c.—in fact, all the many materials and 
appliances connected, directly and indirectly, with 
building. If there is anything at Olympia that 
enables a comparison to be made with previous 
exhibitions, it is, perhaps, that there is a consider- 
able increase in the number of exhibits connected 
with tar-paving and the tar-surfacing of roads. 
These exhibits are mostly to be seen in the 

eries, though some are on the ground floor. 

is, however, is only what would be expected, in 
view of the great increase during the last few years 
in the mileage of roads that have been tar-coated 
and asphalted in the country. 

A highly-interesting exhibit of another kind is that 
of Reinforced Metal, Limited, of 175, West George- 
street, Glasgow, who are introducing a new system 
of construction in steel and concrete, due to Mr. 
Robert Thomson. In all combinations of concrete 
and steel the shrinkage of the concrete tends to put 
the steel under an initial stress, which is usually a 
compression. With a view to minimising such 
stresses, and the consequent liability of the con- 
crete to crack, Mr. Thomson arranges his rein- 
forcement in such a way as to distribute the 
shrinkage over a number of independent spirals 
of steel. In the second place, considerable practical 
advantages accrue if the steel-work in a concrete- 
steel column is itself sufficiently stiff to carry 
unassisted a considerable fraction of the total load 
to be imposed. These two desiderata are met in 
columns constructed on the Thomson system by 
using a stout steel section to form the central core 
of the column, round which are arranged a series 
of four intermeshing spirals of ,',-in. steel rod. 

As indicated in Fig. 1, which, however, is a 
section through a pile, of which another view is 
given in Fig. 2, these spirals abut on the central 
core, being, in fact, pressed into close contact with 
this during the setting of the concrete. The whole 
of the concrete portion of the column is thus divided 
Up into a series of cells, and in each individual 
cell the effect of the shrinkage of the concrete is 
said to be insignificant. In the case of columns for 


stated, represent a pile constructed on the same 
system. It will be seen that in this pile the core 
protrudes through the concrete body at both ends; 
at the lower end forming a point, whilst at the 
upper end the protruding metal serves to take the 
blow of the tup. It is claimed that these piles can 
be driven as easily as those of wood, requiring no 
special precaution in driving and handling. Stir- 
rups, it will be seen, are provided at the bottom of 
the pile to tie the concrete to the steel core. 

Tests of short Thomson columns, having a length 
of about 3 diameters or so, have been made by 
Professor Andrew Gray, of Glasgow University. 
The gross section of the column under test was 
139.5 sq. in., the core being a round steel bar 4 in. 
in diameter. Spalling commenced at a total load 
of 515 tons, and was completed at a total load of 
725 tons; but the resistance of the column was 
still far from exhausted. In another experiment 
the solid bar core was replaced by a tube, and after 
the test the inner surface of this was found to be 
corrugated, owing to the heavy pull exerted on it 
by the reinforcing spirals, a fact which indirectly 
indicates the effectiveness of the latter. 

One of the most interesting exhibits in the hall 
is a new form of construction, to which the inven- 
tors have given the name of ‘“ Vibrocel,” which 
consists of a system of cellular reinforced-concrete 
construction, suitable for floatable monolithic sea- 
walls sunk upon any foundation, practically in any 
depth of water, for piers, quays, docks, and harbour 
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works, for coast protection, for training rivers, for 
dams, bridge foundations, &c. It may be seen at 
the stand of the Vibrocel Company, Limited, 
Eldon-street House, Eldon-street, London, E.C. 
The peculiar name has been given to it because 
vibration is imparted to the concrete while setting, 
and great things are claimed for this system of con- 
struction by the makers, one of these being lowness 
of cost per cub. yard, on account of it being 
possible to introduce large quantities of low- 
priced materials as a filling for the cells. The 
method of construction is as follows :—When it is 
intended to make a floatable section, a floor of 
concrete is formed, with dowels standing up at the 
points where the walls forming the cells unite, 
the walls being 2 ft. or 3 ft. wide. The cells are 
each made with six sides, there being consequently 
six dowels. On the dowels pillars of vibrated con- 
crete 3 ft. high are made, each of which has three 
wings of reinforced concrete, which overlap with 
the wings of the adjoining pillars, and which are 
embedded in the walls. When the pillars have been 
formed, moulds or forms 3 ft. high are placed against 
them, and in the space left expanded metal is 
placed. The concrete is then filled in, during which 
operation it is vibrated by patent pneumatic vibra- 
tors, these being applied to the shuttering. When 
the reinforcement is put in position, a part of it, a 
few inches high, is left standing up above the to 

of the walls to be embedded in the next tier of cells, 
which are also 3 ft. high, making the reinforced walls 
and the pillars continuous throughout the structure. 
When each tier of cells is complete, dowels are 














building | ree the central core is generally a 
round rod, but otherwise the construction is quite 
Similar to that illustrated in the figures, which, as | 


put in the tops of the pillars before the commence- 
ment of the next tier, and by a repetition of the 


process any desired height can be obtained, the 
work being carried out in what may be called 3-ft. 
layers, the result being that continuous walls of 
concrete are formed, which are reinforced from top 
to bottom of the structure, no scaffolding, it is 
claimed, being required throughout the process, the 
whole extent of the work being accessible by means 
of loose planks laid on supports extending above 
the top of the shuttering. Moreover, no part 
of the work is too large or heavy for two men 
to deal with, and no heavy machinery is required. 
The work, also, is such that it can be per- 
formed by ordinary labourers. It is claimed 
that owing to the vibratory action of the pneu- 
matic hammers, the joints are absolutely homo- 
geneous ; in fact, ae of work are shown 
to illustrate this. It has been found that each 
tier requires about three days to set before the 
shutters can be taken down, and another four or five 
days are then allowed for hardening before the 
next tier is commenced. The maturing process of 
the thin walls is the longest process in the whole 
of the construction. 

The formation of these cells is performed on a 
submersible pontoon, which is itself constructed 
of ** Vibrocel,” or in a dock, to which water can 
be admitted. When the first three tiers are 
completed and the concrete matured, the whole 
section can be floated, either by the submersion of 
the pontoon or by admission of water to the dock. 
In situations where the rise and fall of the tide is 
sufficient, the floor can be laid on a sandy bed, and 
the first three tiers proceeded with at the times 
when the water is below the bed. When this is 
the case the cells are provided with openings 
for the admission and exit of water, to pre- 
vent premature flotation. These holes are plugged 
up when flotation is required, and the section 
is then lifted by the tide. It is then towed 
into deeper water, anchored, and the building of 
successive tiers is continued to whatever height is 
required, the mass, of course, sinking as more 
weight is added. The buoyancy of asection is such 
that additional weight is required to keep it at a 
sufficient depth to prevent its being top-heavy. 
This is performed by filling the outer cells with 
concrete (the tiers being built up in adjacent cells), 
which form a solid surrounding wall nearly 6 ft. 
thick; or an inner lining of concrete may be added 
to the cells for the purpose of strengthening them, 
and asa means of withstanding the ter pressure 
as the mass sinks deeper into the water. The 
sections are so weighted that when moored for 
sinking in their final ition their bottoms are a 
few feet above the bed of the sea. When sunk in 
position the tops of the sections are usually about 
5 ft. above high-water mark. 

When it is ascertained that the section is in its 
exact position, the sinking is performed by blowing 
out the bottom of the hollow cells by charges of 
gelignite fired electrically, and it is claimed that 
by this method the descent of the heavy mass into 
the sea is so instantaneous that there is not time 
for the section to get out of line. In order to 
avoid the premature firing of the charges before 
the section is in its exact position, the explosion 
is effected by a special arrangement of firing- 
keys. A principal observer, stationed with a 
theodolite on the longitudinal centre line of the 
work, presses a firing-key when two steel rods on 
the centre line of the floating section are in line 
with one or more steel rods on the centre line 
of the partly-constructed wall, the position of the 
section, in a direction at right angles to the other, 
being observed by another operator in a boat, 
who presses another key when the correct position 
is obtained. The blowing out of the bottom can 
only occur when the two firing-keys are held down 
simultaneously. The sections can be sunk with 
sufficient accuracy to leave a s of from 10 in. 
to 12 in. between each and its neighbour, and these 
spaces are afterwards filled with concrete, so as to 
lock all the sections together and form a continuous 
structure, the top of which is afterwards decked 
over, after the cells have been filled with concrete, 
rubble, or gravel. 

It is claimed that, as a rule, dredging will make 
a sufficiently good foundation for the sunken sec- 
tions to rest on, and in some situations this may 
not be required. Should large rocks, however, 
come within the line of the wall, the sections can be 
built with bottoms shaped to suit the position they 





are me to occupy, and the subsequent filling 
in of the cells with lean concrete makes a perfect 


seating for the sections upon the rocks. Another 
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method is to fill in between the rocks with rubble 
before the sections are sunk. 

At the stand of Messrs. Stothert and Pitt, of 
Bath, may be seen several of the firm’s well-known 
concrete-mixers ; but the machine which will prob- 
ably attract the greatest amount of attention is 
a new Smith mixer on a truck, with loader, 
engine, and boiler, and special heating arrange- 
ment for making tar-macadam. We illustrate the 
machine on this page, Fig. 3 being a view look- 
ing at the charging side, and Fig. 4 one from the 
opposite side. The apparatus is entirely self- 
contained, the stone from which the ‘‘tarmac”’ is 
to be made being dried before use, the tar heated, 
and the materials mixed. The stone to be dried 
and heated is put in the mixing-drum, and the 
hot gases from the fire-box of the boiler are 
forced into the drum through the asbestos-lined 
pipe, shown in Fig. 3, by means of a powerful 
steam blast, the amount of heat being controlled 
by a slide-valve at the boiler. When the heat 
is shut off from the mixer, the draught can be 
diverted through the stack by means of a damper. 
The heating attachment is swivelled on a cast- 
steel elbow, so that it can be swung out of the 
way when the drum is tilted. The device for tip- 
ping the charge is similar to the one adopted on 
the firm’s well-known concrete-mixer, in which the 
lift is vertical and direct. By extending the side- 
loader frame the side-loader can be used as an 
elevator for material. The bituminous ingredients 
are introduced into the mixer in a liquid form from 
a special tank, which is not shown in our illustra- 
tions, but which is placed on the top of the 
framing above the mixer, the tar being heated by 
high-pressure steam from the boiler. The tank is 
jacketed so that the steam can pass all round it, 
and the tar can run to the mixer by gravity. 
The tar is carried to the tank in an elevating skip, 
which, when it reaches the required height, is tipped 
by the operator, and the contents of the ladle are 
poured into the tank, from which they are fed into 
the drum as soon as the stone therein is heated to 
the proper temperature. The temperature in the 
drum is very high, the gases from the furnace 
entering at about 1200 deg. Cent., and the materials 
in the drum are agitated by blades inside, so 
that the heat can reach every particle in the mass. 
With ordinary stone, as delivered directly from the 
quarry-bin, it is claimed that four minutes are 
ample to heat and mix the batch, and the mixer 
will operate with good results even when the 
materials are wet. The machine can be used for 
bituminous ingredients of any character, and will 
discharge either into wheelbarrows or bottom- 
dumping wagons. The drum is driven through 
spur-gearing from the small vertical engine shown 
in our illustration. 

At the stand of the Phonix Engineering Com- 
pany, Limited, Chard, a very simple and handy 
new machine for distributing tar on the surface of a 
road may be seen in the gallery. This is called the 
‘** Farnham ” hand road-tarring machine. It consists 
of a V-shaped tank about 5 ft. long, placed horizon- 
tally on travelling wheels, and fitted with two 
handles similar to those of a plough, by means of 
which it is moved along the road. The V-shaped 
tank has the angle of the V at the bottom, and along 
this part are a number of nozzles, through which the 
tar can run on to the road. The amount di 
can, however, be regulated by means of a bar which 
extends the whole length of the tank, and which can 
be raised or lowered over the tops of the nozzles so 
as to shut off or open the outlets as desired. The 
bar is actuated from the handles of the machine as 
the machine travels. In front of the apparatus 
and a foot or two away from it is a squeegee, 
rather longer than the length of the tank, and this 
spreads the tar evenly over the surface of the road. 

Another new handy appliance to be seen at this 
stand is a road A Ape peace, box called 
the ‘‘ Durie,” the ob‘ect of which is to facilitate the 
drainage of wet places in roads due to springs. The 
box is made of cast iron with holes at the sides, 
through which the water is collected, and with an 
outlet at one end. When a spring is located a hole 
is dug in the road and one of Salton is placed in it 
and connected to the gutter at the side of the road 
by means of a pipe from the outlet before mentioned. 
Broken stones are then placed round the box to 
act as a filter and prevent dirt getting into it, and 
the road is made up as usual. We understand that 
these boxes have been used on roads where there 
is a large amount of traffic, with very satisfactory 
results. 








MACHINE FOR PREPARING TAR-MACADAM. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 
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The British Steel-Piling Company, Dock House, here. There is, however, a new type of steel-sheet 


Billiter-street, London, E.C., have a comprehemsive 


exhibit of their ‘‘ Universal” joist steel-sheet piling, 
but as we fully described and illustrated this on| growing demand for 


page 12 of our ninety-third volume, and as it is now 
very well known, we need not say more about it 


known as the ‘‘ Simplex,” to be seen at this 


It has been designed in response to the 
a light-section steel-sheet 


trenches and small dams. 
not recommended for heavy work, but % 
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THE BOLINDER REVERSING MARINE OIL-ENGINE. 


CONSTRUCTED BY THE J. 
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claimed to be very satisfactory for the purposes 
we hav’ xamed. The illustration, Fig. 5, below, 
shows cleai'ty what the section of the pile is 
like. It is cf symmetrical shape, and has a 
strong interlock and is light, the weight of the 
section being only 22 lb. per foot super when 
interlocked. It is easy to drive, and can, it is 
claimed, be driven by a hand maul; it forms a 
very water-tight screen, owing to the large inter- 
lock and the many points of contact. It is made 








in one size only, the dimensions of the section 
being 8 in. by 2;%in., and, when driven, the 


distance between the piles from centre to centre is 


about 87; in. We understand that a length of one 
of these sections, surrounded with concrete, makes 
an excellent reinforced-concrete pile, and several 
short lengths of these are shown at the stand. 

The Trussed Concrete Steel Company, Limited, 
Caxton House, Westminster, 8S.W., have a very 
interesting exhibit of their ‘‘Hy-Rib” form of 
reinforced-concrete construction, and its use is 
illustrated by various applications. The material 
has we understand been used in an engineering 
shop in Manchester, the walls and roof of which 
are only 2 in. thick ; the walls, therefore, occupy 
very little ground. Both roof and walls are 
constructed of ‘* Hy-Rib” covered with cement 
plaster, and are weather-proof and fire-resisting, 
and do not require any centering or timber-work 
of any description. The ‘‘Hy-Rib” used was 28 
gauge, and the concrete covering of the reof was 2 in. 
thick, composed of 1 part of best Portland cement 
to 2 parts clean sand and 4 parts clean broken 
stone capable of passing through a }$-in. ring. 

he under side was rendered to a thickness of 

m. with a mixture of 3 to 1 sand and cement, and 
the top side with a mixture of 2 to 1 sand and 
cement. The walls were 28 gauge ‘‘ Hy-Rib,” 
covered with a composition of 3 parts clean, well- 
graded sand, 1 part Portland cement, and 1 part 
well-hydrated lime with hair, the last § in. being a 
similar mixture without lime and hair, but with the 
addition of Truscon water-proof paste. Such con- 
struction is naturally much superior to corrugated 








iron, as there is no deterioration, as with the latter 
material. A reinforced-concrete column made with 
‘* Hy-Rib” is also shown at this stand. 

Messrs. Robert Jenkins and Co., Rotherham, 
have at their stand a number of hot-water boilers 
constructed of wrought iron, welded iron and steel, 
as well as of copper. The chief feature of the 
stand, however, is an ‘‘O-sho” patent domestic 
hot-water supply boiler, which has not been seen 
at Olympia before. It has been designed with the 
object of providing a hot-water boiler of relatively 
small size and compact shape, combined with rapid 
and effective heating power. The boiler is horse- 
shoe in shape in plan, with a flat front. The 
damper is on the top at the front, and may be 
fitted to draw out right or left, and the feed-door 
is large enough to admit an ordinary kitchen 
shovel. The rapid heating power of this boiler is 
due to a wedge-shape water-pocket which projects 
right over the fire and comes in direct contact with 
the flames at the sides and the top. Another feature 
of the boiler is that it has a recessed fire-front, 
the object of which is to reduce the risk of damage 
by incrustation to which boilers with a waterways 
over the fire-door are liable. In the ‘‘O-sho” 
boiler the sediment gravitates to the front, where 
it is clear of the heat of the fire, and may be easily 
removed. There are no cast-iron front plates to 
burn away. Facilities for cleaning out the boiler 
have not been lost sight of, and three or four mud- 
holes are provided, which are of ample size. 
The front one is 9 in. by 4 in., and either one or 
two 7 in. by 34 in., or 9 in. by 4 in. (according to 
the size of the boiler) on the top, and a 44 in. by 
24in. in the waterway bottom. The boiler is made 
of Siemens-Martin mild steel, and best Stafford- 
shire iron boiler-plates. When these boilers are 
for use with acid water, such as often comes from 
moorland districts, the boilers can be lined with 
copper. The makers claim that with one of 
these boilers they have obtained, in actual ser- 
vice, 10 gallons of boiling water per square foot of 
heating surface per hour. When used for heating 
radiators or pipes it may be calculated that 1 sq. ft. 
of heating surface is equal to 30 ft. of 4-in. dia- 
meter pipe. 

Messrs. J. A. Kingand Co., 181, Queen Victoria- 
street, London, E.C., have, as usual, a very com- 
prehensive exhibit of their ‘‘ Mack” and “‘ King” 
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fire, sound, and vermin-proof blocks for partitions ; 
but the exhibit that will probably interest visitors 
as much as any is the ‘‘ ferro-glass ” construction 
that can be seen at the stand. This is for floor 
lights and pavement lights for pedestrian traffic. 
It has been designed to take the place of the usual 
cast-iron frames, and consists of reinforced con- 
crete ribs which correspond to the cast-iron ribs in 
the ordinary construction, forming the frame into 
square openings, as is usual, The concrete ribs are 
reinforced with round iron rods, each rib having one 
rod about } in. in diameter placed near the bottom. 
These cross each other at right angles, and form a 
very strong frame. The square openings between 
the ribs are filled with special glazing cemented in. 
Lights made in this way are very strong, tests 
having been carried out which show that they are 
capable of bearing loads of as much as 5000 lb. per 
sq. ft. before giving way when the supporting 
points of the frames were 2 ft. apart. The glass is 
so constructed that most of the rays of light falling 
on the plates from above penetrate into the interior 
of the space to be illuminated, many of the rays 
coming from helow being diverted by total re- 
flection, and the cement joints remaining invisible. 

In addition to the road-tarring machines men- 
tioned above, there is the Ridgway tar-spraying 
machine, exhibited at the stand of Durable Roads, 
Limited, 4, Westminster Palace Gardens, Artillery- 
row, London, 8.W. It consists of a tank on wheels, 
the tank being divided into four chambers, three 
of which are of the same size, the fourth, which 
is at one end, being larger. The three plates 
which divide the tank into four chambers do not 
reach quite up to the level of the top of the tank, 
but are all at the same level, and the tar with which 
the tank is filled comes up to the top of all. Below 
the tank is a furnace, the firegrate being under 
the first or large chamber, into which the cold tar is 
charged continuously, or as fast as it is required 
to be used. As the tar expands in the first 
chamber it flows over the top of the first division 
plate into the second chamber, where it is raised to 
a higher temperature. From this second chamber 
the tar flows, when expanded, into the third 
chamber, and so on to the fourth chamber, from 
which it is drawn off at the highest temperature. 
The object of the appliance is to enable tar of a 
fixed high temperature to be drawn off for use 
while cold tar is fed regularly into the tank at the 
other end. The products of combustion from 
the furnace, of course, travel the whole length of 
the tank. 

(To be continued.) 





BOLINDER’S CRUDE-OIL ENGINE. 

Tur reversible crude-oil engine, which is manu- 
factured by the J. and C. G. Bolinder’s Mekaniska 
Verkstads Aktiebolag, of Stockholm, has more than 
once been referred to in ourcolumns,. It has not, how- 
ever, been dealt with in much detail, and we are taking 
the opportunity presented by a demonstration of the 
working of the engine, which took place on the 9th 
inst., to refer to it again. The demonstration was 
arranged by Messrs. James Pollock, Sons and Co., 
Limited, of 3, Lloyd’s Avenue, E.C., who are the 
agents for the Bolinder engine in this country. The 
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engine, which was shown in operation, was of the 
single-cylinder, 20-brake-horse-power type, and em- 

ied some improvements and additions as compared 
with engines we have previously described. It was 
shown coupled up to o——— running in a water- 
tank, and was operated by an oil having a specific 
gravity of from 0.86 to 0.88, and a flash-point of from 
120 deg. to 150 deg. The guaranteed consumption of 
the 20-horse-power size, when giving 20 brake horse- 
power, is 1.6 gallons per hour. 

The Bolinder engine is of the two-cycle hot-bulb 
7 It runs with @ closed crank-chamber, in which 

e scavenging air is compressed. The cylinder has 
admission and exhaust ports about half-way down its 
length. The admission port communicates with the 
crank-chamber. On the downward stroke of the 
piston the air in the crank-chamber is compressed, and 
at the bottom of its stroke the piston uncovers both 
the admission and exhaust ports. The compressed 
air then rushes through the cylinder, sweeping out the 
products of combustion and filling the cylinder with a 
charge of air. The top of the piston is shaped in such 
a way that the incoming compres air rushes 
up the cylinder and through the hot- bulb, clear- 
ing out the products of combustion from it. On 
the up-stroke the air remaining in the cylinder is 
compressed to about 150 lb. per eq. in. Just before the 
piston reaches the top of its stroke a charge of oil is 
injected into the hot-bulb and fired, driving the piston 
down for the next stroke. When the engine is start- 
ing up from cold, the hot-bulb is warmed up by a 
blow-lamp, which plays on it from the outside. The 
position of this blow-lamp can be seen rear the top of 
the cylinder, on the rear side, in Fig. 1, on page 525, 
which shows an engine of the type we are Soatin 
with. The blow-lamp at starting is warmed up with 
methylated spirit burned in a small tray below it. 
The process of starting the engine from cold takes 
about 10 minutes in the 20-B.H.P. size. Arrange- 
ments are made so that a jet of water may be in- 
jected into the hot-bulb to prevent excessive tempera- 
ture when the engine is working continuously on 
heavy load. This arrangement is, however, more used 
in the larger sizes of engine. 

Before dealing with the reversing gear of the engine, 
which is perhaps its most novel point, we may refer 
to some of its general features, as shown in Fig. 1. As 
will be seen, the cylinder and crank-case are made in 
two separate castings, the crank-shaft bearings being 
carried by through-bolts which come through to the 
outside of the crank-case. The crank-case is fitted with 
side doors, on which the inlet air-valves are carried. 
These valves are of the flexible metallic disc pattern, 
giving a large opening with very little motion. The cir- 
cular cover of one of the valves can clearly be seen on 
the front side of the engine in Fig. 1. The cylinder is 
water jacketed, the water service being maintained by 
a pump driven from an eccentric on the crank-shaft. 
This pump lies horizontally, and is behind the lubri- 
cating-pump in Fig. 1. For marine installations a second 
pump is fitted for the bilge. This second pump is 
placed on the opposite of the crank-shaft from the 
water-pump, and is driven from the same eccentric. 
A silencer and exhaust cooler, which is fitted as 
an adjunct to the engine, is not shown in the figure. 
This silencer is fit alongside the cylinder. The 
exhaust gas enters it at the side, and leaves by 
vertical pipe from the top. The jacket water, after 

ing through the jacket, circulates through each 
end of the silencer, serving to keep it cool and to cool 
the exhaust. The lubrication is forced throughout, 
splash lubrication not being very satisfactory for closed 
crank-chamber engines of this class. The oil-pumps 
can be seen a‘ the right-hand side of Fig. 1. They are 
of the spring-returned plunger type, the crank-shaft 
which drives them being operated by a ratchet mecha- 
nism from the water-pump eccentric strap. The engine 
is fitted with a clutch to disengage the main shaft 
when reversing or at other times. The engine may 
be arranged to be started up from a compressed-air 
receiver, and a system of charging the receiver is fitted. 
A valve is fixed on the cylinder and connected by a 
pipe to the receiver. This valve is so placed on the 
cylinder that when it is opened the compressed air 
and gases can through it and through to the 
air-container, and a the container to the required 
pressure. In engines of larger sizes, with two cylinders 
or more, arrangemen’s are made so that one cylinder 
~~ be used as an air-pump when desired. 

he reversing gear is an interesting part of the 
engine, and from what we saw of it on the 9th inst., 


we may say it operates in a most satisfactory way. | So 


The reversing of the engine is carried out by means of 
® forced misfire on the up-stroke. A diagrammatic 
representation of the gear by which this is carried 
out is given in Fig. 2, on page 525; the gear can 
be seen in Fig. 1. Referring to Fig. 2, A is the fuel- 
pump, having two plenguns 8 and C. These plungers 
are opera’ by hit-and-miss strikers F and T. 
The return stroke of both plungers is made by means 
of springs enclosed in the pump-casing. In normal 
ing of the ine, in either direction, plunger B 
only is in use. It is intermittently operated by means 





of striker F, which has a to-and-fro motion owing to 
the rocking of the bell-crank lever E, which is actuated 
ny an eccentric from the engine-shaft as shown. 

he stroke of the pump may be varied to suit 
various conditions of load by slightly moving the 
body of the pump A so that the plunger B comes 
nearer to, or moves farther from, the striker F. The 
pump body A is pivoted to allow of this, and although 
the arrangement is not shown in Fig. 2, it may 
followed from Fig. 1. The hand lever, working over 
a rack, shown at the left-hand side of the gear, in 
this latter figure, is used to control the position of the 
pump, and so the speed of the engine. The rack 
forms & means of holding the lever in any position 
into which it is placed. 

An additional control on the fuel supply, and on the 
— of the engine, is furnished by the spring stop 

his stop is better shown in Fig. 1 than in Fig. 2. 
It consists of a laminated spring, the position of 
which is fixed by a sleeve operated by a milled nut. 
The laminated spring bears on and controls the 

sition of the hit-and-miss striker F. The striker 

is pivoted on to the bell-crank lever EK, as 
shown in Fig. 2, in such a way that as the 
engine speed increases, the striker tends to fly 
outward, so that if the speed increases sufficiently 
the striker misses the plunger B on its forward stroke, 
and the engine misses its fuel for one stroke. The 
engine then slows up and gets its charge on the next 
stroke or the next but one, on the ordinary hit-and- 
miss principle. The purpose of the laminated spring 
L is to control this hit-and-miss action to some 
extent, so that if the engine is required to take a heavy 
load, the spring may be screwed down, and so prevent 
the striker F from flying outward so readily. A 
similar arrangement to this is fitted to the ver T 
at P as shown, but it will be understood that during 
normal working of the engine the striker T is out of 
action and does not come in contact with the plunger C. 

The reversing of the engine is carried out through 
the action of the bell-crank lever H. This lever is 
pivoted at N and is attached to a link which carries a 
strap K embracing a pulley D on the engine shaft. 
The strap K normally runs free from the pulley D, 
but when it is desired to reverse the engine the strap is 

ulled over by the lever G so that it touches the —_— 
This causes the strap to be lifted, so that the bell-crank 
lever H rotates until it comes to rest against the 
stop R instead of the stop O, against which it normally 
rests, as shown in Fig. 2. The result of this is that 
the striker F is lifted and misses the oil-pump 
plunger B. The engine consequently misses its fuel 
and Cues to slow down, and at a certain predeter- 
mined speed, depending on the weight of the striker 
T and the strength of the spring stop P, the striker T 
operates the plunger C on the up stroke of the engine 
at just such a time that the charge so introduced into 
the cylinder constitutes a back-fire and the piston is 
forced down and the engine begins to rotate in the 
opposite direction. The result of this is that the 
strap K is ne tae from the pulley D and 
the bell-crank lever falls back into its normal 
ition, and the striker F takes up its duties again. 
ft is clear that the correct wages of the 
various parts of this gear, so that the back-fire will 
take place just at the right time and at the right 
speed, must have been a matter involving much experi- 
ence and trial; but, as we have said, the arrangement 
works excellently in practice. 

In conclusion, we should say that the arrangement 
of link K, as shown in our figure, is now an obsolete 
one, and that, referring to Fig. 1, the reversing gear 
is now arranged so that both the main clutch lever 
and the reversing lever operate in parallel planes, 
instead of in planes at right angles to each other. This 
is a convenience, since it slightly simplifies the motion 
of de-clutching and reversing, it being the practice to 
de-clutch before the reversing gear is operated. The 
new gear does not differ in principle, however, from 
that shown. It may be added that Bolinder’s engines 
are made in from one to four lines, and of capacities of 
from 5 to 320 brake horse-power. The consumption 
of oil varies from 1 lb. to 0.6 lb. of Scotch shale oil 
per brake-horse-power hour, depending on the size of 
the engine. 





THIRD INTERNATIONAL CONGRESS OF REFRIGERATION. — 
This is to take place in Chicago from September 15 to 24 
next, under the P pene of the President of the 
United States. communications and papers should 
be sent to Mr. J. F. Nickerson, secretary general, 431, 
. Dearborn-street, Chicago, from whom particulars may 
be obtained. 


Tue tate Mr. ApotF DaimLer.—We regret to notice 


also | the death of Mr. Adolf Daimler, director and chief of 


the manufacturing branvh of the Daimler Motoren- 
Gesellschaft, of Marienfelde, near Berlin. He was the 
eldest son of the founder of the works, and had been con- 
nected with the works since 1900. It is mainly due to 
him that the firm took up the construction of motors 
for aircraft. He studied at the Technical High School of 
Stuttgart, and was credited with very considerable tech- 
nical ability. 





INDUSTRIAL NOTES. 


AccoRDING to the Board of Trade Labour Gazette, 
which appeared on April 16, the state of the labour 
market for March was as follows :— 

Employment continued good generally. There was 
an improvement in the iron and steel and textile trades, 
while in coal-mining, engineering, and shipbuilding 
the high level of recent months was maintained. The 
building and brick trades showed a further seasonal 
advance, but there was a marked decline in the tin. 
plate trade. 

It is reported by labour exchanges that there was a 
continuance of the large demand for workmen of ali 
classes in the shipbuilding trades, and in the engi- 
neering trade there was still a scarcity of labour in 


L. | some districts. In the case of women, the demand 


exceeded the supply in the cotton, woollen, worsted, 
linen, and clothing trades, and in laundry work ; in 
some districts there was a scarcity of workers in the 
boot and shoe industry. 

The upward movement in wages continued. Km. 
ployment in March, 1912, was so much affected by 
the great coal dispute, especially in the pig-iron, iron 
and steel, tin-plate, pottery, and brick trades, that 
comparisons with a year ago are omitted in this sum. 
mary, although they will be found in the detailed 
articles relating to each trade. 

Trade unions with a net membership of 908,276 
reported 17,533 (or 1.9 per cent.) of their members as 
unemployed at the end of March, 1913, compared with 
2 per cent. at the end of February, 1913. 

Returns from firms employing 414,837 workpeople 
in the week ended March 15, 1913, showed a decrease 
of 0.1 per cent. in the number of employed, and an 
increase of 1.2 per cent. in the amount of wages paid, 
compared with a month ago. 

The changes in rate of wages taking effect in March 
resulted in an increase of nearly 24,000/. per week in 
the wages of 224,000 workpeople. The most important 
— affected 20,000 carpenters and joiners in 
London, 175,000 coal miners in Northumberland and 
Scotland, 5000 shale miners in Scotland, 6400 iron- 
workers in the North of England and West of 
Scotland, and 4400 engineers at Belfast. 

The number of disputes beginning in March was 81, 
and the number of workpeople involved in all dis- 
putes in progress during the month was 41,983, as 
com with 45,382 in February, 1913, and 1,040,542 
in March, 1912, when 1,000,000 workpeople were 
involved in the national coal strike. The estimated 
number of working days lost by disputes during the 
month amounted to 446,000, as compared with 593.200 
in February, 1913, and 24,579,500 in March, 1912, of 
which 23,900,000 were due to the coal strike. 

Cases dealt with during the month include woollen 
workers at Morley; variety artistes; building trade 
operatives at Leicester, Coventry, Bradford, and 
Halifax ; blast-furnacemen at Falkirk ; gas-producer 
men at Sheffield ; iron and steel-workers at Froding- 
ham and in Glamorgan ; and boot and shoe operatives 
in London, at Kettering, and in the East of tland. 
Several awards were issued during the month by chair- 
men of railway conciliation boards, and a chairman for 
the South-Eastern and Chatham Railway Conciliation 
Board was agreed upon. An award was also issued 
by the chairman of the Joint District Board for 
Durham under the Coal Mines (Minimum Wage) Act. 

The total number of workpeople on the General 
Register of the Board of Trade Labour Exchanges on 
March 14, 1913, for the 270 exchanges which were 
open at the beginning of March, 1912, was 98,596, as 
compared with 129,134 at February 14, 1913, and with 
82 80 at March 29, 1912. Comparisons with last year 
are affected by the fact that unemployed workmen 
lodging unemployment books are now borne on the 

sters. 

he number of vacancies notified to the same 270 
exchanges during the four weeks ended March 14, 
1913, was 77,933, and the number of vacancies filled 
was 56,216. The corresponding figures for the four 
weeks ended February 14, 1913, and for the five weeks 
ended March 29, 1912, are, in the case of notifications 
of vacancies, 69,762 and 74,262, and in the case of 
vacancies filled 50,443 and 57,412 respectively. 


The report of the United Society of Boilermakers 
and Iron Shipbuilders for April shows that the 
number of members signing the book at the end of 
March was 618, against 628 in February. The 
members on home donation numbered 1068 in March, 
against 938 in February. The number of members on 
superannuation in the same two months respectively 
was 2517 and 2510, and those on sick fund 2286 and 
2148 respectively. The expenses for March amounted 
to 10,1211. 7s. 9d., against $177/. 2s. 9d. in February, 
representing an increase for Mareh of 1944/. 5s. The 
total membership of the society is now over 62,00. 


According to the monthly report of the Steam- 
Engine Makers’ Society for an —_ —- 
remarkabl » and ca e workmen ar 
demand, TP Gomand in nie cases exceeding the 
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supply. The normal number of unemployed has for 
some months stood at about 0.5 per cent. upon the 
total membership, the actual number being 82, com- 
pared with 77 last month. This percentage of 
about 0.5 is as low as has ever been reached in the 
Society’s long history, the nearest approach to it 
being in the year 1890, when the membership was at 
a little over 5000. At Southampton the condition of 
things is, however, not so In this town there 
was some time ago an application made by the Amal- 
gamated Society of Engineers for an advance of 3s. 
in wages, in which none of the allied trades was 
savited to co-operate, and there was a failure to come 
toterms with the employers. The consequence was 
that the Amalgamated Society of Engineers called a 
strike which implicated other trades, including the 
Steam-Engine Makers’ Society, and some 70 members 
of this Society are affected. 





The expected general strike in Belgium commenced 
this week. On Tuesday it was stated that in Brussels 
out of 49,000 workmen about 13,000 had come out, 
though in the provinces things seemed more serious. 
In the coal- mines of the Mons district and in 
the provinces of Antwerp and Liége the strike has 
become fairly general, and it is estimated that 
in the coal-mines of those districts about 50,000 
men are on strike. At Lalouviére it is said that 
95,000 men are idle, and at Charleroi about 16,000, 
the majority of them being in the metal trades. At 
Antwerp 4 partial strike has taken place in the harbour. 

If reports are to be believed, the real cause of 
the trouble is to be found, perhaps, as much in racial 
and religious feeling as in industrial problems. This 
is frequently the case in countries where attempts 
have been made to combine peoples of different races 
and conflicting religious feeling under one govern- 
ment. In the case of Belgium it seems largely to be 
acase of Fleming versus Walloon, and the present out- 
burst is largely due to the antipathy of these two races, 
and to an unwise policy on the part of the Government 
in supporting one party rather at the expense of the 
other. According to a correspondent of the Morning 
Post, who appears to have studied the subject more 
widely than the general run of observers :—‘‘ The 
movement is largely influenced by the incompati- 
bility of the two peoples of which the population 
of Heigium is composed. As the outcome of past 
historical events, Flemings and Walloons were united, 
and bidden to be a nation, but the union has never 
been a happy one; disruption has from time to time 
threatened, and the present strike is likely to figure as 
agreat stride towards that ultimately inevitable event.” 
Whether this will prove true remains to be seen, but 
there is probably a good deal of truth in the statement. 
It is well known to students of history that for very 
many years there has been little feeling of friendship 
between the two races. Their mental attitudes 
— to be totally different. Among the Flemings 
Clericalism seems to have retained power by corrup- 
tion and bribery. The policy of the Roman Catholics 
has influenced the Government, and has been bitterl 
resented by the Walloons, who “‘ regard the Flemis 
race with much contempt, looking upon it as narrow- 
minded and priest-ridden.” The Walloon does not care 
to be regarded as a sort of outcast because of his 
religious views, and is now aiming to obtain “‘one 
man one vote” in order that he may try and oust his 
opponents from political power. ‘‘ That,” says the 
Morning Post, ‘‘is the crux of the whole situation. 
The present authorities very naturally do not wish, 
nor intend, to hand to their enemy a weapon for 
their own destruction.” The whole situation, there- 
fore, appears to entail much greater danger than would 
arise from an industrial dispute alone. 

The general strike has on previous occasions been 
wed in Belgium as a political lever, and with varyin 
success. As long ago as 1893 the Liberals and Socia 
Democrats, by means of this weapon, compelled the 
Clerical Beernaert Ministry to introduce a suffrage 
reform, and six years later it was the threat of com- 
prehensive strikes which made the De Nayer Ministry 
cept a scheme of proportionate representation. 
Again, in 1902, a general strike was attempted, also 
with political ends in view (the abolition of the more 

one vote per man system), and a couple of hundred 
thousand men went out, but, owing to the energetic 
steps taken by the Government, this strike led to 
nO result. ere are in Belgium about 1,200,000 
hands employed in the manufacturing and mining 
industries, and @ majority are engaged in the strike, 
more especially in the French-speaking provinces, 
but less so in the Flemish districts, = BL. agricul- 
tare still plays an important part. The strike has 
been most carefully prepared, and the leaders of the 
men have done all in their power to prevent a repeti- 
a bo Sanatiane ) a. when several lives 

lost. e men have 0: ised 8 large police force 
of their own, the publicans taco been coment not to 
*erve alcoholic drinks and to close early, and efforts 

ve been made to provide the men with cheap food. 

_ At the time of going to press the strike is spread- 


metallurgical industries. The total number of strikers 
out amount to 225,000, according to Government 
estimates, though the labour party declare the number 
to be about 325,000, and say that it will shortly reach 
500,000 men. In Antwerp troops are guarding the 
petroleum-tanks, timber wharves, and electric stations. 
It is feared that the strike will have an adverse effect 
on the Newcastle coal market, and the large exports 
of Durham coal to Belgium will be stopped. 


On Tuesday last, the 15th inst., the Coal Conciliation 
Board for the federated mining districts of England 
and North Wales agreed unanimously to a further 
advance in wages of 5 percent. This represents the 
third advance in miners’ wages that has been sae 
in a period of six months, the wages being brought 
thereby up to 65 per cent. above the standard, the 
maximum wage fixed in the agreement which con- 
tinues till March, 1915, and, moreover, is the highest 
a ever paid in the federated districts of England 
and North Wales since the Conciliation Board was 
established in 1894 as the outcome of the Rosebery 
agreement. The wage-bill at the collieries in the area 
will thus be increased by as much as 20,000/. a week, 
or a million sterling per annum. At the meeting the 
following resolutions were unanimously adopted :— 
‘* 1. That the advance of wages of 5 per cent. on the 
basis rate of 1888 be paid to all underground workers 
and those on the pit-banks and screens engaged in 
manipulating coal, such advance to come into opera- 
tion as from the making-up day in the week 
commencing April 27, and paid on May 9 or 10, 
as the case may be. 2. t the above advance 
be applied as regards boys and day-wage men upon 
the basis rate of 1888, or on the list-rate, as has been 
the case hitherto. 3. Where workers are paid by 
contract. or are not earning the minimum rate fixed 
by the Joint District Board for the districts, there 
shall be paid to such workmen and those employed by 
them a further 5 per cent. on the 1888 rate as lon 
as the wages paid are 65 per cent. above the basis o 
1888. In the event of a reduction in wages, the 
above addition is to be subject to such reduction.” 








Steps were taken on Tuesday last, the 15th inst., 
by the executive of the South Wales Miners’ Federa- 
tion to secure a general stoppage of the pite on May 1, 
in view of the ap ee of non-unionists in the 
pits. Notices have already been handed in terminating 
the contracts on April 30, and will be acted on. At 
other collieries twenty-four hours’ notice will be given. 
The executive intend to stop the pits where non- 
unionists are found at work after ‘ Labour Day.” 
It is, however, reported from some districts, especially 
from Rhondda, that the bulk of the non-unionists have 
already joined the Federation. 





The strike of platers’ helpers at Messrs. Vickers 
Shipyard, at Barrow, has come toan end. The com- 
plaint of the helpers who went on strike was that the 
platers who employed them taxed them too severely, 
requiring three or four to do work where previously 
five had been employed. After a conference, how- 
ever, between both sides and the management, an 
agreement wes come to that four men could do the 
work previously done by five, and it was therefore 
decided to resume work. 





Another case of trade-union interference has occurred 
among the cotton operatives at Clover Mill, Nelson, 
for the union operatives have succeeded in secur- 
ing the dismi of an operative at Parkfield Mill 
who refused to join their union, but who was a 
member of the Weavers’ Protection Society. Other 
members of the Weavers’ Protection Society, who 
were threatened by strikers and hostile demon- 
strations if they did not join the Nelson Weavers’ 
Association, joined the union. The strikers returned 
to work consequent on the success of their action, 
but further strikes and demonstrations appear to 
threaten at every mill where weavers are not in the 
Weavers’ Association. 





The permanent Danish Arbitration Court in Labour 
Conflicts has just given an award of some intereet. 
A foreman at the Flydedakken Shipyard, Copenhagen, 
requested one of the labourers, who happened to be 
spokesman of the men, to saw a beam of an old 
bulwark. The man refused to do the work, holding 
it to be ship’s-carpenters’ work. He was then dis- 
charged, with the result that all the labourers, eighty- 
seven in number, struck. The Court stated that 
there was no reason why the yore | of the said team 
—a job any grown-up person could do—should not be 
a labourer’s job. there been any doubt, the 
matter ought, in any case, to have been settled by 
mediation or arbitration. In addition, it was held that 
the com had the right to discharge any workman, 
just as the | iatter can give up his situation. Nor did 
the fact that the discharged man was the spokesman 
of the men in question justify their going out on strike. 
The responsibility falls upon the Danish Union of 





‘ng; and is almost general in the coal-mining and 





vidually, and the Court awarded the company a com- 
pensation of 870 kr., to be paid by the organisation 
of the men, or by the men; none of the latter to pay 
more than 10 kr. (lls.). The men also have to pay 
costs of 200 kr. (18/.). 





Last year shows a material decrease in the number 
of strikes in Italy, there being 858 stoppages of labour 
affecting 143,083 hands, against, respectively, 1074 
strikes, and 189,859 hands in 191]. This is attributed 
partly to the patriotic movement resulting from the 
war, and to the men being less inclined to listen to 
the anti-military agitation of the Socialist leaders, as 
well as from the split amongst the Socialists, some 
being reformists and some syndicalists, and finally 
from a decreasing faith in the strike as a means of 
attaining the desired ends. Of the 1074 strikes in 
1911, only 241 led to an entirely satisfactory result for 
the men. Most of the strikes occurred in the building 
trades (138 strikes—23,180 hands), next came the 
metallurgical industries with 117 strikes and 18,582 
hands, and then the textile industry with 111 strikes 
and 15,785 hands. Of the months, May showed the 
largest number of strikes. The above strikes only 
refer to the mechanical industries of the country, but 
in connection with agriculture there was consider- 
able unrest, an aggregate of 169 strikes, affecting 
95,446 hands, taking place. 





The Pennsylvania Railroad system has just com- 
pleted the thirteenth year of its pension system. One 
of the first acts of Mr. A. J. tt on becoming 

resident of the road in 1899 was to recommend to the 
rd of directors that without delay a plan be placed 
in operation to pension employees who had reached the 
age of seventy years. rds just compiled show 
that during the thirteen years the plan has been in 
operation a total of 7152 men have received payments 
through the pension funds of the Pennsylvania system 
of 8,368,786 dols. out of the earnings of the various 
companies. Of those who have received pensions, 
3345 have died, so that at the present time there are 
3807 men on the pension rolls of. the company. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, Aprii 9. 

Tue demands for structural material, fencing, iron 
pipe, and various other kinds of mill products in the 
flooded districts of the Middle West have begun to 
crowd the mills, which are already far oversold. 
Railroad specifications for building steel are develop- 
ing into enormous totals. Numerous estimates have 
been tentatively made, one of which looks like an 
exaggerated estimate, placing the possible requirement 
at one million tons of steel, which will be wanted as 
rapidly as can be furnished. Railways, as a matter 
of course, were the largest individual sufferers, and 
the estimate has been made public—probably, also 
excessive—that 250,000 tons of bridge material and 
150,000 tons of rails will be needed ; besides these 
requirements, very large quantities of material will 
be wanted for municipality and county highway 
bridges. It appears on the surface that there will be 
serious delay in furnishing the material wanted. Ina 
large section of the West the iron and steel trades have 
been seriously obstructed, but the resumption is rapid, 
and a recent estimate gives 250,000 tons of steel as the 
volume of the lost output. The preeentation of 
requirements for mill products incident to the spring 
season must be set aside to give room for the furnish- 
ing of material for the fi requirements. Pig iron, 
excepting basic, is quiet, and large transactions in the 
latter are reported at all steel-consuming centres. 
The demand for merchant bars, sheets, tin plate, and 
other finished products has developed within a week, 
and the cotheek is favourable for a slight rise in prices 
for early delivery. The latest estimate of unfilled 
orders on the books of the United States Steel Cor- 
poration is given at 7,656,714 tons. 





Tue AnGio-GrerRmMaN ExuisitTion, 1913.—This Exhi- 
bition will be held at the Crystal Palace, London, from 
May 10 to September 27 next. It will be open daily 
(except Sundays) from 10 a.m. toll p.m. It is intended 
to mark the growth of a new era of commercial - 
perity, to show new inventions and new devices in labour- 
saving methods in this country and in Germany, and 
should tend to stimulate the good feeling which isso desir- 
able between the two countries. The ‘‘ Inventions” section 
promises to be a very attractive feature, and special 
terms will be ted to inventors, so as to ensure the 
exhibition of the latest developmentsin science, &c. The 
Exhibition has the support of the London Chamber of 
Commerce and of other kindred bodies throughout Great 
Britain and Germany. All the awards will be made by 
a committee of jurors to be appointed by the London 
Chamber of Commerce, under the presidency of Sir 
Albert K. Rollit, the chairman of its International 
Exhibitions Committee, Mr. Town acting as honorary 
secretary of the committee. Further information can be 
obtai from the Administrators, lo-German Exhibi 
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Ang 
tion, Empire House, 175 and 176, Piccadilly, W. 





528 


ENGINEERING. 


[ApriL 18, 1913. 





BRASS-FINISHER’S PLUGGING LATHE. 


CONSTRUCTED BY THE TIMBRELL AND WRIGHT MACHINE-TOOL AND ENGINEERING COMPANY, LIMITED, BIRMINGHAM. 
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A BRASS-FINISHER’S plugging lathe, constructed b 
the Timbrell and Wright Machine-Tool and Engi- 
neering Company, Limited, of Birmingham, is shown 
by the eg Fig. 1, above, and in the drawings 
reproduced in Figs. 2 to 35, on this and the opposite 

This machine is built both for hand and auto- 
matic traverse, different slides being required for each. 
This tool is interesting, because, although familiar in 
brass-finishers’ shops, it is rather outside the general run 
of engineers’ lathes. As will be seen by the i" otograph, 
it includes provision for turning by tools operated 
from the slide and by others in a turret, and the turret 
is carried on the end of the spindle of the loose poppet. 
A suds-tray receives the cuttings and lubricant, and 
the latter is drained to a receptacle at one end. 

The headstock details are shown in Figs. 2 to 5. 
Driven by a three-stepped belt-cone, the spindle works 
the feed- screws of the slide, besides driving the 
work-chuck. This last, shown also in Fig. 17, is 
not screwed over the nose, as in ordinary lathes, 
but is screwed within it, as prong-chucks were in 
the older wood-turning lathes. Chucks of different 
sizes may be screwed to an intermediary adapter 
piece. As in a lathe of this kind, end \thrust on 
the spindle will often ocour in both directions, the 
thrust is taken on ball races at each end, Fig. 2. The 








hollow form of the 
headstock casting with 
its excellent di i- 
tion of metal will be 
noticed, Fig. 2, and the 
shape of the bed in 
section, Fig. 3. The 
drive is also shown 
from the spindle to 
the slide. This takes 
place through a worm 
A, keyed on thespindle, 
just behind the front 
Coote, driving a smal! 
worm-wheel B, Fig. 4, 
on a vertical shaft C, 
with a reduction in 
-“* of 17 tol. At 

e lower end of the 
shaft a mitre wheel D, 
Figs. 3 and 5, trans- 
mits motion to a mitre 
E, on a horizontal 


shaft F, from which the feed-screws are driven, as seen | slide can be traced in Figs. i of its 
in Figs. 6 to10. The transmission gears are encased in| mitre is seen at E, Fig. 7. On the other end © 
the headstock, The connection to the hand-operated | shaft F, a spur-pinion G, of 16 
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Figs. 8 and 14, has also a knurled collar 
with a fine thread, by which a collar 5 is 
set to zero. The collar having 125 divi- 
sions gives with the pitch of the feed- 














screw yo4sy in. for each division. The 
slide carries a tool-post T, Figs. 6 and 8, 








is keyed, driving two other equal pinions on the ends 
of the feeding-screws H and ¥ so that the latter are 
rotated in opposite directions. They also impart dif- 
ferent rates of feed to the slide, due to one having six 
threads, the other eight threads, per inch. The bottom 
slide K, in which these screws have their bearings, 
is pivoted on the centre of the vertical shaft C, 
which carries the worm-wheel at the top and the 
mitre-gear at the bottom, the pivoting being necessary 
in order to provide means of setting the slide for 
tapers for cock-plugs. The setting is done by means 
of the hexagon-headed screw L, Fig, 7, shown with 
its fittings in detail in Fig. 9. he screw works 
through a swivel-nut M, located in the lower slide K, 
and is prevented from endlong movement by its neck 
05 einen in a swivel-bearing N passing through 
e bed. 


The swivel screw-nut accommodates itself in the 
curved slot a, seen in plan in Figs. 7 and 12, the 
radius of the centre of which—24,,, in. —is struck 
from the centre of the vertical shaft C in Figs. 2, 3, 
7, and 12. The lower slide is thus adjustable to a range 
of angles sufficient for plug-tapers, and carries the upper 
lide 0, gibbed to it with V’s, and operated to and fro 
by the two feed-screws H and J. is again carries & 
cross-slide P, Fig. 14. 

¢ feed-screws are put into and out of action by 
the hand-lever Q, Fig. 10, seen also in the photo- 
graph, Fig. 1, surmounting a boss cast on the middle 
— The spindle on which it is keyed carries a box 
ving one turn of a coarsely-pitched thread, which, 
engaging in the half-clasp nuts R, R, puts either 
screw into or out of connection with the middle slide, 
*0 moving it for rough feeding or for fine return. 
© same movement which puts one in throws the 


other ag the two cannot possibly be engaged simul- 


y. 
The cross-slide P, which is actuated by a balanced 
handle and 8-per-inch threaded feed-screw §, 





with a curved seating adjustment for the 
height of the tool. marks on the tools 
used in this lathe follow below after the description 
of other details. 

Figs. 11 and 12 show the bed separate from the 
slides, together with the levers by which the taper 
slide can operated. The centre of the vertical 
worm-shaft is at C, and the slot a for angular setting 
will also be seen. 

The group of Figs. 13 to 15 show the construction 
of the slides when the lathe is arranged for automatic 
traverse. Commencing again at the vertical shaft C, 
Fig. 14, which carries the worm-wheel above and 
mitre-gear below, as in Fig. 2, the drive to the slides 
commences with the ying ars U of 19 teeth, 

12 d.p. on the end of the horizontal shaft F from th 

mitre-gear. Thence ae four equal pinions—ene 
an idler—the feed-screws H and J are actuated. The 
methods by which they are put into and out of action 
being automatic, take place by the striking of dogs V, V, 
in aT groove in the front of the lower slide K, which 
dogs knock a cam bar W in the middle slide. At the end 
of the bar a stud C projecting downwards is struck by 
either dog, one of which—that to the left—pushes 
the bar inwards, while the other, to the right, draws it 
outwards. The bar has two cam grooves, Fig. 15, d, e, 
in which the pins of the half clasp nuts R, R, shown 
separately in Fig. 16, are moved, one being pushed 
downwards while the other is lifted, and vice 
versd. The long slot in which the d V,V are 
clamped affords a wide range of lengths of feed. The 
same provision for setting the table to angle is made 
as in the previous case, and shown in Fig. 9. The top 
slide also has the micrometric divisions to the cross- 
feed screw at b. 

Interesting details are afforded by the tools. These 
are carried in the cross-slide on the bed, and on the 
turret. A two-tool holder on the cross-slide is shown 
by the group, Fig. 17, where it may be seen in its rela- 
tion to a plug gripped in the chuck at f. The details are 
shown separately. It is also seen in Fig. 1. The prin- 
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cipal feature of the two-tool holder is that, by turning 
the lever X in front, either a roughing or a finishin 
tool can be brought into action. This is effec 
through the boss g, Figs. 17 and 18, to which the lever 
is keyed, and which has a cam cut in its periphery, 
the development of which is shown in Fig. 19. 

The tool-holders, one of which is shown in detail 
by Fig. 20, fit on to a central block A, Fig. 17, 
wedge-shaped in plan, by means of vee’d guides 
each having a setting-up screw. The tools are 
each gripped with a set-screw in opposition to a 
cupeell seating, by which adjustments for height can be 
made. A lug on each holder, Figs. 20 and 22, has a 
screwed pin, which enters the cam groove in the boss 
g keyed to the lever. The V-sha: block / is bolted 
down to the seating on the top slide P in Fig. 14. 
The V shape permits of bringing the roughing and 
finishing tools to the same apex to operate in 
suceéssion on the plug. 

The forming or cutting-off tool, the base of which is 
clamped directly to the bed, is seen in Figs. 23 and 24. 
It is provided with a stop-screw j bearing against a 
shoulder on the fixed base, by which diameters are 
controlled. The tool-holder pivots and has provision 
in the concave seating at k for the adjustment of tools 
for height. A spring is provided in the circular part 
underneath the tool-holder, which moves the tool out 
of position. 

e tail-stock is shown by Figs. 25 to 28. It has 
no screw adjustment to the spindle, but a lever only. 
The fit of the spindle is adjusted by two set-screws 
with lock-nuts. 1t is clamped with the lever and 
screw above. The spindle-nose is bored to a No. 3 
Morse taper, so that any fittings can be used, though 
the turret shown in Fig. 29 is the most common. The 
tail-stock casting is cut away in front, Fig. 26, to 
permit the plugging-slides to passit. A collar, Fig. 28, 
adjustable on the spindle, is made to control the dis- 
tance to which the spindle is moved out by the lever. 

The turret is shown in Figs. 29 to 31, fitting by » 
shank on to the nose of the tail-stock spindle, in which 
it is | pena from turning by a cotter, Fig. 29, being 
itself screwed to the shank. It carries four tools, 
each held with aset-screw. It rotates on a hardened- 


steel cone with lock-nuts. A rod which passes into 
a hole in the poppet, Fig. 32, presses a spring-lever Z, 
Fig. 31, pivo 


on the turret, and withdraws the 
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locking-plunger m on the backward motion of the 
pacers § hen tooling is being done, the lever Z 


presses on the plunger m, locking the turret. 

An attachment which may be used for centering 
plugs is seen in the photograph, Fig. 1, and by the 
drawings, Figs. 33 to 35. A bracket AA, bolted to 
the rear of the headstock, receives the fulcrum of a 
lever BB by which a centering tool CC is moved 
through the hollow spindle to centre the plug, being 
returned by a spring UD. 





COASTAL SAND-TRAVEL NEAR MADRAS 
HARBOUR.* 


By Sir Francis J. E. Sprixe, K.C.1.E., M.A.L, 
M. Inst. C.E. 


THIS communication forms a supplement to the author’s 
per on ‘‘ The Remodelling and Equipment of . 
tarbour,” presented to the Institution in 1912, and dis- 
cusses the important engineering problems arising out of 
the movement of sand along the south-east coast of 
India, to which brief reference was made in that paper. 
Since the barbour was begun, in 1877, a triangular area 
of sand about 260 acres in extent has formed, with a base 
of about 9000 ft. extending southward from the south 
break water to the mouth of the River Couum, and with a 
side along the breakwater of about 2000 ft. ; while south 
of the Couum about 114 acres more have accreted in a 
strip along the shore. Simultaneously there has been 
erosion of the shore for more than three miles north of 
the harbour. 

With regard to the sources of the sand, the author 
points out that, on the 400 miles of coast between Ceylon 
and the mouth of the Kistna, three important sand-bear- 
ing rivers run into the sea, besides many of smaller size, 
and that all these rivers erode granitic and laterite lands 
up to within 50 or 100 miles of the west coast of India, 
carrying during the rainy months immense quantities of 
sand seaward. 

The only currents running northward of any value for 
eand-carrying purposes are to be found in April, when 
out at sea they run at 14 to 2} miles per hour. Southerly 
currents run during the months September to January, 
at a velocity varying between 1 and 3 miles per hour, the 
strongest being in October, November, and December, 
when the waves from the north-east are flinging the sand 
southward. Hence current action has comparativel 
little to do with the formation of the accretion, which is 
com , for the chief part, of sand too coarse to be 
carried far in suspension by velocities which, close in 
shore, do not exceed one-half those stated. But these 
currents must be given credit for carryin 
of the finer particles, such as mud and the more imp 
pable sorts of sand with which the wave-churned water 
may happen to be laden, and which, before the eastern 
face of the harbour was closed, used to cause silting - 
of the old entrance at the rate of 1 ft. loss in dept 
annually. 

The author states that the accretion is due chiefly to 


the net effect of two kinds of oblique wave action, of | ¢ 


which one partially neutralises the other. On the coast 
there exist at different periods of the year two classes of 
waves—one, during the prevalence of the south-west 
monsoon, rolling in on the land with a somewhat poten 
trend, at the most —- 30 deg. out of parallelism wit: 
the general line of the shore; and the other, during the 

revalence of the north-east monsoon, rolling in on the 
and with somewhat of a southerly trend, and also at the 
most 30 deg. out of parallelism with the shore. The along- 
shore currents aid also by transporting such fine particles 
of sand and mud as are c: uanlep by the waves and held 
in suspension in the water, and the net result in time 
is that a projecting obstruction, such as the artificial 
harbour, finds an accumulation of coarse sand piled 
up on its south side, while at its north side there is 
erosion. If this accretion is allowed to go on without inter- 
ruption, sooner or later sand will be carried past the sea- 
ward face of the breakwaters to the north, until, at some 
not very distant date, the entire shore in the locality 
finds itself seaward of the harbour. Itis very important 
to the Port Authority to arrive at some judgment as to 
when this alarming action is likely to cause practical 
trouble, and what chance there is of deferring the 
trouble. 

Practically speaking, the sand which forms the accre- 
tion in question is of a kind of which about 20 per cent. 
passes through a 100-mesh sieve, 75 per cent. through a 
70-mesh sieve, and the remaining 5 per cent. does not 
pass a 70-mesh sieve. 

With regard to the quantity of sand moved annually, 
the sand caught in the trap south of the southern arm of 
the harbour has now been measured for just one-third of 
a century, with the result that the accretion has averaged 
near] million cub.c feet, or 1 million tons per annum. 
In other words, in order to neutralise the flow of sand, a 
1000-ton dredger, making four trips a day to sea, would 
have to work for 250 one in the year. 

From cross-sections of the accretion, taken periodically, 
the author has deduced that, if the same annual quantit 
of sand continues to enter the trap as heretofore, it wi 
take about forty years, or until the year 1952, before the 
sand shows at low water at the oldentrance. After that, 
unless something is done meanwhile to stop it, the north- 
ward flow of the sand will begin to affect seriously the 

resent harbour entrance, requiring for its removal the 

ull work of a powerful modern dredger. 

During the next few years the Madras Port Authority 





** Abstract of a paper read before the Institution of 
Civil Engineers on Tuesday, April 15, 1913. 
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must choose between the comparatively futile expedient 
of dredging or the gradual extension of a new arm or 
breakwater—a work which is certain to be needed before 
the we years are up, on account of the deeper draught 
of the shipping in future years. 

Of the 1000 miles of coast line between the Hooghly 
and Ceylon, the upper 600 miles run roughly north-east 
and south-west, and the lower 400 miles roughly north and 
south. All al the north-eastward trending coast the 
tendency is for the great rivers to form deltas; but on the 
southward trending 400 miles, though several rivers of 
considerable magnitude emerge on the sea, no such delta- 
— tendency is found, until the Cauvery is reached, 
which debouches into the sea through several true delta- 
forming mouths. The author su ts that Ceylon 
shelters the mouths of the Cauvery and so allows of delta- 
formation just there, while the intermediate stretch of 
coast between the Cauvery and the Kistna deltas, in 
which nearly midway stands Madras, shows no deltas, 
being fully exposed to transverse monsoon-wave influence. 
ere a rib of sand is washed up and down the coast 
by the alternating seasonal waves. 

The author ~~ forward tentatively the theory that 
when a line of coast is so orientated that the seasonal 
waves of greatest force and duration roll in on it at right 
angles there will be, in a general way, but little con- 
tinuous driving of its river sands sideways, and therefore 
full liberty to the rivers to form deltas ; whereas, when a 
line of coast is so orientated that, during their worst and 
longest spells, the waves break in on it obliquely, the 
tendency will be for growing deltas to be washed away to 
one side or the other of the river mou 
_ An important factor in the question of sand-movement 
is the combined influence of the tropical sun and prevail- 
ing winds on the wet sand cast up near high-water line 
by surface waves. The wet sand left by the falling tide 
is dried with extraordinary rapidity by the hot sun, and 
is carried i by the prevailing inshore wind, so 
leaving room for the advent of new sand to be swept in 
from alongshore on the next tide by the surface waves. 
In Madras the sun and wind action in question is re- 
sponsible for raising the accretion to a useful height well 
above high water. 

About 245 acres have been eroded on the north side 
within 3 miles of the harbour, and where land is valuable 
this erosion has been stopped by revetting the shore. 
Some sand is caught on the north of the harbour as the 
result of the prevailing waves of the north-east monsoon. 
The quantity appears to be roughly about 27,000 tons per 


Y |annum, and so far as it obstructs the fairway this is 


undoubtedly an element to be reckoned with. A fairway 
fully 800 ft. wide will always have to be kept open, by 
the help of dredging, in so far as it is found to be choked 
by the south-moving sand, as well as by the fine current- 
rne sand brought round from the south. 

The maintenance of a dredger, capable of handling 
anything like one million tons of sand a year, will cost 
not less than 6000/. or 7000/. annually, which would 
suffice to lengthen the present south harbour-arm at an 
annual rate more than adequate to stave off the envelop- 
ing action of the advancing sand. In the author's opinion, 
the latter expedient is very much to be preferred to the 
ormer, use of developments in the shipping of 
the future. He regards it as practically certain that in 
the next forty years the Suez Canal will be deepened 
considerably, and that the shallow parts of the River 
Hooghly will be deepened and better buoyed and lighted, 
and it is necessary that when that time comes amd 
should not have to refuse access to her wharves for very 
much deeper ships than can now be accommodated there. 
The continuation eastward of the present south harbour- 
arm will not only be an effectual stop, for a couple of 
generations to come, to the enveloping movement of the 
sand, but will also be the commencement of the new and 
deeper outer harbour of the future. Mere dredging is 
simply putting off the difficulty. 

An annual oo of 70001. will permit of the 
continuation of the present south arm directly seaward at 
the rate of about 60 ft. to 80 ft. per annum, which will 
suffice to keep pace with the seaward advance of the 
sand accretion. ‘Then, if the outer harbour is to be about 
2000 ft. square, the south arm of it will have been com- 
pleted by the middle of the century. 

It seems to the author that the present generation will 
have done all that -—* reasonably —— of it, if 
it obstructs for a time the forward creep of the accretion 
and leaves to its successors one-third or one-fourth part 
of the structure of a harbour deep enough for a class of 
shipping not now ordinarily trading with India. 

1n conclusion the author remarks that it may, pen 
be argued that had sufficient openings been left in the 
shore ends of the harbour-arms, the sand would travel 
through and out at the other side. But, in his opinion, 
nothing of the kind would happen, because through the 
? mile of harbour there are no waves of a strength ade- 
quate to lift the sand, or possessing an alongshore trend 
adequate to move it north or south. Any such opening, 
therefore, would, within a season or two, be closed, and 
untold mischief would probably have taken place mean- 
while in the shallowing of the harbour. 





Tue Brirish Encinegrs’ AssociaTion.—A meeting 
of the British Engi ’ Association, of Caxton House, 
Westminster, will be held at the Cutlers’ Hall, Sheffield, 
on Thursday, April 24, at 4.30. Mr. Douglas Vickers, 
the President of the Association, will be in the chair. 
Several well-known authorities on China will address the 
meeting, including Mr. Byron Brenan, O.M.G., late 
Consul-General in China, and Captain T. C. FitzHugh, 
M.V.O., of Peking, the newly-appointed Commissioner 
of the Association. The subjects dealt with will be of 
the greatest importance to British engineering interests. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a weak tone, and ihe lane 
ness consisted of 2000 tons of Cleveland warrants at 
65s. 6d. cash, 65s. 10d. fourteen days, and 62s. 6d. June 13, 
At the close sellers quoted 65s. 74d. cash, 65s. 10d. one 
month, and 62s. 10d. t' months. The afternoon session 
was dead idle, but Cleveland warrants were quoted firmer, 
with sellers at 66s. cash, 66s. 2d. one month, and 63s. three 
months, buyers naming 3d., 3d., and 6d. less respectively, 
On Friday morning the market was very quiet, and inclined 
to easier. The dealings were limited to one lot of 
Cleveland warrants at 65s. 10d. one month, with buyers 
over, and sellers at 66s. for cash and one month, and 
62s. 9d. three months. No transactions of any kind 
were recorded in the afternoon, and sellers’ quotations 
for Cleveland warrants were nominally stronger at 66s, 
cash, 663. 2d. one month, and 63s. three months. Op 
oe morning the market continued quiet, but steady, 
and tons of Cleveland warrants were done at 
65s. 114d. three days, 66s. 2d. one month, and 62s. 9d. three 
months, with sellers over for the two latter positions, and 
at 66s. three months. In the afternoon Cleveland war. 
rants were ype | changed, and the dealings 
consisted of tons at 66s. 1d. one month, 66s. 14d. 
May 20, and 66s. 2d. May 5. Closing sellers quoted 
65s. 114d. cash, 66s. 2d. ono month, and 62s. 3d. three 
months. On Tuesday morning the market improved in 
tone, and 4500 tons of Cleveland warrants were put 
through at 66s. O}d. cash, 66s. 24d. fifteen days, 66s. 34, 
twenty-two days, one month, and ay Ages and at 6s, 
May 26. Abt the close sellers named 66s. 2d. cash, 66s. 34d. 
one month, and 63s. three months, the latter showing 
an increase of 9d. In the afternoon the business amounted 
to 3500 tons of Cleveland warrants at 66s. 3d. ten days, 
66s. 44d. May 21, and 62s. 3d. three months, with closing 
sellers at 66s. 2d. cash, and 66s. 4d. one month. When 
the market opened to-day (Wednesday) the tone was 
harder, but the dealings were limited to 1500 tons of 
Cleveland warrants at 66s. 4d. one month, and 66s. 
May 25. The closing quotations were called 66s. 6d, 
cash, 66s. 7d. one month, and 62s. 9d. three months 
sellers. The afternoon session was also very quiet, but 
Cleveland warrants were firmer. he turnover was 
limited to 1500 tons at 66s. 9d. ten days, and 66s. 7d. 
sixteen days, with closing sellers at 66s. 8d. cash, 
66s. 9d. one month, and 62s. 9d. three months. 


Sulphate of Ammonia.—Some weakness has prevailed 
in the sulphate of ammonia market since last week, and 
the inquiry has been much smaller. The price has eased 
about 5s. per ton, and to-day’s quotation is no better than 
137. 17s. 6d. per ton for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—No change of any moment has 
taken place in the Scotch steel trade over the past week, 
and the scarcity of new contracts, while not exactly 
alarming, is the cause of some concern to producers. 
cou there is still a fairly large tonnage of heavy 
material still on the order-books, but each week sees & 
diminution in the amount, and with very little coming in 
to fill the books up again. Some optimists are of opinion 
that the present lull is only temporary, and that a vast im- 

rovementis likely to be felt uite soon. The Belgian strike 

aving now been declared, there is a probability of some 
orders of an urgent nature being diverted to this market; 
_ +. -_ not the ag e a — r sapong 

rom the gian trouble depends very largely on the 
duration of the strike. In the case of light material and 
structural sections generally there is a fair inquiry, 
especially from Canada, but prices are keenly cut to 
secure the business. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is very quiet, and specifications are 
very difficult to obtain, with the result that broken time 
is general. Several of the amalgamated establishments 
have been off meantime, but the majority of the other 
works were able to alg start on Monday of this week, 
whereas it has often been Tuesday in recent weeks before 
business could be resumed. The local price for “crown 

is unc 

Scotch Pig-Iron Trade.—The position of things in the 
Scotch pig-iron trade is ‘tically unaltered, and new 
business is not over-plentiful. Deliveries are keeping UP, 
and prices show very little variation. The following are 
the market quotations for makers’ (No. 1) iron: yde, 
80s.; Calder and Summerlee, 80s. 6d.; Gartsherrie, 
8is, 6d. ; and Langloan, 82s. (all shipped at Glasgow); 
Gl ock (at Ardrossan), 82s.; Shotts (at Leith), 80s. ; 
aa Caan at Grangemouth), 82s. Hematite iron 6 
not in very heavy demand, but contracts are accounting 
for large deliveries. The current price is round 85e., 
delivered locally. 








ApaMs Manuracturine Company, LiMiTED, BEDFORD. 
—An order was made on Saturday, the 12th inst., by 
Mr. Justice Swinfen Eady, appointing Mr. Lewis 
Hardy Receiver and —_ on behalf of the debenture 
holders of this company. There will be no interruption 
in ing on the oo aN as the Receiver, under = 
of the Sele. is to continue this. Arrangements for 
reconstruction of the company are being made. 


Tue “ Apvance” Marine O1-Encine.—A series of 


‘ ¥ “Ad ” marine cru 
trials of a 16-horse-power wut ab Southampton by 





engine, are now being carried out , 
Messrs. Boving and Co., Limited, of Union-court, 
Broad-street, E.C. The trials are being made in com 


junction with a special reversible propeller equipment. 
It is intended that trials at other important se@ 
be undertaken in due course. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Steel Castings.—There is a strong feeling amongst local 
manufacturers on the subject of restriction of output in 
the big steel works. It is stated that in consequence of a 
policy pursued by the men, to offer strong opposition to 
any speeding-up pro 8, Sheffield is not, in certain 
directions, doing nearly the amount of trade that should 
be accomplished. This is notably so in the case of 
steel castings. In spite of the fact that there is an 
immense and widespread demand for this class of goc 
and that Sheffie'd is the natural centre for their production, 
large quantities are being imported, and local makers 
have found it so unprofitable to produce them that a 
number of firms have given up this branch of their busi- 
ness. Some of the most prominent manufacturers hold 
strongly the view that this situation is solely due to the 
workers restricting output, and that Sheffield could, but 
for this, increase its production of steel castings by 
something like 40 per cent. 


South Yorkshire Coal Trade. — The situation is still 
influenced by the holiday stoppage. | y pits were set 
down for a week or eight days, and, in consequence, the 
accumulation of arrears, particularly from the big indus- 
trial consumers, was heavy. Thus collieries are excep- 
tionally busy, and there is a strong demand for the small 
quantity of free coal that is on the market. Hard coal 
has strengthened, and though prices are unchanged, 
they tend upwards. It is anticipated that advances will 
come into effect with the opening of the aes ane 
which will take place shortly. House prices are 
firm, with a steadier demand, and merchants are busier 
than is usual at this time of the year. Coke and smalls 
are somewhat easier. Quotations :—Best branch hand- 
picked, 14s. 6d. to 15s. 6d. ; Barnsley best Silkstone, 13s. 
to 14s. ; Mag ey best brights, 12s. to 13s. ; Derbyshire 
house, 10s. 6d. to 11s. 6d. ; nuts, 10s. 6d. to 11s. 6d. ; 
small nuts, 9s. to 10s.; Yorkshire hards, 10s. 6d. to 11s. 6d. ; 
rough slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s. ; 
smalls, 4s. 6d. to 6s. 


Iron and Steel.—The local iron market remains very 
quiet, and the few concessions made are not sufficient to 
induce buyers to move in the direction of contracts. The 

rice of common irons has been reduced about Is., but 
Lematite has experienced no change. Deliveries are 
maintained at a high level. The strike in Belgium is 
likely to be beneficial to British producers, if it should 
prove as extensive as is planned by the strikers, and a 
a deal of extra work might come forward in manu- 
actured iron and steel. ere is still noticeable a 
falling off in the booking of new work in some depart- 
ments of the steel industry, but the trade of the next few 
months is not likely to be much affected, for the armament 
branches and railway material manufacturers have work 
on hand that will keep them busy during the rest of the 
year. High pressure is the rule at present, and the 


demands on forges and foundries are great, orders in this 


direction showing no signs of diminution. The engineer- 
ing firms have such a quantity of business in hand that 
their calls on the lighter trades, especially in tools and 
files, have been exceptionally heavy. The proposed 
alteration in the American tariffs has not been received 
in Sheffield as startling news, use, so far as iron and 
steel are concerned, its beneficial effect will probably be 
very limited. Four firms are sharing an Admiralty con- 
tract for dockyard work. The East Indian Railway has 
placed an order in Sheffield for 500 wheels and axles, and 
the United States have ordered large tonnages of steel. 
Booking in the lighter industries shows that the wire 
trade is still good, and the demand for shovels, nuts, and 
bolts is excellent. A notabie feature is the ‘‘ boom” 
experienced by garden-tool makers, who are busier than 
they have ever been. 





Iron TrapEs EmPLoyERs’ INSURANCE ASSOCIATION, 
Limitep.—The sixteenth ordinary general meeting of this 
association was held at the h office, 82, Victoria- 
street, S.W., on Wednesday, the 9th inst., Mr. A. E. 
Seaton, chairman of the association, in the chair. In the 
course of his statements the chairman said that the 
premium income was now over a quarter of a million, 
oeing 13.8 per cent. higher than + of the preceding 

ear, itself a record. That of the current year will be 

rger still, due partly to the increase in wages paid by 
old members, but largely to the new business acquired 
from the ninety-four firms which joined the association 
since January, 1912. Their bounds being limited by 
membership of the two great federations and some allied 
associations, it was now not easy to obtain many new 
members. They hoped, however, some day to have 
accessions from those who, while eligible for membership, 
had hitherto preferred to insure themselves and to endure 
all the worry and waste of time incurred by their staff 
which can never be measured, and must be poorly com- 
pensated for by any possible small saving apparently so 
effected. A disturbing element was the National Insur- 
ance Act, for while it was difficult to come to any definite 
conclusion, yet they could not help feeling, even from 
their very limited experience to date, that it will have 
the effect of increasing seriously the cost of claims under 
the Workmen’s Compensation Act. The reports from 
their various branches differed as to the direction in 
which the cost will be felt, but they were unanimous in 
their opinion that the increase, in due course, will be 
heavy. The chairman, in concluding, moved that a bonus 
at the rate of 10 _ cent. of the net workmen’s compen- 
sation premiums for 1912 be distributed amongst t 
members entitled to such bonus. This was and 
carried unanimously. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is very little business 
passing in pigiron. The value of Middlesbrough warrants 
is being forced up, and the market rate now stands at 
66s. 6d. cash buyers. The advance has carried with it 
quotations for makers’ Cleveland pig, but buyers hesitate 
to follow the rise, and sales are almost entirely confined to 
transactions in small lots for early delivery. No. 3g.m.b. 
Cleveland pig is now 66s. 9d. f.o.b., whilst No. 1 is 69s., 
and is less scarce than it has been ; No. 4 foundry, 66s. 6d.; 
No. 4 forge, 65s. 9d.; mottled and white, each 65s. 3d.; and 
Nos. 1, 2, and 3 East Coast hematite pig, 81s. 6d.—a)] for 
early delivery. No inclination is shown to do forward 
business in Cleveland pig, but both buyers and sellers are 
disposed to make contracts ahead in hematite iron. May- 
June business in hematite can be done at 8ls., and for 
delivery over the second half of the year sellers would 
readily accept 80s. There is little or nothing doing in 
foreign ore. Values are nominally upheld on the basis 
of 21s. 6d. ex-ship Tees for Rubio of 50 = cent. quality, 
with the understanding, however, that iness could be 
done on lower terms. Freights Bilbao-Middlesbrough 
stand at 5s Some business has recently occurred at 
about 17s. 6d. for Weardale ore of very gocd quality. 
Coke continues in good request, with a heavy local con- 
sumption, and medium blast-furnace kinds stand at 25s. 
delivered at Tees-side works. 


Stocks and Shipments of Pig-lron.—Notwithstandin 
increased make, the output of Cleveland pig is sti 
insufficient to meet current needs, with the result that 
stocks are being slowly but steadily drawn upon to 
satisfy needs. The stock of Cleveland pig in the public 
warrant stores here now stands at 210,466 tons, or 3213 
tons less than at the beginning of the month. Shipments 
of pig iron from the Tees are quite up to expectations. 
To date this month they average 4090 tons per workin 
day, the total despatches reaching 57,262 tons; 53, 
tons of which have gone from Middlesbrough, and 4197 
tons from Skinningrove. To the same date last month 
the total loadings were returned at 45,313 tons, or a daily 
average of 3236 tons; and for the corres “yi ye of 
April a year ago the clearances amounted to 45, tons, 
or an average of 3237 tons per working day. 


Manufactured Iron and Steel.—There is little indeed 
new to report of the manufactured iron and steel indus- 
tries. Producers are kept very busily employed on con- 
tracts, and have work secured which will keep them 
engaged well over next year, but new orders are very 
scarce. Principal market rates stand :—Common iron bars, 
8. 15s. ; best 91. 2s. 6d.; best best bars, 92. 10s. 
‘sage ape 6l. 15s. ; iron ship-plates, 8/. to 8/. 2s. 6d. ; 
iron ship-angles, 8/. 15s. ; steel bars (basic), 8/.; steel 
bars (Siemens), 8/. 10s.; steel ship-plates, 8/. 5s. to 
8. 7s. 6d. ; steel ship-angles, 7/. 17s. 6d. to 8. ; steel boiler- 
plates, 9/. 5s. ; cast-iron railway chairs, 4/. 15s. ; heavy 
steel rails, 6/. 12s. 6d. to 67. 15s.; steel railway sleepers, 
7l. 10s. to 7/. 12s. 6d. ; and galvanised eorrugated sheets, 
12/. 15s.—sheets less 4 per cent. f.o.b., railway material 
net, and all other descriptions less 24 per cent. discount. 


Trade Statistics.—Returns just issued by the Middles- 
brough Chamber of Commerce show that at the end of 
March last, of 77 blast-furnaces built within the port of 
Middlesbrough, 61 were blown, and that the production 
of Pig, iron for the first quarter of the year reached 
709,000 tons, 394,000 tons of which were Cleveland pig 
and 315,000 tons hematite, spiegel, basic, and other 
special irons. For the previous quarter the make was 
650,000 tons, 374,000 tons being Cleveland, and 276,000 
tons hematite, &c., and for the corresponding quarter of 
1912 the production was 420,000 tons, 280, tons of 
which were Cleveland, and 140,000 tons hematite, &c. 
At the end of March last year, however, owing to the 
national coal strike, only six furnaces were in blast. 
Imports of foreign iron ore into Middlesbrough last 
quarter reached 587,234 tons, as compared with 518,813 tons 
for the previous three months, and 495,218 tons for the 
first quarter of last year. The total value of goods other 
than coal and coke exported to foreign and colonial desti- 
nations from Middlesbrough during last quarter amounted 
to 2,609,512/., as against 2,339,571/. for the + greed 
three months of last year—an increase of 269,941/. 





Tue INSTITUTION OF AUTOMOBILE ENGINBERS: VISIT 
TO THE Unitep Strates.—The number of the of 
members of the Institution of Automobile gineers 
joining in the visit to the United States now reaches 
twenty-seven. Further particulars have now been 
received in ard to the three days’ trip on the Great 
Lakes on the City of DetroitIII. ‘This three days’ trip 
will constitute the summer meeting of the Society of 
Automobile Engineers, and, leaving Detroit on Wedaes- 
day, June 4, the morning and afternoon on board will 
be given up to the ame Be and discussion of papers. 
In the evening the boat will arrive at Saulte Ste. 
Marie. On the next day the morning will be again 
taken up by the reading and discussion of . 
and the afternoon will be t e at Maci 
Island. On the to Detroit, which will 
be reached about 3 p.m., a further series of papers 
will be read, and among these will be at least four 
members of the Institution. The President, Mr. T. B. 
Browne, will read a paper on ‘‘ Public Service Vehicles,” 
Mr. E. B. Wood one on ‘ Engine-Tasting,” Mr. Charles 
Wheeler on ‘‘ Allowances for Depreciation on Com- 
mercial Vehicles,” and Mr. A. O will give a paper 
on a subject not yet decided upon. e. Ze kson will 





read one on ‘*Steam "Buses.’ 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has ruled quiet, upon 
the whole, buyers and sellers being intently watching the 
progress of the great Belgian strike. Pending informa- 
tion of a definite character as to the extent and probable 
duration of the conflict, Welsh observers are disposed to 
pursue a waiting policy. With a non-unionist strike 
threatened in Wales at the close of the month, 
colliery owners are unwilling to make concessions for 
either large or smalls, especially as they are heavily 
booked. House coal and coke have shown little change. 
The best Admiralty large steam coal has made 20s. 6d. 
to 218. ; secon qualities, 19s. 3d. to 20s. 6d.; ordina: 
ae, - 9d. ae + pees 4g-y lbs. 6d. 
to 3; and cargo 4s. 9d. to . per ton. 
The best household coal has been quoted at 19s. to 20s. ; 
good households at 17s. to 188.; No. 3 Rhondda w 
at 18s. to 18s. 6d. ; and smalls at 15s. 6d. to 16s. 6d. 

ton. No, 2 Rhondda large has realised 16s. 6d. 
7s. 3d.; and No. 2 smalls, 14s. to > 
Patent fuel has brought 24s. to 25s. per ton; 
foundry coke, 32s. to 6d. ; good foundry coke, 
to 3ls.; and furnace ditto, 25s. to 27s. per 
As regards iron ore, Rubio has made 21s. to 22s. per 
u a basis of 50 per cent. of iron, and charges, i 
cluding freight, insurance, &c., to Cardiff or Newport. 


Naval Hydroplanes.—A base for hydroplanes is to be 
established at Calshot Castle in the Solent. Calshot 
Castle is about 7 miles south-east of Southampton, and 
is the point from which the arrival of all ships at the 
Needles is signalled to a ny en or Portsmouth. The 
command at Calshot Castle has m entrusted to Lieu- 
tenant Spencer Grey. It is expected that a similar 
station will be organised on Hayling Island. 


South Wales Electrical Power.—The directors of the 
South Wales Electrical Power Distribution Company, 
Limited, in reporting upon the operations of the past 
year, state that, on the whole, the result of the year’s 
trading was eratisfactory. The surplus on the year’s 
working, after providing for interest and depreciation, 
was 30221. This was carried to a suspense account. The 
current sold during the past year reached a total of 
19,689,656 units, or 5,319,081 units more than in the 
previous year. In the last three months of 1912 the 
output was at the rate of 25,000,000 units per annum; 
and during the present year this rate of output has been 
more than maintained. 


Welsh Coal ere —— shipments of coal from 
the six principal Welsh ports—Cardiff, Newport, Swan- 
sea, Port Talbot, Neath, and Llanelly—in h were 
2,755,271 tons, as compared with 641,909 tons in March, 
1912, showing the great increase of 2,113,362 tons, This 
exceptional augmentation was due to the labour diffi- 
culties which prevailed in March, 1912. The shipments 
for March, this Fame were :—Cardiff—foreign, 1,597,786 
tons ; coastwise, ,818 tons ; Newport—foreign, 346,270 
tons; coastwise, 62,049 tons ; Swansea—foreign, 281,735 
tons; coastwise, 32,512 tons; Port Talbot — foreign, 
144,050 tons; coastwise, 13,946 tons; Neath, foreign, 
17,693 tons; coastwise, 7249 tons; Lianelly—foreign, 
17,175 tons ; coastwise, 4988 tons. 


The Tin-Plate Trade.—The annual Council meeting of 
the Tin and Sheet Millmen’s Union was held at Swansea 
on Saturday, forty-three works being re mted. Several 
items tending to increase the rate of wages, and con- 
sequently the cost of production, were on the agenda; 
but these were withdrawn, the delegates considering that 
it was inopportune to press for advances in wages in the 
present condition of trade. 


Portsmouth New Lock.—The new lock at Portsmouth 
has now been brought into operation. Its construction 
extended over about four years. It occupies part of the 
old fitting-out basin, and what was formerly the coaling 
point. he lock is 900 ft. long, and it has a width at the 
entrance of 110 ft. At low water the depth at the 
entrance is 33 ft., increased to 46 ft. 6 in. at high tide. 
Entrance d ing has secured re passage through 
the lock into the basin. The cost of the lock has been 
1,000,0007. in round figures. 





Tue Cariton Execrric Train-Licuting Srstem.— 
On the 15th inst. a demonstration of the working of the 
Carléon train-lighting dynamo was given by the makers, 
Messrs. Gavan, Inrig, Limited, of 154, Bishopsgate, E.O. 
The demonstration was carried out at the works of 
Messrs. Bryant, aren, and Co., of Rawstorne Place, 
Rawstorne-street, E.C. The Carléon dynamo is of the 
type in which the armature is provided with a sliding 
core, which is connected up to a centrifugal governor. 
When the dynamo is stationary, the core lies completely 
inside the armature, but as the armature begins to re- 
volve, owing to the motion of the vehicle on which the 
dynamo is mounted, the core is dually drawn out, 
owing to the centrifugal action of the governor balls. 
The amount the core is drawn out is a fraction of the 
= This ent thus automatically tes 
the voltage. A further regulation is obtained from 
are oy f eld coils, which are cut in in turn by a sliding 
switch fitted to the governor mechanism. In addition to 
controlling the armature core, the governor operates a 
main switch at a certain definite y se of the vehicle. 
The dynamo may be run in either direction, brushes 
being arranged to rotate through 90 deg. when reversal 
takes place. The brush gear in each of its two positions 
is ed bys tic stop, the coils of which are in 
series with the field. The machine is pure shunt-wound, 





and is run always in parallel with the battery. 





ENGINEERING. 


[Apriv 18, 1913. 





DOUBLE-ENDED JOIST-STRAIGHTENING MACHINE. 


CONSTRUCTED BY MESSRS. SCRIVEN AND CO., 


LIMITED, 


ENGINEERS, LEEDS. 








Tue machine which we illustrate above has been 
designed and constructed by Messrs. Scriven and Co., 
Limited, Marsh-lane, Leeds, for either straightening 
or cambering rolled-steel joists up to 18 in. by 7 in. 
in size, with the web either horizontal or vertical. 
As will be seen from our illustration, which is a repro- 
duction from a Lagat, the machine consists of 
a box-section cast-iron carrying two recipro- 
cating slides and two adjustable bending blocks 
centrally mounted, one at each end of the machine. 
Each of the reciprocating slides is provided with two 
bending blocks, which are adjustable transversely 
to any required centres for oa or light work, as 
the case may be, the maximum distance apart bein 
6 ft. 9 in. The bending blocks are so arrang 
that they can deal with joists measuring 18 in. deep and 
Zin. wide when the web is placed vertical, and sufficient 
adjustment is provided on the central block at each 
end for the machine to deal also with the same sized 
joists when placed with the webs horizontal. These 

locks are made of cast steel, and have renewable 
faces, and each slides in planed guides in the main 
bed, and is operated by a large forged steel screw, on 
which a hand-wheel is fitted for convenience of opera- 
tion. The nut in which the screw works is of cast 
iron, fitting in a bored bearing in the main body. 

The reciprocating slides are made of cast iron and 
travel on planed square-edged —_ on the main body, 
as shown in our illustration. hey are rigidly stayed 
together outside the gear brackets by two strong 
stretchers, with planed ends, and tongue and groove 
joints, so that in effect they act as one complete 
double-ended slide, with an a epee lon . 
ing length on the bed. The stretchers re Leoal to are 
provided with planed rectangular guides, in which 
are carried phosphor-bronze discos actuated by eccentric 
pins forged solid with the.main shaft. This arrange- 
ment causes both slides to work in unison. They are 
under compression during the working stroke. 

The main eccentric shaft is driven through double- 
reduction oe and a heavy turned fly-wheel 
is provided. The whole of the gearing is of cast steel, 
and the quick-running-motion is of the double 
helical pattern. The eccentric shaft runs in long bear- 
ings in the main body of the machine. The first and 
second-motion shafts run in gun-metal ings carried 
on cast-iton gear-brackets, rigidly bolted te the main 
body and rigelly stayed together at the top. 

On the fly-wheel shaft are two machine-cut cast- 
iron spur- wheels driven by one or other of two machine- 
out forged-steel pinions, which are on a shaft supported 





on bearings carried by the gear-brackets, and there is 
a sliding change-motion for fast and slow gear. The 
pinion-shaft is extended outside the r-brackets, 
and is coupled direct to a 20-horse-power electric 
motor carried by a bracket mounted on the main body 
of the machine. The motor may be seen on the far 
side of themachine. This arrangement permits of the 
use of two speeds, say, of about 25 strokes per minute 
for the a size of joists, and 40 strokes per 
minute for the lighter work. 

At each end of the machine there are two carrying- 
rollers on which to rest the work as it passes through. 
They are made of cast iron, with gun-metal bushes at 
each end, and run on forged-steel spindles supported 
on strong brackets attached to the body of the machine. 
These rollers can each be used in two positions—an 
outer one for heavy work, and an inner one for lighter 
work. The whole machine is very strongly built, and 
is calculated to stand much rough usage. Two have, 
we understand, recently been completed for two 
prominent rolling-mills in this country. 





Contracts.—Messrs. Ed. Bennis and Co., Limited, 
Little Hulton, Bolton, have received a repeat order from 
the Metropolitan Railway Company for their power- 
station, Neasden, to re-link thirty-six tes with their 
Bennis-Miller-Bennett link, including change-speed con- 
tinuous driving-gear. his contract follows an initial 
order for four sets, bringing the number supplied to this 
station to forty. The Bennis link is specially adapted 
for slack and can be applied to any existing 
chain-grate frames.—The Locomotive Superheater Cor- 
poration, Limited, inform us that they have recently 
received orders for the installation of the Robinson super- 
heater on engines for nine different railways in Great 
Britain and Ireland and in South America. 


FAcTORIES AND WoRKSHOPs.— We are informed by the 
Home Office that, in pursuance of Section 59 of the Factory 
and Workshops Act, 1901, a part of. the Order of May 4, 
1903, relating to the night employment of young persons 
in factories in which reverberating or regenerative fur- 
naces are used, is rescinded, and in pursuance of Section 54 
of that Act a — exception is now made, by which 
young of the male sex of the age of sixteen and 
up’ is may be employed during the night in parts of 
any factory in which reverberating or regenerative fur- 
naces are used, and are ily kept in operation day 
and night in order to avoid waste of material or fuel, 
subject to the conditions prescribed in Sub-section 1 of 
the said section, and to four other conditions which are 
now enacted. 








a 
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ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this Society was held on 
Wednesday evening, the 16th inst., at the Surveyors 
Institution, Great rge-street, Westminster, Mr. 
C. J. P. Cave, President, in the chair. . 

_Mr. W. H. Dines, ¥.R.S., read a paper on ‘* The Ver- 
tical Distribution of Temperature in the Atmosphere, and 
the Work Required to Alter It.” This paper stated that 
it seemed likely that the vertical distribution of tem- 
perature was the result of two opposing tendencies: one, 
the effect of radiation ; and the other, the forced mixing 
produced by the general circulation, aided, perbaps, by 
the convection caused by the heating of the earth by solar 
radiation and by the latent heat set free by condensation. 

Mr. J. E. Clark presented the ‘“‘ Report on the Pheno- 
a Observations for the Year ending November, 1912,” 
which he had prepared jointly with Mr. R. H. Hooker. 
The chief factors affecting the field crops were probably 
the dry, warm April and a. followed by the cold, wet, 
sunless summer. The spring was perhaps the more im- 

rtant of the two ; it affected the corn crops and the 

ay. All the crops in the-United Kingdom were below 
the average of the preceding ten years, although in Great 
Britain alone meadow hay was a little better than usual, 
and hops were also above the mean by fully 23 per cent. 
The harvest of 1912 must thus be classed as very deficient, 
and one of the worst experienced for many years. : 

A paper on “ Mete ical, Electrical and Magnetic 
Observations during the Solar Eclipse of April 17, 1912,’ 
amg by Mr. R. Corless, Mr. G. Dobson, and Dr. C. 
Shree, F.R.S., was also read. The observations discus 
were mostly made at the Meteorological Office, South 
Kensington, and Kew Observatory. The temperature 
fell nearly 3 deg. during the eclipse, the minimum 
occurring 10 minutes after the maximum phase. At 
stations in the South of England the loss of recorded sun- 
shine due to the eclipse varied from about 20 to % 
minutes. 








THE AssociaTION OF ENGINEERS-IN-CHARGE.—The 
eighteenth annual dinner of the Association of Engineers- 
in-Charge took place at the Holborn Restaurant on 
Saturday, April 12, the President, Dr. H. S. Hele-Shaw, 
TA Goptieg, OLE. penosed The Eapinscring Pre 

lies jan, C.I.E., pro " neering Pro- 
fession,” which was responded to by Sir H. F. Donald- 
son, K.C.B., President of the Institution of Mechanical 
Engineers. Mr. Alfred Penn proposed ‘* Kindred 
Institutions and Our Guests,” to which His Honour 
Judge Rentoul replied. The last toast was “‘ The Asso- 
ciation,” pro by Mr. Sydney Brooks, and to which 
the President res ied. The guests included Captain 
Riall Sankey, the Ven. Archdeacon Sinclair, and others. 
During the evening there were a number of songs and 
recitations, which were much appreciated 
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PLATE XXIV. 
QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “AQUITANI \.” 
BUILT AND ENGINED BY MESSRS JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 

(For Description, see Page 515.) 
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B” Deck, Lonerruprnats, WaTeR-Ticht BunkER BuLKHEADS FORMING INN 


Fic. 16. View LOoKING AFT, SHOWING SIpE FRAMING TO 
Skin, with Marin-Deck Piatine AFT 
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Ql ADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “AQUITANIA.” 
BUILT AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 515.) 
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Fic. 17. Sipe Framinc, Connection To Tank, TaNK-Top, aNnD FLOOR (LOOKING FoRWARD). 








Fic. 18. Inner Lonorrupinat Water-Ticnt Bunker BULKHEADS IN BorLer Spaces. 
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TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANI.,.”” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 515.) 
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TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 515.) 














Fic. 26. Roror or ONE or THE Two Low-PressuRE AHEAD AND ASTERN TURBINES, 
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD .LINER “AQUITANIA’ 
BUILT AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 515.) 
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NOTICES OF MEETINGS. 


Tus InstrruTION OF MECHANICAL Enervmmas.—Friday, A’ 18, at 
.m. The President, Sir H. Frederick Donaldson, K.O.B., will 
deliver his address. 

Roya. Society or Arts.—M , April 21, at 8 p.m. 
Cantor Lecture.—‘ An tics and Disinfectants,” by Mr. David 
Sommerville, B.A., M,D., M.R.C.P., D.P.H. (Lecture L.). Wednes- 
day, April 23,at 8 p.m. ‘The Design and Architectural Treatment 
of Shops,” by Mr. Henry Vaughan Lanchester, F.R.1.B.A. 

Tue Surveyors’ INstTITUTION.—Monday, A 21, at Spm. A 
pa r will be read by Mr. R. G. G. Reed (Fellow), entitled “‘ 8;te 

alue Deductions for Construction of and Appropriation of Land 
for Roads.” 

Tue InstiTUTE oF Sanitary Enoinesrs.—Monday, April 21, at 
8 p.m. ‘* House-Drainage on the Continent,” by Mr. Frank R. 
Durham, A.M. Inst. C.E. Mr. H. Percy nois, M. Inst. O.E., 
F.R. San. L, will take the chair. _ Discussion to follow. 

Tus InstirotTion or Orv Enoineers.—Tuesday, April 22, at 
8 p.m., at the Institution of beep be area Storey’s Gate, 
s.W. Paper to te submitted. for :—‘* Assuan Dam : 
Protection of Down-Stream Rock Surface, and Thickening and 
a ay soe by Mr. Murdoch Macdonald, O.M.G., M. Inst. O.E. 
Ballot for new members. Students’ meeting, Monday, April 21, 
at 8p.m. Second lecture on ‘‘ Production of Steel Sections and 
their Application in +. ew Structures,” by Mr. A. T. 
Walmisley, M. Inst. ©. Mr. A. G. Lyster, M. Eny., Vice- 
President, will occupy the chair. Members of all classes of the 
Institution are invited to attend this lecture. 

Tue InstiTUTION OF ELECTRICAL ENGINEERS: BIRMINGHAM LocaL 
Secrion.—Wednesday, April 23, at 7.30 p.m., at the University, 
Bournbrook, when Dr. Gisbert Kapp, M.1.E.E., will read his paper, 
entitled *‘On Phase Advancing,” Afcter the reading of the r, 
Professor Kapp will give a demonstration of his machine in the 
University (Bournbrook) laboratory. 

Tux Jusior InstTiTuTION Or ENGINEBRS.—Wednesday, April 23, 
at 8 p.m., at the Institution of Electrical Engineers, Victoria 
Embankment (near Waterloo Bridge). — on ‘“ Modern De- 
velopments.of Aeroplane Theory,” by Mr. hibald Low, M.A., 
Assoc. F. Aé. Soc., &c. 

Tue IystituTioN OF ELEcTRicAL ENerneers.—Thursday, April 24, 
atSp.m. ‘On Phase Advancing,” by Dr. G. Kapp, Member. 

Tus Royal InstiruTion OF GREAT AIN. — y, April 25, 
at 9 p.m. On “Meroé: Four Years’ Excavations of the Ancient 
Ethiopian Capital,” by Professor John Garstang, B.Litt., M.A., 
S.A. Afternoon lectures next week at 8 o'clock. Tuesday, 
April 22. On ‘‘ The Heredity of Sex and Some ate Problems,” 
by Professor William Bateson, M.A., D.Sc., F.R.S., Fullerian 
Professor of Physiology (Lecture II.). Thursday, April 24. “The 
Progress of Hittite studies: (2) Religious Monuments of Asia 
Minor,” by Professor John Garstang, M.A., B.Litt., F.S.A. Satur- 
day, April 26. (2) ‘‘ Medieval French Novelists,” by Professor Sir 
Walter Raleigh, M.A. 


ENGINEERING. 
FRIDAY, APRIL 18, 1913. 





THE SHARES OF LABOUR AND 
CAPITAL IN PRODUCTION. 

THERE is no more attractive phase of industrial 
economics than that relating to the shares of 
labour and capital in the value of products. 
Capital and labour are essential to each other, 
for without capital, as represented by mechanical 
appliances, labour would be of comparatively little 
value. No one, for instance, can read the story 
of the building of the Aquitania in this issue 
without becoming impressed with the fact that in 
the design, in the preparation for the construction 
and the flotation of the ship, and in the immensity 
of the. mechanical operations involved in the actual 
building of the hull and machinery, capital has been 
indispensable. At the same time, the utilisation 
of the capital was impossible without skilful and 
industrious workmen. The trouble, however, is not 
so much the recognition of the mutual depend- 
ence of these two partners in manufactures as in 
the apportionment of their respective values. The 
difficulty which besets the student of economics 
arises from the absence of definite data. Even in 
large establishments, where a certain measure of 

recision is exercised in analysing costs, it is 
doubtful if there is evolved accurate and conclusive 
information on- this subject. In how many cases 
are results got out regarding the return on capital 
invested in a machine-tool and its relation to the 
ratio of wage and value of the product? How many 
managements can, for instance, state at once with 
certainty the man-hours which must be saved to 
meet the return which must be earned on the 
capital expenditure involved on a new tool or 
process, and whether such saving is likely to be 
effected ? Such determination of the relative worth 
of labour and of gain from a machine-tool is seldom 


543 | made on any scientific basis. 


We admit that it is doubtful whether the work- 
men would regard such a scientific basis, if it were 


,| formulated, as any guide to the rate of remunera- 


tion. But there is no reason why fuller analyses 
of costs should not be made in all works, with 
direct reference to the respective parts played by 
capital and labour, not only for the guidance of the 
management towards economies, but also, if possible, 
for convincing men when they make demands for 
concessions which are economically impossible. 
Certainly some more logical procedure of settling 





the wage rate is desirable than that now obtaining. 
This is evidenced at the moment by the attitude of 
the iron-shipbuilders, who are insisting on the fourth 
consecutive increase of 5 cent. within compara- 
tively few months, and an addition of 2 r cent. 
in order to increase the wages of the holders-up. 
The employers contend that the prospects, as we 
indicated last week, are against a continuance of 
the demand for shipping unless prices can be 
reduced, or unless the workers make full use of 
the mechanical appliances of the shipyard by 
working full time, instead of only 81,2 per cent. 
of it, as is the average in the trade now. The 
full monetary significance of these latter defects in 
present conditions could be demonstrated if a more 
scientific basis of cost were developed. 

Even if a closer definition of the proportion con- 
tributed by labour and capital towards production 
does not prove of practical utility, there must be 
some gain from a consideration of the subject. 
It might be possible to establish the extent to 
which improved mechanical equipment renders 
labour more productive, and increases the total 
wage for a given period, because of the economy re- 
sulting from increased volume of output. The facts 
might carry weight with the worker, and to a great 
extent counteract the spread of the doctrine of 
Syndicalism. A consideration of the details of the 
Census of Production helps forward the study of 
this subject, although there are necessary limita- 
tions, as we pointed out in our first notice of the 
census (page 55 ante), Mr. A. W. Flux, M.A., 
the Director of the Census, in a paper on the 
subject, read last Tuesday night at the Royal 
Statistical Society, threw considerable light upon 
this relationship between capital and labour ; 
but the value of the product, which is the result 
of the partnership of capital and labour, is diffi- 
cult to ascertain accurately owing to the same 
material being included during successive stages 
in the process of manufacture. Thus, as . 
Flux points out, the raw cotton from which 
cotton-yarn is made contributes its quota to the 
value of that yarn, and thus to the material of the 
weaver, and yet again, as an element in the woven 
fabric, to the material purchased and used by 
makers of cotton garments. We might add the 
instance of the steamship, where the iron-ore is 
reckoned in the value output of the pig iron, the 
pig iron in that of the steel, the steel in that of 
orgings and castings, and these again in the 
value output of the finished ship. Mr. Flux, 
however, has made some attempt to eliminate this 
multiple inclusion of material. In his analysis of 
the average value of output he also excludes the 
non-profit-earning establishments, notably those 
belonging to governments or public corporations. 

The average value of the output of all workers 
embraced in the Census of Production is found to 
be 2/. per week, or 1041. per annum ; but such 
averages are dangerous. They develop discontent 
on the part of the inefficient, who, in the absence 
of self-examination or consciousness of their own 
inefficiency, fail to recognise the worth of the 
highly efficient. This applies not only to the indivi- 
dual, but to establishments. In the latter satisfac- 
tory economic results are due often to high all-round 
efficiency in the management, to continuous improve- 
ment in machine-tools, and to sufficiency of liquid 
capital. Were this fully realised the Syndicalist or 
Socialist idea would make no appeal to the worker. 
There can be no equality of reward where there is 
absolute lack of equality in merit, either in the 
individual or the establishment. Mr. Flux, there- 
fore, was quite justified in the strong desire 
he expressed for analyses of results of individual 
factories, rather than of aggregate or average 
results for the kingdom, or for groups of cognate 
industries. In this way it might a been possible 
to ascertain in some degree the influences on the net 
output of efficiency due to management and mecha- 
nical equipment. These elements enter so largely 
into the apportionment of the contribution of 
labour and capital towards production that analyses 
of census returns without considering them cannot 
be so valuable as they might otherwise become. 

But in compiling the census reports precautions 
or limitations were) introduced: so that it should 
not be possible to identify. in the returns the 
results of the working of any one establishment. 
Mr. Flux has thus had to satisfy himself with an 
analysis embracing practically the whole of the 
kingdom, where all the vagueness co uent upon 
ae must apply. He has graded the workers 
according to the average net output per head, 
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taking, for instance, those engaged in trades in 
which the net output in such trade is under 50., 
those of 501. and under 75l., and so on, step 
by step, to those of 2001. and over. The average 
net output on which the classification is based is 
that in each trade ; thus the average in the engi- 
neering trades is between 100/. and 1261., and all 
are sockanel quite independently of variations which 
may occur between individuals, different localities, 
or groups of establishments. In the engineering 
trades are included an average of 461,703 persons 
engaged, but obviously, many es in engi- 
neering earn a much higher rate than the ave: 
—1001. to 1251. Were it possible to break up the 
engineering trades into smaller groups, their units 
would be found to give a value of output from 
501. up to over 2001., so that here we have an 
exemplification of the extreme difficulty of making 
a deduction. Of the 6,478,794 people engaged in 
the commercial trades, as distinct from Government 
and corporation work, covered by Mr. Flux’s table, 
little more than half, 3,683,176, were engaged in 
trades in which the average net output was below 
1001., while about 2,790,000 were engaged in trades 
with a net output over that limit. The average net 
output was about 1041 , or 21. per week. 

hat one has to consider are the influences, apart 
from labour, which have contributed to this average 
output of 2/1. per week per head of employees. 
Taking, for instance, the trades where the net 
output is over 2001. per head, there are gas, water, 
and electricity undertakings, where enormous 
capital is involved and little labour. For 128,161 
persons engaged, with a net output of 32,000,000/., 
the capital involved is 350 millions ; strictly manu- 
facturing operations constitute a very small part of 
the net output. In other cases the value of ma- 
terial required necessarily swells disproportionately 
the ‘‘ product value.” The inclusion, too, of duties, 
excise, and import, affect the. results in other 
instances. In printing and publishing, again, the 
average net output per head takes no cognisance of 
writers not on the permanent staff of newspapers 
and magazines, nor the authors of novels, so that 
here again the average is unduly large. Undoubt- 
edly, in a great number of cases, the mechanical 
equipment increased the net output per head ; but 
there is some difficulty in arriving at definite infor- 
mation. In workshops where mechanical power 
is not used the average output for the whole king- 
dom is 73l. per head, as compared with nearly 110. 
in establishments using power. 

The extent of mechanical appliances in use is 
reflected in the extent of the horse-power of prime 
movers in factories, and in the calculated coal con- 
sumption. As regards the latter, it is shown that 
over 70 million tons were used in factories. One 
ton of coal was used for each 91. 10s. of net output. 
In other words, the work of each person—yielding 
1041. per annum of net product—required on an 
average 11 tonsof coal. The maintenanceof the prime 
mover, power-transmission gear, and the mechanical 
appliances in the processes of production have also 
to be considered as well as the serious items on de- 
preciation and renewals, as well as the return of 
capital expended in the introduction of mechanical 
appliances in the factory. It is difficult to appraise 
the aggregate value of the prime movers or of the 
machine tools in use throughout the kingdom, but 
the total capital of the establishments covered by 
the returns is roughly estimated as lying between 
1400 millions and 1600 millions, on all of which a 
fair return has to be made out of the average net 
output of 1041. per worker. When buildings are 
deducted, it is computed by Mr. Flux that there is 
involved 1000 millions of the capital in the appli- 
ances, and provision must be made for wear and tear 
of these. ‘The estimate made for the maintenance 
and replacement of plant is thus put at 75 to 85 mil- 
lions, of which 10 millions are in material, the 
remainder being chargeable on the net output. 
In addition to these demands there comes the ques- 
tion of the dividend return on the immense capital 
of 1600 millions sterling involved, and the remunera- 
tion of brains for design, efficient management, and 
the securing of orders to keep the factories going. 





THE RUSTING OF IRON. 

Tue problem of the ‘Corrosion of Iron and 
Steel’ was once more discussed in a joint meeting 
of the Faraday Society and of the Manchester 
Section of the Society of Chemical Industry, held 
at the Municipal School of Technology, Manchester, 
on April 4. Though, practically, the problem re- 





mains as difficult as before, some progress has been 
made, and the discussion deserves notice. It is im- 
probable that we shall ever succeed in preventing the 
rusting of iron and steel exposed to air and moisture, 
particularly when. acids and certain impurities of 
the iron are present. Iron as long as it is what 
is commercially known as iron will rust, unless 
especially protected under conditions which cannot 
generally ™ realised. The establishment of the 
fact that iron will not rust if really pure and 
physically homogeneous as well, can only have a 
theoretical interest. But the fact has been disputed, 
and probably will still be denied. 

In his paper on ‘‘ An Electrolytic Theory of the 
Corrosion of Iron,” Mr. Bertram Lambert, M.A., 
of Oxford, summarised the results of researches 
which have occupied him since 1910. He has 
succeeded in ing apparently pure iron, the 
best test of the purity and of the extraordinary 
care with which he has worked being that this 
iron will not rust, but can be made to rust at once 
by destroying the physical homogeneity of the 
structure of his iron simply by squeezing it in an 
agate mortar, when parts of the iron will be com- 

ressed and other parts not. Mr. Lambert starts 
rom commercial pure iron chloride, electrolyses it 
with iridium electrodes, dissolves the reduced iron 
in nitric acid, recrystallises the iron nitrate many 
times, and calcines it to oxide in an iridium boat 
heated to 1000 deg. Cent. in an electric furnace ; 
the oxide is then reduced in this furnace by hydro- 
gen. All reagents are specially purified, and all 
contact of the iron with platinum is avoided ; if 
the reduction were effected in a platinum boat, the 
iron would take up platinum, and rust subse- 
quently—a fact apparently overlooked by some 
previous investigators. In some of the subsequent 
rusting tests, specially purified oxygen and water, 
and quartz vessels—not glass—were used. 

In the communications which Mr. Lambert has 
lately presented to the Chemical Society, he has not 
said much about the properties of this pure iron, nor 
did he do so at Manchester. One rather suspects 
that his iron may contain hydrogen ; the absorbin 
— of metals for gases is notorious, and it woul 

ave been interesting to know how the iron would 
behave under cathode bombardment, when gases 
are given off by metals. But the point seems un- 
important for the question we are dealing with. 
Although probably all of the same chemical purity, 
the various batches of iron which Mr. Lambert 
prepared did not all behave alike. One batch 
would rust readily, another batch would keep 
bright when exposed to water and air for months. 
Such non-rusting iron would not reduce copper 
from its sulphate or nitrate solutions ; the other 
iron would. The non-rusting iron must not be 
called passive iron, because passivity has its definite 
meaning and may be produced in ordinary, impure 
iron as well as in pure iron. We shall revert to 
this point. When pieces of pure iron which had 
been kept bright for months were dried with filter 
paper and then compressed between an agate 
mortar and an agate pestle, they would rust in a 
few hours ; the rusting set in at the non-compressed 
parts, the compressed parts remaining bright. Such 
iron would also reduce copper from its salts. The 
non-rusting iron could even be exposed to air when 
wet with tap water. 

Now these experiments seem to be in concord 
with the electrolytic theory of rusting, which has, 
of course, been advocated in various modifications 
for years, but which was clearly enunciated by Mr. 
Lambert, though not quite in the sense in which 
Nernst introduced the theory of the electrolytic- 
solution pressure. Different metals have different 
solution pressures. When, therefore, two metals 
are placed in an electrolyte, the more electro- 
positive metal will dissolve more readily than 
the other, a current will flow through the electro- 
lyte, and that current will depend upon the 
potential difference (the difference between the 
solution pressures) and upon the conductivity of 
the electrolyte. No metal can dissolve unless an 
electric current actually passes through the electro- 
lyte. Pure zinc, placed in sulphuric acid, will 
hardly dissolve; when the zinc is electrical 
coupled with copper, it will dissolve rapidly wi 
generation of hydrogen, which stops immediately 
the circuit is interrupted. Impure zinc also dis- 
solves in acid, because the impurities in the zinc 
form local couples with it; the same with iron. 
Commercial iron rusts, and reduces copper salts, 
the copper being first deposited on certain spots 
and spreading from these. To make ordinary iron 





rust, nothing but water and oxygen are required ; 
the presence of some acid, if only the carbonic acid 
of the air, upon which so many experimenters have 
insisted, is not essential. In this respect Mr. 
Lambert confirms once more the best workers ; but 
he differs in so far as he asserts that the purest iron 
will nct rust at all. The oxygen probably acts as a 
depolariser ; when the current flows, water is de- 
com , and hydrogen is deposited on the cathodic 
portion of the surface and prevents direct contact 
between metal and liquid. The resistance of the 
circuit is hence enormously increased, and the solu. 
tion of the iron stops. The oxygen dissolved in 
the water cxidises the hydrogen in the status 
nascendi, to use the familiar alg and the dis. 
solution process continues. When iron is im- 
mersed in copper salt, the presence of oxygen is 
not needed. For in that case copper, and not 
hydrogen, is deposited on the iron, and the resist- 
ance is not increased. 

So far we have spoken only of the chemical 
causes of the differences in solution pressures, 
But physical differences have the same effect. That 
strained metal differs from unstrained, we know 
from many other observations, and we can easily 
imagine that compressed iron would less readily 
dissolve than uncompressed iron. Yet certain 
peculiarities made Mr. Lambert suspect that his 
iron might after all not be pure, but be covered by 
a protective surface film ; that film might consist 
of hydrogen or oxygen, in the free gaseous or in 
the combined state, as hydride or oxide. Further 
experiments, into which we will not enter, induced 
him to give up this idea, and the peculiarities just 
alluded to remain thus cunghingh. They are the 
following. Though his pure iron would not reduce 
copper nitrate and sulphate, it at once reduced 
copper chloride, and it would also reduce sulphate 
when heated up to 100 deg. Cent. In the presence 
of some alkali chloride corrosion would also set in. 
Though the phenomena of the rusting and non- 
rusting iron are not identical with what is ordinarily 
called passivity, as we pointed out already, they 
are, of course, closely allied with them. It is 
the surface condition which decides whether or not 
corrosion will occur. An “electrically equable ” 
surface, Mr. Lambert puts it, will not corrode. 
Such a surface is produced in zinc by amalgamating 
it, and it may be produced in various ways in iron, 
e.g., by the presence of chromates or of caustic 
alkalies. The electrically equable surface need not 
always be the same. 

We will merely mention the paper by Mr. J. I. 
Crabtree, M.Sc., on ‘‘ The Nature of Overvoltage,” 
as it has a more indirect bearing on the subject. 
The term ‘‘overvoltage ” (Ueberspannung) concerns 
the fact that’ the number of volts required for 
the electrolytic decomposition of an electrolyte is 
not independent of the nature of the electrodes 
used. In scientific researches those electrodes 
are mostly made of platinum coated with spongy 
platinum in order to facilitate any gas generation. 
When other electrodes are used, a higher voltage is 
generally required for the respective decomposi- 
tion, and the excess is called the overvoltage. 
For reasons of this kind cadmium cathodes are 
the most suitable for many reductions of organic 
compounds. The overvoltage implies that any gas 
liberated will be under an abnormally high pres- 
sure, and the phenomena are in accord with the 
theory of the electrolytic solution pressure. Re- 
ferred to the cathode, the overvoltage may be 
defined by stating that a metal will dissolve and 
‘evolve hydrogen from the electrolyte, if the electro- 
motive force of the metal, diminished by the back 
electromotive force of the hydrogen, is greater than 
the overvoltage. 

Professor W. W. Haldane Gee, M.Sc., in lec- 
turing on “‘ An Electrolytic Method for Preventing 
the Corrosion of Metals,” pointed out that two 
methods were available for preventing corrosion, 
apart from the use of protective paint covering, 
&c. The metal might be joined to a more positive 
metal, with which it would form a galvanic couple, 
in which it was the cathode ; or the metal might 
be made the cathode of a combination to which 
current was supplied from the outside. When 
zinc was suspended in boilers, it formed a primary 
couple with the iron. This couple should be 
studied at temperatures up to 200 deg. Cent., at 
which temperature experiments had scarcely been 
made so far. Currents of 26 amperes might 
arise ; some marine boilers consumed up to 
600 Ib. of zinc in the course of a year, and such 
currents could be better obtained by dynamos. 
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The aluminium alloys proposed in the patent specifi- 
cations of Harrison and Anderson for the protection 
of condenser tubes were also of the primary-cell 
nature. With regard to the application of external 
currents, Mr. Elliott Cumberland had proposed iron 
anodes and low-voltage motor generators for pre- 
venting both the corrosion of the boiler (the cathode) 
and the formation of firmly-adhering boiler incrusta- 
ticn. Professor Gee meutioned that experimente, 
which had been made at the School of Technology, 
proved that corrosion of iron and copper by fresh 
and salt water could be prevented by currents of 
small densities, and that the chief item of cost 
woull be the anodes. That was also the experi- 
ence of Harrison and Anderson, according to 
whom the speci»l anodes to protect a condenser of 
1000 sq. ft. cooling surface would cost 65s. per 
year with currents of 2 amperes at 2 volts. Pro- 
fessor Gee also remarked that the protection of 
acid screens and vessels could easily be secured by 
these means in chemical works. 

We heard some time ago of the application of 
dynamo currents for the protection of some 
Australian mine boilers which had to be fed 
with acid water, and we may also refer to the 
case of the American cruiser Maine, to which 
Mr. W. H. Bixby drew attention before the 
New York meeting of the International Asso- 
ciation for Testing Materials last September. It 
will be remembered that the Maine sank in 
Havana harbour and was raised twelve years 
later. The elcctrolytic corrosion found was very 
bad in some parts ; metal was transferred, and a 
silver watch was discovered quite coated with a 
galvanic deposit of iron. But where the black slimy 
mud (largely Havana sewage) had settled, there 
was neither corrosion nor rusting ; adonkey-pump, 
which was quite embedded in the mud, could at 
once be re-used for pumping after having been 
cleaned. During the same discussion Professor 
E. Heyn said that the influence of the internal local 
couples in iron was sometimes overrated. Their 
influence rarely lasted more than sixhours. Butas 
the rusting went on, external local couples were set 
up, which would mask the influence of the internal 
couples. When the loss of weight was plotted 
against time, each material gave a wave-curve, and 
it was often merely a question of the number of 
weeks or months, after which the experiments 
were temporarily interrupted, whether the one or 
the other kind of iron or steel would appear superior. 
Hence the many contradictory data published. 

We are also in agreement with the statements 
as to the influence of the oxygen—or, more pre- 
cisely, of the partial pressure of the oxygen— 
which Heyn has emphasised on other occasions. 
At New York he exemplified this influence, and 
that of service conditions, by a very interesting 
case. He had studied the corrosion of two 
steam -coils A and B which had been placed 
in water-tanks for heating the water. The 
materials and conditions of the coils and of 
the water were apparently identical in the two 
cases ; yet coil A was badly corroded, and B very 
little. Inquiries elicited the fact that in the case 
B much warm water was wanted, and the tank 
was always kept full by the pump; in the case A 
little water was consumed, the pump worked inter- 
mittently, and fresh oxygen had access to the coil 
at frequent intervals. Now, Professor Heyn rightly 
concluded, if the coils A and B had been of 
different materials, papers might have been written 
on the superiority of the B material. The dis- 
cussion followed the reading of a paper by Mr. 
F. N. Speller on ‘“The Comparative Service obtained 
with Wrought-Iron and Soft-Steel Water-Pipes in 
the United States,” in which Mr. Speller stated that 
he had not found much difference between very 
pure and ordinary iron or steel. That conclusion 
appears justified, and it will, in most cases, be 
difficult to predict how a particular kind of iron 
will behave under conditions favouring rusting. 





MOTOR-BUSES AND “EXTRA- 
ORDINARY TRAFFIC.” 

It has been a constant source of complaint against 
the proprietors of motor-buses that, whereas their 
undertakings pay little or nothing to the rates, 
their vehicles are at liberty to use the highways 
without making any special contribution for upkeep. 

t an omnibus company is rated low may be 
admitted; the reason being that the principle 
which underlies all our laws of rating is to levy 
upon land and buildings, not upon. movable pro- 


y- The result is that a tramway company is 
eavily rated, but a motor-bus company, whose 
vehicles may run in opposition to the trams, is able 
to escape the rate-collector, while getting the track 
for nothing. In these circumstances, those who 
are responsible for the expense of repairing the 
highways in London and elsewhere have recently 
been considering whether the motor-bus proprietor 
can be made to pay more than he does at present. 

It is pro to consider the dry legal problem. 
Can a motor-bus company be made liable at all, 
and, if so, to what extent, for the maintenance and 
repair of the roads along which they send their 
vehicles? To put the question in a concrete form, 
Can the General Omnibus Company be made liable 
to — the road between Hammersmith Bridge 
and Mortlake on the ground that considerable wear 
and tear is occasioned by the motor-buses which 
frequent this route ? 

In the first place it is clear that there can be no 
liability at common law. The expense of repairin 
highways falls upon the inhabitants at large, oa 
is ordinarily defrayed out of the rates. It is only 
in comparatively recent times that the Legislature 
has established the principle that he who is respon- 
sible for extraordinary traffic along a highway must 
make good the damage occasioned by that traflic. 
It is provided by the Highways and Locomotives 
(Amendment) Act, 1878, that: ‘t Where, bya certi- 
ficate of their surveyor, it appears to (a highway 
authority) that, having regard to the average 
expense of repairing highways in the neighbour- 
hood, extraordinary expenses have been incurred 
by such authority in repairing such highway by 
reason of the damage caused by excessive weight 
passing along the same, or extraordinary traffic 
thereon,” such expenses may be recovered at law. 
It will be noted that the expenses may be recovered 
in respect of damage caused by excessive weight 
or by extraordinary traffic. For our present pur- 
pose, it will only be necessary to consider the 
meaning of ‘‘ extraordinary traffic.” 

There have been numerous decisions upon the 
meaning of these words, which, as they form part 
of what is practically a penal statute, have to be 
strictly construed. Buta search through the Law 
Reports has failed to disclose any case where it has 
been suggested that vehicles carrying passengers, 
even when run as a continuous service, constitute 
‘‘extraordinary traffic.” In one case (Hill ». 
Thomas (1893) 2 Q. B. 333) the following definition 
of this phrase is to be found :—‘‘ ‘ Extraordinary 
traffic ’ is really a carriage of articles over the road, 
at either one or more times, which is so exceptional 
in the quality or quantity of articles carried, or in 
the mode or time of user of the road, as substan- 
tially to alter and increase the burden imposed by 
ordinary traffic on the road, and to cause damage 
and expense thereby beyond what is common .. . 
It will include all such continuous or repeated 
uses of the road by a person’s vehicles as is out of 
the common order of traffic, and as may be calcu- 
lated to damage the highway and increase the 
—— on its repair.” 

n certain other cases the following guiding 
principles were laid down :— 

1. The roads must be repaired up to the existing 
standard of traffic. 

2. There may be cases where the use of the high- 
way is so frequent and incessant as to amount to 
extraordinary traffic. 

These tests and definitions are founded, in the 
main, upon cases of extraordinary traffic arising 
from the carriage of large quantities of building 
or other materials on ordinary country roads. lf 
those roads had been made of granite setts, or wood 
blocks on a concrete foundation, it is probable that 
the results of the extraordinary traftic might not 
have been such as to occasion extraordinary 
expense. There can be little doubt, however, that 
the constant passage of heavy motor-buses over a 
well-made road does tend to wear it out; and if 
this be so, expense will be occasioned. 

The real question is: Is motor-bus traffic extra- 
ordinary? Is it not what is to be expected on 
London roads and in London streets? The motor- 
bus is there as of right. It ig licensed by autho- 
rity. It is the very modern substitute for the 
horse-bus ; and although it is a heavier vehicle, 
its wheels are shod with rubber, and it involves 
the employment of no horses, whose hoofs would 
pound along the hard high road. Upon the 
whole, therefore, it is difficult to see how the Motor- 
Bus Company can be mulcted in expenses for 





creating extraordinary traffic. Their vehicles form 


|@ normal part of the traffic on every main road in 
London. 

Assuming, however, that the conclusion above 
arrived at is erroneous, a difficulty in procedure 
would seem to present itself to any London 
borough council which sought to recover extra- 
ordinary expenses. The Act above mentioned 
provides that ‘proceedings for the recovery 
of any expenses incurred ... . shall be com- 
menced within twelve months of the time at 
which the damage has been done, or where the 
damage is the consequence of any particular build- 
ing contract, or work extending over a long period, 
shall be commenced not later than six months 
after the completion of the contract or work.” It 
is manifest that the second part of this clause is 
inapplicable to the case in hand. That being co, 
when can it be said that the ‘‘damage is dono” 
so as to enable proceedings to be commenced ? 

This definition appears to point to the conclu- 
sion that when the islature sought to penalise 
those who conducted extraordinary traffic, the com- 
pany that runs a continuous service of omnibuses or 
other vehicles was not in contemplation. 

It would seem that Parliament, as represented 
by certain of its Committees appointed to consider 
private Bills, adopts the view of the law which has 
already been adumbrated. At any rate, in certain 
recent cases where highway authorities have sought 
protection against motor-buses being allowed to 
run on their roads, they have not been turned away 
with the observation: ‘‘ You have your remedy 
under the Highways and Locomotives Act, 1878.” 
During the last session of Parliament it was 
demanded of certain promoters of a trolley omnibus 
scheme that they should make a contribution 
towards the maintenance of roads; but actual 
legislative compulsion was avoided by an agree- 
ment between them and the county authorities, 
under which the latter became entitled to some- 
thing on a mileage basis. The position of. those 
who run trolley omnibuses was also considered in 
the Sheffield Corporation Bill. In that case the 
Corporation desired to run trolley omnibuses out- 
side the confines of the city of Sheffield. The 
county authority objected, on the ground that 
there would be additional wear and tear of roads, 
which they were under obligation to maintain. 
Eventually the scheme was sanctioned, subject to 
the County Council being entitled to recover if 
their surveyor should certify the existence of extra- 
ordinary wear on their roads owing to the use of 
the trolley omnibuses. 

The most recent case is that which has arisen 
owing to a Bill promoted by the Corporation of 
Coventry, in which they seek power to run motor- 
buses outside the limits of the borough. The 
Warwickshire County Council sought and obtained 
a locus standi before the Parliamentary Committee 
in order to voice an objection to the scheme on the 

round that the motor-buses would place an undue 

urden upon them as highway authority. The 
Corporation objected to being compelled to pay any 
+ org contribution on the very reasonable ground 
that a, private company or person could have made 
use of the roads in question in the manner desired 
without even obtaining an Act of Parliament. The 
County Council were offered protection similar to 
that which was given by the Sheffield Corporation 
in the case already mentioned; but this was refused. 
Eventually, after the case for the Corporation was 
closed, the chairman of the Committee hinted that 
the feeling of the Committee was that some arrange- 
ment should be come to upon the question of the 
increased cost likely to result from the service. 





LEAD AND ZINC PIGMENTS. 
THE paper on ‘‘ Leadless Paint—Lead and Zinc 
Pigments Compared,”’ which Mr. R. Claude Bussell 
read, and which Mr. C. E. Oliver explained by 
demonstration at the quarterly meeting of the 
London Association of Master Decorators, held at 


‘the Holborn Restaurant on Monday last, was 


offered as a contribution from an absolutely im- 
partial standpoint to the question, ‘‘ Lead paints 
or leadless paints?’ The meeting. we should say, 
was a first joint meeting with the Patent Var- 
nishers’ Society. The lecturer mentioned that he 
did not know what the White-Lead Commission 
might decide. People interested in paints were 





| Statements were made on both sides, an 
| very difficult to obtain straightforward information 
| as to the use of white pigments. Some of the diffi- 


almost sick of the controversy; but exaggerated 
it was 
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culties may not be obvious to the outsider ; but if, 
as resulted from the discussion, lead salts are still 
predominantly used in the ‘‘driers” (chemicals 
added to the paints to make them dry quickly), 
even of paints which contain no white or other 
lead in the pigments, one can imagine that the 
distinction between lead paints and leadless paints 
may become meaningless to paint-manufacturers, 
decorators, and vaueidiete and the agitation against 
lead paints assume the character of a fad. Mr. 
Bussell, in his introduction, used the simile of a 
Utopian desire for ‘‘ unexplosive” gunpowders. 

The account of the comparative experiments 
which Mr. Bussell and Mr. Oliver had conducted 
brought out some other features, which, though 
familiar to many outside the painting industry, 
may be striking to others. In order to have some 
unit of comparison for the paint mixtures and the 

nels painted with them, which were displayed in 
arge numbers, the experimenters had adopted the 
ee oa furnish By president of the 

ondon Association of ter Decorators, Mr. J. 
Anderson, who occupied the chair. The prescrip- 
tion for making 7 lb. of liquid white-lead paint for 
priming was :— 

White lead, dry colour ... ae 
(Red lead, ¢ lb. omitted.) 
Raw linseed oil... om ms 
American turpentine 1 gill 
Patent driers , - te 3 oz. 

In other regen gallons and pints figured 
next to cwts. hese are fine exemplifications 
of the beauty of the old rule of thumb, and one 
understands «@ priori why there is so little science 
about painting. The experimenters had reduced 
these bewildering proportions to weight percentages, 
and they gave in their paper full particulars con- 
cerning the composition of the liquid paints and 
stiff colours for priming, second and third coats, 
and for flatting ; further, of turpentine added to 
the oil, of area covered by certain weights of the 

ints, the tone of the colour and obscuring power, 
ioe white lead as well as for zinc-oxide paints and 
lithopone paints. These particulars were warmly 
welcomed by the meeting, and after a long and 
lively debate it was finally resolved to preserve 
the specimens under exposure for six months or so, 
and to resume the discussion then, when.members 
would be able to judge the most important feature, 
the durability of the various paints. The paints 
used were stated to be first-class commercial pro- 
ducts, but analyses had not been made. The zinc- 
oxide was not perfectly free from lead, which is 
generally found in zinc oxide and tolerated because 
the presence of combined lead increases the dryin, 

wer. Mr. Bussell said he preferred fr 
linseed oil, to avoid a yellowish tone of the pig- 
ment; other members differed. The zinc oxide 
gave a stiff paste with from 8 to 20 per cent. of oil; 
there was thus a wide margin, whilst white-lead 
paint generally reyuired 8 per cent. of oil. As to 
covering power, there was not much to choose 
between white lead and zinc, the respective figures 
being 28 lb. and 27 Ib. per area of 10 sq. yards ; of 
lithopone less weight of material was required— 
24 lb. and less. But lithopone (a mixture of zinc 
sulphide and barium sulphate) was, it was stated, 
very irregular in composition, and the paint was 
apt to turn gelatinous. In outside work lithopone 
would also turn chalky, while white lead might do 
so in sea air ; zinc oxide was better in this respect. 
The common driers, the speaker said, were liable 
to discolour the paint, and to set up chemical reac- 
tions ; he had always used patent driers, probably 
containing lead salts; it was rather an irony that 
these salts seemed to be essential, though they did 
not improve the durability of the paint; but he 
would not recommend terebenes. 

Insisting that his conclusions should only be 
applied to the materials he had used, Mr. Bussell 
admitted that there was an immense scope for 
further investigation ; he had only dealt with single 
pigments, hardly with mixtures. As to spreadin 
power, both zinc oxide and lithopone a 
superior to white lead, but not as to the depth of 
tone when the pigment was mixed with tinting 
materials (blue, &c.), and not as to obscuring 
power (or opacity, the power of hiding the dark 
colour of the surface to which they were applied) ; 
with zinc oxide one should beware of water. All 
the three pigments could be worked with. But that 
was not to be construed as favouring the abolition 
of lead paints. If zinc paints gained favour be- 
cause people became more familiar with them, lead 
would have togo. To force it out would be unfair. 


5# Ib. 
3 gills 





That was evidently the sense of the meeting. 
The chairman considered that it would be disas- 
trous to taboo white lead and lead paint altogether. 
Some speakers referred to ‘‘non-poisonous”’ lead 
ee papier nc of course, is merely a trade term ; 
ead is poisonous in all its compounds—but other 
speakers did not find the non-poisonous variety 
convenient to work with. That Mr. Bussell had 
used patent driers probably containing lead was 
regretted, as it did not matter whether the lead 
came in directly or indirectly. But it was urged 
that all good driers did contain lead salts ; manga- 
nese salts, also used, spoiled the tone of the colour, 
and cobalt salts, while improving the colour, spoiled 
the film. We were under the impression that there 
were some very effective cobalt drying agents, 
resinates and oleates in combination, now on the 
market ; lead-free driers should certainly be used 
for comparative tests. 

One peculiar feature was referred to by several 
speakers. Not only superposed coatings of litho- 
pone and white lead—which, as Mr. Oliver said, 
would turn in two rainy days, no matter whether 
the white lead was below or above—but also the 
best white lead, painted on houses and mouldings, 
would sometimes turn ‘‘ metallic,” it was said. 
What the metallic appearance was ascribed to was 
not clear ; we gathered that it was sulphide forma- 
tion ; it was not a general discoloration, however, 
but a development of greyish specks, which could be 
washed off, but would reappear. It was, further, 
peculiar that that this metallic appearance had 
been unknown, say, twelve years ago, but had 
become more troublesome of late, though the atmo- 
sphere had, owing to the popularity of electric 
lighting, become purer and less contaminated. 

e collection of reliable data might possibly dis- 
prove this assumption, we should think. But the 
problem should certainly be investigated, and with 
pure materials, of course ; a communication on this 

int was promised by Mr. Cruikshank Smith. 

e fault may lie with the linseed oil and tur- 
pentine just as well as with the pigments and the 
driers. For the oils and resins combine with 
the white lead to chemical compounds, undergoing 
a kind of saponification, whilst zinc oxide is hardly 
saponified ; hence the great difference in the 
behaviour of the two kinds of paints. 








NOTES. 
Foam ExtTINGuIsHERS FOR Sutps’ Use. 

A PAPER on ‘‘Fire-Extinguishers for Ships’ Use, 
brought by Naval Constructor Henry Williams, U.S. 
Navy, before the American Society of Naval Engi- 
neers, contains some information on the foam extin- 
— which we have mentioned on other occasions. 

e Standard Oil Company, of California, took the 
American patents up after the Bureau of Construc- 
tion and Repair had, in 1910, appointed a board to 
consider the subject of suitable fire-extinguishing 
appliances, in order to meet the new conditions 
arising out of the presence of fuel-oil on board ship, 
and had recommended the foam system. Two 
liquids, it will be remembered, are kept separate 
until wanted ; when they are mixed, they yield a 
volume of foamy liquid about eight times as bulky 
as the combined volumes of the two liquids. The 
first liquid used in America consists of one part 
by weight of glue, 4 of glucose, 74 parts of 
sodium bicarbonate, { part of salicylic acid, and 
100 of water ; the second liquid consists of 
10 parts of aluminium sulphate and 100 parts of 
water. The mixing operation leads to the forma- 
tion of sodium sulphate and of aluminium hydrate, 
and to the liberation of carbon dioxide. In order 
to hasten this gas generation some sulphuric acid 
used to be sometimes added to the second liquid ; but 
the acid corroded the tanks. The glue and sugar 
support the foam formation, and the salicylic acid 
is added as a steriliser. The copper cylinders con- 
taining the two liquids are divided into two compart- 
ments by a vertical partition which reaches almost 
to the top of the cylinder ; the cylinder is fitted 
with a cast composition head, easily removable, 
and baffle-plates are placed on the liquid to pre- 
vent splashing when the ship rolls. The pad sl 
contain 3 gallons of the two liquids, which the gas 
omg would project 20 ft. or 30 ft. through a 

ose, which is screwed to the nozzle and pipe 
emerging from the mixingchamber. There is a cock 
at the lower end of the pipe, which is the upper 
end when the tank is inverted for use; but this cock 


” 


' was found to be rather a weak feature of the appa- 
| Fatus, as it was apt to stick. The larger tanks also 





used consist of two cylinders 30 in. high and 16 in. 
in diameter, each of a capacity of 30 gallons ; the 
two cylinders are joined by pipes and are also con- 
nected with steam-pipes, by which means a liquid 
jet 50 ft. long through a 1}-in. hose may be obtained. 
One of these large tanks is installed in each fire- 
room of oil-burning destroyers, The ingredients, 
especially the sodium bicarbonate, must be dis- 
solved in cold water. The liquids should be tested 
once a month. For this purpose an ounce of each 
liquid is drawn off and the two are mixed in a 
16-0z. receptacle, which should quickly become filled 
with foam. Mr. Williams mentioned some success- 
ful tests, and considered the system promising for 
lessening the dangers of fires on board ship and also 
the risks in paint and varnish works. 


StrrenetH Tests or J-arrice Masts For Execrric 
Linzs. 


Particulars of some interesting tests of iron masts 
for overhead conductors, carried out at the bridge- 
building works of Messrs. A. Buss and Co., of 
Wyhlen, Baden, have been recently described by 
the manager of the works, Dr.-Ing. L. Schaller, 
in the Zeitschrift des Vereines Deutscher Ingenieure. 
The masts were four-bar taper lattice columns with 
single triangulation, about 10 m. (33 ft.) high, 
bolted to a rectangular concrete foundation of 
2100 mm. by 800 mm., extending to a depth of 
1430 mm. The masts were of the same type as 
the supports for the 40,000-volt power transmission 
line from Rheinfelden to Lérrach and Gebweiler. 
One of the masts was fixed in the works yard, the 
foundations being purposely not made of the best 
concrete, as it was intended to pull the mast over. 
The pull was applied by means of a pulley and steel 
rope near the top of the column, 9400 mm. above 
the ground, and observations of deflection were 
taken at three points of the column and at three 

ints on the ground near the base of the column. 

he pull was transverse, either in the direction of 
the overhead wires or at right angles to that direc- 
tion. It was calculated that the line pull and the 
wind pressure would not exceed 540 kg., and as 
long as that load was not exceeded, the deflec- 
tions of the column disappeared when the load 
was taken off, although the deflection amounted 
to 67 mm. at the top of the column. The foun- 
dation was not disturbed until the load exceeded 
900 kg. After taking off a load of 1350 kg., the 
deflections from the vertical of the column amounted 
to 48 mm., 36 mm., and 17 mm., at heights of 
8750 mm., 6850 mm., and 3200 mm. Under a 
load of 1380 kg. (following a temporary pull 
of 1410 kg.) the deflections of the column became 
461 mm., 334 mm., 144 mm. Eventually, how- 
ever, cracks formed on the compression side of 
the base, and, finally, the mast fell under con- 
tinued pull, the concrete block cracking into 
three large pieces. The observed deflections 
were in good agreement with those calculated. 
The second series of tests with similar masts, of 
which full. particulars are also given, concerned 
the question whether the crippling strength should 
be calculated by Euler’s or by Tetmajer’s formula, 
and was decided in favour of the latter. The dis- 
tortion of the mast on the compression side was in 
agreement with theory, and the whole experiments 
show that more attention should be paid to good 
foundations than is sometimes bestowed upon them. 


WaterR-HaMMER IN STeAM-ENGINE CYLINDERS. 


We have received from the Société Anonyme des 
Ateliers de Construction H. Bollinckx, of Brussels, 
an account af some experiments carried out by 
them with a view to obtaining information on 
water-hammer in steam-engine cylinders. For the 
purpose Messrs. Bollinckx used a non-condensing 
engine, with jacketed cylinder, 350 mm. by 750 mm. 
(13.78 in. by 27.56 in), with clearances equal to 
3 per cent. In order to make sure that the 
experiments should not be complicated by 
anything that might happen in the exhaust-pipe, 
this was kept short, and sloped from the engine to 
its open end. The engine was of 140 horse-power, 
and ran at a normal speed of 158 revolutions per 
minute, working with a pressure of 74 atmospheres 
(112 Ib.). The cylinder steam passed from the 
steam-pipe through the jackets to the valves, which 
were circular balanced slide-valves, there being 
separate steam and exhaust-valves at each end of the 
cylinder, the exhaust-valve being, of course, below. 
For the experiments the engine was arranged single- 
acting, and the back cover was only held on by three 
bolts to minimise the damage in case of failure. A 
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belt. from the fly-wheel was carried over a pulley 
keyed on the shafting driving the shop machines, 
and worked by a larger engine. This arrangement 
was adopted to maintain normal speed with long ad- 
mission, an immediate increase of s being then 
obtainable by throwing off the belt. In the first series 
of tests a Worthington duplex pump forced water 
into the steam-pipe at rates up to about 314 gallons 
per minute. This produced no result in the 
engine, the water was duly discharged in a con- 
stant stream, and nothing untoward happened, 
though the belt was thrown off and the engine 
allowed to race. In another series of tests, there- 
fore, it was arranged to force large quantities of 
water suddenly into the steam-pipe from a reser- 
voir connected with the water space of a boiler at 
a higher pressure than those supplying the steam. 
The most decisive test was made by supplying, 
after the engine had got up speed, sufficient water 
to fill not only the steam-pipe, but the jackets of 
the cylinder. The water was discharged intermit- 
tently, the first discharge being shot about 60 ft. 
away. The experiment was repeated with various 
admissions, but with no ill effect on the engine. 
A third series of tests was made without the 
jackets in use, in which every imaginable variation 
of conditions was made, and produced similar results. 
Nothing happened in the engine, and there was 
no noise in the cylinder. As a result of these 
experiments Messrs. Bollinckx conclude that, 
so long as the exhaust-valves are underneath the 
cylinders, all the water that may enter a cylinder 
during admission leaves it during the period of 
exhaust without harm to the engine, irrespective 
of the quantity of entrained water and the load on 
the engine. The admission period seldom extends 
over 50 per cent. of the stroke, but the exhaust is 
open for nearly a complete stroke, so that this con- 
clusion appears reasonable, and Messrs. Bollinckx 
are of the opinion that water-hammer in cylin- 
ders is rather due to water getting back into the 
cylinder during the exhaust period, and shut u 
therein after the exhaust-valve has closed. 
this conclusion be sound, risk of failure may be 
avoided by simple precautions. In the case of 
single - cylinder non-condensing engines a sump 
should be provided to collect the water in the 
exhaust-pipe, to be emptied by siphon or other 
means. In small installations, in which feed- 
heating by direct condensing is adopted, precau- 
tions to prevent the water getting back to the 
cylinder are essential. In single-cylinder con- 
densing engines, if the condenser is on a level 
with the engine, provision must be made for 
blowing through the exhaust-pipe to the con- 
denser, and for draining it at the lowest point, 
while a snifting valve, worked by a float, may be 
arranged to destroy the vacuum in the exhaust- 
pipe if the water rises. In compound condensing 
engines, so far as the low-pressure cylinders are 
concerned, the precautions to be taken are similar 
to those advocated for single-cylinder condensing 
engines; but it is also necessary to arrange for 
draining the receiver to a sump from which the 
water may be withdrawn. 








Tue Greek Navy.—The Greek Government has 
ordered six “9 destroyers to be built by a 
German firm. ey are to have a speed of 25 knots. 
An armoured cruiser, with a displacement of 12,500 tons, 
which had been ordered in Germany, has developed into 
& battleship of 19,500 tons, to carry thirty-two guns. 

vessel is to be named the Salamis, and she will 
be fitted with turbine engines working up to 40,000 horse- 
<4 m her prescribed speed is 23 knots, and her cost will 

,800, 0007. 





CoNFERENCE OF TECHNICAL TEACHERS.—The annual 
conference of the Association of Teachers in Technical 
Institutions will be held this year in Bradford, com- 
mencing on Whit Monday. Papers will be read to the 
Conference on ‘‘ Corporate Life in a Technical Institu- 
tion,” by Mr. W. Hibbert, The welyeotiale, Regent- 
street ; ‘* Vocational Education,” by Mr. A. C. Coffin, 
Director of Education, Bradford ; and ‘Co-ordination 
within a County Area,” by Mr. F. N. Cook, Secretary 
for Higher Education in the West Riding of Yorkshire. 


PrrsonaL.—Mr. C. H. Campbell, dredging contractor, 
States that his business, with which will be incorporated 
e dredging and rock removal business of Messrs. W. 
Hill and Co., Westminster, has been converted into a 
— company under the style of C. H. Campbell, 
mited, from the 11th inst. e registered offices of the 





company will be 56, Victoria-street, S.W.—Messrs. S. H. 
og wy Co., 11, Lae i pee be ate 
they have been appoi ts for the Anglo- 
Mexican Petroleum Products Coun ny, Limited, for 
Fluxphalte,” for road-spraying, and ‘‘ Mexphalte,” for 


¢| Surface tension, and viscosity. 
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Practical Physics : A Text-Book for Technical Schools and 
Colleges. By ANcus MoLgan, B.Sc.(Lond.). Tllus- 
trated. London: A. and C. Black. 
Tuis volume is primarily intended for students 
who have acquired some knowledge of physics, 
and being familiar with the methods of the 
calculus, are at the same time capable of consider- 
able dexterity in the manipulation of scientific 
apparatus. The work is probably addressed as 
much to the teacher as the student, and may well 
appeal to those who have to face the difficulties 
arising from the management and control of large 
classes of pupils, permitting the demonstrator to 
give only a small amount of personal attention to 
each. In such cases it is necessary that the in- 
formation supplied by the text-book should be 
fairly complete, and that the practical exercises 
should be of such a nature that the accuracy can 
be easily checked by the teacher. The method 
which the author adopts for overcoming an un- 
doubted drawback in class teaching is to indicate 
the amount and character of the apparatus required 
for each experiment: to provide concise and de- 


tailed inatructions as to procedure, instructions that | 7 


may be still further supplemented when exhibiting 
the theory ; and to include an example showing in 
tabular form a suitable method for recording the 
process of experiment or of the exercise, with a 
result that has been obtained in actual practice 
where the instructions given have been rigorously 
followed. The exercises themselves refer to inqui- 
ries connected with the ‘‘ properties of matter,” a 

hrase easily understood, and therefore defensible, 
but one to which the severer type of physicist might 
object. These elementary inquiries cover the 
methods of measurement of length, mass, and time; 
of area, volume, and density; of force and energy 
under particular conditions, as well as exercises 
illustrative of the effects of elasticity, capillarity, 
Since there are 
only seventy-four exercises to be worked through, 
it may be concluded that the author has aimed at 
presenting those of a selected and typical character, 
rather than at multiplying instances which involve 
only some slight modification of the general 
problem. 

This book differs from some others that are 
frequently met with in technical schools, and whose 
increase is marvellously rapid, by its thoroughness. 
The author seems to us to expect greater delicacy 
of manipulation, and a higher standard of accuracy 
than is usually encountered. The position he occu- 
pies raises the question, What amount of technical 
skill may be reasonably expected in a class whose 
main purpose is instruction in physics ? Should the 
object of the teacher be to promote an intelligent 
insight into the principles involved in measure- 
ment, or to turn out capable and practical ob- 
servers? Should the education be designed with 
the view of conveying to the student simply an 
exact appreciation of the methods employed, or of 
enabling him to acquire such manual adroitness and 
skill that the practical work possesses a value by 
reason of its accuracy. Mr. McLean apparently 
places a high educational value on the successful 
accomplishment of experiment, involving care and 
nicety of adjustment ; but it is possible to over- 
value exactness and facility of manipulation if it 
usurps the place of attention to underlying prin- 
ciples. Experiments are only of value as parts of 
a course of instruction logically followed out from 
beginning to end. Wherever experiment is relied 
upon asa means of instruction the teacher has much 
to do in supplementing the information out of the 
fulness of iis own knowledge. The great useful- 
ness of practical exercises is to make the instruction 
more interesting and penetrating ; the danger is 
that these may become too absorbing. The author 
would probably be the last to suggest that by their 
aid it is possible to dispense with the work of 
demonstration and exposition. 
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ANNUAL DINNER TO THE EMPLOYEES OF Messrs. 
Drummond Broruers, Limitrep. — The annual dinner 
iven by the directorate of Messrs. Drummond Brothers, 
imited, of Rydes Hill, Guildford, to their staff and 
workmen, took place on Friday evening, the 11th inst., at 
the County and Borough Hall, Guildford, about 250 
sittingdown to the meal. Mr. E. E. Pullman occupied 
the chair, and was supported by the Mayor of Guildford 
Mr. W. T. Patrick), Mr. A. Drummond and Mrs. 
rummond, Messrs. W. Triggs Turner, A. D. Jenkins 
ne Clerk), George Hickman (Assistant Managing 

irector), and others. After the usual loyal toast o 
“The King” had been drunk, the Mayor, in giving the 
toast of ‘The Firm,” spoke of the wonderful progress 
that had been made by Messrs. Drummond Brothers since 
they commenced business about twelve years ago. At that 
time they operations with one man and a boy ; 
now the number of their a is about 250. A 
very fine machine had been finished for the Govern- 
ment about a year ago for the British Navy, and since 
then repeated orders had been received for similar 
machines. He also understood that the Dutch Govern- 
ment had given the firm an order for ten machines. The 
Drummond lathe had a world-wide reputation, a fact 
that reflected great credit on the firm and on the em- 
ployees. In replying to this toast the Chairman said 
that without the good feeling that existed between the 
directors and the workmen the progress of the firm could 
never have been what it was. The Chairman then pre- 
sented Mr. R. Harris, the chief draughtsman, with a 
handsome silver tea and coffee service and a clock, on 
the occasion of his approaching wedding. Other toasts 
then followed, in addition to which an excellent musical 
on gy was given under the direction of Mr. F. J. 





ooke. And altogether the evening was a very enjoy- 
able one, 
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THE LATE MR. EDWARD BRAILSFORD 
BRIGHT. 


WE regret to have to record the death, at the age 
of eighty-two, of Mr. Edward Brailsford Bright, 
elder brother to the late Sir Charles Tilston 
Bright. Mr. E. B. Bright was born in 1831, and was 
the second son of the late Mr. Brailsford Bright. 
He and his younger brother were on the point. of 
proceeding to Oxford, in 1847, to complete their 
studies, when, owing to financial misfortunes, the 
two young men had to turn their attention to more 
immediately profitable occupations. In reply to an 
advertisement inserted in the Times by the Electric 
Telegraph Company, they entered the employment of 
this company, being at that time sixteen and fifteen 
years of age respectively. Both the youths worked 
together in what proved to be a most congenial 
field ; they exchanged ideas, suggested improvements 
to each other, and devised telegraphic apparatus. As 
they were not in a position to afford any patent 
fees, they started « joint invention-book, which they 
kept under lock and key, and in which they noted 
down a number of schemes. These schemes formed the 
basis of a patent they took out in October, 1852, which 
covered twenty-four distinct inventions connected 
with —e. including the porcelain insulator, 
the shackle or terminal insulator, the translator or 
repeater for re-transmitting electric currents of either 
kind in both directions on a single wire, a staridard 
galvanometer, and other devices, apparatus, and instru- 
ments, many of which are still in common use. They 
devised jointly, in February, 1849, the system of test- 
ing insulated conductors to localise faults from a dis- 
tance by means of a series of standard resistance-coils 
of different values placed successively in circuit, a 
» age which has proved of immense value in enabling 
the repair of submarine cables to be carried out 
— and with a minimum of expense. 

n 1851 the younger brother left | the Electric Tele- 
graph Company to take up the position of engineer, at 

anchester, to the new British Telegraph Company, and 
E. B. Bright joined the Magnetic Telegraph Gompeny, 
at Liverpool, the two brothers being thus engaged in 
advancing the early stages of two competing con- 
cerns. The success of the Magnetic Company being 
demonstrated, a powerful chartered company was 
then organised, styled the English and Irish Mag- 
netic Telegraph Company, with headquarters at 
Liverpool, and in 1852 E. B. Bright, then onl 
twenty-one years of age, became the manager. It 
was in that same year that the two brothers took 
out the patent above alluded to. The develop- 
ments in the operations of this company led the 
two brothers to devise a number of apparatus, in- 
cluding one to compensate for the inductive discharge 
resulting from long underground circuits by earthing 
the cables between each successive signal, and thus 
neutralising the recoil currents. They found time to 
carry out numerous experiments, researches, and 
improvements, and also to complete successfully 
large networks of telegraph wires. The younger 
brother—later on Sir Charles Bright—remained engi- 
neer-in-chief to the Magnetic Company until about 
1860, when E. B. Bright took over that post in 
addition to that of general manager. Sir Charles 
entered the political field, and was at one time 
Member of Parliament for Greenwich ; he also estab- 
lished a partnership with the late Mr. Latimer Clark. 
Later on, in 1869, the brothers again became asso- 
ciated, and they continued to work jointly, as for- 
merly, until the time of Sir Charles’s death, in 
1888, Besides their extensive land installations they 
were responsible fur the establishment of telegraphic 
communication by submarine cables over a very large 
mileage. 

When, in 186%, the inland telegraphs were trans- 
ferred to the State, E. B. Bright became an inde- 

ndent engineer, and together with his brother, Sir 

harles, he devoted his energies to telegraph and 
telephone work, electric lighting, and, to his loss, also 
to mining and railway construction. His services were 
in frequent request for the drafting of Government 
Bills and in numerous arbitration cases, One of Mr. 
E B Bright’s important inventions was the electric 
fire-alarm, modifications of which are to be seen in 
our streets, warehouses, &c. He was a member of the 
Institution of Civil Engineers, and a Member of 
Council of the Institution of Electrical Engineers. 





THE LATE MR. THOMAS COATES. 

Ir is with regret that we announce the death, which 
occurred on the 11th inst., at Benwell, Darlington, of 
Mr. Thomas Coates, the managing director of the 
Whessoe Foundry Company, Limited. Mr. Coates 
was born in 1842, and was educated at Newcastle- 
upon-Tyne, where he also commenced his engineering 
training. He served his apprenticeship as an = 
with Messrs. Armstrong, at Elswick, in whose draw- 
ing office and factories he was occupied for a period 
of about fifteen years. His stay at Elswick corre- 


sponded with the introduction of the Armstrong gun, | fro 





and Mr. Coates assisted in the completion of the first 
wea, of that type made there. He then found 
employment at the works of Messrs. R. and W. Haw- 
thorn, of Newcastle, taking up later a situation with 
Messrs. Hawks, Crawshay, and Co., Gateshead, in their 
drawing office. He left this latter situation for the 
- of works manager to Messrs. John Abbott and 

., Limited, Gateshead, and in 1881 he was appointed 
mansger of the works of Messrs. Appleby Brothers, 
engineers, East Greenwich, a situation which he held 
for about four years, when he went to Messrs. R. 
Dempster and Co., Elland (Yorks), where he remained 
until he went to Darlington in 1891. 

At the commencement of 1892 Mr. Coates decided 
to take over the old-established business of the 
Whessoe Foundry, Darlington, a concern which had 
been in existence since 1790. He transformed this 
into the Whessoe Foundry Company, Limited. above 
referred to, and, by his determined efforts, sound 
engineering knowledge, and great experience, he 
developed this concern from one of comparatively 
small size, employing about eighty men, into a suc- 
cessful undertaking, giving employment to ten times 
that number. Under his management the firm has 
constructed a number of complete important gas-plant 
installations, and the specialities of the works have 
been enlarged in several directions. For some time 

t, however, owing to ill-health, he had relinquished 

is active participation in the business ; this has been 

carried on by his two elder sons, Mr. Alfred T. Coates 

and Mr. Henry Coates, who, as directors, will con- 
tinue it. 

Mr. Coates was a keen business man, who always 
took great interest in his works and studied the 
welfare of all his «employees. He was an enthusiastic 
Wesleyan, and gave much of his spare time to 
furthering the cause of his church, to which he was a 
generous contributor. His private philanthropy was 
also as generous as it was unobtrusive. e was 
elected an Associate Member of the Institution of 
Civil Engineers in 1885, and at one time he frequently 
attended the meetings of the North of England Gas 
Managers’ Association. 








TIME AND SPACE. 
To THE EpiTor oF ENGINEERING. 

Sir,—The value of clear thinking having lately been 
discussed in your columns, the.moment seems opportune 
for considering questions about which engineers generally 
have only vague notions, and as to which some of our 

rofessors are not able, when pressed for proofs of what 
is seldom doubted, to do more than justify a belief in 
“academic” facts ; justas clerics do when distinguishing 
the spiritual from what is historical, and therefore 
merely true; so the following remarks, taken from the 
writer's notes of one of his lectures to artisans, who 
themselves chose the subject, are offered, as they may 
throw some light on the matter. 

In his ‘*Confessions,” the great St. Augustine wrote : 
** What, therefore, is Time? If no one enquires of me, 
I know ;” but he goes on to say that, if anyone should 
ask him to explain, he does not know—a frank acknow- 
ledgment of ignorance which is rare. And about a couple 
of years ago there appeared in the Sphere an article y 
ancther t Augustine (the Right Hon. A. Birrell, 
M.P.), which began: ‘‘We know nothing of time, save 
that we think it passes. Yet that we should be able to 
think of it as something carved out of, proceeded from, 
and journeying to a wholly unimaginable eternity is an 
argument, perhaps the best one we are ever likely to lay 
hold upon, for what we call immortality.” Several of 
the greatest intellects during many centuries have been 
attracted by the problem; and perhaps more powerful 
minds than ours have failed from want of knowledge now 
available to us, but which was entirely unsuspected by 
those who went before us, and who relied too much on 
tradition, because they feared to think freely. 

The first point to consider is in what {senses are the 
two words “time” and “space” ordinarily used. We 
often speak of things in a careless way ; and if muddled 
in our speech, how can we expect to be clear in our 
thinking? For instance :—What time is it? It is high 
time to put a stop to this. At your time of life you 
ought not to break time; but — don’t come in time, 
then you waste your time, and have to work overtime. 
This is not the first time that you have been told the 
work could be done in half the time—and much to the 
same effect, one word doing duty for hour or o'clock, 
occasion, age. —? season or epoch, punctuality and 
rate ; and further, we beat time, slow or quick : we have 
a ‘“‘good time” when bent on enjoyment, and we “‘do 
time ” when in prison. Then as to “‘ space,” we frequently 
speak of spacing things out equally, or allude to the 

i the spaces between points along a line, as if 
dealing with one dimension ; we say there is not space 
enough on the floor, or that we want a large open 
which has two dimensions. We try to imagine infinite 
space having dimensions, and actually make use of 
such a phrase as “within a short space of time.” Why 
not ‘‘a short time of space ”? 

Time and space are related in many ways, and it is 
difficult to separate them in our thoughts, for we could 
have no notion of time if there were no movement of any 
kind. is motion? It is neither a thing nor a 
property that can be assessed ; itis merely the condition 
ofa ef when its position is changing. A body must be 
either stationary or movi 


m one positien to ano ; and yet metaphysicians 





like Bradley, the learned author of “ Appearance and 
Reality,” have gone so far in their attempts to mystify 
us as to suggest that a body can be in two places at 
once :—‘‘ Motion implies that what is moved is in two 
places in one time ; and this seems not possible. That 
motion implies two places is obvious ; that these places 
are successive is no less obvious; but, on the other 
hand, the thing must be one, and, again, the time must be 
one.” Confusion arises here through talking of ‘in one 
time;” and matters arenot made any plainer by such a state- 
ment as this, also by Bradley :—*‘ In or science no 
one would question the reality of motion, because it makes 
one thing the same throughout diverse times and spaces, 
That things to be the same must always be different, and 
to be different must be, therefore, the same, is not a 
paradox,” and so on, till one’s brain begins to reel, and we 
turn for guidance to an older and more staid philosopher, 
Kant. But we turn in vain, for he wrote :—‘ Time is not 
an empirical concept deduced from any experience, for 
neither co-existence nor succession would enter into 
our perception if the representation of time were not 
given @ priori. In time alone is reality of pheno. 
mena possible. All phenomena may vanish, but time 
itself (as the general condition of their possibility) 
cannot be done away witb. Time has one dimen- 
sion only.” And here is the Kantian view of space :— 
“Tt is not an empirical concept which has been de- 
rived from external experience. Space is a necessary 
representation @ priori forming the very foundation of 
the external intuitions . . . for if the intuition of space 
were a concept gained @ posteriori, borrowed from general 
external experience, the first principles of mathematical 
definition would be nothing but perceptions. .. What- 
ever is derived from experience posseses a relative 
generality only based on induction. No one can have, 
a@ priori, an idea either of colour or taste; but space 
refers to the pure form of intuition. Through it alone is it 
possible that things should become external objects to us.” 

First of all Kant says, ‘“‘in time alone is reality of 
phenomena possible,” and then he points out that 
ome space alone there can be external objects. 
Mr. H. A. Prichard has shown that, according to Kant, 
space is the form under which we perceive things, while 
time is the form under which we perceive ourselves ; and 
the difficulty in reasoning about matters of this kind is 
that we tackle them at an age when we have forgotten how 
our knowledge was acquired. We learn, through our 
senses, of the change in position of a body, and this 
leads to the conception of room or place (supposing we 
could not ive it) into which it and other things can 
move or moved, even if they could merely c — 4 
places—the whole of what we call ‘‘space” being made 
up of the place or places where solid bodies are and where 
they are not. When we contemplate several bodies of 
various sizes occupying different positions, we get our 
first ideas, vague though they may be, of capacity or 
cubical contents and extension in several directions with- 
out limit, or “infinite,” as finite beings say when talk- 
ing of what is bigger than they can measure or conceive, 
and when theorising about the immensity of space. It 
would be better to apply the term indefinite to such 
dimensions as cannot » Fane but, anyhow, all ideas 
are due to the effects produced upon an individual by 
his surroundings—that is, from experience; and, in 
imagination, if he deals only with a moving mathematical 
point, the movement of a point in any direction is a line, 
the movement of a line in another direction is a plane, and 
the movement of a plane in still another direction isa solid. 
But the movement of a solid in every direction can be 
nothing but a solid, no matter how large ; and thus arise 
notions of one, two, and three dimensions, as to which 
Kant wrote that we “‘are not able to say more than that, 
so far as hitherto observed, no space has yet been found 
having more than three dimensions.” We cannot, how- 
ever, think of more than three, though we may talk about 
a fourth, and Kant never suggests that we have any 
a priori epnation of any dimension beyond three. 
Those who argue about beings living in two dimensions 
forget that ‘‘ beings” must have appreciable thickness, 
and there is the third dimension. ; 

Having learnt by means of our senses something of our 
surroundings, what can time be but duration, and what is 
space but the room occupied by matter in some form? 
Without objects there would be no indication of space ; 
if there were no moving objects, should we know any- 
thing of time? Speaking somewhat unscientifically, time 
appears to be distance divided by movement ; for our 
notion of time merely depends on the existence of some- 
thing which is moved; yet, curiously enough, some 
people are still in doubt as to the subjective or objective 
value of time and space, and they will persuade them- 
selves by specious arguments of the existence, as things, 
of what are merely ideas—such as infinite space 
full of emptiness. And who does not talk of ‘empty 
space,” or of “space beyond the range of matter, 
which is unthinkable? If we get as far as imagining 
ona space to be like a large room, void of ether and 

ies whose sizes and distances apart our senses give 
us some indication of, our thoughts will turn to the 
boundaries of the room—from that which oceupies to that 
which contains, because there is nothing else to think of. 
We take it on authority that time and space were specially 
created—the one in order that events might happen, the 
other that it may contain things ; and to say that we 
an inkling of this before we knew anything at all is an 
Irish but homely way of expressing what Kant wrote on 
this point. It may seem natural that, before making any 
object, it should first be necessary to prepare a place to 
hold it, because we really bave not thought about it, 
and we are content with any how notions about the 
boundaries of empty and unbounded space, which has 


, and, if m motion, it passes no hounds. 


Time has been described in at least one good dictionary 
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as ‘‘ the system of those relations which any event bears 
to any other, as t, present, and future ;” and space as 
“that which is drawn out, a cognition or psychological 
henomenon, something continuous and unlimited ,” and, 
ike many such descriptions, these leave us very much 
where we were. Lord Halsbury remarked in the House 
of Lords some time ago :—‘‘ It is a delightful thing to 
have a phrase which ends a sentence and appears to have 
some meaning.” People are hypnotised by phrases of 
that kind, and fail to discover that they have no meaning 
atall. Bradley, already quoted, because he is one of our 
jeading modern thinkers, concludes “‘time is not real 
as such, and it endeavours vainly to appear as an 
attribute of the timeless,” and ‘‘ space seeks to lose 
itself in a higher perception where individuality is 
gained without forfeit of variety,” which sounds like 
clever nonsense. Even Sir Isaac Newton seemed afraid 
to express any doubt about empty pone, and he got over 
the difficulty hy saying that it might be the ‘* Sensorium 
of the Deity,” which is the reverse of complimentary, 
though it is a high-sounding phrase that has been well 
received by those who hate having clear notions about 
anything, and who love to repeat senseless strings of 
words which they were taught when young. But a con- 
sideration of all well-known facts—that is, a little clear 
thinking on our own account—enables us to state defi- 
nitely that time is not something which would go on for 
ever and ever after everything else has ceased to exist ; 
because it is the duration of an event, or of a sequence 
of events, the interval between successive events, of 
which duration we could form no conception if nothing 
happened, if nothing moved, between the events. It is 
not something that one can see and handle, weigh or 
collect, or put anything into, as may be said of space ; 
while space itself, whether the word be used to signify 
length, area, or cubical contents, is a measure of the size 
of objects, of the room they occupy, or of their displace- 
ments ; and if space contained nothing, it would not be 
known to us, for absolutely empty space is nothing in 
itself; it is unknowable, because it cannot affect our 
senses—it is non-sense—and, in such circumstances, 
knowledge and thought of it are impossible—not merely 
because we are ignorant of it, but for the reason that 
there is nothing to know; for having neither bounds 
nor contents, it is simply nothing at all. e can, of 
course, talk as much as we like about impossibilities 
which are said to transcend experience, and even become 
obsessed by such an idea; yet, think how we may, if 
we honestly endeavour to attach reasonable meanings to 
our words, it iscertain that, without experience of some- 
thing else, we can have no idea, innate or otherwise, of 
either time or space; and that, in any case, these two 
words do not always represent what we have usually sup- 
posed they meant, or were intended to mean. 

There is a tendency in some quarters to deliberately 
obscure what should be plain issues, and the cultivation 
of this pernicious mysticism should not be encouraged ; 
for its bad effects are spreading, and its usefulness is 
being upheld by plausible arguments that appeal to 
many minds. A member of one of our oldest universities, 
writing recently on ‘‘ Veracity” (Hibbert Journal, page 
424), commends a means by which ‘‘statements may 
emptied of all physical meaning, and used as picturesque 
symbols,” in order to make mental liars of ‘* men whose 
sole disability is their scrupulous truthfulness.” But for 
dealing fully with this matter we have now neither time 
nor space. 

I am, yours truly, 
A THINKER, 








INSTRUCTIONS AS TO THE SURVEY OF 
PASSENGER STEAMSHIPS ISSUED BY 
THE BOARD OF TRADE. 

To THe Epitor or ENGINEERING. 

Sie,—At last this long-awaited publication is now 
realy, These instructions are issued primarily, of course, 
for the guidance of the Board of Trade officers in survey- 
pce steamships. . 

e pamphlet is, however, largely used also by engi- 
neers and draughtsmen who are designing ships and 
machinery to comply with Board of Trade requirements. 

Many of these latter gentlemen had been hoping that 

the new edition seule thoroughly brought up to date 

in every section, seeing that it is eight years since the 
edition was issued. 

It is disappointing to note that this has nut been done. 

To take one section, Shafting, Part IV., there is still 
no formula given for fixing the diameters of shafting for 
four-cylinder triple or quadruple engines with four 
cranks. Now where reciprocating engines are fitted in 

passenger steamships these are nowadays nearly 
tlways of the four-crank type. ; ; wT 

Also in the formula given for turbine shafting, ‘‘ indi- 
cated horse-power is given and is stated to be equal to 
maximum indicated horse-power transmitted through 
shaft.” It is not at all clear what is meant by this, as 
the term ‘‘ indicated horse-power ” is generally used only 
m connection with reciprocating engines. In the 


of turbine-engines the term “shaft horse-power” is 
invariably , and this should have been used in the 
ula given. 


In Part III. of the Instructions, Par. 83, Zngine-Room 
Fittings, it states: ‘‘ Suction-pipes connected with 
pumps worked by the main and donkey-engines should be 
carried through the bulkheads into all the compartments 
and aft of the engine-room.” No minimum sizes 
have been given for these pipes, and the question is 
evidently left to the discretion of the various surveyors. 
minimum bore of these pipes ought to be fixed 
Cenionstely to the size of the compartment drained 
eac! 


It is common knowledge that in the majority of 





existing large passenger steamships these pipes are much 
too small. There is quarelly ample med power in 
the engine-room, and it is difficult to see why this 
should not be made available in case of accident to a 
much — extent than is usually done at present, 
when the only expense necessary is the provision of 
pipes. It was pointed out by a writer in Enct- 
NEERING shortly after the Titanic disaster that this 
vessel could have been kept afloat for a much longer 
iod if she had only been fitted with sufficiently large 
ilge suction-pipes. 
en so much attention has been given recently to 
the question of the safety of passenger steamships, it 
is indeed regrettable, in the interests of all concerned, 
that this pamphlet has not been more efficiently revised. 
Yours truly, 
James Brown, Jun., Assoc. M. Inst. C.E. 
79, Croft Terrace, Jarrow-on-Tyne, April 14, 1913. 





‘**HYDRO-ELECTRIC POWER PLANT IN 
SAN JUAN.” 
To THe Eprror oF ENGINEERING. 

Srr,—I was interested in reading your description of 
the hydro-electric power plant in San Juan, in your 
issue of the 2ist ult. notice that you say the 
plant is about 12,000 ft. above the sea, and is prob- 
ably the highest in the world. This is not correct, 
as a station: of about double this capacity has to my 
knowledge been at work for many years past in Peru, 
at an altitude of about 14,700 ft., the lake from which 
the supply is taken being about 15,600 ft. above the sea. 
This plant was made to Wee. Gilbert Gilkes and Co.. 
Limited, of Kendal, and it was described in some of the 
papers, if not by your guod selves. The plant referred to 
is so high up that it touches the source of the Amazon, 
the whole of the water of that river coming through a 
9-in. pipe. Possibly some of your ers may know of 
some other plant working at a higher altitude. 

I am, your obedient servant, 
Gro. E. T. THorpr, 

26, Swayfield-avenue, Dickinson-road. Longsight, 

Manchester, April 10, 1913. 





‘““FEED-WATER HEATING AND SUPER- 
HEATING IN LOCOMOTIVES.” 
To THe Eprror oF ENGINEERING. 

S1r,—The last three lines on page 485 ante of the report 
of my remarks at the recent discussion on the above sub- 
ject at the Institution of Mechanical Engineers give the 
impression of an “‘argument in a circle”—viz., that a 
reason for economy with superheat ‘‘ was that less coal 
had to be burnt and less steam was used”! This isa 
result, but scarcely a reason, and it is not quite what I 
intended to convey. My meaning would be better 
expressed as follows :— 

**Less partly-burnt cinder was blown into the smoke- 
box, because, owing to reduced steam consumption, less 
coal had to be usefully burnt, and hence a softer blast 
was sufficient.” 

The point was that less waste of ‘‘cinders” took place 
for reasons indirectly due to the superheat and feed- 
heating. This, the key-note of the paper, is strack in the 
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very first ph (see page 408 ante), where increased 
economy is attributed to a reduction in the “‘ rate of 
firing ”—i.¢., the rate of combustion per 1; of grate. 
Since the paper by Mr. Trevithick and Mr. Cowan was 
read, the results of some “ v periments 
with superheated steam on the nono Idalia, made 
by Dr. D. 8. Jacobus, have been publi , from which 
I take the following items* :— 


Superheat in Pounds of Steam 


Indicated 7 
7 , per Indicated-Horse- 
Horse-Fower. Fahrenheit. Power Hour. 
512.3 0 18.3 
495.2 57 17.0 
521.1 88 15.8 
498.3 96 15.8 
502.2 en 15.5 


Norr.—The indicated horse-power is that of the main 
engines only. The weight of water, which was divided 
by the indicated horse-power, included that from auxiliary 
as well as main engines; this, no doubt, increased the 
gain due to superheat. 


It will be seen from the figure that these results, when 
eeee. lie close to a straight line, as was the case with 
ines a and b in Fig. 2, page 484 ante. Considering the low 
degree of superheat, the economy effected is remarkable. 
Yours faithfuily, 
C. H. WIxGFrEtp. 
28, Victoria-street, Westminster, April 14, 1913. 





* Further particulars will be found on page 172, vol. liii., 
of the Mechanical World fer April 11, 1913. 


THE WHITE-FORSTER BOILER. 


THERE was an interesting discussion on the White- 
Forster boiler at the meeting of the engineering depart- 
| ment of the Portsmouth Municipal College on the 
9th inst., when Mr. A. Forster, the inventor of the 
boiler, delivered a lecture, in which, in addition to 
pointing out the great development in the use of water- 
| tube boilers, particularly in the Navy, he gave many 
details regarding the construction, upkeep, and repair 
of the White-Forster steam-generator. He pointed out 
that it would have been impossible to develop over 
29,000 shaft horse-power in a torpedo-boat destroyer, 
such as that recently built by Messrs. White, of 
Cowes, or to develop 10,000 horse-power in one boiler, 
unless the water-tube steam-generator had been in- 
troduced. The features specially illustrated were those 
making allowance for expansion and preventing distor- 
tion, and the provision made for the easy removal and 
replacement of any tube without affecting the others, and 
for the cleaning of the tubes. Attention was also drawn 
to the assisted water circulation, and the delivery of the 
contents of the tubes towards the front of the boiler, 
whereby drier steam was obtained from the back end 
of the boiler. Special baffles were, the lecturer said, 
introduced, which induced the to pass uniformly 
over the whole surface of the tubes and at right angles 
to them, This was effected without offering resistance 
to flow and without interfering with internal cleaning of 
the boiler. Diagrams on actual tests showed, he 
said, that the temperature of the gases in the wing 
compartments was under 650 deg. Fahr. It was mentioned 
that 550 boilers of this type had been made, with an 
aggregate heating surface of 1,333,000 sq. ft., and an 
indicated horse-power of 866,000. 

In the course of the discussion, Mr. E. C. Carnt stated 
that the tubes were frequently taken out and replaced 
in 20 minutes. Engineer- Lieutenant Mitchell drew 
attention to the difficulty of examining curved tubes, 
and to the long length of expanded surface. He was in 
favour of the boiler being constructed entirely of forged 
steel, and no castings. He indicated that 114 lb. of 
coal were burnt per hour per square foot of grate. Mr. 
Forster, in reply to the various points made, said that he 
considered that if it were n to curve the two 
rows next to the fire, it was desirable to curve the re- 
mainder and so avoid distortion. The tubes, being all 
curved to one radius, could be searched with a rigid rod 
and brushed with a rigid brush which did not punish the 
cleaner’s hands like the flexible wire. The added resist- 
ance to the circulation occasioned by the curved tubes 
was practically nil, as the curve was slight, and was 
more than counterbalanced by the fact that both ends of 
the tubes pointed towards the downcomers, assisting cir- 
culation by avoiding the right angle change of motion. 
In rd to the expanding of a curved tube into a 
straight hole, he should say that the ends of the tubes 
were always straight as the bending was done by rolls. 
The tubes, moreover, fitted the pute testes rfectly before 
expanding, and the amount necessary wasthereby reduced. 








ImpeRIAL InstiTuTE.—The “‘ Bulletin of the Imperial 
Institute” for April contains, among other interesting 
reading, summaries of recent investigations—mainly of 
vegetable products—carried out by the scientific and 
technical staff of the Institute, among which are interest- 
ing reports on samples of beeswax and vil-seeds from the 
Anglo-Egyptian Sudan, and a note on the value of 
“elephant grass” as a paper-making material. Tho 
progress of agriculture in Heypt, and the pottery industry 
in Llorin, in Northern Nigeria, are also dealt with. 





_ Bevetan Biast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of April was 
52, op cmmpteed with 45 at the commen ment of April, 
1912. The number of furnaces out of blast at the com- 
mencement of April was three, as compared with five. 
The total of 52 7 a ta! the furnaces in blast at the 
commencement of April, this year, was made up as 
follows :—Hainaut and Brabant, 25; Liége group, 21 ; 
and Luxembourg, 6. The production of pig in Belgium 
in March was 223,770 tons, as compared with 188,020 tons 
in March, 1912. The aggregate output to March 31, this 
year, was 626,690 tons, as compared with 555,650 tons. 





Tue Late Mr. Russe, Airxen.—We t to have 
to report the death, which occurred on the 8th inst., of 
Mr. Russel Aitken, second son of the late Mr. Henry 
Aitken, of Darroch, Falkirk. Mr. Russel Aitken studied 
for two years—1852 to 1854—at the Universities of G w 
and Edinburgh, then working for about two years—1854 
and 1855—in various factories. He later served a regular 

upilage of five years—from 1856 to 1861—-under a relative, 

. James Walker, a past- ident of the Institution of 
Civil Engineers, during which time he was en in 
tunnelling and canal work, in the construction of - 
waters, and other civil enginossing eutespuisce. He was 
then, for about four years, under Mr. Hawkshaw, also a 
past-president of the same Institution, as an assistant 
engineer. Mr. Aitken was also for three years—from 
1865 to 1868—engineer to the Municipality of Bombay, 
during the tenure of which appointment he designed and 
carried out drainage and other works. From 1866 to 
1871 he filled the post of engineering member of the 
Harbour and Tattoos of Bombay, and designed 
and constructed the Pier, the Kennery Light- 
house, On his return from India Mr. Aitken estab- 
lished @ private engi practice in London; he 
retired from active work several years ago, but until 
quite recently he maintained his interest in works con- 





templated or in course of execution. 





[Aprit 18, 1913. 
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WIRE-DRAWING PRACTICE. 


Fic. 7. Onp Swirr ror Puiiwe Wire 
THROUGH ScALE-BREAKING Pros. 


into threads, metal cut, or beat into small slips, by foro- 
ing them through holes in a steel plate placed perpen- 
dicularly on a table I cannot determine—it is extremely 
probable that the first experiments in wire-drawing were 
made upon the most ductile metals, and that the drawing 
of brass and iron to wire is of later date. It is likewise 
certain that the metal was at first drawn by the hand of 
the workman in the same manner as wire is drawn by our 

in-makers when they are desirous of rendering it finer. 

hey wind it off from one cylinder upon another, by 
which means it is forced through the holes of the drawing- 
iron.” 

Taking (1) first, specimens such as those discovered b 
Flinders Petrie in 1901, estimated to be 6500 years old, 
&c., were in all probability produced by this method of 
beating and slitting. 

In regard to (2), it does not seem possible to ascertain 
the date* of the introduction of the wortle, or ‘‘ drawing- 
iron,” though doubtless the native mind interpreted its 
own wants in its own way, and in accordance with the 
means at its disposal. It is more than probable that 
the main principles of wire-drawing were known at early 
dates in more than one district. It is also probable that 
the earliest wortles were hard stones of the kind used by 
primitive man for hammers, axes, &c. This conjecture is 
confirmed by the fact that amongst the implements 
discovered in ancient lake dwellings there are stones with 
one or more perforations which have hitherto been dis- 
missed as objects of unknown use. As is well known, 
rubies and diamonds are employed to-day for drawing 
extremely fine wire. 

A spiral of bronze wire,t found about the year 1879 
on the site of a lake village near Maybole, in Scotland, 
bears strong evidence of having been drawn through a 
stone wortle. This specimen probably dates from 1000 B.c. 
Copper wire was also found, amongst many other articles, 
ate 4 n _— degree of civilisation, at Lou-lan, in 
Central Asia, by Sven Hedin, during the period 1899-1902. 

his wire may be dated from 250-300 a.p. A mass of 
corroded iron, some of which had been wire-chain work, 
was found by Bateman in a mound known as Hurdlow, 
near Buxton, in 1849, which tends to show that iron was 
used for wire in the Anglo-Saxon period, 440-1066. 

John Wilson, of Broomhead, records :— 

**When William, Earl of Stafford, was making the 
south front of his house, the workmen, in digging the 
foundations, in 1762-1763, found a square place walled 
round like a grave, in which lay a man in armour, which 
being touched fell to ashes. My lord sent some of the 
armour to the Royal Society and to Mr. Walpole, who 
judged by the form that it was of the age of the Oon- 
quest, 1066. My lord showed me two pieces of the 
armour, which was made of wire and studded with silver, 
one of which he gave me, with two pieces of the cloth, 
one darker than the other, and some of the bones.” 


II. 


Wortles of iron cr steel were known and in use in 
Coventry early in the fifteenth century. Thus the follow- 
ing individuals are referred to as wortle-makers :— 

Year. Name. Occupation. 

1432 oe Smyth Joh Wir til maker 
1434 is Smyth Tho Writel maker 
1434 e Smyth Will Writel maker 


* See Graves’s discussion on Bedson’s peper, Journal of 
~ 01. 


the Iron and Steel Institute, 1893, No. I page 1 
+ Munro, “* The L2ke Dwellings of Europe.” 
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This evidence is valuable in that it indicates that hand- 
drawing was tised at this period. Further, the 
industry was of sufficient extent to make it worth while 
for men to devote the whole of their time to the pro- 
duction of the wortle-plates required by those engaged 
in drawing wire by hand. ; 

The Coventry records possess much interest to the 
wire-drawing industry. Under the title of the *‘ Coventry 
Leet Book or Mayor's Register, 1420 to 1555,” these 
records have been most ably edited by Miss Mary Dormer 
Harris for the Karly English Text Society. Thus in 1430 
the wardens of the wire-drawers of the City of Coventry, 
with other worthy men of the same craft, a p- 
mission of the Chief Magistrate to bear the whole of the 
expenses involved in the 7 _of @ new canopy over 
the altar in the church of St. Michael in the sa “7. 
A petition of this nature gives sufficient proof that th 
industry claimed a distinct and important position in 
the city. Further, the bill delivered by the Craft of 
Wire-Drawers to John Euerdon, Mayor of Coventry 
in 1435, proves that they were sufficiently influential to 
press the city authorities as to the er of preserving 
the fair name of their ancient city by the prohibition 
of certain abuses that had crept into their calling 
This petition possesses much interest to-day, and it is 
therefore included in the form of an appendix to this 
article. 

Bedson has shown* that when the wire trade com- 
menced in Warrington, early in the nineteenth century, 
an improvement was made in the practice then in exist- 
ence in Birmingham. In the latter city the wire-drawer 
conducted all the operations involved, such as cleaning, 
drawing, annealing, and getting-up ready for the con- 

sumer. In Maas. pr subdivision of labour was adopted, 
and men were told off as annealers, cleaners, drawers, 
warehousemen, &c. — 2s 

It is an interesting fact that Coventry anticipated 
Warrington by a period of more than four hundred years. 
The wire-drawers of that city were over one hundred in 
number, and were fully organised in the sense that each 
man had his own particular work. There were, for 
example, smiths, brakemen, girdlers, middlemen, card- 
wire drawers, crookers, card- ers, and fish-hook makers. 

The smith (smythier) reduced the bars to convenient 
sizes for the brakeman. 

The brakeman drew these bars through a coarse 
wortle agree by means of a hand-lever or brake, from 
which the term ‘‘ breaking-down,” still in use to-day, has 
been derived. ; : 

The girdler annealed the wire, and the middleman 
represented the cleaner, who removed the scale and 
prepared the wire after annealing for further manipula- 
tion. 

The card-wire drawer corresponded to the fine-wire 
drawer of to-day, who finishes the wire to the sizes 

uired by the card-maker. 

he -maker made the hand-cards formerly used in 

preparing wool for cloth-making. _ 

e crooker would cut the wire into short lengths and 
crook or bend them ready for the production of cards or 
fish-hooks. -_ 


The date of the application of water-power to wire- 
drawing is not known. Beckmann has stated that “all 
the wire in England was manufactured by the hand till 
1565, when the art of drawing it with mills was intro- 
duced by foreigners.” Bedson} has expressed the belief 
that the Tintern Abbey Works were started in 1575 by 
four German families. Bucknall Smith} says that the 
firs) mechanical wire mill in England was erected in 
1663, at Sheen, in Surrey. f ; 

The authors have reason to believe that the ‘‘Old Wire 
Mill,” Thurgoland, Figs. 1 and 2, 540, represents, if 
not the oldest, at any rate one of the oldest, wire mills in 
England. This mill, originally a one-storey structure, was 
taken down and rebuilt on the original foundations about 
sixty yearsago. The original date stone was left in situ, 
but, unfortunately, this has in the interval of time fallen 
from its matrix and cannot now found. However, 
the authors are assured by Mr. George J r, & resi- 
dent of Thurgoland for over seventy years, that the date 
on the stone was 1624. 

The neighbouring village of Wortley has long been 
famed for its iron manufacture, and in all probability 
the Wortley Iron Works date back to the latter half of 
the fifteenth century. It is also worthy of note that 
in the neighbouring town of Barnsley wire-drawing was 
followed in the sixteenth century.§ Jackson, in his 
** History of the Town and Township of Barnsley,” 
states :— 

‘*The wire trade is said to be of po antiquity here. 
We are informed that upwards of two centuries ago 
Barnsley excelled every other place in the kingdom for 
the manufacture of this article, which was mainly attri- 
butable to thei uity of the workmen, combined with 
the material , from which two sorts were made— 
viz., hard wire, which served for the teeth of cotton and 
wool-cards and fish-hooks; and the softer description, 
used for stocking-frame needles.” 

Again in the Yorkshire Diaries, published by the 
Surtees Society in 1875, the names of various wire- 
drawers appear at intervals ranging from 1653 to 1796. 
According to Jackson, only one “manufactory” re- 

* “Tron and Steel Wire and the Development of Its 
Manufacture,” Journal of the Iron and Steel Institute, 
18938, No. II. ENaingerine, Jan 12 and 19, 1894. 

+ “Iron and Steel Wire and the Development of Its 
Manufacture.” Journal of the Iron and Steel Institute, 
1893, No, IT. 

t “ Wire; its Manufacture and Uses.” 

§ References are to be found in a series of articles in 
the Barnsley Chronicle, 1905. 





mained in Barnsley in 1858. It is of further interest to 
note an abstract from ‘“‘A Display of the Beauties of 
England,” ublished in 1877, that— 

**Frome Selwood, in Somersetshire, was supplying in 
a ee 1787 all England with wire-cards for ing 
wool. 

The decadence of the wire-drawing industry 
ley is evidently connected with the development and 
expansion of the cloth industry. A similar remark is 
applicable to the districts included within the Upper 
Don and Little Don Valleys, save that here wire- 
drawing has m tenaciously followed, and if one par- 
ticular e of labour migrated, together with the trade 
to which it was an important auxiliary, another grade 
was taken up and closely followed. 

Sketchley’s Sheffield Directory of 1774 indicates that 
Messrs. Cockshutts and Co., of the Wortley Iron Works, 
were manufacturers of iron, wire, plate, tin, and anvils. 
In this connection it is interesting to refer to Percy’s 
description of the story of Foley and his journey to 
Sweden in regard to —s mills.* A similar story is 
-— of the traditions of Thurgoland, and it runs as 
ollows :— 

Cockshutt brought the artand mystery of wire-drawing 
from Germany, where he had learned the secret whilst 
on business journeys. On his return he built the Old 
Wire Mill, and, when the plant was ready for operation, 
difficulties were encountered in the form of ‘‘ scratching ” 
and “‘pulling-out.” He at once returned to Germany, 
and being a player on the violin, assumed the guise 
of a wandering minstrel, and so obtained access to the 
works by favour of the workmen. As a result of this, 
the story goes that he had overlooked the use of grease 
in lubricating the wire through the draw-plate. 

Unfortunately evidence does not support the sugges- 
tion that the making of wire was unknown in this district 
before the Cockshutts. John Cockshutt, the elder, was 
born about the year 1692, and the Old Wire Mill was 
built, if the authors are correct, in 1624. The story, no 
doubt, enshrines the memory of some improvement in 
wire-drawing practice noted by John Cockshutt, senior, 
when travelling in South Wales. Thisimprovement may 
have been that of the revolving block. 

It has already been noted that wire-drawing has per- 
sisted in the upper reaches of the Don and Little Don 
Valleys, in spite of the geographical movements of the 
trade. Thus, on losing the card-making industry, needle- 
wire was taken up, and is largely continued to-day. It 
is said that the art of needle-making was rediscovered in 
1560 by Christopher Greening, who settled at Long 
Crendon (Bucks), where the manufacture of needles has 


since been continued. 

In 1656 Cromwell ted a charter to the needlers by 
the style of ‘‘The Master, Wardens, and Society of the 
Art and Mystery of Needle Makers of the Oity of 
London.” e fire of 1633 destroyed forty-three houses 
on Old London Bridge, and commenced at the shop of 
John Bri needle-maker. Later, Whitechapel became 
renowned for the manufacture of needles, but for the last 
two centuries the industry has been largely concentrated 
in Redditch. During that time the bulk of the wire used 
has been, and is still, produced in Stocksbridge, Peni- 
stone, and Thurgoland. 

IV. 


It will be seen from the Sepang, that wire was first 
hammered out of thin ae. and the short pieces were 
soldered together to form a length, as in the case of known 
examples of Egyptian jewellery. The next stage was 
the drawing of these short strips by hand through a 
wortle probably fashioned out of hard stone, the reduction 
of area obtained being secondary to the imparting of a 
better finish. The stone wortle would be rep eh, the 
use of iron or steel wortles, which would ultimately be 
fixed on a bench or other rigid object, and the wire 

ulled through them by a lever or brake. Then would 
ollow the introduction of a reciprocating motion, actuated 
ty a water-wheel, as in the case of the Tintern Abbey 

orks in 1575. The rack or ratch-bench, worked by a 
clutch-and-lever arrangement attached to the shaft of a 
water-wheel, followed, and also led the way for the intro- 
duction of the revolving block. The latter, whilst liberat- 
ing wire-drawing from the thraldom of old conditions, has 
not by any means eliminated the essential skill of the 


operator. 
¥. 


From the materials available the authors have endea- 
voured to reconstruct the methods of wire-drawing in 
the Thurgoland district during the period of about 1860. 
The wortles appear to have made from puddled- 
steel bars, and two plates pricked at the ‘‘ Chemistry,” 
Wortley, give the following analyses :— 


iti A.” 
Per Cent. 
‘ .38 


0.06 
0.065 
0.040 


“ B. »” 
Per Cent. 
1.75 
0.33 
0.065 
0.037 
0.011 


Carbon 


Silicon 
Sulphur... 
Phosphorus... 0.018 


The range in carbon and manganese is of interest, and 
e the highest carbon is lower than usual to-day. 

rrent wortle-plates, when made of plain carbon steel, 
usually average about 2.00 per cent. 

The rods were rolled in small pieces, averaging from 
14 lb. to 20 Ib. each. Each end of the rod was tested for 
soundness by nicking and breaking, and this examination 
was fairly stringent. The rods were then annealed in an 
open oven and cooled down in air. The resulting scale was 
removed in a scouring-barrel, such as depicted in Fig. 3, 
which shows the end removed for the purpose of charging. 











* Percy. 


in Barns- | th 


The c ran from 5 cwt. to 10 cwt.; it was packed 
with broken blast-furnace slag, the end of the barrel 
screwed on, and the whole set in motion, water running 
through the — in which the barrel rotated. As 
far as can be gt ered, the number of revolutions per 
minute would in the neighbourhood of thirty, and 
@ barrel was revolved for a period of from twelve to 
twenty-four hours. The wire was then removed in a 
clean but wet condition and allowed to stand until 
“‘coat” had formed by the action of the water on the 
rods. This coat was preserved by dipping the wire into 
lime. The limed wire was dried before a fire (Fig. 4), 
where it will be noted that the carrying bar is supported 
on stone pillars. This a was taken at the Tilt 
— | So * —, y= ovens were not 
employed at Thurgoland, and the foregoing operatio; 

were all carried out by the actual wise-drewer. The 


first two drawing holes represented work on scoured 
wire, but in later stages of wire-drawing the wire was 
sometimes cleaned in a mixture of vitriol and bre 

grounds. Fine drawing commenced at 17 gauge, po | 
previous to this, the wire was brown-drawn. After 
° annealing in 17 gauge the scale was removed by 


‘* kinking” on a large clog of wood. This kinking every 
inch or so and knocking on the clog was similar to present. 
day methods of “banging,” save that the process was 
carried out before acid treatment. 

Most Continental wire-drawers to-day have mechanical 
‘‘banging” as important adjuncts of the cleaning-house, 
After kinking, the wire was immersed for a short time in 
vitriol and grounds, and then dried as before. After 
drying, it was scoured by hand on a set of wooden 
as shown in Fig. 5, page 541. The box shown contains the 
scouring sand, and the method was as follows :— 

The leading end of the wire was fastened to a 
the slack coming off the swift, was held taut in a cloth by 
the left hand of the scourer. In the right hand thick- 
nesses of scouring-flannel and sand were rubbed up and 
down the taut wire which would then be looped over a 

, and another —— taken for scouring. After the full 
coil had been treated in this manner, it was replaced on 
the swift and the process repeated a second time. The 
wire was then common-drawn, one, two, or three holes, 
according to the diameter required. After common- 
drawing or Jigging the wire would be again annealed, 
kinked, cleaned, &c., as before, special care being taken 
to ok good face on the wire. This would be followed 
by d-scouring in the mill, or by women working as 
outworkers in their own homes. 

The reduction in finishing was about one gauge per 
hole, and at this time nearly all the needle-wire was 
finished by hand-drawing on wood blocks. Such a block 
is shown in Fig. 6, and the accessories will be noted. A 
wortle is shown at the bottom of the standard, and in 
order to get even winding on the wooden block the 
wortle was moved up and down the standard. An old 

uge, hand pulling-up tongs, battering-hammer, and 

htener are also shown. In rd to the hammer 
the amount of wear on the shaft by the drawers’ thumb 
1s interesting. 

Fig. 7 represents an old swift used for pulling the wire 
through scale-breaking This swift would be fixed on 
a wooden bench, and the wire threaded in and out 
through a series of Pegs fixed in a straight line. The same 
te a mechanically applied, is in vogue to-day for 

neking scale from patented wire. 

Fig. 8 represents an old dressing-wheel showing the 
dressing- and leading-off swift. The projection shown 
on the wheel represents wedges placed in order to facilitate 
the removal of the dressed wire. 

The foregoing notes have been presented with the view 
of recording some features of interest in wire-drawing, 
and it is ho that this article may be the means of 
bringing further facts to light. The authors have much 
pleasure in acknowledging the facilities offered by Messrs. 
J. Dyson and Son, Messrs. J. and G. Jagger, of Thurgo- 
land, and Messrs. S. Fox and Co., Limited, of Stocks 
bridge. Their most cordial thanks are also due to Mr. J. 
Aspinal for his hearty interest and co-operation. 
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APPENDIX I. 


September 14, 1435. To the Reverent Mayor of the 
City of Coventry, and to all the worthy men of the 
same; for alsomuch as it is necessary and needful to 
every governor of City and of Town to see such rule 
and governance may be had by the which the king’s 
people may be truly ruled and demeaned: be it known 
to you that if certain ordinances of Crafts within this 
City, and in Special the Oraft of wiredrawers, betaken 
good heed to, it is like much of the king’s people, 
and in — poor chapmen and Clothmakers in time 
coming shall be greatly hindered ; and as it may be sup- 

the principal cause is like to be amongst them that 

ave all th Craft in their own hands, that is to say, 
smythiers, brakemen, gurdelmen, and Cardwire drawers ; 
for he that hath all these Orafts may, offending his con- 
science, do much harm. First in the smithying, if he be 
ligient and misrule his iron that he worketh, by 

a heats or else in other manner, the which, when 
it is so spoilt is not to make no manner of chapmans 
ware of. Nevertheless for his own ease he will come to 
his brakeman and say to him:—‘“‘ Here is a ston’ of rough 
iron, the which must be tenderly cherished” and then 
the brakeman must needs do his ter’s commandment 
and doth all that is in him; that that the master sup 
poseth will not in no wise be holpen at the girdle. Then 
it shall be sold for hook wire. And when it is made in 
hooks and should serve the fisher to take fish when 1 
cometh to distress, Then for feebleness it also breaketh, 
and thus is the fisher foully deceived to his great harm. 
then the wire that the master supposeth will be 





And 
cherished at the girdle, he shall come to his girdleman 
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and say to him as he said to the brakeman :—‘‘ Lo here is 
3 string or two, that hath been misgovered at the 
hearth my brakeman hath done his duty, I pray thee 
do now thine” and so he doth as his master biddeth 
him. And then he goeth to his cardwiredrawer, and 
saith the same to him and he doth as his master biddeth 
him. And then when the cardmaker hath bought this 
wire thus decievably wrought he may not know it till it 
come to the crooking. hen it cratcheth and fareth 
foul; so the cardmaker is right heavy thereof, but never- 
theless he seeth use it is cut, he must needs help 
himself in eschewing his loss, he maketh cards thereof as 
well as he may. And when the cards have been sold to 
the Clothmaker and should be occupied, anon the teeth 
break and fall out, so the clothmaker is foully deceived. 
Wherefore, sirs, at the reverence of God in furthering 
of the king’s true liege people and in eschewing of all 
deceits, Weigheth this matter wisely and there as you 
see deceit is like to be, thereto setteth remedy by your 
wise discressions. For you may right well know by ex- 
perience that and the smythier an the brakeman work 

ther and no more, and the cardwiredrawers and the 
middlemen together and no more. Then it were to suppose 
that there should not so much deceivable wire be wrought 
and sold as there is; for and the Craft were severed in 
the manner as it is said above, Then the cardwiredrawers 
and the middlemen must needs 7 the wire that they 
shall work of the smythiers, and if the cardwiredrawer 
were once or twice deceived with untrue wire he would 
beware and then he would say unto the smythier that 
he bought the wire of—‘‘ Sir, I had of you late bad wire ; 
Sir, amend your hand, or, in faith, I will no more buy of 
you.” And then the smythier, lest he lost his customers, 
would make true goods ; and then, with the grace of God, 
the Craft should amend, and the king's people be not 
deceived with untrue goods. 





APPENDIX II. 

October 3, 1485. The which bill the said Mayor at the 
leet held the Monday next after the feast of St. Michael 
thence next ensuing at Coventry, send to all the worthy 
men of the said leet to take their advice thereupon, and 
there the said bill afore them was read, heard and 
understood ; And for asmuch as the matter of this bill is 
grievous and Hurtful to the common people and for other 
grievance unto the said worthymen at the said leeb 
shewed, They willing good ordinances and governances 
in this said Cite to be had in destruction of all misrules 
and misgovernances, the said worthymen in the said leet 
have ordained that from this time forward that the 
Journeymen of Cardwire drawers and gurdlemen with-in 
thesaid City work in their own houses, and pm | have ease 
thereto, and not in their master’s houses ; and that their 
work be truly wrought without guile or deceit, or any 
colour of deceit; and that they use no Craft but that alone, 
upon the pain of XX li at every default to be rendered to 
the use of the Town wall without any grace; and that their 
masters constrain them none otherwise to do, upon the 
same pain, And also that smythiers and brakemen work 
together in their masters houses, or else there may be 
best served to their ease and that they work their wire 
of true metal and truly do thereto their labour without 
any deceit or Colour of deceit so that it be true Chap- 
man’s ware; and that they occupy neither cardwire- 
drawing nor gurdle-drawing, but only smithing and 
braking, upon the pain to lose XX li at every default to 
be — red to the use of the Town Wall at every default 
without any grace. Also that no smythier nor brakeman 
from this time in time to come buy nor sell be colour ne 
sotell Imagination, Cardwire nor Mystermannes wire the 
which may be hindering or grieving to the king’s liege 
oe otherwise than is ordained afore, upon the pain to 

seat every default XX li to be paid as it is above said 
without any grace. 

The which ordinance by John Euerden then mayor 
seen and understood leet come before him and his 
Council Certain persons of the said Craft of wire- 
drawers, whose names follow on hereafter, that is to 


say 5— 

Joh Brian, Tho Elderbek. Joh Blakeman, senior, 
Joh Sheldon, senior. Will. Deister, Ric. ffillipes (Phillips), 
Wal. Bonde, Hen. Hethe. Pet. Milner. Ric Rocheford, 
Will. Horsley, Clemens Kirton, Joh Elderbek. Joh 
Oone, Will, Stoneley, Will. Doubrigge, Tho. ffalkes, 
Joh fieldyng Rob, Greene, Nic. Overton, Will. Chetell, 
Wal. Newton, Will. Cleybroke, Thos. Hastyng, Rob. 
Burges, Joh. Knyght, Will. Bayly, Hen. Tredsyn, Will 
Onfield, Will. Abram, Joh. Matthewe, Tho. Smythe, 
Joh Straunge, Joh Stafford, Joh Harries, Ric. Thomas, 
Rad. ffolkeshull, Tho. Reve, Joh, Manton, Hen Cotoner, 
Joh Peche, Joh Breux, Tho. Dernwell, Will Shurley, 

Bateman, Joh Stonley, Tho Thomas, Tho. Stafford, 
Joh Rocheford, Will. Shurley, Joh. ffolkeshull, Joh. 
Sheldon. Joh. Smyth. 

The which persons above written, the ordinances above 
Written to them read, the said ordinances so to keep 
agreed on, and fér as much as Joh Stafford, Joh Blake- 
man, Sen., Tho Elderbok, Joh Sheldon the younger, 
and Tho. Stafford and Ric. ffillippes and Wal Bonde 
heldon for the most part as well Smithing, Braking, 

and cardwiredrawing, they afore the Mayor 
agreed on and granted to occupy their craft as hereafter 
Sloweth — 
t is to say, John Stafford granted to occupy the 
Craft of online cee braking John Sheldon the younger 
the same, John Biakeman the same, John Sheldon the 
ler, Ric. ffillippes, Wal Bonde, Hen. Hethe, Pet. 
—- Tho. Smyth, Tho. Stafford the same; and to 
ve and not occupy neither cardwiredrawing, nor girdle ; 
and Tho. Elderbek and all these other granted to occupy 
ra dwiredrawing and girdle, and neither smithing nor 


PRACTICAL HEAT TREATMENT OF 
ADMIRALTY GUN-METAL.* 


By H. 8S. Priatgose (Messrs. G. and J. Weir, Limited, 
Cathcart) and J. 8S. G. Primrgosz (Royal Technical 
College, Glasgow). 

IN his paper to the Institute on a former oocasion,+ one 

of the authors made the suggestion that if gun-metal 

were subjected to heat treatment, such as quenching and 
anneali at various tem tures, profound changes 

“a be found to take place in the properties of the 

metal. 

Since then this joint research has been undertaken with 
the object of finding a simple and reliable method of 
improving Admiralty gun-metal so as to obtain the highest 
possible tensile strength without reducing the percent- 
age elongation, and at the same time imparting to it a 
greater soundness and homogeneity of structure. So far 
us the authors are aware no previous work has been 
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published dealing with this subject as applied to the 
most commonly industrial alloy known as Ad- 
miralty gun-metal, of which the specification is 88 per 
cent. of copper, 10 per cent. of tin, and not more than 
2 per cent. of zinc, with a maximum variation of 1 per 
cent. of any of its component metals. This composition is 
readily obtained in practice which is under proper metal- 
lurgical control, but, even when the analysis closely 
agrees with the specification, it is sometimes difficult to 
produce castings which fulfil the requisite physical tests, 
attaining a tensile strength of 14 tons per sq. in., and an 
elongation of 7.5 per cent. on a 2-in. test-bar. Man 
practical founders and some experimenters have experi- 
enced considerable trouble in making sound castings with 
this alloy to stand a high water-pressure; and un- 
doubtedly the internal structure of the metal has a great 
deal to do with this important property, as well as with 
the other characteristics. 

Although blow-holes are the commonest-known source 

* Paper read before the Institute of Metals on 
March 12, 1913. 

+_‘* Metallography as an Aid to_the Brassfounder,” 
by H. 8. Primrose, Journal of the Institute of Metals, 

0. 2, 1910, vol. iv. ENGINEERING, September 23, 1910. 

















543 
of unsoundness in gun-metal, these may be entirely 
absent, and still the castings are not completely satisfac- 


tory when submitted to the physical tests and hydraulic 
pressure, owing to the imperfect arrangement of the con- 
stituents. Even when the physical tests are eomplied 
with and the structure under the microscope is of the 
interlocking design with uniformly intermixed primary 
crystallites and interspacial eutectic, the metal as cast 
may fail under water pressure owing to the water sweat- 
ing through the microscopical pores formed between the 
two constituents. These constituents are of widely 
different chemical composition, and possess different 
coefficients of contraction. 

When ordinary gun-metal is cast and slowly cooled, the 
first portions to <7 consist of primary crystallites of 
the a constituent, which is copper containing all the zinc 
and only a small quantity of tin in solutionin it. As the 
crystals continue growing and the temperature falls, an 
increasing amount of tin is held in solution by the solidify- 
ing a constituent, and at the moment of solidification the 
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interspaces are filled with the 8 constituent, which is 
copper containing still more tin in solution. As this 
B-solution is only stable through a short range of 
temperature, on cooling it undergoes decompositicn 
with the formation of the eutectic containing the 5 con- 
stituent, Cu,Sn; and the dark-etching, littoral zones of 
secondary a constituent. It is between these two latter 
constituents that the microscopic crevices occur, and they 
are so small that the fractured surface does not reveal 
their presence. It might appear possible to produce gun- 
metal castings in which the eutectic areas were so smal! 
and uniformly distributed that they would not be in a 
connected meshwork throughout the mass. Cbilling the 
metal in the mould has this effect by preventing the de- 
composition of the 8 constituent, but in actual practice it 
is not possible so to control the rate of solidification and 
cooling that the eutectic cogregations are always pre- 
vented from arranging themselves in a harmful way. 
Method of Procedure.—In carrying out the tests it was 
deemed advisable to adhere to the customary “ inch- 
round ” bars 10 in. long, which were csst from gun-metal 
at a temperature just below 1100 deg. Cent., both into 
dry-sand moulds and chills, with the object of producing 
ei slow or rapid solidification as desired. The rate 








of cooling was dependent upon the arrangement of the 
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boxes, and was moderately slow for dry-sand castings, 
eomparatively quick for chills alone, and very slow when 
the metal was cast in chills placed in close proximity to 
and in connection with a large body of metal cast at the 
same time. Two sets of duplicate were used in 
cases, and these were prepared for testing and after- 
treatment by turning the central portion down to a 
diameter of § in., giving & cross-sectional area 0.306 sq. in. 
over a suitable length for a 2-in. test-piece. 

In the tensile-testing machine employed, only the ulti- 
mate breaking strain was taken. The elongation was 
also determined. The average value of the results from 
the four bars have been tsbulated, correct to the first 
decimal place. In none of the tests recorded did the 
tensile strength vary by more than 1 per cent and theelon- 
gation by 5 per cent. between maximum and minimum. 

In performing the experimental tests of heat-treatment 
the bars were heated gradually to the required tem- 
perature in a Heraeus electric-resistance furnace, thus 
minimising the vxidation of the metal ; and no appreciable 
loss of zinc was noticed even at the higher temperatures. 


(Etched with Ferric Chloride. ) 


Kic. 7. Ban ED.N. V. 90x. 


Fie, 11. Bark E.D.Q.7. V. 120 x. 


Fic. 15. Bar H.C.A.7. V. 30x. 


The bars were maintained for a definite time at the fixed 
temperature as determined accurately by a pyrometer, 
and then either quenched in water or cooled off in the 
furnace, which took about two hours to attain normal 
temperature. The test bars were not subsequentl 

dressed or burnished, as this was found to interfere wit 

the physical condition of the bar; burnishing especially 
imparted a skin to the metal which materially raised the 
tensile strength. Sections were cut from each bar, and 
after having been polished on the transverse cut and 
etched in the usual way with ferric chloride, they were 
examined microscopically and typical structures were 


otographed: 
e .. plan adopted in marking the specimens was as 
ows :— 
First letter.—Series of the tests: E, F, G, H, K. 
Second letter.— Method of casting: In dry sand, D ; 
in chills, C. 
Third letter.—Heat treatment : annealed, A ; normal 
ait cast, N ; qoonaee. Q. ob 
irst .—Temperature of heating : 500 deg. Cent. 
(5) by yeh Cent. (6); 650 d Cent. (64) 
Second figure.—Time of a: ing: Five minutes 
(V.); ten minutes (X.); if not stated, 30 minutes 
(XXX.), 
Quenching.—In view of the excellent results obtained 





Fis. 8. Bar E.D.N. V. 360 x. 


Fie. 12. Bar E.D.Q.8. V. 180 x. 


Fie. 16. Bar H.C.A.7. V. 270 x. 
Fics. 7 to 12 Represent Serres ‘‘E;” Fias. 13 tro 18 Represent Series ‘* H.” 





by Guillet* on quenching pure bronzes of various com- 
— from temperatures between 600 deg. and 700 deg. 

t., it was thought that gun-metal would also show an 
increase in 


as there was a considerable reduction in the values got 
on tensile testing, and evidently the presence of the small 
proportion of zinc exercises a profound influence on the 
character of the meta!. Thus in series ‘‘E,” in which 
the test-bars were cast in dry-sand moulds at a moderate 
temperature of about 1060 deg. Cent., ensuring both 
slow solidification and slow cooling, and then heated 
slowly (after turning to size) to temperatures ranging 
from 500 deg. to 800 deg. Cent. before Snes the 
physical properties were very considerably rer than 
that of the normal cast bars. T’his is shown in Table I., the 
values of which are given graphically in Fig. 1, page 543. 

It is noteworthy that the elongation falls off con- 
sistently with the rise of quenching temperature, and 
also that it follows the drop in tensile strength almost 


the strength and the elongation if similarly | 
all| treated. This, however, was not found to be the case, | 


the eutectic uniformly distributed throughout the inter. 
—— of the primary a constituent, and surrounded 
the littoral zones of secondary a. The contraction cavities 
in the eutectic areas are shown in the higher magnifica. 
tion photograph of the same metal in Fig. 8, below, the 
holes being more marked in the larger portions of the 
eutectic. 

The heating to 500 deg. not only increases the size of 
the crystalsin the metal, but has caused aslight change in 
the nature of the crystallites. There appears to Be a 
small amount of secondary a constituent assimilated by 
a> eee crystallites, although there has been prac. 
tically no change in the amount of separated eutectic, 
This 1s shown in Fig. 9. 

At 600 deg. a still larger crystal structure is produced 
and a considerable amount of the eutectic has been 
absorbed, forming with the secondary a a large propor. 
tion of the 8 constituent which has been retained in that 
state 4 the quenching (Fig. 10). 

Forther heating to 700 deg. completes the solution of 





proportionately. The lowest values are got with the 


the 3 constituent of the eutectic, and the 8 assumes with 





Fie. 9. Bar E.D.Q. 5. 


V.90x. Fic. 10. BaRE.DQ 6. V. 90x. 


(Etched with Ferrie Chloride.) 


Fic. 13. Bar H.C.A 6. 


Asout One-Hatr 1n REPRODUCTION. 


quenching temperature of 700 deg. Cent., when the 
tensile a is only about one-third that of the normal 
bars, and the elongation about one-ninth. From this 
and subsequent tests it is evident that there must be 
some radical change in the constitution of the alloy in 
the vicinity of this temperature. 

The microscope gives interesting evidence of the 
TaBLE I.—Jnyluence of Quenching Temperature on Dry- 

tings. 


| Elongation 
per Cent. 





Tensile 
Strength. 


Quenched from 
Deg. Cent. 





28.0 
12.0 
7.5 
3.0 


E.D. 
E.D. 
E.D. 
E.D. 
E.D. 





physical changes taking place in the metal as the tem- 
perature rises. In Fig. 7, above, is seen the normal 
interlocking structure of a sound gun-metal casting, with 





* L. Guillet, “ Quenching of Bronze,” Revue de 
lurgie, February, 1905. 





Fie. 17. Bar H.C.A.7}. V.90 x. 
THE PHOTOMICROGRAPHS HAVE BEEN REDUCED 


‘Metal- | 


V.¢0x. Fig. 14. Bar H.C.A. 64. V. 90x. 


Fic. 18. Bar H.C.A.8. V. 40 x. 


the a a rectangular formation which is most remarkable, 
| and occurs throughout all these crystals. These are now 
| extremely large, and show a tendency to disjunction at 
| the outer edges of the specimen. This structure is shown 


' in Fig. 11. 
Heating to 800 deg. produces an almost homogeneous 
a crystallites exist together with 


structure, as here o' 
rtions of the metal which have undergone foe ery 
rtions chiefly at 


usion. The quenching retains these . e 
the boundaries of the crystals, as shown in Fig, 12, 
pecan The small dark specks eee trons the 
ground-mass are minute segregations 0 ormed du: 
the reheating. It is thus evident that reheating | 
quenching gun-metal castings does not effect any 1m- 
provement, even if this were possible without oar 4 
the shape of the casting. In practice it is not feasible to 
| quench the metal immediately after it has solidified, 
| although this may haye been done with test-bers which 
| were quenched direct, without having been first cooled to 
| the ordinary temperature, and then reheated, as were 
the bars tested in this series. 
Annealing.—The simple o 

next tried upon sets of test- which were cast 
cooled in a variety of ways. The annealing consisted of 
{a gradual heating up to various temperatures, at Ww’ 
they were maintained for various periods of time. The 





ration of annealing was 








i te 
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uent cooling in each case was moderately rapid 
weer 00 deg. was attained, after which it was compara- 
tively slow. : ; : 

Series ‘‘ F.”—In this series the bars were cast in dry- 
sand moulds with the same metal and from the same 
temperature as Series “‘E.” This treatment produced a 
slow solidification of the metal, followed by a moderately 
slow cooling. This is the general type to which most 
gun-metal castings belong, and it is of interest to note 
that the subsequent heat-treatment effected a most 
remarkable improvement in the elongation of the speci- 
mens, without in any way diminishing the tensile strength 
of the material. Table II. gives the en a of 
the tensile testing, and these are re n in graphic 
form in Fig. 2, 543. Whilst the ultimate breaking 
strain of the metal is slightly increased as the annealing 
temperature rises to 700 deg., it falls off most remarkably 
at 300 deg. The elongation is very considerably increased 
up to the temperature of 700 deg., after which it also 
falls away. : 

The microstructures of the series are shown below, 


(Etched with Ferric Chloride.) 







Fic. 27. Bak K.C.N. 0.10 x. 





Fic. 24. Bar G.C.A. 6. V. 90 x. 


Fic. 28. Bar K.C.N. V. 90 x. 


a solid solution, and although the crystals are larger than 
in the normal bar, they are well orientated and in 
a 8 y interlocki arrangement. The test bars 
annealed at 800 deg., although cooled much more slowly 
than by quenching, show in the microstructure signs of 
mie a — cerns —— = at the small dark 
spots in the photogra, ig. 22). 

Series “‘G.”—The on of this set were cast in chills of 
solid metal, so that both the solidification and the cooli 
were rapid. In this case the annealing again produ 
a remarkable increase in the elongation, and this was 
attended by an almost equally striking increase in the 
tensile strength. The maximum results were again ob- 
tained by the annealing at 700 deg. for 30 minutes, and 
lower results were got with bars heated toa point both 
above and below this temperature. Table III. and Fig. 3 


give the average results obtained in the tests. 

The microstructure of the metal is not much altered 
by annealing at 500 deg. (see Fig. 23, below), but a con- 
siderable change has taken place at 600 deg., all the 
5 constituent having disappeared, and only a and 8 








Fig. 21. Bar F.D.A.7. V.90 x. 


Fie. 25. Bar G.C.A. 7. 


tion got by annealing for half an hour at 700 deg. is again 


evident from Table IV. and Fig. 4, page 543, showing 
the average results obtained in testing. Intermediate 
points at 650 deg. and 750 deg. were taken, but in each 
case the results were inferior to those obtained at 700 deg: 

La 4 yy in ay microstructure are rrr = 
together for the sake of comparison on > 
normal structure is similar to that of bar KON. shown 
in Fig. 28, below, and the annealing to 500 deg. pro- 
duces only a — change in structure, which resembles 
that of bar G.C.A. 5, shown in Fig. 23, below. The 
change at 600 deg. is more complete and shown in 
Fig. om gage M6. The annealing at 650 deg. has only 
completed the change of the 5 constituent in the smaller 
crystals, so that the larger ones still show both Sand 5 
(see Fig. 14, pare 544). 

Figs 15 and 16 are both micrographs of bar H.C.A. 7, 
showing at different magnifications the well-oriented 
crystalline structure of the single a constituent. Figs. 17 
and 18 show the increase in the size of crystal growth 
by the further annealing to temperatures of 750 deg. 





Fic, 22. Bar F.D.A.8. V.90 x! 


(Etched with Ferric Chloride.) 


V.90x. Fic. 26. Bar G.C.A.8. V.90 x. 





Fic. 29. Bar K.C.A.7(XV.). V. 90x. Fic. 30. Barn K.C.A.7(LX.). V. 90x. 
Fics. 19 ro 22 Represent Series ‘“‘F;” Fics. 23 ro 26, Serres “‘G;” anp Fias. 27 to 30, Series “‘ K.” 


Tue PHOTOMICROGRAPHS 


HAVE BEEN Repucev Aspout Ong-HatF In REPRODUCTION. 


and differ in a most marked degree from those of Series 

E.” Figs. 19 and 20 show that the annealing tempera- 
tures of 500 deg. and 600 deg. respectively hous tee 
insufficient during the period of half an hour to completely 
remove the 5 constituent, and hence the eutectic segrega- 


Taste II.—Jnfluence of Annealing Temperature on 
Dry-Sand Castings. 





are left in the formation shown in Fig. 24, above. 
Almost pure a results from the annealing at 700 deg., 
and the high magnification photograph (Fig. 25, above) 
shows the crystalline structure of a solid solution. 
Fig. 26 illustrates the similar structure got on anneal- 
Taste III.—Influence of Annealing Temperature on 
Chilled Castings. 














| 
Mark. | Annealed at Tensile Elongation Annealed at Tensile Elo jon 
| Deg. Cent. Time. Strength. Per Cent. Mark. Deg. Cent. Time Strength. per Cent. 
» min. |tons per sq. in. | min. (tons persgq. in. 
on : a 4, 17.2 0 G.O.N. a | _ = 15.0 4.0 
FDA 6 500 30 15.1 26.5 G.0.A. 5 mi 500 | w 12.3 7.5 
FDA > 600 30 16.3 28.5 G.C.A.6  ..| 600 | (80 19.6 25.0 
PDAs 700 30 18.0 37.5 G.O.A. 7 700 )6=— | 80 20.0 | 30.0 
ta 800 30 15.5 31.0 G.C.A. 8 800 30 17.2 22.5 
Se | i 








patil remain. At 700 deg., however, the reaction is 
Practically complete, and Fig. 21, above, indicates that 
aon onting from this temperature, after annealing, is 
ti attended by the se ion of any aj i uan- 
ty of 8 oh este he small yoy spots in the A awed 

apo evidently represent small pro’ ion of 

ad which has been thrown out of solution at this tem- 
The microstructure is very uniform, indicating 








ing at 800deg., which is, however, much larger in crystal 
formation, as shown by the lower magnification. 

Series “‘ H.”—In this and the following series ‘“‘ K ” the 
bars were cast in chills in close ———- toa Toor 
of metal which was cast and cooled along with them, so 
that although their solidification was fairly rapid, the 
cooling a was comparatively slow. very 
great increase in both the tensile strength and the elonga- 





andj800 deg. respectively. This is no doubt the reason 
for the falling off in both the tensile strength and the 
elongation. 

Series “‘K.”—The tests in this series were carried out 
with the object of determining the range of time during 


Tasie IV.—IJnduence of Annealing Temperature 
on Chilled Castings. 





| Annealed at Tensile Elongation 
Mark. | Deg. Cent, | Time. | Strength. | per Cent. 





| 


min. tons per sq. in.) 
18.6 


H.O.N. — ; — 20.0 
H.O.A. 5 600 30 1.7 | 90 
H.C.A. 6 600 30 16.0 7.0 
H.O.A. 6} 6 0 80 19.5 | 27.0 
H.0.A. 7 700 30 22.5 45.0 
H.0.A. 7} .. 750 30 21.0 40.0 
HO.A8 ..| 800 30 186 34.0 


which the heating should be continued in order to get the 
best results when annealing was done at the correct tem- 
perature of 700 deg. ‘This is naturally dependent upon 
the thickness of the metal under treatment, but for the 
size of test-bars used (fin. in diameter) this was shown 


to be somewhere about 30 minutes, as seen from the 



























546 


ENGINEERING. 





[Aprit 18, 1913. 





results tabulated in Table V. and shown graphically in 
Fig. 5, 543. Annealing for this shows the maxi- 
mum results both in tensile strength and elongation, but 
the increase is only slight after annealing has been carried 
on for twenty minutes. Very long continued annealing 
produces a slight diminution in the strength and elonga- 
tion, but it is evident that if the right temperature of 


TasLe V.—Influence of Time of Annealing on 
Chilled Castings. 











| | 
| Annealed at | Tensile Elongation 
Mark. Deg. Cent. Time. | Strength. per Cent. 
| 
| 
| min. (tons per sq. in 
K.O.N. eat _ | — 16.5 15.0 
K.C.A. Vv... 700 } 5 | 19.6 25.0 
K.0.A. X. .. 700 | 10 | 20.4 35.0 
K.C.A. XV. ..| 700 } 16 21.2 37.0 
K.C.4. XX. ..| 700 2 | 21.4 40.0 
K.0.A. XXV. | 700 | 95 | 22.5 45.0 
K.0.A. XXX. 700 30 | 23.1 48.5 
K.0.A. LX. .. 7 | 6 | 21.2 39.5 
K.0.A. OL. 700 | 150 £0.65 37.0 





700 deg. be attained the time of annealing at this tempe- 
rature may be varied within fairly wide limits without 
impairing the improvement effected in the structure and 
character of the metal. ’ : 

The microstructure of the normal cast bar is shown in 
Figs. 27 and 28, page 545, and the lower magnification 
micrograph taken with oblique illumination clearly indi- 
cates the oriented —— of this - saggel ~~ — 
page 545, represents the effect upon the structure o 
annealing for fifteen minutes at 700 deg., and the very 
slight alteration in this got by annealing for sixty minutes 
is shown in Fig. 30. . 

Thermal Analysis.—The cooling of the metal from 
fusion is shown at (a) in Fig. 6 as an inverse rate curve, 
and represents the halt points as only very slightly 
different from those of the corres: ~5 4 bronze in the 
freezing-point diagram of Shepherd and B: ough, a portion 
of which is reprodu for comparison. e heating 
curve shows that the reverse chan are not accom- 
panied by very large agg oem of heat, as evinced by 
the curve (b), Fig. 6. The halt below 700 - evidently 
marks the completion of the 6 to 8 change. The inverse 
rate curve (c), Fig. 6, shows the cooling of the metal after 
annealing for 60 minutes at 800 deg., and indicates that, 
although the § inversion still exists, there has been a con- 
siderable diminution of the 4 change, as would be ex- 
pected from the examination of the microstructure of the 
metal after annealing at this temperature. 

Practical Applicattons.—The importance of the anneal- 
ing of gun-metal casti which in service have to stand 
severe tests, must be abundantly evident from the fore- 
going results. ee , 

One great advantage it possesses lies in making the 
metal capable of complying with the most stringent 
specification as regards tensile strength and elongation, 

though it must be clearly pointed out that it cannot be 
regarded as ‘‘ faking” the metal. Such metal as may be 
defective, due to the presence of gas or blow-holes, is not 
materially improved by this heat-treatment; but when 
slight defects arise, due to the harmful segregation of the 
eutectic structure, then these are completely removed by 
the proper annealing. : : 

One of the most frequent tests now applied to im- 
portant gun-metal castings is that of water pressure, and 
in many cases they fail most dismally under even 
moderate pressure. The metal is thus condemned as 
bad, whereas it is really quite , and it is only a 
strange characteristic of the metal possessing the wrong 
arrangement of its constituents which makes it unsuit- 
able for this purpose when cast and not further heat- 
treated as suggested in this paper. 5 

Numerous castings of various designs made in the 
course of daily foundry practice have been rejected in 
this way, and these, on en ae ys correctly, have 
in all cases been found to withstand the water pressure 
which pecieany Gee had failed todo. A large number 
of es hs have been taken of specimens from such 
castings before and after annealing, but owing to the 
exigencies of space these are unable to be reproduced. 
In each case, after they had been treated, they showed 
similar structures to Figs. 15 and 25. : 

Two particular instances are worth recording as show- 
ing the advantage of annealing material which, although 
apparently sound, has failed to comply with specified 
tests. They were both test-bars cut from large castings, 
and whilst the first gave a tensile strength of 14.4 tons, 
the elongation was yd 5 = cent. when normal. On 
annealing this at 700 deg. for 30 minutes, the tensile 
strength was raised to 18 tons, and the elongation was 
increased to 25 per cent. In the second case both the 
tensile soeng® and el tion were low in the normal 
bar, being 11 tons ane 8 per cent. respectively. This 
metal was improved by annealing to give the remarkable 
results of 15 tons tensile strength and 26 per cent. 
a en tno tm th 
n tting this ann into practice in the 
workshop or foundry the chtet item required is some type 
of muffle-furnace of a size large enough to hold a num 
of the castings to be treated. For maintaining a uniform 
temperature during the annealing, as also for regulating 
the rate of heating and cooling, it is necessary to employ 
either gas or oil firing. | temperature must be con- 
trolled uy ® pyrometer installation, and the workman in 
charge of the should be under supervision to 
ensure that he does not exceed either the temperature or 


time limits found to be needed for each class of casting 


the various treatments accorded it, Table VI. has been 
pared to show the changes in the values got by the 
Brinell method of determining this property. It is note- 
worthy that the hardening effect of chi the metal is 
even greater than that of quenching, and that annealing 
does not completely remove this difference. ? 
Corrosion.—As the result of recent researches with the 
brasses and it has been shown that one most 
serviceable method of getting over the trouble of corro- 
sion is to eliminate the presence of all eutectic from the 
structure. This is accomplished by the addition of other 
metals in the production ot onauidieay ‘*alloys,” whereas 


TaBLe VI.—Hardness of Heat-Treated Gun Metal. 











Bars. Normal. 500 Deg. ‘600 Deg. 700 Deg. 800 Deg. 
Brinell’s (E.D.Q. 52 7 | @ | o 74 
hardness { F.D.A. 63 65 |; oe 
aumbers \G.0.A. 86 so | 7% | 7m | 7 


it would appear that gun-metal may be quite as immune 
from such trouble by the simple operation of annealing, 
whereby the eutectic is destroyed. Further tests are in 
progress with the object of determining how far this 
surmise is realised in actual corrosion tests, and the 
results of these may form the subject of a future paper 
to the Institute. g 

The authors take this opportunity of expressing their 
warmest thanks to the firm of Messrs. G. and J. Weir, 
Limited, of Cathcart, for kindly granting the use of 
their extensive foundry and equipment in carrying out 
this research, and also for so magnanimously granting 
permission for the publication of the results, which the 
authors hope will have far-reaching effects in the prac- 
tice of gun-metal founding. 

Summary.—The heat-treatment of Admiralty me 
metal has been investigated by quenching and annealing 
bars cast in dry-sand and chill moulds. The treated 
metal was tested physically and examined micro- 
scopically. 

1. The tests show that no improvement nen be ex- 
pected by quenching, which lowers the strength of the 
material. 

2. Simple annealing of the metal for 30 minutes very 
considerably increases its strength and elongation, the 
maximum results being obtained after annealing at 





700 . Cent. 

3. The homogeneity and other physical properties of 
the metal are ox yn improved, but particularly 
the capability of the castings to withstand hydraulic 


pressure. 
4. These results are considered to be due to the removal 
of the eutectic from the microstructure, which, after 
annealing, shows only the crystals of a solid solution. 

5. It is anticipated that this heat-treatment will 
minimise corrosion difficulties. 





Tue “ Evecrrictan ” Trapes’ DirgcToRY AND Hanp- 


Book, 1913. London: The Electrician Printing and 
Publishing Company, Limited, 1-3, Salisbury-court, 
Fleet-street, EC Price 15s. net.J—With its usual 


regularity the Hlectrictan Trades’ Directory and Hand- 
Book has recently appeared for 1913, the present being the 
thirty-first annual edition. The book contains over 2200 
pages full of matter of interest to those engaged in the 
electrical indus It deals with the p during 
the last year, in electric traction, lighting, and the appli- 
cations of electricity in workshops, in the developments 
in telephones, steam - turbines, internal - combustion 
engines, &c. It summarises recent Parliamentary 
work affecting the industry, and gives a digest of the 
various laws regulating electric lighting, &c. Recent 
legal decisions are also summarised. The directory matter 
is divided into several sections, That relating to Great 
Britain is classified under ‘‘ Trades,” and alpha- 
betically. Colonial, Continental, Asiatic, African, and 
American lists are also included. The volume contains 
a biographical section of over 100 The several 
sections are distinctively coloured at the edge, and the 
divisions are also prominently marked by tabs. The 
well-known tables of particulars of electrical under- 
takings are se tely nd, and accommodated in a 
pocket inside the back cover of the volume. 





Fata ACCIDENT WITH OxYGEN APPARATUS.—An acci- 
dent with oxygen-breathing apparatus, which happened 
on November 20, 1912, in a colliery near Gladbeck, is 
discussed in Gliick Auf of April 6, 1913, by Dr. Horst- 
mann. store caught fire. The fact was 
noticed by men sent down for special repairs. Su 
quently the seam had begun to smoulder. Nine fore- 
men and men went down with oxygen apparatus, and 
they approached the spot from different points. Several 
of the men were almost overcome by the fumes, and 
two of the foremen could not be revived afterwards. 
Horstmann comes to the conclusion that the apparatus 
(Drager helmets, = -09) worked all right, even after 
the accident, and that the accident was probably due to 
the fact that the men delayed putting on the helmets, 
as the smoke was not dense. The post-mortem revealed 
carbon-monoxide poisoning. This gas, when diluted, does 
not result in death at once, but produces % lassitude 
sudden co men were quickly tired after 
putting on the apparatus, and one unfortunate man com- 
plained that he had no more ox though he had not 
turned on his second bottle. two foremen, more- 
over, did not belong to the trained salvage corps, and 
had not had recent practice with the apparatus at all. It 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below & few particulars concerning several 
colonial and foreign engineering ponte. taken from the 
Board of Trade Journal, Further information concerp. 
ing them may be obtained from the Commercial Intellj. 

ce Branch, Board of Trade, 73, Basinghall-street, 

mdon, E.C. 

New Zealand: H.M. Trade Commissioner has for. 
warded a newspaper extract to the effect that it has been 
decided, on a poll of the ratepayers, to raise a loan of 
about 32,0002. for street improvements, high-pressure 
water supply, electric lighting and power installations, 
—_ works, and municipal buildings at Ohakune, 
H.M. Trade Commissioner reports also, on the authority 
of the local press, that a proposal to borrow 12,000/. to 
complete the Napier sewerage scheme has been approved 
on a nae of the ratepayers. 

Holland : H.M. Consul at Amsterdam reports that the 
municipal authorities at Arnhem have decided that the 
projected bridge across the Rhine is to be built over the 
river to the east of the city, near the Eusebiussingels, 
the project for its construction to the west of the city 
having been rejected. Although the position of the 
bridge has now been determined, it is expected that it 
will be several years before building operations can be 
commenced. 

Italy : The Gazzetta Ufficiale, Rome, publishes a decree 
ratifying the terms of the concession ted to the 
Societa Anonima Ferrovia Mantua-Peschiera, of Milan, 
for the construction of a standard-gauge railway from 
Mantua to Peschiera. 

Argentina: The Boletin Oficial publishes two decrees 
empowering (1) the Buenos Aires, Ensenada, and South 

tt Railway to construct 44 miles of line in a southerly 
direction from Elizalde station; and (2) the Buenos 
Aires Great Southern Railway Company, Limited, to 
construct a section of line, 284 miles long, proceeding in 
a southerly direction from San Vicente station. The 
Boletin also publishes a decree authorising an expendi- 
ture of 1,136,363 pesos (currency), or about 100,000/., for 
relaying and repairing railway tracks which have been 
badly damaged owing to excessive rains and river floods. 
The Boletin further announces that permission has been 
granted to Sefior Jose Mendez to build two piers—viz., 
one on each bank of the Rio Grande, in the Government 
of Tierra del Fuego. The cost of the works is estimated 
at 100,000 pesos (currency), or about 87501. 

Brazil: The Diario Official publishes a decree (No. 
10,113) a the plans and estimate of 8,782,564 
milreis (about 585,500/.) for the construction of a 94-mile 
section of the proposed line from Girau to Crathetis, 
forming part of the Cearense Railway system. It also 
publishes a decree (No. 10,114) approving the plans and 
estimate Of 316,956 milreis (about 21,1007.) for the con- 
struction of a 5-mile section of the Rio Grande do Norte 
Railway—viz, from the central station to Potengy 
Bridge ; and a decree (No. 8908) approving the plans and 
estimate of 3,992,812 milreis (about 266,000/.) for the con- 
struction of a railway, 54 miles long, from Tres Coragoes 
to Lavras, forming part of the Brazilian Federal Railway 
Company’s system. 

Peru: The following information is from the report by 
the Acting British Consul at Iquitos on the trade of that 
district in 1912, which will shortly be issued :—The 
Government recently made a contract with an American 
sanitary expert, who will work in conjunction with the 
American engineers who are to undertake the drainage 
and general improvements of Iquitos in accordance with 
the Governments’ scheme, which was authorised 
by Congress on November 11, 1911. The scheme pro- 
vides for the issue of 92 per cent. of a Joan of 200,000/. at 
8 cent. for interest and sinking fund, the proceeds of 
which are to be devoted to the sanitation of the town. 





BristoL CHAMBER OF ComMERCE YxEAR-Boox.—We 
have received a copy of this year-book for 1913—the 
first year of issue. It is edited and compiled, with the 
authority of the Chamber, by the secretary, Mr. W. J. 
Hilliar, F.C.1.S., and is published by Messrs. Bemrose 
and Sons, Limited. It gives a plan of the port of Bristol, 
an historical review of the town, descriptions of the town 
and port, with particulars of the facilities afforded by 
the latter in regard to accommodation, shipping, and 
transit, as well as information on the water supply, 
the gas available for illumination, heat, and power, and 
numerous details concerning the commerce and industries 
of Bristol. The book is completed by a trade index. 


CALIFORNIAN [Ron OrnE.—The United States Geological 


bse- | Survey considers that the deposits of iron ore in the 


Eagle Mountains, in Riverside County, California, are of 
considerable commercial importance. The Eagle mountain 
range is one of a large number of bare ranges of rocky 
mountains in the Mohave and Colorado deserts. The higher 
am of the Eagle mountains rise about 4000 ft. above the 
level of the sea. The principal iron-ore deposits of the 
Eagle mountains reach in places a width of 4000 ft. The 
mixed ore and gangue available in the deposits ex 
are estimated at 75,000,000 tons. Of this quantity, about 
four-fifths are assumed to be ore, most of it very high- 
ees No iron ore has been raised at present in the 
istrict, the principal obstacle in the way of iron-making 
in Southern California being the absence of fuel. The 
nearest deposits of coking coal are in Colorado, the 
lignites hon p< weet ca coal of Washington and Oregon 
being unsuitable. It seems probable, however, tbat — 
many years have elapsed extensive mining operations W’ 
be developed in the coal-fields of Alaska, and then large 








under treatment. 
Hi —As it is sometimes of practical value to 
have an idea of the relative hardness of gun-metal under 


seems that the men were really poisoned before they 
realised that they were in danger, 


quantities of coking coal will be shipped to Pacific Coast 
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CATALOGUES. 
Steam Fittings, &c.—We have received from the British 
Steam Specialities, Limited, whose London address is 


90, Turnmill-street, E.C., a wall sheet giving prices of 
wrought-iron tubes and fittings, plug-cocks, gate-valves, 
-valves, &c. Several other products of the firm are 
ated, including fire-fittings, tools for pipe-work, 
steam-traps, reducing-valves, boiler-mountings, heating 
apparatus for buildings, steam-pumps, and other goods. 


Structural Steelwork.—Messrs. Joseph Westwood and 
Co., Limited, Napier Yard, Millwall, E., has sent us a 
little booklet illustrating some examples of structural 
steelwork constructed by them, including railway and 
foot-bridges, eo ges, pontoons, coal-tips, and 
steelwork for buildings. Rigby’s patent expansion 
rocker-bearing for bridges and other structures, is also 
illustrated and descri and its advantages pointed out. 


New and Second-hand Machine-Tools.—We have re- 
ceived from the Machine Tool Company, Limited, of 
London-road, Nottingham, a copy of their latest list of 
new and second-hand machine-tools in stock. Besides 
all kinds of tools for metal working, the list includes a 
variety of wood-working machines, hydraulic plant, 
cranes, engines, pumps, fans and blowers, foundry ap- 

i and miscellaneous plant. General particulars, 
including prices and principal dimensions of each lot, 
are given, and a code word is assigned to each to facilitate 
telegraphic inquiries. 

Electrical Supplies.—From Messrs. Donovan and Co., 
47, Cornwall-street, Birmingham, we have received a 
copy of their catalogue of electrical supplies, such as con- 
duit and conduit-fittings, insulators, wires and cables, 
motor-starters and regulators, switch-gear, coo! an 
heating apparatus, accessories for wiring, bells and tele- 
phones, fittings, glassware, &c. The catalogue, which 
contains 288 bound in cloth-covered boards, gives 
prices and particulars of over 10,000 articles, hundreds of 
which are illustrated. It is provided with a thumb index 
to sections and a general index to its contents, but in 
arranging the general index a, only the first 
letter of each word has been considered. This peculiarity 
will, doubtless, be promptly realised by users, but if this 
is not the case, the index may prove rather a hindrance 
thana help. We think that in all such catalogues a care- 
fully made index is a most desirable feature. 


Buildings for Export.— Messrs. Boulton and Paul, 
Limited, of Rose-lane, Norwich, have recently issued a 
very comprehensive and useful catalogue of steel and 
Silaphened buildings for export, including bungalows, 
club-houses, cottages, residences, hospitals, churches, 
schools, and pavilions, as well as sheds, huts, and many 
other structures ; in fact, examples of practically every 
kind of building for erection in cold, damp, or tropical 
climates, are included. The buildings, many of which are 
of mosquito-proof construction, are illustrated by means 
of plans and sketches, and, in most cases, prices are 
stated. All the descriptive matter, —o = 
instructions for erection, is — in English, French 
and Spanish, and a code word is assigned to each build- 
ing to facilitate telegraphic inquiries. The catalogue was 
accompanied by a separate pamphlet giving a list of 
contracts recently carried out, together with a number 
of testimonials from purehasers of buildings in many 
different parts of the world. 


Transformers.—We have received from the Foster 
Engineering Company, Limited, of Wimbledon, S.W., 
circulars relating to transformers, which they ‘are now 
building in larger units than formerly. One of the 

gives a general specification and illustrates 
examples of oil-cooled and air-cooled transformers, trans- 
formers for furnace work, auto-transformers, variable- 
voltage transformers, and potential transformers for 
measuring instruments. Another circular gives full 
particulars, including prices and dimensions, of standard 
oil-imme: transformers with capacities ranging from 
lkw. to100kw. The prices quoted are for single-phase 
transformers for use on 2000-volt 50-60-cycle circuits, the 
secondaries being wound in two ts, which can 
connected either in series or in lel to give 100 or 200 
Volts at full load. The primaries can, however, be wound 
for any voltage up to 3000, and the secondaries for any 
Voltage up to 550, without affecting the price. 


Conerete-Mixing Machines.—We have received from 
Messrs. Bagshawe and Co., Limited, of Dunstable Works, 
Dunstable, a catalogue illustrating and describing their 
concrete-mixing machines, of which an illustrated descrip- 
tion was given in the issue of ENGINEERING for March 21. 

catalogue goes on to describe the firm’s power-loading 
*pparatus for such mixers. This consists of a steel bucket 
cial shape, which, after being charged at ground 
) 18 raised by a power-driven hoist so as to deliver its 
contents into the mixer. By means of the arrangement 
platforms and inclines are rendered unnecessary, 
and the output of the machine is greatly increased. Par- 
are also given of an automatic water-tank, and of 
concrete-elevators for use with the mixing-machines. The 
are made in six sizes, the capacities of which 
Tange from 3} to 30 cubic yards per hour ; these outputs 
a, however, doubled if the power-loading device is 
employed. Full particulars, including capacities, weights, 
dimensions, pewer requi ., are given of all sizes. 

Lathes. copy of the twelfth edition of their cata- 
ect lathes, &c., has recently issued by Messrs. 

Lang and Sons, of Johnstone, near Giaagow. The 
catalogue, after calling attention to some of the special 
fatares of these tools, gives a specification and 

Particulars of sliding, surfacing, and screw-cutting 
lathes, with centres ranging from 6 in, to 16 in. in height, 








Most sizes are supplied with either Langs variable-speed 
ive to the or with the 


specially - constru 
bevelled edges. Speed variation is obtained by moving 
one part of each pulley axially along its shaft so that the 
distance between the two parts is increased in one case 
and diminished in the other, thus varying the effective 
diameters. One of the V-pulley shafts is driven from the 
main shafting by a belt running on a fast and loose pulley, 
and the other shaft is geared to the lathe-spindle. ides 
iving an infinitely variable speed range between its 
imits, the ment has the advantage that it can be 
fitted with a device to increase automatically the spindle 
speed as the tool approaches the centre of the work in 
surfacing, &c. Particulars are further given of surfacing 
and boring lathes in five sizes, ranging from 18 in. to 
48 in. swing. size is made in four models ge | 
Lang’s variable-speed gear or stepped-cone drive, wit 
either an ordinary slide-rest or a turret tool-holder. Two 
larger lathes of 5ft. and 6 ft. swing are also listed ; 
these tools have ha ga ete tel driven b 
compet oome belt-pulleys. The catalogue also d 
with hollow-spindle capstan lathes, brass-finishers’ lathes, 
cutting-off lathes, horizontal boring and tapping-ma- 
chines, and several tools for special purposes ; accessories 
such as mandrel presses, straightening presses, work 
stands, &c., are also listed. 


Accessories for Compressed-Air Installations.—A bulletin 
which has reached us from the Chicago Pneumatic Tool 
Company, of Fisher Building, Chicago, Illinois, U.S.A., 
gives full particulars of receivers, aftercoolers, drain- 
traps, and reheaters for compressed-air installations. The 


d reheaters dealt with are of the Sterling portable type 


in which heating is effected by burning petrol or benzine 
vapour in the compressed ‘air, and a very considerable 
economy is claimed to result from their use. The arrange- 
ments are such that a small quantity of the air (about 
2 per cent.) is by-passed —— an atomising nozzle, 
which is in communication with a vessel containing the 
liquid fuel, so that the air draws up and vaporises a small 
quantity of the fuel. The vapour thus formed is ignited 
by an electrically-heated coil or by a series of sparks, and 
the products of combustion then rejoin the main ree | 
of the air, heating it to the desired temperature, whic 
may be 350 deg. Fahr. or more. The —o is easily 
regulated by adjusting the nozzle, and so varying the 
quantity of fuel burnt. It is intended to place the heater 
in the pipe line as near as possible to the point where 
the drill or other tool is being used. The apparatus is 
quite automatic in action, maintaining the desired tem- 
perature independently of the quantity of air being used, 
and starting and stopping as the tool is turned on or off. 
e heaters are made in three sizes, capable of heating 
75, 250, and 350 cub. ft. of free air per minute, and the 
capacities of the fuel reservoirs are such that one filling 
ill serve to raise the tem ture of 100 cub. ft. of free air 
minute 300 deg. Fahr. for ten hours continuously. 
articulars are also given of flexible-steel hose, insulated 
to reduce heat losses, suitable for connecting the tools to 
the heaters. It is, of course, necessary to use metallic 
tubing for this pu as rubber tubing would be rapidly 
destroyed by the high temperature of theair. The London 
address of the firm is the Consolidated Pneumatic Tool 
Company, Limited, of Bridge-street, Westminster, S.W. 


Disposal of House Refuse.—A phlet relating to their 
method of house-refuse dis: f has reached us from the 
Patent Lightning Crusher Company, Limited, 29, Mincing- 
lane, E.C. For this purpose a special form of a 
disintegrating machine is employed to pulverise the 
refuse, which is thus reduced to a substance having the 
appearance of ordinary garden soil, and having little or 
no smell. In this form it is stated the refuse has valu- 
able fertilising properties, and is readily saleable for 
use as a manure. The disintegrator comprises four 
swinging beaters or hammers of special alloy steel carried 
by two discs on a shaft running at about 1000 revolutions 
per minute, the whole being enclosed in a rectangu 

cast-iron casing lined with steel plates and blocks. The 
refuse is fed into the machine practically as it is 
received from the collecting-carts, and is caught by the 
revolving beaters and thrown violently against the back 


fragments. Falling back again on to the beaters, the 
refuse is carried across a strong screen composed of 
= steel bars placed with their axes parallel to the 

aft in such a manner that they form part of a cylin- 
drical surface, the diameter of which is practically —_ 
to that of the path of the beaters. The material is thus 

und between the beaters and the screen until it 
is sufficiently reduced in size to fall through the 
om between the bars on to a conveyor, elevator, 
chute, or other device, which carries it away for storage 
or for immediate use. Unbreakable objects are carried 
across the screen and ejected through an opening pro- 
vided for this purpose. The machine usually supplied 
is capable of dealing with 4 or 5 tons of refuse per hour, 
and requires, on an average, about 20 horse - power to 
drive it, though a 40 horse-power motor is recommended 
to allow for unusual shocks; a smaller machine having a 
agen of about 10 tons a day is also made. The pam- 

let gives parti 8 of the costs o' tion an 
pblet gi iculars of th f installati d 
working, and also points out the numerous advantages of 
a pg Among the latter it is mentioned that the 
initial cost, and cost of upkeep, are very low, the space 
required is very small, and the operations are carried on 
without ucing a nuisance from smoke or smells, so 
that the a can be used in situations where it would be 
impossible to instal a refuse-destructor. 


Electrical Machinery and A .—The A. E.G. Eleo- 





trical Company of South Africa, Limited, Caxton House, 


of the casing, so that all breakable objects are reduced to | 7), 


Westminster, S.W., have sent us several pamphlets re- 


drive ordinary stepped-cone | lating to electrical machi and apparatus manufac- 
belt drive. The former comprises a pair of ing | by the oy Hlektricitate Gesellschaft of 
V-pulleys, each made in two parts, connec’ by a/ Berlin. In one of these pamphlets some notes on the 

ted belt which drives through its| selection of reflectors and the height of suspension for 


street lighting with metallic-filament lamps are given, 
while sinking pumps, cables, and other accessories for 
shaft-sinking are dealt with in another publication. 
Prices and full paticulars are also given of automatic 
self-starting eleotrically-driven rotary pumps for domestic 
water supply, electrically-heated crucible furnaces, and 
direct-current motors and generators, in three separate 
lists. The motors and generators are listed in ten frame 
sizes, the outputs of which range from 3.5 to 100 horse- 

wer, and 3.4 kw. to 90 kw. respectively. The crucible 
urnaces dealt with are suitable for melting all kinds of 
metals as well as glass, enamels, &c. ; temperatures of over 
3000 deg. Cent. can be maintained. The furnaces com- 
prise a static transformer with windings arranged to give 
a heavy current in the secondary circuit. This current is 
led by flexible conductors to two carbon contacts, between 
which the crucible is clamped, so that the current passes 
through the latter and heats it together with its contents. 
Ordinary fraphite or carbon crucibles can be employed, 
but they have to be prepared by a special process before 
use. Among the advantages claimed it is pointed out 
that these furnaces may be erected anywhere (even on 
a wooden floor) without any chimney. It is also men- 
tioned that the process of melting is easily controlled, 
can be carried out in special or in a rarefied atmo- 
sphere, and can be watched without inconvenience from 
radiated heat. Eleven sizes are listed for laboratory and 
industrial uirements. Their capacities range from 
0.15 kg. to 120 kg. of copper, and the maximum ene 
required by the crucibles varies from 1.5 kw. in ‘the 
smallest furnace to 100 kw. in the largest. The time 
required to melt a charge of 100 kg. is given as thirty 
minutes. Three other publications remain to be men- 
tioned—one dealing with Tirrill voltage regulators, and 
the two others with the electric-power plant at the 
Britannia Works of Messrs. Dorman, Long and Co., 
Limited, and with the Miirkische Electricity Works 
a ee The latter plant, which is situated at 
as e on the Finow Canal, 20 miles or so from 
Berlin, supplies power to the various industries in the 
neighbourhood of Eberswalde. 





CanaDIAN Propucts.—The value of the products turned 
out in twelve of the principal Canadian cities showed 
a ve t growth in the twenty years oes oe 


1910 inclusive. This is indicated by the following table :— 
City. Value, 1890. Value, 1910. 
Dole. Dols. 

Montreal .. 67,654,060 166,296,972 
Toronto... 44,963,922 154,306.948 
Winnipeg .. 5,611,240 32,694,349 
Vancouver. . 1,895,216 15,070,105 
Ottawa. 8,822,050 924,331 
Hamilton .. 14,044,521 56,125,946 
ebec 14 800,360 17,149,385 
alifax 7,198,143 12,140,409 
London 8,225,557 16,278,999 
Colgary i 258,900 7,761,011 
8t. John .. 8,131,790 10,081,667 
Brantford .. 4,280,999 16,866,229 


Only four Canadian cities had populations in excess of 
100,000 in 1911. These were Montreal, 470,480 ; Toronto, 
376,538 ; Winnipeg, 136,035 ; and Vancouver, 100,401. 





Unirep States Srex. Corporation.—The 
receipts of this undertaking last year were 745,505,515 
dols., showing an increase of 130,356,675 dols., as com- 
pared with 1911. The total working expenses last 
year were 640,962,486 dols., or 123,273,378 dols. more 
than in1911. The balance for last year was accordingly 
104,543,029 dols., or 7,083,287 dols. more than the cor- 
a for 1911. Sundry “adjustments” 
increased last year’s revenue to the extent of 3,344,565 dols., 
carrying the net income of the year to 107,887,594 dols. 
This total was further increased to 110,889,381 dols. 
by miscellaneous income; on the other hand, it was 
reduced to 101,137,652 dols. by interest due to sub- 
sid companies associated with the undertaking. 

e ce of net repr y a was again increased to 
108, 174,673 dols. by profits of the subsidiary companies not 
previously adjusted. The net profits were brought down 
again to 77,075,218 dols. by an allocation of 31,099,455 dols. 
= — reciation, which, “ — be — mee mad 

te) rger in amount than the correspondi ocation 
for 1911. Other charges and edestinate sehneet the 
balance available for dividend to 54,240,050 dols. Of 
this amount, 25,219,677 dols. was absorbed by the 
company’s preferred stock, leaving 29,020,373 dols. avail- 
able for dividend upon the common stock. The dividend 
upon this latter stock absorbed 25,415,125 dols., leav- 
ing a surplus of 3,605,248 dols. is surplus, being 

ded to 108,110,997 dols. in the form of previously 
accumulated surpluses, gave a final te surplus at 

the close of last year of 111,716,245 dols. The ton 
output of the subsidiary companies last year wu te 
largest since the corporation was formed, and notably 
larger than the ding yee for 1911. The pro- 
duction of basic, raw, and semi-finished products for sale 
to customers outside the corporation was as follows last 
year :—Iron ore, 26,428,449 tons ; coke, 16,719,387 tons ; 
pig iron, ferro, and spiegel, 14,186,164 tons ; steel, ingots 
and open-hearth, 16,901,223 tons ; and rolled and other 
finished steel products, 12,506,619 tons. The average 
= received for the total tonnage products shipped 
the mills of the corporation last year was 3.30 dols. 





ton less for domestic business, and 1.10 dols. per ton 
for foreign business, than in 1911. 
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tricts of Rhineland and Westphalia, where they use 
and are in need of North Swedish iron ore, may make 
itself independent of the North Swedish ore. It is thus 
to be feared, should matters develop in this direction, 
that when the State, in 1932, will be able to become sole 
owner of these North Swedish mines, that the possi- 
bility of increased exploitation may be limited, and 
should this surmise prove true it is probable that the 
price of iron ore rich in phosphorus, on account of a 
reduced demand, would decline in price. The increased 
export of ore which the measure —_ to bring 
about will, during the twenty years which it covers, 
yo ety the commercial balance of Sweden by some 

,000,000 kr., which sum will be further augmented 
in proportion as Swedish vessels are used for the 
export. 

As the Griingesberg Company owns half the shares 
in the Luossavaara-Kirunavaara Company it is, of 
course, only reasonable that this company should par- 
ticipate in the profit resulting from an increased output, 
the more so as it will be incumbent on it to find the 
additional capital necessary for the more energetic 
working. The Government has found it expedient to 
fix the profit accruing to the State from the increased 
output so as to avoid complications of account, and 
also because the State will not exercise any material 
control over the management of the Griingesberg 
Company. The ese certainly may derive a larger 
profit than calculated by possible reduction of working 
expenses or by higher prices, but it also runs ® corre- 

ding risk in the opposite direction. A profit to 

e State of 6 kr. per ton the Minister considered fair 
and reasonable, and he thought the State was on the 
safe side. The increased output is calculated to entail 
an additional outlay by the Gringesberg Company of 
some 10,000,000 kr. (550,000/.). For the State the cost 
of additional rolling-stock, &c., is calculated to amount 
to 4,000,000 kr. (220,000/.). Subject to the pro 
increased output being fully realised, there will be in 
the te a direct profit to the Swedish State 
of 93,000, kr, for the years 1913-1932, rising from 
900,000 kr. (50,000/.) for 1913 to 5,700,000 kr. per year 
for the last twelve years. . In addition, the interest at 
4 per cent. 4s annum will, at the end of the period, 
have reached the sum of 32,868,000 kr. (1,830,000/. ). 
Further, there will be a reduction of 46,500,000 kr. 
in the sum of 281,250,000 kr., which would be the 
calculated figure at which the State can redeem the 
mines in the year 1932. Above this there will be an 
increase of the surplus of the State railways from the 
increased traffic. ‘This is calculated at 46,800,000 kr. 
(2,600,000/.) for the twenty years; this surplus will be 
further augmented by the electrification of the Kiruna- 
Riksgriiusen line to the extent of 6,635,000 kr., accord- 
ing to calculation. 

e te increase in revenue by the proposed 
additional export of 31,000,000 tons of Lapland iron 
ore during the period 1913-1932 will thus amount to 
238,500,000 kr., averaging 7 kr. 70 dre per ton of ore, 
and about 12,000,000 kr. (666,000/.) annually for each 
of the twenty years. 
































































THE GERMAN MACHINE-TOOL INDUSTRY, 


A RECENT we on the state of the German machine- 
tool industry describes the condition of the market as 
favourable and hopeful, although several circumstances 
tended to perro this trade—viz., delay in the recej 
of payments and the trade-union movement amongst 
workmen. The machine-tool industry had its full share 
of last year’s buoyancy, especially that in the iron and 
steel industry. oreign markets showed considerable 
purchasing capacity, and the machine-tool trade cop. 
tributed its share to the steadily improving commercial 
balance of the country—viz., an increase of 12,500 
the aggregate exports of machine-tools amounting to 
77,000 tons, a figure far ahead of any other machinery 
branch. The imports certainly show a small increase of 
1400 tons, but this is mainly attributable to an inadequate 
tariff protection against American machine-tools, a state 
of affairs of which German makers in this branch con. 
stantly have had to complain. The result of an investi. 
ge undertaken to demonstrate the importance of the 
rman machine-tool industry showed that the ag, te 
sale of German machine-tools during 1912 amounted to 
225,000 tons, representing a sum of 225,000,000 marks, 
and that this industry gave employment to some 80,000 
hands and 7000 officials. 

The report emphasised the necessity, arising from the 
commercial and industrial ition, of increasing, perfect- 
ing, and specialising of the works interested in order 
somewhat to counterbalance the continuous rise in the 
cost of production, resulting from dearer raw material, 
higher wages, increased taxation and other burdens. 
Under this head is included also the demands of hands 
and officials for shorter hours, through which the economic 
basis of the German industry, in competition with other 
foreign industrial countries, suffers. 


INCREASED EXPORT OF SWEDISH 
IRON-ORE. 


Pans to increase the export of Swedish—that is, 
Lapland—iron-ore, which, it may be remembered, is 
under Government control, and in the revenue from 
which the Exchequer participates, have been under 
consideration for some time, and the Government has 
now introduced an important measure to this effect 
in the Diet. Although not finally passed at the time 
of writing, there can hardly be any doubt but that it 
will be promptly by the Riksdag. The proposal 
is in the shape of an agreement between the Swedish 
State on the one side and the large Griingesberg 
Company on the other, this company working the 
Lapland ore deposits in question under arrangement 
with the State. According to the new ment the 
Luossavaara-Kirunavaara Company, in addition to the 

uantities of ore which, according to its contracts with 

the Swedish State of 1907 and 1908, it is entitled to 
work during the period 1908-1932 from the Kirunavare 
and Gellivare iron-ore deposits, further becomes 
entitled, subject to the compensation to the State 
mentioned below, to work dispose of, from 1913- 
1932, an additional quantity of ore not exceeding 
31,000,000 tons—not more than 21,600,000 tons from the 
Kirunavare ore deposits, and not more than 9,400,000 
tons from the Gellivare ore deposits. The company 
has the right to deliver quantities not exceeding 
300,000 tons in 1913, 400,000 tons in 1914, 650,000 tons 
in 1915, 900,000 tons in 1916, 1,150,000 tons in 1917, 
1,350,000 tons in 1918, 1,600,000 tons in 1919, 1,850,000 
tons in 1920, and 1,900,000 tons each year between 
1921-1932. 

On half of the quantity of ore which the Luossa- 
vaara-Kirunavaara Company, according to the above 

reement, may mine and ship, the State will receive 
the net profits arising from sales, which profit, based 
upon recent investigations undertaken at the instance 
of the State, has been fixed at 6 kr. (6s. 8d.) per ton. 
From this profit, however, is to be deducted the fee 
which the State, as owner of the company’s preference 
shares, will receive on the 15,500,000 tons of ore, so 
that the profit due to the State in excess of this fee 
will be 5 kr. (5s. 64d.) per ton of Kiruna ore for the 
period 1913-1927, and 5.50 kr. per ton of Gellivare ore, 
and for the period 1928-1932 4.50 kr. (5s.) and 5.25 kr. 
(5s. 8d.) Prd ton respectively. 

Should the State avail itself of its right (according 
to the contract of 1907) to redeem, on December 31, 
1932, es shares in the 2 ete whe ee a 
pany, belonging to the Griin, rg Com (ite full 
name is Trafikaktiebolaget “Gennaeebe POrelésund), 
or in the Gellivare Malmfit, the sum at which the State 
oan redeem these shares, owing to reduction in the 
ore deposit, which will be effected under the new con- 
tract, shall be reduced by a sufn amounting to 3 kr. 
(3s. 3d.) per ton of half of the quantity of ore which, 
under the new terms, has been mined and shipped. 

Should the State not have exercised ite right of 
redemption by December 31, 1932, the amount referred 
to, besides interest at the rate of 4 per cent. per 
annum from January 1, 1933, to December 31, 1942, is 
to be deducted from the sum (to be fixed according to 
contract of 1907) which the State will have to pay 
should it at the latter date choose to exercise the right 
to redeem the deposits. 

In laying the above measure before the Riksdag the 
Minister of Finance stated that he had had the ore 
deposits examined, and these investigations had 
demonstrated that they contained considerably larger 
quantities of ore than was supposed when the contracts 
of 1907 and 1908 were drawn up. Whilst the investi- 
gations, undetaken at the instance of the State, in the 
year 1907, of the area of the Kirunavaara ore deposits, 
then belonging to the Luossavaara-Kirunavaara Com- 
pany, had arrived at an aggregate of 480,000,000 tons, 
this quantity, in view of rectifications of area, should 
really be 525,000,000 tons. which it is _—_ to solve by meré inspection any 

As regards the Gellivare iron-ore deposits (Malm- | problem on the flow of water through a given tube or 
berget), the quantity in 1907 was taken to be 50,000,000 | channel. These formule involve the velocity of flow, 
tons. The total amount of these deposits is now esti- | the hydraulic gradient, the hydraulic radius and variable 
mated at some 233,000,000 tons. coefficient of ean ; bo the ones have ne 

As to the Griingesberg ore deposits, which should | Prepared in such a way wn ce nate peateties 
also be considered in this connection, these, sccording | gaystl*s cam be combined, and, the fourth, read oft 
to the agreement of 1907, which limited the quantity | are never known with accuracy, the diagrams give he 
pec year, aro ctl the echjost of an invesigntion, and [Soa feted ieee 

’ nves' on, @ price of the set is 1 do! 
their amount is calculated at 67,500,000 tons toa depth " 
of 500 metres and 142,000,000 tons to a depth of 1 


metres. 

The more thorough knowledge of the extent of these 
various deposits shows that, even with a reasonable 
increase in the output, there is ore enough to last for 





OrriciaL YEAR-Book oF SclgnTIFIC AND LEARNED 
SocreT1zs.—This year-book, which applies to the scientific 
and learned societies of Great Britain and Ireland, now 
enters u its twenty-ninth annual issue. It is compiled 
from official sources, and published by Messrs. Charles 
Griffin and Co., Limited, :Exeter-street, Strand, W.C., 
at the price of 7s. 6d. It gives the names and addresses 
of all the societies, classified under sections, according to 
the branches of science they deal with, their officers, 
date of meetings, conditions for membership, and the 
lists of papers read. 





**BAUTECHNISCHE MiTTEILUNGEN.”—The Stahlwerks- 
Verband, Diisseldorf, have already published five issues, 
in the German Janguage, of their ‘‘ Bautechnische 
Mitteilungen.” These appear at indefinite intervals, 
and are issued free of cost. They show the application 
of rolled steel of all sections to the construction of all 
classes of structural work, and the issues so far published 
cover 80 pages and deal with the construction of business 
Pa. hotels, sheds, floors, roofs, reinforced-concrete 

uildings, and so forth. The various examples given are 
illustrated by line drawings and photographic views; 
they will be found interesting by contractors and builders. 
The sixth issue is announced to appear in a few days. 


Norwecian PassenceR STEAMER ‘‘ BERGENSFJORD.”— 
The second of two twin-screw passenger and emigrant 
steamers now building by Messrs. Cammell, Laird and 
Co., Limited, to the erder of Den Norske Amerikalinje, 
of Christiania, was launched from their Birkenhead 
shipyard on the 8th inst. The dimensions of the 

jord are as follows :—Length, 510 ft. ; breadth, 
61 ft. ; - th, 40 ft. 6 in. to shelter-deck, with a gross 
tonnage of about 11,000 tons. Accommodation is pro- 
vided for 105 first-class passengers, 216 second-class, and 
700 emigrants (in rooms). The main propelling machinery 
consists of two sets of twin-screw direct-acting, quadruple- 
ex ion engines of 8500 indicated horse-power, having 
cylinders 26in., 37}in., 53in., and 75 in. in diameter by 
51 in. stroke, desi for running at about 95 revolutions 
per minute. The boiler installation consist of eight single- 
—e boilers, 16 ft. in yj b Ne 8 in. long, suit- 
a or ing & pressure 0! . per sq. ip., 
fitted with Monten 8 system of forced draught, the 
forced-draught fans being supplied by Messrs. owden. 
Messrs. Gray and Brace have supervised the work for the 
owners during the construction of the vessel. 





MeTatitic PERMANENT Way. — There has been a 
further expansion this year in the foreign and colonial 
demand for British metallic permanent way, the value of 
the chairs and sleepers exported to March 31 having been 
214,942/., as compared with 134,497/. in the first three 
months of 1912, and 121,083/. in the first three months 
of 1911. This was due to a greater demand from 
British India, the exports to that important quarter 
of the Empire in the first three mon of this year 
beng valued at 170,482/., as compared with 98,9437. and 





DiaGRAMS FOR THE SOLUTION OF THE KUTTER AND 
Bazin ForMUL# FoR THE FLow or WatTER.—We have 
received from Mr. K. R. Kennison, of 815, Grosvenor 
Building, Providence, R.I., U.S.A., two diagrams with 





Tae Latest Development OF THE Rog PUDDLING 
Furnace.—This is the title of a paper which was re 
by Mr. David E. Roberts, M. Inst. C.E., at the meeting 
of the Staffordshire Iron and Steel Institute, held in 
Dudley, on the 5th inst. In his opening statements, the 
author stated that the test of time was clearly ry 
that wrought iron, for certain oo proved to 
undou y better than steel. ft steel of a very pure 
character was being put on the market under the _ 
of ‘ingot iron ;” although its analysis left nothing to 0 
desired, yet the fact that it was not finished in 2 pl : 
condition prevented it from peer | the protective influ- 
ence of the impregnated slag, and therefore in the matter 
of corrosion it was a totally —— * perme ane 
comparable with wrought iron. e then referre I 
paper by Mr. Roe, read before the Iron and Steel Insti- 
tute, London, in 1906 (see ENGINEERING, vol. lxxxil, 





Tue MeErcANTILE YEAR-Boox.—We have received a 
copy of “‘The Mercantile Year-Book and Directory of 
Exporters ” for 1913, the twenty-seventh year of publi- 
cation. It is edited by Mr. Walter Lindley Jones, 
F.R.G.S., editor of the Mercantile Guardian, and is 
centuries. published at the price of 10s. by Messrs. Lindley Jones 
Ra regard . the probable future the ore market, | and —— 16, > Cen Coe ee ei po .. 

e Minister, referring to a report . Brinell, ves the names on ex rms, es ; 
ao tulann' Wiidhbeek te tameatG toe fe . Brinell, saw | (o"which they deal, and the ports to which they ship. | pages 145 and 637), and stated that the Reading Com 

te for the 1 f i Lads Y “© | Similar information is given in regard to ing firms y, the largest makers of wrought iron in Americs, 

a addi: the loss of interest resulting from in the British provinces and in a large wen, coe of Conti- Pad put down a plant of larger dimensions than the one 

postponing additional "ae alliec ps the contrary, there | nental towns. A special chapter gives the names of| at Pottsdown described in Mr. Roe’s paper in question. 
Wie kelihood of the selling Prospeote deveriorat- | importers in the British Colonies and foreign countries. : 

’ creased exporting is no! shortl lertaken. I very large business t 

There is a risk that the iron industry in’ the iron dis- ~ gy gon gry pas ers 
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THE ENERGY SYSTEMS ACCOMPANYING 
THE MOTION OF BODIES THROUGH 
AIR AND WATER.* 

By Professor J. B. Henperson, D.Sc., Associate. 


science of hydrodynamics is one which the engineer 
aaieyen has left almost entirely to the mathematician, 
very few engineers having the mathematical ae 
necessary to follow the most elementary problems in t' 
treatment as devised by Helmholtz and Kelvin. 
The engineer's knowledge of the subject forms what 
Kelvin would have described as the natural history stage 
of the science, during which experimental observations 
are made, to be followed later by the natural philosophy 
stage, when these isolated experiments are correlated, and 
the laws underlying them are disco The amount of 
experimental information available on screw-propellers 
alone is very great, but the laws under! the action of 
these etal appliances are still beyond the ken of the 
engineer, so that this portion of the science is ww 
the borderland of the natural philosophy stage. e 
mathematician has not been able to help in the past, 
because when the practical conditions are represented in 
the equations these become unsolvable by all mathematical 
methods at present known. 
~The engineer has not unnaturally looked askance at 
the work of the mathematician, discrediting that portion 
which is definite, partly because it admittedly does not 
deal with practical conditions, and use he 
does not understand the steps of the proof sufficiently to 
see the bearing it may have on the practical problem. 
The object of the present paper is to draw attention to 
one or two very important features of the phenomena, 
which are prominent in the mathematical treatment, but 
are completely neglected in many of the experimental 
researches—namely, the energy systems accompanying a 
body moving in a fluid. It is probable that when these 
systems are allowed for in the analysis of the experimental 
results a further insight will be gained into the pheno- 


mena. 
Consider the case of a body moving in a perfect fluid 
and for simplicity let the body be a sphere. If the flui 
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is otherwise at rest, the velocity and acceleration of every 
particle of fluid is perfectly definite, depending only on 
the velocity and acceleration of the sphere and on the 
position of the particle relatively to the sphere. The 
general type of the fluid motion 1s a flow from the front 
or leading side to the back or following side of the aphere, 
and the instantaneous direction of motion is given by the 
lines in the upper half of Fig. 1, the velocities being 
inversely proportional to the separation of the lines of 
flow. These lines are the stream-lines due to what is called 
in hydrodynamics a “‘ point doublet.” The relative motion 
of sphere and fluid is given by the stream-lines in the 
right lower quarter of the re. If the sphere be 
sccelerated or decelerated, a difference of re is 
immediately created between the front and hemi- 
which is immediately transmitted throughout 
the whole fluid in such a manner that every particle of 
fluid is also accelerated or decelerated to such a degree 
4s to maintain the form of the flow in Fig. 1. Now, 
what is the mechanism by means of which every particle 
up its change of velocity? It is, of course, by 
forces transmitted to it from neighbouring particles, but 
manner | be rendered clearer by considering the 
effect of a small explosion at a point in a perfect fluid. 
valoda van nue t ———_ with inhaite 
» because the ect fluid is incom i 80 
that every a moves radially outwards from 1, 
centre by an amount inversely proporti 
to the square of the radius. If an explosion occurs at 

A (Fig. 2), a particle at P moves radially outwards 

slong A P by an amount represented by 
4n implosion occurs simultaneously at B, then the 

P moves inwards along P B a distance P b. 
resultant motion is therefore P c, the diagonal of the 

enon scam and if the same reasoning be applied to all 
particles of fluid, it becomes evident that the fluid 

— consists of a momentary flow from A towards B of 

typeshown in Fig. 1. 

_A sustained increase of pressure at a point may be con- 
an 48 a rapid succession of infinitesimal explosions, 
to * sustained defect of pressure at a poi steecenpe come 
eon of implosions. Hence a difference of pres- 
—S maintained between two points results in a flow hom 
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one point to the other, and this flow is not confined to the 
immediate bourhood of the points, but pervades the 
whole of the fluid. When a sphere is pond acer i 
perfect fluid, a difference of pressure is —- between 
the leading and following hemispheres from which waves 
of pressure are sent out with infinite velocity, thus 
accelerating the motion of every particle of fluid instan- 
taneously. 

Practical Fluids Compared with a Perfect Flwid.—A 
practical fluid differs from the perfect one in being com- 

ressible and in having viscosity. The compressibility 

iminishes the velocity with which pressure is propagated 
through the fluid. Insvead of being infinite, this velocity 
amounts to 1450 metres per second in water and 330 
metres per second in air. In dealing with velocities of 
even 60 miles be hour, or 26 metres per second, the 
velocity of sound in air is still 13 times as great, and that 
in water 56 times as great, so that in most problems of 
propulsion in air and water the velocity of propagation is 
practically infinite compared with the velocities of motion, 
and the phenomena must approximate very closely to 


Fig.t. 
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those in a perfect fluid as far as compressibility is con- 
cerned. 

The viscosity of water is very small, and the rate of 
shear th hout the circulation in the fluid is small at all 
points which are distant from the sphere by several 
diameters. At points near the the influence of 
viscosity is seen by the eddies created ; but although 
eddies may alter the distribution of pressure around the 
sphere, they do not annul the difference of pressure 
between front and back during acceleration, and the 
eddies do not reflect the waves of pressure transmitted 
from the front and back ; hence the eddies cannot annul 
the flow throughout the rest of the fluid from the front to 
the back of the sphere. In air the viscosity is much 

ter than in water in comparison with the densities, 
ee the effects of viscosity will be ter in air; but, 
however great, they cannot annul the flow accompanying 
the moving sphere or other body. 

The Energy of a Body Moving in a Fluid.—The flow 
accompanying a body moving through a fiuid contains a 
certain amount of kinetic oneray. and since this energy 
system moves forward with the body, it constitutes a 
virtual increase in the mass of the body. Since the fluid 
gains velocity at the expense of its pressure, it may be 
argued that there is no increase in the total energy of the 
system due to the motion of the fluid. This whole question 
of the energy distribution is much mi ; for 
example, in a recent lecture to one of the learned societies 
b ‘ect fluid is described as one in which pressure and 

ity are connected by an invariable law, the sum of 
the potential and kinetic energies remaining constant for 
all time. This last sentence means that energy cannot 
be imparted to a perfect fluid, and that the kinetic energy 
system accompanying a body moving in a perfect fluid 
contains no more energy than it did when the body was at 
rest, and consequently that it would require no greater 
force to accelerate the body in the fluid than out of it. 

The misunderstanding arises from attributing to the 
so-called ‘‘ potential energy ” of the fluid due to pres- 
sure a physical meaning which it does not possess. 
This energy is not in the fluid, but is stored in the 
weight or other agent maintaining the pressure. This 
illustrated by considering the case of a closed tank f 
water. The pressure in the tank par So peleaet 


Foe 


these | relative position and courses of 


to this piston very little work need be done, but the 
: jing gain of so-called “* pressure energy ” in the 
fluid may be enormous, being p/p per unit mass. Now, 
suppose that in this tank there is a solid body. For 
simplicity, say a sphere which can be accelerated by 
means of a wire passing through a frictionless gland in the 
ye indie yA Sewn *: po cyt 
is not moving the sphere, ce ti i 
does not descend, and no energy is added to the tank of 
water by the piston. The energy in the system is there- 
fore independent of the re, and is all kinetic. The 
only energy which a y or system can really possess is 
— kinetic or a (as in = case of a gas). Poten- 
tial energy is only a form of expression representing 
the work which can be done on the body or system 
by forces external to the system. When the ere is 
accelerated in the tank the difference of pressure between 
the leading and following hemispheres resists the motion, 
and the energy im to the fluid in virtue of this 
resistance is stored in the fiuid as kinetic In the 
case of a sphere moving in an infinite fluid this energy is 
equivalent to an increase of the mass of the sphere by 
half the mass of fluid displaced. In the case of a circular 
cylinder moving perpendicular to the axis the increase is 
e whole mass of the fluid displaced. In the case of an 
elliptic cylinder moving parallel to the major axis the 
increase 1s the mass of fluid equal in volume to the in- 
scribed circular cylinder, but when moving parallel to the 
minor axis this volume is increased to that of the ciroum- 
scribed circular cylinder. So also in the case of every 
other body the virtual mass exceeds the actual mass by a 
certain proportion of the mass of fluid displaced. In the 
case of ships and other floating bodies the mass of fluid dis- 
placed is equal to the mass of the ship, consequently the 
virtual mass of ships considerably exceeds the actual mass. 
Interaction between the Body and tts Energy System.— 
The energy system accompanying a body moving in a 
fluid has an existence as real as that of the body, and it 
often makes its presence felt in a remarkable manner. 
So long as the motion is rectilinear, the virtual mass 
allows ey for the energy system ; but when the 
direction of motion is meng = it cannot be allowed for so 
simply, because the form of the energy system then alters. 
The stability of the body and its energy system then 
become of the greatest importance, because, if the com- 
bination is unstable, any attempt to turn the body may be 
considerably assisted by the instability. The energy in the 
combination then passes from the body to the fluid, and rice 
versd, ina periodic manner. An ted body like a ship 
is in unstable equilibrium on a straight course, and has to 
be kept on the course by her rudder. If free, she naturally 
turns so as to move broadside on, because then her energy 
system isa maximum. Ina paper by Professor Wm. Hov- 
gaard on ‘Turning Circles of Ships,”* read at the last meet- 
ing of the Institution of Naval Architects, the re on 
the rudder calculated to turn a certain ship on her experi- 
mental circle was sixteen times the pressure on the rudder 
actually measured, and in the discussion several explana- 
tions were offered to account for this, but none of these 
considered the natural instability of the ship on a straight 
course due to the form of the hydrodynamic energy system 
accompanying her. A consideration of the unstable 
motion of an elongated ellipsoid in a perfect fluid moving 


initially lel to its longest axis throws considerable 
light on the problem. 
Mutual Action of Two Energy Systems.—Since the 


energy system accom ing & moving body in a fluid 
rvades the whole fluid, 3 follows that when two moving 
Podies are present in the same fluid, the two energy 
stems must react on each other and on the two bodies. 
ence there must be a mutual action between two ships, 
which may be an attraction, a repulsion, or a turning 
tendency, or a combination of theme, depending on the 

e ships. 

Effects of Cavitation.—The above energy system is 
not the only one accompanying the motion of a body 
through a perfect fiuid. There are really two ty of 
perfect fluid: the first is supposed to be capable of 
withstanding negative pressure—s.¢., tension—while the 
other is incapable of withstanding tension, and cavitates 
at any point at which the pressure falls to zero. In the 
first type of fluid this en system is the only one 
accompanying the body at all speeds, but in the second 
type a new energy system is created as soon as cavitation 
begins. This problem was discussed by Lord Kelvin 
= Sir Wm. Thomson) in the Proceedings of the 

yal Society for 1887, vol. xlii., 83, “On the 
Formation of Coreless Vortices by the Motion of a Solid 
through an Inviscid Incompressible Fluid.” The note is 
so short and so important that I quote it in extenso. 
“Take the simplest case: let the moving solid be a 
globe, and let the fluid be of infinite extent in all direc- 
tions. Let its be of any Dap 3 value P, at infinite 
distance from the globe, and let the globe be kept moving 
with a given constant velocity V. / 

“Tf fluid everywhere in contact with the 
fai, Sts velocit tively to the globe at the equator 
(wi is the of oer] relative velocity) is § V. 

‘ence, > § V®, the fluid will not remain in contact 
with the globe (the density of the fluid is taken as yg 1 

Vy op the first place, P to have been > § V%, 
and to suddenly reduced to some constant value 
<V* The fluid will be thrown off the globe at a belt 
of a certain th, and a violently disturbed motion 
will ensue. To describe it, it will be convenient to speak 
of velocities and motions relative to the globe. The 
fluid must, as indicated by the arrow- in Fig. 3, 
flow partly backwards and partly forwards, at the 
I, where it impinges on the globe, after having shot off 





* Transactions of the Institution of Naval Architects, 
re | ba page 23. Enoriwernine, vol. xciii., pages 434 
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at a tangent at A. The back-flow along the belt that 
had bared must bring to E some fluid ; and the free sur- 
face of this fluid must collide with the surface of 
the fluid leavi the globe at A. It might be 
supposed that the result of this collision would be a 
‘ vortex sheet,’ which, in virtue of its instability, would 
get drawn out and mixed up indefinitely, and be carri 
away by the fluid further and further from the globe. 
A definite amount of kinetic energy would be practically 
annulled in a manner which I hope to explain in an early 
communication to the Royal Society of Edinburgh. _ 

‘*But it is impossible, either in our ideal inviscid in- 
compressible fluid, or in a real fluid such as water or 
air, to form a vortex sheet—that is to say, an interface 
of finite slip, by any natural action. What happens in 
te or at _ = regener mesg noe Pp ort 
realand imaginable case of two portions of liquid meeting 
one another, as, for instance, a drop of rain falling directly 
or obliquely on a horizontal surface of still water, is that 
continuity and the law of continuous fluid motion become 
established at the instant of first contact between two 
points, or between two lines in a class of cases of ideal 
symmetry to which our present subject a oi 

** An inevitable result of the separation of the liquid 
from the solid, whether our supposed globe or any other 
figure rs! symmetrical round an axis and moving 
exactly in the line of the axis, is that two circles of the 
freed liquid surface come into contact and initiate in an 
instant the enclosure of two rings of vacuum (G and H in 
Fig. 4, which, however, may be enormously far from like 
the true configuration). . 

“The ‘circulation’ (line-in of tangential com- 
ponent velocity round any endless curve encircling the 
ring, a8 @ ring on a ring, or one of two rings linked 
together) is determinate for each of these vacuum-rings, 
and remains constant for ever after, unless it divides itself 
into two or more, or the two first formed unite into one, 
against which accidents there is no security. _ 

**It is conceivably possible that a coreless ring vortex 
with irrotational circulation round its hollow shall be left 
oscillating in the ‘oa of the equator of the 
globe, provided (g V2-P)/P be not too great. If the 
material of the globe be viscously elastic, the vortex 
settles to a steady position round the equator, in a shape 
perfectly symmetrical on the two sides of the equatorial 
= ; and the whole motion goes on steadily henceforth 

r ev 


or ever. 

“Tf (8 V2— P)/P exceed a certain limit, I sup 
coreless vortices will successively formed and shed off 
behind the globe in its motion through the fluid, in- 
cessantly.” 

The conclusions in this paper of Lord Kelvin’s are of 
far-reaching importance to naval architects. The most 
important conclusion is that a body moving at a uniform 
speed through a perfect fluid wg bys = ape a@ resistance 
to its motion if only the speed be high enough to create 
cavitation, the resistance being absorbed in generating a 
continuous trail of ee systems which are left behind 
in the wake. In the perfect fluid the pressure must fall 
to zero before cavitation results, but in water cavitation 
begins much earlier, probably due to the presence of air 
dissolved in it, and probably also due to the presence of 
small eddies caused by surface friction. In reciprocating 

umps a pressure head of from 6 ft. to 10 ft. of water is 

ound to be necessary to prevent separation of the suction 
column. It would seem from the above that in the 
resistance to the motion of a body of “‘ easy” form a dis- 
continuity ought to occur at a certain speed. Ina long 
ship-shaped body, such as a submarine, this discontinuity 
would occur at a8) much above the highest speed at 
present attained ; but with bodies which are very broad 
compared with their length in the direction of motion, 
this critical speed may be within the practical range, and 
the shorter the ratio of length to breadth the more likely 
is this to be the case. Hence, ina plate of some thickness 
having rounded edges, »nd moving perpendicular to its 
surface, a discontinuity might be expected to occur in the 
curve of resistance at a low speed. When the plate is 
made very thin or the edge very sharp, a new set of con- 
ditions may arise; but in the absence of experimental 
evidence no useful purpose would be served by vague 
speculation as to what happens at the sharp corner. 

An assumption that is frequently made in experiments 
on the resistance to the motion of bodies oe fluids 
is that the resistance to the motion of the y is the 
same as the force on the body when the fluid moves past 
it with the same relative be cary Dubuat, in 1786, 
made some experiments in which he measured the force 
required to tow a — in still water, and also the force 
required to hold the same plate stationary in a stream, 
the relative motion of plate and water being the same in 
the two cases, and he found the ratio between the two 
forces to be 1: 0.77 or 1.3:1. An explanation which 
po iteelf 4 — ——— ed have oe in one 
case not in the other. To testthis suggestion, the speeds 
at which cavitation would occur in a ‘ect fluid in the 
two er if the body werea circular cylinder, were calcu- 
lated, and were found to be the same. Hence the differ- 
ence, if real, must be due to a difference in the eddy 
motion arising in the two cases. Very little is known 
about eddy motion, and there is no evidence, prima facie, 
why the eddy phenomena should be the same in the two 
cases. The eddiés arise from instability in the steady 
motion, and, to prove the equivalence, it would have to 
be proved, not only that the inception of instability, but 
also that the resulting motion following on instability, 
depend solely on the relative motion. It would be much 
easier to test the equi by experiment, but so far 


as the writer is aware, Dubuat’s results have never been 
confirmed or refuted, notwithstanding the large number 
of experiments which have been made on moving plates. 
Of conrse, in this connection the results of experiments 
on whirling-machines are debarred. 





In experiments on plates it is most important to pay 
attention to the form of the edge, and it is highly desir- 
able that a series of experiments should be carried out 
on circular plates of elliptic diametral section with diffe- 
rent eccentricities, the speed in every case being carried 
up to the cavitation limit. Elliptic section is to be pre- 


ed | ferred, because it lends itself to easy calculation of the 


relative velocities. , 

P s.—A propeller is a mechanism which acts on 
a fluid in such a manner that a reaction is produced in a 
given direction, and this reaction may be either con- 
tinuous or spasmodic. Since a fiuid is a body which offers 
no permanent resistance to change of shape, the fluid 
must yield to the action of the propeller, and work must 
therefore be done on the fluid. The energy in the fluid 
must therefore increase, and the efficiency of propulsion 
must necessarily be less than unity. ‘ 

Consider the case of a boat floating in a perfect fluid 
being propelled by oars or sculls. During acceleration of 
the t the kinetic energy of the boat and its accom- 
panying system is being increased by generating a 
succession of other energy systems by means of the oars, 
each and every energy system pervading the whole of the 


contain eddies, because it is impossible to generate an 
eddy in a perfect fluid, but may contain coreless vortices ; 
it is not the intention to discuss their form here, however. 
As soon as the required velocity is obtained, the boat and 
its energy system move for at uniform speed, and, but 
for the wave resistance, would require no further propul- 
sion. The oars must continue to generate energy systems 
at a sufficient rate to overcome the wave resistance. 

In water the energy — created by the oars must 
approximate closely to those created in a perfect fluid, 
for the same reasons as have already been given to show 
that the energy system accompanying the t must be 
approximately similar in the two fluids, because of the 
small viscosity and small compressibility of water. The 

henomena near the oar blades may be slightly affected 

y viscosity, but at points distant, say, beyond one or 
two times the width of the blade, the phenomena must 
be very similar in the two fluids. 

Screw Propellers.—Now consider the case of a screw 
propeller in a perfect fluid, taking first of all the non- 
advancing screw. During the angular acceleration of 
the screw the driving face of the blades.must be a seat of 
increased pressure, and the back of the blades a seat of 
diminished pressure, so that the average pressure on one 
side of the screw disc exceeds that on the other. The 
principal effect which this difference of pressure produces 
on the fiuid as a whole is a flow from the driving side 
round to the other side of the screw disc, the flow being 
comparable with that produced by the axial motion of a 
circular plate representing the screw disc, but with this 
difference—that the flow produced by the plate is an 
advancing one, while that ee uced by the non-advancing 
screw does not advance. - This flow, linking up with the 
flow through the screw disc, will form a circulation. In 
addition to this main circulation there must be secondary 
local disturbances due to the several blades, the form of 
which must be complicated. The screw must experience 
a thrust during the initial acceleration, due to the gene- 
ration of the principal circulation, and when the rate of 
revolution becomes uniform the thrust due to this cause 
will cease, the principal energy system having been gene- 
rated. The secondary ‘énergy systems created by the 
several blades cannot continuously change their direc- 
tions of motion so as to fdllow the blades in their spiral 
path through the primary circulation, so that the blades 
are continuously erating energy systems and experi- 
ence a corresponding thrust and torque. Experiments 
in water show that one part of the secondary ene 
systems takes the form of vortex filaments having their 
cores at the tips of the blades. 

The action of the blades of ascrew is often likened to 
that of a blade moved through the fluid on a straight 
course, but there is really no similarity between them. 
In the latter case there is one primary energy system 
which is generated by the blade during its initial accelera- 
tion, and after being generated moves along with the 
blade, and there is ‘no further resistance to the motion of 
the blade so far as this system is concerned. e screw 
propeller has to deal with a spiral path, and no ener 
system will be self-propagating along such a path. 6 
know so little of the secondary energy systems that we 
cannot discuss them. When the revolving screw is 
accelerated axially the principal energy system has also 
to be accelerated, and a corresponding thrust is experi- 
enced by the screw-shaft, the direction of the thrust 
depes.ling on the direction of the acceleration. This 
sheusc ceases with the acceleration, and the principal 
circulation then moves forward with the screw with 
uniform speed. If the screw is axially self-propelling 
the circulation takes place from the driving or following 
side round to the leading side of the disc, the direction 
being the reverse of that, produced by the motion of a 
8 or disc. While it 1s evident that in the case of 

sphere the fluid actually moves from the front to the 
back of the sphere, it is equally evident that, in general, 
the fluid does not move from the driving to the leading 
side of the screw; hence the presence of this circulation 
has to be demonstrated. When the screw does not ad- 
vance, this circulation is evident ; but when the screw 


by observing the instantaneous direction of motion of 
particles ahead of the screw, which will be found to be 
similar to the directions of motion in the circulation 
in Fig. 1, or, still better, by studying the stream-lines 
when a screw works in a uniform stream. It will be 
found that the stream-lines curve in towards the screw 
disc. This is illustrated in the lower left quarter of 

1, in which the direction of flow has been reversed 





Fig. 
a combined with a parallel flow. 





fluid as if it existed alone. These energy systems cannot | f 


advances, the presence of the circulation may be detected | solitary 





In water or air the phenomena are complicated 
eddies, but these cannot destroy the main features of the 
energy system, more especially those of the principal 
energy system. A screw propeller working in air or 
water is therefore working at the centre of a self-pro 
gating energy system or. circulation which advances with 
the screw. This circulation has never been allowed for 
in discussing the results of experiments. It seems, 
therefore, highly desirable that experiments should be 
carried out to study the connection between this system 
and the slip of the screw. The existence of this 
8 m might be tested as follows :—Let a scrow be run 

rough the water in an experimental tank at uniform 
speed and at such rate of revolution that the thrust js 
zero. .On a second run, at the same speed of advance, 
increase the rate of revolution so as to give considerable 
thrust; then, when running under steady conditions, let 
the rate of revolution be quickly changed to the former 
no-thrust rate, and draw the curve of thrust during and 
after the change. If the screw is accompanied by a 
circulation, as is contended above, the curve should show 
negative thrust after the change; but if there is no 
accompanying energy system, the thrust should merely 
all to zero. Since the secondary energy systems are 
created by the several blades, they cannot be self-propa- 
gating along the spiral path, hence they do not affect 
the energy or virtual mass of the screw like the primary 
circulation. 

A kindred problem, occurs in the testing of fans where 
the fan delivers air into a chamber at a pressure above 
atmospheric, the pressure in the chamber being con. 
trolled by the size of the outlet. Since a circulation must 
take place from this outlet to the inlet of the fan, and the 
energy in this circulation is contributed by the fan during 
its initial acceleration, it is evident that the fan ought 
not to be credited with the kinetic energy in the air 
entering the fan. 








TRIPLE-ScREW PASSENGER AND CARGO-STEAMER FOR 
AUSTRALIA.—Messrs. Harland and Wolff, Limited, Bel- 
fast, launched, on the 10th inst., the triple-screw steamer 
Katoomba, built to the order of Messrs. Mcllwraith, 
McEacharn and Co., Proprietary, Limited, of London and 
Melbourne. The Katoomba is 466 ft. 1 in. long b 
60 ft. 44 in. beam, and over 9000 tons gross. She will 
have accommodation for a large namber of first, second, 
and third-class passengers, in addition to having large 
capacity for cargo, horses and cattle, also large refrige- 
rated cargo s For propelling machinery the owners 
have adopted the builders’ latest combination of recipro- 
cating engines driving the two wing propellers, and the 
low-pressure turbine driving the centre one. The 
Katoomba, like the Karoola, built by Messrs. Harland 
and Wolff, Limited, for the same company a few years 
ago, will trade between Sydney via ports to Western 
y - li 





THE INSTITUTION OF MECHANICAL ENGINEERS: SUMMER 
Meertinc —The provisional programme for the Summer 
Meeting of the Institution of Mechanical Engineers, to 
be held this year at Cambridge, has now been issued. At 
present the programme is as follows :—On Tuesday, July 
29, the Vice-Chancellor of the University, the Mayor of 
Cambridge, and the Members of the Local Committee, 
will receive the President, Sir H. F. Donaldson, K.C.B., 
the Council, and Members in the Senate House of the 
University, after which papers will be read and dis- 
cussed. After luncheon in the dining hall of Trinity 
College, there will be visits to works, laboratories, &. 
In the evening the Institution Dinner will be held in the 
Guildhall, followed by a reception in Trinity Lodge by 
the Rev. H. Montagu Butler, D.D., Master of Trinity, 
and Mrs. Butler. On Wednesday, the 30th, papers will 
be read and discussed in the morning, and after luncheon 
in the dining hall of King’s College, there will be visits 
to works, &c., and a garden party at Magdalene Lod; 
wy the invitation of the Rev. S. A. Donaldson, D.D., 

ice-Chancellor of the University, and Master of Mag- 
dalene College, and Lady Albinia Donaldson. In the 
evening there will be a reception in the Guildhall by the 
Mayor, Councillor W. H. Francis, and Mrs. Francis. 
On Thursday there will be visits to Ipswich and Ely, and 
on Friday to Bedford, visiting the Queen’s Engineering 
and other works. 





Openines For Civit ENGINEERS IN SOUTH AFRICA.— 
The Cape Times for Thursday, March 13, reproduces an 
address delivered on March 12 by Mr. F. E. Kanthack, 
Union Director of Irrigation, at the 1913 session of the 
South African Society of Civil Engineers, a society 
which he has been elected president. In this, he stated 

for many years past complaints had been made by 
the engineer in private practice in South Africa to the 
effect that the State was encroaching on his legitimate 
sphere of activity and that his means of livelihood were 
being taken from him. He, the speaker, confirmed t 
first, adding that during the past ten years the position 
of the engi in private practice had become decidedly 
worse. He then referred to the made through- 
out the world in Socialism, adding that the community 
was becoming ® vast and complicated machine, the indi- 
vidual being of little more importance in it than the 
i blade in a steam-turbine. The private engineer 


might test, but was unable to stem the tide of State 
Socialism that was running in so rapidly. There was, 
work offering, 


however, in the Union plenty of municips offer 
and Government was frequently driven into taking 1t UP 
solely because no private and properly qualified engineer 
was available. Indifferent practitioners had s!s0 . 
much to bring the private engineer into discredit ; i 

ualifications of engineers in private practice shou 
antes be raised. 
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ELECTRICAL APPARATUS. 
The British Thomson-Houston 
1680/12. 


’ 

ited, on, E. Richmond. eC- 
tric Switches. [3 Figs.) January 20, 1912.—The invention 
relates to switching mechanism for use in combination with trans- 
formers in systems of the type in which current is supplied from 
the secondary of a transformer to a work circuit wh! may in- 
clade the compounding coil of an automatic regulator, an instru- 
ment or other piece of electric apparatus. In such systems it is 
not advisable to open the circuit of the secondary of the trans- 
former when the work circuit is opened, as the secondary winding 
may be thereby damaged, and the object of the invention is to 
prevent the possibility of such —— taking place. Acco to 
this invention, the . ye provide the combination with a 
transformer, of switching mechanism comp’ a switch nor- 
mally short-circuiting the ve pong J eg ney of the transformer, 
and a second switch adapted to dary winding in 
awork circuit. The second switch is so comand and arran 
that it opens the short-circuiting switch only after the work 
cireuit is closed, and allows the Scct-chroutting switch to close 
before the work circuit is opened. In the drawings, the knife- 








Fug. 2. 
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blades are hinged to stationary contacts a, and are adapted to 
connect these contacts to the stationary contacts b. Contacts b 
are secured to the board ¢ by means of bolts which project 
through the board, and have auxiliary contacts e secured to them 
on the opposite side of the board from the switch handle. These 
auxiliary contacts e are RN mye connected when the switch is 
open by means of a bridging contact f. Bridging contact /f is 
carried on the end of a re ed bolt or rod g, which passes through 
the board and is surrounded by a spring which tends to keep the 
bridging contact in engagement with the contacts e. On the 
insulating bar k, joining the two blades of the switch, is secured a 
projection m adapted to engage the outer end of the rod g when 
the switch is closed in suc =: a@ manner that the bridging contact 
will be moved out of engagement with the auxiliary contacts after 
the blades have enanged’ the stationary contacts b, but before 
they are pressed fully home. In the diagram. , Fig. 8, 3 is the 
secondary of a transformer which is short-circuited by the 
bridging contact f and ris a regulating coil or instrument con- 
nected across the contacts a, and ad d to be d to the 
transformer s. (Accepted January 29, 1913.) 


GUNS AND EXPLOSIVES. 


13,778/12. R. H.S. Bacon, and F. W. H. Shepherd, 
Coventry. Grabs for Lifting Shot and Shell. (2 Figs.) 
June 12, 1912. - -According to this invention, the usual pivoted 
jaws which embrace the shot or shell are prolonged upwards 
above their pivots, and these prolongations have between them a 
wedge-shaped cam which is free to turn about a pivot os at right 
angles to the pivots of the jaws. The lifcing-rope is attached to 
the cam, 80 that the weight of the shot or shell tends to turn it 
about its pivot and thus force apart the prolongations of the jaws 
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may be coupled together so that they may be fired in salvo, but 
nevertheless they may be given different elevations to pty 
peel mag oe TE velocity ; such gear is shown, for 
oe & - ~ by Ap. bs. - ah oa 1907. 
ccording to ven e applicants employ for elevating 
one at least of the guns helical gear, the pinion of which can be 
shifted along the common shaft so as to _—- pend 
less devetien without rotating the shaft. In order that it —— 
be readily seen how much one gun is in advance of the other, the 
applicants rae anne arrange on each of the pinions a wheel which 
operates a dial or a pointer, the two dials or pointers of the two 
guns —s placed in juxtaposition ; or, instead of wheels on the 
pinions, the applicants may employ arcs or sectors mounted on 











the trunnion cheek-plates or some other suitable part of the 
; or, again, they may actuate the index Med a simple lever 
touching the trunnion-cheek or some other part e invention 


is illustrated in the accompanying nnn Hh "ig. 1 being a rear 
view and . 2 a section. a, a) are two gun es fitted with 
sectors b, “gearing with pinions c,' cl on a common shaft d, 


the two ‘parts of which can be coupled together for salvo 
firing, or led for ind dent firing by a clutch e. The 
parts b,c are of. ordinary construction, but 1, cl have helical 
teeth, ‘and the pinion cl is moun on a cradle J, 80 that 
it can be slidden along a square portion of the shaft d Bes means 
of an hydraulic cylinder. As the Fang is so moved it will alter 
the elevation of the left-hand though the shaft d is not 
rotated. Lever-arms i st the Sechaba tes j actuate indexes 
k moving over sectors, so that it may be seen how much one gun 
is in advance of the other. (Accepted January 29, 1913.) 





PRINTING AND ALLIED MACHINERY. 


2119/12. W. A. Payne, London. Flat-Bed Printing- 
Machines. [1 Fig.) January 26, 1912.—In printing-machines 
which have flat reciprocatin -tables or beds it is usual to employ 
at either end of the table a buffer or buffers to cushion the stop 
of the table and prevent shock when it comes to the end of its 
traverse or stroke. According to the present invention, the 
applicant provides. each buffer with a valve which is opened at 
the proper time—that is to say, after the bed has started a new 
stroke and before the printing has n, by an attachment con- 
nected to some convenient part of the mechanism, — and — 
again automatically as required. a is the machine 


for its object to provide means for preventing the objection- 
Seas S Sonat & Oe ent to the presence of 
—— = pane yy ey water with the sand by the steam 
ejector as beneath the driving-wheels of the 
entieees or inet tine. steam in ae guamap Bn Gp cone 
valve to the usual eae or nozzle travels th 
chamber a which forms a water trap, being adapted to lect 
the condensed stean: or vapour and to di ae eS 
~ ty Ae pf, EH, Dt 

which close when the steam is flowing through the trap but open 
when the water is present therein. Such means may, for example, 
comprise a ball-valve } held out of engagement with its seat by a 
spring 80 as to allow of the free escape of water when the steam 





pressure is removed from the interior of the chamber a, but which 
closes to prevent the escape of steam when a pressure exists 
within thechamber. The chamber a in v7 illustration also forms 
asteam-jacket for heating the sand- from which the sand is 
withdrawn in the known manner by oa air-currents, and so 
vents the caking of the sand due to the ce of moisture 
erein. The steam preferably enters and leaves the jacket at 
its upper end by the pipes ¢ and /, whilst its lower end serves to 
collect the water of condensation, which is discharged ir a 
manner previously described. The’ jacket thus serves, not on 
for the drying of the sand in the sand-trap but also for caitecting 
water of condensation. (Accepted January 29, 1913.) 


10,042/12. P. Da estminster 8. J. 
ay Pen ng (4 Figs.) Lota, jo — 


As is now well By. many different motor its have 
been from time to time proposed for locomotive purposes, with 
the peed ge object of scouting uniform running, but none of them 
all respects satisfactory. For example, it has been yam 
to oo tounamms power from rotary motors at a height above driv- 
ing axles through countershafts in the same e as the latter so 
as to prevent the driving being interfered with by reason of move- 
ment b the ve = and such axles ; but all such 
fae nage have embodied reciproca’ ting rods which 
involve dead-centre troubles. Sew it is the object of the preseni 
invention to provide arrangements to secure uniform torque with 
entire absence of dead centres and no interference due to move- 
ment between the locomotive frame and axles. This object is 
achieved by employing a rotary motor or motors, flexible gearing 
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and countershafting in the same horizontal me as the axles. 
- ractice, two or more axles may be coupled together by chain 
ike gearing, and all be driven from one counter-shaft. Also a 
locomotive may comprise an axle or axles driven as described in 
with ther axle or axles driven by a motor 

with its axis in the same horizontal plane as the addi- 
os axle or axles, and whether such plane above or below 
lane of the other axles and countershafts. In the accom- 
ying illustrative drawings (Figs. 1 and 2) are more or less 
_— elevations showing two | 











d is 
a buffer cylinder carried thereby; c is the reciprocating table or 
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bed ; d is a piston fixed to the bed and adapted to enter the open 
end ‘of the cylinder 6. At the end of the cylinder } isa valve 
casing ¢ fitted with a valve of any suitable pattern. Inthe nt 
illustration the valve is carried on a vertical spindle, and is given 

a normal tendency to retain ite seat by reason of a sur- 





the jaws themselves to embrace the shot or shell 
Fig. 1 is an end elevation and Fig. 2 is a side elevation 
constructed according to this invention. a, a@ are the 
Pivoted at b, b and Rol whieh is tedee aba ai, a); cisacam 
oe atd, ee upper part of ich is shaped and adapted 
’part the prolongations al wile 1er i its lower part is adapted 
em pon the projectile ¢ ; cl is an eye fixed to the cam ¢ to 
whey Peat ig-rope is attached; f is a handle on the cam. 
January 29, 1913.) 


stem, § Deen aed J... se 
Coventry. Gear of Ordnance. 


ar 


the spindle. The valve is opened to relieve the pressure 
in the buffer cylinder b by means a lever f on the 
machine framing. One end of ~— lever i underlies the end of the 
valve-spindle, and the opposite end bears against a cam j rotated 
in any convenient way, and mounted so as to be adjustable on ite 
a By adjusting. the cam on ite shaft the lever may 

9, idan.) the valve at the proper moment. (Accepted 
» A 29, 191. 


RAILWAYS AND TRAMWAYS 
11,322/12. J. Metcalfe. R. D. Metcalfe, and J. C. 
Sanding ements, 





perd, 
April 9, 1 Eleva 2 Figs.) 
912.—This invention relates to gear by which im guns 


Metcalfe, oy: 8 
{2 Figs.) May 13, 191 on invention relates to the steam- 
sanding arrang ives and like vehicles, and has 





to the invention. As shown in Fig. ” two motors a 
a ~~ EX each connected by flexible gearing, such as chain 
and sprocket gearing, to i separate cou! countershaft c. These 
shafts ¢ are in turn d by flexible gearing, enh 00 hale 
and sprocket ng, to the driving axles ¢. In Fig. 2 a single 
motor f is employed, this being connected by chain and sprocket 
to a single counter tt h disposed between and con- 
by chain and —__ gearing to two driving axles 
(Accepted January 29, 1918.) 





me gg les, AND NAUTICAL APPLIANCES. 


oolston. Naval er 
February 10, 1912.—As is well known, vessels 
nger-ships have been fitted with 
rs designed so that liquid contained 


a Myon ree 
such as battleships 
side-tanks in amet 





























therein can be utilised to minimise rolling of the vessel, the pairs 
of tanks according thereto — connected ther at the 


ng 
practicable to apply anti-rol 





character to 
naval destroyer craft by reason of the NidiSional Seighs and con- 























































ENGINEERING. 





[Apriy 18, 1913, 











552 
sequent load im u the vessel. Where, however, as in 
|o-boat ese, Foo eremnpia, Haaid Sut to cimpleved, 
is possible to make use of uid for the ‘purpose referred to, 


and it is the object of the present invention to enable this to be 
done in on eBectesl ensnase ty eovenging that the ord oil- 
tanks which are charged with oil for use in timesof but, bein; 
above the water-line, would be emptied before 


peace, whereas in war-time it is to be 
anti-rolling tank comprises two longi 

(usually called the peace oil-tanks), connected together at the 
bottom by a suitably-constructed transverse passage c in a manner 
previously adopted in other classes of ships, to form an anti- 
rolling tank, the reservoirs a and b and passage ¢ being disposed 
above a fuel tank d(usually called the war oil-tank) | between, 
say, the boiler-room and the engine-room. The air-space above 
each of the reservoirs a and b, constituting the anti-rolling tank, 
may be placed in communication with each other in the same way 
as in known — eo through a transverse passage imme- 
diately beneath, say, the upper deck, the passage ae of a com- 
paratively restricted cross-sectional area, and capable of being 
modified with the aid of a suitable valve arrangement as hereto- 
fore. Each side reservoir a and b may be fitted with a curved 
guide-plate, serving to direct the liquid gradually to the outer 
side of the reservoir as the vessel rolls. The level of the liquid in 
these reservoirs would usually be about half-way up to the upper 
deck. (Accepted January 29, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 


9104/12. M. S. Gibb, West Hartlepool. er 
iton- {5 Figs.) April 17, 1912.—This invention 
relates to divided piston-rings, that are coaxially superposed one 
on another, in sets of two or more, to form a single unit. The 
resent invention seeks to provide improved means whereby the 
imit to the outward expansion of such rings may be readjusted 
from time to time, so ¢ as the rings become worn—thereby 
pressing against the cylinder-wall with diminished pressure— 
—_ a be let out further, and therefore caused to bear against 
said wall with approximately the same pressure as at first. 
According to the present invention, this object is achieved by 
providing slote in the rings considerably larger than the pins or 
dowels that enter them, and by also providing abutmertit-pieces 
in these slots. These pieces are readily removable; the pins 
bear against them, and any necessary readjustment is secured 
PY filing off or otherwise removing portions of these pieces. 
e pins or dowels 1, 1 (Fig. 2) in the expansion ring 2 are 
adapted to enter into the recesses 3, 3 in the ring 4, whilst 
the pins 5, 5 similarly enter the recesses 6,6. Abutment pieces 
see made in brass) of crescent 7, 7 also wy 4 por- 
ions of the recesses 3, 3, 6,6. The one shown in Fig. 8 is pur- 
posely raised above the face of the ring in order to be more clearly 
shown. The recesses 8, in both rings, are occupied by springs 9 
that tend to press the two rings apart from one another and 
against the junk-rings of the — or equivalent A flap is 
attached on each ring, near the gap which it overhangs, in order 
to prevent the passage of steam past these gaps. 12 are studs 





screwed into the rings, and carrying pins surrounded by spiral 
springs that tend to make the gap open out. The pins are 
retained. in recesses in the studs 12 by means of split pins. 
Generally the two rings are so arranged relatively to one another 
that their gaps are either diame tC) , or else at 
90 deg. to one another ; neither of these, however, is essential for 
a of a = — Le the yn hy 1, 
wi are separated by the gap og 2, —- re- 
cesses 3, 3, which are both on the same side of the gap in the other 
ring 4, it follows that the distance between the recesses 3, 3, 
therefore between the pins 1, 1, isinextensible except by alteration 
of the crescent pieces 7, and that therefore the ring 2 cannot 
expand beyond a certain limit. Similarly the ring 4 is prevented 
from expanding when the pine 5, 5 and pieces 7, 7 in the recesses 
6,6 are in engagement. Now when the rings are fitted, the 
crescent _— 7 are so adjusted that the two rings mutually 
allow each other to expand sufficiently to bear with the desired 
ressure against the cylinder liner or wall. As the rings wear 
ey are prevented from unlimited expansion, and consequently 
bear against the liner or wall with less and less until 
such time as they are readjusted by the filing wu the crescent 
jeces, whereby they are allowed to expand slightly more. 
bviously the on the cylinder liner or wall can be regu- 
lated toa nicety by these means. (Accepted January 22, 1913). 


Brown, Boveri et 
Cie., Baden, Swi Turbine-Nozzles. [7 Figs.) 
February 29, 1912.—This invention relates to an arrangement of 
nozzles for steam or turbines, in which the nczzle is formed 
in two ety Saypds wi contains nozzle in one of its 
faces, while the other is adapted to close the passages, and 
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to the method of retaining these parts in the . 
The invention consists in a turbine nozzle formed in two parts in 
the above manner, in which these parts are maintained in contact 
with one another and in the required position in the turbine 
prem Reig at phe To Cy OS 
other by a suitable caulking strip, In carrying 





shown. The 
ition and a caul — inserted between this 
upper tu a, In this manner the two parts 
J and of the nozzle are together and the abut- 
ment ¢ so that the nozzle are secured in ition 
in the turbine-casing a. (Accepted December 27, 1912.) 


19,608/12. Schmidt’sche He 
mit Beschrankter 


ilhelmshohe, 
Germ: . Steam-Superheaters. (3 Figs.) July 2, 
1912.—This invention relates to steam-superheaters for locomo- 
tives and other engines having a short chimney with which a 
blower is associ for increasing the draught. According to 
the present invention, a pipe provided with a non-return valve 
and leading to the saturated steam-chamber of the superheater 
header is branched off from the blower supply-pipe at a point 
situated between the blower stop-cock and the outlet nozzles of 
the blower. In carrying the invention into effect according to 
one form, a boiler a, smoke-box b, and > c are —_ 
in the usual manner, the boiler being provided with enlar, re- 
tubes d in which the superheater-tubes ¢ are ; e 
superheater-tubes are connected to a header /, having saturated 
and superheated steam-chambers g and A respectively. The 
saturated steam from the boiler after passing through a regulator- 
valve and supply-pipe of the usual description is led through the 
pipe i to the saturated steam-chamber, thereafter passing through 
the superheater-tubes to the superheated steam-chamber, and 
from thence through the pipe j to the engine cylinders. A blower- 
pipe & terminates above the cylinder exhaust-pipe / in a ring 
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which surrounds the aperture thereof, the ring being provided on 
its upper side with outlet nozzles. The medium for increasing 
the draught, and which may be either steam or air, is di 
through the nozzles into the chimney. In the blower supply- 
pipe & a branch connection n is interposed at any convenient 
int between the blower-cock o and the nozzles. m this 
yey a pipe p leads to the saturated steam-chamber g of 
the header /, a non-return-valve being disposed in the branch. 
The operation of the apparatus is as follows :—On the supply of 
steam tothe engine cylinder being cut off and the blower started, 
the cooling tus is brought into operation simultaneously 
with the starting of the |lower, as part of the medium passing 
through the blower-cock is led by way of the pipe p into the 
saturated steam-chamber f, and from thence through the super- 
heater-tubes e to the chamber h, after which it is discharged into 
the atmosphere through suitable devices such as drain-cocks or 
valves or other —- on the engine or on the steam supply 
pes thereto. e superheater-tubes are thus effectively cooled 
y the flow of medium through them. During the normal work- 
ing of the engine the flow of steam through the superheater- 
tu is sufficient to prevent them overheating, and in such 
circumstances the apparatus above described is cut out On 
starting up, when there is little or no steam pressure in the 
boiler, the blower may be ted to an: table supply of 
compressed air so as to increase the draught and accelerate the 
meration of steam as much as possible. In the example of the 
vention illustrated a supplementary y pipe r is connected to the 
pipe for quae the apparatus with compressed air when 
lesired. In this case the apparatus acts in a precisely similar 
manner to that above yp ade ny in which steam from the boiler 
is supplied to the pipe k. (Accepted January 13, 1913.) 


8064/12. Societe Anonyme Pour I 
Des Procedes Westinghouse Leblanc, France. 
Ejectors. [1 Fig.) August 31, 1911-—This inven relates 
to the regulation of the pressure of the steam supplied for oper- 














mixing-nozzle where ite cross-sectional area is a minimum js 
maintained A ry to a determined fraction of the pressure of the 
space inte which the mixing-nozzle exhausts. The steam 

rom the boiler enters by Hd nape A}, and traverses an orifice 
B!, which can be closed, more or less, by a valve ©}, and is then 


supplied to the ejector through a - The steam 
traversing the pemnge Al undergoes a di of pressure, whisk 
varies with the position of the valve CO). jis valve is balanced 


by a piston E!, the upper face of which communicates wi 
lower face of the valve by achannel F). The valve is carried te 
a float G1, movable within cylinder H!, provided with coolin, pro- 
jections. Some of the steam g through the valve is 
condensed in this cylinder, and the water accumulating therein 
raises the valve O! and closes the orifice B!. The density of the 
float G1 can be r than that of water (for instance, it may be 
filled with alum: —s in which case its weight may be balanced 
by the action of aspring. The cylinder and the float will consti- 
tute at the same time a dash-pot, and will damp the movements 
of the valve. As the cylinder tends to be filled with water the 
valve will always finally close the orifice B! if the water is not 
allowed to escape. But it is clear that by suitably regulating the 
escape of the water the valve C! can be maintained in any desired 
open With this object in view the lower part of the cylinder 
lis ted by a p ge I! and by a pipe which extends to a 
chamber J!. Below the chamber J! is located the upper part P! of 
es oe = rss — Fa ot by means of 
with the space into w e mixing-nozzle o 
The aeaber J! and the upper P! of the chamber Ol ane 
connected through an orifice which is closed, more or less, com. 
letely by a valve Ll, If this valve is lowered the water contained 
n the cylinder H! flows away towards the into which the 
mixing-nozzle opens under the influence of a considerable differ- 
ence of pressure. The quantity of water thus exhausted is very 
small, and the valve C! can be lowered very rapidly as is n 
for preventing a stoppage of the apparatus. On the other heed, 
if the valve L! is raised again steam condenses along the walls of 
the cylinder and water accumulates therein gradually raising the 
valve Cl, The ene the valve L! is very 
small relatively to the valve Ol, the 
apparatus described therefore constitutes a relay. In order to 
move the valve L/, its rod is connected to two diaphragms M! and 
Ni, the edges of which are fixed to the walls of the chamber 0, 
which they divide into three parts P!, P2 and P?, not communi- 
cating with one another. The upper part P! is in connection 
with the into which the ejector opens, the intermed'ate 
part P2 with the space in which the ejector is creating a vacuum, 
and finally the lower part P? communicates with the neck of the 
ejector mixing-nozzle. The cross-section of the valve L! should 
be very small relatively to those of the diaphragms. The pressure 
is always very slight in the intermediate P2, and is aleo small 
relatively to the pressure maintained in the two other parts of the 
chamber O!, The effort exerted upwardly on each square centi- 
metre of the surface of the upper diaphragm is therefore sub- 
stantially equal to the absolute pressure measured at the neck of 
the ejector mixing-nozzle. (Accepted January 29, 1913.) 


TEXTILE MACHINERY. 


26,143/11. W. W. Pilkington, Prescot, J. Whit- 
taker, Wil , R. Bradshaw and J. B 
ton. uttles. [2 Figs.) November 22, 1911.—This 
invention relates to apparatus for positioning shuttles in looms 
fitted with automatic weft-replenishing apparatus, in which, 
when the weft is to be replenished, the shuttle must occupy a 
definite position in the shuttle-box. The nt invention has 
for object a device or stop whereby the rightward position of the 
shuttle is limited independently of the picker, so that it is not 
affected by the wear of the picker. The device or stop has no 
motion allel to the shuttle, and serves to position the shuttle 
by limiting its movement, and not by moving it. 1 is the shuttle- 
box poem j 2 is the shuttle, 3 is the shuttle-positioning arm 
forming Ss the mechanism shown in the specification of 
Letters t No. 30,107, of 1910. A lever 4 is pivoted to the 
thuttle-box guard at 5. and carries a projection 6 passing + 4 
a slot 7 in the wall of the shuttle-box guard. A slot is made in th 
wall of the shuttle in such a position that when the shuttle is in 





expended in movin; 
at required for mo 



































tion the slot therein is in position to receive the 
pro, , with the face 9 of the jection making con 
with the edge of the slot. The projection 6 is pushed th - 
follows :—A pin 11, which slides through the end 
the shuttle-box guard 1, terminates at one end in a head 12, which 
bears against an arm 13 of the lever 4. The other end of the 
11 is in tion to be struck by the positioning arm 3 when bo 
makes its rightward movement to position the megane 
positioning arm 3 during this movement performs two © 
PYaret it pushes the shuttle towards the t-hand end of the 
shuttle-box, and secondly it pushes the pin 11 in the — 
direction—and thevehy ennees the projection 6 to enter the 
and thereby to prevent the shuttle from entering 
the position in which the edge of the slot is 


as may be desired 
ver 4 to perry —_ 
the projection 6 is clear of the shuttle 2, and » spring 
pin 11 to its normal position. (Accepted January % 
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COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 


(Continued from page 447.) 
IV.—EstTaBLISHMENT OF A Brancu (continued). 


Subsidiary Sections.—The establishment of a 
rate-fixing section almost inevitably necessitates 
the provision of means for continuing the work 
along the same lines. This will include the dis- 
tribution to the workshops of : (a) the operation rates 
and necessary information relating to the produc- 
tio of the article and its components ; (b) the 
material required and arranged for by the rate- 
fixing section ; also, if the organisation is required 
to be as complete as possible, a tracking section will 
be desirable. 

Upon the volume and variety of the work done 
by the concern will depend the number of men to 
be employed in continuing the work of the rate- 
fixer. First, the rates for operations must be con- 
veyed to the foremen of the workshops in such a 
manner that they can be readily distributed to the 
employees when commencing work on a component. 

In a large concern producing a considerable 
number and variety of articles, involving the manu- 
facture of many different components, some difficulty 
would be experienced, unless arrangements were 
made through a central section for the issue of 
operation-cards. 

The foremen should receive cards for specific 
operations to be performed on components, com- 
plete with the exception of the operator’s name and 
date of issue to him. This reduces the work of the 
foremen—in relation to the issue side of the card 
system—to filling in the operator’s name, and dating 
the card on giving it out to him with the work. 
This system is the only one economically possible 
in a concern employing so many men that the fore- 


it is found that any component is held up, or lags 
in the process of manufacture ; the return of the 
cards mentioned to them enabling them to trace a 
component when the card for a particular transfer 
is not received in its correct order, or at the date 
arranged for or expected. 

The duties of the tracking section will also 
include the making of arrangements, at the direc- 
tion of the managerial staff, for the commencement 
of operations on any particular series of com- 
ponents. They will govern this by issuing to the 
foremen concerned, at the time it is desired that 
the initial operations shall be performed on the 
components, the demand-notes authorising them to 
draw from store the necessary material. By this 
means will be prevented the accumulation of un- 
necessary material in the workshops ; also, one set 
of components will not be put on one side, for 
various reasons, in order that others may be 
proceeded with. 


Form IX. 


Order, 156. Section: Machinists. Date issued, 9/11/00. 
Title: Engine, marine, triple-expansion. 


Drawings: 100, — ~ Rod, connecting. 
” 17,456 a 


Component: Rod with cap, steel. No. issued, 6. 
Operation : Turning ; roughing. 
Rate: 27s. 
Name: Jones, J. Date, 1/1/01. 
Name : Jones, J. Date, 1/1/01. 


| Recorder. 
Order, 156. Date issued, 9/11/00. 
Signed.| Date. Signed. No. 
7/1/01, 2 Section : Machinists. 
7/1/01) F.8. 2 Title: Engine, marine, triple-ex- 
| pansion. 
2 |Drawings, 100, 


Examined. 





W.#H.G. 


ss Rod, con- 


| 
| 
W.H.G.! 14/1/01) — 17,456 


| necting. 


The duties of the stores demand section are at all 
times extremely onerous. From the lists of com- 
ponents, with the amount of material required for 
each, provided by the rate-fixing staff, should be 
ey the demand-notes, authorising the shop 
oremen to draw the necessary material. These 
should be passed to the tracking section for issue, 
as described in a previous paragraph. 

The material required for an order should be 
arranged for as early as possible on receipt of lists, 
so that no undue delay should arise at the com- 
mencement of operations. In the event of any special 
semi-manufactured material being required, the 
information would be conveyed to the stores 
demand section at the earliest possible moment, as 
described in Part I. (see page 180 ante). 

To be able to satisfy all requirements with as 
little delay as possible, great care must be excer- 
cised in the judicious ordering of stock. The 
maintenance of the necessary stock of raw or semi- 
manufactured material is not always so easy a 
matter as would appear on the surface. The man 
responsible for this will need to be very wide- 
awake, in order that he shall have no material in 
stock for which the concern is unlikely to have use 
in the near future. 

From the foregoing it will be seen the work 
of the subsidiary branches should be so arranged 


-|that they assist each other with a minimum of 


duplication. The careful arrangement of the card 
system in relation to the tracking section is of 
primary importance, as it enables the latter to 
supply any information required concerning the 
progress of manufacture. The supply to the stores 
demand section of the information relative to the 
material required not only relieves the shop fore- 
man of this duty, but places the information with 
the former at an earlier date than would be pos- 
sible otherwise. 
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men have very little time, if any, to spare from — 14/1/01| F.S. | 2 Component: Rod with cap, steel. 

their shop duties. Obviously, with a small concern | W.H.G. 21/1/01) — 2 Operation : Turning. V.—Rate-F xine. 

it would not be economical to run this system.{ — /Mol| F.S | 2)) 0 | Roughing. - Fundamental Principles.—Particulars of various 
rs With such concerns it would be better for the |.272222.)2002022) 2222222 2 2[|w. Brown, foreman. ' methods relating to the payment of rates for the 
is workshops to have supplied to them the rates for | -------- ------++ -+++++++|-++- Completed, 21/1/01. W. Brows. eterno: of a specific operation have been pub- 
ch, all the operations performed in each particular ——_—_——— —— ished from time to time, chiefly those relating to the 
ya section; the information necessary being given Form X. payment of premium or bonus, in addition to the 
_ to the employees on a slip made out by the - - day-work rate of the employee. These generally 
not foremen. There are many card systems advo- + ag a . Section : aaete. Date astet, 9/11/00. involve some more or less complex computation of 
Ld cated and in use to choose from ; and, in deciding Gompenseh: tel wae oa a — . time or value after the completion of the operation, 
le. which to install, it will be advisable to investigate Drawings, 100, °° _No. issued, 6. rendering the result uncertain to the employee ; 
ru as to: (a) the cost of labour for running the card ” 17,456 ; while, from his point of view, the advantage is all 
- section; (b) the cost of material, cards, _—~ — Jon the side of the employer. The writer of the 
eh ke, ; (c) convenience for conveying to all con- > Seren, | Weems, | We.! Qualifications. present article is of the opinion that much of the 
4 cerned the information accumulated by the rate- a dissatisfaction expressed by employees on the intro- 
' fixing staff ; (d) suitability for preventing duplicate | Drilling | 1s. 14. | ..|...-|Centres ; horizontal. duction of premium or bonus schemes is caused by 

manufacture, and payment a second time, for an| Turning he foreretsaisney one. tel porti this element of uncertainty, which is entirely absent 

: “ = Wiss. -sbexchneas g paralle ions, taper, . “ 

operation already performed and paid for ; (e) con- |"** "sad sel beckens. from the system of single piece-work. 

venience for tracking purposes and store transac- ” a ee ‘Radius eens. 4a and |,, One great advantage of the premium system is 

tions ; (f) the amount of work which must be per- ve rained enue tan .% outside crank-end and} that in the event of the value of the rate being 

wont by the foremen in the workshop ; and (g)| Planing | 10s. 74.|........ |-+--]Pages, crank-end, and roughing | miscalculated, the resultant error is not > great as 

the cost and upkeep of plant required to work the . rtp beg F in single piece-work ; for instance, on the 50 per 

system, beware erp, Sort doting? and other stamps. one oe < abe Me nd dy bearing ; | cent. system, if too high a time limit has been fixed, 

If it be decided to use a card system, provision | |, vertical. ; the concern only loses half of the excess allowed ; 
should be made on the operation-cards—issued to| gawing | os 9a. /20720022722 Hane sor contretork-end ; band | 8180, where the time limit is too low the employee 
the worshops—for the order number, particulars} Milling | “~s8 apters! Nee Finishing fork-faces ; vertical. |receives his day-work rate. Sometimes the effici- 


of drawings, number of components required, date 
issued to workshops, signatures of work-recorder 
and operation - examiner, operator's name, the 
nature of the operation and rate, date issued to 
operator, and date of completion of operation. On 
the reverse side—when used in lieu of a special 
card—provision for signatures, dates and numbers, 
when passed from shop to shop, shop to store, or 
vie versd. When cards are used in transferring 
components in this way, from section to section, or 
store, a counterfoil or card giving only the infor- 
mation necessary should be forwarded to, or placed 
ia receptacle for collection by, the tracking sec- 
tion. Illustrations of two forms of operation- 
cards, one with duplicate or counterfoil, are shown 
in Forms IX. and X., annexed. 
The work of the tracking section in a large con- 
cern is of great importance, providing as it does 
© means whereby any component in course of 
manufacture can be located and progress ascertained, 
at any time during its passage through the various 
workshops. The whole of the operation-cards 
issued passing through their hands, the shop-load 
diagram can be kept up to date. The operation or 
special cards for shop or store transactions, being 
sent to or collected by them every time a transfer 
takes place, ensures the supply to them of the 
ormation necessary for locating a component. 
@ tracking section can also remove the cause—or 


Received, 9/11/00. W. Brows, 


Foreman. 

The transfer to or from any of the sections per- 
forming the initial operations should be through a 
sectional store, in order that the components can 
be started on their passage through the workshops 
at the time pre-arranged for it to take place. This 
store transaction will also enable the stores section 
to credit the orders with the actual weight of 
forgings and castings ; also to allow for the rebate 
necessary when any surplus material is returned to 
the foundry, such as headers, risers, and shavings 
from castings, which, if not recorded, would add 
considerably to the cost, more especially so if the 
components consist of gun-metal or other expensive 
material. 

In the absence of a central card-issuing section, 
there would be some difficulty in keeping account 
of the shop-load, but it is evident that unless some 
system is used of notifying to them the completion 
of operations, preferably by the return to them of 
the operation-card, slip, or special store or route- 
card, the work of the tracking section would be one 
of considerable difficulty. On the completion of an 
order or period of production the tracking section 
should notify the shipping department, who will 
make arrangements for the transport of the articles 


ency of an employee is so low that instead of 
earning a premium, he takes so long to perform 
the operation—for which the rate is known to be 
satisfactory—that the rate must be raised tempo- 
rarily for him to receive his day-rate, this being 
one of the cardinal points of the premium system. 
With a system of single piece-work, however, the 
whole of any excess allowed on a rate would be 
lost to the concern ; also, when a rate is found to 
be too low it must be raised permanently ; while, 
in the event of the efficiency of an employee being 
too low for him to earn the rate agreed upon— 
when performing a certain operation, the rate for 
which is known to be satisfactory—he will receive 
only the rate value of the operation. Another 
point to be considered is that some fixity of values 
should be arranged for operations performed under 
identical conditions ; these should remain in force 
for an agreed time, or until the conditions are 
altered. 

The single piece-work system, which is generally 
based upon the possibility of earning an addition to 
the day-work rate of 25 to 35 per cent., and which, 
in conjunction with some fixity of rates, as men- 
tioned in the preceding paragraph, is most satisfac- 
tory to all, is, at the same time, the most difficult 
system to apply, especially with non-technical or 
non-expert assistance. 

The system of single piece-work also does not 








‘et the machinery in motion for doing so—when 


to the customer or to store. 


limit the earning capacity of any especially pro- 
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ficient employee. It will be found that while there 
are almost as many types as there are employees, 
the values for operations can, with expert assist- 
ance, be fixed within reasonable limits. These 
rates, although it is not claimed that they will fit 
every man, will enable the aggregate number of 
employees to earn an average wage within 3 per 
cent. of that agreed upon between employer and 
employed. In this manner a confidence will be 
built up and dissension prevented, as each employee 
will have an equal chance to earn the same rate as 
his fellows, 2nd, moreover, will know what amount 
to expect as the result of his labours on pay-day. 

This system will necessarily call for rate-fixing 
of a high order; and while this may be secured 
with men familiar with the difficulties encountered 
in performing the several operations, as well as the 
values to be given to the variable factors which 
must be considered, it precludes the possibility of 
accurate rate-fixing by non-technical or non-expert 
men. These cannot hope to fix rates for opera- 
tions, any more than they could hope to perform 
them without having received some training in the 
use of the necessary tools. 

The study of fixing rates, when looked at from 
the finished-article point of view, as compared with 
the raw material, appears at first sight to be a 
difficult matter. Subjecting the several operations 
to analysis, as described in a previous section— 
system—it will be found that basic factors can be 
obtained practically for all operations. 

By subjecting to analysis all operations of what- 
ever type, the rate-fixer will find that there will be 
an almost continuous succession of similar opera- 
tions on similar components, with a small percentage 
of unusual operations at the other extreme. By 
means of this analysis the operations can be roughly 
classified into three distinct divisions :—(a) Opera- 
tions which occur frequently, and can be dealt with 
at once, requiring very little, if any, calculation ; 
(b) operations on articles which must be calculated, 
but for which data have been obtained, both for 
the constant and variable factors, and which can 
as a result be determined within very close limits ; 
(c) operations on articles which are unfamiliar, and 
to which the known data relating to the variable 
factors does not apply; especially is this the case 
when components or articles are manufactured, 
which, by reason of the size, shape, or accuracy 
required, tax the ~~ to its utmost capacity, or 
which are so small that they cannot be handled 
economically. 

The operations for which it is most easy to deter- 
mine the total time value are those for which the 
basic factor forms the greater part. For instance, 
machine operations, where the cutting times form 
the larger portion, are more easily determined than 
those operations where the principal factor con- 
cerned is manual strength or dexterity. 

The basic factor, if it cannot be calculated from 
known data, as is the case, with speed, feed, and 
cut, in a machine operation, should, in all cases, be 
carefully studied with the aid of a stop-watch. The 
variable factors based on the performance of manual 
operations, which, by reason of constant repetition, 
become almost mechanical, or are not likely to 
vary while the same conditions pertain to the 
operation, should be carefully timed, the results 
being carefully tabulated as bases, for obtaining 
one or more of the factors which make up the 
whole to be considered when fixing rates for the 
operations. 

The bases employed for fixing rates for opera- 
tions should, if ible, be such that the factors 
can be pare Ted io proportion to the amount of 
work to be done; this, in many cases, bears a 
distinct relation to the size and specific type of 
component. 

In the primary operation of forging, the rate- 
fixer will need tw observe the Steses Yar eating the 
various sizes of material, with the plant in use. 
The reverberatory furnaces for heating large sec- 
tions can be so studied in their working that a 
curve can be obtained— plotted from observed times 
—which will give within very close limits the 
heating time for any section used, as a basis for 
the rates for heavy forgings. In the same manner 
the furnaces for drop-hammer and other machine- 
work, as well as the fires for ordinary anvil-work, 
can be observed to obtain data relating to their 
capacity for heating material. 

Another factor worth studying in relation to 
forge-work is the length of time for which different 
sections retain sufficient heat, under varying con- 
ditions, for the purposes of working under the 


hammer or on the anvil. These two factors form 
practically the basis of the forging data, and if care- 
fully studied and used in addition to practical 
experience, should give very good results, the shop 
experience of the rate-fixer enabling him, with 
these data at hand as a basis, to fix rates within 
reasonable limits. 

In the foundry, which is sometimes treated as a 
separate factory within a factory, the situation to 
be faced by the rate-fixer appears somewhat diffi- 
cult with a general class of work. If, however, the 
——— in the foundry for which bases can be 
obtained for the calculation of rates are separated 
from those which are dependent on the skill and 
dexterity of the employee, the work will be simpli- 
fied to a considerable degree. 

The operations, with the exception of hand- 
moulding, are, generally speaking, of this type. 
The cost of melting cast iron in the cupola, with all 
the necessary details of charging, &c., can by 
observation be calculated within reasonable limits, 
the labour cost being separated, so that a tonnage 
rate can be paid to those employed on this work. 
The air furnace and crucible for metals and alloys 
can be treated in the same manner ; also the rates 
for mixing alloys, as — from casting, can be 
arranged, the principal factor concerned being 
melting-time. 

The trimming section of the foundry, including 
the band-saws for removing sprues and gates, and 
the emery-wheels for assisting the trimmer, can, 
generally speaking, be so studied that bases may 
be obtained for fixing the rates in proportion to the 
tonnage, taking into consideration the fact that 
practically all castings must be handled by the 
trimmer, and that the more difficult and awkwardly- 
shaped castings, with a large quantity of cores and 
troublesome corners, must be allowed for in addi- 
tion to the tonnage rates. 

The cost of round-core making by machine, in- 
cluding the mixing of the material, can be obtained 
with the aid of the stop-watch. The machine or 
plate moulding can be rated at so much per box or 
flask ; the principal operations being performed 
for all boxes, the cost will not vary to any great 
extent. With hand-moulding, however, the rate- 
fixer will need to exercise considerable discretion, 
the principal factors to be studied being manual 
skill and dexterity. The circumstances to be taken 
into consideration cover such a tremendous range 
of possibilities that constant watchfulness on his 
part is absolutely necessary. 

In the case of small articles which can be moulded 
in the small box or flask single handed, it will not 
be very difficult to fix rates for the several types of 
castings required, these rates varying in proportion 
to the amount of special coring required and other 
difficulties of moulding which arise. 

With large castings the amount of work to be 
performed must be carefully analysed. The making 
of moulds requiring four or even five core-boxes 
in addition to the pattern—which latter it may 
at the same time be necessary to make in several 

ieces, so that it may be moulded correctly—has 
rom time to time to be dealt with. Large castings 
presenting no great difficulties in moulding, yet 
sufficiently large to give considerable trouble in 
handling pattern, mould, or finished product, will 
also need to be carefully studied before a rate is 
fixed for moulding. 

Generally speaking, in fixing rates for machine 
work, a definite plan should be arranged for the 
sequence of operations ; and here the accumulated 
experience of the aggregate body of rate-fixers 
working together will be of the greatest value. 
The best results, in many cases, depend on the 
methods adopted. Sometimes it is a matter of 
expediency to perform the operations in a certain 
8 eeeye or at a particular set of machines ; espe- 
cially is this the case when one or only a limited 
number of articles are being manufactured. When 
large quantities or numbers are concerned, the 
cheapest method, having due regard to the quality 
of the work, should be followed in laying out the 
operations. In the production of small numbers 
or single articles, attention should be paid to the 
production of those components the operations on 
which are affected by (a) reason of the number 
being smaller than the number usually operated 
upon at one time, or (b) is less than the number 
which can be economically manufactured under 
ordinary conditions. This factor should be carefully 
studied, as in some cases the job, which would in the 
ordinary course go to the automatic machine, must, 
by reason of the small number required, be done 








at the small turret or engine lathe, or a component 
which could be milled to advantage when made in 

uantities must be machined on the shaper or slotter. 

he neglect of caution when fixing rates for opera. 
tions on components affected in this way will, jf 
the method laid down be insisted upon, often result 
in the operations costing more, through expendi. 
ture other than direct wages being incurred ; or the 
rates of the operations must be re-considered, as, 
in the event of single articles or small numbers 
being required, it cannot be expected that the 
operations can be performed at the same cost as 
when made in supply. 

In calculating rates, the greatest care should be 
exercised in the case of primary machine operations 
on forgings; when there is any doubt as to the 
amount of material likely to be left in excess of 
requirements, the condition of the component 
should be ascertained when it is handed over to the 
machinist. Some forgings, from one cause or 
another, either size, weight, or shape, or perhaps a 
combination of all three factors, may be only 
roughly shaped, leaving a great amount of heavy 
cutting to 4 done by the machinist. Some com- 
ponents the smiths may be able to forge very 
nearly to the size required, leaving only a small 
amount of material to be removed in machining. 

With castings there is, as a rule, very little 
difficulty in fixing rates for the primary operations; 
there may, however, be the remains, or, in some 
cases, the whole, of the runners or risers to remove, 
and this is sometimes a considerable item of expen- 
diture. After the primary operations have been 
performed on an article, there should not be any 
difficulty in estimating the rates for the subsequent 
operations. This also applies to articles machined 
from stock sizes of bar, or from bars specially 
forged for steel components, or for castings of iron, 
gun-metal, or bronze alloys when in the form of 
rings, cylinders, or bars specially moulded. Having 
all the requisite information at hand, with the 
drawing of the component to be machined, the 
simplest method of calculating the time which will 
be required for performing the operation is to 
follow out the work step by step in the same 
sequence as that observed 4 the machinist, so that 
no particular factor will fail to receive its value in 
the account. 

Machine operations, where the cutting time is a 
very small portion of the whole, should be care- 
fully studied, the remainder being resolved into 
factors which can be valued and used as a basis 
for future work. Some components can be handled 
very rapidly, after the initial difficulties have been 
overcome. The whole of such operations should be 
carefully timed, as, in the early stages of manufac- 
ture, the time taken for the performance of the 
operation is considerably greater than will be neces- 
sary lateron. In cases of this description, arrange- 
ments for payment should take the form of day- 
work, or, if this is not possible, a temporary payment 
can be made, till the rate of production has reached 
the stage where a permanent piece-rate can be 
fixed. 

(To be continued.) 








POINTS IN THE DESIGN OF ARCHES 
IN FERRO-CONCRETE. 


By R. N. Srroyver,* Member of the Copenhagen 
Institution of Engineers. 

WuenrE suitable abutments can conveniently be 
provided, the arch often constitutes the most 
economical structure by which a large opening can 
be spanned. The principle of the arch is, of course, 
as old as engineering itself. An arch may, in fact, he 
regarded as a bow-string girder, in which the tie, 
that serves to prevent the ends of the rib from 
spreading, is replaced by abutments capable of with- 
standing the consequent horizontal thrust. (wing 
to this horizontal thrust, the whole of the struc- 
ture acts wholly in compression, and the bending 
moments, which the rib has also to withstand, are 
reduced to but asmall fraction of the values attained 
in a simple truss, being due solely to inequalities in 
the live-load distribution. By suitably shaping the 
girder these moments can be reduced to a negligible 
quantity for certain distributions of Joad, so that 
materials, such as bricks and stone bonded with 
mortar, may be used which are capable of withstand: 
ing but very little bending. In using materials © 
this kind the thickness of the arch must be sufficient 


* Chief Engineer to Messrs. D. G. Somerville and Co. 
Limited, Ferro-Concrete Specialists, Westminster. 
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to allow the lines of stress to remain within the 
middle third when the former change with varying 
loads. 

In ferro-concrete we have a material that is able 
to withstand compressive as well as tensile stresses, 
and we are therefore, to a large extent, inde- 
pendent of the variation in the position of the stress 
line, provided the arch is suitably reinforced so as to 
enable it to take all the stresses that can possibly 
occur. To this fact is due the ‘number of graceful 
flat-arched bridges that have been constructed since 
the introduction of ferro-concrete as a building 
material. | 

General: —The ordinary arch may, for the pur- | 
pose of calculation, be subdivided into three dis- | 
tinct types, according to the mode of support— 
yiz., the arch with three hinges, the arch with two 
hinges, and the arch with fixed ends (see Figs. 1, 
2, and 3). 

In the first type all the stresses can be deter- 
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due to the dead load. If this be done, there should, 
roughly speaking, be no moments at all from the 
dead load ; but owing to the elastic deformation of 
the arch due to the compression from the side- 
thrust reaction, bending moments do occur, these 
being, however, comparatively small. If, there- 
fore, the shape of the arch is not absolutely fixed 
beforehand, we have a means of reducing the dead- 
load moments to a very small quantity. If, on the 
other hand, the intrados of the arch is given and 
must not be altered, the dead load must be treated 
in the usual way, and moments and thrusts must be 
found similarly to those produced by the live load. 

Having determined the axis of the arch, assuming 
the dimensions at the crown and at the abutment, 
the gradual increase in thickness from the middle 
to the abutment can be determined. and a pleasing 
curve and economical dimensions will be found by 
letting the increments from point to point vary as 
a parabola (see Fig. 4). 
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In Figs. 5 to 10 are shown typical influence lines 
for the moments in equidistant points of the arch, 
the last representing the curve for the bending 
moment at the crown. Here, as at the abutment, 
a partial load is found to be the most dangerous, 
the maximum positive moment being attained when 
the load is applied to the portion c—d, which is 
practically the middle third ; loads at other points 
produce negative moments at the crown. 

In the same way, the effect of external forces 
as rds thrust and shear can be illustrated 
and determined by influence lines. Typical lines 
for the thrust at the crown and at the abut- 
ment are shown in Figs. 11 and 12. The whole 
area of these curves being positive, it follows that 
the maximum thrust in any section is attained by 
full load over the whole of the arch, not by partial 
loading, as in the case of bending moments. 

Similarly, the shear can be examined, but as this 
is generally of less importance, and may be 
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whereas the second type is statically indeterminate 
with one unknown quantity, and the third type has | 
three statically indeterminate quantities. 

All these types have their particular advantages 
and drawbacks ; but, in the opinion of the writer, 
the qualities peculiar to ferro-concrete—namely, 
the homogeneousness and the monolithic character 
of the whole structure—are most fully utilised in 
the fixed-end type, where the arch and the abut- 
ments are practically in one piece. The fixed-end 
arch gives a very rigid structure, the material being 
utilised to its full extent ; hinges are avoided, and 
the small extra trouble involved in calculating a 
threefold statically indeterminate structure is out- 
weighed by a number of practical advantages. In 
the present article it is proposed to deal mainly 
with the latter type, although much of what can be 
ssid in regard to this type applies equally well to 
the other two. 

Shape of Arch.—As the dead load of an arched 
. e generally represents a considerable por- 
tion of the total load that has to be carried, and in 
Many cases is far in excess of the live load, it will 
be of advantage to reduce the moments from this 
source as much as possible. This can be done by 

the axis of the arch follow the line of stress | 
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Influence Lines.—The effect of any external force 
acting upon a structure is most clearly illustrated 
by means of the influence lines for the different 
points of the structure. Sucha curve shows at a 
glance how any force acting at any point will affect 
the particular section for which the curve is drawn. 
Referring to Fig. 5, which represents the typical 
influence line for the bending moment at the abut- 
ment of an arch, the ordinates in the points 1, 2, 3, 
&c., of the curve give the magnitude of the moment 
produced at the abutment by unit force acting in the 
points 1, 2 or 3, &c. A load P acting in point 3 
produces a moment at the abutment that is mea- 
sured by P times y,. The curve is drawn for the 
left abutment, and it will be seen that loads on the 
left half of the arch produce negative moments, and 
on the other half positive moments, at the left 
abutment; therefore the maximum negative moment 
for that point occurs when the portion a—b is 
fully loaded ; any further load beyond the point b 
will diminish the negative moment by adding a 
positive one. The effect of a distributed load over 
the whole length of the arch (having this parti- 
cular abutment curve) will be seen to be nearly 
nil as far as abutment moments are concerned, as 
the negative and the positive areas are almost 
equal. 


neglected in the case of solid arches, it will not 
be further considered here. 

The shape of these lines depends solely upon the 
form and the dimensions of the arch, as the 
curves are derived by applying the laws of elastic 
deformations. Hence it is necessary to start by 
assuming the dimensions, as is always the case 
with statically indeterminate structures, and it is 
interesting to note hew the effect of external forces 
varies with the shape of thearch. If, for instance, 
the crown of the arch is made thinner, or the 
abutment thicker, the influence lines for the 
moments will alter their shape, as shown in dotted 
lines in Figs. 13 and 14, giving greater moments 
at the abutment and smaller ones at the crown. If, 
on the other hand, the latter is strengthened or the 
abutments are reduced in thickness, the effect on 
the moment lines will be as shown in Figs 15 and 
16, where the burden of the moments is taken by 
the crown while the abutment is relieved in pro- 
portion. In both cases these moment lines show 
clearly how the statically indeterminate structure 
adapts itself to circumstances, distributing the 
bending moments to where they can best be 
taken. 

Similarly, a variation in the form of the arch 
affects fhe influence lines. A flattening of the axis 
has the effect shown in Figs. 17 and 18, increasing 
the portion of the arch on which the external forces 
will produce positive crown moments and negative 
abutment moments. As the axis of the arch is made 
flatter, so the shape of the moment lines approaches 
that of an infinitely flat arch—i.e., the straight 
girder fixed at both ends. The moment lines of 
this latter are represented by Figs. 19 and 20, and 





they show clearly that only positive moments can 
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occur in the middle, and that only negative ones 
will be produced at the ends. 

‘The influence lines may also be employed to find 
the deflection at various points of the arch for any 
loading. As an example, the influence line for 
the deflection at the crown, and for the deflec- 
tion at an intermediate point, is shown in Figs. 21 
and 22. As might be expected, a load on the middle 
portion gives a positive downward deflection at the 
crown, whereas a load outside this portion causes 
the crown to move upwards. 

Temperature and Dead Load.—The effect of the 
thrust due to the dead load is a compression of all 
the sections, or a shortening of the arch, as men- 
tioned above, similar in nature to that produced by 
a fallin temperature. A rise in temperature pro- 
duces a lengthening of the arch, and in both cases 
the stresses due to either the shortening or the 
lengthening must be added to those already found. 
The forces causing these stresses may be replaced by 
a single horizontal force acting in what may be 
termed ‘‘the elastic centre of gravity,” this point 
having been found during the construction of the 
influence lines. The bending moments in the dif- 
ferent points of the arch can then be easily found as 
resulting from this single force ; for a rise in tem- 
perature they are negative at the crown and positive 
at the abutments, and vice versé for a drop in the 
temperature. 

Abutments.—The main function of the abut- 
ments is to take the thrust from the arch, but in 
addition to this they must, in the case of the fixed- 
end arch, be able to take the moments incurred 
under the assumption of fixity — that is, they 
must act as fixed In this connection it may be 
pointed out that the moments and stresses in the 





abutments sufficiently heavy, to turn the resultant 
force well downwards, especially if it can be induced 
to pass through the middle third of the abutment. 
If the resultant is vertical within, say, 10 deg. or 
20 deg., and comes fairly central, all is well, and 
there is no need to bother about battered piles. 
That this view is fallacious need hardly be ex- 
plained, for by no addition of weights or other 
vertical forces can a horizontal thrust be altered 
one ivta. 

In conclusion, the writer would like to mention 
two original methods that had to be resorted to in 
difficult cases of pile foundation. In Fig. 24 is 
shown a solution of the problem where, for several 
reasons, it was found difficult to make the piles 
take the side thrust. F is a friction slab of 
fairly large dimensions, butting up against the 
abutment, but being otherwise free to settle should 
the nature of the ground (which was exceptionally 
bad) permitit todoso. As the friction both on top 
and on the bottom of the slab is a positive factor 
that can safely be reckoned with, since the dead 
load is always resting on the slab, this con- 
struction, although somewhat unusual, is justified, 
and ssems to have stood well in the few cases 
where it has been carried out. In another 
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arch may be calculated under the assumption of 
perfectly - fixed abutments, even if this be only 
partly so, as long as they are rigid enough to 
take the moments thus obtained; in other 
words, if the stresses in the body of the abut- 
ment and the pressures on the ground do not 
exceed the usual limits, the abutment is to all 
intents and purposes perfectly fixed. The elastic 
deformations of this massive part and of the ground 
on which it rests are so small in comparison with 
those of the arch as to be quite negligible. 

It is generally found necessary to have rather 
substantial abutments, especially in the case of a 
flat arch, in order to deflect downwards the resultant 
force from the arch, This weight can either be 
attained by a solid mass concrete abutment or by a 
hollow, ribbed one weighted with filling. In the 
latter case care musb he taken that the hollow 
section is sufficiently strong to prevent any appre- 
ciable elastic deformation taking place. 

If the nature of the ground cole for foundations 
on piles, the first thing to consider is the number 
of inclined piles necessary to take the thrust. A 
pile should never be allowed to be stressed other- 
wise than in its own direction—that is, in direct 
thrust or tension; consequently vertical piles 
taking vertical loads ought not to be called upon 
to take any side thrust. The inclined pile is 
able to take a side thrust if loaded sufficiently, as 
any vertical load W (see Fig. 23) can be resolved 
into a thrust P acting in the direction of the 
pile, and a horizontal thrust T. The magnitude of 
this latter is directly dependent upon W, and only 
by having a sufficient number of sufficiently loaded 
battered piles can a side thrust be taken as it ought 
to be. If this condition is not fulfilled, it simply 
means that all or part of the side thrust is resisted 
by the bending of the piles. That a good many 
pile foundations subject to side thrust, not only 
arch abutments, but quay-walls, retaining-walls, 
&c., still stand in spite of the fact that they have 
not enough weighted inclined piles, is only due to 
this resistance against bending ; but a design relying 
upon this factor is one that should not be en- 
couraged. In this connection attention may be drawn 
to a misapprehension that is often met with even in 
the case of otherwise very level-headed engineers 
—namely, that it is only necessary, by making the 








arch bridge, designed by the writer for the. State 
of Hamburg, difficulty was experienced in getting 
sufficient load on the battered piles, on account 
of the remains of some old brick abutments, 
which, for reasons of economy, it had been deemed 
advisable to use in as part of the new structure. 
Fig. 25 gives an idea of how the trouble was caused. 
The old abutments were founded on piles with very 
little, if any, batter, and the new battered piles on 
which the extended abutments were to rest had 
very little load, this being principally taken by the 
old abutments. In order to get sufficient load on 
the battered piles a cantilever had to be extended 
from the abutment. A secondary effect of this 
cantilever would be a negative bending moment 
in the abutment, tending to reduce the original 
side thrust; but as the transmission of this moment 
through a massive abutment on piles was very 
uncertain, no account was taken of this in the cal- 
culation. 





THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Sxryner, M. Am. Soc. C.E. 
(Continued from page 490.) 

Erection.—Erection operations were commenced 
in March, 1909, by the construction of a wooden 
falsework tower at each of the nine panel points of 
the anchor-arm span on the Monaca side of the 
river. Each tower was supported on 42-ft. or 60-ft. 
piles in two transverse rows 8 ft. apart, driven to 
a penetration of about 25 ft. in sand and gravel, 
with a refusal of 4 in. under three blows of a heavy 
steam-operated hammer. Each tower was made 
with a pair of framed bents about 40 ft. high, with 
horizontal, longitudinal, and transverse struts and 
cross-bracing on all sides. The connections were 
made with steel scabs having round and slotted 
bolt-holes. All bolt-holes were bored by pneu- 
matic machines, and the timber was framed and 
assembled in semi-bents on shore and erected by 
two 50-ft. boom derricks mounted on a platform 
running on top of the finished falsework. The 
falsework carried sixteen lines of 20-in. longitu- 
dinal I-beams supporting eight 12 in. by 12-in. 
transverse timbers at each panel point, and inter- 
mediate transverse timbers 3 ft. apart, on which 








12-in. by 12-in. longitudinal sills were laid for the 
two 4-ft. 11-in. gauge traveller-tracks, 48 ft. 11 in, 
apart on centres. e floor system was assembled 
by two locomotive cranes with 4 tons capacity, 60-t. 
booms travelling on tracks laid on the assembled 
stringers. The remainder of the anchor-arm was 
erected by a 300-ton steel gantry traveller 125 ft. 
high, which was equipped with two three-drum 
six-spool electric hoisting-engines and six main 
tackles with capacities up to 70 tons. 

The Gantry Traveller.—The gantry traveller 
which is illustrated in Figs. 155 to 161, page 557, 
had three vertical transverse bents, with inside 
horizontal and vertical clearances of about 42 ft. b 
115 ft. Each bent had two vertical posts like 
lattice-girders, with the upper ends connected by 
a transverse box plate-girder. One longitudinal 
panel on each side was permanently cross braced, 
and the other was provided with adjustable diagonal 
rods intended as a precaution to enable the 
traveller to be self-supporting in case the forward 
end of the falsework under it should be washed out, 
The traveller had horizontal cross-bracing and 
longitudinal lattice-girders at the tops of the posts, 
The trausverse plate-girders were made with several 
sets of connection-holes for the vertical posts, and 
the latter were made in several field-spliced sec- 
tions, so that the height and width of the traveller 
could be diminished to make it suitable for the 
erection of much smaller work after the completion 
of the Beaver Bridge. The transverse upper 
girders supported three lines of 20-in. I-beams near 
the plane of each truss, and two lines in the axis of 
the bridge from which the hoisting tackles were 
suspended. The traveller was mounted on 21-in, 
double-flange wheels (see Figs. 158 and 159), with 
5#-in. axles 2 ft. long, arranged so that the traveller 
could be operated on two or on four lines of rails, 

In erecting the traveller at the site of the works 
the longitudinal sills were first assembled on the 
falsework, and the transverse bents were assembled 
in horizontal planes, with their feet pin-connected 
to the sills. Two 9-part tackles were attached to 
the top of a 70-ft. tripping bent, and to bridles 
connected to the top and at two intermediate points 
on the vertical posts of the shore bent of the 
traveller, and the latter was thus revolved into 
vertical position, where it was guyed and served 
as a tripping bent, from which the second bent was 
next revolved to position, which, in turn, served 
asa tripping bent for the third bent. These erect- 
ing operations are illustrated in Figs. 22 and 23, of 
Plate III., published with our issue of January 17 
last. The bracing and jigger-beams were erected 
by tackles suspended from short gin poles on the 
transverse girders in the top of the traveller. The 
two 3-drum, 6-spool hoisting-engines operating the 
traveller were carried on narrow - gauge trucks 
attached to the rear ends of the traveller sills. 

Two stiff-leg steel derricks on top of the traveller 
each had 70-ft. booms, with a capacity of 67,000 lb., 
at a radius of 24} ft. The sills consist of pairs of 
built channels latticed, and all riveted members had 
tapered rectangular cross-sections made of four 
angles, with their flanges turned in and latticed. 
The booms were made with adjustable intermediate 
sections providing for different lengths in service of 
40 ft., 50 ft., 60 ft., and 70 ft., according to require- 
ments. All field splices were bolted. 

The working bearings were made with steel 
castings, bushed with manganese bronze wherever 
there was great frictional resistance. The connec- 
tion between the mast, sill, and bottom struts was 
made with a 4}-ft. by 5}-ft. by 14-ft. riveted block, 
with six segmental horizontal top and bottom plates 
bored to receive the pin-connections of the other 
riveted members, and having a large top and bottom 
hole for the mast connection. It contained a pair 
of guide-sheaves for the lead lines from the derrick 
tackles. The base of the mast was bolted to 4 
hollow steel casting, with projecting jaws pin-con- 
nected to the foot uf the boom. The lower end of 
the casting had a manganese-bronze spherical bear- 
ing in a cast-steel base-block, with a horizontal 
flange seated on the riveted foot-block. The lead 
lines from the tackles to the hoisting-engines pass 
through the axis of the mast and through a 9-1D. 
hole in all of the assembled pieces in the foot- 
blocks. At the upper end of the mist there was 
a hollow steel casting, pin-connected to eye- bar 
links engaging the topping-lift tackles. Its 10-in. 
gudgeon engaged the heavy goose-necks connecting 
it to the stiff-legs, and was bored to receive the 
7 in. vertical hollow swivel-shank with a casting 
carrying two eccentric sheaves, over which the 
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lead lines from the tackles passed down through 
the axis of the mast. 
Commencing at the main pedestals on the river 
Co the gantry traveller assembled both lines of 
ttom chords to the anchor piers, blocking them 
up to a straight line parallel to the grade. The 
ices were then immediately riveted as previously 
assembled on the bridge-shop skids. The traveller 
next erected the remaining trues members from 
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aa points. After erect- 
ing vertical posts 6 and 8, the inclined posts U 8 
—L10 were erected, and the traveller returned to 
complete panel 6—8, thus completing an efficient 
truss from L 0 to L. 10, which would be self-sustain- 
ing without falsework. 

The traveller then completed the erection up to 
the horizontal line U 8—U 12 and vertical line 
U 12—-L 12, after which it returned to L 9, L 10, 
L 11, when two 50-ton steel stiff-leg derricks, with 
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THE BEAVER BRIDGE; CREEPER TRAVELLER FOR ERECTION OF RIVER-SPAN. 
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50-ft. booms, were installed on the top of the 
traveller. Top-chord sections 8—9 and 11—12 
were hoisted by the traveller tackles, and sup- 
ported on the traveller until the remainder of the 
upper members of the trusses up to and including 
the caps of the vertical posts U 10—L10 were 
erected by the derricks. 

After the gantry traveller and its derricks had 
thus erected all of the main trusses two panels 
beyond the pier, the top platform of the traveller 
was blocked up to bearing on the permanent longi- 
tudinal struts of the bridge, and the suspended 
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lower portion was removed and re-erected on the 
opposite side of the river. In the meantime the 
derricks erected on the first two panels of the top 
chords of the cantilever-arm the creeper traveller, 
by which the remainder of the structure was erected 
to the centre of the mainspan. The derricks were 
then removed and carried across the river. 

The Oreeper Traveller.—This traveller, which is 
illustrated in Figs. 162 to 170, above, consisted 
essentially of a 40-ft. by 52-ft. platform, mounted 
on four pairs of double flange-wheels, 314 in. in 
diameter, and had a stiff-leg derrick with a 50-ft., 
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28 Washens 3° V4 thick. 
| 50-ton boom installed’on the forward edge, and a 
50-ft. overhang, 344 ft. wide, with a total capacity 
of 190 tons. With its equipment the ‘creeper 
weighed 170 tons, or only half as much as the gantry 
traveller. This great reduction of weight at the 
extremity of the cantilever-arm reduced the maxi- 
mum top-chord erection stresses to 4,490,000 Ib., 
as against 8,087,400 lb. for maximum stresses when 
the bridge is completed and in service. This type of 
| traveller, moving freely on the top chord, clear of 
all obstructions, could be made very much lighter 
than an inside traveller, or than a gantry traveller. 
It presented, moreover, very much less surface to 
wind pressure, and enabled the trusses to be com- 
pleted, and all tranverse and lateral bracing to be 
permanently connected as fast as the trusses were 
assembled, thus providing greater security, and 
avoiding the necessity of connecting and discon- 
necting the sway bracing, or of temporarily 
omitting it, as has been the case in the erection of 
some other large spans. ; 
The framework of the platform had _ of 
longitudinal plate girders 34} ft. apart between 
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THE BEAVER BRIDGE; DETAILS OF DERRICK ON CREEPER TRAVELLER. 
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were two movable transverse girders or jigger- 
beams ~~" on the lower chords, as indi- 
cated in Fig. 166. These jigger-beams could be 
set in different positions by the derrick boom, and 
from them were suspended auxiliary tackles, which 
could thus be set vertically over any portion of the 
8 ag space commanded by the overhang. The 

-ton boom was pin-connected to a foot-block, 
with a spherical manganese-bronze bushed bearing 
ona heavy ribbed cast-steel base-plate (see Figs. 171 
to 173, annexed), bolted to the forward transverse 
girder and providing automatic transverse adjust- 
ment to the varying angles of successive positions 
of the traveller. Details of the connection for the 
set of sheaves at the top of the boom are illustrated 
in Figs. 175 to 177, on the present page. 

The forward axles of the traveller being sub- 
jected to maximum loads of 70 tons, each was 
provided with manganese-bronze bushings in 
patented cast -steel journal- boxes. When the 
traveller was in service the load was taken fron 
the forward wheels by special 8-in. jack-screws, 
with spherical bearings, which were permanently 
attached to the traveller. These are illustrated in 
Figs. 178 to 182, annexed. 

The two 12#-in.-gauge traveller tracks were 
34 ft. 6 in. apart on centres, and were made in 
panel-length sections, having for each track a pair 
of 24-in. I-beams, connected by top and bottom 
flange tie-plates. The ends of the I-beams were 
seated in riveted shoes bolted to the tops of the 
vertical posts, and were removed in the rear as the 
traveller advanced. The construction of these 
shoes is illustrated in detail in Figs. 183 to 189, 
annexed. The tendency for the traveller to roll 
down the steep incline of the top chord was coun- 
centres of pairs (see Fig. 166), and three transverse | the top was secured by adjustable back stays to the | teracted by 27 tons of plates in a transverse cradle, 

ers, the forward one cantilevering 9 ft. | platform girders, thus enabling the A-frame to be | 19 ft. long, which was suspended by ropes led over 

the truss centres at each end. The| adjusted according to the varying inclination of the | sheaves at the top of the vertical posts and thence 
A-frame for the derrick boom (Fig. 167) was con-| top chord angle so that it might always remain | to the rear of the traveller platform. 

to this girder with horizontal pivots, and/ vertical. The overhang was supported on jibs or| A 1-in. plough-steel cable 1100 ft. long was 
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clamped at both ends to the counterweight cradle 
and was rove through sheaves attached to the top 
portal strut, through sheaves attached to the rear 
of the traveller platform, and around two sets of 
sheaves on the eye-bar, anchorage links conneeting 
the traveller to the tops of the main posts. At the 
commencement of operations the rope extended 
little more than from bottom to top of the main 
vertical post, but when the travelier reached the 
end of the cantilever it extended in addition from 
the panel points U 10—U 10 to the extremity of 
the cantilever. At each position of the traveller the 
rope was lengthened, clamped at the required posi- 
tion, and the free ends were coiled on top of the 
counterweight. When the traveller was advanced 
the anchorage links were disconnected and the coun- 
terweight was hoisted by auxiliary manila tackles 
operated by hoisting-engines on the traveller, which 
moved forward exactly as the counterweight rose. 
When the traveller arrived at the required position 
it engaged stops in the track, the anchorage links 
were reconnected and shortened by adjustment 
screws to take the full weight of thetraveller. The 
counterweight was then lowered to its normal posi- 
tion and reconnected to the anchorage links about 
15 ft. above the track, where it acted to balance 
the dead-load of the traveller, leaving the anchor- 
age links to take up any live load and afford an 
additional measure of safety. As the traveller 
advanced, the weight of the counterbalance was de- 
creased to correspond with the decreasing inclina- 
tion of the top chords on which the traveller rolled. 

As the jib-trusses were fixed to the traveller 
platform, the position of their bottom chords 
changed from horizontal to an upward inclination 
as the traveller advanced from the main post to 
the end of the cantilever arm. The position of 
the derrick’s A frame was, however, continually 
shifted so as to keep it vertical. Only one day 
was required for each movement of the traveller, 
and while it was being advanced the derrick boom 
was topped up as high as possible, and the movable 
transverse jigger-beams were set back as close to 
the floor sot as they could be placed. The 
traveller-track girders were lowered to the bridge- 
floor, and new ones were hoisted by the traveller- 
tackles, and set by its derrick one panel in advance 
for the traveller to move forward upon. 

The traveller was equipped with one 13-part 
70-ton hoisting-tackle on the derrick boom, six 
50-ton 9-part tackles suspended from panel-points 
of the jib-trusses, two 15-ton manila tackles at 
the extremities of the jibs, and ten 5-ton manila 
tacles suspended from the transverse jigger- beams. 
All of the tackles were operated by eight drums 
and sixteen capstan-heads of three special 125- 
horse-power electric hoisting-engines on the rear 
of the traveller platform, arranged as indicated in 
Fig. 168. The hoisting-engines together weighed 
about 49 tons, the tackle and the crew weighed 
about 11 tons, which, with the 110 tons weight of 
structural steel in the traveller, made a total of 
170 tons, as compared with 400 tons for the gantry 
traveller and its equipment. 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue last ordinary general meeting of the present 
session of the above Institution was held on Friday, 
the 18th inst., the chair being occupied by the 
President, Sir H. Frederick Donaldson, K.C.B. 
The formal business of the meeting having been 
transacted, the President read his address, which 
we reprint in full on page 579 of the present issue, 
and with which we also deal in an article on another 


ge. 
Sic Alexander B. W. Kennedy, in proposing a 
vote of thanks te the President for his address, 
said that, as one of the oldest Past-Presidents of 
the Institution, he had the privilege of moving 


this vote. It was one of the few privileges of 
age. He had listened, and no doubt members 
had listened also, with very great pleasure to Sir 
Frederick's address. The fact that Sir Frede- 
rick Donaldson was at the head of one of the 
greatest manufacturing works in the country, or 
possibly in Euro the Ordnance Factory at Wool- 
wich — had added considerably to that pleasure. 
The conduct of the works in question involved 
some of the greatest and most responsible duties in 
the kingdom, and, in speaking of.the importance 
of the combination of practical and scientific knew- 
Jedge in the engineer, the President had spoken as 


a man who had a very intimate knowledge of what 
was necessary in carrying out engineering work. 
That consideration, of course, added the greatest 
value to what he had said. He had been icu- 
larly glad to hear the remarks of Sir Frederick 
Donaldson on two or three of the matters upon 
which he had touched. Sir Frederick’s suggestion, 
for instance, of the possibility of a general engi- 
neering research committee, seemed to him an 
idea of so much value that he trusted it would be 
carried a good deal further. The idea seemed to 
be an extremely promising one. He had only 
one thing to add to what the President had 
said about the research work of the Institution 
Sir Frederick said that the Institution had done 
something to place the results of researches 
into a few matters, mainly relating to steel and 
other alloys, within the reach of users; he (Sir 
Alexander) took exception to the use of the 
word ‘‘mainly.” Considerably more than twenty 
years ago very important researches, of which 
the Institution had the greatest reason to 
proud, had been conducted before matters relating 
to steel had been taken up. For instance, a method 
of testing marine engines had been drawn up which 
had been so universally recognised since that it was 
now taken asa mere matter of course, familiar to 
every student. In the days, however, when Messrs. 
Bryan Donkin and Henry Davey, with others, were 
making the investigations, things were not quite 
so clear. Another early investigation was that into 
the question of friction, which was of very great 
importance. Indeed, he regarded the researches 
of Mr. Beecham Tower as the first to put the engi- 
neering side of friction into rational form. These 
and other lines of research undertaken long ago by 
the Institution were of high importance. As av 
old engineering professor, he was only too glad t 
-upport Sir Frederick Donaldson in his views as to 
the engineering teachers. It was not so many 
years since the idea obtained that no scientifix 
knowledge was wanted, and that an engineering 
professor could not be other than a fool. It wa- 
rather odd, therefore, that the position was so 
completely reversed that it was now necessary for 
a President of the Institution of Mechanical Engi- 
neers to argue that some practical training was 
after all, needed. The Institution of Civil Engi- 
neers recognised the importance of the fact that 
teachers should be at least as practical as thei 
students, and he trusted that their regulations 
would ensure enginéering teachers, who became 
members of the Institution of Civil Engineers, 
having practical knowledge, as well as being com- 
petent to instruct in theory. In relation to the 
Institution of Mechanical Engineers, he had no 
doubt that the new regulations for examination 
would tend in the same direction. He had great 
pleasure in moving a vote of thanks to the President 
for the address he had delivered. 

Dr. W. H. Maw, Past-President, had very great 
pleasure in seconding the vote proposed by Sir 
Alex. B. W. Kennedy, who had touched on several 
of the leading points in Sir Frederick Donaldson’s 
address, and he endorsed most thoroughly every- 
thing that Sir Alexander had said. He felt that 
the portion of the President’s address dealing 
with the training of young engineers was likely to 
have very great practical effect. It deserved to 
be most thoroughly studied. He believed that if 
it were so studied it might result in a kind of by- 
product, which Sir Frederick had not referred to. 
It was this: The number of training institutions 
in this country had increased enormously within 
the last few years, and consequently there was a 
very large demand for professors, assistant pro- 
fessors, and other teachers. That demand, how- 
ever, would not be filled adequately unless men of 
really practical experience could be induced to 
take up the posts thus created. In many cases the 
remuneration offered was, however, insufficient to 
induce a man of real practical engineering knowledge 
to undertake the professorships. There was also a 
very great inducement for young engineers, who 
had had a short experience in drawing-offices, to be 
tempted away from practical work to take posts as 
demonstrators, because the remuneration offered was 
better than they could, at the time, obtain in the 
drawing-office. But such men were, in that way, 
really damaging their prospects of advancement in 
the profession ; it was a very bad thing indeed for 
a young engineer to give up practical work. The 
Council of the Institution had before them from 





time to time a number of proposal forms which 
showed that young men who had served their time 





in works, and had, perhaps, had a couple of years 
in the drawing-office, had abandoned practical work 
entirely, and gone in for teaching. Young en. 
gineers should consider what was likely to happen 
to them later on in life after such a step. If they 
did so, he felt sure they would not be inclined to 
cut their practical training short. He had the 
greatest pleasure in seconding the motion for 
the vote of thanks to the President. 

The President, in acknowledging the vote of 
thanks, said he was pleased that anything in his 
address should have been found capable of being 
interpreted by friendly critics to the advantage of 
the Institution. With regard to Sir Alexander 
Kennedy’s reference to the research work under. 
taken by the Institution, on this point the 
speaker would say that he had specially alluded 
to the researches in steel and other alloys, as he 
thought these matters were more prominently 
before the eyes of members ; he had, however, had 
no desire to neglect the earlier and very valuable 


be | researches. 


The President then announced that the notices 
relating to the summer meeting at Cambridge had 
been issued. He ventured the hope, in view of the 
papers and visits in contemplation, that not only 
would the meeting prove enjoyable, but useful. 
He would take this opportunity of tendering in 
advance the thanks of the Institution to those who 
would receive the members at their works, and in 
particular to Mr. Allen and Mr. Reavell. 
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—¢—— 
Cours de Métallurgie des Métaux Autres que le Fer. By 

Eug. Prost, Professor in the University of Liege. 

With 483 illustrations. Paris and Liége : Ch. Béranger. 

[Price 30 francs ] 

Proressor Prost says in his preface that he has . 
designed this book chiefly for beginners in the 
study of metallurgy. The book certainly seems 
likely to meet their needs with much success, They 
will find the trustworthiness of its matter and 
the clearness of its arrangement and style both 
valuable and attractive. But we believe that the 
book will do an equally important work among 
those engineers and metallurgists now in practice 
who find it difficult to keep themselves informed 
of the latest developments in the smelting and 
refining of the growing number of metals now in 
industrial use. Such readers have for some time 
been handicapped by the absence of an up-to-date 
book describing concisely all the most recent 
methods of metallurgical production, and yet ex- 
plaining with sufficient fulness the more important 
principies involved. This task Professor Prost 
has accomplished in an able manner, and at the 
same time he has avoided, on the one hand, the 
over-emphasis of newly-suggested methods which 
are likely to be only temporary and experimental ; 
and, on the other hand, the neglect of the principles 
on which the most modern methods are now, and 
future methods most probably will be, based. 
Between these two extremes the author has skil- 
fully preserved a judicious balance. 

The book deals separately with the metallurgy 
of twenty metals : zinc, cadmium, lead, silver, gold, 
copper, nickel, cobalt, tin, mercury, antimony, 
bismuth, aluminium, platinum, manganese, chro- 
mium, tungsten, molybdenum, titanium, and vana- 
dium. Although the list is already a long one, there 
are one or two omissions which might suitably have 
been filled. We are given no description of the 
production of magnesium, which, as the author 
himself mentions on page 774, is now added to 
aluminium as an important constituent of many 
alloys, or of that of tantalum, which has become 

rominent in the manufacture of metallic-filament 
om and in several other ways. Less important 
metals which deserve treatment are calcium, rho- 
dium, iridium, sodium, and potassium. _ 

Like the authors of all ks of this nature, 
Professor Prost appears to have adopted the prin- 
ciple that the more common metals should be dealt 
with at much greater length than the less common, 
and to have acted on it without, perhaps, sufficient 
discretion. In such books the less common me 
should receive, we will not say more detailed treat 
ment than the common, but certainly as muct, 
where the necessary information is available; for : 
is much more difficult to find adequate treatmen 
elsewhere in the case of a little-used metal than » 
the case of its commoner fellow. For instance, ¥° 
find that in the present book zinc receives 150 page 
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and nickel only 33 ; yet within the last ten years 
there have been published three separate books 
devoted entirely to the metallurgy of zinc, while 
there is not yet, we believe, in any language, a book 
dealing entirely with the production and properties 
of nickel, and for information on many details one 
would have to search the files of numerous periodi 
cals and journals. 

The matter concerning each of the metals forms 
a separate chapter in the book, and is arranged in 
the chapter on a common plan. The author sets 
out first the chemical and physical properties of 
the metal (strange to say, the atomic weight is not 
given), followed by a brief list of the metals with 
which it can be alloyed, and, in a few cases only, 
by the compositions of its chief alloys. Then come 
the occurrence and composition of the ores of the 
metal, succeeded often by an explanation of 
the methods of valuing the ores for commercial 
purposes. The next section forms an interesting 
feature usually absent from technical text-books. 
It is chiefly statistical, describing the outputs and 
consumptions of the metal by various countries for 
a series of years, and including a statement of 
recent price fluctuations and of the chief markets 
for the metal. After this we are given a study of 
the properties of the chief chemical compounds 
of the metal, more particularly as they affect the 
smelting processes. Then, leading up to the main 
section of the chapter, appears a very useful 
summary of the general principles governing the 
methods of extraction and refining. The rest of 
the chapter is devoted to descriptions of ore pre- 
paration, of the reduction or other extraction of 
the metal, of the treatment of by-products, of the 
further treatment of the crude metal, and, finally, 
of new processes now being tried or recently pro 
posed. These sections display the author's close 
acquaintance with the metallurgical industry in 
most of its branches. Throughout there are clear 
descriptions of the furnaces or other apparatu-~ 
required, usually with explanatory diagrams and 
illustrations. At the end of the book is a supple- 
mentary chapter containing information which 
became available only after the main portion of the 
book had been written. But, apart from this, 
quite recent work has been well incorporated in 
the main body of the matter in the various chapters. 
Two important features upon which Professor Prost 
is to be congratulated for his careful treatment are 
the calculations of charges, outputs, &c., and the 
accounts of the thermo-chemical changes which 
accompany the processes described. 

It should be noted that the author appears to 
consider his work complete when he has taken us 
tothe stage of casting the refined metal into the 
ingot, or to the corresponding stage in electrolytic 
processes. We are told hardly anything about the 
working-up or after-treatment of the metal, and 
very little—except, perhaps, in the case of copper 
—about its alloys. These subjects are admittedly 
very big, and in some sense separate from that of 
the extraction of a metal from its ores, and the 
author may be excused any desire he may have felt 
to prevent the overgrowth of an already large book 
by leaving them out. But in one direction we are, 
we think, entitled to look for fuller treatment. 
The statement of the mechanical properties of the 
metal, and the description of the influences of the 
commonly-occurring impurities on these properties, 
should be more ample. They are at present dis- 
appointingly scanty. An adequate exposition of 
these matters would add much to the value of so 
useful a hook. 

As this volume comes from a French publisher, 
We suppose we. must accept the absence of an 
index with that resignation which on other occa- 
sions is reserved for the inscrutable deeds of a 
ute omnipotent and quite extra-rational agent. 

he table of contents has been made as full as 
possible, but we are notsatisfied with it : we merely 
put up with it, and sigh wistfully for the ruthless 
extinction of French publishers. 





British Lighthouses; Their History and Romance. By 

- Saxsr Wayps. With 73 illustrations. London: 

- Fisher Unwin. [Price 10s. 6d.] 

Is book fails to do justice to a large and 
attractive subject. We doubt if anyone would 
gather from this account a just impression of the 
invaluable assistance lighthouses and beacons have 

navigation, or of the pride and earnestness 
nation has exhibited in providing adequate 


engineering and optical skill scarcely receives its 
proper tribute. Those who have kept a lonely 
watch under circumstances of stress and danger, 
displaying a heroism beyond all praise, hardly meet 
with due acknowledgment. Yet the author has 
felt all this and more, but he has not brought out 
the salient points in a way to make us proud of the 
service, to show the lead we have taken in this 
form of maritime enterprise, and the value of the 
example we have set in every quarter of the globe. 
There is little here to stir national pride, or to 
prove that we have contributed freely in facilitating 
the commerce of the world. 

There is an introductory chapter on lighthouses 
of ancient times, in which one can read of the 
Pharos at Alexandria, or of the Colossus at Rhodes, 
not very entertaining subjects in themselves, while 
the connection with British lighthouses is obscure. 
Such references were probably thought necessary 
for the sake of historical completeness. The 
interest increases in the Middle Ages, for the history 
of lighthouses is the history of sea-borne trade. 
The fluctuations of prosperity caused by wars, 
civil and foreign, are reflected in the care bestowed 
on the beacon lights; while as particular trade 
routes rose in importance or fell into disfavour, so 
the number of warning lights increased or dimin- 
ished. It was not till the Tudor period that any 
continuity in policy can be discovered, or that any 
adequate means were taken to secure attention to 
sea-marks, and encourage navigation. Then in 
1514, almost exactly 400 years ago, Henry VIII. 
created a, or reorganised an existing, guild under the 
style of the ‘‘ Brotherhood of the most Glorious 
and Undividable Trinity,” having ‘‘power and 
authority for ever of granting and making laws, 
ordinances and statutes among themselves, for the 
relief, increase, and augmentation of the shipping 
of this our realm of England.” 

This charter, coming into operation soon after the 
disastrous results of the Wars of the Roses had 
disappeared, was renewed under successive sove- 
reigns, imposing other duties and granting other 
privileges, and under the loud-sounding title we 
have little difficulty in recognising the ancient 
corporation of the Brethren of Trinity House. 

Mr. Wryde takes his readers for an excursion 
round the coast, pointing out the principal lights, 
and finally making a visit to Scotland. The large 
number, the similar equipment, and the identity 
of purpose, prevent mention of many of these; but 
the more important, or the more historical, come 
under notice, and various anecdotes and reminis- 
cences are recalled. Here one may find the history of 
Eddystone, or listen once again to the tale of Grace 
Darling. Some references to Tam o’Shanter and 
‘* the fause Baron” also appear, and, we suppose, 
supply **the Romance.” The two chapters on 
‘“* Light Vessels” and ‘‘ Distinctive Lights and 
Sounds ” are disappointing from a scientific point 
of view. There is no just appreciation of what 
was accomplished by Fresnal (sic), by Chance, by 
Douglass, and many others, who have worked to 
increase the efticiency of lights and buildings. The 
author tells us that he will trace ‘‘ the gradual 
yrowth of the warning lights from the wood fire of 
the cresset to the electric arc, whose brilliancy is 
computed in millions of candles.” Unfortunately, he 
leaves out so many of the steps by which this admir- 
able result has been achieved that we are not able 
to follow the road science has pursued. The chapters 
on ‘* Wrecks and Wreckers” and on ‘*The Light- 
house Authorities” are better. They are more 
popular and historical. In the former chapter 
Mr. Wryde has collected some curious lore, some- 
times amusing and sometimes discreditable to our 
common humanity. A comparison between the 
historical and the scientific portions illustrates 
the strong and the weak points of this volume. 
Had the author aimed at producing merely a 
popular historical account of an institution that 
occupies a high place in the affections of the 
people, he would have succeeded admirably; but 
he does not appear to s that mastery over 
applied guleal sulenee which is necessary to give 
to a technical subject illumination and interest. 


BOOKS RECEIVED. 

The Mercantile Year-Book and Directory of Exporters, 
1913. Edited by Water Linpiey Jonus, F.R.G.S. 
London; Lindley Jones and Brother. [Price 10s.] 
The Newspaper Press Directory and Advertisers’ Guide, 





1913. London: C. Mitchell and Co., Limited. 
[Price 2s } 
The Ne . ByG. Burney Dinpiez, M.A. London: 


Die Geblise Bau wnd Berechnung der Maschinen zur 
Bewegung, Verdichtung und Verdiinnung der Luft. 
Von ALBRECHT VON InERING. Dritte, umgearbeitete 
und vehrmebrte Auflage. Berlin: Julius Springer. 

Commercial Year ~- Book of the Bristol Incorporated 
Chamber of Commerce and Shipping, with Classified 
Trade Index of the Members of the Chamber. Edited 
and compiled a Ae Secretary, W. J. Hmuutar, F.C.LS. 
First issue. rby: Bemrose and Son, Limited, 
Midland Place. 

Pyritesin Canada, its Occurrences, Exploitation, Dressing, 
and Uses. By Atrrep W. G. Witson, Ph.D. Ottawa : 
Government Printing Office. 

The Public Schools’ Year-Book. The Official Book of 
Reference of the Headmasters’ Conference, 1913. Edited 
by H. F. W. Deans, M.A., F.S.A., and W. A. Evans, 

-A. London: The Year-Book Press, 31, Museum- 
street, W.C. [Price 5:. net. ] 

The Junior Institution of Engineers (Incorporated): 
Journal and Record of Transactions. Vol. XXIL., 


1911-12. Edited by A. CLirrorp Swauzs. London: 
Percival Marshall and Co. [Price 10s. 6d. 
English Local Government: The Story of the King’s High- 


way. By Sypwry and Pratrice Wess. London, 
New York, Bombay, and Calcutta: Longmans, Green 
and Co. [Price 7s. 6d. net. 

Iron and Stel: An Introductory Text-Book for Engineers 
and Metallurgists. By O. F. Hupson, M.Sc. With 
a _ Section on Corrosson. By Guy D. Bencoven, 
M.A., D.Sc. London: Constable and OCo., Limited. 
[Price 6s. net. ] 

Investors’ Bookkecping upon Double-Entry Principle. 
By Esenizer Carr, F.S.A.A.; ard How to Chick your 
Steckbroker’s Account. By An Accountant. London: 
Effingham Wilson. [Price 1s. net. ] 

The Problem of the Gas-Works Pitch Industries and 
Cancer, THE JoKN Howard McFappen RESEARCHES. 
London: Jobn Murray. [Price 6d. net. ] 

The A.B.C. Fiscal Hand- Bock. London: Free Trade 
Union, 25, Victoria-street, Westminster, 8.W. [Price 
1s, net; post free, 1s. 3d.]} 

A Woman of Imagination: A Modern Play in Four Acts. 
By Luiorr St. Crate. [Price 2s. net.] 

A Synopsis of the Klementary Theory of Heat and 
Hiat-Enoines. By Joun Cass, B.A. Cambridge: 
W. Heffer and Sons, Limited. London: Simpkin, 
Marsball and Co., Limited. [Price 2s. 6d. net.) 

North of En,lind Institute of Mining and Mechanical 
Engineers : Report of the Committe appointed to Report 
on the Carboniferous Limestone Formation of the North 
of kngland ; with Special Reference to its Cvat Resowrees, 
By Sranixy Smirn, M.Sc., F.G.S. Edited by the 
Secretary, Lawkence Austin. Newcastle-upon-Tyne : 
North of England Institute of Mining and Mechanical 
Engineers. 

Excrcises in Gas Analysis. By. Dr. Hartwig FRANZEN. 
Translated by THomAs CaLLan, M.Sc., Ph.D., F.C.S. 
London: Blackie and Son, Limited. [Price 2s. 6d. 


net. 

The Vrollhdttan Hudro-Electric Power Plant. Viisteras 
(Sweden): Allminna Svenska Electric Company. 

Colorado Ayricultuwral Coll-ge. Agricultural krperiment 
Station. Bulletin No. 150. On the Measurement and 
Division of Water. By L. G. Carpenter. Bulletin 
No. 182. Colorado Climatology. By Ropent KE. Tr m- 
BLE. Bulletin No. 183. Deterioration in the Quay 
of Sugar Beets due to Nitrotes formed inthe Soul. By 
Wiuiam P. Hrappen. Bulletin No. 184. (1) The 
Ammonfying F ficiency of Certain Colorado Sots, By 
Water G. Sackett. (2) Alue wn Seume Coloredo 
Soils. By W. W. Rossins. Colorado: Experiment 
Station, Fort Collins. 


The Baudét Printing Telegraph System. By H. W. 
— London: Whittaker and Co. [Price 2s. 6d. 
net. 





Tue InstiTUTION OF MkoHANICAL ENnciInerrs.—The 
annual dinner of the Institution of Mechanica] Engineers, 
which was held at the Hotel Cecil on the 17th inst., wasa 
very succesful function. The attendance was good, there 
being about 300 members and guests mt, and the 
speeches were unusually felicitous. The toast list was 
short, and, apart from the loyal toasts, which were given 
by the President, Sir H. F. aldson, consisted only of 
“Our Guests” and ‘The Institution of Mechanical 
Engineers.” Dr. Unwin, in proposing the former, set a 
note which was returned to by many of the speakers, 
when he pointed out that the Army and Navy were 
essentially dependent for their existence on the work 
of engineers. The Right Hon. Herbert Samuel, in 
replying for the guests, and the Right Hon. Colonel 
Seely, in proposing the Institution, referred parti- 
cularly to the aspect of the engineering profession. 
Mr. Samuel pointed out that the engineer was at the 
present time the central figure of the world, and 
Colonel Seely reminded the gathering that an engineer 
who invented a new gun or a new h shanism 
might do more for his country in war-time than one who 
brought thousands to the colours. Mr. Samuel, in his 
speech, gave some interesting details in reference to the 
engineering features of the Post Office. That department 
owned engineering material of a capital value of 30,000, (002, 
and had a yearly ng ex iture of 5,000,0002. 
It had 50 miles of pneumatic tubing in London, and was 
shortly to proceed with the construction of a 6-mile tube 
railway, linking various of the n railway termini 
and the Post Office distributing centres in London. The 
tube would be electrically operated; it would carry a 
double track, would be 9 ft. in diameter, and would cost 
about 1,000,000/, It would greatly facilitate the transfer 
of mails, and considerably reduce the times now taken 








Protection for its long coast-line. Eminent scien- 
hte Hisve perfdoted their , bub the 


Willisnis did Norgate. [Price 14. nét.] 


between the points it would touch. 
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THE LAUNCH 


MESSRS. JOHN BROWN AND ©CO., 


OF THE QUADRUPLE-SCREW CUNARD LINER 


LIMITED, SHEFFIELD AND CLYDEBANK. 


“ AQUITANIA.” 
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THE LAUNCH OF THE “ AQUITANIA.” 


Tue launch of the Cunard liner ‘‘ Aquitania” 
from the Clydebank Works of Messrs. John Brown 
and Co., Limited, on Monday last, was a complete 
success. In view of the great experience of the 
management of the works in the launching of 
immense ships, it was anticipated that there would 
be brought to bear upon the solution of one of the 
most fascinating problems presented to the naval 
architect, every precautionary measure . which 
past operations of a kindred nature suggested, 
and, as a result, although the vessel is the largest 
yet built in this country, there was not for one 
moment any feeling of anxiety by those respon- 
sible. who had a full knowledge of the precau- 
tionary measures taken. For two or three minutes 
before the vessel actually started, she was ‘‘ creep- 
ing,” but this was a direct consequence of the 
leaving in ition of more of the keel-blocks 
than is Bll pe as to retard the speed during the 
initial period of the launch, and to obviate too 
great a momentum being developed. The speed of 
the ship on the ways did not at any time exceed 
15 knots, and the mean velocity was just over 
10 ft. per second. 

We reproduce on the opposite page drawings of 
the most important part of the launching cradle— 
the forward part; a perspective view of this was 
reproduced as one of the many series of views of 

é Aquitania in last week’s issue (see Fig. 32, 

ige 521 ante). The drawings reproduced in 

igs. 1 to 6 are of special interest because they 
show the provision made for taking the great stress 
not only on the structure of the ship forward, but 
on the forward cradle, when the stern first 
became water-borne. As explained in our pre- 
vious article, heavy piling, with horizontal and 
onal timbers buried in ferro-concrete, had been 

put in, during the preparation of the berth, in 
order to take the pressure through the launching- 
ways. Thus was ensured that there would be no 
Yielding of the foundation at any part, and parti- 
cularly at the point where the downward thrust 
was exerted by the bow when the stern became 
water-borne. The ways had a width of 6 ft. 6 in., 
and at the forward end the thickness of the 
ing-ways was 20 in., and for the remaining 
ei of the length 10 in. On the two-page plate 
the week we reproduce an admirable view of 
ship immediately before the launch ; and one 
the many interesting features which may be 
“een is the considerable overhang forward of the bow 
adie, due to the very fine entry of the ship. Abaft, 
S chown in the view on page 570, it was possible 
house the poppets of the cradle immediately 

© inner propeller brackets. The normal 














load on the ways was reduced to 2.2 tons per 
square foot, which, it will be recognised, is far Selow 
the limit. 

The heads of the poppets in the forward cradle 
were housed partly against the shell-plating, and 
partly, in the case of the outer poppets, in recesses 
in heavy built-up steel brackets riveted to the 
shell-plating and frames of the ship, as shown 
in Figs. 1 and 2. The poppets were made up for 
the most part of 15-in. by 15-in. timbers, the inner- 
most timbers being J5 in. by 18in. The brackets 
were braced by longitudinal channels or flanged 
plates, as shown in Figs. 3 to 6. The poppets 
were braced horizontally and diagonally by 9-in. by 
6-in. ribbons and by steel plates 12-in. wide. There 
was a series of tie-rods extending, under the 
keel of the ship, from port to starboard side, as 
shown in Fig. 1. These were bolted up through a 
horizontal ribbon with 3-in. bolts passing through 
the spaces between the poppets, as shown in Fig. 2. 
This construction extended for about 32 ft. of the 
length of the cradle. Abaft this the poppets were 
at greater intervals apart, and there was substi- 
tuted for the tie-rods chain lashings between the 
port and starboard poppets. 

The provision die for holding the ship and 
the sliding ways stationary after the bilge-blocks 
had been removed, snd after as many of the keel- 
blocks had been knocked out as it was determined 
to remove, consisted of hydraulic triggers. There 
were three separate pairs, placed at considerable 
distances apart, in the length of the ways. The 
mechanism is now well known, and very widely 
applied ; it consists of an hydraulic cylinder, the 
ram of which retains in a vertical position a centrally 
art forged trigger, the upper part of this trigger 

olding the standing ways in position, by locking 
into a recess of heavy forged steel built into the 
bottom of thesliding-way. Release of the pressure 
water in the cylinder causes the ram to recede and 
enables the centrally-pivoted trigger to tilt from 
the vertical to the horizontal position, freeing the 
sliding-ways. The valves of all three pairs of 
cylinders are actuated simultaneously by electrical 
gear. 

On Monday the honours of the occasion were in 
the hands of the Countess of Derby, who herself 
takes a deep interest in all that concerns the 
prosperity of Liverpool. Moreover, the Earl 
of Derby has a direct interest, because he was 
the Lord Mayor of the City. The electric gear 
actuating the exhaust-valves of the cylinders was 
operated simultaneously with the mechanism for 
throwing the christening-bottle against the side of 
the ship. When the triggers were released there 
was no ptible movement for quite 3 minutes, 
but there was evidence in the creaking noise that 


the laws of gravity were steadily asserting them- 
selves. Thus, after fully 3 minutes’ creeping, for 
reasons which we have already explained, the ship 
began to move, and from the first indication of 
perceptible motion until she was afloat 1 minute 
31 seconds elapsed, which gives an average speed, 
as we have said, of about 10 ft. per second. To 
check the vessel there were eight piles of chains on 
each side of the berth, and these were connected 
by wire ropes secured to very heavy eye-bolts 
riveted temporarily to the sides of the ship. These 
may just be discerned in the view of the vessel 
reproduced on Plate XXXIII., accompanying 
this issue. The collective weight of these chain- 
drags was just under 1400 tons, and the aftermost 
drag came into effect just before the bow of the 
ship had left the ways. Thus the brake was 
very gentle and gradual in its application. That 
it was effective is proved by the fact that the 
vessel was pulled up when only about 150 ft. from 
the end of the ways, and that two of the piles of 
drags on each side were never moved. e total 
time taken from the electric release of the exhaust- 
valves until the vessel dipped from the end of the 
ways was 5 minutes 10 seconds. The draught for- 
ward was found to be 13 ft., and aft 21 ft., the 
launching weight, without the ways or cradle, being 
about 22,000 tons. The vessel was at once taken in 
charge by seven tug-boats, and moved into the 
fitting-out dock at the works, being moored within 
an hour of the launch. 

At the luncheon which followed there was general 
congratulation at the success of the launch, a suceess 
which only conformed with the traditions at the 
Clydebank Works. It was gratifying to note, on 
the part alike of Mr. A. A. Booth, the chairman 
of the Cunard Company, and of Lord Aberconway, 
the chairman, and Mr. Charles Ellis, the man ing 
director, of the builders’ company, a generous bu 
well-won recognition of the work of the technical 
officers of both companies towards the work which 
had culminated in the launch of the ship. More- 
over, the occasion was utilised for once more 
enforcing the importance of enterprise and of the 
part played by capital in all such undertakings, a 
subject to which we referred in our leading article 
last week (page 533 ante). Another point regarding 
which there was justifiable recognition was the 
enterprise of the Clyde Navigation Trustees and 
the Clyde Lighthouse Board, and the Right Hon. 
Sydney Buxton, President of the Board of Trade, 
gave expression to this feeling in proposing the 
toast of success to these institutions, which was 
responded to by Sir Thomas Mason, the Chairman 
of the Clyde Trustees. As, however, all of these 








points were fully covered in the comprehensive 
article on the building of the ship which we 
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published in last week’s issue, we need not further 
allude to them here. 


We regret that, in our previous article, we did 
not state that the view of the stern framing on 
page 520 ante was published in order to explain the 
design generally, the framing shown in the photo- 
graph reproduced being that of the preceding large 
Cunard liners. One or two slight changes in details 
have been made in the framing of the Aquitania ; 
but these are immaterial. 





Tue INSTITUTION OF ELEcTRICAL ENGINEERS ; SCOTTISH 
Locat Sxction.—The thirteenth annual report of the 
Scottish Local Section of the Institution of Electrical 
a yes states that six ordinary meetings have been 
held during the t session, but that the attendance 
has been unsatisfactory, the average being only about 
14 per cent. of the membership. Two of the age were 
contributed by members of the Section. he report 
refers to the visit of the Institution to Glasgow last 
June as one of the most memorable events in the annals 
of the Section. This meeting lasted for three days, and 
included the reading of papers and various visits to works. 
The report gives the membership of the Section for the 
past six years. We note that the total membership is 
now 390, as compared with 362 at the beginning of 1912. 


Lonpon Roap Coneress.—By the courtesy of the 
Associated Railway Companies, members of the Road 
Congress travelling to London to attend its meetings 
may obtain return tickets at a single fare and a third, at 
any station in Great Britain, upon the surrender to the 
booking clerk of a voucher to be obtained from the secre- 
tary. Tickets will be issued from June 21 to June 28, 
and will be available for return up to July 14. In addi- 
tion to this general arrangement, the London and South 
Western Railway Company intimate that they will issue 
daily tickets at the same rate, from stations within a 
radius of 20 miles from London, to delegates attending 
the Congress on producing their tickets of membership, 
these tickets being available on the day of issue or the 
following day. A detailed illustrated programme of the 
Congress, extending over sixty-four pages, is now in 
course of preparation, and will be issued to those who 
have registered themselves as members of the Congress 
within the course of the next few days. 


Tue Execrricrry Suppty or Sroxs-on-Trent.— The 
new power-house of the electricity supply department of 
the Bounty Borough of Stoke-on-Trent was officially 
opened on the 10th inst. This station links together the 
four electricity works, which, prior to the federation of 
the Pottery towns, supplied electricity respectively to 
Burslem, Hanley, Longton, and Stoke. The linking-up 
involves the running, as a common system, of four supply- 
systems, none of which works on the same voltage as any 
other. Burslem has a three-wire 440-220-volt continuous- 
current system ; Longton a similar system, but working 
at 469 230 volts ; Stoke, a similar system at 480-240 volts ; 
and Hanley an alternate-current, single-phase, 2000-volt, 
eet ey system. The new power-house adjoins the old 
works at Hanley, and generates three-phase current at 
6600 volts and 50 periods. It is electrically interconnected 
with the older stations by rotary converting machinery, 
so that the whole of the supply may, if necessary, S 
taken from the new station, or, at times of heavy load, 
the old stations may be run in parallel with the new. 
The new station contains two 1500-kw. turbo-alternators. 
The paren eter consists of two 600-kw. rotary 
converters at Burslem, two 500-kw. motor converters at 
Stoke, and two 300-kw. rotary converters at Longton. 
There are also two motor generators in the new power- 
house, arranged to give the necessary single-phase supply 
to Hanley. 


Contracts.—The Consolidated Diesel Engine Manu- 
facturers, Limited, General Buildings, Aldwych, London, 
W.C., state that Messrs. Carels Fréres have received an 
order from the British Admiralty for two reversible 
Diesel marine re of 1500 brake horse-power each. 
These engines will be of the two-stroke open marine type, 
fitted with crossheads, and of Messrs. Carels’ latest 
design.—The Mirrlees Watson Company, Limited, Glas- 

ow, have secured a repeat order for a large surface-con- 
sing plant for the Leeds Corporation Electricity 
Works, capable of dealing with 130,000 lb. of steam per 
hour. The plant will be connected to a turbo-alternator, 
ordered from Messrs. Willans and Robinson. The con- 
denser is of a special design to suit the water from the River 
Aire, which contains a large amount of refuse woollen 
material, which, along with mud, soon cl up the 
ordinary type of condenser. It isdesigned so that all the 
tubes can be cleaned out whilst the Py is in operation, 
and is of the vertical type, having 24.500 8q. ft. coolin 
surface. The total height of the condenser is 28 ft., an 
weighs 85 tons.—We understand from Messrs. Lassen 
and Hiort, 52, Queen Victoria-street, London, E.C., that 
they have received some very large orders for water- 
softening plant during the last few weeks. Among 
these are plants of the following capacities:—The Gas 
Light and Coke Oomqeny, Limited, 150,000 gallons a day; 
the Imperial Pa Mills, Gravesend, 360,000 gallons a 
day ; Monten Mill Company, Eccles, 72,000 gallons a day; 
the Portland Cement Company, Aberthaw, 48,000 gallons 
a day; the Distillers Company, Dundalk, 96,000 gallons 
a day, and others, the total capacity amounting to 
1,030,000 gallons a day. 





SOME EFFECTS OF SUPERHEATING AND 


FEED-WATER HEATING ON LOCOMOTIVE 
WORKING. 


To THE Eprror or ENGINEERING. 


Sie,—In your report of the discussion on Messrs. | 


Trevithick and Cowan’s paper, you gave, on page 485, an 
interesting diagram, plotted by Mr. C. H. Wingfield, to 
show the relation between the rate of firing and the loss 
by unburnt fuel in a locomotive. This diagram shows 
t’ when the relation between the two quantities is 
plotted logarithmically a line showing a break at a rate 
of firing of 77.4 1b. is obtained. Mr. Wingfield’s points 
are plotted from a fair curve, and in order to see whether 
the break in the line referred to was indicated by the 
original test, I have plotted this, together with six other 


r 


series of tests, as shown by the accompanying figure. 
It will be seen that the majority of these tests indi- 
cate that there is a straight-line relation between the 
logarithm of the rate of firing and the logarithm of the 
loss by unburnt fuel. Of the tests plotted, series 100, 
200, 600, 800, and 900 were made on the Pennsylvania 
Railroad testing plant with the same quality of coal, 
having about 15 per cent. of volatile matter ; the remain- 
ing two series of tests plotted were made by Professor 
Goss—one with Pocahontas coal, very similar to that 
used in the Pennsylvania tests, while the other was made 
with Youghiogheny coal having about 35 
volatile matter. In series 100, and in the higher power 
tests of series 900, the experimental data is rather irre- 
ular, but with these exceptions the points of each series 
fall remarkably close to a straight line, with no indica- 


tion of the break suggested by Mr. Wingfield. It is a} 


curious thing that in all seven tests the lines are parallel, 


RAILWAY BRIDGES. 
To THE EprtTor OF ENGINEERING. 

Srr,—When one or other form of troughing is used 
on single-line railway bridges, perhaps some of your 
numerous readers would say which is the best form of 
water-proof filling to use on which the ballast and 

sleepers can subsequently be laid. 
The opportunities of experimenting with modern pre- 
rations on a small railway are necessarily limited ; 
ence my reason for inviting the opinion of someone who 

y done so. 
Yours truly, 

April 17, 1913. **Smati Raliway.” 





TIME AND SPACE. 
To THE Epitor OF ENGINEERING. 

Sir,—Kindly bear with the following :—‘‘ What, there- 
fore, is Time? . . . I know.” Precisely! What is Space? 
. «+ IT know. TimeandS are effects in consciousness. 

What is Force? Mr. J. Duncan says—in ‘‘ Applied 
Mechanics for Beginners”—‘‘The most familiar concep- 
tion we have of Force is obtained from the manner in 
which our muscles must be exerted when we support a 
body ”—+#.e., our consciousness of muscular exertion. 

Force is—an effect in consciousness. Does your “‘ philo- 
sopher” resolve me into matter, force, and motion? He 
has still to resolve these in terms of consciousness. 

‘*Matter” is known by characteristic sense impressions 
in consciousness. ‘‘ Matter” is the mental concept which 
unites these characteristic impressions. 

To believe that matter and its associated phenomena 
exist apart from the ‘‘knower” demands an exercise of 
faith. O, thou materialistic despiser of ‘* faith” —thou 
little thoughtedst that thy whole corrupt “philosophy” 
was founded on faith, and that faith in thine own base 
imaginations ! 


per cent. of | 


| indicating that in all these tests the loss by unburnt fue] 
| is proportional to the same power (the 1.9th power) of the 
rate of firing. 
The relation written as an equation takes the form: 


Qu is the number of the B.Th.U. lost per square 
foot of grate area per hour by the escape 
_ of unburnt combustible, 
G is the number of pounds of dry coal fired per 
‘ square foot of grate area per hour, 
an 
kis a constant dependent to a small extent on the boiler 
design, but mainly on the quality of the coal, 
The values of k for the various tests shown in the 
' figure are :— 


LOSS OF 


— oe a 
Goss; Pocahontas coal ... 
Youghiogheny coal ... 


” 





I have not yet had an opportunity of applying this 
| form of analysis to more than the seven series of tests 
| shown in the figure; but if, as appears probable, the 
| pro rtionality of the loss by unburnt fuel to the 
| 1.96 wer of the rate of firing is general, the relation 
desubl peove useful in studying the operation of locomotive 
| boilers or any other boiler operating under forced draught. 
Yours faithfully, 
Lawrorp H. Fry. 

34, Victoria-street, London, 8S.W., April 23, 1918. 


. Let us define psyche or soul, as the experiencer of con- 
sciousness ; more especially that consciousness which 
depends upon the five “physical” senses. Spiritual 
consciousness refers more especially to the consciousness 
of those ‘‘ things” —fundamental realities—which, unper- 
ceived through the physical senses, are known by another 
“sense” (but a crude method of expression !)—the spiritual 
sense. [‘‘The natural” (five-sense) ‘man receiveth not 
the things of the Spirit of God ; for they are foolishness 
unto him; neither can he know them, because they are 
spiritually discerned.” I. Cor., 2, 14.] 

The spiritual and the historical are not separate, 5 
your correspondent would suggest ; the historical is t 
the manifestation to humanity of the spiritual. saad 

May we all realise that The Greatest of hishortes 

rsons was none less than the manifestation of the 

upreme Spirit— God. 
Yours truly, . 
B.Sc. (ENGINEERING), LOND. 
April 19, 1913. 





SUBMARINES FOR Brazit.—Three submarines are ios 
in course of construction in Italy for the Braz! 
Government. 


Tue Roya InstrruTton.—On Tuesday next, April o 
at 3 o'clock, Professor William Stirling will begin a —_ ; 
of three lectures at the Royal Institution on os 
Physiological Inquiries.” Owing to the illness cae 
fessor Bateson, his course of lectures on “The He - 
of Sex and Some Cognate Problems” has been pos 
poned. In addition to the Friday evening arnt 
ments already announced, discourses will proba A 

iven by Mr. F. Balfour Browne, Captain C. G. Rawlings 

rofessor Silvanus P. Thompson, Mr. Owen Se@ 
and Dr, Francis Ward, 
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CENTRIFUGAL PUMP DESIGN. 
To THE EpiTorR oF ENGINEERING. 
Srr,—In connection with the flow of water in the im- 
Jler of a centrifugal pump (or in the rotor of a turbine), 
a difficulty arises as to the point of application of the 
force corresponding to the momentum changed per 
second. 





To take a practical case, I have assumed a centrifugal 


with an impeller 2 ft. external diameter ; 1 ft. internal | 


diameter ; tip speed, 64 ft. per second ; radial velocity of ( 


water, 8 ft. per second ; imparted head, 64 ft. The actual | 
quantity of water disch per second is irrelevant. 
The entrance angle at the inside circumference is 


aro {sine( = )} =14°9. 


Taking the usual rule for tangential water speed at 


we 


% 
\ 





Cot p= 2-22 


the tip of the blades (which, however, involves: the very 
problem to be discussed)— “ . 
v(v—tr. cot ¢) eu. 
g 
tip velocity of blade, ft. per sec. 
radial velocity of water, ft. per sec. 
4 tip angle of blade. 
effective head, ft. 
n efficiency, taken as 0.7. 
Employing this formula— 
@ = cot ~} (2.82) = 23° 19’. 

Assuming a parabolic form of blade, the diagram 
above shows the absolute path of the water. The s 

f the water is changed from 8 ft. per sec. ina radial direc- 
tion (incidentally, this speed is itself due to the change 
of pressure, but this fact does not affect the problem) to 
./45.442 + 82 = 46.13 ft. per sec. in a direction inclined 
tan. - 1 (8/45.44) = 10° 2’ to the tangent at the point of 
emergence from the impeller. : ; 

According to the Thomson theory, as given in the 


v 
Ur 


wun uu 





TEST-BARS AND PIPE INSPECTION. 
To THe Eprror or ENGINEERING. 
Sir,—‘‘ Test-bars cast separate from the pipes are prac- 





ically a farce” was the statement in an article on the 





Fie. 1. 


tnspection of Cast-Iron Pipes,” which appeared on page | 
498 of your issue of Apri il ‘The statement ‘‘ Test- 


sage farce” would have been more to the point. | accordingly as the 


days of metallurgical science one is surprised that | 


standard books (Perry, Blaine, &c.), the energy imparted 
by the impeller to the water is, as given above :— 


v (v — vr. cot ¢)/g 
per pound. 


Certainly the gain of tangential momentum per pound 
per second is (v — v, . cot ¢) / g, but there does not seem 
to be any good reason for supposing that this “force” 
acts at the periphery. 

The tangential momentum is imparted gradually as the 
water passes through the wheel, and the resultant force 
mtial) must therefore act somewhere between the 
inner and outer circumferences of the impeller—i.¢., the 
tangential energy imparted is 

(v -— vr. ont d) 
g 
where v, is the velocity of the impeller at the radius 
where the resultant force acts. 


vy 


It should be noted in this connection that it is a 
physical impossibility for the tangential pressure due to 
a blade reaction of this kind to have its resultant passing 
through the tip, since that would imply an infinite inten- 
sity of pressure there. Seeing that the tangential 
momentum is imparted to the water at a space rate which 
varies approximately as the square of the radial distance 
from the inner circumference of the ——- it might be 
expected that the resultant force would act at about two- 
thirds the difference between the radii from the inner one 
—+t.e., at five-sixths the radius of the outer one. This 
would make the theoretical efficiency higher than the 
usual calculation indicates, since it would be of the form 

69H 
5(v — v-. cot d). v 

I do not, of course, press the numerical value of this 
coefficient, but I should like to see some discussion of the 
question. 

I am, Sir, yours faithfully, 
HERBERT OCHATLEY. 
Tangshan Engineering College, Tangshan, 
North China, April 4, 1913. 





| the uselessness of test-bars has not been more forcibly 
impressed on inspectors and engineers. Pipes of section 
8 in. to 2in. are judged from a test-bar of the same size 
(generally 2 in. , 1 in. by 36 in.) every day, and the 
i at, as the me 


inspector argues t is the same in each 





Fie. 2. 


case, the breaking load of the transverse bar is a fair test 


| of the strength of the pipes, and he accepts or rejects 


bars are good or bad. ere he for one 
moment to study the fractures of a pipe § in. thick, a bar 








of cross-section 2 in. by 1 in., and a pipe of {2 in. cross- 
section, he would probably confess that there was some 
difference in the grain of the iron. The small pi 
would be close grained, the bar fairly open, and the 
thick pipe more open still. Chemically, with the same 
metal, the thicker the oning Se higher is the graphite 
percentage, and the lower the percentage of combined 
carbon. 

Physically, the graphite grains are larger, and the 
strength is accordingly less in a thick casti This is 
easily seen under the microscope. Short curved graphite 
flakes give more strength than thick or long straight 
graphite flakes, which break up the structure of metal 
and cause weakness. Two micrographs are given here- 
with, Fig. 1 being of a test-bar cast from the same metal 
as a 6-in. pipe, and Fig. 2 from the pipe itself. The 
metal in the 6-in. pipe will be seen to contain much 
smaller graphite flakes than that of the test-bar, which 
is very badly broken up. The test-bar broke at 29 owt. 
2 qrs. 121b. with a deflection of 0.358in. In this case 
the test-bar was much weaker than the Pipe ; but had a 
pipe of 48 in. in diameter been cast from the same metal, 
it would have been much weaker than the test-bar. 

The most practical test, and, in fact, the only fair one, 
would be to break the waster pipes as they were rejected 
(and most large works have a sufficiency of yan oe 
Although no numerical result is obtained by this method, 
yet after a little practice a very slight variation in the 
quality of the metal can be detected. The writer has 
found, moreover, that in breaking small pipes a tough 
pipe generally has a correspondingly weak test-bar, and 
vice versd. 

According to some authorities, the casting temperature 
hasa great effect on the transverse s' h of metal : the 
duller the cast, the weaker the metal. Test-bars are 
usually cast from the iron left in the ladle, and conse- 
quent toa cast at a much lower temperature than the 
pipes themselves. In order to get some conclusive infor- 
mation on the effect of casting temperature on trans- 
verse a, the writer carried out some experiments 
a few mont ago. 

Four boxes of bars were made—four bars in a box ; and 
the whole of the bars were cast from the same ladle of 
metal. The first box of bars was cast at a ‘‘ white-hot ” 
temperature, the second “‘ very hot,” the third ‘*‘ hot,” and 
the fourth ‘‘ dull.” The bars were 2 in. by 1 in., and 
were broken across 3-ft. centres. 

The following are the results, corrected for size of bars :— 


Deflection. ioe. Temperature. 
in. . 

A 0.352 sia 3610 White Hot. 
an 2800 a 

C 0.388 3770 ” 

D 0.207 2800 ae 

~ 0.354 3600 Very Hot. 

F 0.373 3810 de 

G 0.356 3520 ” 

H 0.263 2 oa 

I 0.409 3900 Hot, 

J 0.362 3580 ” 

K 0.365 3470 ” 

L 0.363 | 3750 -~ 

M 0.300 2910 Dall. 

N 0.300 3L70 ~ 

O 0.245 2800 ” 

P 0.340 3220 ‘io 


No conclusion can be drawn from such results as these. 
Although the metal was the same in each case, the 
defiection varies between 0.207 in. and 0.409 in., and the 
load between 25 owt. and 35 cwt. 

These results are not isolated. The experiment was 

rformed three times, with no better success. Any 

works will give facilities to inspectors so that they 
can prove the uselessness of test-bars, and if the ever- 
suspicious inspector is afraid to trust the works at which 
he is inspecting, he will find very little difficulty in 
getting permission to have his experiments performed 
elsewhere. The only conclusion at which one can arrive 
is that stated at the commencement—namely, that ‘‘ test- 
bars are a farce.” 

I am, yours truly, 


April 22, 1913. METALLURGIST. 








THE CHARTERED INSTITUTE OF Patent AcENTS.—On 
Wednesday, the 28rd inst., the President and Mrs. T. A. 
Hearson held a conversazione at the Royal Institute of 
Painters in Water Colours, at which was a large and 
representative gathering of guests. An excellent musical 
P mme, in addition to the exhibition of pictures, 
made the evening a most enjoyable one. 


New Zeatanp Ratiways.—Mr. E. H. Hiley, New- 
castle divisional goods manager of the northern division 
of the North-Eastern Railway, has been appointed 
general manager of the New Zealand Government Rail- 
ways. The New Zealand railway system comprises 2800 
miles of line, and the number of men employed is about 
14,000. The capital invested is at present 32,000,000/. 








Tiranium Sveei.—In a phlet recently issued by 


the Titanium Alloy Manufacturing Company, Niagara 
Falls, N.Y., it is stated that in 1910 the output of titanium 
steel was 326,300 gross tons ; in 1911, 410, gross tons ; 


and in 1912, over 550,000 gross tons. The quantity of 
ferro-carbon-titanium recommended for use in rail steel 
of usual composition is such as to incor te in the bath 
of molten metal as nearly as practicable 0.10 per cent. 
metallic titanium. The silicon should be between 0,06 
and 0.12 percent. The use of aluminium in connection 
with titanium rail-steel is said to be unnecessary for al] 
normal heats, 
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THE BUILDING TRADES’ EXHIBITION. 
(Concluded from page 525.) 

Ow1ne to lack of space last week, we were unable 
to refer to the whole of the exhibits we wished to 
describe in connection with the Building Trades’ 
Exhibition. We therefore now return to the 
subject. 

Among machines that are used indirectly in 
connection with buildings are some very good 
examples of petrol and paraffin road-rollers, seen 
at the ak of Messrs. Barford and Perkins, 
Limited, engineers, Peterborough. The most 
interesting type among these is one that has only 
recently been designed, and which has not before 
been on show. We illustrate it on this page, our 
engraving being a reproduction from a photograph. 
It has been designed for rolling soft compounds 
of an asphaltic nature, which are rapidly coming 
into general use for town roads. One of its 
features is that the rollers in front are the same 
width as those at the back, so that they are not 
liable to sink into the material of which the road is 
being made. The front rollers are 3 ft. in diameter, 
and 4 ft. long, and the machine has on it a water- 
tank for spraying water either in front of or behind 
the rollers. The motor is one of the firm’s 
‘** Albion” two-cylinder type, of 16 horse-power, 
and is arranged so as to run on paraffin after being 
started on petrol. The total weight when ay is 
6} tons and when full 84 tons, the rollers being 
the firm’s usual ballast type, which can, when 
desired, be filled with water to increase the weight. 
Another exhibit at this stand is a 5-ton roller, 
made chiefly for —— A large number of these 
rollers are, we understand, now in use in Nigeria, 
where roads are being made in many places 
under very difficult conditions. They are also 
being aa for consolidating the earth on newly- 
constructed railways before ballasting, and also for 
rolling the ballast when laid. For harbour work 
also they have been found useful, and ten of them 
are now employed on the canal from Stettin to 
Berlin, for the consolidation of the bottom of the 
canal. They are fittéd with the same type and 
same size of engine as the roller previously de- 
scribed, but are not furnished with the wide front 
roller. Both machines are chain-driven. 

A new and ingenious machine is to be seen at 
the stand of Messrs. Nicholls and Co. It is for 
filing the teeth both of circular and band-saws. 
The ‘‘ topping” of the teeth of such saws is usually 
done by means of an emery wheel, and we believe 
that it is the first time that a mechanically-driven 
file has been used for the purpose. The new machine 
consists of a flat file bent into a circular curve 
having a radius of about 1} in. The curve of the 
file does not make a complete circle, but extends 
about two-thirds round the ring, a gap being left 
between the two ends. The file does not revolve 
continuously in one direction, like an emery wheel, 
but backwards and forwards, each half of the file 
cutting consecutive teeth on the saw, which is fed 
forward say tonsa ~ Bad a _ which pushes the 
saw-teeth forward ugh the space left between 
the two ends of the file. The file can be adjusted 
to any angle to suit the variation in the shape of 
different teeth. There is also a ‘‘ Lemiere” saw- 
setiing machine on view at this stand, which, it is 
claimed, will set a band-saw 18 ft. long with abso- 
lute exactitude in two minutes, 

There are some very nice examples of wood-work- 
ing machi in the Hall. Messrs. W. B. Haigh, 
Gruban and Co., W.B., Limited, Globe Iron Works, 
Oldham, Lancs., have an interesting exhibit, some 
of the machines shown being in motion. Among 
these there is an improved dovetailing machine 
with ball-bearing spindle, the capacity of the 
machine being 30 complete dovetails, side and end 
at one operation. It will take boards up to 24 in. 
wide, Another machine, which may seen at 
work, is a *‘J QA” heavy combined chain and 
mortising machine. It is fitted with epicyclic 
gearing to the drive, which does away with the 
necessity of either jockey pulley or countershaft. 
It will take timber up to 13in. by 9 in. for mortices 
up to 3in. by ljin. The makers have recently 
brought out a horizontal log band-saw, which was 
not at the Exhibition, but which we hope to 
describe and illustrate fully on a future occasion. 

A firm who have not before appeared at the 
Building Exhibition, but who are this year 
very w 1 represented, are Messrs. J. and ©. G. 
Bolinders Company, Limited, Stockholm, whose 
London representatives are Messrs. James Pollock, 


‘Sons, and Co., Limited, 3, Lloyd’s - avenue, 
E.C. Several special wood-working machines are 
on view at their stand, among them being a planing 
and moulding machine with five revolving cutters, 
and fixed knives for planing the underside of the 
board; it feeds at the rate of 82 ft. per minute. 
It is suitable for small joiners’ shops which turn 
out a great variety of work. There are also two 
circular re-sawing machines, one with a maximum 
diameter of saw-blade of 354 in., a maximum depth 
of cut of 13} in., and a feed of 132 ft. per minute ; 
the other having a maximum diameter of saw-blade 
of 264 in., a maximum depth of cut of 9 in., and a 
rate of feed of 105 ft. per minute. As we hope, 
however, to describe and illustrate these machines 
more fully at a future date, we need not devote 
more space to them here. 

Messrs. J. Sagar and Co., Limited, Canal Works, 
Halifax, have, as usual, some fine examples of 
wood-working machinery, including a ‘‘ Premier’’ 
hand and roller-feed surface planing, thicknessing, 
and moulding-machine, which will plane up to 
20 in. wide. We illustrate it on the opposite page. 
It is capable of turning out a great variety of 





the stands devoted to this class of goods the 
machinery may be seen in operation—not, of 
course, on actual concrete, but on sand, which 
shows quite well, however, the action of the 
machine. Among these exhibitors is the (U.K.) 
Winget Concrete Machine Company, Limited, 
11, Star Buildings, Newcastle-on-Tyne, whose 
machines were described on page 559 of our 
ninety-first volume, and we need not therefore dwell 
on them here. Another firm that has this clagg 
of machinery in motion is Mr. R. H. Baumgarten, 
who represents the First Cottbus Cement Goods 
and Machine Works, 8, Manor Park, Lewisham, 
S.E. A speciality of this firm is a hand-block 
moulding-machine that can be manipulated by one 
man ; there is also a machine for making concrete 
roofing tiles, some of the tiles being shown on the 
roof of the office at the stand. They are said to 
make an exceptionally good roofing, which is cheap 
and perfectly rain-proof. The process of making 
concrete bricks is also shown, and there is a parti- 
tion-slab machine, while concrete mosaic tiles are 
made on a press by hand under very heavy pres- 
sure. Some of these tiles are laid on the floor of 

















work without change of cutters, and by the 
addition of the necessary cutters (and without 
removing the planing-knives) the machine is suit- 
able for sticking beads, sash stuff and mouldings, 
tonguing and grooving, &c. There is also a single- 
dimension sawing-machine for all kinds of sawing 
to accurate dimensions, mitering, bevelling, re- 
bating, &c.; a single-belt sand-papering machine, 
and a chain-cutter and bellew-dhied snitthing and 
boring-machine suitable for all kinds of mortising 
in hard or soft woods. 

Messrs. Kirchner and Co., 21, 23, and 25, 
Tabernacle-street, London, E.C., also have some 
interesting machines on view, among them being a 
new four-cutter planing and moulding-machine 
with new type pressure-bars and bearings, a com- 
bined over-and-under planing and thicknessing and 
moulding-machine, a combined spindle moulding 
and recessing-machine, and an improved universal 
grinding-machine, for grinding the knives of 
planing-machines, &c. 

Messrs. Rud. Leonhardt and Co., 5, Aldgate, 
London, E., among other exhibits of wood- 
working machinery, show a universal planing, 
jointing, and moulding-machine, the tables of 
which can be opened, raised, and lowered, and are 
7 ft. 3 in. long. The machine is arranged for 
moulding, and the spindle is provided with grooves 
for fixing the moulding-cutters. The firm have also 
on view a circular-saw bench, a 32-in. barnd-sawing 
machine with ball-bearings, and a 24-in. panel- 
planer, &c. 

In view of the fact that the use of concrete 
blocks shows a constant increase, the exhibits of 
various machines for moulding these blocks will 
prove interesting to many visitors. At some of 





Fic. 6. Motor-Driven Roap-Rotver ; Messrs. Barrorp aNp Perkins, Lrp., PeTeRBorovan. 


the office previously mentioned. Their colouring is 
pleasing. 

The well-known ‘“ Lattice” and ‘‘ Keedon” 
systems of reinforced -concrete construction, and 
the ‘‘ Bricktor ” system of reinforced brickwork, are 
shown at the stand of Messrs. Richard Johnson, 
Clapham and Morris, Limited, 24 and 26, Lever- 
street, Manchester, and we may call special atten- 
tion to an improved type of lattice in which the 
wires, where they cross, are securely fixed together 
by a special form of link. We understand that 
26,000 yards of this material are being used at 
present in the floors of the new No. 8 dock transit 
sheds for the Manchester Ship Canal Company, 
and 8000 square yards in the walls of the building, 
the beams, &c., being reinforced with 13,000 
square yards of ‘‘Keedon” bars. The advantages 
claimed for this type of flooring are the ease with 
which it can be handled and fixed, the continuity 
of bond (the material being made up to 200-ft. 
lengths), and its low cost. The wire used in its 
construction is of special strength, so that a mini- 
mum thickness of a can be used. Examples of 
the reinforced brickwork are well displayed, and 
examples of walls built on this principle may be 
ins . One example shows the lateral ery 
imparted to the brickwork by the insertion of this 
reinforcement. It is a heavily-loaded test-wall 
supported horizontally in the form of a cantilever. 

An interesting machine for grinding paints, 
enamels, and colours in turps is on view at the 
stand of Messrs. Torrence and Sons, Limited, 
Belton, Bristol. It is a new machine, and has not 
before been exhibited. In design it is somewhat 
like the present form of flat-stone mill, with the 





great difference, however, that the grinding surfaces 
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resemble more the pestle and mortar, the upper 
member being an inverted mortar, the grinding 
surfaces forming a hollow hemisphere, with its 
centre hole for feeding the materials in to the grind- 
ing surfaces. The lower member is the counter- 

of the pestle, with the ball end up and 
forming a spherical head, which exactly fits into the 
inverted cup of the top stone. The novelty of the 
mill is that, in addition to the ball having a circular 
motion true to its own axis, a gyratory or orbital 
motion is given to it, so that, instead of running 


advantage that it can be locked when not required 
for dancing or when rigidity is specially needed. 
It is formed of a series of one, two, three or more 
steel girders, as the case may be, which divide the 
area of the floor up into bays, the number of the 
girders depending on the width of the floor, and 
each line of girders is divided into short equal 
lengths, linked together by spring fittings. e 
construction will, however, be best understood by 
the aid of the illustrations which may be seen 
below. In these illustrations a vertical trans- 
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verse section through one of the steel girders is 
shown in Fig. 7, while another transverse section 
at right angles to this is shown in Fig. 8. It must 
be understood that there is a series of these girders 
in the floor, the girders running the length of the 
floor, with a space between the ends of every two 
girders, as may be seen in Fig. 8 . The wooden 
floor-joists are housed into these girders, and carry 
the tongued and grooved boarding in the manner 
shown in Fig. 7. The ends of the girders are bolted 
to castings which rest on helical springs, to give 
to the floor its elasticity. When the floor is 
required for dancing, this only is the usual arrange- 
ment ; but if the floor has to be used for public 
meetings, or is in a hall where receptions or dinners 
are given, some means of locking it have had to 
be added, and this, with the floor in question, is of 
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in true concentricity with the top stone, it is 
dipping in and out, while at the same it revolves 
truly to its centre. It therefore gives a lateral 
48 well as a circular motion, thus greatly in- 
creasing its grinding qualities. As the bottom 
or running stone always moves relatively to 
the axis of the top stone, the ball is continually 
carrying the material from the feeding hopper 
to the grinding surfaces. It has been found that 





the stones may be worked continuously without 
dressing, and it is claimed that the heating 








Tue ‘*Vattor” Sprixe Froor; Messrs. Francis Morton, Jun., and Co., Lonpon. 
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very simple construction. The plan shown in 
Fig. 9 illustrates the arrangement. 

At one’end of each bay or section of the floor, 
or opposite the line of the joints between the ends 
of the different girders, is a toothed quadrant gear- 
ing with a pinion, as shown in Fig. 9, the pinion 
being fixed on a short vertical epindle, square at 
its upper end to fit a box-key which can be inserted 
through a hole in the floor. At each end of the 
quadrant an adjustable rod is pivoted, and this rod 
actuates a bar running the whole width of the floor, 


associated with the flat-stone mill is much mini- and passing below the ends of the steel joists 
— | |where the latter are supported on the helical 
_ A very simple and ingenious form of spring floor springs. At these points iron wedges are fixed 
is exhibited by Messrs. Francis Morton, Junior, and on the bars, and are so arranged that when the 


Co., 110, Cannon-street, London, E.C. It has the toothed quadrant is turned they are drawn 





either under or from below the joists, depending 
on the direction in which the q nt is rotated. 
When drawn under the joists they wedge up the 
ends of these and take the load off the springs ; 
thus forming a very efficient and rigid lock, and at 
the same time removing all sag out of the floor. 
When the floor has to be prepared for dancing, all 
that is necessary is to turn the quadrant in the oppo- 
site direction. As the two bars in which the wedges 
are fixed move in opposite directions, the wedges of 
course work on opposite sides of the steel joists. 

The timber joists may be fixed in different ways, 
but the system usually followed is to place them 
loosely on timber plates bolted to the webs of the 
girders, notching them to clear the latter, and con- 
necting them across the top by hardwood bridges 
secured to the joists by screws working in slotted 
holes. Along the sides of the resilient area the 
timber joists should also rest loosely on bevelled 
timber plates. In large ball-rooms it is generally 
found advantageous to leave a fixed or non-resilient 
area round the room, to afford seating accommoda- 
tion. The name ‘‘ Valtor” has been given by the 
makers to this system of flooring. 

Among the methods illustrating the treatment 
of sewage there is a icularly interesting 
exhibit on view in the SouthGallery, where Dibdin’s 
biological slate beds may be seen. This system of 
sewage purification is the invention of Mr. W. J. 
Dibdin, F.1.C., F.0.8., and has been largely used 
for the treatment of crude sewage. The bed is 
built of thick slates placed horizontally one above 
another, with distance-pieces between them about 
2in. thick. Looked at sideways, the structure 
appears like rows of shelves separated by very 
small distances. This bed is enclosed by a brick 
or concrete tank, and the sewage is allowed to fill 
the tank, to remain there for a certain time to 
deposit its solids, and finally to be drained away, 
after which the bed is left empty for a time, to 
aerate, as its action depends upon aerobic organisms. 
After the bed has been in use for some time and 
has become ripe, a thin layer of ‘‘live earth” 
collects on each shelf. This layer is obtained from 
deposits of sewage matter which are aerobicall 
converted into what has been described as a ‘‘ cul- 
ture” of aerobic organisms in which are retained 
fibres and earthy matters. The suspended matter 
in the sewage is deposited and rendered inoffensive 
by the digestive action of the organisms in the 
**live earth.” The deposit increases very slowly in 
depth, a normal domestic sewage, having forty 
grains of suspended matter per gallon, deposit- 
ng on an average only ,;4,-in. layer at each 
filling. ‘The conversion of the animal substances 
is therefore very rapid. After some months the 
film, observed under the microscope, reveals a 
trace of recently deposited sewage matter, the 
bulk being zooglea masses of bacteria that bind 
themselves by the production of ‘‘ colloids,” in 
which partially digested skeletons of fibres remain, 
together with worms, &. The older part of the 
film, or ‘‘humus,” breaks away in small pieces, 
and leaves the bed with the effluent—about two 

rains per gallon, under favourable conditions. The 
sora collected from the effluent is inoffensive. Un- 
screened sewage may be discharged on to the beds. 

It is claimed that the cost of these slate beds is 
lower than that of any other system for dealing 
with solid sewage matter for the reason that, before 
any expense is incurred in handling the suspended 
matter, it is subjected to the action of the aerobic 
bacterial and worm life in the beds. The quantity 
of humus matter is so small that it can be dealt 
with by the minimum staff. In works dealing with 
a dry weather flow of, say, 500,000 gallons per da 
of fairly strong sewage the quantity of humus wi 
be about 570 1b. 

At the stand of Ozonair, Limited, 96, Victoria- 
street, Westminster, S.W., may be seen some of 
the company’s manufactures connected with their 
system of pure-air ventilation, including a portable 
apparatus for air purification. This latter is made 
in various sizes and patterns, the machine being 
intended for use in places such as living rooms, 
offices, and workshops, &c., which are not unduly 
crowded, and they can be connected to any electric- 
lighting current, as they consume a very small 
quantity of current. 

A very comprehensive exhibit of non-conducti 
coverings for boilers, &c., may be seen at the stan 


of Messrs. Matthew, Keenan and Co., Limited, 
80, Great Wellington-street, London, E., which is 
situated in the South Gallery. 





The Exhibition closes to-morrow. 
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ASSUAN DAM: PROTECTION OF DOWN- 
STREAM ROCK SURFACE, AND THICKEN- 
ING AND HEIGHTENING.* 

By Murpocu Macponaxp, O.M.G., M. Inst. C E. 

Tue author in this paper pointed out that there were 
three distinct phases in the construction of the Assuan 
Dam as it now stands :—First, the building of the 
original dam ; second, the protection of the rock surface 
immediately down-stieam of it; third, the thickening 
and heightening operations. The first phase had been 
described by Sir Manrice Fitzmaurice (Minutes of Pro- 
ceedings of the Institution of Civil Engineers, vol. clii.) ; 
the present paper described the second and third phases. 

In reviewing the subject, the conditions under which 
the dam was originally built were discussed, especially in 
regard to the possibility of erosion of the down-stream 
rock surface, owing to the high velocity with which water 
would issue from the sluices. 

The destructive effect was enormously enhanced by the 
washing-out of the natural sand and clay joints inter- 
spersed throughout the rock, rendering blocks loose, and 
permitting of their removal under the high-pressure jet 
issuing from the sluices. In one instance a block of 
80 tons weight was removed from a point close to the dam, 
lifted through rather more than its own height of 3 metres, 
and made to travel to a point about 20 metres down 
stream. At one point, on the completion of the dam, 
large quarry blocks of granite of more than 2 tons weight 
were taid own over a considerable area in close mosaic 
formation, the intention being that they should act as a 
cushion for the underlying rock. Three months’ con- 
tinuous use of the sluices resulted in the complete washing 
away of this protection. At another point, where the dam 
was founded 6 or 7 metres below the natural surface, the 
rock was removed to a depth level with the foundation. 

A description of the construction of the first protective 
work in 1903 followed, noting that underneath the masonry, 
where erosion had gone deeper, loose filling was hand-laid 
below the 3 metres thickness of masonry. This apron had 
varying gradients in the direction of the river, the average 
fall being 1 in 12. This first apron-work was not success- 
ful. About half of the face-work disap and a quan- 
tity of the rubble masonry. The failure was attributed to 
the difficulty of filling thoroughly with mortar the joints 
of mosaic rough rubble. The apron was reconstruc 
with squared block face-work 40 um. deep, set in 2 to 1 
cement mortar, the joints being not less than 1 in. wide. 
This stood satisfactorily until a change was necessary, 
owing to the adoption of a general scheme of apron-work 
for the whole dam. In the summer of 1904 it was found 
that erosive action under several of the more important 
sets of sluices had suddenly increased, and the immediate 
execution of protective work on a scale was decided 
upon. The work was carried out in sections. In Novem- 
ber, 1904, an apron 35 metres wide, and bounded by side 
walls 2 metres higher than the apron floor-level, was built 
under one set of sluices. In February, 1905, work was 
commenced under several other sets, sudds having to 

resorted to in this case. When this work was 

in hand, it was found that at one point for a length 
of about 20 metres the rock had been removed to 
a pint 6 metres lower than the foundation of the 
dam. In several places the dam had been under- 
mined, and in three cases the buttresses were completely 
undermined and several courses of ashlar and a good 
deal of rubble masonry had been removed. All 
loose material was removed and masonry built up to 
within 6 in. of the sluice sills and aprons of an approxi- 
mate length of 60 metres put in. In one case the 
experiment was tried of building a low weir down stream 
with the idea of the impounded water acting as a cushion 
for that coming through the sluices. The erosion was 
found to be d by this means, but not satisfaetorily 
overcome. By the construction down stream of training- 
walls between channels and suitable lation of the 
sluices, the apron work stands high and dry as the river 
falls, and can therefore be annually inspected without re- 
sorting to the construction of sudds. The total cost of 
these protective works was 350,000/.E. They involved 
about 291,289 cub, m. of excavation, 146,022 cub. m. of 
rubble masonry, and 69,140 cub. m. of face-work. 

The scheme was examined and approved by Sir Ben- 
jamin Baker. Practically a complete apron across the 
river was laid down by the end of 1906, when the ques- 
tion of heightening the dam to enable further sto: to 
be made in the reservoir was taken in band. This problem 
was complicated by the existence of the Island of Phile 
and its Roman temples, but as antiquarian opposition to 
further. submersion of these had died down, it was 
decided to proceed with the heightening of the dam a 
further 5 metres, which formed the third phase in connec- 
tion with the whole structure. ‘ 

In order to permit of| the algeeanion Sir Benjamin 
Baker decided that the dam should at the same time be 
thickened by adding s 5-metre strip of masonry down- 
stream of, and within 6 in. of, the coeeen building, the 
intervening space to be filled in wi liquid cement on 
the completion of the thickening, up to the original road 
way level. When the thickening and grouting opera- 
tions were completed, a solid mass of masonry was to be 
built up on both walls 5 metres high. The paper describes 
some of the reasons for this special method of thickening 
by leaving an intervening space, to be grouted up after 
a time ; this a. being connected with temperature 
stresses as exhibited in cracks which occurred at various 
intervals in the original dam. Diagrams of these are 
attached to the paper. 

A description follows of the work as actually carried 
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out, together with some details of the special method of 
dealing with the sluices and grouting, and the new series 
¢ spillways that have been constructed on the new 


am. 
The — of the dam was divided into bays of about 
42 metres length. These brys were separated by a spec 
course of stones forming part of and projecting 
from the new masonry, so as to abut on to a specially 
dressed chase in the old work, and having a width of 
about 20cm., the ashlar course and the chase having a 
red-lead joint between them. The junction of the new 
sluice ashlar and the old was treated similarly, except 
that, in addition to the red-lead joint, a 1-in. diameter 
length of india-rubber extended completely round each 
sluice between the new and old work. ‘The 5: between 
the new and old work (6 in.) was filled with clean granite 
chips, and every possible means was taken to prevent 
spent mortar and dirt getting into the space to 
grouted ; the wall was carried be § a certain height, and 
then, after the space had been filled with the loose granite, 
it was covered over bey canvas. As + ae 
grouting pipes were laid in position. ey were 2h-in. 
aos By wrought-iron pipes, with +>. holes, placed 
it and miss on opposite sides, a hole being in each 9 in. 
of pipe. The pi were placed 7 metres apart in the 
solid dam, and OF enetees apart above the sluices in the 
pierced dam. It was found that grouting could not be 
brought up with safety more than 7 or 8 metres at a time. 
Tell-tale pipes were inserted 14 metres apart horizontally, 
to show that the grouting spread to all parts, and also to 
allow the water not taken up by the cement to run 
off. Three mixing-machines were used, the vanes of 
which were belt-driven by 10-horse-power steam-engines. 
The grout was delivered from each mixer through 
three taps, to which was attached flexible steel 2-in. 
iping. These flexible pipes were dropped down the 
Dyin. uting-pi so that the grout had only to flow 
from the end of the flexible pipes through the #-in. holes 
into the space to be filled. The proportions adopted were 
lcub. m. of water to 17 bags of cement, or, taking one 
bag as 2.5 cub. ft., 1 of water to 1.2 of cement. In all, 
34,522 cub. m. of space were filled with 6411 tons of 
cement. 

The total cost of the aprons was about 350,000/.E., and 
of the heightening, 1,480,000. E.; and as the —— dam 
cost about 3,000,000/.E., the making of the whole dam 
from first to last has cost 5,000,000/.E., when preliminary 
engineering and other expenses are added. 

An illustrated article, giving a description of the con- 
struction of the dam and of the more recent work of 
heightening and thickening it, appeared in ENGINEERING, 
vol. cxiv., page 833. ] 








Fink Tests with Roor Coverines.— The official 
report, No. 174, of the British Fire-Prevention Com- 
mittee, recently issued, contains the records of some fire 
tests carried out with asbestos-cement corrugated roofing 
submitted by the Asbestos Manufacturers’ Company, 
Limited, London, the roofing being divided into three 
classes—namely, those covered with asbestos - cement 
corrugated roofing on boarding, those covered with 
asbestos-cement corrugated roofing on purlins, and those 
covered with asbestos-cement corrugated roofing with 
ends embedded on wall. In the first class the pitch of 
the roof was 32 deg., in the second class 45 deg., and in 
the third class 68 deg. In all cases the fire was placed 
actually on the roof outside, or in close pointy to the 
roof, and the time of application of the 
30 to 60 minutes, with, in some cases, the application of 
water to the roof after the removal of the fire. The 
results varied considerably, and in about 42 niinutes even 
the most resistant of the roofs was considerably damaged, 
and the tests showed that further research is required in 
this direction both as regards the composition of the 
roof covering, and more especially the method of sup- 

rting it. The Red Book may be obtained from the 

ritish Fire-Prevention Committee, 8 Waterloo-place, 
Pall-Mall, 8.W., price 2s. 6d. 


Ketiy'’s Directory oF MERCHANTS AND MANUFAC- 
TUBERS AND SHIPPERS OF THE WorLpD, 1913.—The 
twenty-seventh edition of this directory has recently 
been published, and contains over 3450 closely-printed 

3s, in some of which as many as 400 names are to 
found. Nearly 20,000 foreign and Colonial cities and 
towns are included in the information given, as well as 
nearly 1,250,000 trade classifications. By means of the 
** Index to Trades” supplied, a merchant carrying on any 
particular trade at any particular place can very 
uickly found. This, too, can be done not only by the 
tnglish, but by the foreign, merchant, for the latter has 
= for his use indices to trades given in French, 
man, and Spanish. A very useful part of the volume 

is devoted to the regulations in force with reference to 
commercial travellers and their samples. It wou!'d be 
interesting, however, to know from what sources the 
alphabetical list of trades in the United Kingdom was 


~|compiled, for it appears to be very incomplete. From 


the list of motor-car makers, for instance, we miss the 
names of several of the leading firms. This is only one 
industry : how many more omissions there may be from 
other industries which we have not been able to examine 
we cannot say. The index to traders does not appear to 
be at all complete ; for instance, under ‘‘ Car and Goninon 
Builders,” there is not the name of one English town, 
all the towns mentioned being in the United States. 
Again, take ‘“‘ Enamelled Goods Manufacturers,” under 
which heading there is not a single town in Great Britain 
mentioned. book measures 10} in. by 10 in., and is 
inted and go by Kelly’s Directories, Limi 
82, 183, and 184, High Holborn, London, W.C. 
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NOTES FROM THE NORTH. 
Gtiaseow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, and Cleveland 
warrants advanced sharply. The dealings totalled 10,000 
tons at from 67s. to 67s. 6d. cash, 66s. 9d. twenty-five 
days, 67s. and 67s. 6d. twenty-two days, 68s. eight days, 
67s. May 27 and 23, 67s. 6d. May 26, and 62s. 9d. three 
months. Closing sellers ete 68s. cash and one month, 
and 62s. 104d. three months. In the afternoon the market 
was quieter, and cash iron was the turn easier. The 
business amounted to 5500 tons of Cleveland warrants 
at 67s. 74d. and 67s. 9d cash, 67s. 104d. six days, 68s. five 
days and May 19, 63s. June 27, and 63s. 14d. three months, 
At the close sellers quoted 67s. 10d. cash, 68s. one month, 
and 63s. 3d. three months. Oa Friday morning the tone 
ain easier, and dealings were limited to 4000 tons of 
Cleveland warrants at 67s. 9d. cash, and from 68s. to 67s. 9d, 
and 67s. 10d. one month, with sellers over at 67s. 10d. cash, 
67s. 104d. one month, and 633. three months. The after. 
noon session was quiet, and only 3000 tons of Cleveland 
warrants were put through at 67s. 9d. cash and five days, 
67s. 8d. May 26, and 62s. 9d. three months. Sellers’ closin 
prices were 67s. 94d. cash, 67s. 10d. one month, an 
62s. 10d. three months. On Monday morning the market 
continued quiet, and the turnover was 4500 tons of 
Cleveland warrants at 67s. 9d. twenty-eight days and 
one month, and 62s. 8d. three months, and the closin 

uotations were 68s. cash, 67s. 10d. one month, a 

2s. 9d. three months sellers. In the afternoon Cleve- 
land cash warrants were strong, and after being done at 
683. closed at 68s. 44d. sellers. The business of 
3000 tons included 68s. eleven days, and 62s. 9d. three 
months, with sellers over for the latter position at 
62s. 10d., but none for one month. On Tuesday 
morning buying by “bears” caused Cleveland war- 
rants to advance sharply, and 2500 tons were done at 
68s. 10$d. and 68s. 1ld. cash, 69s. twenty-seven days, 
and 62s. 9d. three months. At the close sellers named 
693. 3d. cash and one month, and 62s. 104d. three 
months. The afternoon session was very quiet and a 
little easier. The turnover was 1000 tons of Cleveland 
warrants at 68s. 104d. cash, with sellers over at 68s. 11d. 
cash, 69s. one month, and 63s. three months. When the 
market opened to-day (Wednesday) Cleveland warrants 
were steady, although the closing rates were a trifle 
down, with sellers at 68s. 104d. cash, 68s. 10d. one month, 
and 62s. 10d. three months. The business, of 2000 tons, 
was at 68s. 104d. cash, and at 62s. 8d. and 62s. 9d. three 
months. In the afternoon Cleveland warrants were weak, 
and the only transaction was 3000 tons at 68s. 6d. 
twenty-six days. Forward iron was not quoted at all by 
buyers or sellers, and for the cash position buyers named 
68s. 6d. and sellers 68s. 9d. 

Sulphate of Ammonia.—The sulphate of ammonia 
market is dull and quiet, and the price has eased off 
another half-crown. The quotation to-day is called 
132. 15s. per ton for prompt lots, Glasgow or Leith, and 
that figure is the lowest.point of the year. It marks a 
decline of 16s. 3d. from the top price. 


Scotch Steel Trade.—Although the Scotch steel-makers 
are still well employed on old heavy-material contracts, 
there is a great scarcity of fresh business, and bookings 
are very few. With the steady output of the past month 
or two producers are now in a position to give reasonable 
delivery, and that alone will be a factor in their favour 
whenever something decentcomesalong. In light material 
there is a very poor demand, and prices are being shaded 
to secure some of the export orders at present in the 
market. The black-sheet makers are not well off for 
specifications for thin qualities, and a similar state of 
affairs is reported by galvanised-sheet makers. 


Malleable-Iron Trade.—No improvement has yet taken 
place in the Scotch malleable-iron trade, and broken time 
is very general. The large imports of strips from 
America have had their effect on local establishments, 
and tube-makers themselves are not over busy at the 
moment. On the other hand, again, there has been a 
much smaller demand for bars recently, and little fresh 
business is reported as having come this way owing to the 
present strife in Belgium. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there has perhaps not been such a heavy demand for 
ordinary qualities during the past week. Good deliveries 
arc being made, but producers are quoting a little easier 
in order to fill up their order-books, Hematite iron 18 
still in very poor demand, but deliveries are well main- 
tained. e following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 80s.; Calder and Sum- 
merlee, 803. 6d.; Gartsherrie, 81s. 6d. ; and Langloan, 
82s. (all shipped at Glasgow) ; Glengarnock (at Ardros- 
san), $2s.; Shotts (at Leith), 80s.; and Carron (at Grange- 
mouth), 82s, 


Institution of Engineers and Shipbuilders in Scotland.— 
The annual meeting of the Institution of oan an 
Shipbuilders in Scotland was held in Glasgow last 
Tuesday night, with Mr. E. Hall-Brown, president, in 
the chair. The office-bearers for sessions 1913-16 were 
elected as follow :—President, Dr. R. T. Moore ;_ vice- 

idents, Professor A. L. Mellanby, D.Sc., and Mr. 

. Blackwood Murray, B.Sc.; ordinary members of 
council, Mr. A. J. Campbell, Mr. W. M. McMillan, Mr. 
G. A. Mitchell, F.R.S.b., Eng.-Com. W. McK. Wisnom, 
R.N., and Mr. Harold E. Yarrow; and member 
council from associate class, Mr. Francis Henderson. 








Sovurnampton Water.—The Lords of the Admiralty, 
in conjunction with the War Office, have selected 


ted, | for the erection of shore hangars for a large hydroplane 


control station in Southampton Water. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The a position of 
the local coal market is very firm, although recent mild 
weather is likely to make house-coal prices easier, and 
hasten fixing up of new contracts. So far as hards are 
concerned collieries are still very fully engaged, and there 
js some difficulty in obtaining supplies. The shipping 
season is now close at hand, but there are no stocks accu- 
mulating in readiness at the pits. Prices are strongly held, 
and high figures have been asked for spot lots. Only in 
coke has there been any appreciable weakening. Slacks 
remain firm and in strong demand. Quotations :—Best 
branch hand-picked, 14s. 6d. to 15s. 6d.; Barnsley best 
Silkstone, 13s. to 14s. ; Derbyshire best brights, 12s. to 
13s. ; Derbyshire house, 10s. 6d. to 11s. 6d. ; nuts, 
10s. 6d. to 11s. 6d.; small nuts, 9s. to 10s. ; Yorkshire 
hards, 10s. 6d. to 11s. 6d.; rough slacks, 7s. 6d. to 8s. 6d.; 
seconds, 6s. 6d. to 8s. ; smalls, 4s. 6d. to 6s. 


Iron and Steel.—As has been the case for some time, 
the market for raw materials during last week was quiet, 
ard until there is a substantial concession in prices it is 
unlikely that many of the contracts being held over will 
be placed. Users are taking no more pig iron than is 
absolutely necessary to meet urgent needs, and their 
firmness in withholding business is prompted by the 
belief that the market is weakening, and that makers 
will be compelled to quote more aeceptable figures sooner 
or later. The position is not without its curious aspect, 
for deliveries are exceptionally high, and works in the 
Sheftield district are taking heavy ae. The price for 
West Coast hematite is ay igh, and as much as 
100s. has been quoted for special. In the heavy departments 
of the iron and steel industries the weight of orders remains 
very satisfactory, and the tonnage of war material leav- 
ing the shops is still very extensive. Messrs Cammell 
Laird have in hand _forgi for the new warshi 
Valiant, which work will extend over some months. The 
same firm are expecting to increase their weekly output 
of highest grade steel by about 500 tons after Whitsuntide, 
through the addition of a 60-ton steel-melting furnace to 
take eight charges a week. For the Coventry Ordnance 
Works and the Japanese Government heavy forgings are 
being made, and a local firm has booked a large order for 
Swedish steel for railway purposes, the figure men- 
tioned being nearly 4500/. Business in railway steel 
is promising, and while booking is good at present, 
an even better state of things is prophesied in the 
near future. Sheffield consignments of axles, springs, 
tyres, and buffers to all the usual markets are well 
maintained, and the Colonies are calling for large 
supplies. The home railway companies are taking la 
quantities of material and stock, and generally the trade 
in railway material shows signs of increasing prosperity. 
The importation of sand for use in the Sheffield steel 
works is likely to be affected by the Belgian industrial 
strike. Fortunately, in view of the present conditions, 
Sheffield is not importing any large quantities of Belgian 
billets. Manufacturers of mining tools, drills, and crush- 
ing machinery reach a high level of output. The file and 
garden-tool trades have still plenty of work, and labour is 
scarce. 





Execteic Srer: Furnace.—In a recent United States 
patent, Mr. G. H. Benjamin suggests the combination 
of two electric furnaces for the manufacture of steel. He 
points out that calcium has a greater affinity for carbon 
than it has for phosphorus, and that, therefore, the phos- 
angp is only broken up by the lime after all the carbon 

as combined with the calcium to form carbide. He 
therefore carries the process out in two stages, first puri- 
fying the metal as far as possible, and then adding carbon 

in, together with nickel, &c., in a second furnace. 
The claims are general, and novel forms of electric furnaces 
are not proposed. The first furnace is surmounted by 
stack, Some magnesia is added to the lime to bind any 
nitrogen. From the first furnace the molten metal is dis- 
charged intoa second furnace, over which bins containing 
carbon, nickel, vanadium, &c., are fixed. The metal of 
the first furnace, being fairly pure iron, has a high 
melting-point, and some powdered silica is mixed with it 
to keep it fluid; yet it is said that a high temperature 
need not be maintained in the second furnace. The 
process may be made continuous. 





wee Raizway Yrar-Boox ror 1913. London: Pub- 
ished at the office of the Railway Magazine by the 
Salteay Publishing Company, Limited, 30, Fetter-lane, 
eet-street, E.C. [Price 2s. 6d. net.]—This standard 
- way annual has recently come to hand, the new 
= being that for the sixteenth year of publication. 
+his book, as is well known, gives a lot of miscellaneous 
information about railways, chiefly, however, deali 
With those at home. All the principal railways of this 
country are allotted each a separate section, in which 
ecuare are given as to its size, organisation, traffic, 
eek: &c. The book also gives statistics relating 
= — railways from Board of Trade returns, and for 
a general information it is quite a reliable book of 
ee. It suffers considerably from having no proper 
— At no very definite place in the front it has a 
a -drawn-up list of contents, which wants a thorough 
‘ton bts, Bearing in mind that it is the ‘‘ Railway 
-Book, ’ could anyone be expected, for instance, to 
would” accidents under “Railway Accidents.” No one 
look for motor-car or other accidents in such a 
word « Retin, the fastest runs are indexed under the 
under — and. principal events in railway history 
sdduced © word “‘ principal.” Other examples might be 
ean and altogether the help given in using the book 
Work of reference might be improved. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market is very unsteady 
so far as Cleveland pig is concerned, erratic movements in 
warrants, due to speculative operations, having a very 
disturbing influence, and causing both buyers and sellers 
of makers’ pig to hold off. The consequence is that what 


business is ing is confined to transactions for early 
delivery. blast - furnace on Cleveland mo bein; 
blown out at the Tees Iron Works of Messrs. Pease an 


Partners, whilst Messrs. Bolckow, Vaughan and Co. are 
changing a furnace from hematite on to Cleveland iron. 
Ths Linthorpe-Dinsdale Smelting Company have just 
blown in a furnace on spiegel iron. This week Middles- 
brough warrants have touched 69s. cash buyers—the 
highest quotation since the boom year of 1900, when as 
high as 78s. 3d. was reached. The yon of war- 
rants to-day (Wednesday) is 68s. 6d. cash buyers. No.3 
g.m.b. Cleveland pig is now of about the same value as 
warrants ; whilst No. 1 is about 70s. ; No. 4 foundry, 
68s. 3d. ; No. 4 forge, 67s. 9d.; and mottled and white iron, 
each 67s. 3d. East Coast hematite pig is still very ecarce, 
and mixed numbers are fully 81s. 6d. for early delivery. 
Foreign ore prices and coke quotations are unaltered. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
pig iron in the public warrant store here now stand at 
11,280 tons, or 2399 tons less than at the beginning of 
the month. Shipments of pig iron from the Tees con- 
tinue satisfactory. To date this month they amount to 
78,157 tons, as compared with 71,616 tons to the same 
date last month, and 79,492 tons for the corresponding 
part of April last year. 


Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of the manufac- 


P| tured iron and steel industries. Orders are now very 


scarce, but producers have a lot of work arranged and 
are kept very busily employed on contracts made a little 
while ago. Quotations are stationary, but a reduction in 
quotations for some descriptions would cause no surprise. 
Common iron bars are 8/. 15s.; best bars, 9/. 2s. 6d. ; 
best best bars, 97. 10s. ; ing iron, 61. 15s. ; iron ship- 
plates, 8. to 8/. 2s. 6d. ; iron shi les, 82. 15s. ; iron 
ship-rivets, 91. 15s. ; iron Seleeaieaen 81. 17s. 6d. ; steel 
bars (basic), 87. ; steel bars (Siemens), 8/. 103, ; steel ship- 
plates, 87. 5s. ; steel ship-angles, 7/. 17s. 6d.; steel boiler- 
plates, 9/. 5s. ; steel hoops and steel strip, each 8/.; and 
steel joists, 7/. 7s. 6d. less the customary 24 per cent. 
discount. Cast-iron columns are 7/. 7s. 6d.; cast-iron rail- 
way chairs, 4/. 15s. ; light iron rails, 7/, to 7/. 5s. ; heavy 
steel rails, 6/. 12s. 6d. to 6/. 15s.; and steel railway o, 
7l. 10s.—all net at works. Iron and steel galvani 
eorrugated sheets are 12/. 15s. to 13/. f.o.b.—less the usual 
4 per cent. 


Russian Admiralty Order.—Messrs. Smith’s Dock Com- 
fn , Limited, whose shipyards are at South Shields and 

;ddlesbron h, have booked an order for six trawlers for 
the Russian Admiralty. It is understood that the vessels 
are to be used for the purpose of sweeping mines. 





Utrra-Vioret Rays ror Trestinc Dyrrs.—The West- 
inghouse Cooper Hewitt Company, Limited, of 80, York- 
road, King’s Cross, N., have introduced a form of quartz- 
tube burner suitable for testing the effect of ultra-violet 
rays on dyed fabrics, &c. The apparatus isintended both 
for omens and laboratories. The bleaching effect 
obtained from the quartz burner is identical with the 
bleaching effect of sunlight, so that by its use the fast- 
ness or otherwise of the dye in carpets and other textiles 
may be determined in a short time. The apparatus is also 
suitable for sterilisation work, the effect of ultra-violet 
rays in this connection being well known. 





Stoppace or AN Etxecrric Iron-Ore Smettine Com- 
PANY IN Norway.—The Norwegian iron and iron-mining 
industry has experienced a new reverse, it having been 
found inadvisable to proceed with the Hardanger Electric 
Iron and Steel Works, Limited, three-quarters of a year’s 
working having proved the impossibility of working the 
concern with any satisfactory financial results. Opinions 
were much divided as to the soundness of the basis upon 
which this undertaking was founded, and the negative 
results attained bear out the correctness of the report of 
the working of the Trollhiittan electric iron-ore smelting- 
furnace, to which full reference at the time was made in 
EnGINggRING. The name of the above Norwegian com- 
pany is a little misleading, for it was started for the 
purpose of producing pig iron direct from the iron 
ore, according to the peo used with most satisfactory 
results at some large Swedish iron works. In the cases in 
which this process has failed so completely in Norway, 
the reason is really not very far to seek, for the process is 
intended for, or, in any case, only applicable with, charcoal 
as the reducing material, whilst coke, as was stated 
very clearly in the report of the Trollhiittan furnace, 
could not be used. At the Hardanger furnace, however, 
charcoal was not available, and the working was attempted 
with coke, with unsatisfactory results. Under the circum- 
stances the shareholders are to be tulated upon a 
new arrangement which has been becuse about, by which 
a French syndicate is taking over the entire concern for 
another purpose, and will hire the company’s water-power 
of 14, horse-power. When the whole of this power 
has been put in use, the shareholders will receive 6 per 
cent. interest, in addition to which a sinking fund i is 
provided. In addition, a cash pagreens is made large 
enough to cover all the liabilities of the Norwegian com- 








pany and 25 per cent. of the share capital. 





days. 
on eqpeagetp of a mile and a-half of steel bridgewor 
was washed away; and we understand the New York 
Central and B. and O. will each have to pay out more 
than 3,000,000 dols. in repairs to poopest, alone. To 
- and replace the railways saffec 
wi 


railroads. 
as all such damage must be retrieved out of revenue. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—In many cases colliery-owners have been 
declining fresh orders for the present month, as they 
consider that with still restricted outputs they are unable 
to do more than meet their immediate ements. 
Previous quotations have been firmly maintained. It is 
expected that labour demonstrations and the Whitsun 
holidays will restrict the coal output for May, and eellers 
have accordingly shown more disposition to ask higher 

rices than to reduce recent quotations. House coal 

as shown strength, and patent fuel has been firm. The 
best Admiralty steam coal has made 20s. 9d. to 
21s. 3d.; best secondary qualities, 203. to 20s. 6d.; ordi- 
nary and secondary a 19s. to 20s.; best bunker 
smalls, 15s. 3d. to 15s. 6d.; and cargo smalls, 14s. to 
14s. 6d. per ton. The best household coal has brought 
19s. to ; good household coal, 17s. to 188.; No. 8 
Rhondda large, 18s. to 18s. 6d.; and smalls, 15s. 6d. to 
16s. 6d. ton. No. 2 Rhondda has been quoted 
at 16s. 9d. to 17s, 6d.; and No. smalls at 14s. to 
14s. 6d. per ton. Special foundry coke has made 32s. 
to 32s. 6d.; good gf coke, 29s. to 3ls.; and 
furnace coke, 25s. to 27s. 6d. per ton. As iron 
ore, Rubio has been quoted at 21s. to 2is. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 


Neath and Brecon Railway.—A working agreement has 
been concluded between the Great Western and the 
Neath and Brecon Railway Companies. The Neath and 
Brecon Railway was incorporated in 1862 as the Dulais 
Valley Mineral Railway, and its name was chan 
to the present title under a wider powers Act in 1 
The line at first was not financially successful; but 
during the last twenty years it has made some progress. 
and in 1912 it paid per cent. upon its preference 
stock. The present capital is 1,362,902/., of which 
678,112/. is represented by debenture stock, 428,560/. by 
preference stock, and 256,230/. by ordinary stock. The 
company owns 40 miles of single line, extending from the 
Great Western Railway at Neath to the Brecon and 
Merthyr Railway at Brecon ; and it is considered that 
closer relations with the Great Western system and 
management will tend considerably to the benefit of 
Neath and Brecon stock-holders. 


American Coal Competition.— During the last two years 
the administration of the Egyptian State Railways, which 
formerly purchased Welsh locomotive coal exclusively, 
has bought considerable quantities of American coal, the 
— being to provide for supplies during Welsh labour 
troubles. 


Safety in Mines.—There was a large muster of colliery 


managers at Cardiff on Saturday evening upon the 
occasion of the annual dinner of the South Wales branch 
of the National Association of Oolliery Mi rea, The 


Lord ager proposed the toast of the evening, ‘The 
Colliery Managers’ Association,” The president, in respond- 
ing, said during the last few yearsas many new Acts and 
Orders had been issued as there were gentlemen in the 
room. Ascolliery managers, the members of theassociation 
believed that a large amount of the legislation of the last 
couple of years was quite unnecessary ; but, at the same 
time, they considered that those responsible for this mass 
of legislation were actuated by the one motive to secure 
greater safety in mines, and, realising this, colliery 
managers were prepared to overlook a good many faults. 

Welsh Coal for France.—The French naval authorities 
have placed contracts for 31,000 tons of best Welsh 
Admiralty coal, to be delivered in May and June. It is 
understood that of these contracts 15,000 tons have been 
arranged with D. Davis and Sons, Limited. 


Dowlais.—In spite of the depression prevailing in the 
tin-plate trade the Dowlais works have shown a fair 
amount of activity. The Goat Mill bas been turning out 
heavy steel raile and blooms, while the metallic-sleeper 

ress has finished off a good tonnage of railway material. 
The course of business at the Big Mill has shown little 
change, the mill having been turning out a fair amount 
of angle iron, steel curves, props for underground 
workings, fish-plates, and light tram-rails. 








Tue ImperiaL Moror - TRANspoRT CONFRRENCE.— 
Examples of ty of industrial motor chassis already 
accepted by the War Department in connection with their 
scheme of subsidy will be available for the inspection 
of delegates among the exhibits at the Commercial 
Vehicles Exhibition at Olympia, which will be open 
from July 18 to July 26. here will thus be every 
opportunity of ascertaining, both by discussion and 
by examination, how far these models lend themselves to 
either military or civil use in the Hmpire Oversea. 





Tue Fioops in THE Unirep Sratres.—The meagre 
accounts in the Press of what happened during the 
recent floods in the Middle West of America give but 
faint notion of the real extent of the disaster. In 
forty-eight hours 6 in. of rain fell, developing floods 
in Ohio and Indiana 14 ft. higher than anything ever 
known before. The entire railway system of Ohio and 
Indiana was p.actically put out of business for five 
On the Pennsylvania lines west of Pittsbu 


: : by this ed 
practically wipe out the surplus earnings of man 
In other cases dividends will be threatened 
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Larce Hevrenstein Execrric Furnaces. — Helfen- 
stein electric furnaces for the manufacture of calcium 
carbide, ferro-silicon, or pig iron are now in use in Jajce, 
Matrei, Lechbruck, Thusis, &c., in sizes up to 12,000 
horse-power, and a 24,000-horse-power double furnace is 
used at Hafslund, in Norway. They are for three-phase 
circuits. The furnaces have the form of Siemens-Martin 
furnaces with three hearths, The furnace-chamber proper 
is square, and the top is surmounted by three sain 
through which the charge enters. One electrode or bundle 
of electrodes is suspended vertically in each shaft; a 


bottom plate forms the other electrode. The charge 
settles on the bottom of the furnace in a continuous 
layer, which may or may not be partly divided in its 
upper portion by partitions between the three shafts, 
extend some way down from the top. The elec- 
trode melts a hollow in the charge, and the walls and 
roof do not suffer so much from the direct and radiant 
heat as in other furnaces, as the molten metal or carbide 
is surrounded by the charge. In Jajce thirty-six small 
furnaces (twelve held in reserve) are now replaced by one 
Helfenstein furnace. Helfenstein furnaces have been 
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introduced (according to M. Oesterreich in Stahl und 


), in Domnarfvet, where the v 
high shafts and the inclined electrodes of the Gronwal), 
Stalhane and Lindblad furnaces caused trouble and = 
plosions, and the walls and roofs suffered in spite of # 
circulation. The new Vomnarfvet furnaces are 11 m. 
es. 4 m. wide, and 5 m. high, and the shafts rise above 
the roof to a height of 6 m., bringing the total height ™p 
to 1lm. The multiple electrode takes from 30,000 to 
40,000 amperes at 75 to 100 volts; a double furnace 18 
built to twice the width and fitted with six electrodes. 


Kisen, of February 
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NOTICES OF MEETINGS. 





Tue Paysicat Society or Lonpon.—Friday, bm 25, at 5 p.m., 
at the Imperial College of Science, — nstitute-road, South 
Kensington, S.W. Agenda :—{1) “A Graphic Method of Optical 
Imagery,” by Mr. W. R. Bower, B.Sc. ; (2) “ ane = Re- 
solution of a G ,” by C. V. Burton, D.8c. ; (3) “Some _— 
ments to Detect 8-Rays from Radium-A,” by W. Makower, M.A., 
D.8c., and S. Russ, D.Sc. 

Tas Norru-East Coast InstrruTion oF ENGINEERS AND SHIP- 
BUILDERS.—Friday, April 25, at 7.30 p.m., in the Lecture Theatre 
of the Literary and Philosophical Society, Westgate-road, New- 
—_— ae —— on ,~ =. Waldie Oairn’s 

oer: * ve Tr tween the je - Expansion 
al and Geared Turbines in Steamers ‘ oe * and 
‘Cairnross.’” Graduates’ Section: Saturday, April 26, at 7.15 p.m., 
in the Institution, Bolbec Hall, Newcastle-upon-Tyne, a paper will 
be read by Mr. Summers Hunter, Jun., on “‘Some Notes on the 
Four-Cycle Marine Diesel Engine.” 

Brivisti FOUNDRYMEN’s ASSOCIATION: BIRMINGHAM BRANCH.— 
—Saturday, April 26, at the Technical School, Suffolk-street, 


.R.O.P., D.P.H. (Lecture Il). Wednes- 
day, April 30, at 8 p.m. ‘‘The Science Museum,” by F. G. Ogilvie, 
0.B., LL.D., Director of the Science Museum. Lord Sanderson, 
po K.C.M.G., Chairman of the Gouncil of the Society, will 
reside. 
» Tue ILLominatine Enainexrine Society.—Tuesday, April 29, at 
7.30 p.m., at the Royal Society of: Arte, the discussion of the 
paper entitled ‘* Standard Clauses for Inclusion in a Specification 


of Street-Lighting,” presented at the last meeting by Mr. A. P. | PO 


Trotter, will be resumed. 
InstTITOTION oF CrviL ENGIN@ERS.—Tuesday, April 29, at 
8 ae at the Institution of Mechanical Engineers, Storey’s Gate, 
S8.W. Annual general meeting of corporate members only, to re- 
ceive the re of the Council, and to elect the Council and 
auditors for the ensuing year. Students’ meeting, Monday, 
April 28, at 8 p.m., lecture on “‘ Law in Relation to ip ee a 
by Mr. T. Frame Thomso , M.Inst.C.E Mr. B. Hall B , M.A... 
F.R.S.E., Vice-President, will occupy the chair. Members of all 
classes of the Institution are invited to attend this lecture. 

Tue InstiruTion or EvecrricaL Enemnsers.—Thureday, May 1, 
at 8p.m. ‘The Use of the Electrostatic System for the Measure- 
ment of Power,” by Messrs. C. O. Paterson, E. H. Rayner (Mem- 
bers), and A. Kinnes (Assoc. Member). 

Tux Iron AND Stee. InstiruTs.—Thursday, May 1, at 10.30a.m., 
general meeting, the Council will pours their report for the 
year 1912; the hon. treasurer will present the statement of 
accounts for 1912 ; the Bessemer Gold Medal for 1913 will be pre- 
sented to Mr. A. Greiner ; a selection of papers will be read and 
discussed (Nos. 14, 7, 8, 3, 9); at 1 p.m. the meeting will be 
adjourned to 2.30 p.m., when further papers (Nos. 6, 4, 5, 2) will 
be read and discussed ; at 7 p.m., annual dinner of the Institute 
in the Grand Hall, Hotel Cecil, Strand, W.C. Friday, May 2, at 
10.30 a.m., general meeting ; the Andrew Carnegie Gold Medal for 
1912 will be presented to Mr. J. Newton Friend, Ph.D., and the 
awards of Research Scholarships for the current year will be 
announced ; the remaining rs will then be read and discussed 
(Nos. 10, 12, 1, 13, 11). The fo ‘or is the list of papers that are 
expected to be submitted :—{1) ‘‘ Critical Ranges of Pure Iron, 
with Special Reference to the Point Ao,” by Dr. H. O. H. - 

mter (Manchester); (2) ‘‘ Influence of the Metalloids on the 

rties of Cast Iron,” by Mr. H. L Coe ( 

(3) ‘Economy of Dry Blast,” b . 
(Leoben); (4) ‘‘Corrodibility of Nickel, Chromium, and Nickel- 
Chromium Steels,” by Dr. J. Newton Friend (Worcester), Mr. 
J. Lloyd Bentley and Mr. W. West (Darlington) ; (5) “* Influence 
of Silicon on the Corrosion of Cast Iron,” by Dr. J. Newton 
Friend and Mr. C. W. Marshall (Worcester) ; (6) ‘‘ Influence of the 
Presence of Sulphur upon the Stability of Iron Carbide in the 
Presence of Silicon,” by Mr. W. H. Hatfield (Sheffield); (7) “A 

New Form of Electrically-Driven, Two-High, Continuous-Run 
Reversing Mill,” by Mr. Andrew Lamberton (Coatb , N.B.); 
8) ‘‘ Studies in the Cold Flow of Steel,” by Mr. Perc gmuir 
Sheffield); (9) ‘‘ Rolling-Mill Practice in the United States, 
art II.,” by Dr. J. Puppe (Breslau); (10) ‘‘ Faulte in Present- 
Day Furnaces and their Remedies,” by Mr. Alleyne Reynolds 
(Brighton) ; (11) ‘‘ A New Method for Accurate Determination of 
rar el by Mr. O. H. Ridsdale and Mr. N. D. Ridsdale 
Mid weyry (12) ‘* Tenacity, Deformation, and Fracture of 

{t Steel at High Temperatures,” by Dr. Walter Rosenhain (Ted- 
dington) and J.C. W. Humfrey (Sheffield); (13) ‘‘ Chromiferous 
Iron Ores of Greece,” by Mr. Herbert K. Scott (London); (14) 
“ Production of Sound Steel by Lateral Compression of the Ingot 
whilst ite Centre is Liquid,” by Mr. B. Talbot (Middlesbrough 
Rovat InstrruTion or Great Brirain.—Friday, May 2, at 
9 p.m. On “Blood Parasites,” by Mr. Henry George Plimmer, 
F.R.S., F.L.S., F.R.M.S., M.R.I. Afternoon lectures next week 
at 3 o'clock. Tuesday, April 29, on ‘*‘ Recent Physiol In 
quien: (1) Motion and L tion,” by Profi Will 
ling, M.D., LL.D., D.Sc. Thursday, May 1, on “The Progress 
Hittite Studies : (3) Culte of Northern Syria,” by Professor John 
Garstang, M.A., B.Litt., F.S.A. Saturday, May 3, on(3)‘* Chaucer,” 
by Professor Sir Walter Raleigh, M.A. 
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FOR THE GOOD OF THE PROFESSION 
AND THE BENEFIT OF MANKIND. 


Ir is the proud boast of our profession that it has 
done more than any other to facilitate the develop- 
ment of civilisation, and that its members may 
thus be justly reckoned among the greatest bene- 
This fact is not to be denied, 


of the mechanical branch, is continually engaged in 
perfecting the means and appurtenances of war, this 
being in our imperfect world the best assurance of 
a continuance of the peaceful spread of the in- 
fluences of civilisation. Being thus heirs to so 
eat an heritage, and having such an influence on 
the world at large, it is incumbent upon engineers, 
all and severally, to endeavour to maintain to the 








utmost the honourable position which our pro- 
fession has acquired, so that we may continue to 
lead in conferring benefits upon our fellows, and 
that the record of this generation may be no less 
brilliant than that of our forebears. We know of an 


”| institution which had for its motto, ‘* For the Glory 


of God and the Good of the Service.” A device 
appropriate to some of our technical societies might 
well be, ‘‘ For the Good of the Profession and the 
Benefitof Mankind,” the key to Sir H. F. Donaldson’s 

residential address to the Institution of Mechanical 

ngineers delivered last Friday. This address, 
which will be found reprinted elsewhere in this 
issue of ENGINEERING, deserves the attention of 
all members, not only of the Institution to which 
it was directly addressed, but of the wider circle of 


:| Birmingham. Annual meeting for the election of officers. Chair “ 

» | to be taken at 6.30 p.m. — Following the annual meeting the profession. The theme running through it is 
Mr. be Shaw 5 read his paper on ‘Some Further Notes on | the betterment of the Institution in icular, the 
Moulding Sands.” . ° oie 4 

:| Tus YAL Sociery or Arts.—Monday, April 28, at 8 p.m. profession in general, and hence in y of the 
Cantor Lecture.—“ Antiseptics and Disiniectants,” by Mr. David | condition of the world at e. It therefore deals 


with a subject in which all earnest members of 
the Institution must feel compelled to take an 
interest, and we trust the President may have their 
lively support in any endeavours made during his 
term — office to further the ideals to which he has 
inted. 
There are many ways in which an institution 
may work in order to assist in the maintenance of 
a high professional standard. Much centres round 
the status of membership. Itis invaluable to an insti- 
tution if it be generally accepted that its members are 
men of calibre with loft; fessional ideals, and a 
society is perfectly justified in adopting such tests as 
may best seem fitted to ensure such a contlition of 
affairs. The standard of education of prospective 
members naturally therefore falls to its care. By 
education we do not, of course, imply either 
scholastic attainments or workshop training b 
themselves, but that combination of the two Thich 
will best assure the proper qualification of men for 
the responsible posi(iions to which, in the service of 
mankind, engineers are called. The training of 
engineers is dual. It cannot be allowed to remain 
all practice, as some would have had it years ago ; 
neither must it be all science and theory, as some 
would seem to have thought more recently. 
According to its Memorandum of Association the 
Institution of Mechanical Engineers exists to pro- 


;| mote the science and practice of mechanical engi- 


neering. The Institution therefore ises the 
importance of both sides of the question. Theory is 
necessary ; practice is essential. Than that there is 
little more to be said. We have now sobered down 
somewhat after a course of rather expensive treat- 
ment by scare-physicians, by whom we were rushed, 
breathless and without pause, into providing innu- 
merable facilities for acquiring theoretical training 
as the one endand means of putting us on a footing 
with foreign competitors. To-day itis freely acknow- 
ledged that theory, properly used, gives to the prac- 
tical man an advantage to which he cannot otherwise 
attain ; but it is also realised that theory may be 
urged too far. In Swift’saccount of Laputa we are 
given a most entertaining picture of the fearful pass 
to which we might come if everything were surren- 
dered unreservedly to the professors. It will be 
remembered that in that wonderful island the 


"| attempt was made to interpret everything from the 
of | point of view of mathematics or music, with the result 


that the people were all the time absorbed in futile 
speculations. Then on the neighbouring Continent 
of Balnibarbi we are shown the lamentable effects 
of attempting to apply a cursory and unpractical 
theoretical training to the problems of everyday 
life, with resulting desolation and deplorable waste 
and misery, directly due to filling the land with 
‘** colleges of projectors ” controlled by teachers 
having a smattering of theory, but no practical 
knowledge. 

We may be thankful that, though we have 
run perilously near to like disaster, we have 
managed to direct our course to better channels 
to-day. The ye pd relation of the two branches of 
the training of an engineer are more widely realised 
now than a few years ago. There are i 
still some teachers holding the unsound views to 
which Sir H. F. Donaldson referred, but they are 
not so numerous as they were. It is not always the 
fault of the teacher that a young man with ambition 
thinks his college course has completely fitted 
him for the occupation of posts of responsibility 
and high remuneration. The fault is sometimes at 
least with the parents, who, having attained success 
on the top of the early tide of mechanical develop- 
ment, and having given to their sons expensive 
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educations, of a kind of which they themselves never 
had the advantage, expect their progeny to earn 
at least as much as they did at the same age, when 
engineering was really a lucrative profession, and 
the field held by comparatively few. 
We must admit, however reluctantly, that for 
some years the scholastic side of the training has 
had the ascendancy over the practical. It is now 
realised that the latter not only cannot be dis- 
msed with, but must form the basis of success. 
Not only does practical training tend to the develop- 
ment of manual dexterity, which to the engineer is 
most useful, but it forms the most admirable means 
of inculcating into the minds of young men the 
necessity for discipline, enables them to acquire 
judgment and self-reliance, and, above all, cannot 
equalled by any other method as schooling in 
the knowledge of men. As science is necessary to- 
day in the shop as well as in the oftice, the two 
must go hand in hand. There is much to be said 
in favour of encouraging teachers of the scientific 
part in maintaining an intimate connection with 
practical affairs, or even insisting on their doing so. 
We have dwelt perhaps unduly on this rather 
well-worn subject, and therefore pass to some other 
aspects of the responsibilities falling upon an insti- 
tution. It is not enough that a society be com- 
posed of members of high individual attainments ; 
it is essential that it should secure to itself the 
reputation of being a centre for progressive thought 
and action. The question as to how it may best 
do this is one to which a variety of answers will 
probably be given. Sir H. F. Donaldson touched 
on one or two points. He referred to the possi- 
bility of greater ase activity in provincial centres, 
but the most interesting point he made was in the 
suggestion of the formation of an Engineering 
Research Committee. It is true that this was not 
proposed as a matter to be taken up by the Insti- 
tution of Mechanical Engineers alone; but the 
scheme, if it materialises, would certainly reflect 
credit on the Institution inaugurating it and assist- 
ing in carrying it. out. It is an ideal which, if 
feasible, should prove invaluable. The institutions 
joining together would be called upon to sink their 
individualism for the greatest good. It would 
prevent overlapping, which is a serious drag on 
present eatieds. i is impossible to estimate the 
economic waste at the present day occasioned by 
independent research. Too often rough experi- 
ments are muddled through to only approximate 
results, with wretched — and little know- 
ledge to direct them. e same lines may be 
worked over by dozens of firms, all going to con- 
siderable expense in the matter. Research is 
necessary to progress, and it would be economically 
advantageous to secure progress at the least expense. 
But does not the scheme put the professional 
ideal too far ahead of the commercial for the every- 
day man? It is quite true that private researches 
might be carried much further by it than at pre- 
sent, and that the published results would be 
available to and would greatly assist the whole pro- 
fession ; but we should have to break away from 
present manners for it to be a success. 

The Institution of Mechanical Engineers exists as 
it is to-day for much the same purpose. It was 
formed to ‘‘ enable mechanical engineers to meet 
and to correspond, and to facilitate the interchange 
of ideas respecting improvements. . . . and the 
communication of information on such subjects.” 
Yet the success achieved has only been partial, 
and this result is largely due to a cause which 
should not exist. Many members fail to recognise 
that on joining the body they each tacitly accept the 
position as set forth in the memorandum of asso- 
ciation ; very few make any ape at all to carry 
out the implied duties loyally and conscientiously. 
The majority expect everything to be provided, but 
they themselves do oie towards making the 
institution’s work of value. It is not considered in 
ordinary life to be a sign of good breeding to accept 
much without making some contribution in return. 
The man who acquires all he can and spends 
nothing is not a very estimable character, yet that 
is the attitude that many people adopt on joining a 
technical society. They may attend meetings, and 
benefit by information given in papers, but they 
are lax in their duty of furthering the objects of 
the institution by contributing information of which 
they are possessed. Technical institutions live 
largely by the discussions evoked at their meetings. 
The papers are not lectures ; their object is to 
arouse discussion, and if they fail in this, seme- 


merely with the idea of putting things on record ; 
there are other and wider channels through which 
such ends may be attained. There is, however, no 
other means than that afforded by technical insti- 
tutions whereby a subject may be submitted to 
wholesome and expert criticism, to the inestimable 
benefit of the whole profession, and the debates 
must therefore be considered the most important 
feature of meetings. 

We have, however, had in recent sessions 
numerous instances of a most regrettable reticence 
on the part of members. The papers chosen by 
the Council have shown sufficient variety for it to 
be expected that many would lead to good debates ; 
yet, in but too many instances, the discussions 
have failed to be satisfactory. Some time ago we 
remember a paper on the hardening of tool steels, 
when special endeavours were made to get users and 
tool manufacturers to come forward and express 
their views. Not one, however, did so, and the 
debate was contined to three laboratory metal- 
lurgists. More recently papers have been read 
raising distinct issues between mechanical contri- 
vances and methods, but none of the champions 
of rival systems have given the Institution the 
benefit of their opinions or experience. The 
common attitude adopted by members is that they 
come to listen to the discussion ; they fail to see 
that if all listen none will speak, and the discussion 
will end in a fiasco through the failure of those 
present to further the objects of the society. 

At the Institution of Civil Engineers the discus- 

sions are, in many instances, better sustained. The 
reason is, we think, not far to seek. The subjects 
of papers before that body are not competitive enter- 
prises. Each undertaking is carried out by itself, 
and has to be considered by itself, and in criticising 
it no valuable data are placed in the hands of a 
a a in the same trade. At the Institution of 
Mechanical Engineers we must accept the fact that 
things are somewhat different ; but in the interests 
of the profession this should be overcome. Emerson, 
who wrote that ‘‘ the intellectual organisation of 
the English admits a communicableness of know- 
ledge and ideas among them all,” took care to 
point out that ‘‘ we are equally served by receiving 
and by imparting. Men who know the same 
things are not long the best company for each 
other,” thus showing the value of bringing men of 
divergent opinions together, as is attempted in our 
institutions. Similarly, Bacon states that ‘* whoso- 
ever hath his mind fraught with many thoughts, 
his wits and understanding do clarify and break up 
in the communicating and discoursing with another: 
he tosseth his thoughts more easily ; he marshalleth 
them more orderly.” Thus, if we could clear awa 
some of the restraint which seems to exist throug 
fear of rivals, all would benefit, and the pro- 
fessiou would make still greater advances than at 
present, to the enhanced welfare of the world in 
general, 
We do not want speeches at the Institution which 
are mere talk. What is wanted is sound criticism, 
not necessarily confined to narrow grounds. Not 
long ago the platform was occupied for nearly 
three-quarters of an hour by a speaker who 
endeavoured to show that research, proposed along 
certain lines, was superfluous. The ground, he 
said, had been covered. A ten minutes’ speech, 
summarising the results obtained (which the 
speaker never referred to), would have been infi- 
nitely more valuable. We have lost the spirit of 
communicableness which Emerson spoke of, and 
by so doing are piling up much unnecessary work 
and allowing great economic waste. The remedy 
thus is largely with members themselves. If the 
Institution is to hold the proud position as the 
centre of all that is interesting to the profession, 
members must be actuated by that spirit of 
generosity which lies at the root of successful 
unions of all kinds. The future is with them, and 
it is for them to see that by their individual or 
united efforts their obligations to the Institution 
are loyally discharged—to the benefit primarily of 
that body, then of the profession in general, and 
thus to the whole community. 








ADMIRALTY SCREW-THREADS. 
THE advantages of the standardisation of parts in 
the engineering industry is a matter which does 
not, in these days, require any demonstration. 
Standardisation means reduced manufacturing 


owing to the ease of replacement. Moreover, it 
usually means shorter time spent on repairs, owing 
to the fact that parts can be got out of stock, 
instead of having to be made specially. The work 
which the Engineering Standards Committce jg 
carrying out in so many directions is therefore of 
the greatest value to the country at large, and to 
the engineering trade in particular. 

In no matter is standardisation so important 
as in that of screw-threads. Perhaps this fact 
is most thoroughly appreciated by those who have 
had to do with the repair of cycles and motor. 
cars. In the case of the former machines makers 
required finer threads than the usual Whitworth 
type, but instead of agreeing among themselves as 
to a few standard threads, or of using gas threads 
when possible, each maker developed his own system, 
so that every conceivable combination is in use: 
;s-in. bolts, for instance, are screwed 14, 19, 20 and 
24 threads per inch by different makers, and there are 
as many varieties of pitch for most other sizes. In 
motor-cars the confusion is still worse, as there are, 
in addition, many metric threads of every conceivable 
proportion. Hence the loss of one nut from a 
machine may disable it till a new one is made, or pro- 
cured from the manufacturers. Happily, owing to 
the labours of the Engineering Standards Com- 
mittee, this state of things is being greatly im- 

roved, and it is to be hoped that it will not be 
ong before their screw-threads are adopted for 
all ordinary work. 

While the ordinary Whitworth threads, as used 
for bolts and nuts, are quite satisfactory for many 
purposes, they are obviously too coarse for pipe- 
work, and, accordingly, for a long time pipes have 
been screwed to fine threads, usually known as the 
** gas threads.” Besides this, it has been found by 
many engineers who manufacture engines and other 
machines, in which weight is of serious importance, 
that the Whitworth threads cut too far into the 
bolts, and therefore involve unnecessary weight 
not only in the bolts themselves, but also in the 
bosses, &c., and accordingly finer threads are 
being used. This feeling in favour of alterna- 
tive threads of finer pitch than the Whitworth has 
resulted in the Engineering Standards Committee 
considering the matter and formulating an alter- 
native fine thread. It is to be hoped, there- 
fore, that this will be generally adopted where 
Whitworth or gas threads are not suitable, and that 
there will therefore be an end to the use of bastard 
threads in the near future. A difficulty in the 
way of this being accomplished, however, results 
from the action of the British Admiralty in 
refusing to accept either gas-threads or the Stan- 
dards Committee threads, as do the other Govern- 
ment departments, and in insisting in having all 
fine threads to standards of theirown. This may 
be rather a serious matter from a national point of 
view, from two considerations: firstly, the increased 
manufacturing cost ; and, secondly, the inconveni- 
ence of repair. The first point will be evident to 
anyone with the smallest knowledge of manufac- 
turing conditions. If the firms who worked for 
the Admiralty never worked for anyone else, the 
ill-effect would probably be very small. This is not 
the case, however, as the large majority of 
Admiralty contractors have other customers who 
will ‘not accept the Admiralty threads. The 
result is that two standards’ have to be worked 
to, and in many cases that small parts, such as 
unions, &., have to be made, when they could 
be bought of the ordinary standard thread for hal 
the price. If similar machines are being made for 
the Admiralty and other customers, it means very 
greatly increased supervision to see that parts, 
similar in all other respects, are fitted with the 
threads required by the respective purchasers. — 

All this means considerably greater cost, especially 
in the various small accessory engines and machines, 
which are every year forming a more important 
part of a modern fighting ship. None of the addi- 
tional cost of manufacturing entailed by the two 
standards can be charged to the ordinary com- 
mercial customer, as in the case of such orders 
the manufacturer will be in competition with 
other firms, home and foreign, not doing Admi- 
ralty work. Hence the action of the Admiralty 
must entail considerable extra cost to the taxpayer, 
or, inversely, a smaller and less efficient Navy for 
a given amount of money. Besides this, however, 4 
serious objection to the use of special threads lies in 
the fact that it means very much reduced facilities 





expense, and therefore a lower price to the con- 
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sumer, while it also means lower costs of upkeep 





for repair in case of war. In peace, doubtless, 
this question of repairs is not of very great 
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importance, as all war vessels can be taken to 
dockyards, where special tools are available. In 
war, however, repairs may have to be effected 
in any shops available, nos only at home, but 
also abroad, and in the case of pipe fittings 
especially much trouble and delay may arise. 

This question of special threads is still further com- 
plicated by the fact that other Government depart- 
ments will not accept the Admiralty threads and that 
the functions of the War Office and Admiralty to 
acertain extent overlap, and may do so more in 
the future. Thus the petrol-motor is used by both 
for various kinds of work, and, as matters stand, 
all the unions, pipe fittings, and fine threads have 
to be different for the two departments. The 
matter is possibly most prominent in connection 
with the question of flight. Aeroplane motors 
will be wanted both for the Army and Navy, and 
it is of the utmost importance that they should 
be as easily repairable as possible. Naturally, 
they will have the screw -threads common in 
their respective services. This will mean that 
the Army aeroplanes cannot be conveniently re- 
paired by the naval workshops, and vice versd. A 
very serious difficulty will thus arise in that com- 
bined action of the services on which their efficiency 
largely depends. The same applies to many other 
things—e.g., 2 War Office lorry could not be satis- 
factorily repaired by an Admiralty workshop, nor 
could Admiralty spare parts be used, although the 
Admiralty might have petrol motors in use identical 
in every respect except the screw- threads. 

It appears, therefore, that it is essential to the 
proper efficiencies of the services that they should 
use the same screw-threads, and that these should 
be such as are in common use elsewhere. As the 
Committee of National Defence is supposed to be 
for the purpose of securing the best efficiency, 
regardless of the interests of either service, this 
question of screw-threads appears to be one which 
it might take up and decide with advantage. 





THE RAILWAY SITUATION IN THE 
UNITED STATES. 

Tse rooted objection to big business concerns 
which has been so conspicuous a feature of home 
affairs in the United States, of recent years, is 
having a very unfavourable effect on the railways, 
which, being classed among the largest companies 
in the country, and possessing what is toa large 
extent a monopoly, are thought to be tarred with 
the same brush as those trading corporations of 
which so many “‘exposures” have been made. 
The idea that railways are operated purely for the 
benefit of a few individuals in Wall-street, and 
that they can bear whatever burdens the public 
pleases to foist upon them, is bound to harass them 
as factors of value in the economic development 
of the country. . 

A trading community to meet a rise in cost 
of production raises its prices. While railways 
in this country have, after much too long 
delay, obtained slightly improved means of effect- 
ing an increase of rates, in the United States, 
although costs have increased probably more 
heavily than with us, the revision of schedules 
in an upward direction has been to all intents and 

urposes disallowed. The whole trend of the 
nterstate Commerce Commission’s work in this 
direction is anti-railway. Im 1912, of 375 rate 
cases argued before the Commission, no less than 
65 per cent. were decided against the railroads in 
favour of reductions or reparation, in addition to 
which the Commission entered no less than 3332 
informal reparation orders, at the same time 
suspending hundreds of tariff revisions. Concur- 
rently, laws are rapidly being introduced into one 
state after another putting the railways to ever- 
increasing expense, and the demands of labour add 
continually to the strain. When, in addition, 
calamities of the nature of the floods in the 
Mississippi valley occur, the impartial observer 
can only conclude that, to say the least of it, the 
struggle to maintain efficiency, and also dividends, 
is decidedly one-sided. 

The Engineers’ Award delivered last year granted 
&minimum wage and advances which might be ex- 
pected to amount to something like 60,000,000 dols. 
This was the result more of a desire to avoid civil 
strife than to deal irreproachably by the railways, 

¢ Commission stating that they thought more of 
the public interests involved than of the amount of 
money. The firemen, after threatening a wide- 





arbitration, and if the same policy be followed as in 
ri 


the previous case of the vers, another heavy 
burden will fall on the railways. In some respects 
the firemen havea better case than had the drivers, 
or engineers, as they are called. These men based 
their demands almost wholly on the high class of 
their work, the responsibility it involved, mental 
strain, and risk. But these features have always been 
recognised, enginemen drawing far higher wages 
than other branches of skilled labour. Not only 
so, but their wages have several times been in- 
creased of recent years, as the cost of living 
has gone up. Strangely enough, although this 
rise has been rapid of late, no stress was placed 
on it by the men in advancing their case. 

In looking over prices of commodities in the United 
States one cannot help being struck by the increase 
shown. If the relative figures for 1891 and 1911 
be compared, it will be found that the cost of farm 
products has increased about 40 per cent., food 
about 20 a cent., fuel and lighting about 20 per 
cent., building material about 40 per cent., and so 
on. Claims backed by the plea of higher cost of 
living therefore deserve scrutiny at least. But, on 
the other hand, in 20 years the wages of drivers, 
irrespective of the arbitration award, have been 
increased very nearly 40 per cent., and of firemen 
by nearly 50 per cent. In contrast to the rather 
vague pleas put forward by the drivers, the firemen 
have formulated demands based on something much 
more tangible. They point to the increase in duty 
demanded of them in working the large engines of 
the present day and ask for a scale of wages 
on engine capacity. There is no doubt that the 
bulk of the increased labour falls on the fireman, 
but, on the other hand, as we have stated above, 
the wages of such men have been largely increased 
in recent years, so that, taken all round, their case 
is not so strong as superficial consideration would 
suggest. 

The situation of the railways, as a whole, for 
last year is aptly summed up in the annual 
pamphlet prepared by Mr. Slason Thompson, of 
the Bureau of Railway News and Statistics. He 
states that 1912 brought to the railways (1) the 
lowest average freight receipts since 1900 ; (2) the 
highest wages in their history ; (3) the multipli- 
cation of costly regulation; (4) the heaviest loss and 
damage claims on record ; (5) the highest taxes yet 
levied ; (6) the largest gross revenues received ; (7) 
the largest expenses of operation ; all resulting in 
(8) the lowest relative net income in twenty-five 
years. There are some 248,888 miles of railway in 
the United States, or 370,317 miles including dupli- 
cate and other tracks and sidings, &c. - The total re- 
ceipts from operationamounted to2,870,736,000dols. 
in 1912, being in amount greater than ever before, 
and 145 per cent. greater than 20 years ago. The 
tons carried numbered 1,806,173,000, or 155.6 per 
cent. more than 20 years ago, but the receipts 
per ton-mile were only 7.41 mills. In no year 
since 1900 have they been so low, while compared 
with 20 years ago they have decreased 17.5 per 
cent. The number of passengers carried last year 
was 994,382,000, or an increase of 77.3 per cent. 
on 1892. Since 1894 the average receipts per pas- 
senger-mile have not shown any definite tendency 
to alter, but prior to that date they were a good 
deal higher than they are now. The number of 
employees stands at about 1,728,603, or about 695 
per mile, compared with 506 per mile in 1892, 
and the wages paid last year amounted to nearly 
1269 million dollars. The wages bill has never 
been so high, and is 170 per cent. greater than in 
1892. -Wages amount to 63.76 per cent. of the 
operating expenses. The pay-roll has increased 
by 103,000,000 dols. since 1910, in spite of the fact 
that there were about 4000 fewer employees in 
1912. In five years, with an increase in number 
of only 3.4 per cent., the wages bill has swollen 
15.6 per cent., while the gross revenue has grown 
only by 11 per cent. 

It is not surprising, in face of these figures, 
that the companies should endeavour to introduce 
means of reducing their staff, but the Legislature 
concurrently is taking steps to make them increase 
their number. Already laws to this effect have 
been passed and are awaiting signature in some 
States. The increase of pay has not been to 
engine crews alone. The average wage of other 
trainmen has increased in twenty years by about 
58 per cent. ; in the case of men in the shops, 
about 31 per cent.; and of trackmen, 25 per cent. 
Pay of employees amounted to 44.17 per cent. of 


spread strike, have now submitted their demands to | the gross earnings in 1912, having risen from 41.42 








per cent. five years previously. Of the expenses con- 
nected with maintenance of weg and structures, 68.6 
_ cent. goes in pay to employees ; of sums dis- 
ursed for maintenance of equipment, wages absorb 
63 per cent. ; of traffic expenses they absorb 46.3 
per cent.; of transportation expenses, 59.7 per 
cent. ; and of general expenses, 75.2 per cent. 
Increase in cost of labour is thus a very serious 
item. Transportation expenses show a large in- 
crease in recent years, having been equivalent to 
32.92 per cent. of the revenue in 1909, and having 
risen last year to 35.55 per cent. The proportion of 
maintenance of equipment expenses to revenue in 
the same period has risen from 14.86 per cent. to 
16.07 per cent. On the other hand, there has been a 
very slight fall in maintenance of way and struc- 
tures. In conducting transportation, fuel and 
water for locomotives account for 8.93 per cent. 
only of the gross revenue. The cost of coal alone 
amounts to 8.22 per cent. of the ss revenue, 
having risen from 5.88 per cent. in fourteen years. 
The total operating expenses are 154.8 per cent. 
heavier now than twenty years ago, being last year 
over 1990.2 million dols., the increase of expenses 
per mile operated having been at the rate of 66.3 
r cent. over that period. Taxes, like other things, 
ave gone up too. Fourteen years ago they were 
179 dols. per mile ; to-day they are 499 dols. per 
mile, oe increased 178 per cent. 

It is hardly surprising that, with these continuall 
increasing burdens and with no channel Siouak 
which they ~~ seek relief, or attempt to off-set 
them, except by greater economy of operation, 
the railways show a gradual fall in net income. 
The net capitalisation is placed at 14,657.5 million 
dollars, and the stockholders number, according 
to a close estimate, about half a million; in 
addition to which there are, of course, a vast 
number of bond-holders, which include individuals 
and societies of various kinds. The prosperity 
of the railways, therefore, affects an enormous 
body of people directly, while indirectly the whole 
country is affected. The companies cannot be 
compared to the widow's cruse of oil. With all 
expenses going up and returns decreasing, capital 
must become eventually more difficult to raise, and 
if hampered in this direction, the ability to handle 
increasing traffic will fall off. If maintenance is 
pared down in order to maintain dividends, effi- 
ciency is likewise reduced, so that, either way, the 
railways and country both suffer. 

The present position is peculiar in that little or 
no account appears to be taken of the ability of 
the railways to stand additional charges placed 
upon them. The contention that they pay a fair 
dividend on their capital, and can therefore meet 
the expense, is rather offset by the results of an 
agitation for the valuation of the properties. It 
has been urged that, based on a true valuation, 
instead of on the capitalisation figure, the returns 
would be far greater than ought to be reasonably 
expected for any trading concern. But, to the con- 
fusion of the agitators, every valuation but one 
ordered by public bodies has so far resulted in 
showing the capitalisatian figure to be on the small 
side, instead of being inflated as it was desired to 
demonstrate. The railroads have therefore every- 
thing to gain from valuation, and it is to be hoped 
that if undertaken on a large scale in the future, 
as seems likely, it may help to allay somewhat 
the agitation for continual depredations from which 
they are now suffering. 





APPLICATIONS OF POLARISED LIGHT. 

Tue discourse on ‘‘ Applications of Polarised 
Light,” which Mr. T. M. > » D.Sc., lecturer 
on chemistry at Guy’s Hospital Medical School, 
delivered at the Royal Institution last Friday, 
dealt chiefly with rotatory polarisation. In intro- 
ducing his discourse, Mr. Lowry remarked that it 
was just a little over a hundred years ago, in Novem- 
ber, 1812, that Biot first descri the phenomenon 
of rotatory polarisation in a memoir, presented to 
the Institute of France, on ‘‘ A New Kind of Oscil- 
lation which the Molecules of Light Experience in 
Traversing Certain Orystals.” Polarised light 
passing through such crystals emerged apparently 
unchanged, but the component vibrations were 
twisted, their plane being inclined either to the 
right or to the left. The early investigators had 
experimented with solar light; when Faraday 
jebened his discourse on ‘‘ The Magnetisation of 
Light” to a Royal Institution audience of 1003 
persons on January 23, 1846, his source of light 
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was an Argand burner. Later on arc-lamps were 
used. Lecturing in 1878, Spottiswoode made use 
of the monochromatic light of a sodium flame, and 
that lecture had been described as a ‘‘ Nocturne in 
Yellow and Black.” He, Dr. Lowry himself, advo- 
cated the use of the mercury arc, and as the 
prominent lines of this arc occurred in the yellow, 

een, and violet portions of the spectrum, his 
ecture might analogously be spoken of as a 
‘* Pastoral in Yellow, Green, and Violet.” 

The mercury vapour spectrum, Dr. Lowry con- 
tinued, had been described by Wheatstone in 1835, 
but mercury arc-lamps were not constructed till 
twenty years later. Showing the Bastian and 
Westinghouse lamps, Dr. Lowry explained that 
when the horizontal arc was applied in the end-on 
position for intense illumination, mercury globules 
would condense on the inside of the bulb on the 
quartz window . just above the surface of the 
metal, and would obscure the light. To avoid this 
trouble, he had recessed the window; that is to say, 
he had produced a recess in the bulb as if the glass 
had been pressed inward by a thimble, the inner 
end of the thimble depression being closed by a 
quartz-plate ; the window was then close to the hot 
arc, and mercury vapour was not condensed on it. 

For certain work a vertical position of the arc 
was, however, preferable, and by permission of 
Mr. Bastian, the Silica Syndicate, and the Brush 
Company he had made various lamps and modified 
the ‘‘quartzlite”’ lamp in such a way that it could 
be used either in the horizontal or in the vertical 
position, both end-on and side-on. One of the 
terminal (J-tubes was twisted into such a position 
that it did not empty itself when the lamp was put 
upright, and the real terminal was not the mercury 
itself, but a metal button connected with it (see 
sketch annexed). When sucha vertical lamp, which 
was provided with a silica tube 4 in. in internal 
diameter, was used in the vertical position, the arc 
struck by tilting the lamp would first fill the whole 
of the bore, but the arc soon became ‘“‘ pinched” to 
one-third of its width, because currents travelling 
in the same direction attracted one another. This 
pinch effect was convenient for spectroscopic and 
polarimetric work, because the arc could be used as 
a linear source of light without introducing any 
auxiliary slit. The shape of the arc was, however, 
unsuitable for projection, and it was only by the 
aid of the enormous Nicol prisms, which Thomas 
de la Rue and Spottiswoode had bequeathed to the 
Royal Institution, that he, the lecturer, was able 
to show the directly-projected mercury spectrum. 

This spectrum, which J. H. Gladstone had studied 
in 1860, consisted of a few lines: a yellow line, in 
reality a double line separated by 20 units of wave- 
lengths (expressed in tenth-metres—1 tenth-metre 
= 10-' m. or 10-* cm.), whilst the components of 
the sodium doublet were six units apart; the 
brilliant green line, which further resolution proved 
to consist of eight lines, but which yet formed an 
unrivalled source of monochromatic light; and 
two violet lines at the extreme end of the visible 
spectrum, one of which, with two satellites, was 
again very brilliant. The ultra-violet spectrum 
extended very much further, of course, and the 
line 10,140 in the (invisible) infra-red was of 
unique value as a starting-point for calibration 
in the infra-red, which Rubens had recently 
traced very much further. The three main compo- 
nents of the visible mercury spectrum could easily 
be separated. A direct-vision prism of moderate 
dispersive power, placed in front of the eye-piece 
of a polarimeter, produced a separation of the three 
images which was sufficient for most purposes. By 
means of coloured gelatine screens, yellow, green, 
or violet, any two of these lines could further be 
suppressed, so as to leave the practically mono- 
chromatic light of the third line, and a screen of 
xylene red (which fluoresced in a rich wine-red) 
would sufficiently weaken the other so that one 
could work with the violet ray. 

Passing to rotatory pwnage Dr. Lowry men- 
tioned that.a plate of quartz, interposed between 
the polariger and analyser, would, as Arago had 
first observed in 1811, depolarise the light in such 
a manner that some transmission of light took place 
where there had previously been total extinction. 
When quartz plates of suitable thicknesses were 
used, the transmitted light was no longer white, 
however, but tinted, the colour changing with 
increasing thickness from yellow to orange, rose-red, 
violet, blue and geeen. This change, as Biot proved, 
was due to the rotation of the plane of polarisation 


which increased both with the thickness of the 








plate and with the change of colour from red to 
violet. It was therefore impossible to extinguish 
all the colours simultaneously when a beam of 
polarised light passed through a quartz plate. 

The tints of Arago had been due to the selective 
extinction of different colours by the mirror which 
Arago had used as an analyser. This selective 
extinction was demonstrated by inserting a direct- 
vision spectroscope in front of the apparatus. The 
plate which produced the pale yellow, Dr. Lowry 
explained, had rotated the violet light through 
180 deg., so that it was extinguished as if no 
quartz plate were present, the yellow being 
complementary to the extinguished violet. As 
the thickness of the quartz plates increased [in 
the sectors or component figures of other shapes 
of the plates used for demonstration], the same 
effect was produced with light of greater wave- 
lengths ; as the extinction moved from violet to 
red, the complementary colour seen changed from 
yellow to orange, red, blue, green. When the 
bright yellow-green was extinguished, a grey 
neutral tint made its appearance, and this grey 
was extremely sensitive to small rotations of the 
plane of polarisation, and therefore largely used in 
polarimeters illuminated by white light. 
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When the mercury arc formed the source of 
light, two chief colours were seen in the quartz— 
green and a beautiful violet. With a monochromatic 
source of light, green light, ¢.g., the light could be 
completely extinguished even after passing through 
a very long column of quartz. Using purified 
oo light and a rod of quartz from a remarkably 

utiful crystal, Dr. Lowry stated, he had obtained 
a, sharp extinction with a column of quartz 
alf a metre in length, giving an actual rotation 
of 12,789.20 deg. + 0.01 deg.; the light travelled 
through that crystal in a spiral of many turns. He 
also demonstrated many beautiful coloured changes, 
and showed remarkably sensitive neutral tints by 
using the green and violet rays as the source of 
light. Rotatory polarisation, he continued, was 
not confined to crystals, however. Biot had 
already observed that liquids like turpentine and 
laurel oil rotated the plane of polarisatiofi to the 
left, and oil of lemon and camphor (dissofved in 
alcohol) to the right. The phenomenon was there- 
fore not dependent, as Biot had first assumed, on 
crystallisation, nor even on double refraction ; for 
sodium chlorate rotated the plane of the polarised 
light without exhibiting amy double refraction. 
Quartz, indeed, lost its rotatery power when it 
was melted or dissolved in alkalies. But in the 
case of liquids the phenomenon coald not be 
associated with the crystalline struciure, and it 
was attributed to some lack of symmetry in the 
structure of the molecules rather than of the 
crystal. Inthe case of liquids the polarimeter had 
proved of supreme value in the investigation of the 
molecular structure by Pasteur, Van’t Hoff, Le Bel, 
Pope, Kipping, Meissenheimer, Werner, and others, 
n 1846, Dr. Lowry proceeded, Dubrunfaut had 


made the remarkable discovery that freshly-pre- 








pared solutions of sugars had transiently twice the 
rotatory power that they showed a few hours later, 
This phenomenon, first styled ‘‘ birotation,” now 
known as ‘‘mutarotation,” had since been ob- 
served in the case of nearly all sugars which had g 
reducing action, and it was not yet completely 
explained. Emil Fischer had, in 1890, found that 
aqueous solutions of gluconic lactone behaved 
similarly, and that the change was there accom- 
panied by hydrolysis, the substance taking up the 
elements of water; that explanation applied in 
some cases, but not in all. In 1896 Dr. Lowry 
himself had accidentally observed a marked change 
in the rotatory power of freshly-prepared solutions 
of nitro-camphor, using a large range of solvents, 
The amount of the rotation differed considerably, 
but it was always in the same sense—from left to 
right. In this instance a change in the structure 
of the molecule of the nitro-camphor itself appeared 
to be the only possible explanation, and the change 
in the rotatory power seemed to be caused by a 
partial conversion of the nitro-camphor into its 
acidic form, which had been assumed for other 
reasons. Such cases of reversible ‘‘ dynamic iso- 
merism ” had since been multiplied. In some 
cases the law of the change of the rotatory 
power was simple ; in others successive isomeric 
changes complicated the phenomena. The muta- 
rotation of glucose was slightly accelerated by 
acids, and much accelerated by alkalies ; different 
chemicals showed different characteristics in this 
respect, and the selection of chloroform had led 
Dr. Lowry and Dr. E. H. Magson to a further 
important discovery. Chloroform, in general, 
stimulated the change ; but sometimes the stimu- 
lation seemed to ‘*hang fire” for many hours. 
The phenomenon had remained unexplained for 
ten years. Then they had observed that the 
addition of a trace of acid held up the change, 
and made the chloroform assume a very pun- 
gent odour, moreover. This odour was found to 
be due to the presence of carbonyl chloride—a 
well-known impurity of chloroform, which made 
it dangerous as an anesthetic; adding carbonyl 
chloride to chloroform in silica vessels, they had 
been able to hold up these and similar isomeric 
changes for many days and even for six years. In 
these studies, as also in the action of light on 
isomeric changes, the polarimeter played a leading 
part. Thus polarimetry supplied the chemist with 
another key to unlock the strong-room in which 
the secrets of molecular structure were kept. 





NAVAL GUNNERY. 

Ir is a significant fact that in the returns issued 
this week by the Admiralty giving the results of 
tests of gun-layers in the Fleet for the past year 
there is no reference to the time element. For- 
merly the number of hits per minute by the twin- 
gun turrets of capital ships and by: guns in the case 
of smaller calibre weapons was an important, if not 
the determining, standard of efficiency. But now 
the factor indicative of excellence is the percent- 
age of hits to rounds fired. Is this a consequence 
of the new system of gun-control under which 
salvo firing is preferred to independent fire and 
central gun-laying to aiming being the individual 
work of the captain of the turret or of the gun team? 
The difference is one of significance whether regard 
be had to the much-debated question as to whether 
the function is to disarm or to destroy the enemy, 
although it must be admitted that the latter is 
much more likely to be achieved by a well-directed 
full broadside rather than by a rain of shots inde- 
pendently fired. With the increase in calibre of 
guns, the consequent additional weight of ammu- 
nition for a given number of rounds, and the resul- 
tant limited duration of an engagement, the effici- 
ency of each shot has had to be most carefully 
considered, and consequently central gun-laying 
has won the day. 

In analysing the results of the past year's work, 
the chief consideration must be — percentage of 
hits to the number of rounds fired. The 13.5-in. gun 
comes into the return for the first time, four ships 
having used this weapon in battle practice—the 
Orion, Lion, Monarch, and Thunderer —and 
the percentage in the case of these ships, according 
to the order given, is about 68, 65, 53, and 474, 
the average for the 126 rounds fired being 58. As 
these ships are our latest, and as on such largely 
depend success in war, it is gratifying to know that 
this is the best average result for any of the large 
calibre guns. In the case of the 12-in. gun fitted 
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to the vessels of the King Edward VII. and sub- 
sequent classes—twenty-four in all, including the 
earlier Dreadnought battleships and cruisers— 
the average for 607 rounds is 55.02 per cent. of hits 
to rounds fired, as compared with 37.3 and 48.9 

cent. in the two preceding years. The best 
result—that of the deperb—te 86 per cent., a 

Jendid result, and the worst 40 per cent., which 
is better than the average of 1911. The results 
with the older type of 12-in. guns is 35.5 per cent., 
about the same as in the previous year, but 3.2 
better than in 1910. 

It is creditable to the designers and manufac- 
turers of guns, gun-mountings, sights, and other 
mechanism conducive to good practice that in most 
cases the newer weapons give better results than 
the older. The latest 6-in. breechloader comes 
out at 50 per cent., the quick-firer of the same 
calibre at 63.6, and the 4-in. gun at 38.5 per cent. 
These are more numerous than the bigger weapons, 
and the higher achievements are no doubt more 
largely discounted by the greater number of mediocre 
results, where 6, 4, and even 0 per cent. of hits 
are recorded. Better practice seems to be made 
by the lighter weapons in large ships. Thus the 
12-pounder 18-cwt. gun has an average of 60.5 per 
cent.,as compared with 55.6 per cent. in the previous 
year. In the case of the 12-pounder 12-cwt. gun the 
results were 41.7 per cent. in 1910, 41.6 per cent. 
in 1911, and 68.9 per cent. in 1912. The 64.4 per 
cent. for the 6-pounder and 3-pounder guns is more 
than double the ratio in each of the two preceding 
years ; while the 3-pounder Vickers has advanced 
from 41.8 per cent. in 1911 to 78.2 per cent. of 
hits in 1912. As many as 1999 rounds were fired 
by the last-named gun, and of these 1560 were hits. 
It should be remembered, also, that in all cases 
the firing was at high speed at long, yet unknown, 
ranges; that the target was only a fraction of the 
area of a modern ship’s silhouette ; and that in 
the case of large guns the work of 115 ships, and 
of smaller guns the practice of 99 ships, are included. 

As to the tests with torpedo craft, 198 torpedo- 
boat. destroyers, or torpedo-boats, carried out the 
year’s practice, and these fired 871 rounds from 
guns of 4 in. or less calibre. Forty seconds were 
allowed for scoring, and, on an average, 48.94 per 
cent. of hits to rounds fired were recorded, the 
result for the 4-in. breechloader being 51.59 per 
cent.; for the 12-pounder 12-cwt. on the latest 
mountings, 57.7 per cent.; for the 6-pounder, with 
telescope sights, 45.61 per cent. This same 
gun, without this accessory, only achieved 13.11 per 
cent. 

We have considered the results only from the 
point of view of weapons; but it may be added 
that, so far as the big guns are concerned, the 
Mediterranean Fleet with six cruisers takes first 
place, the Australia Squadron with three cruisers 
second place, while the first battle and cruiser 
squadron, with fourteen of our latest vessels, 
occupies third place with high average scores. The 
second battle and cruiser squadron of fourteen 
ships, also Dreadnoughts, is sixth on the list, and 
the third of the same size, eighth, so that our 
newer ships make a good showing. Altogether the 
results must be considered satisfactory. 








NOTES. 

Curomium Resistance rox Execrric Heatine. 
Ix a communication presented to the Paris 
Académie des Sciences, 0. Dony-Henault suggests 
the use of granular chromium and of other refractory 
metals, molybdenum and tungsten, in order to 
attain temperatures of 2000 ie. and 3000 deg. 
Cent. in electric resistance furnaces. The chromium 
18 produced by the thermit process ; the lumps of 
metal are broken up, powdered, freed from iron by 
the aid of a magnet, and passed through a sieve. 
The resulting small grains or powdered particles of 
metal behave like coherers ; a small electromotive 
foree will not set up a current. The powder can 
easily be converted into a conductor by any of 
ree means, however: either by sparking in the 
neighbourhood of the powder, as with ordinary 
coherers; or by coating the grains with a fine layer 
of Acheson graphite ; or by heating the metal with 
aid of a gas flame. In the two latter cases 
y-Henault considers that the effect is really 
mal, and that the coherer effect might be 
by thermal experiments. The compressed 
powder would also conduct the current, but com- 
Pression would be awkward to effect in resistance 


- To heat a quartz crucible, a hole is made! 





in a brick of magnesia, the hole being approxi- 
mately of the shape of the crucible ; the crucible 
is inserted, and the space of 2 mm. or 4 mm. thick- 
ness between the magnesia and the crucible is 
charged with chromium. The current is intro- 
duced by carbon rings or brushes; an electromotive 
force of 110 volts amply suffices for working the 
furnace. In experiments with a tubular quartz 
furnace, the tube was jacketed with another tube, 
and the metal charged into the annular space 
between the two tubes, carbon rings serving as 
electrodes. Quartz would not stand temperatures 
of more than 1700 deg. Cent., and Dony-Henault 
is therefore going to try alundum and other furnace 
materials, as well as tungsten and other refractory 
metals. He does not say whether the metallic 
resistance and the quartz would bear long use. 
There might be reactions between the two sub- 
stances, and the chromium might become oxidised 
or changed into carbide, if in contact with graphite 
crucibles. When reduced from its solutions, 
chromium is oxidised with comparative ease ; the 
metal prepared by the aluminio-thermitic process 
is more stable, but a dual oxidation may be 
expected, we should think, and it would be difficult 
then to start the current. 


Tue Larcest Or-Tank STEAMER. 


Considerable interest attaches to the passing 
into service of the San Fraterno, which is one 
of several steamers built for the transport of 
Mexican oil, as the vessel has a dead-weight 
capacity of 15,500 tons, which is greater than 
that of any existing oil-tank steamer. The 
vessel has a length over all of 548 ft., and 
between perpendiculars of 530 ft., the extreme 
breadth being 564 ft., and the depth, moulded, 
414 ft. There are twelve holds, which, again, are 
subdivided by a centre-line bulkhead into twenty- 
four compartments, all of which are fitted with 
steam-heating coils to facilitate the discharge of 
cargo. The pumps are the most powerful so far 
fitted, having a capacity of 1200 tons per hour. 
The vessel is propelled by quadruple-expansion 
engines, built by the Wallsend Slipway and Engi- 
neering Company, Limited, and the steam is gene- 
rated in four boilers fired by Mexican liquid fuel. 
The oil-burning installation is the well-known and 
highly-successful Wallsend-Howden patent system, 
which is made solely by the Wallsend Company, 
who have on hand eighty oil-burning installations 
aggregating inall over400,000 indicated horse-power. 
We hope, however, fully to illustrate later the oil- 
burning system, so that we need only mention now 
that the en Fraterno, which was built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
of Wallsend-on-Tyne, a firm having very extensive 
experience with this type of craft, is one of ten 
similar vessels, in addition to nine others of a 
capacity of 9000 tons. The total capacity of the 
fleet thus approaches 250,000 tons. This, it will 
be recognised, will go a long way towards 
increasing the transport facilities, and may result 
in a lower and more regular price for oil fuel, which 
alone retards the development of the use of oil in 
boilers or in internal-combustion engines. Mexico 
possesses a rich petroliferous area now being actively 
developed by the Mexican Eagle Oil Company, which 
controls vast areas of that country, and as a conse- 
quence Mexico now stands third in the list of oil- 
producing countries in the world. The develop- 
ment has been less rapid because of the difficulty 
of transport, so that this Eagle Oil fleet will 
have a distinct influence towards the more 
rapid increase in the output of oil in Mexico. It 
is therefore anticipated that soon the output will 
exceed that of Russia, and will be second only to 
that of the United States. It may be added that 
the distribution of the oil is in the hands of the 
Anglo-American Petroleum Products Company, 
which is responsible for the marketing of the oil 

roducts, including motor-spirit, kerosene, liquid 
uel, and asphalt. 


Cracks In CONCRETE. 


In a report on the occurrence of cracks in ferro- 
concrete drawn up by a committee of the Concrete 
Institute, it is stated that the cracks which occur 
are of two kinds—viz., surface cracking and body 
cracking. The former are often known as “hair” 
cracks, from their fineness, or as crazing, and they 
are very prevalent. Their origin is ascribed to the 
skin of the concrete being richer in cement than 
the body, and this skin has — a different 
coefficient of expansion with changes of temperature. 





The defect is said to be most common on the upper- 
most face of a mould, to which the lighter and weaker 
particles of cement rise and forma ‘‘laitance.”” When 
concrete is kept under water or shielded from the 
sun, ae, is, the report continues, less likely 
to occur. The unsightliness of ‘‘ crazed” cement 
can, it is said, be removed by rubbing down the 
surface with stone and sand and water, or by 
dressing it with a chisel, or by brushing the surface 
with hydrochloric acid, and subsequently washing 
it with clean water. Body cracks are more im- 
portant, and may arise from a number of causes, 
including faulty design and construction, and in 
particular by the too early removal of forms. In 
the case of mass-concrete walls not subject to 
thrust, and not more than 2 ft. high, the forms 
may be removed in 24 hours, but where the con- 
crete has to take a thrust the period should 
be extended to at least a week, and preferably 
to a fortnight. In the case of mass-concrete arches 
of more than 20-ft. span, a month should be allowed 
to elapse before the removal of the forms. For 
reinforced slabs having tocarry their own weight only 
on the removal of the forms, the period should be 
seven days as a minimum, or two days per inch of 
thickness, or one day per foot of span, whichever is 
the greater. For the sides of beams, and for walls 
and columns not under side thrust, a minimum of 
four days’ hardening is recommended, and this 
period is extended to a minimum of two weeks for 
the bottoms of beams ; and special conditions may 
make it advisable to increase this minimum to a 
month or even six weeks. In rainy or frosty weather 
the above minima should be increased by at least 
the time during which the adverse atmospheric 
conditions have prevailed. Shrinkage from setting 
or hardening in air is stated in the report to be the 
most frequent cause of cracking. e coefficient 
of contraction due to hardening in air is said to 
range from 0.0002 to 0.0005 of the original dimen- 
sions in the case of concrete one month old, figures 
which increase up to 0.0004 to 0.0006 at the age of 
one and a half years. For curtain walls the use of a 
concrete not richer in cement than 1 in 5 is recom- 
mended. Contraction joints in plain concrete should 
be provided at every 4 ft. or 5 ft. in the case of 
paving, in curtain walls at every 10 ft., and in 
ex retaining walls at every 15 ft. to 20 ft. In 
the case of basement retaining walls and dock walls 
or dams the distance between joints may be increased 
to 50 ft. Where curtain walls adjoin heavy columns 
and beams, joints should be provided, since if wall 
and beam are made monolithic, cracking is likely to 
occur. It is stated that most reinforced-concrete 
chimneys will crack if the internal temperature 
exceeds 500 deg. Fahr., and it is suggested that a 
continuous lining with an air space between it and 
the chimney proper might prove an effectual remedy. 


New ALuan LIneRs FOR THE CANADIAN SERVICE. 


The second of the two new Allan liners for the 
express mail service to Canada was launched on 
Saturday, the 19th inst., from the works of the 
Fairfield Shipbuilding and Engineering Company, 
Limited, at armory This vessel is named the Cal- 

rian, and, like the Alsatian, launched last month 

y Messrs. William Beardmore and Co., Limited, 
of Dalmuir, has been designed by the owners, the 
wide experience of Mr. Hugh A. Allan, the chair- 
man of the company, and of Mr. A. M. Gordon, 
the naval architect of the company, having resulted 
in many developments, not only to ensure safety 
as far as it is attainable, but also to add to 
the comfort of passengers in the various classes. 
We published the drawings of the Alsatian in our 
issue of the 4th inst., and we fully described 
the novelties introduced, so that it is unneces- 
sary here to enter at any length upon a descrip- 
tion of the vessel, especially as the modifications 
in the Calgarian are only in detail. In one 
important respect, however, the ships differ. One 
is a perfectly rigid structure, while the other is 
fitted with expansion joints on the decks above 
the moulded structure of the ship ; and it is pro- 

carefully to observe the result of this 
important variation, which has been the subject 
of considerable discussion on the part of the 
designers of large liners. The Oalgarian has a 
length of 600 ft., a beam of 72 ft., the de of 
the bridge being 54 ft., and the i ton- 
nage 18,500 tons. Like the Alsatian, the vessel 
has a cruiser stern, with overhung and com- 
pletely submerged rudder. It should be noted that 
this system was first introduced by the Fairfield Com- 
pany into the Canadian Pacific liners, the Empress 
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of Russia and the Empress of Asia, the former of 
which has just started on her voyage to Vancouver, 
while the latter is being completed at the Fairfield 
Works. The vessel has been so effectively divided 
by water-tight bulkheads and water-tight decks 
that any four compartments can be thrown open 
to the sea without risk of the vessel foundering. 
The bulkheads in the engine and boiler space 
necessarily have doors, but these are fitted on 
the Stone-Lloyd system, so that they may close 
automatically if the compartment to which they 
give access may — to be flooded ; the doors 
also can be closed from the bridge. The double 
bottom, too, is extended well up the bilges. 
Notwithstanding these precautions, there will 
be sufficient boats to carry all on board, and 
a life-jacket for each person. In addition to 
the usual light and sound signals, wireless tele- 
graphy has been installed, and also submarine 
signalling, so that the relative position of 
any adjoining ship or station fitted with the 
same apparatus can be orally detected. The 
lighting and ventilation has had very special con- 
sideration, and, as was pointed out in connection 
with the Alsatian, the bath-room arrangements are 
of a unique character. The ship is fitted with tur- 
-bine machinery in order to develop sufficient power 
to maintain in all weathers an average service 8 5 
from port to port, of 18 knots. There are four shafts 
and the turbines are arranged on the triple system, 
the high-pressure turbine on the port shaft exhaust- 
ing into the intermediate-pressure turbine on the 
starboard shaft, which, in turn, passes steam to two 
low-pressure turbines, one on each of the inner 
shafts. These also have astern turbines incor- 
porated in the casing of the ahead turbines, and 
to facilitate manceuvring there is a steam lead 
direct from the boilers to these turbines. At the 
same time, the steam-pipe arrangement is such 
that any turbine can be thrown out of action 
without affecting the others, so that should 
any turbine break down, the ship will be pro- 
pelled by the other three screws. The six double- 
ended and four single-ended boilers work under 
the Howden system of forced draught. In order to 
counteract unequal expansion of the internal and 
external parts of the boiler during the process 
of lighting up the fires and the raising of steam 
from cold water, a special device has been fitted 
by the superintending engineer of the Allan Line, 
which causes continuous circulation in the boiler 
and ensures a uniform temperature. The working 
of this will be watched with considerable interest. 








THE LATE MR. G. W. WOLFF. 

Tue death of Mr. Gustav Wilhelm Wolff, which 
took place in London on the 17th inst., is matter 
for double regret. Apart from the natural sense of 
loss which one feels at the passing of one who had 
lived so usefully and had done so much for engi- 
neering and shipbuilding, there is an added regret 
in the knowledge that the last link with the begin- 
nings of a world-famous firm is now broken. Mr. 
Wolft’s connection with Messrs. Harland and Wolff 
ceased some seven years ago, but it is hardly 

ible for an engineer to think of him other than 
in connection with that firm, and as one who hel 
to build it up from small things to great. r. 
Wolff's work for his firm has been obscured to 
some extent by that of his partner, the late Sir 
Edward J. Harland, but it admits of no doubt 
that the position of the man whose name stood 
second was no nominal one, and that much of the 
amazing success which came to the partnership was 
due to him. It is not a small matter that the first 
order Messrs. Harland and Wolff had from the 
White Star Line was obtained by Mr. Wolff. If 
this order had not been obtained there — have 
been no Harland anc. Wolff as we know it, although, 
conversely, one may say there might have been no 
White Star Line either. 

The facts of Mr. Wolff's life are simple. He was 
the son of a merchant, Mr. Moritz Wolff, and was 
born in Hamburg in 1834. After private education, 
he was at the age of 14 sent to complete his studies 
at Liverpool College. At the close of his school- 
days he served an apprenticeship of five years in 
Manchester with Messrs, Joseph Whitworth and Co. 
During his apprenticeship, and before he was 
twenty-one, he was sent to re t his firm at 
the Paris Exhibition of 1855. Leaving Messrs. 
Whitworth, Mr. Wolff was for a time employed 
with Messrs. Goodfellow and Matthews, of Hyde. 
He then went to sea as an engineer, and was, 


we believe, in service in the Mediterranean when 
Harland invited him to come to Belfast as chief 
draughtsman of Messrs. Hickson and Co.’s Queen’s 
Island shipyard. Mr. Harland had from 1854 
been manager of this yard. In 1859, after some 
negotiations in connection with a yard at Liver- 
pool, Mr. Harland took over Messrs. Hickson’s 
works. The purchase of the works was completed 
by, and with the assistance of, Mr. G. C. Schwabe, 
of Manchester, an old friend of Mr. Harland. 
Mr. Schwabe was at the same time an uncle of 
Mr. Wolff, which probably explains the invitation 
the latter received to go to Belfast. In 1862 Mr. 
Wolff was made a partner, and the name of the firm 
took the form which it still has. 

It is unnecessary to deal with the history of the 
an pet of Messrs. Harland and Wolff in this 

rief article, as the story was told very fully in the 
account of their works which appeared in our 
columns at the time of the visit of the Institution 
of Mechanical Engineers to Belfast last year.* 
It suffices to say here that ships of 20,000 tons 
were being built before Mr. Wolff's active connec- 
tion with the firm ceased. As indicated above, his 
connection with the firm, both active and financial, 
finally terminated in 1906. He had for many years 
before that devoted himself almost exclusively to 
his Parliamentary duties as Member for East Bel- 
fast. He was first elected for East Belfast at a 
by-election in 1892, and continued to represent the 
constituency until the close of the last Parliament. 
It may be mentioned that the late Sir Edward 
Harland sat as a Member for North Belfast from 
1899 until the time of his death in 1905. The 
ieee were both Members at the time of the 

uilding of the Britannic and Germanic, and the 
names of these two ships were playfully, yet most 
appropriately, adopted by Members to designate 
them. Mr. Wolf was a member of the Belfast 
Harbour Board from 1887 to 1893. He took great 
interest in all pertaining to his adopted town, and 
subscribed largely to its charities. He was never 
married. His death was due to an operation per- 
formed on the 15th inst., from which, probably 
owing to his age—he was seventy-nine—he was 
unable to recover. 





THE LATE MR. JOHN SAXBY. 

THE death occurred on Wednesday, at the advanced 
age of ninety-one, of Mr. John Saxby, whose name 
will always be remembered in railway history in con- 
nection with the interlocking of points ee signals. 
Mr. John Saxby was born at Brighton, and com- 
menced work in quite humble circumstances as a 
carpenter's apprentice. Owing, at that time, to 
the continual occurrence of irregularities of working, 
leading to accidents on the railways, and particu- 
larly, we believe, to an occurrence at Bricklayers’ 
Arms Junction, on the South-Eastern Railway, Mr. 
Saxby turned his attention to the problem of safe rail- 
way working. At the time points and signals were 
independent, and misleading indications were often 
given through carelessness, while several accidents 
occurred through alterations to points after signals 
had been given. 

To overcome these dangers, Mr. Saxby combined 
the working of the points and signals, bringing them 
together, and working them from one frame, on which 
was arranged locking-gear, so that it was impossible 
for any but the correct oe indication to be given 
for any given setting of the points; at the same 
time the gear prevented the movement of any other 
points or signals involving in working interference 
with the any for which the indication had already 
been given. Mr. Saxby’s first patent was brought out 
in 1856. It was a development of the idea of concen- 
trating the control of points and signals at one spot. 

The first case of concentrating the control of several 
signals at one spot was at Bricklayers’ Arms, and was 
due to Charles Gregory, who, in 1844, collected the 
semaphore chains together and worked them from a 
frame. This method of working also embraced a some- 
what crude and simple means of preventing more than 
one signal being operated at a time, but it was not of 
a character lending itself to great developments. 
The first instance of control from a distance seems to 
have originated with a policeman at Watford, who, in 
1846, in order to save himself trouble, carried a wire 
from a signal-post to his hut, and performed his duties 
of attending to the signal without having to go to it, 
as was then the common practice. 

In 1856 the installation at Bricklayers’ Arms was 
enlarged and converted to Mr. Saxby’s system, the 
frame there controlling eight signals and six pairs of 
points. The first interlocking frame of the type, now 
practically universal, is a direct development ; it was 
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introduced on the London, Brighton and South Coast 
Railway, by Mr. Saxby, at Keymer Junction, near 
Hayward’s Heath. The system developed to a mar. 
vellous extent and rendered safe the operation of the 
most complicated system of junctions. 

It is unnecessary in this connection to describe 
the system of locks, of which so many accounts 
are to be had in all text-books on railwa working, 
It will be realised that the limit of the number of pos. 
sible interlocking combinations is almost infinite 
and the words of his late Majesty King Edward VI], 
when Prince of Wales, to the effect that Mr. Saxby 
had done more than any other man to render safe the 
lives of railway es were probably thoroughly 
justified. Mr. Saxby was for twenty-two years in the 
employ of the London, Brighton, and South Coast 
Railway. He introduced important improvements in 
his original 1856 patent, in the years 1860 and 1867, 
The success of the system was such that Mr. Saxby 
commenced business on his own account for the 
manufacture of oes apparatus, the well-known 
firm of Saxby and Farmer subsequently being formed. 
At first the works were at Hayward’s Heath, but 
they were afterwards transferred to Kilburn ; they 
are now at Chippenham. The use of the system spread 
rapidly, and works were later established in Belgium 
and France. Mr. Saxby became a member of the 
Institution of Mechanical Engineers in 1880. Hig 
death occurred at his- home at Hassocks, near 
Hayward’s Heath. 





THE LATE PROFESSOR A. C. ELLIOTT. 

A WELL-KNOWN figure in South Wales engineerin 
circles ed away on the 2lst inst. with the deat 
of Professor A. C. Elliott, of University College, 
Cardiff. Professor Archibald Campbell Elliott was 
not an old man, being only fifty-two years of age. He 
was born in Glasgow, and received his education in the 
two Scotch Universities of Glasgow and Edinburgh, 
finally obtaining his D.Sc. degree at the latter in 1888, 
His practical engineering experience began on the Glas- 
ow and South-Western Railway, where he was pupil 
rom 1876 to 1881, subsequently becoming an assistant 
in the engineering department. In 1884 he was 
appointed assistant to Lord Kelvin and Professor 
Fleeming Jenkin, who were then engineers to the 
Commercial Cable Company. In 1885 he commenced 
his career in the teaching profession by becoming 
assistant to the professor of engineering at the Uni- 
versity of Edinburgh, remaining at that post till 
1890, when he left to go to Cardiff, where he had 
been appointed to the Chair of Engineering at the 
college of the South Wales and Monmouthshire Univer- 
sity, a position he retained to the time of his death. 

Professor Elliott was a member of the Institution 
of Mechanical Engineers, having been elected to that 
body in 1892. In 1897 he was admitted as a member 
to the Institution of Civil Engineers, subsequently 
contributing a paper to that Institution, which was 
printed in the Proceedings. Last year Professor 
Elliott was President of the Institution of Locomotive 
Engineers. In 1899 he served on the Royal Commis- 
sion on Accidents to Railway Servants. 





AMERICAN Boruer Practice.—Mr. F. W. Dean asks us 
to state that in his letter to us on this subject (see pase 
435 ante), in the latter part of the fourth paragraph from 
the end, the following sentence occurs ee The grate of 
the stoker was kept at a fixed opening, &c.” This should 
have been “‘ The gate of the stoker is kept at a fixed 
opening, &c.” At the front end of the stoker there is an 

justable gate by means of which the thickness of the 
fire can be graduated. 





Launcn OF A DREDGER FOR THE SuEz CANAL.—Messrs. 
Lobnitz and Co., Limited, Renfrew, launched on Satur- 
day, the 19th inst., for the Suez Canal Company a dredger 
named Penelope, which is the largest bucket-dredger 
afloat. The hull dimensions are: Length on deck, 309 ft.; 
breadth, 47 ft.; depth, 20 ft. 2in. The vessel is c 
with Bureau Veritas, and her construction has been 
inspected by Mr. Marcel Roche, of the Suez Canal Com- 
pany. The dredging machinery includes a dredging 
engine direct geared to the top tumbler. The twin-screw 
propelling machinery is independent. The bucket-ladder 
is fitted with Lobnitz’s patent elastic suspension to facili- 
tate dredging in hard ground in a sea-way, the d 
being intended to work at the entrance to the Suez Canal. 





Nore FROM THE British CHAMBER OF COMMERCE, 
Panis.—The British Chamber of Commerce, 9, Rue des 
aston, Paris, specially draws the attention of 

ambers of Commerce in the United Kingdom to the 
form of *‘ carte de légitimation” required by British com- 
mercial travellers consigning duty upon their samples 00 
entering France. This form, which the Chamber holds 
at the disposal of inquirers, can be obtained from local 
chambers of commerce in the United Kingdom. Further, 
British firms having machinery and = in France are 
asked by the Chamber to study carefully the French law 
of January 3, 1913, under which heavy penalties 
incurred unless the machinery belts, &c., are protec 
and provided with special safety apparatus. This law 
comes into effect on July 3, and the necessary provisions 
should be made at once 
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INDUSTRIAL NOTES. 


Tue end of the Belgian strike appears to be in sight, 
put at present rapid progress is not being made. 
At the beginning of this week the Chamber received 
petition from the Federation gf Retail a 
in the name of 120,000 retail tradesmen asking the 
Members of Parliament that something might be done 
to bring to an end the disastrous state of affairs. On 
Monday the position at the coal-mines in the Seraing 
district and at Herstal was the same as on Saturday 
last. There was some improvement at the works of 
Messrs. Cockerill, where 6950 workmen are employed, 
the number on strike being 3423, and more employees 
have returned to work at the National Arms Factories. 
In some other places, notably at the Grivegnée 
Ordnance Company’s works, the men have all returned 
towork. At Ghent also there has been an improvement 
in the linen and cotton factories. The number of em- 
ployees out of work in all industries was 150,000 out of 
300,000. In the private industries at Antwerp the situa- 
tion seems to be little changed, though, on the whole, 
things have somewhat improved. On Monday last 
there were in the city about 24,000 workpeople idle. 
There was a sitting of the Chamber of Deputies on 
Tuesday. M. Liebaert, the Minister of State, introduced 
a motion severely criticising the general strike. A vote 
was taken expressing reprobation of the —— strike, 
there being 124 votes for the motion and 39 against it, 
a result received with general approbation and with 
delight by a vast crowd assembled outside the building. 





Among the Lancashire miners notices are now 
running regarding the non-unionist difficulty. The 
matter is being treated as a county question. The 
union executive of the Yorkshire miners have decided 
to ballot the 80,000 members of the Yorkshire Miners’ 
Association on the question whether they are pre- 
pared to stop work in order to compel non-unionists 
to join the Association. In South Staffordshire it is 
reported that a strike is improbable, though if thought 
necessary the officials are prepared to take extreme 
measures. In this district the owners seem rather 
to encourage the efforts of the executive, and in some 
cases employment has been made dependent upon the 
men joining the union. It is reported from South 
Wales that a large proportion of the 50,000 non- 
unionists there have joined the Federation during the 
last few weeks, but it is possible that unless the whole 
of them join a strike may be thought necessary by the 
executive. The coming union demonstration through- 
out the coalfield, which is to take place on May 1, 
is expected to have the effect of bringing in a 
great number of non-unionists, particularly as the 
owners have agreed to recognise the day as a 

neral holiday. At a meeting of the Conciliation 

oard held on Monday last, the 2st inst., the 
Board agreed that in future fourteen days’ notice of 
any stoppage or lock-out shall be given. This 
applies to strikes which may be declared in accord- 
ance with the last conference resolution against non- 
unionists, with regard to which only twenty-four hours’ 
notice had been decided on by the miners. 


It is intended to bring forward at the annual meet- 
ing of the Amalgamated Society of Dyers in Man- 
chester on May 5 and 6, a proposal for amalgamating 
the various trade unions connected with the dyein 
industry. The amalgamation is to include the Nationa 
Society of Dyers, the Radcliffe Skein Dyers, the 
Leicester Dyers’ Society, the Rochdale Sizers’ a 
the Manchester Makers-Up Society, the Leek Silk 
Dyers’ Society, the Dyers’ Branches of the Gasworkers’ 
Union, the Notts Dyers’ Association, the Bolton 
Amalgamation, the Operative Bleachers and Dyers, 
the Dundee Calender-Workers’ Association, the Stuff- 
Pressers’ Society, and the Leeds and Halifax Cloth- 
Pressers’ Union. 





The blast-furnace workers in the Cleveland district 

ve received an important concession, it having 
been arranged that a shift and a quarter will be 
allowed for Sunday work. This decision affects 
about 5000 men, and represents an advance of 34 
per cent. In return for it the masters asked that 
the men should work at least forty-eight hours 
in the long-turn week, and also that the system of 
fines in the morning shift should be re-introduced, 
but this was afterwards withdrawn, the forty-eight 
hours condition being agreed to by the men’s repre- 
sentatives. The triennial demonstrations by the men 
are to be discontinued, as the masters pointed out that 
they suffered considerable loss on their account. Very 
amicable relations appear to exist between the masters 
and the men, and this is thought to be largely due to 
the fact that the above-mentioned agreement has 
been arrived at. The new conditions came into 
Operation at the beginning of this week. 





It was thought probable, at the beginning of this 
Week, that the strike affecting nearly 2000 men at 
the works of Messrs. Hoffminn, Chelmsford, would 
soon be settled. 


It was understood that Mr. E. G. 





Pretyman, M.P., had expressed his willingness to 


meet a deputation from the men, if agreeable to 
them. It was Mr. Pretyman’s wish that the masters 
and the men should be brought together in order to 
discuss the matters in — This offer was accepted, 
and the strike was settled on Tuesday. It will be 
remembered that some weeks ago the workpeople 
employed in making steel balls for ball bearings, 
came out on strike in support of their demand for a 
minimum wage of 5d. an hour for the men of 21 years 
of a. and over, instead of 44d. an hour. The firm 
have uow granted the extra 4d. 


On Tuesday last, the 22nd inst., a conference was 
held in Edinburgh between the Shipbuilding Em- 
ployers’ Federation and the standing committee of 
the Shipyard Trade Unions in order to consider the 
recent application by the men for an advance of wages, 
the amount asked for being 5 per cent. on piece-work 
rates, and ls. a week, or 1}d. an hour on time rates. 
As a result of this conference it was understood that 
the employers took up the position that there was no 
justification for an advance, as trade was on the 
decline, and they could not therefore agree to an 
increase in the cost of production. No settlement 
was reached, and the negotiations are now at an end, 
the men being at liberty to take what steps they 
choose. It is thought probable that a vote of the 
members of the union may be taken in order to ascer- 
tain the views of themen. The employers also refused 
@ similar en from the council of the executive 
of the Boilermakers’ Society at a meeting they had 
with that body. 





Trouble was experienced on Saturday last, the 19th 
inst., with some of the dock labourers at Liverpool, 
2000 men refusing to start work at the south side of 
the city, on the _— that a guarantee of a full 
day’s work had m refused them. The men at 

resent are paid at the rate of half a day for working 
rom 7 a.m. toll a.m. on Saturdays, while if they 
are kept at work until 1 o’clock a full day’s wage is 
paid them. Although the action of the men met 
with the sympathy of a portion of the labourers at 
the docks on the Cheshire side of the Mersey, the 
men there had not much chance of showing their 


pn eg d by starting a strike of their own, because 
there was not much opportunity there of getting 
work from which to strike, had they wished to do 
so. It is said that the strikers in Lassegect form 


only a small part of the men who work under the 
Saturday half-holiday scheme, which came into opera- 
tion about a month ago, and the strike will probably 
not last long, as the officials are not expected to 
countenance it. The scheme originated with the 
employers, and was balloted for by the mea ; and though 
it was not agreed to by the men at the time, the officials 
recommended that a fair trial should be given to it. 
It appears that the present grievance is the absence of 
an assurance that the work will last until 1 p.m. or 
4 p.m. on Saturdays, or that a full day’s wage will be 
paid. The first half-day under the scheme ends at 
1] a.m., for which 2s. 6d. is paid. If, however, they 
werk till 1 p.m., they receive 5s., and if till four 
o’clock 6s. 6d. , an hour being allowed for dinner. 





A general eight-hours day has been demanded 
throughout the steel-smelting industry by the execu- 
tive of the British Steel Smelters’ Union. The union 
has not waited for the general movement for the esta- 
blishment of an eight hours day, but has taken the 
matter into its own hands. It does not appear 
likely that the movement will be successful. 





At the South End Mills, Mossley, some thousands of 
operatives have for the last ten weeks been idle owing 
to the ‘‘ bad-spinning ” dispute. Efforts are, however, 
being made to bring about a settlement. 





It is understood that on Monday next, the 28th inst., 
strike notices will be tendered on behalf of 1400 engi- 
neering labourers at the locomotive works of the 
Lancashire and Yorkshire Railway Company at 
Horwich, if an increase of 2s. a week is not granted. 
An advance of 1s. has been offered by the manage- 
ment, which would bring the weekly wages up to 2ls. 
A deputation representing the various unions con- 
cerned met the m rs on Tuesday last, but without 
apy satisfactory result, and it was therefore decided 
that the men should hand in their notices. Further 
efforts will, however, be made to bring about a settle- 
ment, if possible, before the notices expire. 





A movement is on foot for the federation of the 
trade-union members employed by the Leeds Munici- 
pality prior, it is said, to an — for an advance 
in wages and a reduction in the hours of labour. The 
movement affects about 6000 men. 





The strike among the workmen employed by the 
City of Dublin Steam Packet Company was settled 
on Saturday last, the 19th inst, 


An important decision in the King’s Bench Division 
of the High Court of Justice was made public yester- 
day. The case related to the Amalgamated Society 
of Engineers v. Jones and others, and was tried before 
Mr. Justice Bailhache. It ap that the Amalga- 
mated Society of Engineers and eight members of the 
executive council of the society brought an action 
against the defendants, who were the general secretary 
and the general trustees of the society, in which it 
was claimed: (1) A declaration that they were the 
executive council of the trade union under the rules of 
the society ; (2) a declaration that rules and resolu- 
tions purporting to have been ed at a meeting 
of delegates of the society held at Manchester on 
December 11, 1912, and following days were ultra 
vires and null and void; and (3) an injunction re- 
straining the defendants, their servants, or agents 
from trespassing upon the society’s premises at 110, 
Peckham -road, or from dealing with, removing, 
or interfering in any other way with the society's 
papers or any other property, or from paying them- 
selves or each other, y way of salary or otherwise, 
any of the moneys of the society, and from acting or 


Y | purporting to act under or by virtue of or under 


colour of any of the rules and regulations of the 
meeting of the delegates referred to. The defendants 
made a counterclaim that they were the acting execu- 
tive council of the society. 

The society was a registered trade union, with a 
membership of 140,000 members and 800 branches. 
Counsel explained the constitution of the society. 
There had, he said, been serious differences in the 
society. The question to be determined was whether 
the term of plaintiffs’ appointment as the executive 
council of the society had been validly terminated. 
Some of the plaintiffs complained that brutal violence 
had been used on them when they were ejected from the 
offices at Peckham, and also that they were attacked 
by a mob and knocked down and kicked. The defence 
was that the plaintiffs’ term of office properly came to 
an end by reason of the resolutions of two delegate meet- 
ings, both of which, it was admitted, were properly 
summoned. In delivering judgment, Mr. Justice 
Bailhache said that if the plaintiffs had any claim for 
a for ejectment, nothing he would say would 
prejudice that claim. He had come to the conclusion, 
on the question of law raised, that the alteration in 
the rules of which the plaintiffs complained were not 
ultra vires. The Courts ought, he thought, to be very 
slow to interfere with the action of a trade union or a 
friendly society purporting to exercise their own 
right of private government. He considered that in 
this case the delegate meeting had a right to make 
the alteration in the rules, and he gave judgment for 
the defendants with costs. 





Our Rats Asroap.—The shipment of rails from the 
United Kingdom fell off in March, and, so far, this year 
the trade has not done particularly well. The exports 
for March were 34,064 tons, as compared with 55,332 tons 
in March, 1912, and 30,483 tons in March, 1911. In 
the quarter ending March 31 the export movement was 
111,436 tons, as compared with 126,941 tons and 116,988 
tons respectively in the two previous years. 





Tue InstirvTIon or Navat ARonITEOTS : SUMMER 
Meetinc.—A preliminary announcement has been made 
in connection with the summer meeting of the Institution 
of Naval Architects to be held in Glasgow from June 24 
to 27, inclusive. The meeting will be held at the invita- 
tion of the Institution of Engineers and Shipbuilders in 
Scotland, whose building will be placed at the service of 
the Institution of Naval Architects. The Lord Provost 
of Glasgow, on behalf of the City Corporation, has in- 
vited members and ladies attending the meeting to an 
evening pocagtion at the City Hall, and private hospi- 

lity will be extended by the Earl of G w, 
G.C.M.G., the Marquis of Graham, C.B., C.V.O., Mr. 
F. Henderson, and others. A reception committee is 
being formed —_ — Inverclyde as = appre The 

rogramme will include meetings, at which pa will 
& read and discussed, and visits to many of the cricigal 
works in Glasgow and neighbourhood. 





““Wuo's Wao In Scrence: Inrernationat, 1913.” 
Edited by Mr. H. H. Stephenson. London: Messrs. 
J.and A. Churchill, 7,Great Marlborough-street. [Price 
8s. net.}—This useful list of people connected with the 
advancement of science, has been brought up to date, and 
a new section added on scientific societies and their 
publications. So many persons would naturally be 
entitled to a place in such a vulume that it must be a 
considerable tax on the editor to know where to draw the 
line. What with the difficulties of getting into touch 
with the sources of information, im many cases, of 
course, meeting with little response, the list is a very 
creditable one, covering, as it attempts to do, the whole 
world. Changes are continually occurring in such 
matters. The obituary list for 1912 alone contains about 
170 names of people of all parts of the world, and pre- 
sumably their places have been taken in the body of the 
book by about an equal or greater number of others. 
Over 700 names are given of engineers of various 
countries, but it is difficult to see why a railway manager 





should be included among them, whilst one of the greatest 
irrigation engineers of the day is omitted. 
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CROTOGINO TUBES. 


WE illustrate in Figs. 1 and 2, herewith, a longitu- 
dinal and a cross-section through a Crotogino tube. 
These tubes, which derive their name from the 
inventor, are wood-lined, the wood lining consisting 
of several lengths, made with longitudinal grooves 
and feathers, and pressed into the outside metallic 
casing. In their manufacture welded wrought-iron 
or seamless steel tubes, forming the outside casing, 
are generally used, and the wood lining is of the 
same length as the containing tube. The wood for 
the lining is carefully selected air-dried pine, free from 
knots; the fibres run llel with the length. The 
lining being fitted inside the casing under high pres- 
sure, it has a perfect fit, without any chinks or 
joints, and any fluid led through the interior does not 
come in contact with the metal. When in use the 
wood lining swells and has a tendency to become 
tighter than when inserted Crotogino tubes, being 
practically of unlimited durability owing to their 
wood lining, can be used to very great advantage 
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where fluids have to be conveyed which would set 
up corrosion leading to the destruction of bare metal 
tubes. The wood lining does away also with all electro- 
lytic action. The tube thus not only has a ve 
much longer life, but the fluid passing through it 
never runs the risk of being tainted by any metal 
particles which —_ be detached by corrosion in 
ordinary systems of piping. The wood lining also 
forms an excellent insulating medium, which renders 
the tubes of this type well adapted for the conveyance 
of warm or cold liquids and gases. They do not 
sweat, and frost does not cause any damage to them. 

Crotogino tubes are manufactured to any desired 
internaldiameter. The thickness of the outside metallic 
casing is also unlimited ; they can therefore be made 
suitable for any desired pressure. They are supplied 
in straight lengths and bends; lined elbows, branches, 
and cross-tubes are also made, so that any scheme for 
a distribution system can be met, The straight tubes 
can also be curved without fear of damaging the wood 
lining after this has been pressed in. The lining being 
continued in the rear of the spigot (see Fig. 1), 
greatly facilitates the making of joints. 

Crotogino tubes are manufactured by the Bristol 
Engineering Company, Limited, Fishponds, Bristol, 
to whom we are indebted for the above information. 





THE BURTON DIE-CASTING MACHINE. 

THE process now known as die-casting has been 
developed from the old and slow system of pourin 
molten metal into moulds by hand, and consists o' 
forcing molten metal into steel dies under high pres- 
sure. As the metal comes in contact with the 
relatively cool surface of the die, it is quickly lowered 
in temperature, thus producing a hard and condensed 
surface on the casting, the casting conforming exactly 
to the die in shape. It will be readily understood 
that when this method is mn pe the cost of manu- 
facture may be much reduced, owing to the fact that 
often no machining operations of any sort will be 
required on the finished casting, the shape of the piece 
not interfering at all with the result. It may also be 
pointed out that any oil-grooves, slots, plain holes, 
ag holes, lugs, &c., can be cast without any diff- 
culty, and any lettering or figuring can be easily 
inserted. The finish of castings pre in this way 
is exceedingly good, an e>.ceptional degree of smooth- 
ness being obtained, which, it is claimed, cannot be 
surpassed by any other method used in founding, 
closer limits of accuracy being also secured than by 
any other casti process. ere is, of course, a 
certain amount of contraction on cooling to be allowed 
for, but experience shows that provision can be made 
tor this with great exactness. For repetition work die- 
casting machines are undoubtedly great labour-savers, 
largely owing to the fact that enema ype, of 

rts can be guaranteed, the necessity for constant 
inspection being thus dispensed with. Modern prac- 
tice also appears to point to the price of die-casting 
being comparatively low. When a machine has once 


been installed, practically the only thing to be con- 
sidered, providing the quantity of parts wanted is 







THE BURTON DIE-CASTING MACHINE. 


CONSTRUCTED BY MESSRS. C. W. BURTON, GRIFFITHS AND CO., ENGINEERS, LONDON. 

























































large, is the cost of the metal used, as the expense 
of the dies, when spread over a large number of 
parts, does not amount to much. ith regard to 
the capacity of the die-casting machine, it appears 
that machines producing castings weighing up to about 
2 lb. are among the best examples, but the machine 
we are about to describe has successfully produced 
ts containing a much larger quantity of metal. 
he speed at which parts can be produced on these 
machines depends upon the complexity of the castin 
in question ; but it may be mentioned that automobile 
bearings, containing oil-groove, hole, &c., have been 
produced at the rate of four a minute. 
Regarding the question of the metal to be used in 
the castings, it may be said that these machines are 
only suitable for handling white-metal alloys, and 
cannot be used for casting brass or pure aluminium, on 
account of the high melting temperature of those 
two metals. White-metal alloys can, however, now 
be obtained of any desired composition, to produce 
either hard or brittle, malleable or ductile castings, 
&c., and many parts formerly made of brass or cast 
iron can be successfully made by the die-casting method 
if asuitable white-metal allo used. Perhaps one of 
the chief uses to which die-casting machines have 
hitherto been put has been the production of bearings, 
this application having been due to the demands of 
the automobile trade. ings are among the cheapest 
to be produced by this method, as the cost of 
the dies is very small ; produced in this way bearings 
leave nothing to be desired on the score of accuracy, 
and they have a beautifully clean surface, in addition 
to being tough and wear-resisting. 
A recent type of machine for carrying out this class 
of work is illustrated above. It is manufactured by 
Messrs. C. W. Burton, Griffiths and Co., Ludgate- 
square, Ludgate-hill, London, E.C., and is con- 
veniently arranged. The metal which is used in the 
dies is contained in a furnace in the inside of 
the part marked A, in the centre of which is a 
cylinder containing a sliding piston B. When this 
piston is brought down by means of the pedal C, the 








molten metal in the cylinder is forced through a 
narrow passage out through the nozzle E, over which 
an ee and lapped plate is provided, 
against which the dies (a pair of which are shown in 
position in the illustration) rest. These dies are bolted 
on to the hinged arms F, which are adjustable in 
several directions to accommodate varying sizes. The 
two arms are clamped together by the Eeverorm G, 
and when ready to operate the arms are moved up to 
the nozzle of the machine, and the lever H clamps the 
die up against the nozzle, so that no metal can pass out 
except into the dies. When the metal has been forced 
into the die the levers are unclamped, and the arm 
is brought away from the nozzle far enough to release 
the finished casting, thé bar M regulating its posi- 
tion. At the point J a safety-cap is provided, so 
that the treadle cannot be pressed when the dies are 
away from the nozzle. This prevents metal being 
accidentally forced on to the operator. The furnace 
is heated by the bunsen type of burner, the pipe for 
which is shown at D. 

These machines are supplied for operating in three 
ways : firstly, by treadle ; that is to say, the treadle is 
directly connected to the piston, and by pressing the 
treadle down the piston is forced into the cylinder. 
Secondly, by pneumatic pressure. In this case com- 
pressed air is admitted between the piston and the 
metal, and there is no need to use the treddle ; and 
thirdly, hydraulic pressure can be used. When this 
last is the method adopted, the hydraulic ram L, shown 
in the illustration, is siainged. By depres the 
treadle the valve opens and the plunger is made to 
descend, as previously described. For large quantities 
of castings this last method is undoubtedly the best. 





Roya Institute oF British ArcHiTecTs.—We are 
asked to announce that the meeting for the ad journed 
discussion on the papers on “Modern Steel Building 
Construction,” by Mr. Frank N. Jackson and Mr. 
Bernard Dicksee, at the Royal Institute of British 
Architects, last Monday, will take place on Monday, 





April 28, at 8 p.m. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address by the President, Sir H. Frepgricx.Donapson, 
K.C.B.* 





THE construction of a presidential address fit to do 
justice to the office which calls for it and to the institu- 
tion before whom it has to be given is, to me at least, a 
work of great anxiety, coupled as it is with the feeling of 
responsibility of which all must be conscious. .My pre- 
decessors who held the high office I now have the honour 
to fill have been men of great ability, and they have had, 
moreover, some advan’ in ap) their task 
which are denied to me, for they had wider possibilities 
in the area of the choice of the particular subject with 
which they elected to deal. I feel, however, on safe 

und when I venture again to tender my grateful 
thanks for the honour done to me by my election to the 
honourable, though arduous, position of President of 
this great Institution; and I can assure you that, in 
accepting the position, I am actuated by the keenest 
desire so to comport myself in the conduct of its affairs 
that its interests may be safeguarded, its p 
assiduously forwarded, and its prosperity, if possible, 
increased by every effort I can exert in those directions. 

With this as my guiding principle, I desire first to 
direct attention towards the consideration of some internal 
matters, where, as it has seemed both to the Council in 
the past and to me in the present, some advantages may 
be obtained by additions, modifications, and, it may be, 
even alterations in current practice. I propose, then, to 
deal more particularly with some aspects of the educa- 
tional system, the thorough appreciation. of which I 

rd as of paramount importance for the future well- 
being of the ye profession as a whole and of the 
prosperity of this Institution in particular, 

The first point of internal interest on which I will say 
a few words has reference to what may be called facilities 
to country members. 

As mentioned in the last annual report, inquiries as 
to suggested methods of securing such advantages were 
made practically throughout the whole country. The 
responses to these inquiries were neither ore nena 
favourable nor overwhelmingly adverse, and the conclu- 
sion the Council had to come to was that they could not 
usefully commit the Institution to the adoption, either 
in whole or in part, of the proposed methods for securing 
the contemplated advantages. This included the sug- 
gested inauguration of official Institution dinners, to be 
held from time to time in various country centres. 

Though [ entirely agree with the conclusion arrived at, 
I regretted and still regret the result, because I had been 
trying to formulate methods to attain the object in view 
long before the subject was mooted at the annual general 
meeting in 1912. am, however, not without hope that 
the future may produce some means by which the desired 
objects may be obtained, and I venture to suggest a step 
in that direction which may possibly bear fruit. 

The prospective support for official Institution dinners 
at country centres was, as mentioned, inadequate to 
warrant their inauguration ; but I cannot help thinking 
that the introduction of local dinners might be o i 
on unofficial or semi-official lines by members in their 
district, and that in a way in which the President and 
Members of Council for the time being might co-operate. 
There is no doubt that the assembly at dinner of men 
interested in similar thought or mae | does help to knit 
them together in a way which is hardly attainable other- 
wise, and, if started unofficially and by local effort, it is 
more than possible that such dinners might grow into 
official functions. What I desire to say is (and I think, 

h I have no actual authority te do so, I may speak 
here on behalf of every individual Member of Council, in 
his personal capacity, as well as in my own), if the experi- 
ment should be undertaken in one or more districts by 
local effort, we on the Council would be most happy to 
welcome such effort and to do our utmost to foster and 
facilitate it to the best of our ability. 

If the idea should be taken up by members and should 
«sume shape, it might be for consideration whether it 
could not arranged that, after dinner, some short 
Paper might be read and discussed under informal condi- 
Hons, instead of resorting to speeches or conversation to 
fill up the evening. I merely suggest this, but, if it 
should be desired, the Council would, I am sure, be ready 
and willing to assist in any way which may seem most 

kely to forward the objects in view. Such an occasion 
might be made the opportunity which I have so long 

of pate into closer touch with engineers not 
= of our Institution, and with local engineering 
es. 

Another matter which was in a way part of the object 

our inquiries was the delivery of lectures on subjects 
of interest in particular districts. Here again the response 
was not whole-hearted either hy, = the scheme 
sppeared to be one to which the Council might direct 
further attention. 

Itis a matter of congratulation to the Institution that 

- Charles Hawksley’s generosity should enable the 

1 to accept the financial responsibility which must 
necessarily follow the introduction of such lectures. 
awksley expressed his desire to endow the Institution 

+ & gift in memory of his father, the late Mr. Thomas 

wksley, and he readily that the money he 

pt to give should be used for the foundation of 
Thomas Hawksley Lectures.” As members have 
ound been informed, it is hoped that the first of these 
y be delivered in the near future. The Institution is 
help m this matter, and the result cannot fail to be 
cia] both to the country members individually and 
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Mr. | condition which must always remain, whatever ma 


Y indebted to Mr. Charles Hawksley for his liberal | of 





to the Institution as a whole, for it is ho that it may 
be possible that each lecture may be delivered in more 
than one centre. 

There is another subject which should be touched upon 
in order to commend it to the most favourable considera- 
tion and treatment at the hands of members, and that is 
the Benevolent Fund. This fund will shortly assume 
definite shape, and we venture to hope that members of 
the Institution will then support it to the utmost of their 
ability, subscribing for the benefit of those less fortunate 
than themselves. 

I now turn to what I regard as the main subject of this 
address. Probably there is no recent action taken by 
this Institution which will have a wider effect in the 
future than the decision to establish a method by which 
candidates for admission as Graduates or Associate 
Members shall give evidence that they possess that 
knowledge of those scientific principles which the prac- 
tice of the profession of mechanical engineering in the 
present day more and more insistently requires. 

Itis true that the only means available for the presen- 
tation of such evidence is by a system of examinations. 
Bat for a practical profession, such as mechanical i- 
neering, there are always grounds for suspicion that the 
knowledge which the examination purports to show may 
not be of that solid and permanent character which is so 
eminently desirable. In other words, whether, in order to 
pass the examination, that most objectionable system— 
cramming—has not been resorted to, thus neutralising 
the ddvantages which should ensue. Of course, what it 
is desi » ascertain is ye pte ag a young man is 
possessed of a temporary knowledge due to cramming, 
but whether the learning he has acquired has been oa 
by real study ina manner which will remain with him 
and.be useful to him in his subsequent professional career. 

As examination at present seems the only practicable 
method for testing knowledge, we must make the best of 
it. It is for the Council and their coadjutors so to arrange 
the various courses of examinations as to prevent, so far 
as may be, that system of cramming, which is so much 
to be deprecated, and to ensure that the knowled 
displayed is real. I will venture to assure you that the 
Members of Council are one and all fully alive to the 
importance of this duty, and will steadfastly keep it in 
view. 

The introduction of these educational tests aims at 
securing the greatest possible advan to the profession 
at large, while, at the same time, its object is to raise the 
status of membership of the Institution to a plane even 
higher than has already been attained. Even if such an 
aspiration were not very much to be desired on its own 
account, it may certainly be regarded as necessary for the 
maintenance of our national position in the engineering 
markets of the world, and as enabling us successfully to 
meet international competition, the existence of which is 
so keenly felt on every side. Membership of this Insti- 
tution should mean that one, to be justified to bear the 
title of member, is not only a man practising his profes- 
sion, but one who is of powers to forward the 
welfare of mankind, and one who can be regarded, from 
the very fact of his membership, as properly described as 

ing the original meaning of the word “ engine,” 
and so truly an engineer. 

If you were to ask a group of men for their definition 
of what each considered this meaning to be, I think it 
not unlikely that the replies would be somewhat diverse. 
I would therefore invite your attention to the fact that 
a through the word ‘‘ engine,” the derivation comes 
from the Latin ‘“‘ingenium,” of which the meaning is 
natural capacity—invention—skill, ability, and the like. 
In early English, the word “engine” carries this meaning, 
for Chaucer, in the fourteenth century, says:—‘‘A man 
hath sapiencies three, memorie, engin and intellect also.” 
Though this meaning has doubtless become obsolete, I 
venture to think that there is no one in our profession 
who will not in his heart agree that the old sense is, 
and ought to be, still applicable to all members of this 
Institution. 

Some subsequent meanings attached to the word, 
though also somewhat obsolete, are not without some 
personal interest to me, for “‘engime” when applied to a 
mechanism was understood to mean in early days a 
weapon of war generally for purposes of assault, and an 
engineer was concurrently one who handled such weapons, 
or executed works for military pu It was only 
in comparatively recent times—that 1s, about the middle 
of the eighteenth century—that the name “engineer” 

to be applied to a class of men who devoted 
themselves to works which were not primarily of a mili- 
tary character, but were aimed at “‘ directing the great 
sources of power in Nature for the use and convenience of 
man.” Such men were called “‘civil engineers,” to dis- 
tinguish them from their military brethren. 

t is interesting to record that the first branch of engi- 
neering which showed itself as special was that of the 
mechanical — and it is still further interesting to 
note that in all the specialised branches which have since 
assumed: shape, the mechanical science of engineering, 
and even the mechanical engineer himself, form im t 
and in many cases fundamental factors, and that this is Le 
the lines of future developments. For these as well as 
personal reasons our attention will be more held by 
mechanical engineering, and what foliows has closer 
reference to that branch ; though I venture to think that 
the objects in view are not restricted to one, bud are 
common to every branch of ‘the profession. 

The application of science to problems of mechanics, 
mvteliaeny, and of electricity, is in itself an object to 
aim at; but added to this is the following. The tone of 
mind which results wiil tinge actions in other directions, 
where higher qualities of treatment of the daily routine 
of manufacture are needed to arm us for the battle of 


trade competition; it will foster our efforts after progress, 
whether it be in quality, quantity, or value of engineeri 
trades, and will assist in meeting the difficulties of eac 
day’s work. 

o one will gainsay the statement that engineering in 
all its branches is a practical profession, and though I 
am endeavouring to press upon you the urgent necessity 
for sound scientific knowledge as one of the assets of 
every individual engineer, it would be but half the tale if 
this ap aimed only at closer application of science to 
every-day problems. Practical work is absolutely essen- 
tial if a practical profession is to be carried on effec- 
tively, and no effort should be spared to impress this 
upon all concerned. 

It is probably within the recollection and experience 
of me | here that those who press, and quite rightly 
press, the importance of scientific and theoretical study 
as training for an engineering career, also plead very hard 
for an adequate recognition of their efforts from employers. 
They invite their cordial co-operation, and sometimes 
scold them for a backwardness in affording it. Their aspi- 
ration for co-operation can be given the fullest sympathy, 
but I am none the less inclined to take teachers them- 
selves to task with regard to some of the advice they give, 
either explicity or tacitly,;to their students. Too many 
young men adopt the idea when they have submitted 
themselves to a course of technical study, and have perhaps 
displayed conspicuous ability therein, that they leap from 
that, and that alone, to a level which at once entitles 
them to look for and expect a lucrative position in engi- 
neering works. This is entirely erroneous, unless they 
have an actual practical training as an additional asset. 
I do not complain of the natural ambition which probably 
helps towards such an idea on the part of the young man, 
but I do seriously complain of those teachers who foster 
such an ng = teachers etre — an 
apparent lack of appreciation on the part of employers 
of the theoretical and scientific training which they have 
given to their students, I think that, if inquiry were made, 
there may be something to be said for the employer. It 
will very possibly be found that the employer regards 
such half-trained men with some suspicion, and possibl 
even he may have suffered from an en ment of ob 
@ young man to an extent which leads him to say that, 
however much he desires a man thoroughly trained both 
in theory and practice, he cannot afford to employ a man 
trained only on the former line ; and that if he can only 
get training on one line, he would prefer the practical to 
the theoretical man. 

For myself, I desire to secure the services of men wha 
are thoroughly trained, and I speak from some experience 
of their value; but I t that I also speak from experi- 
ence when I say that there is too often a neglect of the 
practical workshop course. I am convinced that such an 
omission of an essential part of the training is most dis- 
advantageous to the student himself, as well as to the 
ultimate strength of the profession as a whole. One of 
the results of this tendency is that, when a vacancy has 
to be filled, it is by no means easy to find a man who is 
equipped with good theoretical and scientific training 
coupled with a thorough workshop training, and ability 
to apply the one to the other in an efficient manner. A 
quot portion of the blame for this must lie at the door of 
some of the teachers, and I can only hope that any to 
whom such charges apply, directly or indirectly, may 
without delay recognise that if they desire, as of course 
they do, the co-operation of employers in forwarding the 
interests of their students, they must see to it that they 
not only avoid the inculcation of such erroneous ideas 
into the heads of those under their charge, but also must 
adopt the line of impressing on them that, for a practical 
poulatien, they must be practical men, and, in order to 
attain that, they must submit themselves to thorough 
practical as well as thorough theoretical training. 

One may ask oneself how it happens that men who 
spend their energies as whole-heartedly as the teachers 
in engineering colleges and the like do, in the interests 
of the student entrusted to their care, e the mistake 
which I am suggesting they do make. There can doubt- 
less be several answers given, but probably the true one 
is that there is something wanting in the training of 
many or most of those of whom we complain. 

If we look round at the leading lights of the engineering 
educational firmament who have themselves, before em- 
barking in teaching work, not only Pe ms yey = rr 
thorough workshop training, but have followed that by a 
considerable amount of practical work and experience, we 
shall not, I think, find that they are offenders in the 
sense of which I am speaking. It would seem that it is 
rather those who have not themselves undergone a work- 
shop training—or, if they have done that, have taken up 
teaching before they have accumulated an adequate 
supply of practical experience—who are most prone to 
decry the importance of practical training and experience, 
and thus by their explicit or tacit advice throw impedi- 
ments in the way of a young man carrying his educa- 
tion through in the most complete manner. Such 
men may be, and probably are, thoroughly conversant 
with theory, and most perfectly competent to teach that 
side of their subject ; but if they are mae Aone lac! in 
practical training and experience, it must necessarily follow 
that their powersof imparting knowledge of the epplicatiod 
of theory to practice must be stunted and narrowed. Ifa 
man is to be able oe oe ee of science to 

ractice efficiently, he must hi f be not only a scientist, 
But @ practical man as well. In the interests of the 
teachers themselves, and of the students under them, 


this surely ought to be ised. 

If it could be arra: that every teacher could, con- 
currently with his teaching, be engaged on practical work 
of a nature allied to the subject taught by him, great 
advan would undoubtedly accrue to the teacher and 
to the student. Such a departure would, of course, entail 
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considerable reform in the present methods of teaching, 
and the allocation of the teacher’s time; but that not 
be regarded as impossible, because it has, in fact, been 
found practicable in other countries. 

Of course, in the larger educational centres the teachers 
do have some opportunity of keeping in touch with 
practical needs from various investigations and researches 
they are invited to make in the educational laboratories ; 
but if they could, in addition to this, be actually en 
on practical, or even commercial, work as well as labora- 
tory experiments and investigations, the authority with 
which they could direct the studies of their students must 


undoubtedly be enhanced. 
I hope I shall not be thought to have spoken too criti 
cally, but if an excuse be necessary, I would plead the 


great importance which the subject has for the whole 
profession ; I will on that account even go further and 
crave indulgence for addressing also a few cautionary 
remarks to students and young men. 

I have not infrequent]y met cases of young men who, 
when questioned as to their practical training, advance 
the statement that the work they have done in their 
college ge and the like is equivalent to a work- 
shop —_—- have nothing to say against the exist- 
ence of such a college workshop as a place where a 
certain amount of manual dexterity ma acquired as a 
sort of relaxation from the lar work of the study or 
the lecture-room. It cannot, however, be rded as in 
any way approaching what is really required in the way 
of practica! training, or as capable of giving any approxi- 
mation to the value of the a to be gained from 
work in the shops under working and commercial 
conditions. 

Supposing that the statement, that the importance of 
practical work is very —. will not be seriously contro- 
verted, I must add that all the advantages cannot be 
regarded as fully secured even when courses of theo- 
retical study have been combined with workshop train- 
ing. When the primary courses have nm completed, 
the education of an engineer must still go on by the 
acquisition of experience, and from this point of view 
the engineer’s education is never finished. 

Sir A. Trevor Dawson, in an address he delivered last 
autumn, seems to me to urge his hearers very strongly on 
these lines, for in more than one sentence he pointedly 
refers to the importance of the acquisition of practical 
experience by young men, even at a temporary shorten- 
ing of salary. For instance, he said: ‘‘ For the moment, 
it is enough to establish that experience is a dominant 
consideration. This cannot be too forcibly emphasised, 
for young men are at times prone to seek advancement 
without carefully considering whether that which looks 
like advancement will conduce to the winning of the 
experience so invaluable in future work.” To this I 
cordially assent. 

In my opinion, before such practical experience can be 
properly assimilated, a workshop training is essential. Its 
value is very great all round, for it covers a great deal 
more than manual dexterity. For instance, it affords a 
man an insight (not otherwise attainable) into the working 
of men’s minds, men, perhaps, of rather a different class 
from himself, but who, undoubtedly to start with, are 
head and shoulders above him in their ability and in their 
methods of handling and carrying through particular, and 
it may be very important, operations. oreover, he 
will, of necessity, from ces | at the bench and the 
like, even if he keeps his eyes only slightly open, become 
acquainted with the point from which various matters 
are viewed by the operative, and he will ggg age | 
find that study not without its uses in after life. He will 
recognise the fact that the user of a machine will be 
most cognisant of the peculiarities of the particular piece 
of mechanism with which he has to do, and it is useful to 
a young man to watch and see how such a man will care 
for and nurse the peculiarities of his machine in order to 
secure the best results. Of course, in this case I am speak- 
ing of a good workman, of whose class we may be thankful 
to-day we have a fine supply ; but the young man will 
also find it instructive and useful to study the doings of 
a less careful or even a careless workman, of whom there 
are also some, as he. will thereby learn what to avoid. 

Perhaps some apology is needed for dwelling so long 
on this particular portion of my subject, but I feel as 
strongly that « man with —_ technical and no practical 
training is far from being a thorough engineer, as that a 
man with practical and no technical training is insuf- 
ficiently equipped to meet the conditions of engineering 
work to-day. The competition which exists, both at 
home and abroad, spurs, and should spur, us to the 
greatest efforts after ideal perfection. 

There appear to be two desiderata for meeting this 
competition : (1) our quality of output should continue to 
be superior to that of our competitors ; (2) our selling 

rices should be, if possible, actually, but at any rate re- 
see, lower than theirs. The former of these demands 
that the machinery and appliances should be the best of 
their kind, that the men engaged should be fully — 
from their mal skill for their use, and that the 
association of these two should be most closely effective. 
The latter requires that the methods of doing the work of 
production should be organised on ighest lines of 
efficiency, having special regard to the avoidance of waste 
of either material or energy. It will, perhaps, not be out 
place if I attempt to sketch out methods of organisation 
which will help to attain the desired ends, presupposing 
that the directing minds are both practical and scientific. 

While quality must, of course, stand first, quantity 
which results from cheapness of production follows close 
in the scale of importance. Cheap production postulates 
the use of every labour-saving appliance which can be 
economically employed, large powers of output and wide- 
sppead consumption of the product. This entaile most 
strenuously watchful management to control ‘‘on charges” 


at the lowest ible figure ; it involves organising power 
of a high ya ape regards supply of material, adequate 
machine ry and arrangement thereof, the proper distribu- 
tion of labour of the quality each operation requiries, anc 
the maintenance of the whole of the organisation at the 
highest ere | efficiency. It is here that men highly 
trained both scientifically and practically will prove their 
worth and show their value in the ultimate profit and loss 
account. ha’ 

Both theory and practice are needed so to distribute 
the various qualities of labour which are required for 
manufacturing, as distinct from fitting, operations. 
Cheapness of production must necessarily follow manu- 
facturing lines, but all classes of labour are required for 
proper organisation. The high-class fitter, though re- 
quired to as great an extent (even if not greater) as in the 
past, is lese prominently apparent as a direct producer, 
but he really is one of the main sources of power to 
enable cheap manufacture to be effected. He might be 
compared to the properly-laid rails over which the traffic 
of cheap manufacture can run smoothly in the hands of 
men possessing very much less skill. 

The less skilled and therefore cheaper labour is apt to 
be regarded 7 the casual observer as the main and actual 
producer, and the highly-skilled preliminary and main- 
taining force is sometimes tco much neglected. I must 
therefore not be understood to advocate cheap Jabour as 
against the more skilled, and therefore more expensive 
labour, though I admit that present day requirements do 
involve a change of direction in the —es of the 
latter ; at the same time it is well to make it clear that 
not only is the highest quality of skill required on the 
part of the workman of the best class, Lut even more of 
the class are needed than formerly. 

Not only is this so, but the increased demand which 
follows cheaper production leads to the a ge ge of a 
large increase in the number of operatives who, though 

rtially skilled, have not attained to the level of the 

ighest class. I base this statement on a large number of 
statistics which were compiled and published some years 

o by the United States Government. It was shown 
thereby that, no matter what the product investigated 
might be, a large output at reduced selling price led to an 
enormously increased demand for that product, with the 
result that not only was there a large increase in the 
number of men of the highest skill required, but there 
came into existence an immense volume of work with 

wages for operatives of less skill, for whore services 
there was no use under the old system. Any methods, 
therefore, which will have such a result must be bene- 
ficial not only to the trade of the country, but to the com- 
munity at large, and any employer who so directs his 
works that he is able to pay wages on the highest and 
widest scale, and yet produce at prices capable of com- 
peting on favourable terms in foreign markets, is little 
short of a true benefactor to his country, and is well 
deserving of the profits of his enterprise which he is 
able to secure. I say that to attain such results he must 
not only have and use brains himself, but he must employ 
brains of high practical efficiency in all branches of his 
undertakings. 

While I am pressing for mental qualities as necessary 
in those entrusted with administrative and executive 
duties, it must not be overlooked that it is as requisite 
that the mental calibre of the rank and file should also be 
higher than in the past. This is required, because 


machinery itself needs even more skill in its use, and the | P' 


nature of the work to be done is more precisely stated 
than formerly. I do not mean for one moment to decry 
the skill and ability of mechanics of the past. On the 
contrary, I have the utmost admiration for the excellence 
of their work when — machines of less precision, and 
methods which depended in a way more upon individual 
skill and initiative than is the case now. The case of a 
mechanic of the old class is really quite a good one to 
take for comparison of then with now. He turned out 
work which was, and indeed in many cases is to-day, 
second to none, but he attained his high quality toa large 
extent by trial and error when it came to fitting two 
pieces of mechanism together; he was not in a posi- 
tion to adopt the process of to-day, called ‘‘ assem- 
bling.” The direction given to him by the drawin 
was in fact inadequate, for the subdivision of an inc 
by the system of repeated bisections left him with- 
out real guidance as to the closeness of the fit which 
he was required to obtain. His appliances for fine 
measurement were conspicuous by their absence, and his 
high quality of work was, perhaps, not unaffected by his 
health on a particularday. Ina word, though he produced 
work of the highest quality, he did so without any actual 
knowledge of the fineness of the dimension to which he was 
required to work. Contrast with this the more modern 
system ; the mechanic of to-day is, in up-to-date shops, 
given the dimension to which he has to work in decimals 
of an inch. Measuring appliances of adequate precision 
are in his hands or available for his assistance; the 
quality of the work required is at least as high, but he 
approaches his task with knowledge of what is required as 
to the nature of the fit for which he has to prepare, and 
his machine is probably much more accurate in its action. 
It is not, therefore, unreasonable to expect, nor is it 
unusual to obtain, equal or even better quality of work 
at less expenditure of material and energy and cost. 
These remarks deal, of course, with men of the highest 
skill, but a word seems necessary as to those of less hig’ 
quality, whose services are required for work of a repeti- 
tion character. Here the o tive has 8, templates, 
and the like, to which he to work, and he is not so 
much e with knowledge of actual dimensions, 
for all provision of that sort is embodied in the manufac- 
ture of the gauges themselves ; if, as should be the case, 
he has gauges of high and low linrit given him between 





which his work shou:d “‘ go” and ‘‘ not go,” it is manifest 


h | sented by a number of 





that, as less actual skill is demanded from the man, and 
what is demanded can be secured without a long appren. 
ticeship, the remuneration of such labour is less, while 
the production is more rapid, and the consequent selling 
price is reduced. It must, however, not be overlooked 
that these provisions involve a considerable amount of 
the preparatory work which must form “on charges” on 
the finished product. It is there that the control of such 
charges, at a figure which shall not be overburdensome 

requires the utmost care on the part of the executive and 
administration. For this the trained mind will be the 
most useful saf 

Now turn to the office and workshop to select examples 
of cases where economies and improvements in workin 
will follow the greater use of scientific attainments coup! 
with practical ——. For the more ready appre. 
hension of what follows, it is perhaps well that the mean- 
ings attached to ‘‘administration” and “ executive ” 
should be defined. By administration is meant the con- 
trolling powers of the undertaking, whatever it may be 
and the staff directly attached thereto, for arranging and 
administering the whole concern. The term “executive” 
is used to mean those who, under the administration 
are entrusted with the control of personnel, machinery, 
and work, for obtaining the output of the product with 
which the undertaking is concerned. 

There will be no dissentient voice against the statement 
that that undertaking is best equipped which has in its 
administration not only high quality of business ability, 
but a firm is of scientific and practical knowledge to 
guide its actions in framing the policy and giving it first- 
hand power to form clear and reliable opinions as to the 
correctness of the operations carried out by the executive 
under its control. It seems, in fact, to be a truism that 
the admistration must be fully informed of its own know- 
ledge of the scientific and practical possibilities of a case 
before it can effectively lay down a policy to be followed. 
There are few more fruitful sources of lossin working than 
to lay down a line of policy on insecure foundations, or on 
lines which are either totally impracticable of real'sation 
without excessive cost, or which are so far unscientific as 
to shake the confidence of the executive in the soundness 
of the judgment of the administration. Similarly, the 
executive must be equally conversant with scientific prin- 
ciples as well as thoroughly master of all practical tech- 
nical details. In a word, knowledge and practical experi- 
ence must be the undoubted possessions of both branches, 
for there is no part of any es establishment 
which will not be more bunefi by the services of men 
holding this combination of qualities than by men qualified 
only with practical experience. Conversely, there is, in 
my opinion, no possibility of an establishment being 
successfully worked by men having only a scientific and 
theoretical knowledge without practical training and 
experience in addition. 

t us now try to follow up another line. Every 
undertaking which aims at keeping at least abreast of 
current requirements must be prepared to spend some 
money in experiments, investigations, research and the 
like, and there can be no question that, on the one hand, 
in the inception of such work, in its arrangement and in its 
operation, the presence of the mind scientifically trained 
is essential, and that for practical work, on the other 
hand, the scientists employed should also be practical in 
their methods of approaching and handling the investiga- 
tion or research, and in the application of the results 
resented. Some will consider that the branch for carry- 
ing out this class of work should be primarily under the 
direct control of the administration, while others will 
hold that it is more essential to the executive and should 
be bec wer A part thereof. The results of the work are 
undoubtedly wanted by both; by the administration 
because its policy may affected, and by the executive 
because its economies in working may be mate 
assisted thereby. On the whole it would probably be 
best to entrust the control of the branch to the executive, 
with an arrangement that all important results should 
reach the administration simultaneously with the execu- 
tive; among the reasons for this ee might be 
instanced that the executive will find it advantageous to 
have a considerable number of small experiments carried 
out which could — be honoured by so high a title as 
‘*research,” but which none the less may have great 
economic value. For such work the executive would be 
primarily interested. 

Any research of a larger or more expensive nature 
might and probably should only be undertaken with the 
concurrence of the administration. In fact, in order to 
prevent the expenses of the branch becoming so great as 
to be overburdensome on the whole undertaken, it might 
be found reasonable that the administration should keep 
close financial control of such work by laying down that 
not more than a definite sum should be expended on any 
one investigation or research without its specific authority. 
This is the system in use in many places, and has 
found to work with satisfactory results. 

At pu, inadequate attention is too often afforded 
to such matters, and I could quote many examples. 
will take one. It is quite likely that there are not a few 
mechanical engineers who fail to appreciate the con-ider- 
able effects which even small differences in temperature 
in heat treatments may have on ordinary steel. It may 
even surprise some to hear that a variation in one tempe 
rature of a series of treatments, which wou!d be repre 
degrees much less than thos 
between freezing and boiling-point of water, will 8° sc 
as to make the material, which with one series is suitalle 
for some purposes, entirely unsuitable with another series. 
Let me quote from oon oe this mone. fey 

steel, containing about 0. r cent. carbon, 
high im silicon (about 0.18) and far Bicsare (about 0 4 
pes investigated, and with certain treatments gave © 
lollowing ‘mechanidéal teste :—Yield-point, 36 tons pé 
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sq. in.; breaking load, 56 tons per sq. in.; elongation, 
8 per cent. on 2 in. effective length. The same quality 
of steel, by varying heat treatments (heated 790 deg. 
Cent.), oil-quenching (about 80 deg. Cent.), and reheat- 
ing (about 330 deg. Cent.), gave approximately the 
following results:—Yield-point, 68 tons per sq. in.; 
breaking load, 84 tons per sq. in.; elongation, Be pw cent. 
on 2 in. effective length. en the same initial heating 
and oil-quenching were coupled with a reheating tem- 
perature raised by only 70 deg. Cent. (that is, to about 
400 deg. Cent.), the test results were approximately as 
follows :—Yield-point, 42 tons per sq. in.; breaking load, 
64 tons per -4 in.; elongation, 16.5 per cent. on 2 in. 
effective length. 

With such varying results there seem to be very good 
grounds for pressing for scientific methods in actual work, 
for no amount of rule of thumb or expert eye could ever 
ensure uniformity in results with so narrow a margin in 
the matter of one temperature. It seems clear, therefore, 
that there is essential need for some arrangements which 
shall not depend upon the natural gifts or unaided ability 
of a single individual, and that some system of pyrometry 
is called for as a protection against failures. 

The installation of apparatus of this sort is by no means 
common, and is apt to be by many as somewhat 
in the natare ofa luxury. It ought not to be soregarded, 
for nothing short of it will ensure prevention of failure 
and waste arising from mistakes in heat-treatment opera- 
tions. 

Such apparatus would not be without its use in the 
ordinary miscellaneous foundries, as well as those specially 
provided for particular products, for more uniform results 
sould probably be got with castings, if greater attention 
were paid to the temperature of the metal when poured 
and consequently cooled, and even to the speed at which 
the material was reduced to and from a molten condition. 
If scientific knowledge, coupled with the necessary prac- 
tical experience, is brought to bear upon such matters as 
these, the undertaking will reap large advantages in 
higher efficiency of output, less weight, and consequently 
actually cheaper production. 

Many other examples in support of the ends at which 
we should all aim could be brought forward, and probably 
many will occur to your minds, so your time need not be 
occupied in suggesting them. I trust, however, that the 
object in view may be clear and in no way obscured by my 
method of presenting it. What it amounts to is this: 
the engineer of to-day has more varied calls on him than 
in bygone times, and he must therefore be more highly 
equipped to meet such calls. He must be to a large extent 
ascientist, but he must also be, in every sense of the word, 
a practical man. His views must be wide, and there 
should be nothing either petty or narrow in his dealings. 

All that has been said has had the interests of this 
Institution primarily in mind, but those interests should 
not be gauged solely with regard to our internal affairs. 
As each man owes duties to the State, to his profession, 
and to his Institution, so the Institution has duties of a 
similar nature, and what it does should be undertaken 
not only with the view to its own interests, but with the 
object of throwing the benefits of what it dees open for 
the general advantage. You will, perhaps, say that the 
Institution is not niggardly in this way, and we may be 
proud in the belief that such a statement is true; but it is 
quite possible that ways may appear which would lead 
to some self-denial being desirable. There is, of course, 
some kudos attaching to work successfully accomplished 
when its useful results are placed freely at the disposal of 
all; bat it might be that the Institution should forego 
any such kudos if a combination of effort through the co- 
operation of several institutions and societies would 
produce better co-ordination, and afford advantages more 
widespread than can be got from the operations of one 
Institution alone. 

There is an excellent example of what I mean in the 
work which has been and is being done by the Engineer- 
ing Standards Committee, with its sectional and sub- 
committees, covering a very wide field, which is being 
cultivated for the general good. The whole country is 
deeply indebted to the Council of the Institution of Civil 
Engineers, which, on the initiative of Sir John Wolfe 
Barry in 1901, invited the co-operation of its own mem- 
bers, and members of other societies and institutions, to 
consider and undertake a system of standards of iron and 
steel sections for constructional work. That committee 
began in a comparatively small way, but has gone on 
increasing in the scope and volume of its labours and 
investigations, all of which have aimed at securing efti- 
ciency and economy for the benefit of all concerned. It 
is not my intention, and I am sure it is not necessary, 
that I should deal at any great length with the work or 
the trpes of work which these committees have done; 
but the existence of the committees does, in fact, form 
an example of organisation and co-ordination for which 

re may be room in other directions. 

Reference might, however, with justice be made to a 
point which often seems to miss the recognition which is 
teally due, and that is, that the work of the various com- 
mittees, as well as the main committee, has been brought 
to its present stage by the gratuitous devotion of time 
and energy of individual engineers all over the country, 
who have worked whole-heartedly without reward of any 
fort, other than perhaps the feeling of personal satisfac- 
tion that what has been, and is being, done for the general 
good has been secured by their individual efforts. Not 
only does the em | owe a debt of gratitude for such 
Services, but I would remind you that, though the work 

been done as regards the mem' of the committees 
Sratuitously, it is impossible that all the conclusions 
could be arrived at without some expense being involved 
for experiments and the like, and for the executive. The 
thanks of ajl of us are therefore due to individuals, firms, 
imstitutions, and societies, to the Indian Government as 





well as the Home Government, for the recognition which ' 


they have afforded to the work of the committee and for 
the financial aid which has been of such value in enabling 
the Committee to do that part of the work for which 
voluntary effort could not be drawn upon. 

This Institution has done something to place the results 
of researches into a few matters, mainly relating to steel 
and other alloys, within the reach of users; that fact 
must, of course, be gratifying to us who hold the interests 
of the a dear, even though the areas 
explored touch but asmall portion of the available Beld, 
leaving enormous tracks still o for future work. 
am in sympathy with those who continually press the 
Institution towards researeh into various matters where 
greater knowledge is undoubtedly desirable; and I hope 
that the finances of the Institution will always be avail- 
able to the utmost extent posssible for carrying on such 
useful work. 

Research in the hands of firms and engineering under 
takings has alread advocated, and no one woul 
wish to see such efforts in any way hampered ; but if it 
were possible to co-ordinate the work more than is done 
at present, and also to place the results at the disposal of 
the profession more readily than is now the case, great 
advantage may be expected to result. Is it not worth 
considering whether inquiries should not be made to see 
if an Engineering Research Committee, the bounds of 
which should be much wider than membership of this 
Institution alone, could be got together with a view to 
organising, co-ordinating, and assisting research, more 

ticularly for engineering purposes? ‘I'he success which 
as attended the Engineering Standards Committee 
might be regarded as — out hopes of similar possi- 
bilities of success for an Engineering arch Com- 
mittee, co far, at any rate, as obtaining the gratuitous 
personal assistance of those t competent to assist in 
particular directions. It must be admitted at once that 
the expenses attaching to an Engineering Research 
Committee must necessarily be heavier than has been the 
case with the Engineering Standards Committee, for 
though individuals may be ready to give their time and 
attention to meetings, and the general direction and 
co-ordination of different researches, the actual carrying 
through of the researches themselves must necessarily 
a costly matter. 

This Institution spends a certain amount of money 
annually in research, and it might well be that part, at 
any rate, of the money which we are able to devote to 
individual researches might be better expended in help- 
ing to support the work of a Central Engineering 
Research Committee, and that other societies and insti- 
tutions might also ready to allot funds for a similar 
object. I am well aware that grants in aid of research 
are already made from many sources, notably from the 
Royal Society, from the Government, as well as from 
various private firms and individuals, and some of these 
might possibly be tap for the more «pecific researches 
which would fall within the scope of the Engineering 

h Committee. Theadvantages which would seem 
to accrue from such a step would be the prevention of a 
considerable amount of overlapping work ; the carrying 
out of individual researches to absolute results ; the pub- 
lication of such results, and the inclusion in such publica- 
tion accounts of private researches and experiments 
carried out by those who would associate themselves 
with the Engineering h Committee, and would 
be willing to - results of work privately carried out 
at the genera. pe of the committee. In time, the 
committee would doubtless acquire so large an accumula- 
tion of data as to make it the first source upon which the 
public would draw for information as to any research 
already effected, and as to the possibilities of extending 
research on lines which might at the moment seem to 
require investigation. 
“The subject 1s, of course, a very large one, but it covers 
a combination of applied sci and practice, and, as 
such, falls readily within the scope of the subject, or 
subjects, with which I have nm endeavouring to deal in 
this address. It is, however, only right that I should say 
that the suggestions I have made with regard to this 
Research Committee are made on my own responsibility, 
and must not be regarded as in any way representing the 
views of other members of the Council. I have not, so 
far, discussed the matter with them, but should the 
Council be disposed to the idea with favour, it may 
be that they would think well to take the initiative in 
instituting inquiries as to whether co-operation could 
be arranged from private individuals and from other 
societies to consider the practicability of the whole 
subject, and the possibility of the attainment of any 
advantage by a move in this direction. 

Gentlemen, in conclusion, I tender you my best thanks 
for the courteous hearing you have granted me, and I 
would ask to be allowed to end this address with the 
earnest hope that the prosperity of the Institution may 
continue on the best and soundest lines for the benefit of 
its members as well as of mankind. 











AMERICAN AND CANADIAN RatLways.—The new first 
track railway mileage built in the United States in 
1911 amounted to 3067 miles, as compared with 1899 
miles built in Canada. Last year the figures were :— 
United States, 2097 miles ; Canada, 2232 miles. In 1911, 
the Dominion developed new mileage to the extent of 
62 per cent. of the corresponding new mileage in the 
United States, although the population of Canada is only 
one-twelfth that of the United States. At the close of 
June, 1912, the new railway mileage under construction 
in Canada amounted 
up as follows :—Alberta, 2614 miles; Saskatchewan, 792 
miles; Manitoba, 471 miles; British Columbia, 1299 
miles; Ontario, 1857 miles; Quebeo, 1845 miles ; 
New Brunswick, 448 miles. 


to 8826 miles. This total was made | There 





TESTS OF A JACOBS-SHUPERT BOILER. 


Somg interesting tests have been carried out recently 
by Dr. W. F. M. Goss, in which comparative inves- 
tigations were made of two locomotive boilers, one of 
them of the radial-stay type, conforming in all respects 
to the best standard American practice, and the other 
of the Jacobs-Shupert type, to which reference has 
been made on several occasions in these columns, In 
the report on these tests, recently issued, Dr. Goss 
has gone fully into the development of the design of 
this type of boiler, which differs from others as regards 
its type of fire-box, as well as into its construction 
and the points brought out by the tests. The salient 
features of the report are reproduced below, though 
not always in Dr. Goss’s wording, from which consider- 
able departure has been made in the process of con- 


id | densation :— 


Discussion of the Radial-Stay Type of Locomotive Boikr. 
—The modern radial-stay boiler of current American 
locomotive practice is a structure which is exceedingly 
susceptible to deteriorating influences. The difficulties 
appear chiefly in the fire-box, which is usually con- 
structed of five plates of steel—namely, two side-sheets, 
the tube-sheet, the door-sheet, and crown. The side- 
plates are usually 2 in. thick, and as they have to resist 
pressures of 14 or 15 tons per sq. ft., they have to be 
supported by stays to the outside sheet of the boiler. 
There is no provision in such a design for taking care of 
local expansion, which brings about changes of strese 
within the sheet itself. Mr. F. A. Delano, of the 
Wabash Railroad, in a recent address stated that no 
high-pressure boiler of the locomotive type could be 
cooled down and reheated again (after washing out) 
without four or five stay-bolts failing. In addition to 
stay-bolt failures, troubles arise from the sheets bulging 
between the stays, necessitating patching. The crown 
sheet often carries a total load of 1000 tons or more. In 
American practice it is tied to the outside shell by the 
radial stays, which, being of considerable length, per- 
mit some f om of movement in the sheet under 
them. It nevertheless suffers deterioration as an in- 
direct cause from expansion and contraction stresses. 
Owing to the obstruction caused by sling-stays, &c., sedi- 
ment or scale easily collects on certain parts of the crown 
sheets, and the free movement of water over the sheet is 
prevented. The tube sheet presents other difficulties. If 
tubes leak, they must be rolled, and this process gradually 
extends the sheet upwards, so that the forward end of the 
crown is usually bent up, and the fillet of the tube-sheet 
not infrequently expands above the level of the crown- 





sheet. This results in degeneration of the tube-cheet, 
which cracks. Careless handling may expose the box 
to sudden changes of temperature, causing leaks. The 
use of bad water may result in local overheating. Where 
all conditions are favourable to longevity, the radial-stay 
boiler must be tenderly handled, and under conditions 
which are normal through large parts of the United 
States, it is only kept in service by constant attention. 
It is always expensive to maintain. It serves an imme- 
diate purpose, but it leaves much to be wished for. If 
is weak under low-water conditions, and in case of 
a failure of this class, the results are liable to be 
disastrous. Between June, 1905, and November, 1909, 
some 157 railroads reported 246 fire-box explosions, 
resulting in the loss of 127 lives, while 2499 fire-boxes 
were damaged by overheating, resulting in 142 deaths. 
More than 98 per cent. of the failures were due to low 
water. The modern radial-stay fire-box has so little 
wer of resistance in the presence of low water that the 
Raet that any part of thecrown sheet is bare is commonly 
accepted as a cause sufficient to explain a fire-box failure. 
In stationary practice ‘‘safety boilers” have been 
gry in which the heating surface is subdivided, so 
that a failure, if one occurs, is limited to a comparatively 
small detail; a breakdown cannot easily become - 
gressive. There is no explosion and no wreckage. The 
present radial-stay type cannot be accepted as final. 
Discussion of the Jacobs-Shupert Type of Locomotive 
Boiler.—The Jacobs-Shupert fire-box is made up of a 
considerable number of comparatively small plates. Such 
a box may have the same over-all dimensions as a radial- 
stay or crown-bar box, and be made to conform to all the 
limitations which must be observed where other types 
of fire-boxes are used. On the other hand, it appears 
that a Jacobs-Shupert boiler may be extended to 
limits which are hardly possible with the radial-stay 
types. The contour of the sections of which the Jacobs- 
hupert type of box is built is shown in Fig. 1, above. 
The fire-box is supported in part from the shape which 
is given to these elements, and in part by stay-sheets 
extending between these sections and the outside shell. 
are no sling-stays in the boiler, and stay-bolts are 
used only in the door and tube-sheets. The sides and 
crown of the Jacobs-Shupert box are composed of a 
series of nel sections madg of long, narrow, flat 
sheets pressed imto shape in an hydraulic flanging 
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machine. The plate is pressed into a channel-shaped 
section and bent to the contour of the box, with the 
flanges outside. Two adjacent channel sections, with the 
stay-sheet between them, are fastened by through-rivets. 
The length of a section and stay-plate is 10 in., and the 
desired number of 10-in. sections can be added together 
to give the requisite size of box. The stay-sheets are 
pierced by o gs of liberal size. Other channel-shaped 
elements of somewhat different section are riveted 
between the stay-plates to form the shell of the box. 
Fig. 2 shows the back tube-plate of one of these boilers. 
The stay-plates are similar, except that the whole of the 
centre is non-existent, the inside outline conforming to the 
shape of the box. The door-sheet and the back sheet of 
the shell are stayed together in the usual manner. Fig. 3 
shows the back sheet of a Jacobs-Shupert boiler. Stays 
are also used in the tube-sheet and throat-sheet, the 
latter connecting the special fire-box with a no 
barrel. The channel elements are all drilled to tem- 
plate, and a long reamer is run through half the ome 
of the assembled elements for a fire-box at a time. e 
reamer is then run through the other half from the 
opposite direction. All rivets are driven in reamed 
holes, and the rivets in the same horizontal course line 
perfectly with each other. : 

_ It has been objected that this type of box contains an 
immense number of rivets. A rivet well placed and well 
driven is a very reliable fastening. There are no rivets 
in the sides or crown of the Jacobs-Shupert box where 
their presence would be objectionable. There are no 
seam rivets in the fire-box, and all the rivets necessitated 
by the peculiar form adopted are either entirely in the 
water space or jn the outside of the boiler. That sug- 
gests that the service to be met by them is similar to 
that im upon the normal shell - rivets, which 
commonly give no trouble. The number of rivets, stays, 
&c., in the fire-box and shell of a Jacobs-Shupert boiler 
and of a radial-stay boiler of the same heating surface and 
external dimensions, is as follows :— 

Jacobs- Radial- 


Shupert. Stay. 
08 


2520 
176 
44 
368 


In mud-ring. . + mS + “ 
Connecting inside and outside sections 

and stay-shevts (11 sections, 12 joints) 
As fastenings for longitudinal stays .. 
Patch-bolts in door-sheet éa wh 
Stay-bolts in tube-sheet and door-sheet 


Rivets in fire-box seams .. én 

Seam. rivets in outside wrapper. . 7 

Radial stays, crown-bar stays, stay- 
bolts (not including those in tube- 
sheet and ‘anpanelb =e ae os 


Total .. 


Reduction in fire-box rivets and s‘ays 
in contact with fire by Jacobs- 
Shupert construction— 

(1196 +366 - 368) = 

Increase in number of riveted fastenings 
involved in Jacobs-Shupert construc- 


tion- 
(3428 — 2635) = 


Rivets in reamed holes require no attention, whereas | the fire-box. The method of manufacture adopted ensures | with oil fuel and having 
The elimi- | a standard of workmanship never before i ted. Bo 
nation, therefore, of 1874 fire-box stays in return for | construction of large boilers. There is no drifting 


stay-bolts need to be frequently worked 





commend it. The change amounts to the displace- 
ment of a troublesome device by one of the oldest and 
most reliable fastenings. The Jacobs-Shupert box has 
the advantage of flexibility, due to the use of curved 
sections. Strains due to longitudinal expansion are taken 
care of with the least chance of injury to the structure. 
The resulting corrugated surface within the fire-box adds 
to some extent to the heating surface. With no stay- 
bolts there can be no bolts to caulk, no broken bolts to 
replace, and no spots inherently weak when the water | 
dropslow. The rivets joining the sections are not seen 
from the fire-box, and are at a sufficient distance away 
to be undisturbed by conditions which may arise within | 
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Pin. 18% Holes 


~----~-10538 


Seam welded length 
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welded full 


reached in 


the | year, were i 
of | condition. 


rately made and put together without initial strains. 
As a safety device, in addition to the fact that the fasten- 
ings holding up the crown are removed from contact with 
the fire, the Jacobs-Shupert box derives an advantage from 
its sectional form. If from low water, or the accumula- 
tion of scale, the fire-box fails, the worst thing that can 
happen is the blowing out-of a single section. In this 
case the plate will ‘‘ pocket,” and the rent will be small. 
The Jacobs-Schupert Boiler in Service.—Late in Nov. 
ember, 1911, the Atchison, Topeka, and Santa Fe Rail. 
way had 169 locomotives with Jacobs-Shupert boilers. 
At the Argentine round-house there were 25 such engines. 
The boilers of locomotives Nos. 1485 and 1494, equipped 
8° 
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been in service for about one 
th were found to be in excellent 
e interior of No. 1494 showed no am a 


the addition of 793 through rivets has much to re-| holes and no local heating of plates; the boiler is accu- | rust or pitting. Compared with radial-stay fire- 
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these boilers seemed to show superior qualities. At, Design of Boilers Tested.—The boilers tested were to 
Topeka the oldest Jacobs-Shupert fire-box in service was | the designs shown in Figs. 4 and 5. The fire-box end 
inspected. The tube-sheet showed the small cracks | of the Jacobs-Shupert boiler (Fig. 4) was taken at random 
which frequently ap in the course of service. Small| from a lot under construction for a railroad comes. 
pockets had formed on six of the channel elements, | to whose requirements as rds dimensions and specifi- 
and these had been set back. As some small cracks | cation it was being built. e boiler complete was con- 


developed during the process, the oxy-acetylene flame! structed by the Jacobs-Shupert United States Fire-Box | 
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Type of Boiler. ——. — 
Boiler shell, diameter at front end 70 to. 70 in, 
oe ” throat.. 833 833 
Tubes, number... “s ¥ 290 20 * 
o length oe $i .. 18ft. 2in. 18 ft. 2in. 
9° diameter .. ws 2} in. 2} in. 
Fire-box, length inside .. Ott. 1gin. 9 ft. 144 in, 


. THE OF THE BRICK 








WATER oO AND STEAM PRESSURES IN BOILERS 














had been used to add metal and weld up the defects. | 
The areas thus treated varied from 4 in. to 2 in. in dia- 

meter, and subsequently passed a hydrostatic test of 

350 Ib. The Pecos division 40 or more very heavy 

Mallet compounds all fitted with this type of box. At 

Clovis, in this division, boxes were inspected and found 

to be in excellent condition, while in a stay-bolt fire-box 

on& compound passenger engine, in service about a year, 

many of the stay-bolts had been worked and many had 

lost their heads. The stay-bolts along the lower portion | 
of the side sheets were seeping and the plate was begin- | 
ning to bulge. The following conclusions were arrived | 
at a8 a result of these inspections :— 

1. The construction of the Jacobs-Shupert fire-box | 
admits of easy and thorough inspection. 
wee or rt oes os he poe by 

ing at the mud-ring. Not a single leaky mud-ring | 
could fe found. , 4 . " 

3. The fire-boxes give no trouble from leaks between 
sections. 

_4 No indication could be found of grooving or crack- 
ing at the fillet or in any other part of thesections making 
* Se tee box. 

. the fire-boxes examined, while very large, appear 
‘o resist perfectly the pressure imposed, which all 
cases was above 200 Ib. 

6. The fire-box structure of a Jacobs-Shupert boiler, | 

& year of service in a district of alkali water, ap- | 
peared as though new, while that of a radial-stay boiler in 
© same service, for the same, or a less length of time, 
Presented unmistakable evidences of degeneration. 4 
1. Evidence is not lacking to prove that minor defects, uttels . 
as those which may arise in a Jacobs-Shupert boiler | Company, tesville, Pennsylvania. A _ radial-stay 
canil accumulation of scale, or because of low water, are boiler was built especially for the tests by the Baldwin 
y repaired. | Locomotive Works, subject to the specifications and 
the older boilers of this form the back head was | standards of the same railroad. Every endeavour was 
raced by comparatively short stays to the shell sections. | made as regards design, material, and construction, to 
ew developed with this form of staying and all | obtain a boiler Se oat of each type. 
tudinal stays are now carried on to the barrel. The dimensions of the boilers were as follow :— 
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Fire-box, width inside 6 ft. 4 in. 6 ft. 4} in. 


» depth ,, 6 lye» 6 2» 
Grate area .. - 7" -. 6814 8q. ft. 58.07 ag. ft. 
Heating surface, side and crown 
sheeta, projected area .. ~S 146.6 ,, 

Heating surface, side and crown 
sheets, developed area.. - SD w 146.6 = ,, 
Heating surface, back tube-sheet 28.9 ,, 7.6 ., 
om - door-sheet » 9 «wo m8 « 

a pa total fire-box .. 230.8 ,, 206.7 ,, 

* “eee | yet ..2759.0 ,, 2769.0 ,, 

. - front tube- 

plate “ he: - << wee — . 
Heating surface, total barrel ..2777.6 ,, 2777.6 ,, 
in “ total boiler ..30084 ,, 2084.3 ,, 
Thickness of Boiler Sheets: 
Smoke-box .. } in + in. 
Shell joint-ring 7 # 
» tirst ring es ; 
» second ring . OF 00 
» third ring pas Se 
»» throat-sheet .. ” 4, 
., front tube-sheet as Sm 
Fire-box crown-sheet © vs So» 

» _ side-sheet i. i oe 

” back-sheet . & » Bw» 

- shell back-sheet ts Y 

i shell wrapper-sheet { wn j os 

me section stay-sheet t» - 

ae back tube-plate , vs ok 

ae sections, number , ll — 

a sections, width .. 10 in —_ 
Boiler-stays—Crown-bars, number - 

Crown - stays, dia. =_ 14 in. 
Button-head stays, 
rows ae - = 10 
OCrown-bolta, dia... _ 1} in. 
Stay-bolts, dia. .. — a 
Rivets—Size in boiler-shell Ze 1} in. - 
»  fire-box, inside.. “ j st 
»  fire-box shell .. Le te 
»  mud-ring ot Sw Se 































584 


ENGINEERING. 








[APRIL 25, 1913, 





In calculations the developed fire-box area has been used 
in the case of the Jacobs-Shupert box. 5 

For one series of tests the boilers were each divided 
into two compartments, as shown in Figs 4 and 5. 
This was done in order to determine the relative service 
performed by fire-box and tube heating surface. Sub- 
sequent tests — that the boilers should be normal 
in all respects. In the case of the Jacobs-Shupert boiler, 
this change was brought about by simply cutting the 
necessary ports in the partition tube-plate, when this 
plate became a normal tube-plate, with ports identical 
with those of the other stay-plates in that boiler. This 
was done with an oxy-ucetylene blow-pipe. In the 
radial-stay boiler the partition-plate had to be removed 
and a tube-plate inserted in its place. In 
retubing, the tubes were welded into the fire-box tube- 
sheet. ‘This step was taken because a low-water test was 
included in the series, and it was desired to prevent a 
stoppage of this test by the tube-plate being forced away 
from the tubes. The intention was to confine the result 
of the test to the fire-box and crown. The welded tubes 
remained tight through the tests. 

Arrangements in the Laboratory.—The boilers were 
installed in a temporary building at the works of the 
Lukens Iron and Steel Company. Eac its own 
independent equipment. They were fitted up for oil- 
firing, with the brickwork arranged according to the 
standard of one of the railroads. The grate arrange- 
ments were subsequently rearranged for coal-burning, 
when the opportunity was taken to carry out tests with 
and without brick arches in the fire-box. The steam 
produced was disch through an exhaust-pipe in a 
normal smoke-box, and maintained the ae draught. 
The balance not utilised in this way was discharged 
through a 3-in. blow-off pipe, or through the safety- 
valves. All the required apparatus was provided in the 
way of calorimeters, scales, measures, gauges, pyro- 
meters, thermometers, draught-gauges, &c., so that 
complete data might be secured. 

Tests to Determine the Relative Value of Fire-Box Heat- 
ing Surface and of Tube Heating Surface.—With the 
fire-boxes partitioned off from the barrel as described 
above, the two boilers were submitted to tests to deter- 
mine the relative value of those two sections of the 


boiler. The distribution of heating surface applicable 
to these tests was as follows :— 
Jacobs- Radial- 
Shupert. Stay. 
Side and crown-sheets .. Bq. ft. 168.0 146.6 
Door-heet .. oe ve in te 33.9 82.6 
Total surface transmitting heat to fire- 
boxend .. o% “ elit eae 201.9 179.2 
Tubes.. gsi isis sa io, 2769.0 2759.0 
Front tube-sheet .. +a aie 18.6 18.6 
Back a ae le 289 27.5 
Total surface transmitting heat to 
1 end ft. 2806.5 2805.1 


barrel end .. és ee +. 8q. 
Ratio of ‘0 al fire-box surface to surface 
eff- ctive in transmitting heat to fire- 
boxend .. os oe si - ILi4tol 115tol 
The two compartments of each boiler were fed sepa- 
rately and this feed measured, but as part of the heat 
transmitted from the box ed through the back tube- 
plate into the barrel, the measured feed had to be 
corrected for this. This was done by multiplying the 
measured evaporation by the ratio above ; a proportional 
deduction was made on the evaporation measured for the 
barrel. After the barrel tions had begun to make 
steam, both portions of the boiler delivered steam of 
about the same quality. : ’ 
The first series of tests was made with oil fuel, having 
a calorific value of 19,195 B.Th.U. per lb., and an 
ultimate analysis as follows :—Hy . 12.39 per cent. ; 
carbon, 8685 per cent.; sulphur, 0.29 per cent.; total, 
99.53 per cent. Its specific gravity (at 15 deg. Cent.) was 
0.8875, and flash-point 60 deg. mt. The principal 
ures of this series of tests are given in Table I. here- 
with, in which the designation terminal letter ‘‘J” 
denotes a test on the Jacubs Shupert boiler, and ‘‘ R ” one 
on the radial-stay boiler. The evaporation per pound of 
fuel varied from 15.9 lb. to 13.2 lb. of water. The thermal 
efficiency of the Jacobs -Shupert boiler under low rate 
was 80 per cent., and at high rates above 70 per cent. 
When evaporating 20,000 Ib. of water per hour the rate 
was 14.14 fe. of water per pound of oil. In later tests the 
evaporation for 1 Ib. of Dundon coal was 8.3 Ib., so that 
1 Ib. of oil is equivalent in locomotive service to 1.7 1b. of 
high-grade bituminous coal. At low rates of firing 54 per 
cent. of the total evaporation was from fire-box surface. 
At high rates the fire-box was responsible for 40 per cent. 
of the total output. From these tests it is concluded that 
when firing at the rate of 2200 1b. of oil per hour the 
Jacobs-Shupert boiler would give the following results :— 
(a) An evaporation of 40,000 lb. of water per hour, of 
which 16,000 Ib. would be derived from the fire-box, and 
24,000 Ib. from the barrel; (5) the boiler would ee oe | 
u 


1200 horse-power, nearly 500 horse power being prod 
in the fire-box; (c) tae average rate of evaporation per 
foot of heating surface per hour for the whole boiler would 


be 9.78 lb.; (d) the rate rate par square foot per hour 
of fire-box surface would be 49.59 Ib., and of tube surface 
6.47 lb.; (e) the ratio of he.t absorbed per foot of heating 
surface by the fire-box to that absorbed per foot of tube 
heating surface is as 7.6 to 1. 

The tests with oil were followed by tests with two 
classes of coal—viz., Dundon coal and Scalp Level coal. 
The former is a long-flamed coal, and the latter a short 
flamed quality. Their analyses are as follow :— 

Dundon. Scalp-Level. 
per cent. per cent. 
4 


Fixed carbon .. ee oe we 9.54 75.90 
Volatile matter ¥“ R ; 34.34 16.45 
Moisture ay - es - 3.38 2.15 
Ash on 12.74 3.50 


The Scalp Level coal had a calorific value of between 





14,380 and 14,660 B.Th.U. per pound of coal as fired, and 
the Dundon coal of between 13,065 and 13,542 B. Th. U. 

The principal of these tests are given in 
Table II., herewith, D signifying a test with Dundon 
coal, and S.-L. one with Scalp-Level coal. At low rates 
an evaporation of more than 10 lb. of water per pound of 
coal was obtained with either boiler. For all tests the 
evaporation was normally above 8 lb. The thermal 
efficiency is from 8 to 10 per cent. less than when oil fuel 
is used. The short-flamed coal is at a distinct disadvan- 
tage in giving up heat to the fire-box, the tests with Scalp- 
Level coal showing about 8 per cent. less evaporation 
from the fire-box surface than when Dundon coal was 
used. When fired with Dundon coal at a rate corre- 
— to the combustion of 4341 lb. per hour: (a) the 

acobs-Shupert boiler would evaporate 35,405 lb. of water 
per hour, of which 11,982 ib. would be evaporated from 
the fire-box, and 23,423 lb. from the tubes ; (b) the boiler 
would develop 1026 horse-power, of which 304 horse- 
power would be produced by the fire-box ; (c) the average 
rate of evaporation for the whole boiler would be 11.77 lb. 
per sq. ft. of heating surface; (d) the average rate of 
evaporation would be 51.92 lb. per sq. ft. of fire-box 
heating surface, and 8.43 lb. per sq. ft. of tube heating 
surface ; (e) the rate of heat absorbed per sq. ft. of fire- 
box heating surface to that absorbed per sq. ft. of tube 
surface is 6.15 to 1. 

Comparison of the Performance of the Two Fire-Boxzs. 
—The Jacobs-Shupert and radial-stay fire-boxes were con- 
structed to have the same over-all dimensions Their 
projected areas are substantially the same, but the deve- 
loped area is larger in the case of the Jacovs-Shupert box, 
owing to the curved form of the elements. The increase 
thus obtained is 11 per cent. The tests do not show con- 
clusively that the absorbing capacity of one form of box 
is greater than that of the other. 

Evaporative Tests of a Jacchs-Shupert Bouler and a 
Radial-Stay Boiler.— At the conclusion of the tests above 
described others were made with Dundon and Scalp-Level 
coal to determine the evaporative capacities of the two 
boilers in their normal state—i.e., without the partitions. 
Twelve tests were made without brick arches in the 
boxes, and subsequently eight tests with arches in use. 
From the tests without brick arches it is evident that 
the efficiency of a locomotive boiler is highest when the 
po developed is least. One test on the Jacobs-Shupert 

iler gave the following results:—Firing at a rate of 
1315 1b. of moisture-free coal = hour, the boiler (a) evapo- 
rated 15,293 lb. of water ad our ; (6) evaporated 5.08 lb. 
of water per sq. ft. of heating surface ; (c) evaporated 
11.01 lb. of water per pound of coal; (d) developed 
443 horse-power ; (e) developed an over-all efficiency of 
71.86 per cent.; (f) developed an efficiency, excluding the 
grate, of 79.75 per cent. 

The precise effect produced by increasing the load upon 
a boiler is well shown by the values of the heat balance 
for several tests run with Scalp-Level coal. Four tests 
gave the following results :— 


Pounds of coal fired perhour.. 1,389 3,4 9 5,930 16,314 
Thermal units per Ib. of coal: 
(a) Absor' by water in 

boiler .. ae .. 10,687 9,327 7,532 7,388 
(b) Lost by moisture in coal 8 34 37 33 
(c) ” 9 air.. 49 -53 114 64 
e » hydrogenincoal 486 497 900 514 
e ’ 


smoke-box gases 1,979 2,731 3,992 4,675 


(Sf) +, incomplete com- 

bustion is 78 — _— — 
(9) ‘ cinders passing 

up stack es 153s 851_-—«:1,078~=—s:11,012 
(A) », Combustible in 

. o EW 679 291 185 
@ » Yadiation and un- 


205 647 881 788 


accounted for . 


Total B.Th.U. per lb. of 
coal os ee .. 14,872 14,719 14,425 14,654 


The results of the two boilers as regards water evaporated 
wd pound of coal agreed very closely. The long-flamed 

undon coal gave a higher evaporation than the Scalp- 
Levelcoal The chief figures for the tests are presented 
in Table III. In the tests with brick arches, the form of 
arch used was that supplied by the American Arch Com- 
pany. That installed in the Jacobs-Shupert boiler is 
shown in Figs. 6,7, and 8, page 583 ; that in the radial-stay 
boiler was similar. In these tests the highest rate of 
power of the whole series was developed. Firing at the 
rate of 6553 Ib. of moisture-free coal per hour, the Jacobs- 
Shupert showed (a) an evaporation of 57,564 lb. of water 
or the equivalent of 19.13 lb. of water per sq. ft. of 
heating surface ; (b) the development of 1669 horse-power 
or 1 boiler horse-power for each 1.8 sq. ft. of heating 
surface ; (c) an evaporation per pound of coal, notwith- 
standing the high rate of work, of 8.78 lb. of water ; (d) an 
over-all efficiency of 65.34 per cent. for the boiler, or, 
exeluding the grate, of 67 per cent. 

1t is unusual for boilers to be driven at such rates of 
power. Atthe Purdue locomotive-testing plant, as the 
result of its first fifteen years of operation, the highest 
evaporation record was 14.45 lb. of water = square foot 
of heating surface, obtained with Youghiogheny coal. 
The report of the Pennsylvania Railroad po of 
the St. Louis tests shows that the N. Y.C. and H.R.R.R. 
locomotive No. 3000 had, during those tests, been forced 
to a rate of 16.34 lb. per sq. ft. of heating surface. It is 
in comparison with these record-breaking performances 
that the rate of 19.13 lb. obtained with the Jacobs- 
Shupert boiler at Coatesville is to be considered. The 
results of these tests show that the Jacobs-Shmpert and the 
radial-stay boilers operate at practically the same effi- 
ciency ; under very high rates the former has a slight 
advan’ The superior strength of the Jacobs-Shupert 
boiler allows it to fired to very high limits of power 


withont injury. Its strength thus becomes an indirect | 








factor in sulting its capacity. In this respect 
a of that boiler excels that of the sadial-etey co 
he Brick Arch asa Factor in Boiler Performance.—The 
effect of the brick arch is shown in Fig. 9. It was to 
increase the evaporative efficiency of the boilers. With 
Scalp-Level coal the result was to increase the evapora. 
tion per pound of coal by about 0.6 lb. of water. When 
firing at a rate of 65001lb. ef that coal per hour, the 
evaporation would be 7.35 lb. of water per pound of 
coal without the arch, and 7.95 lb. with the arch, a 
gain of 8 per cent. At lower rates the percentage of 
the gain is less, and for this coal it may be said that the 
addition of the arch results in a gain of from 5 to & per 
cent. The tests made with long-flamed Dundon coal 
showed the arch to result in a gain of 12 per cent, 
The difference in the results of the two coals is doubtless 
to be found in the manner in which the coals burn. The 
benefits to be derived from the presence of an arch—the 
longer flame-way, the better mixing of the gases, the 
conserving of high furnace temperatures—are all matters 
which affect the combustion of Dundon coal favourably, 
The long-flamed coal, being in greater need of these 
a naturally profited most by the presence of 
@ arch. 










































































TABLE I. 
¢ = = i Zs ° 
é 2  EquivalentEva- 2.5 ge i$cgs 
= = ration perSq. & S424 (fs... 
° t. of Heating oc ga Foes 
§ & Surface per Hour. 9.2 |. ry | OS 8 
3 i SS a 82513 o5..5— 
E z ss" ge_. 5"238 
= E | Fire- | Bar- Oe 2283 |Fn£Re 
8 = Box. | rel, Tl soe 235 Esuee 
a o | a g Bm 54826 
Ib. | Ib, Ib. Ib. Ib. 
A--1 J 736 | 2669/ 2.02 | 3.90 62.27 15.96 80.48 
A-2—J 1458 | 45.18 | 4.14 | 7.29 47.54 | 15.10 | 76.35 
A—2—J 1399 | 3995| 4.19 | 694 4427 | 14.92 75.44 
A--4—J 2156 | 50.62 655 | 9.93 3911 | 18.86 | 70.05 
A—5 J | 2117 | 48.55} 639 963 38.70 1368 69.15 
A—6—R | 790 /38.45/ 2.00 4.18 65.48 | 15.77 79.72 
A—7-R | 1504 | 47.14) 4.37 | 7.33 44.52 14.55 73.55 
A—8—R = 1440 | 52.96 | 3.86 7.27, 50.49 15.06 7614 
A-9—R 2106 | 87.78 | 5.71 | 9.81 4297 | 13.20 | 66.70 
Taste II. 
| = Rijn te 5 Lh 
° J oS, e-) 
‘ 3 cL: 
o & .| Equivalent Evapo-| = ae 258% 
e 2 .4| ration per Sq. Ft. £2 Bs scee 
° - \Ezs of Heating Surface RE | ™° SEzE 
= 2 [=| per Hour. S28) 25 Saad 
3 So jek #8] is S36 
= 5 2s3 -—- oS) $5 5335 
2 2 SEs | pire Bar CESS 222, 
& i Seo Box. | rel, [Total. $ 5 | a Eoga 
Ib. | Ib. Ib. | Ib. Ib. 
A—101—J | 8.L. | 23.3 | 26.64| 301 | 482) 42.36/ 10.96 71.62 
A—102—J| D. | 28.6 | 30.69] 263 | 4.74) 4874/ 879! 62.01 
A—103—J| S.L. | 44.0 | 3877] 6.90 | 842)| 35.33/1014 65.79 
A—104—J} D. | 52.6 | 42.57] 5.71 | $54 / 33.27) 8.5¥| 67.39 
A—105—J| D. | 74.4 | 51.92] 8.43 | 11.77 | 34.84) 8.38) 58.65 
A—106—J| D. | 773 | 5215] 8.04 | 11.43 | 350:| 7.83| 5512 
A—107—k| D. | 20.6 /34.9)] 271 | 4.95 | 4893! 858 60.22 
A—108—R| 8.L. | 24.7 | 30.88] 3.10 | 5.03 | 42.64! 1046) 68.65 
A—109—R} S.L. | 41.6 | 37.42 | 6.91 | 810) 32.01/ 9.99) 64.68 
A—110—R| D. | 48.7 | 47.64] 5.25 | 8.19/ 40.30) 8.62) 60.51 
A--111--R} D. | 78.1 | 68.02 | 8.56 | 11.99 | 33.52| 842) 61.10 
A—112—h| D. | 7L1 | 58.26 | 8.48 | 11.58 31.86 | 8.35 60.09 
Tasie III 
- |S £5 |€o aoa 
48 32 26 38 | As § 
yey OL 2s. oS 23 2 e 
: © bgeeg g2s| fee) 
e oS ism eise eae & |\“s & 
4 Es Sess ask! 2 | 32 
8 3 Zz ole 3 ry = art) o_ Z - z 
& ‘Hy ese 2| = cig 
3 - Et sskiad = Ee ; 
£ S Ssaeiegs°~ Seno < 2 o¢ 
2 6g S..Sttgefs.s) ¢ FE 35 
— So s. eg! > e 
& mz gebgkagsagse! 5 5” § 
Ib. | Ib. | 
Without Arch in Fire-Boz. 
B—201I—J _  S.L. ; 24.45; 5.08; 6.8 | 11.01, 71.86, 08 497 
B—202—J | S.L. | 60.18) 10.92} 3.2 | 9.61 63.37) 2.9 | 601 
B—203—J | S.L. | 78.63, 13.28 / 2.6 | 8.95 /58.29) 5.0 | 625 
B—204—J S.L. | 104.88) 15.81| 23 | 7.77 | 52.23) 62 | 632 
B—205—J 8.L. /111.14) 15.98) 2.2 7.61 | 50.41; 6.8 | 662 
B—206—R | S.L. | 22.04) 501) 69 | 11.68 | 76.62| 0.8 558 
B—207—R | S.L. | 52.46, 9.75| 3.5 | 9.54 62.26, 3.2 | 622 
B—208—R | S.L. | 92.80 14.97) 23 | 828 54.64) 5.5 | 620 
B—209—R | 8.L. | 93.31, 14.21 | 2.4 | 7.81/5225| 6.4 | 647 
B—30I—J | D. (116.72 16.83) 21 | 7.63 56.54, 6.8 | 632 
B—302—R DP. | 9429 14.87/ 2.3 | 8.09 59.23) 5.7 | 662 
With Arch in Fire-Box. 
B—401—J | 8.L. | 24.06) 5.21) 6.6 11.47 | 74.82; 1.0 | 525 
B—40’—J | 8.L. | 50.27) 10.13| 3.4 | 10.67 69.79' 39 589 
B—403-J | 8.L. | 94.8115.19| 23 | 849 56.76 6.9 686 
B—404—J | 8.L. |103 63 17.21) 2.0 | 879 57.00 87 704 
B—405—R | 8.L. | 22.71, 5.18! 6.7 |11.70| 76.50 0.9 524 
B—406-R | S.L. | 5031) 10.04) 3.4 | 10.24 67.42, 37 630 
B—407—R | 8.L. | 87.16) 15.01; 23 | 884 (58.87 6.7 677 
B—501—J 9.3 , 730 


D. (115.35 19.13 1.8 8.78 | 65.34 





Low-Water Tests.—On page 58 of the last volume of 
ENGINEERING a full account was given of the low-water 
tests made at Coatesville on the two boilers described 
and dealt with above. The results are depicted graphi- 
cally in Fig. 10, which shows the rate of the fall of water: 
level below the crown as the firing was continued, 
the pressure record. The Jacobs-Shupert boiler continued 
at work until stopped, when the water was about 35 in. 
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below the crown level, the test having then continued for 
53} minutes after the water had ed from the crown. 
The test was discontinued because the steam pressure 
had fallen so low that there was no object in carrying 
it further. The radial-stay boiler failed some 18 minutes 
after the water had left the crown sheet. Fig. 11 shows 
the condition of the Jacobs-Shupert box after the test. 
The sections most affected disclosed a curvature which 
dropped half an inch more than that originally given. 
Notwithstanding the high temperature to which this 
fire-box was subjected, the colour of newly-heated steel 
nowhere extended around the section to a stay-sheet, nor 
was there any point on the canlking edge of the stay- 
sheets which had been heated beyond a temperature 
resulting in a reddish-brown colour. Nothing in the 
appearance of the sections or of the stay-sheets indicated 
the presence of the least leak through the crown. The 
buck tube-sheet retained very nearly its original shape. 
Four of the upper tubes had collapsed just inside the 
tube-sheet, and fourteen others were found pulled apart 
inside the sheet. The weld between the tube and the 
sheet was not disturbed in any case. .The actual rupture 
of the tubes that failed is supposed to have taken place 
during the cooling of the boiler. Tubes within the heated 
zone were found to have deflected downwards. So far 
as the fire-box construction was concerned, the Jacobs- 
Shupert boiler, at the conclusion of the test, was in a con- 
dition fit for operation. j 

The radial-stay boiler failed by the pocketing of a con- 
siderable section of the crown, as shown in Fig. 12. This 
section embraced 188 crown-stays and stay-bolts. The 
button-headed stays failed by breaking above the sheet, 
and the flat-headed stays pulled through the sheet. The 
sheet it-elf did not crack or rupture, and as far as could be 
determined no button-hexded stays pulled through the 
sheet. The te area of the openings vacated by 
stay-bolts was approximately 186 * in. The tube-sheet 
had retained its original form. Only afew tubes showed 
signs of having been overheated. None had sagged, and 
all were as secure in the tube-sheet as when originally 
welded in. The crown-sheet was of material which, on 
testing bafore heing used in the boiler, gave an ultimate 
strength of 56,970 lb. persq. in. and an elongation of 25 per 
cent. The carbon content was 0.16 per cent. ; manganese, 
0.42 per cent. ; phosphorus, 0.02 per cent. ; and sulphur, 
0.024 per cent. The stay-bolts were of Taylor stay-bolt 
iron, and fully up to the highest standard practice. The 
test shows that when, through the receding of the water- 
level, the heated zone had extended downward sufficiently 
to include the upper portion of the crown, and to take 
in only the upper rows of the tubes, the radial-stay fire- 
box failed, though new and in perfect condition, and 
possessing material advantage over the average radial- 
stay box in service. 

The Circulation of Water in Locomotive Boilers.—It has 
been urged that the presence of the stay-sheets in the 
Jacobs-Shupert boiler retards the circulation, and that 
they are therefore objectionable. The stay-sheets con- 
sist each of a comparatively thin plate extending from 
the fire-box to the shell of the boiler. From the mud- 
ring upward a stay-sheet is pierced at regular intervals 
with ports which are approximately 3 in. square. The 
bridge between the ports is normally 3.5 in. in width 
Actual dimensions taken from a stay-sheet show the 
following areas :— 


Port No. 1 centre, 2.0 in. above the mud-ring ; area, 11.08q. in. 
2 


cs 


ba ” f° ” . ” 
2 


0 
» 155 ” ” 8.6 ,, 
4 > 22.0 > . 90 ,, 
5 ae 28.5 9.0 ,, 
6 , 35.0 08 ,, 
7, <a a “ 10.1 ,, 
& »« 2 a ie 10.5 ,, 
o- + «@ 54.6 be a 10.9 ,, 
» 10 , @s a is 16.5 ,, 
» 1 » 87 _ me 18.0 ,, 
Total port area in water-leg of one side RIES 
Totalarea of ports in water-space of boiler 223.6 ,, 


The ports taken into account above are those below the 
water-level only; there are others in the steam-space. 
Assuming that vigorous longitudinal currents are neces- 
sary in the water-leg of a locomotive boiler, the Jucobs- 
Shapert design provides port area which, under a head 
assmall as ;}, ft., will suftice to a volume of water 
equal to that contained by the boiler in about 70 seconds. 
n the commie | boiler the stays are thickly set ; there 
are 2} courses of stay-bolts where there is one stay-sheet 
in the other boiler. As regards horizontal movement of 
Water, the largest openings are certainly in the radial- 
stay boiler, but the differences are not great. For ver- 
tical movements the Jacobs-Shupert box is the better 
suited. Mr. G. Fowler made some investigations into 
the question of the circulation in the two boilers tested, 
with the result that it was found that there were no 
Violent circulation currents set up. The fore and aft 
movements appear to be no joey than is necessary to 
Convey the required amount of feed from the front portion 
of the boiler, where it is delivered, towards the back, 
H itis evaporated. The stay-sheet ports in the Jacobs- 
bupert boiler may be considered to be entirely sufficient. 
Awd seventh alone, ie. oder ened @ Phot-tebs 
: ment, the tu ing through plugs screw 
into holes drilled in various parts of the fire-box shell. 
= flow of the mass in the water-leg was measured by 
Pitot tube and a U tube containing tetrachloride of 
n, and the quality of the liquid (¢.e., the proportion 
of contained water and steam) determined by a barrel 
meter. The Pitot tube could be moved in and out, 


% that its mouth could be placed near the inside sheet, or 
anywhere across the width of the water-space. It could 
> mn turned round on its axis, so that the direction of 


cated a regular but slow movement from front to back of 
the fire-box. The flow was by cross-currents, but 
in no place were the currents torrential, neither was the 
steam movement rapid. There were indications in places of 
true circulation with upward currents next the fire-box 
sheet, and downward flow next to the shell-plating. The 
velocities of flow measured ranged from 0.48 ft. per second 
to about 2.6 ft. per second. The opening of the safety or 
steam-valve accelerated the flow. The rate of movement 
was more rapid in the yan | than in the Jacobs- 
Shupert boiler, but in both types there was ample oppor- 
tunity for the water to come back and completely fil the 
leg. When pressure was being raised the water seemed 
quite stagnant. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on Friday, April 11, at the Im- 
perial College of Science, Professor C. H. Lees, F.R.S. 
Vice-President, in the chair, a paper on *‘ Errors in 
M tic Testing Due to Elastic Strain,” by Mr. A. Camp- 
bell and Mr. H. C. Booth, was read by Mr. Campbell. 

In magnetic tests on sheet material considerable errors 
may occur if the sheets or strips are tested while in bent 
form. These errors, which are in general agreement with 
the known effects of com ion and tension, were inves- 
tigated experimentally with one or two forms of magnetic 
circuit similar to those sometimes occurring in practice. 
In one method a single length of the strip was bent into 
ring form with ends clamped ether. This was wound 
with flexible primary and secondary coils, and tested for 
permeability and om while in the condition of 
temporary strain. The temporary strain was then an- 
nulled by mpey ae the circular form into a square by 
sharp bends at four places. The magnetic tests were re- 

ated, and usually a considerable alteration was observed. 

or example, a silicon-iron ring, 0.3 mm. thick and 50 cm. 
in diameter (the size used in Richter’s method of testing 
hysteresis and eddy current losses), showed a decrease o! 
40 per cent. in the permeability for H = 1 due to the 
bending. The hysteresis loss was increased by 19 per 
cent. In another method the ends of two strips were 
clamped in yokes, and tests were made with different 
amounts of bending. It was found that temporary strain 
has considerably greater effect on the permeability than 
equal permanent strain has. 

A ‘ Note on Cathodic Sputtcring” was read by Dr. 
G. W. C. Kaye. 

The paper gives an account of the volatilisation of an 
aluminium cathode in a discharge tube containing helium. 
The sputtered deposit on the g indicates that, under 
the conditions which prevailed, the disintegration was 
restricted to the edges of the cathode and did not occur 
elsewhere. Accordingly the complete outline of the 
cathode (made by rolling a sheet of aluminium into a 
nearly complete cylinder) was traced out by the deposit 
on the walls of the tube. 

A paper on “ Vibration Galvanometers with Unifilar 
Torsional Conirol” was read by Mr. A. Campbell. 

The author exhibited a moving-coil vibration galvano- 
meter in which a novel principle is used to obtain the fine 
adjustment of the control torque requisite for accurate 
tuning. H+ has found that in a phusphor-bronze strip 
under tension the torsional rigidity is considerably in- 
creased as the tension is raised. This anomalvus behaviour 
of such strips has also been noticed by other observers 
(H. Pealing, ‘* Phil. Mag.,” March, 1913). If unifilar 
(strip) suspensions are used in a vibration galvanometer 
(whether of moving-coil or moving-iron type) the tuning 
can be done in just the same way as with bifilar suspen- 
sion. In the moving-coil instrument minute hook; on the 
ends of the strips en in contact hooks at the top and 
bottom of the coil, which is easily detachable. 

With a mirror of 15 sq. mm. area, at 100 periods per 
second, a sensitivity of 50 mm. ata metre per micro- 
ampere can be obtained, the effective resistance being 
about 700 ohms. 








Tue Surveyors’ Institution. — The next country 
meeting of this Association will be held at Oxford on 
Friday, May 23, and the following day. The Randolph 
Hotel will be the head-quarters of the Institution during 
the visit. By kind permission of the Mayor, the assembly 
rooms in the City Buildings will be placed at the disposa 
of the Institution for the meeting on the morning of 
May 23, when the Mayor (Councillor S. Hutchins, J.P.), 
and the Vice-Chancellor of the University (Dr. O. B. 
Heberden, Principal of Brasenose College), will offer an 
official welcome on behalf of the University and City of 
Oxford to the members at the City Buildings. The 
remainder of the morning will be devoted to the reading 
and discussion of papers of interest to the profession. 
Visits to various colleges and to other places of interest 
have arranged. 





Romapac Tramway Raiis.—The Scientific American 
Supplement for March 29 gives an account of the manner 
in which an order for laying Romapac tramway rails in 
Chicago was executed. he draft of the agreement for 
laying four miles of track on this system was drawn up on 
August 17, 1911, and between that date and October 20 
the necessary rails were rolled in America, & crimp- 
ing-machine altered to suit the Chicago section, and 


1 | Caminhos de Ferro do Estado, Lisbon. 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 
Wegive below a few data on several colonial and foreign 
queue, projects, taken from the Board of Trade 
. Further information i 


i concerning these porsents 
can be obtained from the Commercial Intelli, ranch, 
Board of Trade, 73, Basinghall-street, ion, E.C, 

South Africa: With reference to the delay in the 
delivery from oversea of material ordered for the South 
African Railways, H M. Trade Commissioner points out 
that manufacturers in the United Kingdom would do 
well to take advantage of the sympathetic attitude of 
the South African Railways Administration towards 
British-made goods by meeting ir requirements. 
H.M. Trade Commissioner writes that a firm at Johannes- 
burg are desirous of acting as agents for United King- 
dom manufacturers of railway material and supplies who 
wish to sell their s to the South African Railways 
Administration. The firm are stated to have good con- 
nections in the Union. The name and address of the firm 
may be seen by United ya manufacturers and 
contractors at the Commercial Intelligence Branch of the 
Board of Trade. 

Australia: With reference to the Eyre’s Peninsula 
Railway Commission it is notified that a copy of the final 
eee of the Commission has been received from the 
office of H.M. Trade Commissioner for Australia. This 
— recommends, inter alia, the construction of a 
3-ft. 6-in. gauge railway from the Darke’s Peak Railway, 
at about the centre of the hundied of Smeaton, through 
the northern part of Campoona, the centre of Man, 0, 
and north-easterly through Miltalie into the hundred of 
Glynn ; the surveying of a route for a railway from the 
hundred of Glynn through Iron Knob to Port Augusta ; 
and the improvement and extension of shipping accom- 
modation at Port Lincoln, in anticipation of the increased 
traffic which will be drawn to that port. 

Germany: The Acting British Consul at Dantzig 
reports that, owing to the large increase in the railway 
traffic in the free harbour at that port, the question of 
considerably enlarging the harbour basin used for transit 
traffic is under consideration. The usable quay frontage 
at present is 1000 m. (1093 yards). 

ctherlands: The Nederlandsche Staatscourant pub- 
lishes the terms of an agreement entered into between 
the Ministerie van Waterstaat and the Centrale Lim- 
burgsche Spoorweg (Stoomtramweg) Maatschappij, of 
Roermond, whereby the latter engages to construct and 
work a railway from Roermond to the Belgian frontier, 
in the direction of Kessenich. 

Russia : H.M. Embassy at St. Petersburg report the 
recent publication of an Imperial authorising the 
town of Rybinsk to issue a municipal bond loan of about 
600,000 roubles (about 63,3007.) for the reconstruction of 
the river port there. Another decree has also been autho- 
rised by which the Municipality of Samara is empowered to 
raise a loan of 1,985,000 roubles (about 209,500/.), of which 
1,000,000 roubles (about 105,500/.) will be devoted to the 
amortisation of a debt incurred for the construction of 
barracks, and the remainder will be utili-ed for the con- 
struction and restoration of various municipal buildings. 
[t should be noted that, according to a Government cir- 
cular, municipal public works performed by means of loans 
must be carried out, save in very exceptional cases, by 
means of home industry. 

Portugal : The Diario do Governo, Lisbon, publishes 
& notice authorising the Director-General of Public 
Works and Mines to invite tenders for the construetion 
and working of a railway from Toma to Nazaré, with a 
branch line to Leiria, to form part of the complementary 
railway sy: tem comprised in the district situated between 
Tejo and Mondego. The date for the submission of 
tenders must be not less than sixty days from the publi- 
cation of the notice. Tenderers will be required to make 
@ provisional deposit of 8000 milreis (about 1530/.), which 
must be doubled by the successful tenderer. line 
will be of 1-metre gauge. Exemption from customs duties 
on permanent-way material and rolling-stock will be 
granted during the term of the concession. Local repre- 
sentation is necessary. The Diario also notifies that 
tenders are to be submitted within sixty dave from 
March 29 for the construction of the Portalegre Railway. 
Tenders should be addressed to the Administra¢io dos 
Local represen- 
tation is also necessary. 

Panama: H.M. Legation at Panama report that the 
National same has passed a Law (No, 57 of 1912), 
dated December 28, 1912, authorising the carrying out of 
public works in various parts of thecountry. The works 
include the construction of aqueducts, roads, bridges, 
wharves, public buildings, school houses, and hospitals, 
acetylene and electric-lighting installations, drainage 
works, artesian wells, telegraph and telephone lines, 
water supply, beacon lights, &c. 


Brazil: The Diario publishes a decree (No. 10,133) 
approving the final plans and estimate of 3,325,747 
milreis (about 221,700/.) for the construction of a section, 


654 miles long, of the Coroata-Tocantins Railway. 








Tur Wor.p's Gotp.—The production of gold in the 
world has been as follows in the ten years ended with 
1912, inclusive :— 





shipped from Leeds to Boston, U.S.A. Efforts were 
made to get the cases through the customs, and toconform 
to all the regulations, and work was actually commenced 
on October 20. The machine, designed for work on .| 
lighter section, had some difficulty in standing up to the 
work, but a mile of track was completed before severe | 
weather put an end to operations. In the following year | 





‘pew could be ascertained by the resulting effect in 
tube. Mr. Fowler concluded that his results indi- 


ther three miles of line completed. 





a Ty electrically-driven machine was put to work, |Of the gold produ 
and the o 


Year. Value. Year. Value. 
£ & 
1903 14,092,784 1908 .. 34,746,238 
1904 .. s 17,685,682 1909 .. 35,41 3.248 
1905 .. - 23,339 004 v0... ° 36,070,912 
1906 .. ‘ 25,072,749 Wil .. - 89.754,899 
1907 . 82,604,696 1912 . 48 729,020 


ced last year, 37,182,795/. became 


available in the Transvaal. 
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CATALOGUES. 


Wire Ropes.—We have received from Messrs. George 
Cradock and Co., Limited, of Wakefield, a pamphlet 
giving particulars of locked-coil wire-ropes suitable for 
winding, sinking, aerial ropeways, guides, &c. Weights 
and breaking loads for ropes ranging from § in. to 2} in. 
in diameter are given. 

Electr ica 'ly-Heated Ca é&c,—F rom the Schniewindt 
Electric Company, 40 and 41, Staniforth-street, Birming- 
ham, we have received a circular relating to ‘‘Stan- 

rotherm ” electrical]ly-heated ts, rugs, mats, &c. 

he circular points out their advantages, illustrates 
some of their applications, and also states prices. 


Fire-Brick Cement.—A circular to hand from the 
Smooth-On Manufacturing Company, whose London 
address is 8, White-street, Moorfields, E.C., gives parti- 
culars of one of their latest productions—a cement for 
setting and coating fire-bricks in boiler and other fur- 
naces. Directions for using the cement, which is known 
as “‘Smooth-On Cement No. 8,” are also given. 


Small Tools, 4c.—From the Brooke Tool Manufac- 
turing Company, Limited, of Belgrave-road, Birmingham, 
we have received a number of pamphlets giving prices 
and particulars of twist-drills, shell-reamers, arbors for 
reamers, taps and dies, metal-slitting saws, solid or split 
taper pins, &c. Another leaflet relates to asmall rotar 

ump for supplying oil, suds, or water to machine too 
or lubricating and cooling the cutting tools. 


Joint-Box Compound.—Two pamphlets to hand from 
the Dussek Bitumen Company, Canal Bank, Deptford, 
S.E., relate to their ‘‘Trinidite” insulating compound 
for joint-boxes of electric mains. One of these pamphlets 
givesa list of users of ‘‘ Trinidite,” and includes numerous 
testimonials from them, while the other contains some 
general notes on the selection of joint-box compounds, 
together with the results of resistance and pressure tests 
made on the firm’s compound. 

Overhead Runways and Lifting Tackle.—A circular, 
illustrating installations of their overhead runways in 
warehouses, stores, factories, newspaper-printing offices, 
&c., has been issued by Messrs. Arnold Goodwin and 
Son, Limited, Sumner-street, Southwark, S.E. The cir- 
cular also gives particulars, including prices, of ‘‘ Beatall ” 
lifting-blocks and travelling-carriages for use on overhead 
runways; those listed are suitable for loads up to 74 tons. 
A price list of chain-slings is also given. 

Railway Rolling-Stock and Bridges.—From the Metro- 


politan Carriage, Wagon, and Finance Company, Limited, | 14, 


of Saltley, Birmingham, we have received the first three 
of a series of pamphlets they intend to issue from time to 
time to illustrate work recently completed or under con- 
struction by them. The examples illustrated include a 
sleeping-coach and private saloon-car, a 50-ton self-dis- 
charging coal-wagon, steel and timber goods-wagons, and 
other rolling-stock, as well as railway and road bridges, 
lifting-bridges, swing-bridges, and other structural steel- 
work. We understand that the concern, through their 
fi depart t, are ne to arrange special 
; ng of payment for rolling-stock, &c., supplied by 
them. 

Belting.—We have received from the Bell Rock Belting 
Company, Norton Works, Gravel-lane, Salford, Man- 
chester, a booklet calling attention to the merits of their 
** Zenith ” textile belting for power transmission and con- 
veyors. The hg is impregnated with a rving 
compound, which, the makers state, renders it entirely 
water-proof, impervious to moisture, and proof against the 
aoe of an: — gases, vot It is also c ~— to 

ave exceptionally great st » gripping power, dura- 

bility, and plisbaltty, and also to + non-stretchable, 
uniform in thickness, and quite straight. Prices are 
stated for belts ranging from 1 in. to 32 in. in width, and 
from 8 ply to 10 ply in thickness, 

Power Hammer.—A four-page circular relating to the 
‘* Atlas” power hammer, has come to hand from Messrs. 
W. A. Walber and Co., 38, Victoria-street, Westminster, 
S.W. These hammers are of the spring type, in which 
the ram is connected to a rotating crank disc by a combi- 
nation of levers and helical springs, by means of which, 
it is claimed, a perfect ‘‘ whip” stroke is obtained. The 
hammer is driven by belt through a friction-clutch, which 
is controlled by a foot-lever conveniently placed for the 
operator. Three sizes are made, in which the weights of 

e rams are 60, 100, and 160 lb. respectively. The 
smallest size will take work up to 4 in. square, and is 
capable of drawing out a 2 in. square bar 6 in. long to a 
length of 3 ft. in one heat ; the other machines will forge 
work up to 5 in. and 6 in. square respectively. 

_Automatic Motor-Starters.—A four-page pamphlet, 
giving prices and pa*ticulars of automatic starters for 

irect-current motors, has come to hand from British 
Insulated and Helsby Cables, Limited, of Prescot, Lan- 
cashire. The motor is started by closing the main 
switch, and thereby energising a solenoid the iron 
plunger of which normally floats upon a column of mer- 
cury. When the plunger is pulled down by thesolenoid, 
the mercury nang dis flows into a separate con- 
tact chamber and gradually cuts out the resistance 
units as it rises. The starters are quite complete and 
self-contained, including double-pole main-switch, over- 
load cirouit-breaker, and no-voltage release. The 
prices stated are for starters suitable for motors up to 
15 horse-power, and for pressure up to 500 volts. 


Oxy-Acetylene Cutting and Welding Plant.—We have 
received from the Acetylene Corporation, Limited, 49, 
Victoria-street, Westminster, S.W., a copy of their 
latest catalogue of plant for welding and cutting metals 
by means of the oxy-acetylene blow-pipe. Prices and 








eight sizes, having ca 


made if required. The catalogue also deals with port- 
able generators, universal blow-pipes, cutting blow-pipes, 
pressure-regulators, hydraulic back-pressure valves, 
other accessories. Instructions for use and notes on 
working are included, together with some information as 
to cost, Te: and speed ‘of work. Acetylene flare- 
lamps and hand-lamps are also listed. 


** Electric Control of Printina Machinery.”—A cop 


title has reached us from 
Company, Limited, of Bedford. After pointing out some 
of the advantages of electric driving for printing machines, 
and discussing the essential features of control gear, 


Igranic apparatus, and to show how it meets the require- 
ments of the printing trade. Among the apparatus dealt 
with in this way are ‘inching ” devices, automatic start- 
ing switches, speed - regulators, reversible controllers, 
brakes, overload-preventers, alternating-current control- 


advantages of the various types manufactured are pointed 
out. Several installations in which the company’s control- 


from photographs. A charge of 1s. is made for the book. 


Electrically-Heated Tools.—From Messrs. Scholey and 

., Limited, of 151, Queen Victoria-street, E.C., a cir- 
cular, giving prices and particulars of electrically-heated 
soldering irons, has been received. Eight sizes are listed, 
the smallest of which is equivalent to a 1 lb. copper bit ; 
the largest, which is suitable for heavy sheet-metal work, 
is equal to a 10 lb. bit. The circular also deals with 
special irons for soldering caps on tin cans, melting wax 
in connection with electrotyping, and burning off the 
ridges of the felt pads used on printing-machine cylin- 
ders, as well as with cauterising instruments for surgical 
purposes, and branding-irons for marking manufacturers’ 
or owners’ names on wooden articles, wood-handled 
tools, leather goods, &c. It is claimed that in all these 
tools the heating element is hermetically sealed, so as to 
be completely protected from chemical action and 
mechanical injury, and also so arranged that the heat 
— is concentrated on the tip or working face of 

6 tool. 


Locating Underaround Pipes.—A booklet describing 
the ‘‘ Wireless” Pipe Locator has reached us from 
essrs. Edwin A. Mansfield and Co., 12, Beckenham- 
road, New Brighton. The apparatus depends on the 
principle of electromagnetic induction for its action, and 
comprises an induction coil and battery, together with a 
search coil and telephone receiver. The induction coil is 
connected to any two points between which the lost pipe 
is known to run (say, for example, a bib-cock and a fire 
hydrant) and the search coil, to which the telephone re- 
ceiver is connected, is carried about in the intervening 
space. Anywhere in this — a buzzing sound will be 
heard in the receiver, but when the search coil is brought 
over the buried pipe, a sudden change in the sound is 
heard, and by means of the effect the position of the whole 
length of piping can, we understand, be determined with 
considerable accuracy. The booklet contains some testi- 
monials from users, and also includes a list of several 
gas and water supply companies in the United States 
who use the apparatus. 


Elevators, Conveyors, and Structural Steelwork.—We 
have received from Messrs. E. A. Reed and Co., Limited, 
14, Victoria-street, Westminster, S.W., a catalogue 
illustrating examples of elevators and conveyors for 
handling sacks, bales, boxes, &c. The illustrations in- 
clude slat conveyors, vertical box elevators of the swing- 
ing-tray type, horizontal conveyors for labelling and 
draining ttles, tray-conveyors, for coal &c., and 
a conveyors. The latter, which can be used 
‘or carrying boxes, crates, timber, &c., from one floor to 
a lower one, require no power for their operation. They 
consist of a series of tubular rollers running on _ ball- 
bearings, and carried by adjustable tubular standards. 
The boxes, &c., placed on the higher end of the con- 
veyor are propelled along its length, which may be curved 
if necessary, by gravity alone. Itis not necessary to bolt 
these conveyors to the floor, so that they can be moved 
about from place to place. The catalogue also illustrates 
examples of steel buildings, a steel 
chimneys, and sliding doors constructed by the firm. 


Cow -House Lighting.—Simplex Conduits, Limited, 
of 116, Charing Cross-road, W.C., have published an 
attractive little handbook for users and prospective 
users of electricity, and also for owners of private 
generating plants. The book deals, in simple, non-tech- 
nical lan with the methods of installing lighting 
and heating apparatus in a country house of Bex me 
size, showing, with the aid of numerous illustrations, 
what can be done and how to do it. The first part 
of the -book relates to the equipment of the house, 
treating the various be - aapege and outbuildings sepa- 
rately, and giving advice on the selection of fittings, 
es, and accessories ; the application of elec- 
tric-motors to the driving of domestic machinery is also 
dealt with. In later sections, information and useful 
hints are given on the selection of suitable generating 
plant, the question of maintenance also being dealt with. 
Al ther the average householder, after having perused 
this little publication, will probably be in a much better 
position to discuss his requirements intelligently with his 
contractor, and thus to obtain a satisfactory installation 
with the minimum ex iture. A nominal charge of one 
shilling is made for the booklet. 


switches, 








particulars are given of stationary generating plants in 
ities ranging from 15 to 120cubic 


feet of acetylene per hour ; larger sizes can, however, be 






y 
of the second edition of a little book bearing the above 
the Adams Manufacturing 


the book proceeds to illustrate and describe the Adams | pea, 


lers, and controllers for rotary presses. Separate chapters 
are devoted to each of these appliances, and the relative 


gear has been employed, are illustrated by reproductions 






Crushing Rolls.—The latest publication from the 
Sturtevant Engineering Company, Limited, 147, Queen 
Victoria-street, E.C., relates to their rock-crushing rolls. 

ese rolls are of the spring-halance type, four helical 
springs being provided to each bearing. © springs are 


and | strong enough to be practically inflexible to ordinary 


working stresses, but should anv uncrushable object enter 
the machine, they will give sufficiently to prevent break- 
age; the catalogue points out the many advantages of 
this design over crushers of the rigid type. Sturtevant 
crushers are fitted with dust-proof bearings of the loco- 
motive type, and the roll tyres, which are of manganese 
steel, are mounted on expanding centres. The design of 
the latter is such that, although the tyre is held very 
firmly under working conditions, it can easily be removed 
if necessary. Particulars are given of seven sizes. one of 
which is of the semi-rigid type, springs being fitted to the 
earings of one roll only in this machine. The smallest 
size has rolls 8 in. in diameter by 5 in. wide. and is in- 
tended for laboratory work, while in the largest size 
listed the rolls are 32 in. in diameter and 16 in. wide. 
The catalogue also gives fe ya of a device for grind- 
ing roll tyres in situ, and of ‘‘ Newaygo” screen separa- 
tors, ‘‘ hammer” screens, and ore-concentrators. 


_ Water-Level Recorders, Tide-Gauges, &c.—The Pala- 
tine Engineering Company, Limited, 10, Blackstock- 
street, Liverpool, have sent us a copy of a catalogue sec- 
tion illustrating. and describing the different forms of 
water-level recorders manufactured by them. Those first 
dealt with are suitable for recording the water-level in 
wells, reservoirs, &c., and consist of a vertical drum 
driven by clockwork, and carrying a paperchart on which 

a pen. This pen is made to follow the movements of 
a float on a suitably reduced scale. Somewhat similar in- 
struments for recording the flow of water or sewage over 
weirs of any shape are also dealt with. In the simplest 
form the pen is directly connected to the float, so that the 
head over the sill is recorded in inches or other units, 
while in other types the pen is controlled by a cam de- 
signed according to the formula for the weir, so that the 
rate of flow is recorded, and the total flow for a given 
period can be determined by integrating the record with 
a planimeter. Lord Kelvin’s integrating mechanism is 
employed in some of these instruments, and, by this 
means, the total quantity passed is recorded on a dial 
counter, while a record of the rate of flow is obtained on 
a chart at the same time. The catalogue also deals with 
electrical apparatus for recording water-level fluctuations 
at a distant point, and with recording tide-gauges. 


Antt-Corrosive Paints.—Messrs. J. Dampney and Co., 
Limited, of Cardiff, the makers of ‘‘ Apexior,” the well- 
known coating for the interiors of boilers, &c., have 
issued some booklets relating to other compounds manu- 
factured by them for protecting iron and steel work from 
corrosion. Oneof these compounds, known as “ Apexior 
No. 3,” is stated to be capable of withstanding very high 
Sea and it can thus be used on steel smoke 
stacks, &c., as well as on ordinary steel work. It is also 
claimed to be very effective in preventing the galvanic 
action which takes place in the stern portions of steamers 
fitted with bronze propellers, thus rendering the use of 
zinc plates unnecessary. The firm also manufacture 
“*Miraculum ” paint, the basis of which is graphite, made 
in an electric furnace, and containing 98 per cent. of pure 
carbov. The paint, which is made in five colours, is 
said to be a highly-protective and economical coating for 
all kinds of structural iron, steel, or other metal work, 
whether ex or not, where a decorative effect is re- 

uired. ere a black coating is not objected to, the 

rm recommend their bituminous paint called ‘‘ Asphal- 
tene.” This paint is suitable for use on ships’ bottoms, 
on floating docks, and on structures in very ex 
positions. It is claimed to be quite impervious to the 
action of. sea water, and also to be non-poisonous, 80 
that it can be used on the interiors of water tanks and 
mains. 


Motor-Cars.—Messrs. Rolls-Royce, Limited, 14 and 15, 
Conduit-street, W., have recently issued their catalogue 
for the current year. As is well known, this firm only 
construct a 40-50 horse-power six-cylinder chassis, and 
they have devoted their entire energies to the perfection 
of this one model. It is certainly not a cheap car, butit 
is pointed out that its low cost of upkeep, reliability, and 
durability, far more than compensate for the extra initial 
cost. The catalogue explains the construction of the car, 
draws attention to its many points of superiority, and 
also gives a full specification of the chassis, stating prices 
for the chassis alone, or fitted with various types of bodies 
and accessories. To illustrate the different bodies, six 
full- plates, reproduced by the three-colour process 
from photographs taken in natural colours, are included ; 
a number of: photogravure plates illustrative of coach- 
work are also given. In conclusion the catalogue gives 
particulars of the car’s performances on several long-dis- 
tance road trials, and also illustrates and describes the 
firm’s private testing track at their Derby works. The 
catalogue itself is a very. creditable production, as it gives 
all the information a prospective customer is likely to 
require in an interesting and attractive form. We have 
also before us a copy of last year’s catalogue, and, 
although the latter was considerably above the average 
quality, the current edition is superior in many Ways; 
both the general arrangement and the illustrations appear 
to us to have been improved. 


Military Grenade.—The Cotton Powder Company, 
Limited, of 24, Walbrook, E.C., have sent us & four-page 
circular illustrating and describing, in both English and 
French, the latest designs of Hale's patent pate 
military purposes. ese grenades, which are 61 
thrown by hand or fired from an ordinary service rifle, 
are sufficiently sensitive to explode on water, snow, oF 
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soft earth, irrespective of the angle of incidence. They 


can, however, be handled quite safely, as the striker is | i 


held in place by a — and also by two retaining 
pins ; the former is pulled out immediately before using 
the grenade, and the latter are rel during its flight 
by the action of the air on a vane-wheel. The detonator 
itself is very easily removed and replaced, so that until 
the grenade is about to be used, the detonator can be kept 
apart from it as an additional security. The bursting 
charge employed is trinitrotoluol, a high explosive, which, 
it is stated, is chemically stable under any conditions, in 
all climates, and is also ee. It will not de- 
tonate by concussion, so that the made, even if struck 
by a bullet, would not explode. The destructive effect of 
the grenade on an enemy is, however, strikingly demon- 
strated by the reproduction of a photograpb, showing 
the large number of fragments into which it bursts. The 
fragments are about 175 in number, and vary in size 
from about 2in. by lin. to}in. by 4in. The range, 
when thrown by hand, is from 40 to 50 yards, but when 
fired from a rifle the grenade may be projected as far as 
00 yards. ‘The circular illustrates two types, in one of 
which the bursting charge is contained in a steel or mal- 
Jeable iron body, serrated to increase the fragmentation, 
while in the other the charge is surrounded by about 
6 oz. of shrapnel shot, the whole being enclosed in a brass 
tube. 

Motor-Car Tyre-Inflator.—We have received from the 
Atlas Non-Puncture Inner Case Syndicate, Limited, of 
124, High-street, Kensington, W., a circular illustrating 
the ‘‘ Atlas” impulse pump for inflating motor-car tyres. 
The apparatus is not described, but its construction is 
illustrated by means of a sectional drawing, and its 
method of operation can be inferred. The pump consists 
of two cylinders of different diameters, arran in tan- 
dem, containing two pistons connected by a hollow piston- 
rod. One side of the larger cylinder is directly connected 
to one of the engine cylinders, and is also provided with 
a spring-controlled inlet-valve; the other end of this 
cylinder is open to the atmosphere. The outer end of 
the smaller cylinder is connected by a flexible tube to the 
tyre, and its inner end is in communication with the work- 
ing end of the larger cylinder through the hollow piston- 
rod, which contains a ball-valve, arranged so that air can 
only pass from the larger to the smaller cylinder. During 
the suction stroke of the engine piston, pure air is drawn 
in through the above - mentioned inlet - valve, without 
opening the engine inlet-valve; the pump-piston is 

drawn to the end of its cylinder nearest the engine 
cylinder. On the next, or compression, stroke of the 
engine, the pump-pistons are driven along their respec- 
tive cylinders by the air pressure, and the air from the 
farther end of the smaller cylinder is forced into the 
tyre. At the same time some of the air from the larger 
cylinder passes through the hollow piston-rod to the 
back end of the small cylinder; and when the motion of 
the pistons is reve’ during the next stroke of the 
engine, this air by the small piston, which is 
packed by a cup-leather, to the front end of the small 
cylinder, whence it is eventually delivered into the tyre 
as above described. The pump, which measures about 
12 in. over all, can be used for pressures up to 150 lb. per 
8q. in.; its price is mentioned in the circular. 

Carburettor.—The Daimler Company, Limited, of 

ventry, have sent us a circular illustrating and de- 
scribing a new type of carburettor they are now manu- 
facturing. It is claimed that with this carburettor, 
which is provided with a hot-water jacket, a higher 
efficiency is obtained, with increased responsiveness of the 
engine to movements of the throttle, increased range of 
engine speeds, higher power on hills, and good accelera- 
tion. It is difficult to describe the carburettor fully 
without illustrations, but we may mention that it has 
seven petrol jets, one placed centrally, and six others 
arranged around it ina circle; all the jets are supplied 
with petrol from a single float chamber. The central jet, 
which is used by itself for slow running, is provided with 
needle valve, so that the petrol issuing from it can be 
accurately adjusted independently of the main petrol- 
regulating valve. Surrounding the upper part of each 
jet is a tubular opening in a diaphragm, which forms 
part of the carburettor body. These openings, which act 
48 choke-tubes, are closed at their upper ends by steel 
except that over the central jet, which is ieft open. 
mn each pair of choke-tubes in the outer ring is 
another opening in the diaphragm, also closed by a ball ; 
through these openings the extra air is drawn. The 
twelve balls thus employed are kept in place by an annu- 
ereight, having radial arms, which rest on top of the 
balls. ‘The arrangements are such that, when the engine 
‘stunning slowly, the suction, being then insufficient to 
lift the weighted balls, is all concentrated on the central 
jet, but, as the suction increases, the twelve balls are 
lifted off their seats, more or less, and the supply of petrol 
and air is increased automatically in accordance with the 
demands of the engine. One other point worth mention- 
ing is that the steel ball over one of the jets is not 
weighted, so that petrol is supplied from this jet, when the 
engine is ‘‘picking-up,” before the other jets come into 
tetion. The Daimler Company are now employing this 
carburettor on all their cars. It can also = fitted o 
earlier models at the company’s works, or at any of their 
humerous dépéts throughout the country. 


Producer-as Plants.—Messrs. Salmon, Whitfield and 
+ OF Victoria Works, Kettering, have sent us some 
Pamphlets giving particulars of the Whitfield suction- 
f plants and suction-pressure gas plants. The con- 
struction of these plants, which use anthracite, coke, or 
charcoal as fuel, is illustrated and briefly described, and 
“a features are pointed out. Installations in 
wm the gas is used both for power production and 
beating are described, and some testimonials from users 


M/in the pole-pieces, and its 


are or. For the production of wood charcoal for use 
in these plants the firm manufacture a portable charcoal- 
burning apparatus, specially adap for use in the 
Colonies, and one of the circulars received relates to this 
apparatus. It is claimed that, as the wood is carbonised 
at the lowest possible temperature, the charcoal produced 
is of a higher calorific value than that made by the usual 
method, and also that it is more uniform in quality, be- 
cause the combustion can be properly sapaliaell Another 
— deals with the firm’s ** Eureka” gas-producers, 
or consuming sawdust and other wood refuse, spent 
tanning bark, coffee and rice husks, and other kinds 
of combustible refuse materials. The plant comprises 
a generator, gas- washer, centrifugal tar - extractor, 
and scrubber. The generator consists of a cylindrical 
chamber constructed of mild-steel plates, and lined with 
fire-brick. It is charged from a — cylindrical fuel- 
hopper, which extends downwards to the level of the 
fire, and is made adjustable if different qualities of fuel 
are to be used. The gas-washer consists of an annular 
chamber mounted on top of the generator, surrounding 
the fuel-hopper, and containing a number of water-sprays 
through which the gas is drawn by the suction of the 
engine. These sprays serve to wash and cool the gas, and 
to remove any dust or other solid particles it may con- 
tain. The gas next passes through the centrifugal tar- 
extractor, after leaving which it is finally dried and 
purified in the scrubber. The firm state that, with these 
plants, one horse-power-hour can be produced from 24 Ib. 
of sawdust, and that a number of plants have been work- 
ing for long periods with very satisfactory results. 


Crude-Oil Engines.—A catalogue which has reached us 
from Messrs. Méllander and Co., of Malmé, Sweden, 
illustrates and describes the ‘‘ Eureka” crude-oil engine, 
and gives instructions for running it. The engine, which 
is of the horizontal type, is made in both stationary and 
portable forms. It operates on the two-stroke cycle, the 
crank-shaft end of the cylinder being to compress 
the air for scavenging pu This feature, of course, 
renders it necessary to close the front end of the cylinder 
with a cover, and to employ a piston-rod and crossh 
working in guides, so that the engine somewhat resembles 
a steam-engine in appearance. The fuel is injected by a 
pump into a heated chamber in communication with the 
cylinder, the temperature being sufficient to vaporise and 
ignite the oil. In starting up, this chamber is heated by 
a ~~fey 7 but the temperature is afterwards main- 
tained by the heat of the explosions, more or less water 
being injected with the scavenging air to keep the tem- 
perature within the proper limits. The fuel-pump is 
driven by an eccentric on the crank-shaft, and its stroke 
is varied automaticaliy, according to the load, by a crank- 
shaft governor, so that a working stroke of the engine is 
obtained in every revolution at all loads. If desired, the 
engine can be fitted with what is probably an inertia 
governor, which controls the fuel-pump on the hit-and- 
miss principle. The catalogue describes it as a ‘‘stark- 
failure” governor, whatever that may be; we are confi- 
dent that very few engineers in this country will be 
familiar with the term. This is only one of the many 
instances in which the catalogue, although well-printed 
and iJlustrated and of _— appearance, has suffered from 
faulty translation. enerally ——¢ its meaning is 
discernible, and illustrations, of course, help consider- 
ably, but often enough more mental exertion is required 
than the average reader will feel inclined to give. We 
mention this because the failure of literature of this kind 
to produce the desired result may be wrongly attributed 
to other causes. To us it seems desirable, if not essential, 
to have catalogues which are printed in foreign languages 
revised by someone conversant with the technical terms 
commonly employed in the country in which it is in- 
tended to distribute them. 


Electrical Instruments, Cireuit-Breakers, &c.—We have 
received from the Record Electrical Company, Limited, 
Caxton House, Westminster, S. W., copies of their recent 
price-lists, giving —— of automatic battery 
switches, circuit-breakers, and measuring instruments of 
the moving-iron and moving-coil types. A pamphlet 
illustrating and describing a new form of moving-coil in- 
strument, which gives an exceptionally long scale, has 
also reached us. ith a D’Arsonval-type instrument, as 
usually constructed, the maximum deflection is about 
90 deg., but with the ‘‘ Record” instrument the pole-pieces 
and moving-coil are a: so that deflections of 
300 deg. are obtainable. In these instruments the per- 
manent magnet isa bar of steel bent to a shape which 
most resembles an elongated letter C. To one of its poles 
are bolted two flat iron bars with rounded ends, p 
parallel to each other, and having between them a space 
= to the thickness of the magnet bar. The other pole 
of the magnet has attached to it a single iron extension- 
piece, the end of which is shaped to form a ring. This 
= extends into the space between the two projections 

rom the other pole, so that a double air-gap is formed 
between the three extension-pieces. It is important to 
notice that the air-gaps so formed are in parallel, and not 
in series, so that the reluctance of the magnetic circuit is 
less than with the usual arrangement. "Fhe moving-coil 
is attached to one side of a spindle passing through holes 
i ition is such that it sur- 
rounds the cross-section of the above-mentioned ring, one 
side passing through the centre, and the major part swing- 
ing in the oe It will thus be seen that, but for its 
own width, and for the narrow neck of metal supporting 
the ring, the coil could turn through a complete circle. 
It is pointed out that with this form of construction the 
coil can be made smaller, and with a lower proportion of 
idle wire, so that its total resistance is reduced consider- 
ably. Another point mentioned is that the resistance of 
the coil-frame itself is low, so that the damping effect due 





to eddy currents is correspondingly high. Several other 





| important features of these instruments are mentioned in 


the pamphlet, and of these we have only space to mention 
that they consume no more power than ordinary moving- 
coil instruments, and will work with the usual shunts 
giving a drop of 0.075 volt. Prices are stated for am- 
meters and voltmeters for switchboard use, with 8 in. and 
15-in. dials ; the smaller instruments have uniform scales 
17 in. long, while in the larger pattern the es are 
36 in. long. Particulars are also given of semi-portable 
instruments for use as laboratory sub-stanards. 





South Wares Coat-Fietp Summer Scuoor. — The 
ninth annual meeting of the South Wales Coal-Field 
Summer Mining School will be conducted during the 
month of August next. The courses of instruction 
arranged include Mining, Mechanical and Electrical 
Engineering, Surveying, and Architecture. A special 
feature of the next session will be a series of evening 
lectures by Professor Daniel Burns, of the Royal Technical 
College, Glasgow, on ‘*‘ The Electrification of Collieries.” 
These lectures will be open to all connected with col- 
lieries, and will be given at the University College, 
Newport Road, Cardiff. Further particulars can be 
a from the Chief Education Officer, County Hall, 

iff. 





Tue Copper Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that Standard 
copper steadily advanced during the past fortnight from 
671. 12s. 6d. for cash to 697. 17s. 6d. on the 14th inst., the 
backwardation for three months prompt varying from 
10s. to 5s. per ton, warrants being accumulated in few 
hands and scarce, with “ bears” showing anxiety to cover 
their sales made some time ago in view of the improved 
political situation. The market closed on the 16th inst. 
with cash at 68/. 10s. and three months at 68/. 13s. 9d. 
Sales amounted to about 25,000 tons The American 
refiners’ returns for the month of March had little effect 
on the market, as the large reduction in stocks and increase 
in the exports had been anticipated. Refined copper 
had been in active demand, and large sales of American 
electrolytic had been made at 15 cents per pound and 
691. 10s. to 70/. per ton c.i.f. Producers having raised 
their price to 154 cents and 711. 10s. to 72/. per ton, the 
demand had fallen off later. With exports of 66,905 tons 
in two months, European consumers will be amply sup- 
plied for some time to come. The total increase in 
production for the first three months of this year, as 
compared with 1912, was 26,271 tons—22,148 tons in 
American production and imports and 4123 tons in the 
imports into Europe from other countries. Production 
continued to expand generally. American and European 
stocks during this period increased 5868 tons, with a 
increase in the quantity of American afloat to Europe. 
Messrs. Lewis's statistics showed a decrease of 12,389 tons 
in the imports into Europe from the United States, but 
an increase of 4123 tons from other countries, as compared 
with last year. The consumption of foreign copper in 
Europe had fallen off 14,414 tons. Exports frem Europe 
had increased 239 tons. The returns of the American 
refiners for the first quarter of this year gave an increase 
in the home production and imports of 148 tons over 
last year. Exports had increased 3641 tons and the home 
consumption tons. Stocks were 465 tons less on 
April 1 than on January 1. In addition to the quantity 
of copper afloat from Chili and Australia > Babee 
ese was about 3000 tons afloat from Chili to the United 

tates. 





Tue “ Frat” Marine O11-Enorne.—A license for the 
manufacture of the ‘‘ Fiat ” marine oil-engine was secured 
some time ago by Scotts’ Shipbuilding and Engineering 
Company, Limited, of Greenock, Scotland, and the firm 
in question have just published a well-arran and 
capitally printed and illustrated brochure setting forth 
the ge meg < _ oe of the — 
engine. ngines of the light high-speed type have 
already been adopted for a British submarine, and these 
form one of the illustrations in the pamphlet. These 
submarine engines are built to give as much as 1000 horse- 
power from six cylinders. A still larger set, with im- 
provements introduced by the British licensees, are now 
in progress of construction for an ‘auxiliary ship” for 
the Navy. The ‘‘Fiat” engine is built to work either 
on the two-cycle or the four-cycle principle, and a 
clear description of both cycles is given in the pamphlet. 
The advantages of the two-cycle system in securing a 
more uniform turning moment being illustrated by com- 
parative curves of crank effort. Owing to its more 
uniform turning moment, it is stated that the two-cycle 
ane can be run at low speeds for a longer period 
than can the four-cycle ; and for the same weight, space 
occupied, and running speed, it is claimed to give doub'e 
the number of impulses per minute, and it can also be 
more readily reversed. ial attention is directed to 
the ‘‘ Fiat” valve-gear, which is stated to work very quietly, 
whilst euiteuael cneamiaan at sea has established its 
freedom from wear. Tables giving the space occupied by 
engines up to an output of 1500 horse-power are included in 
the pamphlet, and should prove of much service to naval 
architects who are considering the commercial possi- 
bilities of the marine oil-engine. For these, the slow- 
speed type will ——_ be b ada; As built by 
Mesars. Scotts, these have a no speed of 120 to 
160 revolutions per minute, which suffices to give flexi- 
bility of control without risk of a loss of compression 
when running dead slow. The general arrangement of 
the engine recalls that of the marine steam-engine, the 
aay for scavenging the cylinders being operated by 
evers from the cross-h a six-cylinder engine having 


two of these cylinders to supply the scavenging air. 
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ELECTRICAL APPARATUS. 
sent £ E. J. Viug, Hoek van Holland, Hol- 
less Telegraphy. (2 Figs.) April 29, 1912.— 


This invention relates to an improved method of and apparatus |" 


for wireless signalling of the kind in which musical ks are 

uced. Electrolytic or Wehnelt interrupters have previously 

m used in laboratories in connection with the production of 
high-frequency currents, but in practical wireless signalling they 
have been considered to be of little use since their efficiency was 
very low. It is well known that the Wehnelt interrupter can act 
as an interrupter only when the circuit to be interrupted con- 
tains a self-induction. However, when the interruption takes 
place sparks are produced at the interruption points, the dimen- 
sions of which sparks increase with the coefficient of self-induc- 
tion of the circuit and with the current therein. These sparks are 
still present when a dary self-induction as is used in wireless 
telegraph installations is coupled with a Wehnelt interrupter 
circuit, and especially when the me pees | has to load a large 
capacity as is necessary for a good installation. It is for this 
reason that the Wehnelt a up till now has been con- 
sidered to be of little use in wireless Oolagraphy. The invention 
consists in using an electrolytic cell having one or more platinum 





Ak 


needles of about 1 mm. indiameter and an insulating tube, the 
lower end of which has a thickness of about 1 mm., in connection 
with a transformer, the secondary of which, loaded with a 4 
am, has a natural period of ,{,th of a second or less. e 
dimensions of the needle and the tube depend to a small degree, 
within limits of 1 mm., on the natural frequency of the second- 


reversal, or of reversal plus “lead,” as shown in Fig. 2, the sub- 
sidiary brush requires merely to be moved to the opposite side of 
the axial line z, y, 80 as to give it the required amount of “lead,” 
or, if no “lead” is used, it may remain in a fixed position on the 
axial line. (Sealed April 10, 1913.) 


24,492/12. F. H. Terry, H. M. Bigwood, and Brother- 
ton Tubes and Conduits, Limited, Wolverhampton. 
Electric Conduit J “Boxes. (2 Figs.) October 26, 
1912.—According to this invention, in an electric conduit junc- 
tion. box or like electric fitting, there is employed, in combination, 
two cy split and externally. tapered metallic rings 
placed with their bases in adjacent relationship, and a corre- 
spondingly internally-tapered socket member and nut, the nut 
being so arran as to screw upon the socket, and thereby con- 
tract the rings about the pipes for the purpose of frictionally 
securing them, with means for positively preventing moisture 
entering through the splite in the tapered rings. In carrying the 
invention into practice, the socket ends 1 of the junction-box 2 





are externally screwed to receive the cap-nut 3, and internally bored 
to receive the conduit-pipes 4. The ths of the sockets are bored 
taper to receive a co ingly externally-tapered split-ring 6, 
whilst the nut is similarly bored to receive a similar split-ring 7. 
The ring 6 is provided with a projection which engages the slot 
or opening in the other ring to prevent relative rotation, thereby 
making it impossible for the two slots or oe in the rings to be 
in alignment, and thus making it impossible for water or moisture 
to enter into the junction-box by way of these slote. It will be 
obvious that when the nut 3 is tightened up the two rings 6,7 
will be gri between the intervally-tapered part of the nut 
and socket, being thus contracted about the pipe 4, with which 
they will make perfect frictional engagement. (Accepted Feb- 
ruary 5, 1913.) 


Venner Time Switches, Limited, and 
R. C. Griesbach, London. Electric Switches. (3 Figs.) 
July 1, 1912.—This invention relates to switches for controll ng 
electric circuits, and has for its object to provide an improv: 
device of this character which is adapted for opening and closing 
an electric circuit in arapid and tive manner without injury 
to the switch contacts and without production of injurious spark- 
ing or arcing, the switch being particularly, although not exclu- 
sively, useful in cases in which only a small amount of power is 
available for operating the switch, such, for instance, as where 
the latter is arranged to be opened and closed by a time-controlled 
m ism such asa clock movement. According to the present 
invention, the switch device comprises two independent sets of 
engaging contacts, one of which is of such a character as not to 
be a affected by arcing, the contact-carrying members being 
adapted to be independently actuated and ow of a relative 





regulation of the water injection into the combustion chamber 
on the suction stroke of the piston than is obtainable by auto. 
matic regulating mechanism heretofore pro; The invention 
comprises the addition to, or combination with, the water injector 
of a valve which can be arranged to give the maximum water 
supply at maximum load and variations in the water supply not 
in direct ion with the variations in the load if desired, ang 
which will effect the cutting off of the water supply when the 
load is light, or the engine is without load. a is the governor 
body ha pivoted at a? the lever b. To one end of the lever } 
is connected a rod c, terminating in the wedge d, which, accord. 
ing to the position of the governor and load on the engine, allows 
of a longer or shorter stroke to be given to the oil or liquid-tue} 
pump e. The other end of the lever b operates, through a depend. 
ing rod f, the stem of the water-regulating valve g, and on the 
downward motion of the rod / the valve g is opened, the closing 
or closing of the valve being effected by a coiled spring 
acting regulating screw-nuts when the rod / is raised. 
By the regulating screw-nuts the valve-rod g may be set to give 
the same water supply at maximum load and the same variations 
due to varying loud at whatever speed it may be determined to 





run the engine. When the valve g is open, the water, which 
admitted by the pipe k, passes through the cylindrical opening 
in the valve-box m, from which it flows through the pipe n to the 
water-inlet valve o in the combined air and water valve-box p. 
The admission of air into the valve-box p is regulated by the 
plug-cock r, and the air and water-valves s and o are operated at 
the proper times by means of the lever ¢ and rod u from the side 
shaft v of the engine in the usual manner. The air and water- 
valves 8 and o can be automatically operated by the suction 
produccd by the piston of the engine cylinder when making its 
se stroke, From the foregoing description it will be under- 
that the amount of water admitted to the combustion 
chamber of the engine is correctly proportioned and properly 
regulated by the lifting or lowering of the valve g through the 
action of the governor, and hence varies with the variations in 
the load on the engine, which renders unnecessary the close atten- 
tion on the engine which ordinary hand-regulation requires and 
ensures the regulation of the water admission to the combustion 
chamber with greater nicety or accuracy than can be effected by 
hand or by the automatic controlling mechanism heretofore 











rapid closure of the other set of tacts and the q 
slower closure of the first set of contacts, the movement of the 
oiher set of contacts towards their open position being arranged 
to release a retaining device for permitting the first set of contacts 
to open. The switch is indicated as comprising two movable 
switch-arms shown at 1 and 2, the switch member 1 carrying a 
bridge-piece 3 adapted, when the switch member is in its closed 
position, to dip into a pair of mercury cups 4, 5, the other swi ch 

ber 2 being provided with a contact-block 6, of carbon or 





ary. a@isa battery of accumulators, which may be replaced by 
an electric generator capable of giving a current which is far 
greater than the current to be used. is the Wehnelt appa- 
ratus, cand d the primary and secondary windings of the induc- 
tion coil respectively, e the Morse key, fa slide resistance, y a 
condenser, / a spark-gap, i a self-induction coil, k the aerial, / a 
coil for increasing the length of the aerial, m the und connec- 
tion, and n the condenser arranged across the Morse key. Ke- 
ferring to Fig. 2, 0 is the needle-point and p the lower part of the 
insulation terminating in a sharp conical point, in preference to 
a flat end as shown at q and to the conical point o angle 
as shown atr. Since no sparks are produ in a Wehnelt appa- 
ratus constructed — the invention, the thin insulation 
at the point is in no way liable to break. (Accepted February 5, 


28,817/11. H. Leitner, London. Dynamo - Elec- 
‘cc Machines. [4 Figs.) June 19, 1912.—This invention 
relates to improvements in brush-gear, which is especially suit- 
able for dynamos designed for train-lighting and for similar 
purposes, and in which one or more subsidiary brushes is or are 
employed, and to that class of gear wherein a brush-rocker is 
bined with }i g stops (which may be provided with 
electro-magnets) whereby on reversal of the direction of rotation 
of the armat che movement of the brushes is limited to the 
required angle. According to this invention, a set of main 
brushes and a set of subs’ -y brushes, or one subsidiary brush, 
all bearing upon the commutator of the armature, are mounted 
in such a manner that the whole combination is perfectly free to 








eA 


revolve in either direction, being carried round by the friction of 
the brushes on the commutator, but so that the amount of travel 
is limited by stops, the main brushes being rocked through a 
complete —_ of reversal or reversal plus “‘lead,” whilst the sub- 
—— or brushes is or are rocked ~~ an angle of 
** lead” only, or remains or remain stationary. a is the commu- 
tator, and /, /1, /2, /* the field-coils of a four-pole machine, these 
field-coils be connected between the main brush } and the 
subsidiary d, is su brush might occupy the 
equivalent electrical position at the te side of the mu- 
tator, as shown by the dotted line, as well unders' en 
the direction of rotation of the machine is reversed, and the 
main brushes }, bl are carried through a complete angle of 





proposed. (Accepted February 5, 1913.) 
STEAM-ENGINES, BOILERS, EVAPORATOBRS, &c. 


13,538/12. R. He. Ber Germany, and G. C. 
Marks, London Water-Tube Steam -Generators. 
(2 Figs.] June 22, 1911.—This invention relates to water-tube 
steam generators in which an upper water-drum is connected to 
sets of curved tubes, each set consisting of a pair of groups of tubes 

ted to two or more lower water-drums arranged one above 





other suitable material, adapted to engage with a pair of stati 'y 
carbon contacts 7,8. The movement of the switch member 2 is 
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controlled by means of a spring 9 and is adapted to be retained 
in its closed position by means of a pivoted retaining member 10 
provided with a recess or shoulder 11 adapted to engage the outer 
extremity of the switch member 2. The retaining member 10 is 
also provided with a projecting arm 13 adapted to be engaged by 
the outer extremity of the switch member 1, the movement of the 
retaining member being controlled by means of a spring. The 
conductors of the circuit to be controlled are indicated at 16. The 
switch members 1 and 2 are arran; to be operated manually 
or otherwise by any suitable mechanism in such a manner that 
the switch member 1 is moved to its closed position before the 
switch member 2, the latter being normally maintained in its 
open tion by means of the controlling spring 9. When the 
switch is in its open position, as shown, the outer extremity of the 
switch member 1 e: with the arm 13 of the retaining member 
10 and maintains the latter in such a tion against the action 
of its controlling spring the switch member 2, even if moved 
so that the contact-block 6 engages with the contacts 7, 8, cannot 
be retained in this ition, owing to the fact that the shoulder 
11 cannot engage with the extremity of theswitch member 2. In 
moving the switch to its closed position the switch-arm 1 is first 
moved downwards so that the bridge-piece 3 dips into the mercury 
cups 4,5, thereby connecting the circuit conductors 16 and allow- 
ing the retaining member 10 to be returned under the action of the 


—_- After 

position ism of the switch is arranged to move the 
switch member 2 downwards, so as to bring the contact-block 6 
into engagement with the contacts 7,8, the shoulder 11 on the 
retaining member 10 e with the extremity of the switch 
member 2 and main g the latter in its closed position. 
(Accepted February 5, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


13,924/12. Limited, Smethwick, ° 
Robson, Junr., Hlemingham, Internal Oesabustion 
es. (1 Fig.) June 1912.—The invention consists of 


the improvements relating to injection of water into internal- 
combustion in to those e es in which a 
liquid hydro-carbon is used as the combustible, improvements 
having for their object to effect automatically a more efficient 
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another on both sides of thefurnace. According to the present 
invention, the more elevated drums of the lower water-drums, 
together with their groups of water-tubes, are enclosed over the 
whole length of the furnace within the groups of water-tubes 
connected to the lowermost water-drums. By this means the 
enclosed lower water-drums are heated, whilst by boxing in or 
enclosing the one group of tubes it is ible to cause the 
furnace gases to pass in an alternating direction through and 
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between the water-tubes, and thus ensure uniform heating of 
the water-tubes over their whole length and cause the furnace 
to completely surround the enclosed ae = ~~ 

e steam erator com) an wu r water-drum 4, 
lower water drams b, aol anos arenas lower water-drumé 
¢, the lower water-drums being connected to the upper water 
drums by groups of curved water-tubes. An energetic water 
circulation is maintained by means of fall-pipes / arranged in 
front of and behind the steam-generator. Transverse anchor- 
plates i, at the front and rear of the steam-generator, 
vent the lower water-drums from lateral displacement. The 
gases are directed either in an alternating or upward ; 
= direction by means of deflectors. (Accepted February 
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NOTE ON JAMES THOMSON’S 
V-NOTCHES. 
By H. 8S. Rowe tt. 


In 1861 James Thomson read a paper before the 
British Association at Manchester on ‘‘ Experi- 
ments on the Gauging of Water by Triangular 
Notches.” After dealing with the right-angled 
Y-notch, he turns to the discussion of the flow 
from a notch of larger angle, and says :—‘‘ The 
special purpose for which the wide notches have 
been proposed is to serve for the measurement of 
wide rivers or streams in cases where it would be 
inconvenient or a to dam them up dee 
enough to affect their flow through a right-angl 
notch. In such cases I would now further propose 
that, instead of a single wide notch, two, three, or 
more right-angled notches might be formed side 
by side in the same weir-h , with their vertices 
at the same level, as shown in the annexed 
figure.” (See Fig. 1.) ; 

As a matter of experience, wide-angled notches 
are unsatisfactory ; some of the water issuing from 
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anotch of 130 deg. is liable to cling to the down- 
stream surface of the weir-board, forming a bell- 
like cavity containing air at less than atmospheric 
pressure. ‘Chis cavity — and re-forms from 
time to time ; thus a steady flow is not realised. 
But the multiple V-notch board is useful, and is 
at present employed in actual practice. It has 
been used with very satisfactory results by Pro- 
fessor John Goodman, of the University of Leeds, in 
conversation with whom it occurred to the present 
writer to consider the effects of mutual interference 
between the several jets. In Fig. 2 is shown a 
plan view of a hypothetic multiple V-notch weir, 
the form . of the stream-lines being suggested. 
It is easily eonceived with a regular division 
of the weir-board that the stream-lines and flow 
are symmetrical about such vertical planes as 
A, B, which are midway between two adjacent 
notches, and it is obvious that the flow would not 
be affected in the slightest degree by the insertion 
of perfectly smooth thin plates at A, B. Reasoning 
from this we can apply some results given in a 
valuable paper contuibuted by Mr. James Barr to 
this journal (April 8 and 15, 1910). Mr. Barr 
dealt only with Rosieaie V-notch, and he examined 
the effect of width of channel on the flow. He 
found that when the width of the channel was equal 
to, or greater than, eight times the head, no modi- 
fication of the discharge resulted. When the 
channel width is less than eight times the head the 
flow is increased ; but the increase is only slight at 
first, as one would naturally expect. For the false 
movable sides of his channel, Barr used wooden 
boards, which would of. necessity offer some fric- 
tional resistance to the water-flow. Thus the flow in 
’s experiments would not correspond exactly to 
the flow between our perfectly smooth hypothe- 
tical planes A, B; there would be a thin layer of 
sluggish turbulent water near the wooden boards. 
us we may conclude that the notches may be 
Spaced at a distance apart equal to eight times the 
head less twice the thickness of the sluggish layer. 
This thickness can be estimated with sufficient 
accuracy for our pu " 

When the water flows in continuous stream-lines 
without turbulence, it is well known that the curve 
showing the velocity at different points of the 
cross-section is a parabola. When the flow is 


board, the velocity. curve is much flatter at mid- 
stream, and has a steeper ee at the boun- 
daries. Experiments by Kaplan and by the present 
writer show that the velocity does not materially 
decrease until the distance from the boundin 

surface is less than one-twelfth of the channel wid 

—i.e., the thickness of our sluggish layer. Thus we 
are led to the conclusion that the pitch of the notches 
may be as small as 8 (1—}) times the head, or for 
somplete immunity from interference the notches 
should be at least 7 times the head apart. When 
the false sides in Barr’s experiments are 6 times 
the head apart, the error introduced is of the order 
of 5th of 1 per cent. (see Fig. 13, page 470, Enat- 
NEERING, April 15, 1910); this is equivalent to 
notches with a pitch of 5 times the head. Reason- 
ing in this way from the same diagram of Barr, 
we are led to conclude that when the notches are 
3$ times the head apart, the difference in flow from 
the standard V-notch results would not exceed 0.5 
per cent., which is sufficient accuracy for practical 


purposes. 


COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 
(Continued from page 554.) 
V.—Rate-Frxine (continued). 

How it is Affected by the Conditions Obtaining in 
the Factory or Machine-Shop.—To assume that there 
is any finality in estimating or fixing rates for any 
particular operation is fatal to the attempt to keep 
down costs ; this is only evidence that the concern 
whose personnel take this view is on the down grade, 
and will inevitably go under if more progressive 
methods are not adopted. 

During the last ten years—we need go back no 
further—progress in the engineering trade has 
made such strides in the direction of rapid produc- 
tion that very few men have the courage to say 
‘*we have reached finality.” The progress of 
invention in connection with machines, tool-steels, 
and appliances used in the trade, although brought 
to the public notice in an apparently intermittent 
manner, is continuous in one direction or another 
at all times. The tool-steels invented, and the 
machines designed to take the fullest advantage of 
the cutting powers of such steels, during the last 
decade cover the whole range of general practice, 
and this all goes to prove that while remarkable 
advances have been made in reducing costs, the 
movement has not yet come to a standstill. 

There may be exceptions not covered by this 
statement, but these form only a minority of cases, 
The trend of recent events shows that not only 
will the time-factor and wages costs go on bein 
reduced by the introduction of new steels an 
machinery, but the study of various methods of 
production will also have the same effect ; the net 
result being progress all along the line. 

Some, no doubt, will disagree with this assertion, 
and state that finality in some directions has been 
reached ; admitting that apparently this is so in 
some cases, it should be remembered that the field 
of general engineering is so large, and at the same 
time progressive, also that so many minds are study- 
ing the various problems awaiting solution from as 
many different points of view, that the only attitude 
possible for the majority is that of looking forward, 
prepared to make use to the fullest extent possible 
of all particular discoveries, inventions, and adapta- 
tion of existing appliances affecting their own par- 
ticular sphere of work. 

Having in view the possible alteration of the 
basis of all existing methods of production, the 
rate-fixer should ever be on the watch, keeping 
himself up to date as far as possible, pre to 
meet any emergency which may arise. e fixin 
of rates for operations depends on certain elemen 
factors which cannot be disregarded ; although to 
the novice the study of these may seem difficult, 
they can, as we have already stated, be so separated 
by analysis that the evaluation of them becomes 
a simple matter. 

The factors to be considered are, with the excep- 
tion of the cutting time on a machine, so variable 
that none of them are definite enough to enable 
anyone to say ‘‘ this article was machined or fitted 
in so many minutes, and the time for a number will 
be a multiple of this.” It is conceivable that this 
might happen in relation to an automatic-machine 
operation after the machine has once been set and 
started, but it does not seem probable that it would 





variations from theoretically estimated costs ‘is the 
human element in connection with the work. All 
men are not of the same physique or temperament, 
while the new hand will. always require a little 
time to get accustomed to the workshop conditions, 
which vary with each different factory. 

The amount and efficiency of workshop super- 
vision is also a factor to be seriously considered. In 
workshops where a great variety of work is done, 
some men, although capable of doing a good job, 
must be carefully instructed and watched when 
commencing work on a new type of article to which 
they are unaccustomed. The foremen should be 
able to give any assistance of this kind to the men 
under them, and if this class of man is not too 
numerous, the foremen should have sufficient time 
for this purpose. 

Men should be supplied when possible with work 
in anticipation, so that there may be no excuse for 
waiting about, all the information relating to the 
operation being collected in readiness for them to 
proceed at once. If given an opportunity, some 
men, when initiating an operation, waste a lot of 
time unnecessarily ; this can be prevented if the 
foremen’s duties enable them to get the drawings 
and prepare in advance the tools and appliances 
required. 

Apart from these the variable factors to be con- 
sidered in connection with manual or machine opera- 
ticns are all more or less affected by the organisation 
of the workshop, and some acquaintance with this 
is necessary before one can determine how these 
factors should be valued. For instance, in the 
heavy machine and erecting-shops the overhead 
crane equipment and other lifting appliances must 
be considered, also the force of labourers at the 
disposal of the foreman. 

In one shop it may be considered good practice 
to give fitters, erectors, and machinists engaged on 
heavy work as little assistance as possible, while in 
another all the help that they may require is avail- 
able. In some machine-shops, for instance, it is 
considered more economical to employ a machinist 
2 hours in setting a piece of work than to employ 
the machinist and a labourer 1.25 hours each. Phat 
this is so is evidenced by the scarcity of labour pro- 
vided. . The fallacy of this is apparent as soon as 
we attempt to make a calculation relating to it. 

In some phope it is the rule to encourage the 
machinist to take an interest in caring for the kit 
of bolts, cramps, plates for securing work, packing 
of various types—some only rough pieces of varying 
thickness, while others may be llel pieces of 
scrap cut to waste from the various components 
manufactured—as well as the various lation 
parallel strips and packings supplied by the tool- 
room. In other shops the reverse is the case : the 
machines are denuded of everything not supplied 
by the tool-room. 

The equipment of the machine-shop should in- 
clude a sufficient number of angle-plates and boxés 
of various sizes suitable for the eaten boring, plan- 
ing, shaping, slotting, and milling-machines, so 
that the work can be the more easily set or held 
as required. The lining-out section of the machine- 
shop should be adequate for all requirements, and 
equipped with sufficient appliances for the handling 
of work from an economic point. of view. 

In the fitting and erecting-shops various appli- 
ances will be necessary for rapid and economic 
roduction ; the surface-plates in use must be care- 
ully tested, so that the from which the work 
is set up or adjusted can be relied on to give good 
results. Jigs for assembling parts and testing their 
alignment, also for testing gear - wheels, when 
numbers are required, should be provided. 

The — and quantity of the tool-room sup- 
plies will affect the cutting time, also the standing 
time, to some extent, of the machines. The supply 
of tools should be of the best type for the week in 
hand, with a sufficient quantity of the standard 
types, of the various shapes and sizes in common 
use throughout the workshops. Provision should 
also be made so that no time will be lost through 
the necessity of waiting for a tool to be dressed. 
In some shops this is —— by having a store 
where a worn or damaged tool can be exchanged for 
a tool in condition. The machine-shops should 
be supplied with sufficient grindstones or emery- 
wheels, so ‘that no time would be lost by the 
machinist through waiting for his turn to grind 
tools, In some. concerns, where a large force of 
machinists are oe, sufficient to render it 





be so in any other case. 





t, as is generally the case behind a weir- 


One factor often responsible for considerable 





economically I gees e, ® grinder is employed in the 
shop to grind tools to standard shapes, the prin- 
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cipal stones and emery-wheels being grouped 
= for this pu . 
he rate-fixers will not always be able to specify 
a certain machine for a ieee operation ; but it 
should not be im ible to have a good general 
idea of the machines available, together with the 
tools and jigs at the disposal of the machinist. 

In connection with special tools and jigs required 
for new work, if the system described in a pre- 
vious section is carried out, no time will be lost ; 
and in many cases the articles required may be 
completed by the time the components are ready 
for machining. The manner in which the power is 
supplied to the machines will also affect the rate of 
production ; generally speaking, if the machines 
are direct motor-driven, the output will be more 
constant and reliable than if belt-driven in a group 
from a countershaft ; while if the drive is from a 
steam-engine, the variation caused by the inter- 
mediate belts slipping from occasional overload 
will have to be considered in addition. The speeds, 
particularly of the belt-driven machines, should be 
studied without load and with load. It will be 
found generally that there is a point beyond which 
it is not safe to increase the speed, cut, or feed, this 
being coincident with the maximum pull or effi- 
ciency of the belt, so that if more cut is put on; or a 
coarser feed is used, or the tool is allowed to 
become very dull, the belt will slip on account of 
overload. When this occurs it will be found, 
almost invariably, that more time will be lost than 
if an extra cut is taken. In some observed cases, 
the loss through belt-slip has been as much as 
20 per cent., plus the additional wear and tear of 
belts and machine ; so that if cuts are estimated 
for at the maximum power of machines, one must 
not be surprised if this does not always agree 
with actual practice. 

Summarising this survey of workshop conditions 
and efficiency, it will be seen that there may be 
many things the rate-fixer would wish to be 
different—according to his location—for the purpose 
of furthering economic production. At thé same 
time, if the workshop is run under the best 
conditions in respect to the particular points 
mentioned, it would render his basis for estimating 
rates for operations more reliable than if the 
workshop is run on inefficient lines through lack of 
systematic organisation and efficient supervision 
and control. 

(To be continued.) 





FAILURE OF A SPIRAL-GUIDED GAS- 
HOLDER IN STEEL TANK AT 
ILKESTON. 

On January 8, 1912, at the Gas Works of the 

Ilkeston Corporation the gas escaped from the two 

lifts of a ela telescopic gas-holder, and appar- 

ently almost simultaneously the water gushed from 
the steel tank thereof. Fortunately, the loss of life 
resulting was small, and was confined to the death 
by drowning of a girl in the basement of a dwell- 
ing-house abutting the gas works. The holder was 
of a capacity of 453,000 cub. ft. of gas, and with 
the steel tank containing it was constructed in 

1909, at a cost of 50861. to the Corporation, by 

Messrs. C. and W. Walker, Limited, of Donnington, 

to that firm’s designs. The two lifts were spirally 

uided. The gas-holder was intended to be at a 

ter date increased in its capacity by the addition 
of a third lift, and this explains the considerable 
space left between the outer lift as constructed 
and the tank wall. Fig. 1, on page 592, is a general 
view of the gas-holder, while Fig. 2, on Plate 

XXXIV., is in part a representation of the gas- 

holder and tank as constructed, but to save the 

multiplication of diagrams it also shows the line 
of fracture that took place in the tank, and it 
embodies certain extra angle rings or hoops, and an 
increase of thickness of the plates suggested for 
strengthening the tenk, if reconstructed. The other 
figures on Plate XXXIV. are referred to below. 

The thickness of the tank plates as they existed in 

the collapsed structure is shown in Fig. 31. Fig. 2, 

with the foregoing explanation, is in the left- 

hand half a vertical section, and in the right-hand 
half an elevation of the gas-holder and tank, the 
gas-holder being shown fully inflated. The con- 
crete foundation upon which the tank rested at 
ground level showed no defects after the collapse, 


and when examined was found to be only 1}} in. 
out of level. 

The holder had a trussed crown, and this is 
shown in Figs. 3 to 18, one fourth of the crown 


being given in plan in Fig. 16, and various details 
of the truss tube, the top curb, the vertical side 
stays, the main and secondary rafters being shown 
in the other figures. Fig. 4 is the detail of the 
secondary rafter of the roof trussing. Figs. 5 to 7 
show details of the top curb of the holder and the 
junction between it and the roof trusses and vertical 
side stays. Figs. 8 and 9 are side elevation and 
plan respectively of the upper portion of the truss- 
tube, while Figs. 10 and 11 are elevation and plan 
of the lower portions. Fig. 12 shows the joint of 
the main purlins with the main rafters of the 
roof truss, while Fig. 13 shows the joint of the 
secondary rafters with the main purlins. Fig. 14 
shows the joint of the secondary rafter with the 
angle-curbs. It will not be necessary to further 
describe the details just mentioned, as they do not 
appear to have shown any weakness, or suffered 
distortion in the disaster. The vertical section in 
Fig. 3 shows only the inner lift, but the mode of 
junction thereto of the outer lift is shown to a 
ger scale in Fig. 30. 
ig. 1 shows the tank to be wholly above 
ground and the holder to be a spirally-guided one, 
with the inner lift having twelve guides and the 
outer lift twenty, placed at angles of 45 deg. 
The boundary wall to the right of the tank, as 
shown in Fig. 1, is the line of Belfield-street, which 
wall was partly swept away, but whether by ex- 
losion or by onrush of water is not definitely 
nown. In the foreground, but not included in 
Fig. 1, is a pair of railway-lines intersecting the 
boundary wall and coming from the right hand— 
that is, from the east. he houses in Belfield- 
street opposite the gas-holder were damaged, as 
shown in Fig. 34, on page 593, but the loss of life 
occurred in a house in Rutland-street, which is at 
right angles to Belfield-street, and is to the front 
of the gas-holder and the railway-siding lines 
referred to. 

When fully inflated there would be exposed to 
wind pressure, on the combined tank and holder, 
a cylindrical surface about 80 ft. high by 115 ft. 
diameter, shielded to some extent by the boun- 
dary wall, sheds, &c., as shown in Fig. 1. 
Figs. 17 and 18 show in elevation and plan the 
rectangular standard in the centre of the tank, to 
receive the weight of the truss tube and crown 
when the inner lift was at rest. Its position is 
shown in the centre of Fig. 2, and although one 
part of the gas-holder bell came in contact with it, 
at the collapse, yet it was not moved or damaged. 
Fig. 19 shows a side elevation, Fig. 20 a plan, and 
Fig. 21 a cross-section of the arrangements for the 
21-in. inlet pipe passing through the base of the 
tank, the arrangements for the outlet pipe being 
similar. Figs. 22 and 23 show details of the pipe- 
stay. In the eccentric movement of the bell at the 
time of the disaster, just referred to, one of these 
stand-pipes and its stays was sheared off. 

Figs. 24 to 26 show the bulb-headed guides, 
the flanged rollers engaging the guides and the 
adjustable carriages, carried on the stiffened por- 
tion of the tank-top edge. Fig. 24 is an eleva- 
tion seen from the circumference when looking 
towards the centre of the tank, Fig. 25 is an 
elevation and section when looking tangentially, 
and Fig. 26 isa plan. Similarly, Figs. 27 to 29 are 
circumferential and tangential elevations and plan 
a of the guides fixed to the inner lift, 
and of the rollers with their carriages, which are in 
pairs resting on the channel-steel forming the head 
of the outer lift. Fig. 30 gives to a larger scale 
the same view as Fig. 28, from which the arrange- 
ments for guiding the inner lift by the flanged 
rollers placed upon the dip of the second lift are 
readily understood. It also shows the depth of 
water seal provided at this telescopic joint. In the 
several official inquiries into the cause of the 
mishap several references were made to the guide- 
rollers and the ibility of jamming, and it is 
therefore desirable to note their shape at the two 
flanges and the relation thereof to the bulb-headed 
guide-rail. 

Figs. 2, 25, and 31 show the angles, gussets, and 
flat plates internally and externally of the top edge 
of the tank, constituting the stiffening provided 
to take the strains from the load of wind or snow 
on the lifts. This stiffening constituted a platform, 
fitted with hand-rail, the floor-plates of which were 
secured to the angle by }-in. rivets at 12-in. pitch. 
Attention is drawn to this feature, because the 
crack in the top of the tank-wall terminated or origi- 
nated at one of these stiffeners, and the discussion as 





to whether the former or latter verb is the correct 








one occupied a considerable place in the mathe. 
matical and other investigations that have since 
taken place. In Figs. 3 and 15 is shown the hand- 
rail round the circumference of the inner lift, but 
not the ladder by which access was gained thereto 
when the holder was inflated. Mr. F.C. Hum- 
hrys, the manager of the Ilkeston Gas Works, 
ound, after the accident, the ladder just mentioned 
so much damaged that he believed it had been in con- 
tact with the spiral guides or the telescopic joint. 

Fig. 34, on e 593, shows the houses jn 
Belfield-street against which a portion of the tank 
was projected ; to the immediate left of this photo. 
graph stood the lifts of the holder, moved bodily 
forward from their original position, but otherwise 
almost undamaged. On the top of the tank-wall is 
here seen the hand-railing, and the angle, &c., 
forming the top curb of the tank referred to above, 
Fig. 35, on the same page, is another view of the 
tank-wall, showi in the distance the columns 
and girders of the No. 2 gas-holder damaged by the 
flood from No. 3. 

Figs. 36 and 37, on page 593, show one of the 
plates forming the lowest tier of tank side plates, 
i's in. thick. The line of fracture in the plate at 
the line of rivets in the vertical seam will be noticed, 
and the tear from the ,5,-in. floor-plate attached 
thereto, and further shown in Fig. 39. The depar- 
ture from the original form is seen by the dotted 
lines in Fig. 36. Fig. 38 is a view of a fractured 
steel plate, ;4; in. thick, from the third tier 
reckoned from the bottom. The resemblance to a 
fracture in cast iron is noteworthy in the dis- 
rupted outline and cracked edge. Fig. 40 shows a 
fractured plate ,{; in. thick, and draws attention 
to the — floor-plate fractured along the rivet- 
holes. The outermost row of floor-plates, ;5, in. 
thick, were secured to the 5-in. by 5-in. by 4-in. 
angle by {-in. rivets at 24-in. pitch ; the remainder 
of the floor-plates were } in. thick. 

Fig. 31, on Plate XX XIV., shows the vertical 
section of the Ilkeston tank, alongside a section 
of a tank constructed at the Belper Gas Works 
(Fig. 32), and one at the Burton-on-Trent Gas 
Works (Fig. 33). These tanks are all of about the 
same depth, but their diameters are respectively 
115 ft., 101 ft. 10 in., and 126 ft., and whilst the 
Belper holder is of three lifts spirally guided, 
that at Burton-on-Trent is vertically guided by 
the standards shown at the exterior of the tank 
(Fig. 33). The relative degree of stiffening of the 
tank-top curb, to meet the stresses brought there- 
upon by the different holders, may be conveniently 
compared in Figs. 31, 32, and 33. Mr. J. F. Bell, 
M. Inst. C.E., of Derby, the engineer for the last 
two gas-holders, submitted these details at the 
— inquiry conducted by the order of the Home 

ecretary under the provisions of the Factory and 
Workshops Act, 1890. 

Sufficient description has now been given to 
enable an understanding of. the occurrences 
described by the eye-witnesses of the disaster, 
and the efforts at elucidation, based upon the neces- 
sarily meagre details observed at the moment. 
The whole event was but of short duration, for 
the 1,600,000 gallons of water escaped from the 
tank in about five minutes, so that exact state- 
ments as to the sequence of the several parts 
are not easily obtained. At 1 p.m. Mr. ~er 
saw the new gas-holder (called No. 3) an the 
adjacent gas-holder (No. 2) each working satis- 
factorily, the former containing 320,000 to 350,000 
cub. ft., and the latter 110,000 cub. ft. of gas. A 
few minutes later it was noticed by several of the 
employees, and by a few persons in the adjacent 
streets, that flame was encircling the No. 3 gas- 
holder at the telescopic joint. No explosion of 
any magnitude was observed, but immediately 
a rapid, overpowering stream of water crossed the 
siding before mentioned, carrying railway-trucks, 
brick walls, &c., before it, and submerging in some 
parts the gas works to a depth of 6 ft., and gaining 
entrance to a house in Rutland-street. The flames 
soon subsided on the surface of No. 3 gas-holder, 
but meanwhile the No. 2 holder had been broken 
into by a railway-truck, driven forward and over- 
turned by the rushing water. The No. 2 holder thus 
lost its gas, which became ignited, and without any 
serious alteration of its movements, being vertically 
uided, the holder grounded in its tank normally. 

yond the loss of gas, and the repairs to the 
holder at its circumference, the damage to No. 2 
was not expensive directly, but coming in the wake 
of the more serious loss, made it difficult to keep 
up an adequate supply of gas to the town. The 
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tank of No. 3 gas-holder was found to have opened 
out, soas to form almost a semicircle, the plates 
having ripped along the bottom for almost three- 
fourths of the circumference. The movement of 
the water at such a rapid rate from the tank had 
caused the inner and outer lifts of the gas-holder to 
move about 40 ft. from their original position, shear- 
ing off one of the stand-pipes in their course, but 
themselves being uninjured, other than in the 
crumpling up of the lower i of the outer lift, by 
which the inner lift was held upabout 2ft. In the 
forward movement the valve controlling the outflow 
of gas from this holder was passed over by the lifts, 
but the crumpling above mentioned allowed a 
s through which a person could crawl. This 
: Humphrys did, and closed the valve, thus per- 
mitting of the resumption of the flow of gas from 
No.1—the only uninjured gas-holder—into the town. 
Although there was some gas within the No. 3 
holder, yet there was a large amount of air, suffi- 
cient to make the mixture respirable for the short 
time occupied in Mr. Humphrys’ courageous act. 

Besides the complete opening out of the tank to 
the extent of 40 ft. or 50 ft. on each side of the 
tank area and the rupture of the plates, rivets, &c., 
at the line of separation, there was found on the 
opposite side thereto, in the two bottom tiers of 
plates, cracks and tears that were similar in appear- 
ance to the breaking of cast iron. These cracks in 
the plates of what may be called the subsidiary 
rupture began in the ,%-in. plate, right at the 
bottom, proceeding almost vertically into the second 
plate, 4 in. thick, and also bifurcating into the 
second plate from the first plate, until the vertical 
seam of rivets was reached in the second plate, 
continuing through the rivet-holes until it reached 
the third plate (;% in. thick), where the fracture 
ended. Attention must be directed to this fact, 
as bearing upon the brittleness of the plates, 
because it will be shown later that the nominal 
factor of safety for tensile strength in the plates 
was considerably higher than the corresponding 
calculation for the shearing strength of the rivets. 

Immediately after the mishap the Corporation of 
Ilkeston called in Messrs. Samuel Glover and J. F. 
Bell, MM. Inst. C.E., of St. Helen’s and Derby 
respectively, to assist their manager in ascertaining 
the cause, and these gentlemen at once inspected 
the site, under the conditions shown by Figs. 34 
and 35. 

At the inquest, which followed within a few days, 
attended by H.M. Inspector of Factories for the 
district, and at subsequent public inquiries by Mr. 
A. G. Drury, M. Inst. C.E., of the Local Govern- 
ment Board, by order of the Home Secretary, 
evidence was given which may be summarised as 
follows :—Although the Corporation originally con- 
templated the construction, at the Ilkeston Gas- 
Works, of an underground tank, they afterwards, 
upon inquiry and consideration of the use of steel 
tanks and of spirally-guided holders at other gas- 
works, decided to adopt a spiral holder in a steel 
tank placed wholly above ground. This decision 
was influenced by the fact that Ilkeston is situated 
in 8 coal-mining district, and therefore liable to 
subsidence of the ground to an extent that might 
cause difficulties in securing water-tightness in a 
brick or other type of underground tank. 

Tenders were invited from several firms in this 
country experienced in such work, each firm sup- 
plying its own drawings and specification, and the 
owest tender was accepted by the Corporation. 
There was no stipulation to the contractors as to 
the working stress to be put on the metal em- 
ployed, but tests of the quality of the steel supplied 
were made by the contractors whose tender was 
accepted, and the results supplied to the Corpora- 
tion. At the time of erection every plate was 
measured by the staff employed by the Corporation, 
and the thickness daseat found to conform to the 
eitestion. The tank had remained sound, and 

@ holder had worked quite well up to 1 P.M. on 
the day in question, but at 1.40 p.m. the works 
manager found No. 3 gas-holder a wreck and No. 2 
Was on fire, 

It was stated that on the morning of the mishap 
there were 16 deg. of frost, but the water in the 

was not covered with ice, and at the time of 

© mishap there was a fairly strong, but not 
abnormal or excessive, wind blowing in the direction 
in which the holder went out. The Meteorological 

“ice records for the day were that the wind was 

ht, and at Nottingham, the nearest point re- 
it was blowing in a southerly direction 


The manager on examining the spiral guides after 
the accident could find no evidence of jamming of 
the holder, and he testified to the fact that the 
rollers and guides had received periodical inspection 
by his staff since the start to work. He found in 
the tank-plates that all the fractures ap 

uite fresh ; there was not one that appeared old. 

e was not able to ascertain how the escaping 
gas had been ignited; but the nearest house 
chimney had been destroyed, as he believed, by 
the force of an explosion, although he also seriously 
thought that a spark might have been caused 
through friction when the holder rapidly dropped. 
This latter view was confirmed by the fact that the 
ladder by which access was gained to the gas- 
holder bell was found to be distorted, and he 
believed that it had come in contact with the top 
of the lift, giving rise to sparks at the lip of the 
inner lift. 

The rollers were not worn unduly, but some of 
the pins were, he noticed after the explosion, bent. 
The lower lift was dinted at the bottom edge, and 
there was a corresponding dint on the inner lift, 
caused, he thought, by coming into contact with 
the contiguous wall, which was demolished. He 
distrusted this view, ac the wall must have gone 
before the gas-holder reached it, but he could not 
account for the dint in any other way. There must 
have been great force, although the centre pillar 
(Figs. 2, 17, and 18) was not carried away, and he 
assented that it was a reasonable conjecture that 
the side of the tank had been thrown over the wall 
mentioned. As to the tank materials, the whole 
of the plates had been removed from the site by the 
contractors; and as to the condition of the damaged 
holder, several of the joints were deformed and 
twisted by the fire, and it would consequently need 
extensive renewals. 

A witness from outside the works — whose 
evidence was considered by many engineers to be 
of considerable importance—was at the time half- 
way down Barkergate, the street just beyond the 
holder, as shown in Fig. 1. He was thus on the 
north side of the gas-holder, whilst the main rup- 
ture was on the south; but he was quite near the 
structure, being separated by the boundary wall 
and a small intervening distance only. He heard 
at first an immense cracking noise, which he assumed 
to be due to the bursting of the tank. He saw the 
water first, flames afterwards shooting up from the 
top of the holder, lasting only a very brief time. 
The holder appeared to be twisting round before 
the collapse. 

Reasoning from his observations, and the state- 
ments of eye-witnesses, the manager believed that 
the accident originated in the outer lift of the 
gas-holder, becoming jammed in its guides, and 
that as a consequence the inner lift descended at a 
rapid rate through the unsealing of the telescopic 
joint, with rapid escape therefrom of the gas. 

his shock, combined with the effect of the ignited 
gas, coming in addition to the stress put on the 
tank by the locking of the outer lift, caused a frac- 
ture of the tank, possibly at its top ; thus allowing 
the water to escape, probably not in t volume 
at first, but sufficient to cause the holder to break 
loose from its guides and to be carried by the water 
flowing from the gapinto the gap itself. Then the 
strength of the tank being reduced by the fracture 
of the circle, and the holder coming with its weight 
against the fractured place, and, in addition, pre- 
venting the water escaping as freely as it otherwise 
would have done, provided the extra stress neces- 
sary to rip the tank from the bottom plates through 
almost three-fourths of its circumference. 
The engineers called in by the Ilkeston Corpora- 
tion supported the view of the gas manager as to 
the sequence of events at the time of the disaster, 
and furnished particulars as to the tensile strength 
of the tank-plates. A sample of the metal tested 
was produced, and whilst no fault was found with 
the materials so far as tensile strength was con- 
cerned, it was recognised that such metal—viz., 
Bessemer basic steel—was liable to vary in character. 

The floor-plates of the Ilkeston tank were } in. 
thick, except those in the ring next the angle or 
bottom curb, which were yin. thick, and this, in 
accordance with usual practice, was regarded as 
ample, in contrast to the side plates, which were 
regarded as light. As to the effect upon the floor- 
plates of a tendency to elongate or bulge in the 
vertical plates, the opinion was expressed that this 
stress upon the floor was taken = the bottom 
angle-plates, and not by the floor-plates generally. 





4 10 miles an hour, 


It is to be noted that upon Fig. 39 the ;-in. floor- 


plate attached to the fractured ,%-in. side plate by 
the 5-in. by 5-in. by }-in. angle was fractured 
along the rivet-holes. 

It was represented to be difficult to say whether 
the fracture of the tank commenced at the top or 
bottom, but it was argued that some extraordinary 
force had been thrown on the tank from the roller- 
guide carriage. The fracture at the top went 
through a solid line of plate, — 2. 

It got hold of the rivets slightly, and then ran 
out again. The fracture at the bottom, however, 
went through a line of rivets. The riveted vertical 
seam in the ,%-in. plate showed in its fracture 
twenty rivets intact, five with ‘‘nobbled” heads 
torn off and pulled out, and two adjacent ones 
sheared off. These were almost at the bottom of 
this plate 4 ft. 6 in. deep and 18 ft. long. Fig. 38 
shows the fractured plate, ,% in. thick, tien toons 
the third tier reckoning from the bottom, and 
Fig. 36 the ,°;-plate at the principal rupture. From 
here the tank opened outwards, as shown in 
“ 34 and 35. ; 

he drawing submitted on behalf of the Corpora- 
tion corresponded practically with the tracing put 
in by the contractors’ witness, who said he took the 
fracture as having passed through the outer plate 
of the lap. The narrow width of the plate at the 
joint was torn away in the course of the accident, 
some rivets having yielded, and there was fracture 
of the inner plate at the joint. The view of the 
Corporation’s witness was that the crack did not 
through the two plates, and to him it would 
extraordinary if it had done so. 

In the gas-holder portion of the Ilkeston struc- 
ture, there was ample depth of lute to provide 
against unsealing (Fig. 30), and although the holder 
sheeting was thin, the guides were very strong, so 
that it would not be expected that the lifts would 
buckle up and give way before the tank. 


TaBLE I.—Tests at Rolling-Mills of the Steel Plates 
Made by Alfred Hickman. 
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P enone Patty ° Chemical Composition. 
8 Tons. 
B | - s | 
S| v } = = : i 2 
Z i et Pee | igs ie 5 
sie elts 2 se ae: Fi] 2 i 
3 EB ia®| <2 a | a” | a is af a a 
in. | in. | pc pc. |) pc. pc. pc, 
62 | 1.5 0.55 | 0.825 22.6 27. 27.0 0.116 070 | 0.05 0.07 
131 | 1.5 |0,56| 0.840 23.2) 27.6 | 25.0 0.119 0.69 | 005 0.16 
58 | 1.5 |0.60/ 0.760 20.6) 27.4 27.0 0.117 0.70 | 0.06 0.147 
49 | 1.5 | 1.43) 0. 645 18.2, 28.2 26.0 0119 0.63 | G07 0.06 
82 | 1.5 1.31) 0.465 12.9) 27.7 | 240 0.118 0.69 | 007 006 
102 | 1.5 |0.25/ 0.375 (10.3) 27.4 | 25.5 0.115 0.72 | 0.05 0.07 
111 | 1.5 |0,25| 0.875 10.4) 27.7 | 235 (0.119 0.68 | 0.056 0.06 
114 | 1.5 | 26) 0.875 10.6) 28.1 230 9.120 | 0.67 | 0.05 0.146 
182 1.5 |9 25| 0.875 10.7) 28.5 | 23.5 0.118 069 | 0.07 | “.07 
67 $1.5 9.26| 0.875 10.2) 27.2 26.0 0.118 0.68 0,07 | 0 06 
Average of ten tests ..| 27.71| 24.9310, 1179| 0.69 | 0.059, 0. 064 
{| 27.2 | 23.0 | 0.115 | 068 | 0.05 | 0.06 
Range in ten tests ~| to | to to | to to | to 
\} 28.6 | 27.0 | 0.120) 0.72 | 0.07| 0.07 





Table I. shows the tests of metal taken from 
the manufacturers’ works, Subsequent to the 
disaster, two pieces of steel cut from the tank wall 
had been submitted to the Whitworth Institute, 
Manchester, and these showed a resistance to 
tensile stress of over 27 tons per sq. in., a result 
corroborated by another test made at Derby, which 
yielded the subjoined results :— 


Tensile Test of Bar 8 In. Long, taken from Steel Plate of 
Tank Side, adjacent to where it Ripped. 


Before Testing. After Testing. 
Breadth - .. 2.40 in. 1.96 in. 
Thickness e = 0.25 ,, 
Area of cross-section 0.912 sq. in. 0.49 sq. in. 


Reduction of. area per 
cent. .. ee ee _ 46.3 
Breaking stresson piece 26.0 tons Nag me om of tester:—Slightly 
mn »» pereq.in. 27.4 ,, laminated. 

In addition, an analysis of the steel from the 
bottom side-plate of the damaged tank was made 
at Derby, for the sulphur and phosphorus content, 
and the former was found to be present to the 
extent of 0.05 per cent. at one place, but the latter 
was 0.1 per cent., which was distinctly high for 
basic Bessemer steel, and pointed to brittleness of 
the plate. Tensile tests were taken across the 
grain and against the grain, and from the diagram 
submitted at the inquiry the particulars contained 
in Table II., page 592, have been compiled. 

Statistics were produced showing that of late 
years steel tanks had grown greatly in favour, and 
the opinion was expressed that they were quite suit- 
able for a mining district. The concrete foundation 





(Fig. 2, Plate XXXIV.) had a load upon it of 
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8000 tons, equal to the moderate amount of 15 cwt. 
per sq. ft., the subsoil being clay. 
Taste Il.—Tensile Tests of Bars from the Fractured 


Bottom Side-Plate, 18 Ft. by 4 Ft. 6 In. by Yq In. Thick. 
(See Fig. 36.) 





| Ultimate | 
| TensileStress Elongation | 











Whore Test-Bar was | in Tons oe per Cent. ona oot 
Obtained. Square Inch —_ of 
of Cross 8 In. 
| Section. | 
From Fractured End. .| 27.3 24.5 Lengthwise. 
m 4 sy pe ae 24.8 | ts 
” oo * 27.6 28.5 Crosswise. 
7.4 25.0 = 
Average .. 27.275 24.45 
From the other end .. 25.4 29.2 Crosswise. 
rear bestia 25.4 30.0 2 
” o ~ | 25.6 29.2 Lengthwise. 
og 25.6 30.0 2 
Average .. 25.5 29.6 
Range in first set 26.8 to 27. 23.5t0 25 | 


6 
Range in second set ..| 25.4 ,, 25.6 29.2 ,, 30 


As to the joints of the tank-plates, it war 
recommended by Mr. 8. Glover, M. Inst, C.E., 
that in future butt-joints with cover-plates insid« 
and outside should be used on all plates of 4 in. 
thickness and upwards, and that the pitch o: 
rivets—viz., 34 in.—adopted at the bottom tier o 
vertical plates should be reduced. That the mini 
mum factor of safety should be 4 when computed 
as against water pressure alone—that is, when th 
holder is guided independently of the tank, as in 
holders with andatle that have their bases on th: 
ground. Relative to the adequacy of the design o! 
the Ilkeston spiral holder, it was affirmed that th 
details of the spiral type were in the course of 
evolution, and that even since the date (1909) of 
the design of this holder there had been improve- 
ments effected in the depth of the groove in the 
guide-rollers, in the section of the guide-rail, and in 
the mode of attaching the Peep ee to the sides 
of the holder, whilst further suggested improve- 
ments had been set forth or discussed by engineers 
or by gas-holder builders. 

Based upon the tensile strength (see Table I.) of 
27 tons per sq. in., a diagram was submitted con- 
trasting the strength of each tier of plates with 
the water pressure thereupon, with the broad result, 
it was stated, that the factor of safety on the 
bottom side plats was 3.4, and on the top plate 10.75 
The former of these factors was contrasted with 
3.76, the factor of safety allowed in the tank at 
Burton-on-Trent (see Fig. 33), and with 4.4 for the 
tank at Belper (see Fig. 32). 

The evidence adduced by the contractors repre- 
sented that the design was in accord with the usual 
practice of manufacturers, and that in this case the 

ractice was a goodone; and further, that, judging 
rom the tests made, the plates were of good 
quality and of considerable uniformity. In the 
factor of safety it was regarded that a sufficient 
allowance had we made—viz., 3.5—in the bottom 
tier of plates, because some engineers thought 3 
asa factor of safety was sufficient for known constant 
dead loads. A higher factor had been provided at the 
top as was necessary, making sufficient provision to 
resist all shocks or gtresses that could be antici- 
pated in regard to the tank. Judging by a drawing 
of the fracture, the decided opinion was exp 
that the rip commenced at the top, for there was 
nothing in the appearances to lead to the idea that 
the fracture commenced at the bottom, but rather 
that it commenced at the junction of a very stiff 
the bracket—with a more flexible portion in 
the upper part of the tank, the fracture starting at 
the inner edge of the top curb. 

As to details of the rupture, it was stated later 
that the joint was weak in the shearing strength of 
the rivets, 5 tons per sq. in. being a safe stress to 
take in shearing rivets, and 10 tons too high ; 
but it does not appear that the material of which 
the rivets were made was disclosed. There 
was a conflict of testimony as to whether the 
heads were on the rivets as discovered after the 
disaster, but the contractors’ witness contended 
that the mischief was caused at the top by a tear, 
that the crack did not go through both plates, 
but that the inner plate broke away from the inner 
rivets. An independent chemical examination of 
a plate taken at random showed the phosphorus 
content to be 0.078 per cent., and in the opinion of 
the witness just referred to, except under a blow, 
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he did not think the phosphorus in the metal 
would have any bearing on the accident. 

It having been stated that rollers put into a gas- 
holder at Merthyr Tydvil had caused jamming, and 
were therefore removed, the contractors stated 
that they had never received a complaint as to 
locking, except at the town named, where some 
adjustment was found to be necessary, and was 
made. Ample provision was made by them at 
Ilkeston for contraction and expansion in the 
holder, and here, as always, they provided grooved 
rollers, which did not increase the risk of binding. 

Besides the witnesses for the Corporation and 
those for the contractors, the chief engineer of the 
South Metropolitan Gas Company appeared at 
the adjourned inquiry at the request of the Home 
Office. He —- every confidence in the 
system of spirally-guided gas-holders, and the type 
thereof made by the contractors, he believed, 
worked well, though it might perhaps be improved 


upon. 

Pall steel tanks for spiral holders should, he said, be 
stronger than for holders with guide-framing, and 
whilst the factor of safety ought never to be less 
than 4, for tanks above ground it ought always to 
be higher. In the Ilkeston tank he had considered 
and thought that immediately above the bottom 
curb the factor of safety might be as low as 2.04. 
There was a stress or shear at the point indicated 
of the equivalent of 14 tons per sq. in. on the net 
area of the metal. This was where the bottom side- 
plate was riveted to the angle curb. In Conti- 
nental practice, engineers allowed 41 lb. per sq. ft. 
for wind pressure, but in Great Britain the general 
allowance was 28 lb. Calculating on the former 
basis, and for the holder at its full height, there 
might, at some time in the life-history of the holder, 
have been a tensile stress on the tank-top curb to 
the extent of 22 tons per sq. in. Probably when 
the accident occurred the top curb was not as it 
was when it left the makers’ hands, the metal by 
overstraining having been reduced in its power to 
resist the stress. Then there was the fact that the 
lower plates were of basic Bessemer steel, and there 
was more chance of there being brittle spots or areas 
than if they had been of Siemens or other open- 
hearth process. In connection with the brittle- 
ness, it was accentuated by a low temperature, 
the inspector having said that on the day there 
had been 7 deg. of frost. The figures of the chemical 
composition of the plates showed exceedingly bad 
quality, and in view of the phosphorus present, 
which added to the brittleness of steel, it was 
possible that many of the plates might pass the 











































Fig. 1, 


tensile test satisfactorily, but fail if knocked or 
subjected to extremes of temperature. He was 
inclined to think that the fracture commenced at 
the bottom, because of all the tank, that portion 
was the weakest for the static pressure coming 
upon it. If there was first jamming of the holder 
lifts, the tank would tear from the top. The 
sequence of events, in his opinion, was: (1) the 
bursting of the tank; (2) the distortion of the 
outer guide carriages, which immediately jammed 
the outer lift ; (3) the inner lift then came down 
with a run, rocking as it did so, because, perhaps, 
the paths were not true, owing to the contortion of 
the outer lift, and when thus coming down, jump- 
ing, there was a hundred times more chance of 
sparking than if it had been swinging in true 
guides. (4) The sparking thus caused lighted the 
gas near the holder, allowing it to burn quietly, 
and not ignition at a distance therefrom, which 
would have resulted in explosions. 

As to whether the weakness of the top of the 
tank would have conduced to the disaster, he did 
not think it conduced directly. If his assumption 
was correct—that rupture began at the bottom— 
the remainder of the tank was more likely to rip 
open from the bottom to the top; but it was a 
possibility to be borne in mind that the lower 
plates might have burst and the top have held 
good, if the latter had been strong enough. But 
if the outer lift jammed first, then he should 
certainly say the tear would start from the top, 
more especially as there were overhanging carriages 
with considerable leverage. 

Of the two alternatives, the first was probably 
the one that occurred, for the reasons just given, 
and for the fact that the lifts of the holder were 
but little damaged. Another reason for this 
alternative was that of the ten or twelve ordinary 
gas-holders that had come down within his know- 
ledge, and some in steel tanks, none of them had 
—— distorted the tank, but the lifts of the 

olders had in every case been absolutely wrecked 
and crumpled up like a brown-paper bag. _In the 
Ilkeston case the outer lift was almost sure to be 
locked—primarily or secondarily—but the inner 
lift would probably be free to move down as far a8 
it possibly could, how far depending upon the 
amount of precedent distortion in the inner lift. 

Respecting the possibility of primary jamming 
of the lifts, if a stone lodged between the rollers, 
that might be a cause. If it were a fact that the 
guides of the outer lift were not distorted, then he 
should say that it probably jammed ; but inasmuch 
as he was informed the a he were broken and the 
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ing first. 

The static pressure must be computed for the 
tank at the various heads of water, and that one 
must be deemed the critical where the resistance of 
the metal thereto was the least. But in addition 
twas to be remembered that it was a common 
occurrence for a structure to have stood greater 
stresses than those in operation when the collapse 
tame, and the remarks made above as to initial 
stress in the top curb had a similar applicability to 
the bottom of the tank stressed statically and to 
every part of the structure. The stress might 

ve been previously above the elastic limit, but not 
tbove the breaking strength, the former being 
often 50 per cent. of the latter. If material was 
stressed up to, or slightly above, the elastic limit, 
might hold together for years, but it would never 

the same metal judged by its properties, for it 
vould yield sooner or later ; and with the evidence 
of brittleness in this case, the tank might fail at any 
me. The potential presence of brittleness due 
% phosphorus might be brought into operation by 
* blow or alteration of temperature, as was shown 
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£Plate fractured along Rivet Holes 
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spindles bent, he adhered to his theory of the tank| in steel mains under water pressure, where you 


might go along with tests for days, and they would 
appear right, but at another time a tap froma }-lb. 
hammer would cause a pipe to burst. 

The working stress ought to be not more than 
64 tons per sq. in., and there ought to be a con- 
siderable increase in the margin of safety where the 
tank was above ground. On the works of the 
South Metropolitan Gas Company, in a tank subject 
to no exceptional stresses whatever, but which con- 
tained creosote oil, the factor of safety was 8, the 
factor being high on account of the great necessity 
for sound riveting and caulking. 

In the case of a tank for a spiral holder it 
required different construction, because the stress 
of the holder must necessarily be taken by the 
top of the tank. Not only was a larger margin of 
safety desirable, but a differently designed tank 
altogether, to provide for jamming stresses which 





it was impossible to estimate. It really meant that 
provision should be made for the whole weight 
of the holder coming on to a few carriages, in view 
of possible impact. This was in contrast to the 
case of holders vertically guided, for there the 








standards, and their foundations in the ground, 
took off all the wind stresses, and the tank was 
only a water-tank. 

Spiral-guided holders had worked quite smoothly 
in the past, and at Newcastle-on-Tyne, in design- 
ing one, the factor of safety allowed was based 
upon four timee the heaviest wind pressure expe- 
rienced during the last twenty-five years, which 
was 13} lb. per sq. ft.—that is, blowing at the rate 
of 52 miles per hour. 

The engineering witnesses of the Corporation and 
of the Home Office agreed in referring to the large 
experience of this class of work soaitined by the 
contractors in this case, and to their acknowledged 
reputation for the construction of gas plant, and 
they were also unanimous in deprecating the custom 
of trusting solely to drawings and specifications 
prepared by contractors generally. Most - 
managers were right to get designs from gas-holder 
builders, for it was a special job ; butevery manager 
ought, if acting in an engineering capacity, to be 
able to specify the margin of safety, the material 
he wished to be used, and the general conditions. 
The design, when submitted, could be checked by 
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an independent engineer, to make sure that the 
sections conformed with the specified margin of 
safety. 

This procedure would do something to check the 
tendency, somewhat marked in recent years, to cut 
down the weights of gas-holders, and they had 
reached the limit; they ought to go now in the 
opposite direction. Besides the examination of 
tenders, &c:, before the contracts were placed, it 
was desirable that the British standard specification 
for steel should be embodied therein, whilst the 
tests at the steel works should be carried out by 
an independent engineer before the plates were 
accepted therefrom by the contractor. 

This evidence concluded the Home Office inquiry ; 
but it may not be inappropriate here to draw atten- 
tion to a few facts revealed thereby which merit 
attention. The tests of the plate ,°, in. thick, as 
set forth in Table II., show a noteworthy variation 
between the test-bars taken from opposite ends of 
this plate, 18 ft. long. Those from the fractured 
end exhibit an ultimate tensile strength which 

fairly well with the rolling-mill-tests given 
in Table I., but those from the other end show, in 
all four specimens, a lower tensile strength—viz., 
254 tons, against 27} tons, but a higher percentage 
elongation—viz., 29.6, as against 24.45. 

In view of the opinion entertained by competent 
engineers that basic Bessemer steel is not a suit- 
able material for a gas-holder tank, especially one 
containing a rigid spirally-guided holder, where 
the whole wind pressure may devolve as a live load 
on the tank top, it is desirable to refer to the 
recent revision of the British standard specification 
for structural steel for bridges and general build- 
ing construction. The new specification divides 
such steel into two classes—namely, ‘‘A” steel, 
which shall be made by the open-hearth process, 
acid or basic, and must not show on analysis 
more than 0.06 of sulphur or of phosphorus. 
‘*B” steel may be made by the open-hearth process 
(acid or basic), or by the Bessemer process (acid or 
basic), and must not show on analysis more than 
0.06 of sulphur and not more than 0.08 per cent. of 
phosphorus, and a note states that ‘‘B” steel is not 
intended for bridges, nor for plates } in. in thick- 
ness and over, nor for rivet bars. 

It was not disclosed in the evidence concerning 
the Ilkeston holder of what material the rivets were 
made, whether of iron, of open-hearth steel, or of 
Bessemer basic steel, but it would appear a reason- 
able precaution that in future tanks both the 
plates and rivets should be of ‘‘A”’ steel. 

The Corporation of Ilkeston claimed from the 
Royal Insurance Company the sum of 47311. for 
the loss of tank and holder, but this being contested, 
the sum of 20001. was accepted in settlement. In 
replacing the tank the Corporation Gas Committee 
have decided not again to have one of steel, but of 
brick made watertight with puddle, and have en- 
trusted Mr. Samuel Glover, M. Inst. C.E., of 
St. Helen’s, with the work of preparing the designs 
and specifications. The estimated cost is 4500I. 

The concluding part of this article will deal with 
a theoretical investigation into the stresses in the 
Ilkeston gas-holder. 

(To be continued.) 
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The Geology of Soils and Substrata, with Special Reference 
to Agrs e, Estates, and Sanitation. By Horace 
B. Woopwarp, F.R.S., F.G.S. Illustrated. London: 
Edwin Arnold. [Price 7s. 6d. net. | 
Ir one considers the varying forces that have been 
at work in the formation of soils, and the different 
ingredients that have entered into their composi- 
tion, it will be admitted that it is difficult to write 
an exhaustive treatise that shall deal adequately 
with all the factors operating, and trace the mecha- 
nism that has produced the observed results. Mr. 
Woodward, who, on a former occasion, offered 
much information concerning the geology of the 
water supply, has, however, given us a very useful 
book ; useful both for its facts and its su ive- 
ness. In the marts of commerce and industry 
geology is held to be concerned only with a world 
that has , and for the want of such a book 
much scientific information that might have a dis- 
tinct pecuniary value has been lost. It is true that 
such examples as that of the severe land slide which 
occurred some years ago at Knocknageeha, in Co. 
Kerry, do not frequently happen, to prove the value 
of geological indications. Then, it will be remem- 








bered, a bog burst at its lower edge, and a black 
peaty flood was carried down into the lower valleys, 


wrecking a large tract of land. The insecurity of | 


such positions may be so obvious that they are 
avoided ; but how many houses built on a clay soil 
developed ominous cracks after the hot summer 
two years ago, when the subsoil dried and shrunk 
in an unexpected manner? Our point is, that from 
inattention to the many practical truths which are 
explained in this book, safeguards and precautions 
have heen neglected because their importance has 
been underestimated. With an authoritative guide 
such as Mr. Woodward, it is to be hoped that in- 
creased attention will be given to the selection of 
the best possible sites, whether they be needed for 
agriculture, town planning, engineering works, or 
development in any direction. It is impossible 
within the limited compass of this little book to 
discuss the uliar formation of soils and sub- 
strata best adapted for definite purposes, even in 
the restricted area of the United Kingdom, where the 
record of the rocks has been more closely examined 
than in any other area of similar extent, and where 
geological maps abound. It cannot be shown how 
each locality is adapted for a specific object, but the 
mode-of discussion and analysis adopted by the 
author may be everywhere applied, and the guiding 
= perfectly apprehended. He has regarded 

is subject from many points of view, and his divi- 
sion of areas is frequently very minute. He deserves 
a large circle of readers, for there is no section 
of the community that is not interested in the 
problems discussed. All classes are concerned in 
treating the land with intelligence and due regard 
toeconomy. For the productiveness of the soil is 
really our only true source of wealth. We do, 
indeed, derive a large mineral supply from the sub- 
stratum, using the word, perhaps, in a wider sense 
than an agriculturist would ; but, except in the case 
of water, which is sometimes described as our 
commonest and most valuable mineral, these stores 
os a wasting asset. They must in time be 
exhausted, and cannot be replenished. From the 
soil harvest after harvest may be gathered, and 
with proper precautions its fruitfulness does not 
diminish. In the cycle of farming operations we 
seem to come very near to the fallacy of perpetual 
motion. The lost energy is apparently regained 
from the stores in the sun. 

It is not without significance that many practical 
men still question the value of geological informa- 
tion in agricultural pursuits. It is argued that 
soil is such an artificial product in cultivated 
areas that geological processes are not concerned 
with its structure. This is scarcely an accurate 
representation of the case; the view is, to some 
extent, justified by a lack of knowledge of the drift 
deposits which, over a large part of the country, 
have not been mapped. It is not that the informa- 
tion is useless, but that it does not exist. In many 
maps only the solid geology is shown, whereas the 
drift deposits are the most important from the 
agricultural point of view. Mr. Woodward is 
doing good service in calling attention to the 
necessity of supplementing existing maps with 
this addition, for a closer study of the actual condi- 
tions would remove the complaint which loudly 
asserts ‘‘ that within the limits of the same geolo- 
gical formation, soils are greatly varied, and the 
mere knowledge of the formation will not enable 
us to predicate the character of the soil of any given 
tract, either with respect to its texture, its 
composition, or its productiveness.” More thought- 
ful writers have discouraged this view. So long 
ago as 1828, when William Smith, the father of 
English geology, constructed a geological map of an 
estate, the owner was convinced that the natural 
value of the land was determined by its geological 
formation, and that at the same time the proper 
method of treatment and cultivation was indicated. 
The further study of chemists and agriculturists has 
abundantly contirmed this statement. Mr. A. D. 
Hall, than whom there is no higher authority in 
this country, has particularly emphasised the effect 
of special formations, and the necessity of adapting 
farming operations to suit the type of soil which 
has resulted from the weathering and the dis- 
integration of the rock of which it is composed. 
The dividing line that separates the outcrop of 
two formations will hold for superficial soils as well 
as for the substratum. ‘‘ Further, soils from any 
formation will show, on analysis, certain features 
characteristic of that formation ; or, in other words, 
every rock gives rise to a definite soil type.” No 
statement could be more definite or better indicate 





the value of a careful, detailed geological survey, or 
of the importance of determining the geological 
contours. Mr. Woodward conducts the reader over 
England, and, by the examples and information 
supplied in particular cases, shows how similar 
results may be derived in other cases not specifi- 
cally quoted. In addition, several chapters are 
devoted to the description of geological forma. 
tions more especially connected with the super. 
ficial deposits. 

Although the agriculturist_bulks very largely, it 
must not be sup d that Mr. Woodward writes 
wholly on his behalf. With the substrata, he has 
to consider the interests of the landowner in the 
matter of mineral rights, of building stone, and 
road metal. The sanitary engineer cannot neglect 
the character of geological formations when con. 
structing drainage works, sewage farms, cemeteries, 
and many other necessities for large towns. As 
for the builder, he has so much to consider that it 
ita wonder any houses get built at all; it must be so 
difficult to find all demands satisfied on any one 
site. The character of the water supply, the com- 
poe and thickness of the subsoil, which may 

chalk, gravel, or other suitable pervious forma- 
tion, but, unfortunately, water-logged, are matters 
of prime importance. Capillary action from sand- 
stone needs special attention, or dry-rot may 
appear where the Triassic red sandstone comes to 
the surface, while in boulder clay lurk unknown and 
unsuspected terrors. Perhaps it is not well to 
linger over all the sources of imperfection, but it is 
well to know, when alternatives are open to us, how 
to escape the greater and patent evils. Herein 
Mr. Woodward plays the part of a pleasant and 
expert guide, who will not allow us to accept 
danger without warning us of the extent of the risk 
we may unsuspectingly run. 
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Pig Inon 1n GermaNny.—The output of pig iron @ 
Germany in the first three months of this year was 
4,730,415 tons, as compared with 4,168,770 tons in the 
corresponding period of 1912. The production of the 
first three months of this year may be analysed 4 
follows:—Casting pig, 891,631 tons; Bessemer. Pre 
91,656 tons ; Thomas pig, 2,972,836 tons ; spiege! pig 4” 
steel pig, 639,815 tons; and puddling pig, 134,477 tons. 
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. ' the north side, while the down trains will all leave| The sub-surface tunnel or covered way of the Putne 
Oe cee rm ie wart ae aie from the south side, without any interference of the | line (Fig. 6) consists of two walls of ber seneteul, 
POLI ' one with the other. In Fig. 2 the new lines are | 6 to 1, supporting 12-in. by 6-in. by 54-1b. steel joists. 
COURT. designated railways Nos. 1 and 2. Both pass under|The roof is of concrete, reinforced between the 
AmonG recent improvements on the Metropolitan the Earl’s Court Exhibition grounds and buildings, | joists with Clinton fabric. The invert is of cement 
District Railway, a very interesting piece of work has and No. 2 to Hammersmith passes under No. 1 from | concrete, arranged with central drainage. The actual 
been carried out west of Earl’s Court Station, in order Putney. Sections showing the gradients are given in | fly-over is illustrated in Fig. 10, page 596 ; and it will 
to provide increased facilities for getting trains Figs. 3 and 4. The Hammersmith line is on a curve | be seen that at that point the joist and concrete roof 
through that busy junction. The trains now handled | of 10 chains radius running out at either end with | gives place to troughing, seen in plan in Fig. 5. This 
there number about forty-two per hour, whereas on the | transition curves. The Putney line is ona curve of | troughing is 8} in. deep, and it is carried by skew- 
completion of the present undertaking it is anticipated | 8 chains radius with transition spirals at either end. | joists 294 in. by 11} in. by 177 1b. It and the con- 
that it will be possible to raise the number to fifty ' On the new Putney line the steepest up gradient is 1 in | crete and joist roofing is finished with a 3-in. coating of 
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pet hour—a very substantial increase. As is well , 126 (Fig. 3); there isa short stretch of 1 in 40.2down, | asphalt. After the fly-over the normal construction 
knowa, at the south-western end of Karl’s Court| into the station. The new Hammersmith down line | is resumed until the portal, illustrated in Fig. 12, is 
Station two sets of lines diverge, the one going to/on leaving the station drops on a varying grade, the reached. This portal is in brindle brick, with castell- 
mersmith, and the other yo Ben Hitherto the | steepest stretch of which is 1 in 30 down, and then ated parapet. On the right-side facing there is a 
y-out for these lines has been, as shown in Fig. 1, | rises to the surface beyond the West London Extension | brindle-brick faced concrete wing-wall extending into 
‘very complicated arrangement, involving down trains | Railway, with up grades of from 1 in 85 to 1 in 255. the side of the outting. On the other side a long 
for the Hammersmith branch crossing the up track of A plan at the point of crossing is given in Fig. 5, retaining-wall extends in the direction of West 
the other, thus rendering more rapid operation than while Figs. 6 to 12 show details of the construction at | Brompton Station. This wall is of 6 to 1 mass con- 
t forty-two trains per hour an impossibility. various points. The Patney line (No. 1) takes the crete, faced with brindle bricks, and having a batter 

ve new lay-out is shown in Fig. 2, from which it form of a sub-surface tunnel of the wall-and-roof type of lin 8. It runs along the transition curve which 
will be seen that a fly-over junction has now been shown in Fig. 6, while on the deeper level Hammer- | connects up with the existing Putney lines at West 
atroduced, by means of which it will be possible to smith line the tunnel is of brick-arch construction, of | Brompton. Behind this wall stands the water-chute 
bring up trains from both branches into the station on | which a typical section is given in Fig. 7. jand lake in the Exhibition grounds. The work has, 
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in fact, encroached on a portion of the lake, which now 
comes upto thevery back of the wall, as shown in Fig. 12. 
Fig. 11 shows a section of the wall further along 


of the tunnel at that point is that which forms the 
boundary of the lake, and is extended towards West 
Brompton, past the water-chute tower. Fig. 15 gives 


where the sweep of the end of the lake has left it, and an idea of the No. 1 tunnel, completed except for the 


it is backed b: 


for which it forms the lake boundary, is treated on 


the water side with asphalt in two layers 3-in. thick, London Extension Railway end, carried out b 
and with cement renderingalong the top, which provides pone tan No. 2 deep-level tunnel for the 


& narrow 4 aaptsta for the boatmen working the water- 
chute. 


he concrete tunnel-roofing in the neighbour- trench work. The trenchin 


earth ag (O The wall, for that portion | reinforced-concrete roofin 
a 


Except for a length of 190 ft. towards the West 
single 
mer- 
ther by deep- 
was over 30 tt 


smith line has been executed al 


requir 


hood of the lake is overlaid with gravel to a depth of deep and of 21 ft. 74 in. width, and necessitated a great 
about 6 in., and will form a promenade similar to that deal of timbering. A typical view of the timber work 
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SECTION F.F. 
ewttaeg = by the side of the lake, but at a slightly 
igher level. At the fly-over itself, the line passes 
under some of the Exhibition buildings, whose floors 
will be raised 6 ft. 

As already explained, the Hammersmith line is 
carried at a deeper level, and is of the brick-arch 
tunnel construction shown in Fig. 7. This tunnel is 
approached at the Earl’s Court end, between two low 
walls of 1 in 8 batter, after which the wall on the 
right hand rises, and steel joists are extended from it 
over the track, the joists being supported at the other 
extremity on stanchions composed of 16-in. by 6-in. by 
55-lb. steel joists on concrete-block foundations. This 
construction is used between the points EE and F F 
on Fig. 5, and is shown in detail in Fig. 8. Flooring 
of reinforced-concrete slabs is laid above the joists. 
This construction is requisite on account of the Exhi- 
bition buildings projecting over the track at this 

int. The ral is entered by the portal shown in 

ig. 9, situated at the eg { E in Fig. 5. Fig. 9 
shows the floor-level of the buildings just referred to 
as gy over the line, the parapet extending 
little more than half-way over the arch, up to the 
building side-wall. 

The tunnel is of stock bricks set in cement, with 
brindle-brick lining, the crown being overlaid with a 
sating of neat cement. It is of four courses at the 
srown, but in the neighbourhood of the fly-over the 
arch is of six courses throughout. The actual fly- 
over is man as shown ‘in Fig. 10, the brick arch 
being rep’ by steel roofing. Two built-up girders 
run across the tunnel on the skew, giving the neces- 
sary arene, and —- 10-in. by 6-in. by 42-Ib. 
joists, as in igs. 5 and 10. After the fly-over the 
arch construction is resumed, and the line gradually 
comes to the surface, passing under the West London 
Extension Railway, carried overhead on steel trough- 
ing. The track ughout the covered sections will 
be of the well-known standard tube pattern, wooden 
sleepers being used, supported in the centre by con- 
crete, with ballast packed under their ends. 

The work is now nearing completion, and has been 
in progress throughout the winter. It was decided 
upon in October, and actually put in hand at the 
pee avery of November. It has been executed by the 
railway company itself, under the superintendance of 
Mr. Arthur R. Cooper, their engineer, and Mr. W. 
P. Jones as resident engineer. At the Putney end 
the No. 1 sub-surface tunnel was executed by single- 
trench work. Nearei Karl's Court, at the fly-over, this 
pe gave place, however, to cutting trenches for 

e walls, the invert being placed afterwards. This 
change was due to the _—— width involved in putting 
in the thick walls of Railway No. 2 at the fly-over. 
Figs. 13 to 17, pase 597, give some idea of the work 
in progress. These illustrations relate to the No. 1, 
or Putney, tunnel. Fig. 13 shows one of the 
Exhibition buildings under which this tunnel had to 
pass before the work was commenced. Figs. l4and 16 
show the dry bed of the lake and the temporary 
arrangements made to the same building. Fig. 14 also 
shows the trench for the caipieiansell. at the West 
Brompton end. In Fig. 16 the tunnel is shown at the 
end where it was constructed by single-trench work, the 
joists being in position for the g- The left wall 
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| moment, as it was essential that it should be removed 
without interfering with the ordinary traffic over the 
railway. Tempo lines were laid in the grounds 
| and the trucks Tented, but only removed by night, being 
| then run in trains to a bank at Parsons Green, where 
| the excavated spoil was dumped. Most of the work 
| was through vel, much of which was so clean that 
| it was possible to turn it straight over for use to the 
| conereters as it was brought up from the trenches, 
| In fact, out of some thousands of tons of ballast used 
| for the concrete, only a few hundreds have been pro. 


cured elsewhere. On the completion of the work the 
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of Railway No. 1 isshown in Fig. 17. As the work was 
—_ largely under cover of the Exhibition buildings, 
and also owing to the mildness of the winter, rapid 
progress was possible. Electric lighting was installed 
at an early stage, so as to take full advantage of the 
time available ; but night shifts were not resorted to. 
About 500 men were employed, and during the pro- 
gress of the work the scene was one of great activity. 
As so much of it was protected from the weather, 
storm-water did not give much trouble. A sump was 
made in the low-level tunnel, and what water collected 
was removed by an electrically-driven pump. 

The disposal of the spoil was a matter of some 


Ser) 
25-83: 


eS 


railway company had to hand over the grounds to the 
Exhibition Company with the lake and buildings 
restored, with the exception of buildings forming part 
of Shakepeare’s England, the special feature at Earl’s 
Court last year. 





Goup.—The value of the gold coin and bullion imported 
into the United Kingdom in March was 4,248, 1821, & 
compared with 3,692,971/. in March, 1912, and 5,410,2 
in March, 1911. The aggregate imports for the three 
months ended March 31 were 11,597,201/., as com 
with 12,831,735/. and 11,790,912. in the first three 
months of 1912 and 1911 respectively. 
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INDUSTRIAL NOTES. 


On Saturday last the Chief Registrar of Trade 
Unions issued his report. According to this report, 
there remained 669 trade unions upon the register 
at the end of 1910, and 38 unions were registered 
during 1911, and 27 removed. ‘There remained 680 
trade unions at the end of 1911, of which 570 
were registered in England and Wales, 36 in 
Scotland, and 74 in Ireland. Increases of more than 
10,000 in membership were shown by twelve unions, 
and the National Sailors and Firemen’s Union, which 
was registered during the year, accounted for a further 
increase of 61,576, that being the extent of member- 
ship at the end of the year. This union increased its 
membership by nearly 50,000 ey bas first five years 
of registration. The South Wales Miners’ Federation 
was the only union that showed a considerable de- 
crease in membership, the amount of the decrease 
being 20,690. It was in the transport trades and 
general labour that the majority of the increases in 
membership occurred, and these increases may be attri- 
buted to the transport workers’ strike. The increase 
in membership in the twelve unions, having gains 
of over 10,000 each, is more than a quarter of a 
million, or more than half the total increase for 
the year of all the registered trade unions. The 
unions connected with the engineering trades and 
the textile trades are those that show the greatest 
increase among the registered trade unions. The 
average membership of the unions in these two groups 
is below the average of all the trade unions—namely, 
4036; while in the ngs ge with 75 unions, the 
average falls to about 1600. here were, however, 
about 200 small unregistered unions in the last-named 
group. The groups in which the unions are above 
the average size are mining, conveyance, general 
labour, and commercial occupations, the miners’ 
unions having an average ne Say three 
times as large as the average membership of all 
unions. The three groups—namely, wood, &c., food, 
&c., and leather—have a a number of unions 
with a small average membership, the number of 
unions in the first being 20, with an average member- 
ship of 885; the second, with 33 unions, and an 
average membership of 752; and the last, with 17 
unions, and an average membership of 462. There 
are 216 unions, or about one-third of the whole 
number, belonging to mining, conveyance, and engi- 
neering, and they include more than 60 per cent. of 
the membership of trade unions. 

At the end of 1902 there were 754 trade unions on 
the register, the membership being 1,604,812 ; at the 
end of 1907 there were 677 unions, with a membership 
of 1,973,560; while in 1911 the number of unions was 
680 and the membership 2,378,957. The number in 
1911 did not include deductions, amounting to 168,100, 
made on account of federations and branches. In 
previous years no deductions were made. While 
fluctuating slightly from year to year, the number 
of unions has during the ten years decreased about 
10 per cent., but over the same period the number 
of members has increased by nearly 800,000, or one- 
half the membership at the end of the first year under 
review. 

Nearly one-third of the total income for all regis- 
tered unions went to the engineering group, and the 
average amount contributed per member was greater 
than in any other group, with the exception of print- 
ing, &c. On the whole, about one-third of the amount 
paid by the members was received back in benefits. 
The total funds of registered trade unions on Decem- 
ber 31, 1911, together with the increase or decrease 
during the year 1911, amounted to 6,326,712/., an in- 
crease of 454,872/., or 7.75 per cent., and more than 
half the total funds of registered trade unions was 
held by the two groups, mining and quarrying and 
engineering. Funds amounting to 4,008, 9 OF 
nearly two-thirds of the funds of all the registered 
trade unions, belonged to fifteen trade unions. 


The monthly report of the Associated Blacksmiths 
and Iron Workers’ Society for April gives figures 
relating to the six weeks —_— April 8, from 
which we gather that the income during that time 
amounted to 1457/. 10s. 44d., and the expenditure to 
1849/. 18s. 2d., representing a loss of 392/. 7s. 93d. The 
total number of members at the end of the time 
stated was 6893, or an increase of 115 over the 
previous month. According to the report, the Barrow- 
field Iron Works have granted an increase of jd. per 
hour on time rates, with 74 per cent. on piece rates to 
their hammermen. Messrs. Shotts lron Works have 
granted au increase of }d. per hour to the blacksmiths 
and hammermen, making & minimum rate of 77d. and 
53d. per hour respectively. The blacksmiths eng 
in the motor industry in Aberdeen have received a 
minimum rate of 74d. per hour, and vicemen a minimum 
rate of 64. per hour, which representa an increase of 2s. 
and 3s. per week respectively. The smiths and hammer- 
men at the Glengarnock Iron and Steel Works have 
received an increase of }d. an hour, making a minimum 
rate of 35s. and 22s. 6d. a week respectively. 





The long-talked-of strike over the non-union ques- 
tion in the South Wales coalfield commences to-day, 
and it is expected that there will be over 200,000 
miners idle. A month ago the number of members in 
the South Wales Miners’ Federation was given as 
109,462, out of a total number of persons employed in 
the coalfield of between 225,000 and 230,000. The 
approximate membership of other unions was 30,000, 
the total number of men outside the ranks of the 
Federation being between 60,000 and 70,000. 


In the weaving-sheds at Nelson there does not 
appear to be any decrease in the numbers of the 
operatives on strike, and the situation was dis- 
cussed at a joint conference of representatives of 
North and Kast Lancashire Cutton Spinners and 
Manufacturers’ Association and the Northera Counties 
Textile Trades’ Federation at Manchester, on Friday 
last, the 25th ult. No statement as to the result, 
however, was published. There seems to be con- 
siderable difference of opinion among the employers 
at Nelson, some of them, it is said, favouring 
the proposal to lock out the 17,000 weavers there. 
The reason for this is that many of the masters 
think that, until some such drastic steps are taken, 
there will be no end to sectional strikes and the 
irritation caused by them. At the end of last 
week there were about six weaving-sheds in the 
area affected by the strike, and more stoppages 
are threatened. The support of the Weavers’ Asso- 
ciation has not been given to the strikers. The 
members of the Weavers’ Protection Society number 
about 500, and it is against them that the agitation is 
directed, for they are regarded by the Weavers’ Amal- 
gamation as non-unionists. 


There appears a possibility that a strike of the 
bakers in Paris may take place on May 10 unless 
certain demands put forward by the men are 
granted. These demands are a minimum salary 
of 8 francs (about 6s. 5d) a day; 2 francs instead of 
1 franc for extra batches ; and, finally, the abolition 
of nightwork. The masters state that a uniform 
rate is impracticable, owing to the different condi- 
tions under which bread is baked and sold in Paris. 
Moreover, the increase demanded would add con- 
siderably to the price of bread. The masters also 
state that the men have had their conditions greatly 
improved of late by the introduction of better machi- 
nery and methods. It is not thought likely that 
anything like a general strike will take place, As 
stated by a correspondent of the Times, ‘‘ the bark 
of the French trade unions is far worse than their 
bite,” so it is not expected that anything very serious 
will happen. Out of a total of 7000 to 8000 men 
among the Paris bakers, not more than 1000 are 
unionists, and a strike does not find favour among 
the non-unionists. In case matters should, however, 
become serious, the masters consider that the supply 
of bread could be kept up with the aid of men from 
the provinces. 


According to the 7'imes, the attention of the employees 
at the Portsmouth Dockyard, whohave declined to work 
overtime, has been called to the requirements of the 
Superannuation Acts, under which certain certificates 
as to conduct, qualifications, and length of service have 
to be produced by the head of each man’s department 
when the Treasury is considering the award of pensions 
or bonuses. As far as can be ascertained, however, 
no attempt has been made to coerce the men by any 
threats that any pension or bonus may be withheld. 


The proposal to form a National Wages Board has, 
it is understood, been received with favour by a large 
number of shipowners, who have stated their approval 
of the proposal to hold with the Seamen’s Union joint 
meetings in London to consider the subject. 


The dockers in Liverpool and Birkenhead have not 
yet settled down, and as the outcome of the trouble 
we mentioned last week, about 5000 of them took part 
on Saturday last in what is known as “‘ the one day a 
week strike.” As a smaller number had on the 
previous Saturday refused to work because of what, 
they allege, is a short Saturday, so the greater 
number had a holiday the following week. There 
appears to have been plenty of work for them 
to do, but the men declined to start work. About 
1000 men were also said to be out at the berths of the 
White Star Line. 
recognised by the officials, it is alleged that the men 
have a grievance. At Birkenhead about 2000 men were 
idle at the beginning of this week, and it appears that 
they do not intend to return to work unt the ship- 
owners consent to give them full pay up to 10 o'clock. 


A scheme is on foot among the Scottish miners for 
merging several county associations or unions into one 
national union. For certain purposes the associations 
have already acted collectively, for instance, in the 
matter of en rates, through the Scottish Miners’ 
Federation. The aim of the new union is to bring 


Although the strike has not been | f 





hting force of the Scottish 
miners, who numbered in the associations about 70,000 
at the time of last year’s strike. Under the new cop. 
stitution the several districts would still have auto. 
nomy as regards local administration, the collection of 
fees, &c. Where, however, conflicts with the em. 
ployers were concerned the unions’ central committee 
would control matters in conjunction with the officials 
of the district affected. Emergency strikes weuld 
have a special provision provided for them, whereby 
local officials would be allowed to sanction a stoppage 
involving not more than fifty men. Notice of the dis. 
pute would, however, have to be sent to the Nationa] 
Union secretary, and the affair would be put in the 
hands of the Central Committee, who would also con. 
trol the strike fund. The scheme was considered at a 
conference at Glasgow on Monday last, the 28th inst, 
and another conference will consider it again on M ay 19, 


under one control all the 


An important amalgamation has taken place in 
Germany between the Main Centre of German Em. 
ployers’ Unions and the Society of German Employers’ 
Union. Attempts have on previous occasions band 
made to bring about this combine, and the en. 
deavours that have now succeeded may be taken as 
a further proof of the necessity on the part of the 
employers to stand united against the unrest and 
unreasonableness of the men. The amalgamation of 
the two large bodies was unanimously approved. 
The old society was dissolved, and the new combine 
decided upon to take effect the following day, April 5. 
The hess of the two large unions, now dissolved, 
in the meantime form the board of the new union, and 
it was announced that the members’ subscriptions for 
1913 should be paid in full. General satisfaction 
was expressed at the combine which had now been 
effected. 


According to a report for last year, just published 
by the German Metal-Workers’ Trade Union, the 
number of members at the end of last year amounted 
to an aggregate of 561,547, an increase on the year of 
46,402. The net revenue amounted to 17,934,086 
marks, against 15,276,320 marks for the previous year, 
and the expenditure amounted to 12,592,075 marks, 
The capital of the union had during the year in- 
creased, by 5,009,960 marks, from 6,360,419 marks 
to 11,370,379 marks. Of the expenditure during last 
year, 2,519,551 marks came upon strike aid, &c., 
3,435,106 marks upon sick aid, 1,690,529 marks upon 
support to unemployed, &c. 


The Norwegian Government has introduced a Bill 
providing for compulsory arbitration in labour cun- 
flicts. The former Government, prior to their resiz- 
nation, brought forward a proposal to the same effect, 
according to which employers and men, prior to a 
strike or lock-out, should be compelled to apply for 
mediation by means of public arbitration. This 
measure was withdrawn by the present Government, 
which has carried the question a good deal further, 
inasmuch as, besides arbitration and labour courts, 
their proposal also provides for compulsory arbitra- 
tion in such labour conflicts as, on account of their 
nature or magnitude, affect issues important to the 
interests of the community. Resolutions about such 
arbitration shall each time be taken by the King, with 
the sanction of the Storthing,: mediation having in 
vain been resorted to. When the King resolves that 
the conflict shall be decided by arbitration he can 
also forbid the men to leave work until the verdict 
has been given. Should the parties concerned not 
heed the arbitration, but still resort to strike or 
lock-out, punishment may be inflicted to the same 
extent as in breaches of tariff agreements—that is, 
special responsibility as to compensation. The pro- 
posal has not been very favourably received either by 
masters or men, and both the Social Democrats and 
the Conservatives are likely to oppose it, but it is 
expected to become law all the same. 








Marine Digset Enoine Set ror THe Brivis AbMI- 
BALTY.—Messrs. Sulzer Brothers, of Winterthur, Switzer- 
land, have received an order for a marine Diesel engine 
set of 3200 brake horse-power for the British Admiralty. 


Tue Dutcu Navy.—Three torpedo-boat destroyers, 
with a displacement of 480 tons each, and a desi 
8 of 30 knots, are now in course of construction for 
the Dutch Indies ; four torpedo-boats, with a displace- 
ment of 180 tons each, and a designed speed of 25 knots, 
or Holland ; three gun-boats, with a displacement 
of 800 tons each, fitted with Diesel agen, and to 
have a speed of 14 knots, for Holland; two sub- 
mersibles, with a displacement of 150 tons each, for 
Holland ; and one submersible, with a displacement of 
350 tons, for the Dutch Indies. Besides these units, the 
Dutch Budget for 1913 provides for the laying down 
eight torpedo-boats, with a displacement of 200 tons 
each, and to steam at the rate of 26 knots ; two submer* 
sibles, with a displacement of 200 tons each, and to steam 
at 16 knots ; and two submersibles, with a displacement 
of 350 tons each, and to steam at 16 knots. The first two 
submersibles are to be built for service on the Dutch const, 
and the second two for service in the Dutch Indies. 
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NOTES FROM THE UNITED STATES. 

PHILADELPHIA, Aprii 17. 
ConpiTIoNs in the district recently affected by the 
foods are gradually assuming a better shape. Many 
of the mills and furnaces have resumed work, and are 
operating at full capacity in an effort to catch up with 
business. The output of all capacity was considerably 
curtailed during March. Coke supply has been a factor 
in the production of April. Gains are being steadily 
made in the shipments of coke. There has been 
naturally a lessened degree of activity in the pig-iron 
market. Pig-iron consumers are still hoping for and 
believing in & a of quotations on crude iron, and 
they are encouraged by some evidences of weakness in 
the west which is not showing itself in the east. The 
largest recent sales made are in the eastern market 
on Canadian accounts. The largest sales of the 
week have been made at southern furnaces: for iron 
forpipe-making purposes. Low-phosphorus grades have 
been moving more freely than some other lines, and 
stocks in consumers’ hands appear to be low. The 
railway orders on account of the repairs for flood 
damages are rather slow. The leading sheet-mill 
interest is operating 69 per cent. of its hot sheet-mill 
capacity and 87 per cent. of its hot tin-mill capaciiy. 
The effect of the lowered tariff in some lines of finished 
products which would permit of importation will be 
unimportant as far as this year is concerned. The 
removal of the iron-ore duty will result in no change, as 
the present duty is simply nominal. However, in the 
near future it 1s figured out that some adjustments 
will have to be made. The Bethlehem Steel Company 
is rushing its work on ten vessels to carry ore from 
South American and Texas sources, as well as from 
some other foreign localities. The tone of the market 
is remarkably strong, taking into account the pending 
tariff reductions. 





16-B.H.P. ‘‘ADvance” Marine Enorne.—We are 
informed by Messrs. Boving and Co., Limited, 9}, Union- 
curt, Old Broad-street, mdon, E.C., that the above 
engine, which is now on exhibition at Southampton, may 
be seen there until to-morrow, the 3rd inst., as the public 
have shown great interest in it. 





Tue British FrrE-PREVENTION CoMMITTEER’S TESTING- 
Station. —The testing-station of the British Fire-Pre- 
vention Committee, which has been largely reconstructed 
and rearranged, and the grounds of which have been 
doubled in extent, will be reopened on Wednesday, May 7, 
when fire-tests will be conducted under the Committee’s 
usual procedure. The tests that will be under review will 
comprise fire-resisting glazing to six casements, and also 
two reinforced-concrete fire-resisting party-wall doors. 





AWARDS OF THE INSTITUTION OF CIviL ENGINEERS.— 
The Council of the Institution of Civil Engineers have 
made the following awards for papers read and discussed 
during the session 1912-1913:—A Telford gold medal to 
Mr. Murdoch Macdonald, C.M.G. (Cairo); a George 
Stephenson gold medal to Mr. G. D. Snyder (New York) ; 
a Watt gold medal to Mr. H. A. Humphrey (London) ; 
Telford premiums to Messrs. C. W. Methven (Durban), 
B, Hall Blyth, Jun. ee, C. J. Crofts (Durban), 
Frank Grove (Canton), B. T. B. a ee and 
ee (Enfield Lock) ; and the Manby premium 
to Captain C. E. P. Sankey, R.E. (London). The awards 
for papers published in the Proceedings without discus- 
sion and for students’ papers will be announced later. 





_Moror Fixg-Enoink ror Epinsurcu.—The Edinburgh 

Fire Brigade have just received their new motor fire-engine 
from Messrs. Merryweather and Sons, of London. It is 
fitted with a 70-brake-horse-power four-cylinder petrol- 
engine, which is also employed to drive the pump, the 
latter being of the reciprocating or plunger type, with a 
capacity of 450 to 500 gallons per minute. In addition 
to the 6 regres 1}-in. jet delivered by the pump when 
Worked to its full capacity, arrangements are also made 
for it to supply an auxiliary }-in. jet through 180 ft. of 
rubber hose, the water for this purpose being taken from 
‘ lon copper tank carried on the chassis. This 
first-aid” apparatus can be brought into service imme- 
diately the scene of action is reached, and should prove 
of the utmost value for extinguishing small fires. 





, MlotoR-Durven Sup ‘“ Sepastian.”—This vessel, built 
§ the Caledon Shipbuilding Company, of Dundee, was 
a ed on the 24th ult., the special feature being the 
ting of two polar Diesel motors constructed by the 
Aktiebolaget Diesels Motorer, of Stockholm, and placed 
at the after end of the vessel. They are two-cycle motors, 

With six cylinders, and the usual accessories of air- 


ore, &c. Each engine is to develop a brake 
-power of 800. The auxiliary gear is partly run by 
‘uriliary Diesels and partly by steam, for which latter 
Purpose there are two multitubular marine type boilers, 
one placed in the engine-room and one on deck, which 
pales also burn — fuel. The Sebsstian, which has 
¥ built under the management of Messrs. Lane and 


w, is of the Sieg Ghpesstens :— Length 
rpendiculars, $10 ft. ; th, moulded, 465 ft.; 
moulded, 26 ft. 3 in. ; and she is to carry oil in 


il 


is dealt with by two large Hayward-Tyler 
, and the usual deck steam auxiliary machinery. 
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to conform to the Suez Canal tions. The | P 


SPANISH TRANSATLANTIC LINER 
“INFANTA ISABEL DE BORBON.” 


In continuation of our article on the Spanish Tras- 


and 386 ante), we begin now the publication 
tions of the machinery of the sister ship, Infanta Isabel 
de Borbon, which differs from the first-named steamer 
in being propelled by three, instead of four, propellers, 
two reciprocating engines driving the wing shafts, and 
an exhaust turbine the centre shaft, whereas in the 
first-named ship, with four screws, the inner shafts 
have reciprocating engines, and the outer shafts 
exhaust turbines. 
Messrs. Denny, of Dumbarton, built and engined 
the Infanta Isabel de Borbon. They have had large 
experience in the construction of marine turbines, 
having been the first to fit turbines to a merchant 
ship, the first to adopt the combination system of 
reciprocating and turbine machinery, and the first to 
fit geared turbines to a warship. Added to their 
experience they have the advantage accruing from 
their ability to make model tank experiments, not 
only regarding the form of ship, but also as to the 
most suitable form of propellers. The latter enters 
largely into the question of propulsive efficiency 
and into all contributory factors of four-screw and 
three-screw installations. There is not only the 
problem of the proportions and speed of rotation of 
the propellers, but the influence on the stream-lines 
of the brackets, especially those for the wing pro- 
pellers. Messrs. Denny’s practice has been to fit Bas 
screws in the case of combination machinery, as in this 
Spanish ship, so that the performance of the two ships 
in service will be vested with special interest. 
The Infanta Isabel de Borbon is not by any means 
the first ship built ky the Denny firm for the Spanish 
Trasatlantica Company, their association extending 
back to 1863. It is therefore not inappropriate that 
in this connection some reference should be made to 
the progress of the company, which has done splendid 
service, not only in connection with the development of 
shipping in Spain, but in the extension of the Spanish 
over-sea trade. The company was formed fifty-seven 
years ago, and was originally known as Messrs. 
Antonio Lopez and Co. The first service, undertaken 
in 1856, was between Alicante, the port of origin of 
the company, and Marseilles. This service was 
condu by three steamers, the largest of which 
was only 198 ft. in. length, 575 tons gross, and 
9 knots speed. In addition the firm owned two 
steamers—the Cuidad Condal and Paris—which were 
employed on the Atlantic service. Even these vessels 
were comparatively small, having a gross tonnage of 
750 tons and a speed of 94 knots. The success of 
these small ventures resulted in the Spanish Govern- 
ment placing with the firm, in or 1861, a 
contract for a mail service between the Peninsula and 
Cuba, Porta Rico, and San Domingo. To meet the 
conditions specified six new steamers were added to 
the fleet, the largest being 283 ft. long, of 2595 tons 
gross register, with a speed of 11 knots. This brought 
the number of ships to eight, with a collective gross 
tonnage of 15,979 tons. Two of these vessels, the 
Principe Alfonso and the Princessa Yrabel, were built 
for the company by Messrs. Denny, as shown in Table I. 
The drawings of these vessels, which are reproduced 
on the next page, form a contrast to the view of the 
latest ship, as illustrated by the perspective view on 
page 601, and still more by a comparison with the 
drawings, reproduced on Plate XV., accompanying 
our issue of March 7, which are also applicable to the 
Infanta Isabel de Borbon. 
From 1862 onward considerable service was rendered 
to the Spanish over-sea trade by the company’s fleet. 
Moreover, the ships were utilised very largely by the 
Government for the transport of troops, 400,000 men 
being taken to Cuba in 1028 sailings, between 1848 
and 1878. In the course of two months as many as 
25,000 troops, under the command of General Martinez 
Campos, were conveyed across the Atlantic. These 
performances attracted the attention of the British 
Admiralty, and gained for the owners honourable 
distinction from the Spanish Government. The pro- 
gress in the size of the ships is shown in the annexed 
table, giving particulars of vessels built by Messrs. 
Denny for the Compafiia Trasatlantica. 
The ramifications of the company were extended in 
March, 1878, when a further contract was completed 
with the Spanish Government, in connection with the 
mail service to Central America and the Spanish 
colonies in the West Indies. The sailings were then 
increased to three per month, and twelve liners, of a 
collective tonnage of 27,500 tons, were engaged, the 
largest of the ships being the Alfonso XII., of 2915 
tons, built in 1875 by Messrs. Denny, of Dumbarton, 
being, as shown in the table, the fourth ship con- 
structed for the company in the well-known Scotch 
establishment. The Alfonso XII., like many of her 
redecessors, was remarkable for the beauty and 
originality of the decorations. She was 350 ft, in 
length, had a capacity for 178 first-class, 68 second- 





essel has oil-bunkering capacity for long voyages. 





atlantica liner Reina Victoria-Eugenia (see Pages 322 
of illustra- 


weight carrying capacity of 2125 tons, her trial-trip 
speed being 12} knots, and her service speed 11 knots, 

hese figures, in comparison with those applicable to 
the Infanta Isabel de Borbon, indicate the progress 
made in ship design for the company in the past 
thirty-five years. The ship complied, this year is 
130 ft. longer, 23 ft. broader, and has a gross tonnage 
of practically 10,000, with a speed of 18.6 knots, as 
compared with 12.25 knots. 

The firm Antonio Lopez and Co. was formed into 
a public company in 1881, with the title of Compaiia 
Trasatlantica, and since then the progress has been 
very marked. Three years later a new service was 
established between Spain and the Philippine Islands, 
eleven more ships being purchased for this develop- 
ment, which brought the total tonnage of the fleet up 
to 104,807 tons, the collective measurement of thirty- 
eight steamers. Two years later, in 1886, a further 
new service was established, to include regular sail- 
ings to the United States of America, Venezuela, 
Columbia, Buenos Aires, Fernando Poo, and Morocco, 


TaBLE I.—Vessels Buslt by Messrs. William Denny and 
Brothers, Dumbarton, for the Compafiia T'rasatlintica. 











«% 3. ; 
eS ere Moulded e€, fs igs 
= Vessel’s Name. Dimensions. ° | ° 3 | ¥ 
=) on m* @ 
1863| Principe Alfonso | 270 ft. by 38 ft. | 1927 
y 27 ft. 
1863 Princessa Ysabel | 270 ft. by 38 ft. 1927 
by 27 ft. | | 
1866 A. Lopez 270 ft. by 88 ft. 1969 | 
| by 27 ft. | 
1875| Alfonso XII. 350 ft. by 88 ft. | 2016 | 
by 28 ft. 
1881, Antonio Lopez 870 fo. by 42 ft. | 3460 | 3,980 | 16) 
by 30 ft. | | 
1883 Cataluha 370 fc. by 42 ft. | 3488 | 3,930 | 16) 
by 80 ft. 
1883 | Ciudad de 370 ft. by 42 ft. | 3488 | 8,930 | 16) 
Santarder by 80 ft. | 
1887, Buenos Aires 410 ft. by 48 ft. | 5195 4,960 | 17.02 
| y t. 
1888, Alfonso XIII. “> by 48 ft. | 4881 | 5,680 | 17.61 
yy 82 ft. | 
1888} Reina Maria 400 ft. by 48ft. | 4881 | 5,790 | 18.20 
Christina by 32 ft. | 
1889; Monte Video aS. by 48 ft. | 5006 | 5,010 | 16.53 
iy 32 ft. | | 
1913) Infanta Isabel 480 ft. by 61 ft. 9998 11,000 | 18.12 
De Borbon by 85 ft. 9 in. 





In addition, the Compaiia T; tlantica bought two vessels— 
the Pegu and Ruahine—built by Messrs. William Denny and 
Brothers for the British and Burmese Steam Navigation Company 
and the New Zealand Shipping Company, Limited, respectively. 
The former, constructed in 1889, was of 3661 tons gross register, 
being 360 ft. by 45 ft. by 29 ft., and the latter, built in 1891, was 
of 6127 tons, being 480 ft. by 60 ft. by 34 ft. 6 in. 





so that the company, thirty years from its inception, 
had completed and capeateed a regular service with 
the principal ports in America, Asia, Africa and 
Oceania, having historical, colonial, or business asso- 
ciations with Spain. The four large steamers owned 
by the Compania General de Tabacos de Filipinas 
were purchased, and thus the total fleet in 1887 
numbered forty-two ships, with a collective tonnage 
of 119,974 tons. 

The Government contract has been renewed from 
time to time, and it may be interesting here to indicate 
the progress made during the past twenty-five years— 
namely, since the contract of 1887. We first take the 
service to the United States. Twenty-five years ago 
there were thirty-six sailings per annum, the average 
speed stipulated being 11.5 knots from the commence- 
ment of the contract, increasing to 12 knots in the 
following year, and 124 knots five years later ; whereas 
there are now, according to the contract, forty-eight 
sailings re annum, the speed during the first three 
years of the contract being 13.5 knots, and for the 
remaining period of the contract—namely, seventeen 
years—15 knots. To achieve this, the vessels, with a 
mean displacement of 9000 tons, are required to steam 
17 knots on their contractors’ trials. The service to 
the Philippine Islands was formerly thirteen voyages 
per annum, the same as now; but the average s 

was 10.15 knots at the beginning of the contract and 
124 knots subsequently, while the speed on the new 
contract is from the beginning 124 knots. This latter 
calls, according to the contract, for a contractors’ 
trial speed of 14.38 knots on a displacement of 4500 
tons. Next, as regards the South American service, 
twenty-five years ago the contract was for six sailings 
per annum, with an ope — of 11 knots; whereas 
the contract of to-day calls for asailing once a month, 
the speed for the first three — being 134 knots, 
and for the remaining period of the contract 15 knots. 
This, as with the Dhited States service, involves 
a speed of 17 knots on a displacement of 9000 tons. 
There was a fortnightly service to Fernando Poo 
under a mail contract of twenty-five years ago, at a 
speed of 11.50 knots, and now the same service requires 
a speed of 12 knots, involving 13.8 knots on contractors’ 
trial, with a mean displacement of 4000 tons. 

In 1887 also there was established a service, without 
Government mail subsidy, from Vigo and Colon, the 





clase, and 1087 third-class passengers, and a dead- 





steamers sometimes sailing from Liverpool and Havre 
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or Genoa and Barcelona to Porto Rico, Havana, 
Santiago de Cuba, La Guaira, and various other 
American ports. This service was steadily maintained 
with considerable ene and desire for success, but 
the financial result did not justify the experiment, 
and it was discontinued in 1891. In 1889, when all 
the services we have indicated were in full operation, 
the company owned forty-two steamers, having 4 
collective gross to e of 119,974 tons. At this 

riod the Spanish Government were em; com- 

ting Separatist wars in Cuba and the Philippine 
Islands, and the Trasatlantica Company played an im- 
portant part in the operations, in transporting troops 
between the home country and the Spanish depen- 
dencies. Again, in 1895, extensive transport work 
was done to Cuba, and, in 1896, to the Philippine 
Islands, the company adding, by charter party for 
this special duty, thirteen steamers. During a very 
short time 216,000 men and officers were conveyed to 


were lost in naval service : the Isla de Mindanao, of 
4124 tons ; the Antonio Lopez, of 3460 tons ; Alfonso 
XII. (second of the name), of 5206 tons; the Santo 
Domingo, of 2805 tons ; and the Panama (which was 
captured), of 2085 tons. Thus the war brought the 
company a loss in tonnage of 17,680 tons. From 1887, 
when the transport service was first commenced, to 
the end of the Hispano-American war in 1898, the 
company’s steamers transported 43,905 officers, 
585,522 troops, 33,345 members of military families, 
and 24,831 civil officers, making a total of 687,603 
persons. Even after the peace treaty was signed, 
there had to be undertaken the repatriation of the 
Spanish troops from Cuba, and every part of this 
work was executed by the company, who had for 
that purpose to charter six other Spanish steamers 
and 25 foreign vessels, practically doubling their fleet 
in order to meet war emergencies. This repatria- 








tion involved the transport of 16,310 officers and 
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this Act the Compajiia Trasatlintica, as the result of 
public tenders, was awarded the contract for the mail 
service to practically all the important ports in the 
world associated with Spanish history ay trade, the 
agreement being entered into in July, 1910. This 
agreement, which is for twenty years, is designed 
not only to ensure an effective mail service, but to 
nationalise the mercantile marine. Thus, it is stipu- 
lated that the whole of the directorate and all the 
capital shall be supplied exclusively by Spaniards, 
The company are permitted to contract for the con- 
struction of the first vessels built under the contract 
with firms in other countries having large experience 
of the design and construction of merchant liners; but 
there is the stipulation that in later years the work 
of creating the mercantile fleet of Spain shall be 
undertaken in Spanish works. The traditions of the 
Trasatlintica Company suggest that this patriotic 
ambition may be reached at an early date. The Mar. 
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Cuba and 32,200 to the Philippine Islands. Indeed, 
the transport work at this period was practically 
unexcelled. Some indication may be given as to the 
importance of the work done in transporting soldiers 
from the standpoint of the military formula called the 
** mecapolimeter.” One mecapolimeter equals a. 
10,000 soldiers 1000 
1,000,000 
soldiers, @ the number of miles, and p the income 
estimate of the nation. From the above formula the 
result was that, in 1897, the Compaiiia Trasatlantica 
had to their credit 66 mecapolimeter unite, a number 
never before at that time attained by any other 
nation. Moreover, the company had two steamers 
engaged entirely as hospital ships. These two ships 
were the Alicante and the Montserrat respectively, 
of 4031 and 4146 tons, with a speed of 12.6 and 15.8 
knots. The Montserrat attained great fame during 
the blockade of Cuba in 1898. 

During the war with the United States of America, 
further distinguished service was done by the com- 
pany, which secured for them well-merited recogni- 
tion by the Spanish Government. Many of the 
steamers were employed not only for the transport of 
troops, but as auxiliary cruisers, and five of these 


» where h equals the number of 





270 Fr. Lone, 1927 Tons, 11 Knots Speen. 


204,168 troops, and 14,808 members of amilita 
families, making a total of 235,286 persons. The eeu | 


was discharged with scrupulous care, and brought the 
highest credit to the,Compajia Trasatlantica. 

n vew of these results, it is not at all surprising to 
learn that the Compafiia Trasatlintica is regarded 
with patriotic admiration by every Spaniard in the 
homeland and in the countries across the seas asso- 
ciated with Spain. Moreover, the enterprise shown 
in maintaining the fleet in an efficient state, and the 
4 = ideal of management which enabled it to take 
a foremost place among maritime nations, conduces to 
this great regard for the company. At Cadiz they 
have a graving-dock with a length of over 440 ft., a 
width at entrance of 72 ft., and a depth on the sill of 
26 ft. 3in. This is one of the largest docks in Spain. 

Three _— there was undertaken an inquiry 
by the Government of Spain in order to determine 
the most effective means of maintaining the merchant 
fleet of Spain in a measure worthy of the high tradi- 
tions of the nation, with the view of developing the 
shipbuilding industry in order. to assist towards the 
maintenance of a war fleet and to render available as 
cruisers a large number of high-speed merchant ships. 
The result was the passing of an Act by Parliament 
known as the “ Protection of the Mercantile Navy 
Act,” which came into effect in July, 1909. Under 





TABLE II.—Spanish Shipbuilding Subsidies. 
Pesetas. 


. For each gross ton total measurement in the case 
of wooden ships of all classes, built for navigation 
without their own engine (non self-propelled) . 
For each ton total measurement in the case 
of the same ships, but self-propelled _.. = 
For each ton total measurement in the case 
of the ships having a hull of iron, or one of wood 
and iron, non self-propelled, including dredgers, 
lighters, water-boats, pontoons, and barges ee 
For each ton total measurement in the case 
of the self-propelled cargo-boats, having a hull of 
iron or steel, or one of wood and iron or steel .. 
For each ton total measurement in the case 
of the self-propelled cargo and passenger boats, 
having a hull of iron or steel, or one of wood 
and iron or steel. . Ee es a od oe 
For each gross ton total measurement in the case 
of the passenger ships of construction similar to 
those undere . as es we os. ee 
This premium to be increased by 10 per cent. of ite 
inal amount for each complete knot which, 
in the trial and under half-load, the ship runs 
above 14 knots. . 
quis de Camillas is at the head of the company, a 
succeeded his father, who was closely identified ai 
its foundation, and thus he carries on family vm 
tions, being directly interested and personally instr 
mental in advancing the interests of many gree 
and industrial enterprises in Spain. ith his iy 
experience and personal fervour in the promotion 
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pstional interest there is great hope that the enter- 

rise will be successful. Further to stimulate the 
shipbuilding industry, there is held out inducement in 
the form of subsidies for shipbuilders, graded not only 
according to the size of the ship, but also according to 
the horse-power and speed. In the preceding column 
we quote from the Act the schedule giving the rate of 
subsidy provided for shipbuilding in Spain. 

Some of the services to be undertaken have already 
been indicated. In all the new contract requires the 
engagement of nineteen steamers, ranging in speed of 
service from 12 to 15 knots, and on trial from 13.8 to 
17 knots, while the mean displacement is from 4000 to 
9900 tons. Practically in all of these services what is 
known in England as “ intermediate ” ships are to be 
employed—namely, carrying a large number of cabin 
passengers, with suificient capacity for emigrants and 
cargo. The services, in addition to those already 
mentioned, are to New York, Cubs, and Mexico, and 
to Porto Rico, Cuba, Venezuela, and Columbia, with 
at least one sailing per month by ships having, to begin 
with, a speed of 124 knots, to be increased in three 
years to 13 knots. This requires ships capable on 
trial of running 15 knots on a mean displacement of 


9000 tons. 





Borbon, the latest vessel built by Messrs. William 
Denny and Brothers, for the Compajiia Trasatlantica, 
are :—Length between perpendiculars, 480 ft.; breadth 
moulded, 61 ft. ; depth moulded, 35 ft. 9in. She is 
built of steel and conforms to the uirements of 
Lloyd’s Register, the British Corporation, Registro 
Nazionale Italiano, the British Board of Trade, and of 
the Italian and Spanish Regulations for the transport of 
emigrants. She isof the shade-deck type, there being 
in all six steel decks—viz., lower, main, upper, shade, 
promenade and boat-deck, the promenade and boat- 
deck extending to 250ft. amidships. The ship is divided 
into water-tight compartments by nine water-tight 
bulkheads, all doors in which, below the lower deck, 
are operated by the Stone Lloyd gear, the control of 
these being fitted in the wheel-house in the flying- 
bridge. 

Her passenger list is very extensive, comprising as 
it does 250 de luxe, 100 first-class, 80 second-class, 
and over 1600 emigrants, while a crew cf some 250 are 
also carried. On the boat-deck forward is the captain 
and officers’ accommodation, amidships the wireless 
telegraphy house, this installation being of special 
long-range type, while at the aft end is situated the 


features in any vessel afloat. The beautiful marble 
fireplace in this apartment may also be mentioned as 
worthy of note. A handsome staircase, over which is 

laced a painting of the Infanta Isabel, leads to the 

eck below. Forward of the hall are situated the music- 
saloon de luxe (Fig. 5, page 604) and library, these two 
being separated only by a division of ornamental metal- 
work and glass. One noticeable feature of the music- 
saloon is an enclosed light and air-well to the de luxe 
dining-saloon below, this being treated similarly to 
the divisional bulkhead before mentioned—namely, in 
ornamental metalwork and glass. Aft of the hall 
lounge, on the starboard side, is an enclosed gallery 
and restaurant, leading to the smoke-room de luxe. 
The style of this gallery and restaurant is rather 
unique, the walls being decorated with painted tiles 
representing trellis-work and flowers, the ceiling also 
being in harmony with this. Several fine paintings 
by Seiior Luna are fitted here, adding considerably to 
the decorative effect. On the port side, and entering 
off the hall, are two special suites of rooms, each con- 
sisting of sitting-room, bedroom, and bath-room. 

The smoke-room de luxe (Fig. 6) is finished in oak, 
and has an extremely cosy @ ce. There is a 





gymnasium, complete with rowing-machine, vaulting- 


P’ 
handsome dome through the deck above. A bar 








Fig. 4. 
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480 Fr. Lone, 9998 Tons, Srzamine 18} Knots on TRrat. 


Before proceeding with the description of the Isabe 
de Borbon, we give in Table III. the principal 
dimensions, power, speed, and accommodation of the 
twenty-five ships now owned by the company. It 


TABLE III.—Dmenstions or Existine Suips OWNED BY THE SPANISH TRANSATLANTIC COMPANY. 


horse, &c. The promenade-deck is reserved for the 

de luxe and first-class saloons, these being placed in a 
large deck-house extending the full length of the deck, 
the outside of this house forming a fine covered-in pro- 

















| DIMENSIONS. | Disph t | Power of Cargo PASSENGER ACCOMMODATION. 
STREAMERS, ‘ | Tonnage in |Propelling| Speed. | Capacity. 
| Length. | Breadth. | Service. | Engines. Ist Class. 2nd Class.|3rd Class. 

j ft. in. ft. in. | tons I.H.P. | knots tons No. No. No. 
Reina Victoria Eugenia ..| 480 0 61 0 | 15,400 10,840 18.12 6500 250 100 74 
Infanta Isabel de Borbon ..| 480 0 61 0 | = 15,400 11,000 18.64 6500 250 100 74 
Alfonso XII... ts --| 463 5 51 7 | 12,000 12 000 19.97 4054 227 C1. 8 
Alfonso XIII... ys -| 48 1} 40 | 7,630 5,680 17.61 3869 252 6s | «2 
Alicante .. * | wes) oe -i 6,300 | 3,000 12.57 5011 66 w | 388 
Antonio Lopez .. om --| 430 0 50 1 10,740 4,400 16.53 8925 58 38 | 36 
enos Aires... “3 ..| 410 6 | 48 0 9,520 4,960 17.02 7785 160 48 39 
C. de Eizaguirre. . = at oee! &e j 8,056 3,173 15.05 5230 85 48 20 
Cataluia .. os -.| 84 2) 420 | 6,300 3,930 16.51 3164 148 54 42 
C.Lopezy Lopez .. ..| 3960 | 48 2 | 8,855 3,025 | 15.64 | 6950 32 40 28 
Ciudad de Cadiz... pe --|/ 886} 88 2 5,620 8,350 16.25 3002 163 54 42 
Fernando Poo... si --| 8000 | 45 4 7,680 3,286 15.53 4810 25 27 20 
Islade Panay .. ei --| 362 4 43 2 7,680 3,670 15.97 6080 > | BS i; 
Joaquin del Pielago .. --| 192 2 27 4 1,185 1,140 14.50 424 — es le 
TE 0 = a .-| 875 6 | 47 0 7,925 3,435 15.30 5657 85 48 | 2 
Leon XIII. ms ob .-| 40 4) 41 9,300 4,190 17.24 6798 117 58 60 
Manuel Calvo + a of ae) ae? 11,098 4,300 15.54 8279 84 sl 380 
Montevideo ey! ee Se Foe * ae 9,520 5,010 15.53 8141 154 48 389 
ge ad me --| 873 2) 40 | 8,400 3,200 15.80 4333 121 6 | 
Pd Villaverde .. es oo]. ea) ae 7 2,400 1,700 12.00 1891 54 24 - 
» de Satrustegui + ..| 410 0 46 1 9,100 3,750 17.82 6536 118 54 40 
na Maria Cristina .. --| 408 8 480 =| 7,680 5,790 18.20 3851 248 52 42 
ze es me -.| 229 9 27 1 1,820 680 11.00 1106 Ss | BS 10 
Megancisco es --| 325 0 38 2 6,100 1,600 12.25 4222 “a | @ 82 
logador. . me 166 0 24 1 900 300 9.50 749 18 .e |= 


All these steamers, excepting the Fernando Poo, Joaquin del Pielago, and Mogador, have steerage accommodations proportional 
to their capacity and as regulated by the Emigration Laws. 


will be seen that the great majority of these are | menade space, 250 ft. lo: 
capable of steaming from 15 to 18 knots; the length |deck is the de Jue 
ranging from about 400 ft. to 480 ft., and the dis-| furnished apartment, over 15 ft. high, with a large 
| dome overhead, and having a double tier of windows in 


ment tonnage from 7600 to 15,400 tons. 


The principal dimensions of the Infanta Isabel de | 











. The principal saloon on this 
all lounge, a handsomely- 


decorated in keeping with the saloon itself is also pro- 
vided. Entering from the aft end of the smoke-room 
is the verandah café, this being finished with wall- 
tiles similar to the gallery ; a novel feature is a spray 
fountain. A special pantry and galley, it may be 
mentioned, are fitted in connection with these latter- 
mentioned apartments. The first-class music and 
smoke-room are situated at the aft end of the pro- 
menade deck, and though not quite so large or sump- 
tuously fitted as the apartments de /uxe, are, never- 
theless, very handsomely furnished. 

On the shade-deck amidships is a large deck-house, 
250 ft. long, at the fore end of which is the dining- 
saloon de luxe, capable of seating 180 persons, 
arranged entirely at small tables. Two handsome side- 
boards are fitted, one at the forward and the other at 
the aft end, the forward one being surmounted by a 
handsome tapestry panel after Goya, representing 
Spanish dance in national costume, the after one being 
surmounted by a large mirror. Placed just aft of the 
dining-saloon is the main entrance de luxe, from which 
the main staircase leads to the hall above. At the 
aft end of the deck-house is placed the first-class 
dining-saloon, with seating accommodation for 100 
persons. The decoration of the de luxe and first- 
class saloons has been carried out by Messrs. Warin 
and Gillow, of London, who have achieved a wonderfu 
effect in all apartments. Forward of the first-class 
dining-saloon is a special children’s saloon, decorated 
in suitable style, and a barber’s shop. The remainder 
of the deck-house is given over to “ preference” 
rooms de /uxe, among which are six suites, each havi 
its own bath-room. At the aft end of the shade-deo 
is the house containing the yoy gear, this 
being controlled by telemotor gear from the flying- 
bridge and from a station aft. From the main 
entrance de luxe are two stairs giving access to the 
state-rooms de luxe on the upper deck, these rooms 
being mostly for one or two persons each. Two of the 





the sides, constituting one of the finest architectural 


first-class public rooms—the music-room and the 
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smoke-room —are illustrated on page 604 (Figs. 7 
and 8). 

The first-class stairway leads from the saloons on 
the promenade-deck to the main deck, where there 
are situated state-rooms, each arranged for two, three, 
and four persons. The forward end of the upper deck 
is fitted up for the accommodation of seamen, and the 
aft end for the second-class, for whom a large dining- 
saloon is also provided. Two enclosed wells, one 
forward and one aft, on the upper deck, are reserved 
as emigrant airing-spaces, there being a special 


connecting them, 

A age part of the msin and lower deck has been 
fitted up for emigrants, these being carried in open 
berths. The emigrants’ hospitals, male and female, 
are arranged in a separate compartment on the main 
deck forward, while the infectious hospitals and dis- 
infecting houses are placed right aft on the aft 
promenade-deck. A special feature of all the lower, 
main, and upper deck passenger compartments is the 
large provision of fans in addition to the age 
ventilation. These fans, working in connection wit 
air-trunks, have been arranged to give ten changes of 
air per hour. 

On the main deck amidships are the main galley, 
bakery, confectionery, butcher’s shop, &c., equippe 
with all the latest cooking seenets 5 four hoists 
are also provided to the different pantries. Some 
idea of the size of these departments may be imagined 
when it is remembered that the ship carries over 2300 
persons. On the lower deck aft are extensive refrige- 
rating-chambers, subdivided into meat, fish, vege- 
table and fruit-rooms, the installation of refrigerating 
machinery being of the Hall CO, type. Another feature 
of the modern liner is a large electric passenger hoist, 
placed amidships, supplied by Messrs. Smith, Major, 
and Stevens, which runs from the upper to the boat- 
decks. A system of telephones has been installed 
between several of the de luxe state-rooms and the 
bureau in the main entrance, and for convenience in 
working the ship, speaking-tubes have been installed 
between various compartments. 

The arrangements made for working the cargo have 
been specially considered, there being ten noiseless 
patent steam-winches supplied by Messrs. Clarke, Chap- 
man and Co., working in connection with derricks 
arranged on masts and Samson posts. The Clayton 
system of fire-extinguishing has been fitted to all holds 
and ‘tween-deck spaces. The 8 9, Bos cg a 
have been arranged in accordance with the latest Board 
of Trade requir ements, there being in all sixteen life- 
boats, five Engelhardt, and sixteen Berthon boats, as 
well as numerous buoyant deck-seats, &c. Welin’s 
patent davits have been fitted for working the boats, 
while to add to the rapidity of raising and lowering, 
four powerful boat-winches have been installed. A 
submarine signalling installation has also been fitted 
on board, the receiver for this being placed in the 
wheel-house. Mention must also be made of the 
electrical installation on board, which consists of three 
engines by Messrs. M. Paul and Co., of Dumbarton, 
ont Holmes’ dynamos. Some idea of its magnitude 
may be gauged when it is remembered that the instal- 
lation consists of 2200 lights, electric fans in all state- 
rooms, ventilating-fans, elevator, electrically-driven 

lley furnishings, bell and telephono services, wire- 
ess telegraphy and submarine signalling. In short, 
the ship from bow to stern combines all the latest 
improvements and refinements that modern luxury 
demands. 

(To be continued.) 





MANOHESTER AND New York.—The White Star Line 
announces that, in consequence of representations made 
to it by shippers, it has arran for regular sailings 
between Manchester and New York, both outwards and 
homewards. The service will be inaugurated , A... 
Memphian, sailing from Manchester on June 21. ere 
are to be three sailings weekly. 





New Heavy Stampinc Works at MIDDLESBROUGH. — 
Near to the South Dock at Middlesbrough there have 
been erected well-equipped works, which will be brought 
into full working order in June next. These works are 
for a company known as Heavy Stampings, Limited. 
The works consist of three bays 300 ft. long, the centre 
bay being 70 ft. wide. The stamping equipment includes 
hydraulic Page om drep stamps, and steam hammers, 
some of the drop stamps anne capable of stamping 
articles up to 1 ton in weight. There is also a die-cutting 
department. Oil- fired furnaces are installed, which 
obviates the variable temperatures of combustion due to 
coal-fired furnaces, as the former can be maintained, 
under a heat plenum, at the constant and uniform 
temperature which is necessary for the heating of high- 

rade steels, guaranteeing the safety and reliability so 

hly essential in modern mechanism such as nes 
for motor-cars. Articles already manufactured by Heavy 
Stampings, Limited, include crank-shafts, axles, gear- 
boxes and fly-wheels for motor-cars, draw-bar hooks for 
heavy train-load traction, hubs for motor-buses, and caps 
for armour-piercing shots. The company has been very 


successful with nickel-chrome draw-bar hooks for heavy 
train-load traction. 





THE GEARED TURBINE. 


Some farther interesting data were given regarding 
the working and economy of turbines tor pro- 
pelling ships, in the adjourned discussion at the North- 
East Coast Institution of Engineers and Ship- 
builders on the 25th ult, on Mr. Waldie Cairns’ 
paper on the Cairnross and Cairngowan, which 
was reproduced on page 468 ante. The first part of 
the discussion on March 28 was reviewed on page 462 
ante, The consideration of the paper was renewed 
at the Institution on April 25. 

Mr. Russell Cairns, ship manager for Messrs. Cairns, 
Noble and Co., gave some interesting figures. He con- 
sidered that owing to the simplicity of the steam-tur- 
bine, the survey which had to take place every four 
— would be carried out much more cheaply and in 
ess time. He also found that less stores were required. 
The engine-room oil needed was 33 gallons per day for 
the reciprocating engine as against 1 gallon per week 
for the turbine. There was also 40 tons weight saved 
in the engine-room, excluding a possible saving of 
weight in the boilers, &c., due to the higher economy. 
There was no racing of the screws, the ship’s speed 
could be kept much better in bad weather, especially 


d| when the vessel was light and when head winds pre- 


vailed. The same experience had been found with the 
Vespasian. In case of breakdown two turbines were 
an advantage, as one could be disconnected and the 
other used for getting to port. The easier steaming 
also was an advantage, as firemen were complaining 
of being worked too hard in cargo ships. 

Mr. Catone also gave some interesting figures of the 
saving to bs expected by the adoption of geared tur- 
bines on other steamers. In his first example the tur- 
bine-driven steamer cunsumed 27 tons of cval per day, 
and the reciprocating engines 32 tons. On a round 
trip from Cardiff to Calcutta, Bombay, Kurrachee, and 
home, of a duration of 174 days, 73 of which were occu- 
pied in steaming and 101 in port, the total expenses 
of the turbine-steamer would be 11,700/., aud the 
freight earned 19,749/., giving a gross profit of 8049/. 
The reciprocating-engined steamer for the same trip 
would have expenses equal to 11,905/., the freight 
would be 19,378/., and the gross profit 7473/. The 
result for the turbine-steamer was 576/. better than 
for the steamer with the reciprocating engines in 
174 days, equal to an increased profit of 1200/. a year. 
Another example taken was of a 140-day run to the 
River Plate and back. In the turbine-ship the 
expenses would be 7829/., the freight 12,868/., and 
the gross profit 5039/7. In the reciprocating-engined 
steamer the expenses were §8,081/., the freight 
12,620/., and the gross profit 4539/. This showed 
an advantage for the geared turbine of 500/. in 140 
days, or about 1300/. per annum. A third example 
given was a 45-day trip to America in ballast and 
back loaded, including 30 days of steaming ; 160 tons 
of coal would be saved, and this at 153. per ton, 
equalled 120/.; allowing for freight at 14s. 6d. per 
ton, the gain per annum would be about 1460/. 

Another speaker gave similar figures for a box-type 
cargo boat of 5250 tons dead-weight and a sea speed of 
8? knots. The capital cost of such a boat was 31,000/., 
and on 13 months’ trading on the River Plate rouud, 
allowing 110 days delay, the coal consumed in a 
reciprocating ship would be 3883 tons, costing 3516/. 
Fifteen per cent. saving would be 527/ , to which had 
to be added 626/. for extra freight earned, making a 
total of 1153/. in 13 months, or about 1060/. per year, 
representing nearly 34 per cent. on the cost of the 
ship. If there had been no delay, the gain would have 
been about 1500/., or nearly 5 per cent. 

Mr. William Weir, of Glasgow, said that almost all 
direct-driven marine turbines are much cramped in 
the exhaust, and as a result there is little gain in the 
high vacuum of the modern condenser, especially when 
the temperature of the hot-well is taken into account 
This fact is exemplified by taking a typical three-shaft 
turbine installation, in which the blading is designed 
for about sixty-seven expansions by volume, or, say, 
from 150 Ib. absolute to 27 in. with a barometric 
reading of 30 in. It is doubtful, we think, if there is 
much advantage in a better vacuum than 2734 in. or 
28 in. With geared turbines there is no difficulty in 
having an ample exhaust, as in modern turbines on 
land, and in providing for from 100 to 200 expansions 
by volume, and taking advantage of vacua from 28} in. 
to 29 in., and in large sizes of high steam pressure. 





British ENGINEERS’ ASSOCIATION.—There will be a 
meeting of this Association at the Midland Hotel, 
Manchester, on Tuesday, the 6th inst., at 2.30 p.m., and 
another at the Station Hotel, Newcastle, on Thursday, 
the 8th inst., at 2.30 p.m. The object is dealt with in 
our leading article. 





‘Tur Larcrest O1rn-Tank STEAMER.”—We regret that, 
by @ slip of the pen, we stated in our article on this 
subject, 575 ante, that the marketing of Mexican vil 
is in the ds of the ‘“‘ Anglo-American Petroleum 
Products Company.” This should have been the ** Anglo- 
Mexican um Products Company, Limited.” 


NOTES FROM THE NORTH. 
Gicesen hip tren Sieve ~Beae Namanieg oot 

ow Pig-Iron Market.— uw! Y morning th 
pig-iron market was dull, and Cleveland mente can 
weak. The business consisted of one lot at 68s. 6d. four 
days, with closing sellers at 68s. 5d. cash and 68s. 74d. one 
month, and 62s. 9d. three months. The only buyers in 
the market were at 62s. 1d. for the latter position. Ip 
the afternoon there was again little doing, and only one 
lot of Cleveland warrants changed hands at 62s. 1d. three 
months, with sellers over at that figure and at 68s. cash, 
No quotations were named for the month position. Op 
Friday morning the peculiar state of the market was 
shown by the fact that only one lot of Cleveland warrants 
was dealt in at 67s. cash, and there were no buyers’ 
quotations at all. For three months sellers quoted 
623. 3d. In the afternoon Cleveland warrants were 
irregular, and after being done at 67s. cash, closed with 
sellers at 67s. 10d. The turnover of 1500 tons included 
67s. 44d. fifteen days, and 67s. 14d. one month, while 
for three months’ iron sellers were down to 6ls. 7d, 
A somewhat irregular tone prevailed on Monday morn. 
ing, and 2000 tons of Cleveland warrants were put 
through at 67s. 44d. and 67s. 2d. cash, and 67s. 44d. four 
days. Closing sellers quoted 67s. 6d. cash and (ls. 104d 
three months, but for the month position there were 
neither buyers nor sellers. The same was the case in the 
afternoon, when the market was in very quiet, and 
dealings were limited to two lots of Cleveland warrants 
at 67s. 3d. cash and 61s. 74d. three months. At the 
close sellers named 67s. 44d. cash and 62s. three months, 
On Tuesday morning Cleveland warrants were weak, 
and 3500 tons were done at 67s. cash and 61s. $d, 
three months, with sellers over at the latter figure 
and at 67s. 1d. cash. In the afternoon the market was 
dead idle and Cleveland warrants were nominally steady. 
The only quotations were 67s. 1d. cash sellers and 
61s. 10d. three months’ sellers, and 61s. 84d. buyers three 
months. When the market opened to-day (Wednesday) 
the conditions were still unchanged, and no dealings 
of any kind were recorded. The only quotations given 
were by sellers of Cleveland warrants at 67s. 14d. cash 
and 66s. 9d. one month. In the afternoon the market was 
quiet, but a fairly steady tone prevailed, and the business 
was confined to 2000 tons of Cleveland warrants at 61s. 9d, 
three months. The session closed with sellers at 67s. 
cash and 61s. 10d. three months, and there were also cash 
sellers at 67s. 


Sulphate of Ammonia.—In the sulphate of ammonia 
market the demand has lately been rather quiet, but this 
week the price is steady at 13/. 15s. per ton for prompt 
delivery, Glasgow or Leith. In forward parcels business 
has been done at 13/. 12s. 6d. per ton for July shipment. 


Scotch Steel Trade.—The outlook in the Scotch steel 
trade is perhaps not too bright at the present moment 
owing to the continued scarcity of new business. Of 
course, there is still a fair amount of orders on hand for 
heavy material—sufficient, it is said, to ensure steady 
running for some months—but it is work for further 
ahead which is giving some concern, as buyers are holding 
back in anticipation of lower prices in the near future. 
The official quotations are nevertheless unchanged, 
except where sellers havea free hand, but merchants have 
lately been lowering their prices to secure any business 
passing, so that they may not have too much on hand 
should quotations be officially reduced. Black sheet- 
makers are a little better employed, but much of the 
work is on export account at prices which show little 
margin of profit. For sectional material there is a fair 
demand, and Canada is not only inquiring for some 
decent lots, but has already stecel orders amounting to 
a large tonnage. India and Australia are also in the 
market for fairish lots ; but generally the export demand 
is rather quieter. 


Malleable-Iron Trade.—No change can yet be reported 
in the malleable-iron trade of the West of Scotland, and 
the recently-mentioned causes which have been all against 

roducers are still in existence. Little extra work has 
Coen diverted to this market through the Belgian trouble, 
and although. broken time still exists, the chairman of 
the Scottish Iron and Steel Company, Limited, at the 
first annual general meeting the other day, held out 
hopes that an early improvement in conditions might 
shortly take place. 

Scotch Shipbuilding.—The past month’s shipbuilding 
has been a notable one in several respects, but mainly 
from the fact that there was launched on the Clyde the 
largest vessel in the British mercantile service, the 
Ounarder Aquitania, and also the largest dredger yet 
built, the Penelope, 2065 tons, for the Suez Canal Com- 
paws & The following is the total output from Scotch 
yards for the month of April :— 


Vessels. _—, 

Clyde .. x =~ - 27 119,308 
Forth .. ~ ws a ie 1 1,000 
ae a ie e Se 1 3,400 
Dee... ae EP sh Bp 4 1,060 
Total . 33 124,763 


The Clyde total has only once been bettered, and that 
was in Sam 1906, when the output was 36 vessels, 0 
124,544 tons; but the total for the year to date of 68 
vessels, of 237,161 tons, has never yet been equalled, 

is 38,057 tons higher than in 1906, the previous 
New work is scarce, but order-books are still well filled. 


Scotch Pig-Iron Trade.—The amount of pig iron at 
present being turned out by the Scotch ironmasters con- 
tinues on a scale, and it is going rapidly into 
consumption ; but there is very little new business being 
put through, however, either for the home or ex 





markets, which is probably due in large measure to 
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irregularity of the warrant market. The total number 
of furnaces in blast is ninety-two, or sixty-three 
more than at the same time last year. The follo are 
the market quotations for makers’ (No. 1) iron: yde, 
80s.; Calder and Summerlee, 80s. 6d. ; errie, 
Sis, 6d. ; Langloan, 81s. ; and Coltness, 98s. (all 7. ~ 
at Glasgow) ; Glengarnock (at Ardrossan), 82s.; Shotts 
(at Leith), 80s.; and Carron (at Grangemouth), 82s. 
Hematite is dull, but the existing contracts are taking 
up the major portion of the present large output. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Strike Settled. —The te at Messrs. Brown, Bayley’s 
steel works, Attercliffe, Sheffield, after being prolonged 
for nearly nine weeks, has at last been brought to a 
satisfactory settlement. Another meeting took place 
between the management and the men’s representatives on 
Monday, as the result of which a mutually agreeable 
arrangement was arrived at. A sliding scale of wages is 
to be adopted on a basis which was agreed — during 
the discussion. Work will shortly be resumed. 


South Yorkshire Coal Trade.—A very noticeable weak- 
ening has taken place in the house-coal market during 
the past few days, and merchants are much quieter. 
Similarly, the takings of the gas companies have fallen off 
with the approach of the summer. On general industrial 
and shipping account, however, the pits continue to b 
very busy, and are all working full time. The Baltic 
ae will shortly be commencing, and there will then be 
even greater pressure for supplies of steam fuel. The 
price of Yorkshire hards has advanced 6d., but otherwise 
quotations remain very steady. At the moment it is 
difficult to say whether prices of house coal will show 
much easing-off at the end of this week, although summer 
quotations should now be coming forward. Local works 
are pressing for supplies to carry them over the Whitsun- 
tide holiday. Quotations:—Best branch hand-picked, 
14s, 6d. to 15s. 6d. ; Barnsley best Silkstone, 13s. to 14s. ; 
Derbyshire best brights, 12s. to 13s.; Derbyshire house, 
10s. 6d. to 11s. 6d. ; nuts, 10s. 6d. to 11s. 6d.; small 


nuts, 9s. to 10s.; Yorkshire hards, 11s. to 12s.; rough | plates, 


slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s. ; 
4s. 6d. to 6s. 


Iron and Steel.—There is talk of a reduction in iron 
prices consequent upon the aloof attitude of buyers, and 
common irons are somewhat weaker. Hematite, how- 
ever, remains firm, and some difficulty is experienced in 
obtaining prompt deliveries. A num of contracts 
have already been fixed up at ruling rates. The outlook 
in the staple trades of Sheffield continues to be of a very 
encouraging character, and a maintenance of trade at its 
present level is generally anticipated. The armament 
departments are actively engaged on both home and 
foreign requirements, and in the first-named direction are 
turning out a considerable weight of work for British 
arsenals, including big consignments of pa. The 
securing of contracts by two of the large Sheffield firms, for 
ocean liners, will bring plenty of orders into the city. Rail- 
way material manufacturers are excellently placed, for, as 
yet, there has been no check in the receiving of substantial 
orders. Several local firms are commencing upon new 
contracts for tyres, spring steel, and boiler-tubes for 
Indian and South American railways. The manufacturers 
of tramway material are also fully occupied. Deman 
in connection with general en i are upon an 
extensive scale, and the producers of special steels, tools, 
files, &c., have about as much work in hand as they can 
accomplish. Makers of steel for agricultural pur 
are reported to be doing as well as usual, in spite of the 
effect of the war in the Near East upon ordering from the 
Balkan States, and the restriction of buying by home 
farmers, following upon last year’s bad harvest. The 
Colonial demand, however, is very good, and constitutes 
& compensating factor. 





“ AUTOMOBILTECHNISOHES HaNDBUCH.”—We have re- 
ceived a copy of this German handbook, which is edited 
by Dr. Ernst Valentin, and is published at the price of 
4.50 marks by the Verlag von M. Krayn, Berlin, W. 
It contains over 900 pages of mathematical data and 
technical information on the construction, ——. and 

ng of motor.cars. All the different parts, chassis, 
wheels, engines, &c., are illustra and described in 
detail. The German laws and the International Con- 
— for the running of automobiles are also entered 





_ Tue Russian Leap Inpustry.—The production of lead 
in Russia varies very materially, the output in 1903, for 
instance, being only 6494 poods, and that of 1910, 79,742 
poods. These two figures represent, tively, the 
minimum and the maximum of the production during 
the last twenty-five years, the result for 1911 not yet 
ving been made up. The large increase for 1910 is 
peoepally due to the Alagir worksin Northern Caucasus, 
which accounts for 64,591 poods of the total, but which 
ot ise are chiefly concerned with the manufacture of 
an and in 1911 produced no lead at all. The Ural, in 
a for the first time figures amongst the lead- ucing 
pe aly the Blagodat mines, which contain both lead 
d zinc, having turned out 10,681 poods of lead. Lead- 
mining on a large scale is about to be undertaken in the 
Island of Tetjuche, and will probably be proceeding 
ore the end of the present year. i 
ba in which German capital is largely interested, 
erect large concentrating installations, and it is pro- 
= to export the produce to Eu = honda, and to 
Smelt it down at some works about to be built either 


be | ciation. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland iron market 
is lifeless. Business in pig iron is almost at a standstill, 
buyers and sellers alike being unwilling to operate under 
t unsettled conditions. News from the Near East 
had a disturbing influence upon the market, and the 
state of the warrant market has heen largely instrumental 
in stopping transactions in makers’ Cle pig. Middles- 
brough warrants are now 67s. cash sellers, with buyers not 
quan. No. 3 g.m.b. Cleveland pig is in the neighbour- 
hood of the warrant price for early f.o.b. delivery, and it 
is very difficult to fix a forward quotation. No. 1 Cleveland 
pig is 69s.; No. 4 foundry, 66s. 6d.; No. 4 forge, 66s.; and 
mottled and white iron, each 65s. 6d., and mixed numbers 
of East Coast hematite pig 81s. 3d.—all for early delivery. 
There are sellers of hematite at 80s. delivered over the 
second half of the year. There is nothing passing in 
foreign ore, and market rates remain nominally on the basis 

of 21s. ex-ship Tees for Rubio of 50 per cent. quality. 


Cleveland Ironstone Miners’ Wages Again Advanced.— 
Following on a7 per cent. advance in the first quarter of 
the year the wages of the Cleveland ironstone miners 
have just been further advanced by 4} percent. by mutual 
agreement between the Cleveland Mine-Owners’ Associa- 
tion and representatives of the Cleveland Miners’ Asso- 

i This makes wages 45 per cent. above the 
standard of 1879. 


Manufactured Iron and Steel.—Very little news can 
be reported of the manufactured iron and steel indus- 
tries. Producers are kept very busily employed on 
contracts, and they report specifications coming in freely, 
but new orders are now very scarce. Quotations are easy, 
but the only actual reduction is one of 5s. in ship rivets. 
Common iron bars are 8. 15s.; best bars, 9/. 2s. 6d. ; 
best best bars, 9/. 10s. ; ing iron, 6l. 15s. ; iron ship- 
plates, 8/. to 8/. 2s. 6d. ; iron shi les, 82. 15s. ; iron 
ship-rivets, 9/.10s. ; iron boiler-plates, 8/. 17s. 6d. ; steel 
bars (basic), 8/. ; steel bars (Siemens), 82. 10s, ; steel ship- 
plates, 8/. 5s. ; steel ship-angles, 7/. 17s. 6d.; steel boiler- 
91. 5s.; steel hoops, 82. to 87. 2s. 6d.; steel strip, 82. ; 
and steel joists, 7/. 7s. 6d.—all less the customary 24 per 
cent. Cast-iron columns are 7/. 7s. 6d.; cast-iron railway 
chairs, 4/. 15s.; light iron rails, 7/. to 7/. 5s.; heavy 
steel rails, 6/. 12s. 6d. to 6/. 15s.; and steel railway sleepers, 
7l. 10s.—all net at works. Iron and steel galvanised 
corrugated sheets are 12/. 15s. to 13/. f.o.b.—less the usual 
4 per cent. 

Shipments of Iron and Steel.—Shipments of pig iron 
from the Tees during the fourth month of the year were 
7 to expectations, totalling 104,213 tons, 93,078 tons of 
which went from Middlesbrough and 11,135 tons from 
Skinningrove. For the previous month the total loadings 
of pig were returned at 103,982 tons, and for April last year 
the clearances reached 108,374 tons. Of the despatches 
from Skinningrove during the past month, 10,595 tons 
went to Scotland and 540 tons to Holland. Of the pig 
loaded at Middlesbrough during the fourth month of the 
year, 56 503 tons went abroad and 36,575 tons to coastwise 
customers. Once more Scotland was the largest receiver, 
taking 24,871 tons, whilst Sweden imported 9344 tons; 
France, 7152 tons; Belgium, 7131 tons; comm. 4855 
tons ; Germany, 4408 tons; Wales, 4360 tons; Italy, 4151 


ds | tons ; and America, 3575 tons. Manufactured iron sent 


from the Tees in April amounted to 17,153 tons, 11,332 
tons going to foreign ports, and 5821 tons coastwise; and 
the steel cleared reached 47,666 tons, 42,136 tons of which 
went abroad, and 5530 tons coastwise. India was, as 
usual, the heaviest importer of both manufactured iron 
and steel, receiving 5943 tons of the former, and 12,609 
tons of the latter. 





Spring MeEeTinc or THE TEXTILE INsTITUTE.—The 
spring meeting of the Textile Institute is this year being 
heldat the Midland Hotel, Manchester, to-day, May 2, and, 
in order to comply with the Articles of Association of the 
Institute, the annual general meeting of the members will 
be held at the —_ ane — oe eae od 
opening meeting at 11.30a.m. The privilege of in uc. 
friends to the luncheon and to bo te aden mp | 
to the mem At 3 p.m. to-day a conference will be 
held on Smoke Abatement and the Textile Factories, at 
which a paper by Mr. Charles W. Fulton, of Paisley, will 
be read; and at 6 p.m.a conference on Textile Mill 
Driving. This latter conference is divided into four 
el Steam Driving, introduced by Mr. G. B. 

tone ; Gas Driving, introduced by Mr. T. Roland Wol- 
laston ; Oil Driving, introduced by Mr. F. Oarter ; and 
Electric Driving, by Mr. J. F. Crowley. The luncheon 
will be given at 1 o'clock. 





Ovr Coat ABRoap.—The exports of coal from the 
United Kingdom in March amounted to 5,598,774 tons, 
as com with 1,536,913 tons in March, 1912 (a period 
of formidable labour difficulties), and 5,358,708 tons in 
March, 1911. The aggregate exports in the three months 
ending March 31, this year, were 17,239,009 tons, as com- 
pared with 12,473,072 tons in the corresponding quarter 
of 1912, and 15,201,352 tons in the ing quarter 
of 1911. These aggregates were increased to 18,028,401 
tons, 13,123,527 tons, and 15,878,269 tons respectively by 
the addition of coke and patent fuel. Account should 
also be taken of coal shi for the use of steamers 
engaged in foreign trade. These shipments amounted in 
the first quarter of this year to 4,951,231 tons, as com- 
ype with 4,051,302 tons and 4,701,509 tons respectively. 

t follows that the te movement of coal from 
shores of the Uni ingdom in the first quarter of this 
year was 22,979,632 tons, as compared with 17,174,829 





at the Azov shore or on the Baltic. 


tons and 20,579,778 tons respectively. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has not shown much 
activity. Tonnage arrivals over the week-end: were not 
up to expectations, the weather having been stormy ; but 
a sufficient number of vessels was still available. OColliery- 
owners have shown no disposition to accept lower terms 
for large steam, as, in consequence of labour unrest, they 
are | forward to something of a coal shortage. 
House ‘and patent fuel have shown firmness, and 
coke has been steady. The best Admiralty large steam 
coal has made 21s. 3d. to 21s. 9d.; best ition 
20k, ‘3d.; bee 


; other secondary descriptions, 19s. 9d. to 
-; best bunker smalls, 14s. 6d. to 15s. 6d. ; and 
cargo smalls, 13s. 3d. to 13s. 9d. per ton. The best 
household coal has been quoted at 19s. to 20s.; and 
household coal at 17s. to 188.; No. 3 Rhondda large at 
18s. 6d. to 19s. ; and smalls at 15s. 6d. to 16s. 6d. ton. 
No. 2 Rhondda large has realised 16s. 9d. to 17s. 3d. ; 
and No. 2 smalls, 13s. to 138. 6d. per ton. Special 
wo ng Ay ny has brought 32s, to 32s. 6d. ; good foundry 
coke, to 3ls.; and furnace ditto, 25s. to 27s. 6d. per 
ton. As regards iron ore, Rubio has made 21s. to 21s. 6d. 
per ton, upon a is of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Taff Vale Railway.—Mr. J. Weston-Stevens has been 
elected chairman of the Taff Vale Railway Company, in 
succession to the late Mr. Vassall. Mr. J. Weston- 
Stevens is a nephew of the late Sir J. D. Weston. He 
has been actively connected with the commercial life of 
Bristol for a long time, and he is ey | associated with 
important industrial undertakings in Bristol, the Mid- 
lands, and South Wales. He became a director of the 
Taff Vale Railway in 1901, and su uently was chosen 
vice-chairman. e is also chairman of the Bristol Wagon 
Works Company, Limited, a director of Guest, Keen and 
— Limited, and a director of the Metropolitan 


The Engineering Futuwre.—Dr. W. Mansergh Varley, 
president of the newly-formed Swansea and District In- 
stitute of Engineers, in addressing that body said, “if 
the signs of the times were true, the engineering age bad 
fairly begun.” The demand everywhere was for greater 
ease of communication, less labour, and more comfort. 
With regard to the education desirable for the engineer, 
he advocated, whenever possible, the sandwich system of 
training, commencing with six months’ college work, 
alternating with six months in workshops. He also 
strongly advocated day-continuation classes for sppren- 
tices. 

Weymouth.—Operations are about to be commenced at 
Weymouth for improving the harbour and pier at a cost 
of about 20,0007. Curious tidal influences have been at 
work in the harbour of late years, and it has been decided 
to extend the present southern pier. The Great Western 

ilway Company has considerable marine interests at 
Weymouth, and it is largely in consequence of the growth 
of its cross-Channel service that the new scheme is being 
pushed forward. 


Dowlais.—The Dowlais Works have been well employed. 
The Goat Mill bas been rolling steel rails, weighing 80 Ib. 
to 100 lb. per yard, while the sleeper press has turned 
out a large quantity of steel sleepers upon colonial 
account. The Big Mill has been engaged, as usual, upon 
fish-plates, light rails for colliery sidings and underground 
workings, angles, curves, &c. ‘The locomotive fitting and 
moulding departments have been well employed. 


Neath and Brecon Railway.—Mr. C. Talbot, secretary 
and general manager of the Neath and Brecon Railway, 
wishes us to give an emphatic denial to the statement 
which appeared in this column last week 569 ante) 
to the effect that a working agreement had been come to 
between that railway and the Great Western Railway 
Company. We regret having given publicity to the 
statement in question. 


More Welsh Coal.—Coal has been struck by the Great 
Western my Company at Cwm. It is believed to be 
the Flowst Fach seam, and is 13 in. in thickness. A 
por of mining students, with the county lecturer (Mr. 

. Thomas) has visited a shaft now being sunk at 
Victoria, near Ebbw Vale. An old oval shaft will be 
deepened to 200 yards, and will be made circular, so as to 
reach more conveniently the Elled, the Big Coal, the 
Three-Quarters, and the Black Vein seams. The shot- 
holes are put down rapidly by “eo drills, the 
explosive ing Sent electrically. winding will be 
done by an electric winder which has not yet been 
installed. 





CanapDiAN Naturat Gas.—The yield of natural gas 
in Ontario is rapidly increasing. In 1909 the output was 
valued at 1,188,179 dols. ; in 1910 at 1,491;239 dols. ; and 
in 1911 at 2,186,762 dols. The natural territory of 
Ontario borders on the eastern and northern shores of 
Lake Erie, and gaps between the areas at present pro- 
ductive are being steadily oblitera’ so that it is not 
improbable that practically the whole shore will ulti- 
mately be found to be underlaid with gas-bearing strata. 
It has been shown by wells drilled in land under the water 
of Lake Erie in front of the township of Rainham, that 
the gas field includes portions of the bed of the lake. The 
outlines of the gas field in Kent county, and the large 
yield of wells on the shore line, lead to the conclusion 
that the field, which is probably of considerable size, ex- 
tends beneath the waters in that district also. In report- 
pF the course of affairs in 1911, Mr. Donald Sharpe, 
of Welland, states that the Legg are dare drilled during 
the year were 254 in number, distri counties as 


follows :—Welland, 26; Haldimand, 124; Brant, 60; 





Norfolk, 19; Wentworth 9; and Elgin, 16. 
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Cantor Lecture.—‘‘ Antiseptics and Disinfectants,” by Mr. David 
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by Mr. G. H. Baillie. 
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Royal Meteorological Society), will preside. 
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** Overvoltage,” a communication from Professor J. W. Richards. 
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Balfour Browne, M.A. The subject is: ‘* Life History of a Wate! 
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May 6, on *‘ Recent Physiological ag (2) Equilibrium and 
the Sixth Sense,” by Professor William Stirling, M.D., LL.D., 
D.Sc. Thursday, May 8, on “ Florentine Tragedies : (1) The Exile 
of Dante,” by Mr. Edward Armstrong, M.A., F.B.A. Saturday, 
May 10, on * Humphrey Internal-Combustion Pumps,” by Mr. 
H. A. Humphrey, M. Inst. C.E., F.C.G.I. (Lecture L.). Monday, 
May 5. General meeting at 5 p.m. 
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COMMERCIAL PROPAGANDISM 
IN CHINA. 


Tue proposal for another loan for China, although 
its details threaten to involve the existing Govern- 
ment in difficulties, is, nevertheless, inevitable, and 
is further convincing proof that the country has 
awakened from the ) Beer state which has con- 
tinued for many years. ess, it is true, has 
been made towards the fuller development of the 
natural resources of the country, but in view of the 
immense area, population, and industrial potentiali- 
ties of the vast empire of the East, material advance 
has been comparatively small. There is conse- 
quently a prospect of China becoming a market for 
mechanical manufacturing appliances far transcend- 
ing in the extent of its demand any at present exist- 
ing. We have on former occasions pointed to the 
importance of British engineers anticipating this 
demand by propagandist movement and organisation, 


606 |and we return to the subject in order to commend 


the activity of the British Engineers’ Association, 
which is endeavouring toembrace in such educational 
movement in China all manufacturing interests in 
this country. A meeting was held last week at 


609 | Sheffield, one is to be held next week at Man- 


chester, and another at Newcastle, and it is to be 


eo9 | hoped that the direct consequence will be a large 


accession to membership, and consequently to the 
collective force which the Association may exert 


o| towards the insurance of the co-operation of our 


Government De ents and our bankers, and 
the cultivation of a fuller knowledge in China of the 
suitability — one may almost say the superiority 
—of British products to meet wich demands as may 
be developed there. 

The main objects of the Association are twofold : 


*! the one to organise manufacturers in this country, 


and through such organisation to influence our 
Government; and the other to carry out, in the 
broadest conceivable extent, the education of 
China. Mr. Douglas Vickers, the President of the 


Association this year, at the meeting at Sheffield | 








last week, laid stress on the importance of Govern- 
ment help. Germany and the United States are 
our greatest competitors in China, and indeed in 
other countries similarly situated, and in their case 
invaluable help is given by Government to manu- 
facturers, not only in ing direct information 
through Government channels to manufacturing 
firms, but in exercising influence in connection with 
international loans. An attempt is always made, 
and usually with success, to ensure the insertion 
into the terms of a loan of a clause to the effect 
that the money borrowed shall, to a large 
extent at any rate, be spent in the country in 
which it is raised. Indeed, in Germany the 
Deutsche Obersee Bank makes a continuous effort 
to throw the whole influence of capital in favour 
of the home industries. There may be difficulties 
in this country in imposing any conditions on 
banks, because there is not the same direct control 
between the Government and banks as in some 
other countries. But there was full justification 
for Mr. Vickers’s contention that much could be 
done by ‘‘sympathetic diplomacy.” Again, although 
our Consular service has lately improved greatly, 
contact with manufacturers is not sufficiently 
direct. Communications regarding possible de- 
velopments are made, as a rule, by public an- 
nouncement, so that the world profits generally 
instead of British manufacturers exclusively. A 
combination of British engineers greatly simpli- 
fies the action of the British Consuls abroad and 
the action also of the Board of Trade. Where 
information is garnered by Government officers 
and passed through official channels to individual 
firms, there is the possibility of jealousy being 
aroused, since the information may give advantage 
to one firm over another. Through such an asso- 
ciation as that now formed, the Government can 
give immediate and direct information without 
seeming to favour any one firm. 

Mr. Vickers accurately diagnosed the difficulties 
of combination when he pointed to the jealousy of 
the English manufacturers and thoir lack of the 
faculty of co-operation. The managing director of a 
German establishment, who had occasion to visit 
many engineering firms within the past month, stated 
to the writer that the feature of British engineering 
which most impressed him was the universal dis- 
trust, from a commercial point of view, of one firm 
by another, and the lack of a general understanding 
directed towards the establishment and extension 
of our national reputation. It is difficult in a 
matter which so directly affects the profits of any 
concern to drive home the lesson that in this case, 
above all others, the greater includes the less. 
National credit is conducive to the advance of each 
firm within the nation. What is primarily necess- 
ary in all competition in foreign markets is the 
establishment of national reputation, because the 
fact that the goods are British filters into the 
minds of the foreigner far more readily and quickly 
than the fact that the goods are from Smith, Jones, 
or. Robinson, or even Macdonald. The Germans 
have long since given effect to this truism, and their 

ropagindism is much more national because col- 
ective. It is much more influential, too, for in 
addition to its comprehensive appeal, there is the 
fact that a combination can make a better showing 
for a given expenditure than can many individuals 
together spending the same amount, but acting 
independently. 

There are many ways in which this national 
reputation can be brought home, and we are glad 
that the British Engineers’ Association are taking 
up this matter, because it is important that the 
young engineers of China should, during their 
early years of training, when their minds are 
most receptive, come in direct contact with British 
teachers, with British laboratory appliances, with 
British experimental machinery, and if possible, 
also, with British factories and British workmen. 
The British Engineers’ Association are therefore 
trying to arrange for the equipment of the Hong 
Kong University. They hope also to find openings 
in British works for young Chinese engineers, and 
otherwise to influence the education of the Chinese. 

The organisation, too, is indicative of the deter- 
mination of manufacturers to advance and bring 
collective influence to bear on the development of 
national reputation, so that they have the best of 
all reasons for urging the Government Depart- 
ments to assist them through every Diplomatic and 
Consular medium. While thus appealing for the 
co-operation of the Government directly and in- 
directly, the Association propose to do, as far ag 






































































606 





ENGINEERING, 


[May 2, 1913 





possible, their own work. Knowing the difficul- 
ties of moving Government officials, we are glad 
that the Association rely most on _ indirect 
assistance. If their agents abroad are i 
by the Government, and their work facilitated, 
the advantage accruing must necessarily be in- 
creased. ‘lhe Association have appointed Cap- 
tain F. C. Fitzhugh, M.V.O., who, by residence 
and long experience in the Far East, has a know- 
ledge which will enable him to further greatly the 
interests of the members of the Association. His 
business will be to enlist the sympathy and culti- 
vate the friendship and confidence of the best 
officials in China, as well as to obtain for the use 
of members of the Association information regard- 
ing trade openings, prospective undertakings, and 
laws, and at the same time to guide the members 
in regard to pitfalls due to undesirable operations 
and doubtful clients. He has an uphill task, 
because at the present moment the great majority 
of the *‘ Young China” party, which largely domi- 
nates every undertaking from the Government 
downwards, were students in the United States, and 
have no doubt returned to China with a high notion 
of all things American. Germany, too, has been 
cultivating closer contact with China. The recent 
coup d’etat was accomplished largely by the officers 
of the army, and one cannot forget that these officers 
were trained by Germans, and very naturally seek 
to advance German industrial interests. 

To the 5000 miles of railway built during the past 
ten years, there are proposals for the addition of 
60,000 miles during the next ten years, and these 
schemes are in a more or less advanced stage. Rail- 
ways are pioneers of great developments in manu- 
factures and in the opening up of mines and other 
similar enterprises. The time, therefore, is most 
opportune for a great forward movement on the 
part of Government agents, banks, merchants, 
and manufacturers to combine with the British 
Engineers’ Association, in order to ensure that we 
shall have a share in this development of China’s 
industries. To do this it is necessary, as 4 
Arthur Balfour, an ex-Master Cutler, pointed out, 
for the Chinese mind to have things graphically 
kept before it, and this can best be done by im- 
pressive British centres in the large Chinese cities, 
through the work of the great technical colleges in 
China, and by the great financial houses recog- 
nising that Britain should share in the spending of 
the money raised in this country in the form of 
loans. ‘The British Engineers’ Association has 
already 112 members, representing something like 
44,000,000. of capital; but there are yet many 
firms outside the Association, who would not only 
advance their own interests, but assist towards 
maintaining British commercial supremacy, by par- 
ticipating in this commendable national movement. 





AN IMPERIAL COLLEGE. 

Txat Londoners are lacking in civic patriotism 
is one of the stock statements of the daily journalist. 
To what extent the charge is true we cannot say ; 
but one may well believe that living in close 
contact with the central administrative and legisla- 
tive authorities of the nation and the Empire, the 
Londoner is apt, in a measure, to overlook the 
activities of purely local administrative bodies. A 
comparison between the daily Press of the Metro- 
polis and of the provinces certainly suggests that 
this isso. We are not altogether sure, however, 
that a Press necessarily correctly represents a 
people. The abstract case is, any way, not of 
much importance, and leaving civic patriotism on 
one side, we are pre to admit that the 
Londoner in general probably takes less interest 
in the doings of his local councils and similar 
bodies than does the inhabitant of, say, Bir- 
mingham or Glasgow. Apart from larger in- 
terests, this may well'|be explained by the im- 
possibility of understanding London Government 
at all without special ssudy. We are not authori- 
ties on the subject, but we believe there are some 
sixty-two bodies with various administrative duties 
in the County of London. The comprehension of 
the activities of these bodies may well be a matter 
which the Londoner hesitates to attempt, and when 
he has to add to them the various rights and juris- 
dictions of the Metropolitan Police, the Metro- 

litan Water Board, the Post Office, the Port of 

mdon Authority, the Thames Oonservancy, 
Trinity House, and the Lord Chamberlain, he may 
= decide that the matter is altogether beyond 


If the Londoner overlooks half the main official 
activities of his city, he may easily altogether miss 
many of its lesser and more specialised activities. 
We fear he does. He is in general quite out of 
touch, for instance, with the academic movements 
which exist in such number in London. For instance, 
he has but the slightest acquaintance with what is 
bzing done in connection with the subject suggested 
by the title of this article. He knows, of course, 
that for many years there has been a Royal College 
of Science at South Kensington, a Royal School of 
Mines, and a City and Guilds Institute. He may 
even know that these colleges have been brought 
into closer union to form the Imperial College of 
Science and Technology. We doubt, however, if 
his knowledge goes much further. It isa pity that 
this should be so, since, apart from the importance 
of the subject of higher education, there is some- 
thing peculiarly fitting an Imperial City in the 
ideals which are animating those who are respon- 
sible for the administration and progress of the 
Imperial College. London, as the unchallenged 
centre of the Empire, is the proper city for a 
college which shall be looked to as furnishing the 
highest education necessary for meeting the tech- 
nical and economic problems which must continually 
arise in the administration and development of the 
Empire. 

It was frankly with the idea of bringing the 
activities of the Imperial College to the knowledge 
of the public through the Press that Sir Alfred 
Keogh, the Rector, arranged for an inspection of 
the various college departments last Tuesday. For 
ourselves we are glad to take the opportunity of 
referring to the matter in our columns, although 
we cannot feel that we have at any time failed to 
realise the importance of the Imperial College, or 
have neglected suitable opportunity of dealing with 
it. As evidence of our attention to the matter, we 
may point out that as recently as last year we 
published a very complete series of articles de- 
scribing its various departments.* The aspect of the 
Imperial College to which Sir Alfred Keogh par- 
ticularly wished to call attention was the relation 
between its work and the various industrial and 
commercial activities of the country and the Empire. 
As we understand the Imperial College, it enters 
into no competition with the older universities. 
It stands for abstract learning neither in letters 
nor science. Its sphere is higher technical educa- 
tion and research, which ever become more im- 
portant to this country and its dominions as the 
complexity of civilised life increases. The Imperial 
College aims at becoming the Charlottenburg of 
the British Empire. We do not suggest it pro- 
poses to model itself on that institution, but 
merely that it aims at becoming the recognised 
centre in the same sense with that institution. It 
aims at a scope and scale of work and research 
which will adequately meet the problems which 
must continually arise in our Imperial commerce. 

There is no need for us to attempt to review 
the whole of the work of the Imperial College at 
the present time. We should like to refer, however, 
to one or two matters which were raised by Sir 
Alfred Keogh in his speech at the luncheon which 
preceded the inspection of last Tuesday. Of these, 
one of the most important referred to the work 
being carried on in economic botany. During the 
last five years much has been done towards assist- 
ing in the eradication of disease in connection with 
the plantation industry in the tropics. Much has 
also been done in the matter of the examination 
of colonial timbers from the point of view of 
their uses in industry. We believe this type of 
work is not carried out in the same way elsewhere 
in the country. Its fitness and importance in an 
Imperial College is obvious. Sir Alfred also referred 
to the work of the department of Fuel and Refrac- 
tory Materials. This is in charge of Professor 
Bone, a recent comer to the college. The depart- 
ment is at work on the subject of fuel supply and 
petrol substitutes, again a subject obviously of 
widespread interest. The only note of regret in Sir 
Alfred’s speech was struck in connection with the 
subjects of chemical engineering and electro- 
chemistry, it having been found necessary for the 
present to postpone the organisation of depart- 
ments to deal with these subjects. The optimism 
and enthusiasm evident in the college, and the 
amazing developments now being made, suggest 
thata few years may see these subjects also taken up. 
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As engineers we are naturally interested especially 
in the engineering work of the college, but in a 
sense there is less to say about it than about some 
other of the college activities, since it is so well 
established and so well known. We doubt, how- 
ever, if engineers in general altogether realise that 
Professor Dalby and his staff preside over the 
largest engineering college in the country. At the 
present time there are 424 students, 56 of whom 
are engaged in post-graduate work. We availed 
ourselves of the opportunity of last Tuesday to 
visit the extensions which are being built on to the 
old City and Guilds College in Exhibition-road. These 
extensions are well advanced, and it is ible to 
obtain a very good idea of the remarkable building 
which will shortly be available for the higher engi- 
neering training in London. When the extension 
is complete the college will have six times the 
laboratory accommodation which was available in 
the City and Guilds College of Professor Unwin’s 
day. The extension will be used in the main for 
post-graduate work. We believe it was the idea of 
the late Sir William White that the engiveering 
section of the Imperial College should devote itself 
entirely to post-graduate work, men coming to it from 
other colleges of the country and the Empire. There 
is at present no intention of carrying out this 
idea, but under the able direction of Professor 
Dalby we have but little doubt that the new 
laboratories, when complete, will attract a very large 
number of post-graduate students, not only from 
the country and the Empire, but even from the 
Continent and America. In conclusion, we must 
express our thanks for the courtesy extended to 
us last Tuesday by Sir Alfred Keogh, and, in con- 
nection with the engineering college, by Professor 
Dalby and Professor Margetson. 








INFLAMMABILITY OF CARBON- 
ACEOUS FACTORY DUSTS. 

Two serious dust explosions having occurred in 
November, 1911, one in a provender mill at Glasgow, 
and the other in an oil-cake factory at Liverpool, 
the Home Office instructed Dr. R. V. Wheeler, of 
the Experimental Station at Eskmeals, to make 
experiments on dust explosions.* The number 
of samples tested was 66, and comprised dusts 
of all kinds, as will appear from the lists given 
lower down. The samples were all dried for one 
hour at 107 deg. Cent., and as far as possible 
passed through a 200-mesh sieve. This point 
should have been accentuated in the report, for 
though the treatment made the samples better 
comguelin, it also introduced conditions not ordi- 
narily met with in practice. The tests were con- 
ducted with the two sets of apparatus which we 
described in our issue of January 13, on page 164 
ante. In the first form of test a sample of the 
dust is blown on to a platinum coil wound about 
a thin-walled quartz tube, which contains a thermo- 
couple. When ignition has once been obtained, 
the temperature is lowered by steps of 10 deg. 
or 20 deg. Cent. to determine the lowest tempera- 
ture at which ignition will take place. This tem- 
perature is called the ‘‘ relative ignition tempera- 
ture.” In the second form of test the dust is 
blown down a vertical tube, placed mouth down- 
wards over a porcelain tube, which contains a 
loosely-rolled spiral of copper, and which is heated 
by an electric furnace, the core of which it forme. 
The dust being projected downward, instead of hori- 
zontally as in the first instance, may project a 
flame underneath the porcelain tube. The experi- 
mental conditions in the two tests are thus not 
quite the same, and the classifications of the 
materials according to the two tests do not entirely 

e. There are only a few differences, however, 
which we shall point out. 

Roughly, the carbonaceous dusts may be divided 
into three classes :—(1) Dusts which ignite and 
propagate a flame readily, the source of heat 
required for ignition being comparatively small, 4 
match, ¢.g.; (2) dusts which ignite readily, but 
require a source of heat of large size and high 
temperature (such as an electric arc) or of long 
duration (a Bunsen burner); (3) dusts which 
do not appear to be capable of propagat- 
ing flame under ordinary conditions, because 
they do not readily form clouds in the air, oF 








* Report on the Inflammability and Capacity for 
Transmitting Explosions of Carbonaceous Dusts Lia 
nera’ on Premises under the Factory 
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because they are contaminated with large quan- 
tities of incombustible matter, or because the 
material does not burn rapidly enough. In the 
following lines the dusts are roughly arranged in 
the decreasing order of their intlammabilities 
according to the first test:—(1) sugar, dextrine 
(calcined farina), starch, cocoa, rice meal and sugar 
refuse, cork, wood flour, grain (flour mill), maize, 
tea, grain (storage), rape seed, corn flour, briquette, 
gramophone-record dust; (2) copal gum, leather, 
‘dead ” cork, cocoa-nut oil and rice milling, saw- 
dust, oil cake, bran, horn-meal, mustard, shoddy, 
shellac composition ; (3) organic ammonia, tobacco, 
spice milling, cotton seed and soya bean, bone 
meal, coal (foundry blacking), sack cleaning, rape 
seed (Russian), charcoal, foundry blacking, brush 
carbon, mineral and ivory black. 

Some of these distinctions are hardly intelligible 
without further explanations ; thus foundry blacking 
occurs twice in Class (3), and we do not know what 
is meant by organic ammonia. Unextracted soya 
beans ought to have been mentioned in Class (1). 
But these points are of minor interest. The trade 
may be surprised that it has been dealing with so 
many inflammable dusts, though scientific experts 
will hardly find anything unexpected, except that 
they may differ as to the sequence. Sugar turns 
out to be the most dangerous material ; dextrine, 
starch and cocoa follow, the latter possibly owing 
to its high percentage in sugar. Some fluffy mate- 
rials—wood flour, cotton and rape seeds, soya-bean 
dust—would not sieve, and may therefore not 
be in their right places; tobacco would not 
form a cloud. The inflammability depends on 
the chemical affinity for oxygen and on the phy- 
sical condition of the material, on the degree 
of moisture, the fineness of the dust, the libera- 
tion of combustible gases and other features, and 
under different test conditions different sequences 
might have been obtained. But, as we remarked 
already, the results of the two tests were in substan- 
tialaccord. In the second test most materials yielded 
relative ignition temperatures of from 540 deg. to 
650 deg. Cent. The only substances giving con- 
siderably higher values were copal gum (750 deg. 
Cent.); ‘* dead ” cork (740 deg. ; the ‘‘ dead” is 
not explained) ; gramophone-record dust (750 deg.) ; 
leather (740 deg.); and shellac (780 deg.). The 
shellac composition evidently contained much in- 
combustible matter ; the other substances probably 
evolved gases stifling combustion. 





THE GHENT EXHIBITION. 


On Saturday last, April 26, the Ghent Exhibition 
was formally opened by the King and Queen of the 
Belgians, who were accompanied by their eldest 
son, Crown Prince ane The ceremony took 
—_ in the Salle des Fétes, a new, permanent 
uilding in the Pare de la Citadelle, within the 
boundaries of the Exhibition grounds and close to 
the north-east entrance. There wasa large gather- 
ing of Ministers of State, officers, members 
of the Belgian Parliament, foreign government 
representatives, burgesses of the city of Ghent, 
Church dignitaries, and others. Their Majesties 
were received by Mr. Cooreman, President 
of the Executive Committee of the Exhibition, 
who, in an opening speech, stated that the 
town, when deciding to hold an exhibition in Ghent, 
the capital of Flanders, so soon after the Brussels 
Exhibition, knew fully well that they were attempt- 
ing a difficult task. But they went resolutely to 
work, and he (the speaker) took the opportunity 
which was then offered him for thanking the pro- 
moters, the home country, and ,oreign nations for 
the aid which had been given to the Committee. 
He paid a warm tribute to the memory of the late 
Gustave Carels, who had been one of the earliest 
promoters of the scheme. 

Mr. Hubert, Minister of Industry, who followed, 
passed briefly in review the work accomplished in 
past centuries by renowned Flemish citizens, Van 
Artevelde and others, and also by the old Guilds 
of Flanders. He added that the proposal for 
holding an International Exhibition in Ghent was 
first entertained, towards the end of 1910, by a 
small group formed of some of the chief citizens 
of the town, The proposal had matured and had 
resulted in the display which their Majesties had 
come to inaugurate. He thanked the Royal Family 
for the moral support they had been pleased to 


grant to the scheme, he also thanked the foreign 
Tepresentatives, and all the members of the Execu- 





tive Committee, who had been unremitting in their 
efforts to ensure the success of the show. 

Mr. Callier, President of the Belgian Royal 
Botanical Society, traced the -history of that 
society, and showed how it had contributed to foster 
the art of horticulture throughout the province. 
The Royal party then headed a procession which 
filed through the flower show held in a court of the 
Salle des Fétes, and displaying a most admirable 
display of azaleas and rare flowers and plants. A 
portion of the Exhibition was also cursorily visited. 

The Exhibition is easy of access from Ghent’s 
main railway station; the principal pavilions are 
distributed over a tract of land limited to the 
north by the Ostend-Ghent railway, and to the 
south by the old Ghent-Courtrai line. In the rear 
of the main entrance are the Belgian industrial dis- 
plays, the British and French sections, these two 
atter giving upon the Avenue des Nations, as 
also does the German Pavilion further to the south, 
the pavilions of other nations being situated in 
clese proximity to the larger ones above mentioned. 
But although the Exhibition is opened, it is very 
far from completion, both as regards the external 
and internal arrangements. Exhibits are still 
arriving by railway on a track laid throughout the 
grounds and over the whole length of the main 
avenue. In the British Section there is much work 
to be done still to put all the various stands in 
perfect order; Messrs. Platt Brothers and Co.’s 
admirable display of textile machinery ; several gas 
and oil-engines by Messrs. Bates and Co., Denton, 
near Manchester ; a few small machine-tools and 
the British Post Office exhibits of plant and appa- 
ratus are well advanced, the staffs of the various 
firms showing the greatest activity ; but the British 
section is generally in a chaotic state, and to all 
appearances is not likely to emerge from it for 
several weeks to come. The same can be said of 
the great majority of other sections. 

The British Pavilion has four bays parallel with 
the Avenue des Nations, and containing arts and 
crafts exhibits, machinery, the British Post Office 
display, and exhibits illustrative of various sciences 
and trades. The Post Office display will contain 
pneumatic tubes; telegraph instruments, from 
A.B.C. to Beaudot, all working ; telephone appa- 
ratus ; a silent electric clock in the centre of the 
court, by the Silent Clock Company ; facing tables 
for sorting letters in post-ottices; models of all 
the mail-carrying appliances, from the Olympic to 
the steam-packets which run between England and 
Ireland. The current required will be taken from 
the pavilion’s own switchboard. 

The Belgian Industrial and the British and 
French Pavilions have colonnades on the sides 
of the main thoroughfares ; the pavilions them- 
selves are closed in, the entrance-doors are few and 
far between, and light is admitted to the buildings 
by the roofs, the western slopes of which are glazed. 
The arrangements do not seem to provide for rapid 
exit on an emergency. 

The German Pavilion, so far as external appear- 
ance goes, reminds one of the type of emporium, 
the Tietz stores, now very frequently met with in 
many German towns, but on a reduced scale. Its 
architecture may be described as ‘‘ vertical-square.” 
A glimpse through a chink in the main entrance, 
and only a short glimpse is allowed, shows a highly 
decorated entrance hall. Like the German Pavilion, 
the French, Italian, Dutch, Canadian, and those 
covering most other sectional displays, are closed 
to visitors; many others are still empty or very 
incomplete. 

The Machinery Hall opens on the Avenue des 
Nations through a pavilion for the ey of hand- 
tools and the Electricity Pavilion. It contains a 
Bergmann steam-turbine, built by Messrs. Van den 
Kerchove, Ghent, coupled toa 1500-kw. alternator, 
built by the Liége Electrical Company ; a similar 
set, the alternator of which is by the Charleroi 
Electric Company ; and one 2000-kw. Brown-Boveri 
alternating-current set, which is the only one so 
far working for current supply. There is also a 
Carels-Diesel engine, driving a Charleroi 220-volt 
alternator. The three turbines are supplied with 
superheated steam at 350 deg. Cent. from six 
steam-boilers, built by Smulders, of Grace-Berleur, 
mounted in three sets, and provided with mecha- 
nical stokers filled by hand. The Machinery Hall 
further contains a twin horizontal steam-engine of 
the winding-engine type and two horizontal single 
steam-engines ; these latter will probably be 
coupled ultimately to slow-running dynamos to add 
to the current supply. There is also a marine 








Carels-Diesel engine, and one showing the name- 
plate of Messrs. Reavell and Co., Ipswich. Several 
of the engines here referred to are in course of 
completion ; the foundations are being prepared for 
others. 

The steam-turbines and steam-engines exhaust 
into a central condensing plant ; the water supply is 
from the town mains, and a cooling-tower is located 
on the north-east side of the Machinery Hall. This 
hall is served by four overhead electric travelli 
cranes, one of 25 tons, two of 20 tons, and cas a 
15 tons. The Brown-Boveri turbo-alternator set 
above referred to serves for the present mainly to 
supply current for these four cranes. 

he current generated is 6000-volt 50-period 
alternating. The town now contributes to the 
current supply to the extent of 800 kw., the town 
generating-station being connected up with the 
Exhibition system by two high-tension cables, 
either of which can be used. The Exhibition cable 
system operates through nine transformer stations, 
containing in all twenty-four transformers, built 
by the Société Belge d’Electricité Eclairage et 
Force Motrice, Brussels, there being twelve 
100-kilovolt-ampere and twelve 200-kilovolt-ampere 
transformers. The Machinery Hall contains two 
250-kw. asynchronous-converter sets, which con- 
vert the 6000-volt primary current to 440-volt 
continuous current, which latter is distributed on 
the three-wire system at 220 volts by the aid of 
two balancing sets of 30 kw. The remainder of 
the power is distributed at 216 volts alternating. 
The British Section takes the current from the 
Exhibition authorities at 6000 volts alternating, 
and converts it down for power to 440 volts con- 
tinuous current in a 300-kw. Westinghouse ro 
converter, located close to Messrs. Platt Brothers’ 
stand. For lighting, alternating current at 125 
volts is used, being taken between phase and 
middle of the star on a four-wire system from the 
low-tension side of a special lighting transformer, 
the voltage between phases on the low-tension side 
of the transformer being 216. 

There are, so far, practically no rolling-stock 
exhibits to be seen ; the Cockerill Works, we were 
told, intend showing as specimens only, 
and no machinery. The large French works have in 
course of erection in their pavilion monumental 
displays of pipes and rolled steel sections, 

rom the foregoing brief outline it will be seen 
that the Exhibition, like practically all international 
exhibitions, is far from ready, although open to visi- 
tors. To all appearances its completion will require 
from four to six weeks more. evertheless, since 
the opening last Saturday the visitors—presumably 
for the greater part inhabitants of Ghent and the 
neighbouring Flemish cities—have been numerous. 
They are evidently proud that their province has 
an exhibition of its own ; they pay their entrance 
fee and receive in exchange a tramway-slip—there 
being, so far, no proper Exhibition entrance-slips— 
and they promenade the various arcades, picking their 
way over brickbats and other obstructions, mildly 
exclaiming that there is nothing to be seen so far, 
and invariably courteous and good-tempered. We 
hope to give in future issues a description of the 
chief machinery exhibits. 





NOTES. 

Parnts ror InpicaTiInc THE Uses or Pipes. 

In 1911 German engineers and metallurgists 
came to a preliminary understanding that it was 
desirable to mark pipes carrying certain fluids 
by certain colours, so as to avoid confusion. The 
question has since been eagerly discussed by 
the technical institutions and chemical manu- 
facturers. It was natural that conflicting wishes 
should be expressed, for in each works some parti- 
cular kinds of pipes may predominate or co-exist, 
and the managers naturally like to make certain 
distinctions particularly easy. The majority of 
authorities have, however, now that the 
following colours should be used for the following 
purposes :—water, green; gas, yellow; air, blue ; 
steam, white; acid, pink; lyes, violet; oils, brown; 
tar, black; vacuum, grey. Pipe conduits for 
high-tension electric conductors may be marked 
red, like acids, as red would be the danger 
colour, and the forked-lightning arrow, or some- 
thing else, might be added as a distinctive mark. 
Other marks can be added. It is proposed, for 
instance, that an ordinary steam-pipe should be 
white ; a red ring would indicate pressure of more 





than two atmospheres ; two red rings high-pressure 
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superheated steam ; a green ring would distinguish 
the exhaust-pipe. A dark red ring on a pink or 
violet acid or lye pipe would intimate that the 
acid or lye carried was concentrated. A black rin 
would stand for carbon or impurity; a tar-oi 
pipe would be brown with a black ring ; a refuse- 
water pipe green with a black ring. Pipes for 
ordinary gas, or for purified blast-furnace gas, 
would be painted yellow; the red ring might 
indicate coke-oven gas, the black ring blast-fur- 
nace not purified, the green ring water-gas, 
the ma ring producer-gas, &. In blue air- 
pipes the red ring would indicate high pressure, 
a white ring hot air. Potable-water pipes might 
be green with white dots; pipes carrying slimes 
green with black dots. Letters might used 
to distinguish different gases and liquids. As the 
paint coatings on the pipes would become tar- 
nished or damaged, it will be preferable to attach 
small iron labels, coloured in the respective manner 
and varnished or enamelled, on the pipes at suit- 
able spots; these labels might also be made of 
porcelain and suspended by a wire. The objection 
to the suspended label is that a mistake might 
be made in refixing the labels ; but proper super- 


vision should prevent such mistakes. But rings, 
a few inches in width, directly clam round the 
pipes, would be better than the labels. The adop- 
tion of these rings or other distinctive marks would 


cause a slight expense, but it would also prevent 
confusion and waste of time in identifying pipe 
systems. 


IcEBERGS AND THE TEMPERATURE OF THE 
Sea-WarTer. 


In our issue of December 13, 1912, we published 
a letter by Professor H. T. Barnes, of Montreal, 
on the influence of melting icebergs on the tem- 
perature of the sea-water. We also gave an 
account of Professor Barnes’ Royal Institution 
discourse in our issue of June 7, 1912, and we 
described his microthermometer for taking sea- 
water temperatures on board ship. Some further 
communications on the subject have, since our last 
notice, appeared in Nature, one by Dr. John Aitken, 
and another by Professor Barnes. Dr. Aitken finds 
certain statements made by Professor Barnes some- 
what contradictory. In his lecture Professor Barnes 
had stated that the temperature of the sea-water 
would first rise, when a ship approached an iceberg, 
then fall, and rise again as the ship left the berg 
behind; whilst a previous letter gave curves 
showing a steady rise of temperature up to the 
berg itself. In his letter Professor Barnes with- 
drew the view of Pettersson, which he had pre- 
viously supported, that the melting-ice water 
would rise and spread on the surface, and 
his explanation of the phenomenon became very 
difficult to follow. Dr. Aitken gave experimental 
proofs that the melting-ice water does rise to the 
surface. He boiled some water to remove all air, 
which would set up disturbing convection currents, 
froze it into lumps or rods, and moored the ice in 
salt water ; the water had previously been coloured 
blue with aniline. He observed that the blue 
water all rose to the surface; none was carried 
down to the bottom. Further to study the circu- 
lation, he produced a horizontal blue streak in the 
water above the block of ice by drawing a pipette 
(filled with blue salt water, and provided with a 
capillary point) horizontally through the water. 
The blue water of the melting ice was then seen to 
ascend close to the ice, deflecting the blue line 
upward, whilst further away the cold sea-water 
was streaming downward, deflecting the blue 
streak in that direction. The general character 
of the phenomenon did not change when a long 
rod of ice was placed in a jar, 1 ft. in depth, 
which was ae in its lower portion by being 
surrounded with a freezing mixture. Dr. Aitken 
recognises that his experiments were made on too 
mi 8 scale to becrucial. Professor Barnes replied 
to Dr. Aitken’s criticism. He reproduced a very 
striking microthermogram which he obtained when 
he crossed from land back to America via the 
North of Iceland and Cape Race on June, 1912. The 
temperature of the Atlantic fell from 10 deg. and 
9 deg. Cent. sharply to 7 deg. (and more slowly 
further down to 4 deg. Cent.), as the ship 
the ‘‘Cold Wall,” separating the Gulf Stream 
from the Arctic current. hen it afterwards 
approached an iceberg, the temperature rose 
8 ly from 5.5 deg. to nearly 7 deg. Cent., to 
drop more sharply again as it left the iceberg 
behind. Professor Barnes pointed out that the 








icebergs melt too slowly to dilute the sea-water 
noticeably, and that the variations in electric con- 
ductivity are not sufficiently regular and marked to 
be of use in foretelling the proximity of icebergs. 
He found evidence, however, that the Arctic current 
along the Eastern Coast of America was less saline 
than average sea-water. Though it will, no doubt, 
be difficult to obtain warning of approaching ice- 
bergs of real use to fast-going ships, we think that 
icebergs could and should be experimentally studied 
on a sufficiently largescale to afford some information, 
if only of scientific interest in the first instance. 





THE IRON AND STEEL INSTITUTE. 

Tue forty-fourth annual general mecting of the 
Iron and Steel Institute is being held this week in 
the hall of the Institution of Mechanical Engineers, 
by kind permission of the Council of the latter. 
The meeting commenced yesterday morning, the 
1st inst., and was continued in the afternoon. The 
remaining papers are being read this morning. The 
President, Mr. Arthur Cooper, occupied the chair. 


Tue ANNUAL REporT OF THE COUNCIL. 


The minutes of the last meeting were taken as 
read, and the Chairman called upon Mr. G. C. Lloyd, 
the Secretary to the Institute, to read the annual 
report of Council. This shows that the Institute 
continues to make satisfactory progress. The total 
membership at the end of last i al amounted 
to 2119, as against 1692 members in 1902. The 
Institute had lost by death during the past year 
thirty-five members, among whom were Sir John 
G. N. Alleyne, Bart., a Vice-President and an 
original member of the Council; Mr. W. H. 
Bleckly, Hon. Treasurer and an original member ; 
Baron Hippolyte d’Huart, one of the founders of 
the Longwy Steel Works, in the east of France ; 
and Mr. Osmond, the celebrated metallurgist. 

The Council offered their congratulations to 
several of the members who had had distinctions 
conferred upon them. Among these, Mr. Gilbert 
H. Claughton had been created a Baronet of the 
United Kingdom ; the Grand Cross of the Royal 
Victorian Order had been bestowed upon His 
Grace the Duke of Devonshire and on the Right 
Hon. Lord Merthyr of Senghenydd ; Mr. Evence 
Coppée, of Brussels, had received the title of Baron; 
General Leandro Cubillo had been appointed 
Director General of Artillery at the Spanish War 
Office ; Dr. J. O. Arnold had been elected a Fellow 
of the Royal Society and had been appointed by 
the Board of Education to the post of Government 
Examiner in Metallurgy : Mr. R. W. Hunt, Chicago, 
had been awarded the John Fritz Medal ; and the 
John Scott Legacy Medal and Premium had been 
awarded to Mr. Sherard O. Cowper-Coles by the 
Franklin Institute, Philadelphia. 

Reference was also made to the spring and 
autumn meetings of last year, both of which were 
fully reported by us at the time. 

The President, the report continued, still repre- 
sented the Institute on the General Committee 
of the Royal Society for administering the 
Government Grant for Scientific Investigations, 
and officially represented the Members and Coun- 
cil on the occasion of the celebration of the 
250th anniversary of the Incorporation of the 
Royal Society by Royal Charter. On the Board 
of the National Physical Laboratory the repre- 
sentatives of the Institute were Mr. W. H. Ellis 
and Mr. J. M. Gledhill. Sir Hugh Bell, Bart., 
Past-President, had continued to act as repre- 
sentative on the of Governors of the 
Imperial College of Science and Technology. On 
the Engineering Standards Committee the Insti- 
tute had been represented by the President and 
Mr. George Ainsworth, Vice-President, while Mr. 
w. more, Vice-President, and Mr. George 
Ainsworth had acted as representatives of the 
Institute on the Technical Committee of Lloyd’s 
Register of British and Foreign Shipping. Dr. 
J. E. Stead, F.R.S., Vice-President, had been 
appointed to represent the Institute on the Board 
of the Royal School of Mines ; Lord Merthyr of 
phanelaaas cy G.C.V.O., Vice-President, continued 
to serve as representative of the Institute on 
the Court of Bristol University, and Sir Robert 
Hadfield, F.R.S., Past-President, continued to 
serve in a similar capacity on the Court of the 
University of Sheffield. On the Kelvin Memorial 
Committee, appointed by the Institution of Civil 
Engineers, the Iron and Steel Institute was repre- 
sented by the Duke of Devonshire, Past-President ; 


Lord Merthyr of Senghenydd, G.C.V.O., Vice- 
President ; Sir Robert Hadfield, F.R.S., Past- 
President, and the Secretary. Sir Robert Hadfield, 
Dr. J. E. Stead, and Mr. W. H. Ellis had been 
appointed members of the Le Chatelier Committee 
for the collection of specimens of hardened steel 
for investigation and preservation. Sir Robert 
Hadfield and Sir Hugh Bell represented the Insti- 
tute at the Eighth International Congress of Applied 
Chemistry and at the Sixth International Congress 
for the Testing of Materials, held in New York, 
On the Organising Committee for the Sixth Inter- 
national Congress of Mining, Metallurgy, Applied 
Mechanics, and Practical Geology, the Institute was 
represented by Mr. Arthur Cooper, President ; Sir 
Robert Hadfield, F.R.S., Past - President; Sir 
Hugh Bell, Bart., Past-President ; Lord Merthyr of 
Senghenydd, G.C.V.O., Vice-President ; Mr. A. T. 
Tannett - Walker, Vice- President ; Mr. George 
em Vice-President ; and Professor Henry 
ouis. 

The Hon. Treasurer, Mr. William Beardmore, 
after referring to the long membership of his pre- 
decessor, Mr. Bleckly, and paying a tribute to 
his memory, then read the statement of accounts, 
which showed the Institute to be in a very satis- 
factory position indeed. 


PRESENTATION OF THE BEssEMER Gotp MEeEpat. 


The decision had been arrived at unanimously 
of presenting the Bessemer Gold Medal to Dr. 
Greiner, one of the Vice-Presidents of the Insti- 
tute. In making the presentation, the Chairman 
gave a brief historical review of the career of the 
recipient, saying that he had been educated at 
Liége University, entering, on the completion 
of his studies there, the steel works labora- 
tory of Messrs. Cockerill’s works, Seraing. In 
1887 Dr. Greiner was appointed the general 
director of these works. Under his directorship 
the Cockerill Company had largely developed ; they 
adopted the Bessemer process under him, and had 
largely perfected the construction of gas-driven 
engines. Numerous honours had been conferred 
upon him by the Belgian Government and by many 
other nations, and he had been a leader of all the 
Belgian learned societies. He had also rendered 
important service in furthering social welfare 
throughout Belgium. Dr. Greiner was a distin- 
guished figure in the industrial life of his country, 
and had also contributed to the development of the 
iron and steel industries in other countries. The 
Chairman then read a telegram he had received from 
the staff of the Cockerill Works testifying to their 
appreciation of the distinction conferred upon 
their honoured chief. 

Dr. Greiner, in expressing his thanks, said the 
medal recalled a great name, that of an inventor, 
who, like Watt and Stephenson, had contributed 
largely to the development of civilisation. He 
did not consider the distinction awarded him 
as a purely personal one, for the Cockerill 
Works has been in direct association with Bes- 
semer from the commencement, in 1863. They 
put down at that time their first converter, 
and were among the very first works to produce 
steel by thenew method. He, Dr. Greiner, among 
pleasurable remembrances, counted his associations 
with Siemens, Whitworth, Lowthian Bell, Thomas, 
Gilchrist, and other metallurgists, most of whom 
had now away. But among his present 
friends, Mr. Arthur Cooper, their Chairman, 
held a high place ; he had known him for many 
years. He likened the position of the Iron 
and Steel Institute in regard to metallurgy the 
world over to the position of Great Britain 
in relation to her colonies, the latter being free 
“*to go their own way.” The Institute was 
animated by a spirit of healthy cosmopolitanism, 
and was always ready to honour good work from 
any quarter. In concluding, he felt gratitude to 
the Council and members for having chosen him 
for one of the Institute’s favours. 


(To be continued.) 





Tue JAPANESE Navy.—The Japanese Naval Budget for 
1913-14 bas been submitted to the Diet. The total 
amount of the credits applied for is 10,239,249/., showing 
an increase of 339,200/..as com with 1912-13. The 
ordinary expenditure for 1913-14 is estimated at 4,477, 03., 
and the extraordinary expenditure at 5,762,210/. The 
ordinary Bo vegans of the year provides for an outlay 
of 1,280,000/. for new construction. In the extraordinary 
expenditure 2,240,000. is devoted to the construction of 
new ships, 1,360,000/. to new and improved artillery, and 





1,320,000/. to repairs. 
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GEARED TURBINES. 
To THe Eprror oF ENGINEERING. 

Srr,—There appears to be at the present moment a 
widely extended interest in the Pane to use gearin; 
driven by high-speed turbines for ship propulsion, an 
this interest has undoubtedly been increased by Sir Charles 
Parsons’ paper on ‘* Mechanical Gearing for the Propul- 
sion of Ships,” read at the recent meeting of the Institution 
of Naval Architects, and published, with its illustrations, 
in the columns of ENGINEERING. This I have read with 
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TYPICAL INSTALLATION OF GEARED TURBINE 
MACHINERY FOR A CRUISER 
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Fig. 3. 
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amount of initial compression, and permitting a movement 
of about +45 in. as the load was increased to its full value. 
The pinions being thus flexibly supported, noise and shock 
were to some considerable extent intercepted, instead of 
a? transmitted to the structure of the gear-case.” 

ile-one must recognise the patience and ingenious- 
ness of Sir Charles Parsons in his attempt to perfect a 
gear-cutting apparatus so that the slight irregularities 
arising from imperfections in the worm-gear are mini- 
mised, yet it is conceivable that the second table he 
pro to use, with its worm and other gearing, instead 
of eliminating such errors, might, in the hands of careless 
workmen, accentuate them. 

To cut the er for the U.S. collier Neptune, the 
Westinghouse hine Company eens in Germany 
from Messrs. Schuckert and Schiitte a gear-cutting 
machine, which the builders guaranteed to be mathe- 
matically correct. It was found when the Neptune's 
gears were first set in operation for test purposes that the 
teeth had not been truly cut, but it was thought that the 
Melville and Macalpine inflexible rocking-frame would 

e care of the irregulari- 
ties thus discovered Such 
was not the case, how- 
ever, whereupon hydraulic 
mgm were arra: flexi- 

ly to support the bear- 
ings of the pinion-frame, 
and these proved to be so 
satisfactory in their opera- 
tion that the imperfectly 
cut gears became commer- 
cially operative and were 
installed upon the Neptune. 
The error in the teeth of 
the large Neptune gears 
amounted at the maximum 
to 0.018 in. Subsequently 
the worm of the gear- 
cutting machine was made 
true, so that new rs can 
now be produ with a 
maximum variation of from 
0.002 in. to 0.005 in. 











Fig. 4. 
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ery interest, because of my prolonged work in this 
field of endeavour. : 

It is a satisfaction to have a convert of such eminence 
as.Sir Charles Parsons, who only three years ago had no 
faith in mechanical gearing for ship work, show how advan- 

eous it will be in the future to use such machinery for 
sizes: of vessels ; and I feel especially indebted to him 
for his conclusive demonstration of the advantages of 


flexibly supporting the pinion bearings, as expressed in 
following extract :— . - 

“In the case of the gear-wheel referred to above, as 
there did not appear at the time to be any means of 
removing the irregularities from the teeth, and very 
silent runni 


was desired in this instance, stiff springs 





Were fitted a) 


ve and below the bearings, having a small 





If the use of gearing of 
large power mes com- 
mon for the propulsion of 
shi their manufacture 
will be carried on in many 
shops where absolute exact- 
ness in gear-cutting cannot 
be ensured, and it follows 
that if there are any means 
whatever to ensure that 
gears will operate suecess- 
fully and without objectionable noise even if not quite 
true, such means wil! prove of great commercial value. 
It is a fact, as I have already stated through your 
columns, that the hydraulic floating of the piston 
frame does bring about a uniform tooth pressure, and 
does eliminate the metallic connection between the 
pinion-box and the gear-frame so as greatly to lessen 
the noise of operation. At the same time, the use of 
floating pistons gives an accurate dynamometer effect of 
a value much greater than any supposed additional first 
cost as compa: with an apparatus with all of the 
gear-bearings fixed. A long use of the hydraulic floating- 
frame arrangement has shown that it is possible wit 
safety to use a much higher tooth pressure than one 
would otherwise undertake, with the result that there is 
such a reduction in weight and cost of the apparatus as 
a whole as to make the more perfect apparatus by far the 
cheapest. 

In my work on this interesting problem I have sought 
to evolve a system of marine machinery which would 
commend itself to those interested by reason of its cheap- 
ness to construct, low — economy in the use of 
steam, and more particularly by ensuring a great con- 
venience in the matter of inspection and repairs. By 

roperly proportioning the turbines, and by ape | two of 
fice construction for each shaft of a battleship of 30,000 
horse-power, @ cruising economy can be obtained which 
will exceed that of any other arrangement which has so 
far been attempted ; and by having a reverse element in 
each turbine, a greater backing effort can be obtained 
than by any arrangement shown in Sir Charles Parsons’ 


In engines of 30,000 horse-power an increase of 1 in. in 
the vacuum in ali parts of the low-pressure end of each 
turbine should effect a saving of nearly a ton of fuel per 
hour, so that the avoidance of the loss in pressure of even 
0.1 in., due to the use of pipe-connections between the 
turbines and condensers, is a matter of importance. By 
placing the condensers beneath the turbines, 
the s within the low-pressure end adequate, the 
useful vacuum can well be considerably over an inch 
higher than when exhaust-pipe connections are 
If there be a large braking action due to the disc 
of saturated steam from the ahead turbine inst the 
blading of the reverse turbine, then the saving to be 
effected by the higher vacuum will be ter than above 
estimated, and from « study of this subject I have come 


to believe the location of the reversing turbine within 
the same c as the ahead turbine is a costly 
expedient. 


y making all steam and other connections to the 
lower half of the turbine, it is possible to make inspec- 
tions and repairs in a minimum of time by the ordinary 

e crew. 

e adjoined Figs. 1 to 3 are taken from Sir Charles 
Parsons’ paper, and show his plan for machinery for a 
30,000-horse-power cruiser; and Figs. 4 and 5, taken 
from Captain Dyson’s (U.S.N.) paper, read in Phila- 





en, January 6, 1912, illustrate the greater simplicity 

of arrangement I advocate. 

_In an arrangement of machinery for a large Atlantic 

liner with four propellers, eight turbines would be re- 
uired instead of the sixteen shown by Sir Charles 
arsons. The form of turbine adopted can, in case of 

necessity, be set in motion without preheating, a matter 

of much importance in naval work. 

I trust I shall be able in the very near future to give 
to your readers through your columns illustrations of 
the turbines now under construction for the Neptune, 
which will illustrate fully the features I have above 
referred to. 

Very — yours, 


KO. WESTINGHOUSE. 
Pittsburg, Pa., April 16, 1913. 








THE REPORT OF THE ROYAL COMMISSION 
ON UNIVERSITY EDUCATION. 
To THe Eprror oF ENGINEERING. 

Str,—One would have thought that engineering was a 
sufficiently important subject to have a faculty all to 
itself, for even music has a separate faculty. At present 
engineering is a sort of excrescence of science. The 
Commissioners pro that it should be mixed up with 
something else and the compound call Mn am 
80 ee this should ever come to pass, some of our dis- 
tinguished engineers will be able to state that they have 
the D.T.s (i.¢., that they each possess the d of 
Doctor of Technology) ! ‘ which,” as Euclid would have 
said, ‘is absurd,” and, being absurd, it cannot be. 
Therefore let us have a separate faculty for the important 
subject of engineering, and let the degrees be B.E. and 
D.E. (Bachelor and Doctor of Engineering), which would 
be understood by the man in the street. 

Yours very truly, 
A. 8. E. ACKERMANN, BSc. (E 


ngineering).* 
25, Victoria-street, Westminster, London, SW. 


April 29, 1913. 
* Note our present clumsy degree. The abbreviation 
(save the anal ie official. 





CENTRIFUGAL PUMP DESIGN. 
To THE Epitor OF ENGINEERING. 

Srr,—In a letter which you published on page 565 of 
your issue of April 25, Mr. Chatley, while discussing the 
efficiency of a centrifugal pump, points out that the 
resultant pressures of the es on the water is not 
situated at their tips, and from this he argues that the 
formula, as usually given, for the work done on the water 
is incorrect, and hence, that for the efficiency of the pump 
is also incorrect. His statement concerning the resultant 

ressures is undoubtedly right, but his inference from it 
is as undoubtedly wrong. t it is so the following 
considerations wi ow. 

The water, while it flows through the impeller, has its 
momentum changed ; but because the changes take place 
at increasing distances from the axis of rotation, it is the 
moment of the momentum, and not the momentum alone, 
that must be taken into account. Now the fundamental 
fact about the change of the moment of momentum of a 
body is that it is equal to the impulsive torque acting on 


the body. Hence, if 
T = the torque, 
= the time during which it acts, 
—.. = the mass of the water that passes in the 
32.2 given time, 
w, and w, = its initial and final tangential speeds re- 
spectively, 
r, and r, = the inner and outer radii of the impeller 
respectively, 


the relationship between the impulsive torque and the 
sonee of the moment of momentum is given by the 
ormula— 


T .¢= (1) 


Lf (wy 72 — W, 7) 
32.2 


Dividing across by ¢, and, as is usual, assuming that 


w, = 0, then— w 
1 
t =(; * 322 ) ss (2) 
where ( / ‘ sn) is the mass of the water that passes 


through the impeller per second. ¢ 

But for finding the efficiency it is immaterial how 
much water passes through the impeller, because this 

uantity, whatever it is, appears both in the formula for 
the work done by the pump and in that. for the work 
done on it. So it is usual to simplify the formula for the 
work done on the pump—which is taken as being the 
same as the work done by the impeller—by dealing only 
with the torque that is required by a mass weighing 1 Ib. 
Let T, = that torque ; then (2) becomes 


_ “3 73 
Ti = 32.2 8) 
Now the work done per second by the impeller is equal 
to the product of the torque, which it exerts on the 
water, and its angular . 
If w = this speed, then, the work per second = T, w, 
or by substitution from (3) 


= (3 2) w. (4) 
32.2 
But w r. = the tangential speed of the outer tips of the 


impeller. 
tet » = this speed, then (4) becomes— 


The work per seeond = 3 which is the same formula 
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as the one given by Mr. Chatley—except that he repre- 
sents wa by (v — vr cot ¢)—and whose accuracy he ques- 
tions. 

True, the form of the formula is such that the work 
done per second on a —. delivers in that time 
water whose mass weighs 1 |b., is equivalent to the work 
done by a force corresponding to the water's change 
of momentum and acting at the periphery of the impeller. 
But it is equivalent only; no such assumption is made 
for the purpose of deducing theformula. Indeed, it does 
not matter in the least where the resultant pressures 
act ; for the torque is the sum of the products of the 
resultant pressures and their respective distances from 
the axis of rotation. 

The above explanation will, I hope, convince Mr. 
Chatley that, having regard to the assumptions made to 
deduce it, the formula for the efficiency of a centrifugal 
pump is correct as given in the text-books he mentions. 

Yours truly, 
Wa ter LONGLAND. 

Northampton Pre Institute, Clerkenwell, E.C., 

P 


’ 





TIME AND SPACE. 
To THE Eprtor OF ENGINEERING. : 

S1z,—The interesting letter on ‘‘ Time and Space” in 
your issue of the 18th inst. is of considerable importance 
to those engaged in science-teaching. We seem to have 
os the —v of such < jects se. meta- 
physicians, and the passages quo’ y * nker” in 
the article in question show that they have given us words 
for things. @ phrases are repeated on the strength of 
the weighty names behind them, and they eventually 
become dogmas, hindering the advancement of knowledge. 

It is one of the drawbacks of our educational system 
that so much consideration is given to authority rather 
than to training the student to think for himself, with the 
result that in later years progress consists largely of 
unlearning the errors we have been taught in our youth. 

If, however, the ideas of your contributor were more 
generally adopted, and, in particular, if students were 
taught that anything written about time which did not 
refer to sequences of events, or about space which had 
no reference to sequences of position, was nonsense, they 
would be saved a considerable amount of useless mental 
effort, and, in addition, would probably acquire a method 
of thinking that would be of even greater value. 


Yours truly, 
Bristol, April 25, 1913. 


STUDENT. 
To THe Epitor or ENGINEERING. 

Str,—If ‘‘ B.Sc. (Eng.) Lond.” will kindly read an 
article ‘‘ Whitherward,” by the Rev. K. C. Anderson, 
D.D., in the Hibbert Journal of January, 1911, page 345, 
he will realise what ‘‘clerics do when distinguishing the 
spiritual from what is historical.” t 

It is no use quoting people who died many centuries 
before chloroform was discovered, and I repeat that ‘‘all 
ideas are due to the effects produced upon an individual 
by his surroundings—that is, from experience ;” and by 
expert mean reaction to stimuls. If “B.Sc.” can 
help us to explain how we happen to be sensible of that 
which we are sensitive to, he may advance science ; but 
this will require some thinking on his own account, and 
he finds it easier to abuse me as a materialist. 


Yours trely, 
April 29, 1913. A THINKER. 


To THE Epitor or ENGINEERING. _ 

S1r,—In your issue of April 18, a correspondent signing 
himself ‘‘ A Thinker,” says :—‘‘ Consideration of all well- 
‘known facts—that is, a little clear thinking on our own 
**account—enables us to state definitely that time is not 
“something which would go on for ever and ever after 
‘everything else has ceased to exist; because it is the 
‘duration of an event, or of a sequence of events, the 
‘interval between successive events, of which duration 
“we could form no conception if nothing happened, if 
‘*nothing moved, between the events. It is not some- 
‘thing than one can see and handle, weigh or collect, 
“‘or put anything into, as may be said of space; while 
‘space itself, whether the word be used to signify length, 
‘‘area, or cubical contents, is a measure of the size of 
‘objects, of the room they occupy, or of their displace- 
‘‘ ments ; and if space contained nothing, it would not be 
‘known to us, for absolutely empty space is nothing in 
‘*itself; it is unknowable, Cenaes it cannot affect our 
‘*senses—it is non- , in such circumstances, 
‘* knowledge and thought of it are impossible—not merely 
** because we are ignorant of it, but for the reason that 
“there is nothing to know; for having neither bounds 
‘*nor contents, it is simply nothing at all. We can, of 
“course, talk as much as we like about impossibilities 
“which are said to transcend experience, and even become 
‘‘obseased by such an idea; yet, think how we may, if 
“*we honestly endeavour to at reasonable meanings to 
** our words, it is certain that, without experience of some- 
‘*thing else, we can have no idea, innate or otherwise, of 
“either time or s ; and that, in any case, these two 
“‘words do not always represent what we have usually 
‘*supposed they meant, or were intended to mean.” 

I will deal, first, with time. Time is a measured or 
plotted portion of eternity. As soon as something in 
the universe began to move, or to change, eternity—if 
anything ever existed apart from change — developed 
into time, and eternity will not recommence until all 
motion and change have ceased. The presence of con- 
scious beings is not necessary to the existence of time, 
any more than the presence of an observer is 
to the action of aclock. Time began ages ago, when, or 
before, nebulous matter com to aggregate, and 











will go on as long as a star moves or rotates, or as long as 
there is an atom of radium to radiate. When the universe 


STANDARD SCREW-THREADS. 
To THe Eprror or ENGINEERING. 

Srr,—In your article on Admiralty screw-threads you 
have expressed the opinion that standardisation has great 
advantages and that these advantages are of the greatest 
importance in relation to screw-threads. As a general 
proposition this statement must command universal con- 
currence ; but, without any desire to undervalue the 
work of the Engineering Standards Committee, I ven- 
ture to suggest that the adoption of other pitches by the 
a your information is correct—tends to prove 
that the choice of screw-threads offered by the Standards 
Committee is insufficient to fulfil reasonable needs, and 
that, unless it is enlarged, the multiplication of bastard 

itches must continue. You refer to the British Standard 
Fine d as a comparative novelty, which has been 
introduced to meet a present need. It is now seven years 
since the Engineering Standards Committee introduced 
these threads, and they are still almost unknown. Taps 
and dies for cutting them are to be found in some makers’ 
lists, and they sre not infrequently charged at an extra 
rate as special pitches. Their failure ap to have 
arisen from an insufficient appreciation, on the part of the 
Standards Committee, of the fact that only two gradua- 





of repair or renewal Kd the weaker bolts with ordinary 
thread, which may be the only ones available. 

For (ec) a comparatively coarse thread, giving plenty of 
margin for wear before it strips, is indispensable. 

For (f) the fine thread has manifest advantages, and 
for sizes over 4 in. in diameter it may be fine enough. 

For both (d) and (f) the proportions of the standard 
fine thread do not, however, appear to fulfil the require- 
ments or to justify the description “ fine” thread. 

At the time at which these threads were introduced by 
the Standards Committee the Cycle Engineers’ Institute 
had already standardised for uso in cycles pitches which 
gave a very fair indication of what was required. These 
threads represented the results of some years’ experience 
under most trying conditions, and were }, ;;, and 2 by 26 

r inch, and ;°; by 20 perinch. Last year the Standards 

ommittee, in dealing with ‘‘ automobile threads,” altered 
the two smallest sizes of the “‘fine” threads to agree in 
pitch with the Cycle Engineers’ Institute thread, and 
these } by 26 and ,% by 26 are fairly fine, but are followed 
by 3% by 22, % by 20, 3% by 18, and 4 by 16, which are 
distinctly of a coarser type. Then, for all sizes under 
+ in., the Standards Committee revert to the British 
Association series, which are decidedly coarse, and also 
introduce an undesirable break in the form of thread. 


Inclination of Thread 
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tions of pitch or fineness cannot be made to fulfil the 
manifold requirements of a use which is probably more 
general and varied than that of any other appliance. 

Excluding pipe-screws, wood screws, and square- 
th ed and other screws used for the transmission of 
power, and limiting the classification to V-threaded screws 
used for the attachment and adjustment of parts of struc- 
tures, vessels, machines, and tools, the use of screws may 
be roughly classified as follow :— 

(a) Screws in permanent structures not subject to 
vibration. 

(b) Screws in temporary work. 

_(c) Screws in permanent structures subject to moderate 
vibration. 

(d) Screws in engines or machines subject to vibration, 
but used for the firm attachment of parts separated at 
comparatively long intervals. 

(ec) Screws used for clamping work, tools or packings in 
constant use. 

(f) Screws in engines or machines used for periodical 
adjustment only. 

or (a) and (b) the Whitworth thread answers most 
requirements. 

or (c) and (d) the British standard fine thread has 
manifest advantages, which are, however, somewhat 
discounted by the risk of the replacement of bolts in case 
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Proposed Machine Screw Pitches shewn thus + 


The standard 4 (nominal) pipe thread, 0.383 in. by 28 
r inch, affords a useful fine thread for machine screws, 
ut is rather too fine, and there is no smaller thread of 
the same character. 
There seems, therefore, to be a real need for a series 
which might be called ‘‘ machine screw-threads,” of 


Whitworth form, from 4 in. down to }sin., for which I 
would suggest for consideration the following pitches :— 
7 in. in. in. ay in, =oin. im. in 
Te a sy ay f f 
oor B & 3% & % H Hb 


I annex a diagram showing the British standard screws 
available from $ in. tolin., and the proposed machine 
screw-threads arranged according to their relative “‘ fine- 
ness ” as measured by the slope of the thread—i.e., 

Effective circumference 

pitch ‘ 
_ The abnormal coarseness of the 4-in. Whitworth thread 
is strikingly noticeable. Was this due to the avoidance 
of 13 as an unlucky number ? 
I have the honour to be, Sir, 

Your obedient servant, 

. : A. H. Surevp. 
1, Victoria-street, Westminster, S.W., April 29, 1913. 











has cooled down to one uniform level of temperature, 
when all the stars are stationary, and chemical action has 
ceased, then time will stop, and eternity will recommence. 
There will be no consciousness to note the event; but, 
unless we accept Bishop Berkeley’s contention that 
matter and phenomena exist only in our conscious- 
ness, and have no other existence, the removal of life 
from the earth will not interfere with the continuance 
of matter, although there may be no means of measuring 
or defining that continuance. 

Time and eternity are the names for measurable and 
immeasurable conceptions of the same thing. But for 
space we have not two words of a like order. We use 
space for the volume of a pill-box and for the domain 
beyond the farthest fixed star. Yet we generally know 
in what sense the word is used. Measurable space is in 
essence the same whether it is estimated in thousandths 
of a millimetre or in light-years. 

A star photograph is absolutely pagent with flaming 
suns, the nearest two of which are probably many 
thousands of millions of miles apart, the total number 
so pho phed being probably more than 200 millions. 
Of the distances of many of these we can make some 
rough calculation, and those who will be alive 500 
years hence will, in all probability, be able to give 
some guess at their speed of translation. They exist in 
measurable space. But the human mind cannot conceive 
of that extends just as far as we can measure and no 
Serdar. Neither can it well believe that the number of 
the stars is absolutely infinite. If it were they would per- 
vade all space, and space would be measurable. . Of course, 
e ne can adopt. any view he likes, but the bulk of 

ind feel, and probably always will feel, that beyond 
the confines of the universe—even if its dimensions 
extend to millions of light-years—there must exist an 
empty hat is “‘clear thinking” to 
this? Your correspondent m having neither bounds 





Ba) 
nor contents, it is simply nothing at all.” But that _— 
satisfy few. Empty space is certainly not “nothing a! 





for supplyi 
of equigessas of the new shops of the Bombay, 





all.” It is immeasurable and undefinable, but it comes 
nearer to what is conceivable than a definite universe 
with no surroundings. Like Euclid’s point, it has 
osition, although not dimensions, and it also has possi- 
ilities. An empty space may be explored on its fringe, 
and it affords room for colonisation in the future. 

In effect ‘“‘ A Thinker” says time is an entity as long as 
we have a rule with which to measure it ; when the rule 
is lost it is nothing. Again, space is a reality as long as 
nets ee ms by which to stake out points in it; 
when not! ing appens it ceases to exist. He might as 
well argue that an uninhabited island is only a fiction of 
the imagination. Yours wy, 

ACT. 





Eneine Works Removat.—The New Engine Company, 
Limited, have removed their works, formerly at Acton 
Hill, to new and larger works, and their address will 
in future be Junction Works, Hythe-road, Willesden 
Junction, N.W. 





Contrracts.—We are informed by the Underfeed 
Stoker Company, Limited, Coventry House, South-place, 
Finsbury, E.C., that they have recently received a lar 
number of orders for their stokers, among which are the 
following :—Pernambuco Tramways, 6, and air heater; 
Societe de I’Escout, 8; Adelphi Distillery, Glasgow, 12; 
Henry Tait and Sons, Liverpool; Arlofs Sockerfabrik, 
Sweden, 7; Sd. Energia Electrica de Cataluna, Sen 

rian, Barcelona, 16 travelling grates ; Charbonnages 
pe ey Sou 7 travelling | need: apg 

Carriage, Wagon and Finance Company, nett! 

We understand that the whole of the am ae contracts 

the silent chain drives required for the 

Baroda, and 

Central India Railway have been awarded to the Westing- 

house Brake Company, Limited, makers of the Westing- 
t 


house-Morse silent rocker-joint chains. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-lron Warrant Markets.) 


FEBRUARY. 


(3448) FEBRUARY, 


In the accompanyi 


Marcu. 


MARCH. 


APRIL. 





APRIL. 


each vertical line represents a market day, and each horizontal line 


represents Is. in the ae) of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in “= 70 lb. to80lb. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 





in-plates are per box of I.C. cokes. 





a 





Lonpon AssooraTion or Foremen Encivexrs.—On 
Saturday, April 26, ‘the London Association of Foremen 
igineers held their sixtieth anniversary dinner in the 
reat Hall at the Oannon-Street Hotel, Mr. Alfred 
Herbert, M.I. Mech. E-, ‘occu ying the chair. There 
Were also present Sir H: F.-Don ; K.C.B.; the Right 
on. OC, tt Dickson, K.C,, M.P:; Sir R. A. Hadfield, 
F.R.S.; the Venerable Archdeacon Sinclair, D.D.; Pro- 
fessor J. D. Cormack; Captain “H.-Riall Sankey, R.E. 
(Ret.); Mr. ‘Theodore Prestige, L.0.0.; Mr. John 








Dewrance, and others. After the usual loyal toast, 
“Prosperity to the Association” was by the 


y 
chairman, who said that the society represented all that | 3, 


was best in societies of its character, for it brought 
ther and united men who in some ways might be a 


iietle isolated, and enabled them to learn one another’s | usin 


ints of view, which was good both for the employees 
a foremen. Other toasts and speeches followed, in- 
cluding a speech from Mr. Andrew Roosevelt, a cousin 
of the President of the United States. 








STUDENTSHIPS FOR THE PROMOTION 
OF RESEARCH. 
Notice has been issued by the London County Council 


that rs will be pre to award for the session 1913- 
1914 a limited num of free places at the Imperial 
College of Science and Technology, South Kensi 
S.W. Only advanced students who are qualified to 
enter on the fourth year of the course should apply, 

use the instruction will be of an advanced nature. 
The question of income will not enter into consideration ; 
but intending candidates must be ordinarily resident 
within the area of the administrative County of London, 
and must be students who have been in 1egular attend- 
ance at appropriate courses of instruction for at least two 


sessions. The holders of these free studentships will not 
be entitled to any maintenance grants, but all ordinary 
tuition fees will be covered. The free will be 


awarded on consideration of the past records of the candi- 
dates, the recommendations of their teachers, the course 
of study which they intend to follow, and generally 
upon their fitness for advanced study in science as applied 
to industry. No written examination will be required, 
and in special cases it is possible that the free places 
may be extended to two or more years. 

Two Heating Studentships, tenable in the Faculty of 
Engineering of University College, London, each of the 
value of 501. a year, together with 11 guineas, being the 
amount of College fees (regulation 2) may be awarded by 
the Institution of Heating and Ventilating Engineers. 
Evidence must be produ by the candidates that they 
have already pursued a course of engineering training 
and are familiar with the work of an engineering labora- 
tory, and their applications should be accompanied by not 
more than three recommendations from the professors 
or other responsible persons under whom they have 
worked. In support of applications, evidence in the 
form of laboratory note-books, drawings, and the results 
of any research already carried out will accepted ; 
a good knowledge of French and German will also be 
important. In case candidates cannot produce adequate 
evidence of the results of their previous oper hw 
may be examined in the following subjects :—Mathe- 
mathics (pure and _— ; one or more branches of 
engineering science; French and German; physics and 
chemistry. The standard in each subject will be that 
required for the Bachelor of Science in Engineering in 
the University of London. No restriction as to the 
previous place, or places, of education will be required, 
and there will be no limitation of for candidates. The 
examination, if any, will be conducted by a Board of 
Examiners appointed by the University College Faculty 
of Engineering, assisted by two assessors appointed by the 
Council of the Institution of Heating and Ventilating 
Engineers, and the qualifications of the candidates will be 
reported on, and the award will be made, by the Council 
of Heating and ne, Engineers. 

The research students will be required (1) to devote the 
whole of their time to their work and to pursue such 
courses of study in connection therewith and to under- 
take such researches as may be approved by the Faculty 
of Engineering of University College, and the students 
may be required to continue their work during the vaca- 
tions, or parts of them ; (2) to pay tothe College a regis- 
tration fee of one guinea a year and a composition fee of 
ten guineas a year, the payment of which will entitle the 
students to full privileges at University College, includ- 
ing membership of the Union Society ; (3) the student- 
ships will be awarded in the first instance forone year, and 
are renewable for a second year, subject to the work being 
satisfactory, and may, under exceptional circumstances, be 
renewed for a third year; (4) the students must present 
to the wa of Engineering and to the Institution of 
Heating and Ventilating Engineers the results of their 
investigations in a form suitable for publication, and no 
account of the work may be publi without the consent 
of these bodies. 

The students will begin their work on September 30, 
1913, unless other arrangements are sanctioned, but 
candidates holding appointments or in business 
will be given adequate time to meet their existing engage. 
ments, provided always that their work at the College 
must be begun not later than January 1, 1914. 

Applications should be sent to Walter W. Seton, M.A., 
secretary, University Oollege, London (Gower-street, 
W.C.), on or before Saturday, June 15, 1913. 





Tuer Tynzg.—The revenue of the aa Improvement 
Commission last year amounted to , 9621., showing a 
decrease of 42,043/. as compared with 1911. The chief 
decreases last year were:—Dues on vessels, 28,226/.; 
ballast dues, 1337/.; dues on coal, 10,502/.; and dues on 
merchandise, 3317/.; making a total of 43,382/., reduced 
by several subsidiary items to 42,043/. The total ex- 
diture on revenue account last Pg amounted to 
13,317/., showing a reduction of 7666/. The surplus 
revenue last year was 127,588/., showing a decrease of 
34,3761. Of last a ode surplus, 36,6401. was set apart for 
the redemption of the debt of the Commission. No ex- 
penditure was made by the Commissioners last year on 
capital account upon North Pier works ; but on the South 
Pier there was a capital expenditure of 21997. The bonded 
debt of the Commission stood at the close of last year at 
954,265., or 104,544/. less than the corresponding debt 
at the close of 1911. The average rate of interest paid 
last year was 3/. 12s. 7d. per cent. The number of vessels 
ing the port last year was 13,512, of an te burthen 
of 11,443,998 tons. The total quantity of material 
dredged by the Commissioners last year was 2,132,494 
tons. Since 1850 the aggregate quantity dredged has been 
130,000,000 tons, the cost of io 


ging being 2,469,147/. 
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Tue illustrations above show a new form of car- 
burettor, which is being introduced by Mesers.W. H. 
Bailey and Co., Limited, of Albion Works, Salford. 
It is of the two-jet type, and is arranged so that all 
adjustments can be made while the engine is running, 
and without the use of tools. The carburettor is 
specially designed to eliminate the tendency found in 
many simple jet and choke-tube carburettors to a 
too rich & mixture at high — owing to the differ- 
ences in inertia of the petroland air. This possibility 
is avoided by means of an automatic air device which 
works in conjunction with the throttle, and corrects 
the mixture at high engine speeds. The air device 
can be adjusted to come into action at any point in the 
throttle travel, so that any desired petrol and air- 
curve may be obtained to suit any particular engine. 

The arrangement of the carburettor is well shown in 
the figures. Referring to Fig. 1,8 is the air-intake, 
while E is one of the jets, and M the correspondin 
choke-tube. The arrangement of the two jets onl 
choke-tubes side by side is shown in Fig. 2, N and F 
being the small jet and choke-tube respectively, while 
one of the jets in cross-section, showing the method of 
adjustment, is given in Fig. 3. The petrol from the 
float-tank passes up the jet, and is sprayed out in a 
thin sheet at right angles to the incoming air. It is 
thus thoroughly broken up and forms a homogeneous 
mixture. The throttle, shown at L, isa split cylinder 
floating like a piston-ring in the throttle chamber. 
It will be seen from Fig. 2 that there is a division- 
piece between the large and small jets. This division- 
piece separates them entirely from each other. The 
passages in the throttle are so formed that at startin 
on small loads air only passes through the sm 
choke-tube. As the load and speed increase the large 
choke-tube comes into service. 

The automatic air device for correcting the mixture 
at high engine speeds is best seen at the back of the 
throttle lever in Fig. 4. As before explained, this 
device can be adjusted to come into action at any part 
of the throttle travel. It, as will be seen, consists of a 
rotary air slide which has ports opening to atmosphere. 
The effect of these ports is equivalent to an increase 
of area of the choke-tubes at high engine speeds, so 
that throttling in the choke-tubes is prevented, and a 

roper mixture maintained. It will be noted that 
the method used has an advan’ over increasing the 
area of the choke-tubes, since the air taken through 
the rotary slide is cold, so that a relatively greater 
weight of air is drawn into the cylinders than would 
be Lown through enlarged choke-tubes. The screw 
shown at O in Fig. 1 is for the purpose of forming a 
stop for the throttle, when first adjusting the throttle 
opening for the pilot jet. In addition to the automatic 
air inlet, already referred to, there is a small air shutter 
on the — end of the throttle-casing which is 
intended for testing mixture and verifying adjust- 
ments. It is shown at Q in Fig. 2. 

The remaining features of the carburettor will be 
clear from the figures. The cover G over the jet 
adjustments is for the purpose of protecting them 
from dirt or injury. As itis on the suction side, it 
may be opened while the engine is working, for inspec- 
tion or adjustment. The float-chamber mechanism is 
well shown in Fig. 1. Itis of the central-yalve type 
and devoid of links and pins liable to get out of adjust- 
ment. The carburettor is manufactured either for 
pressure or gravity feed. It is said to be very silent 
in working and to give out no objectionable hiss. 
Further, petrol issuing from the jets of the carburettor 
cannot leak away from the path of the inrushing air. 
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THE ECONOMY OF DRY BLAST.* 
By Professor JoszeF VON EHRENWERTH, Dr.-Ing. 
(Leoben). 


In previous discussions upon the influence of the mois- 
ture in the blast upon the fuel consumption in blast- 
furnaces, the calculations which have been made, taking 
into account the summer and winter extremes of atmo- 


Fic. 4, 


later reports* induced the author to make acloser investi- 
by of the matter, his first endeavour being to solve 

the following question: What is the amount of fuel 
| required to supply to the furnace a constant quantity of 
| effective free heat (1000 calories) under varying condi- 
| tions of atmospheric moisture, and under different blast 
| temperatures and temperatures of waste gases, and with 
| varying heat losses due to conduction and radiation ? 


TABLE I.—Quantity or Furt RequirED Per 1000 CaLorizs. 
Nors.—In the first line heat losses are assumed = 0.10 per cent. ; in the second line heat losses are assumed = 0 per cent. 





Coke with 8.5 PER CENT. ASH 


CoKE witH 12.2 per Cent. Asi 




















| 
| 
(= 10 par Cent. CARBON). } (= 15 pgr Cent. Caron). Ooke, Coke, 
Tempera- a -| 12.2: &5 
ture 1 : . 
; Grammes of Moisture per _ | Grammes of Moisture per Pn : p.c. pc. 
Deg. C. Kilogramme of rth meee, * ~ med Kilogramme of Air } een, * vee of | Ash. Ash. 
(O + N). 7 (O+N). ; 
l as [g23¢) | a, |ge2¢| ) 
E | \Es ee3) | }#2 ($803!) [| "oil's 
| 0, |om (sso | 1g | Fe88 | ae: 
Se 0. 5. 15. | 20. oo”, =Sg po ee a 5. 16. | 20. elt. | 53 ; SE | Sx 
R = © /| 282 & | |= 2} 823/134 Bo | 8 
333 | Sos |pses| 3 | |go8|/S88=| 8 | s-/ 8" 
mie eo? ao & or La [als |s 
ee —  — 
0 100 0.611*} 639 | 697| 729/ 888 | 4.77 |18.10/0.654| 683 | 748/ 783| 862 | 4.88 113.60 | 1.069 | 1.072 
0.543t| 567 | 618 | 646 8 25 4.23 | 12.48 / 0.580; 605 | 661 691 8.47 |. 4.32 12.79 
150 641 | 670 735 | 770 8.75 6.00 | 13.75) 68 718 791 | 829; 9.16 | 5.14 14.30 
0.566 | 501 | 647| 677| 861 | 4.42 | 13.03) 604) 632| 694 / 728/ 880 | 4.66 | 13.46 
200 4674 707 778 817 9.10 | 10.67 | 19.77 724) 759 838 882) 9.44 11.05 | 20.49 | 1.073 | 1.077 
591 619 | 680 | 713 8.9: 9.34 | 18.27| 632) 663 730 | 766 | 9.16 9.66 18.82 
300 751 792 880 | 931 10.07 | 12.35 | 22.42) 808| 854 953 |1.010 | 10.49 13.47 | 23.96 | 1.077 | 1.082 
| 650 | 684 757 | 799 9.74 | 10.67 | 20.41; 697 | 734, 818 | 863 10.04 | 10.98 | 21.02 
|} 400 854 907 |1.022 |1.089 | 11.30 | 14.85 | 25.65) 923| 980 /1.113/1.189 | 11.80 | 15.02 | 26 82/ 1.082 | 1.088 
725 | 767 859 | 911 10.73 | 12.16 | 22.89; 781} 827) 931 989 | 11.20 | 12.54 23.74 
400 | 100 0.482 499 536 556 6.90 3.72 | 10.62| 0.511} 531 | 672 593 7.05 | 3.80 | 10.85 | 1.065 | 1.066 
0.429 444 477 | +404 6.82 3.30 | 10.12 | 0.456 | 472 507 526 6.95 | 3.37 | 10.32 
150 500 | 519 659 | 57 7.16 | 3.87 | 11.03 532) 652) 596 619 7.30 | 4.05 | 11.85 
| 443 | 459 495 | 512 7.04 | 3.43 | 10,47 470; 488 | 527 | 557 7.20 | 3.56 | 10.76 
| 200 | 520| 540 | 583) 605 7.87 | 8.14 | 15.51) 554) 576) 623) 647 7.53 8.20 | 15.73 | 1.067 | 1.068 
459| 476 | 513/ 583| 7.28) 7.17 |14.40| 488] 506| 547| 567| 7.37 | 7.37 || 14.74 
|} 800; 565 | 589) 640, 666, 7.938 | 9.18 | 17.11 601 | 630 | 685 | 715 8.14 | 9.39 | 17.58} 1.069; 1.071 
| 493} 613 | 557| 579/ 7.70 | 800 |15.70| 524) 548) 594! 619) 7.87 8.20 | 16.07 
400 | 620 649 | 711 742 8.68 | 10.29 | 18.87 | 664 | 696 | 763 | 798 8.83 10.62 | 19.45 | 1.072 | 1.074 
535 | 659 | 609| 636) 824 | 886 |17.10| 571| 597| 652) 681) 845 | 912 | 17.57 
800 100 0.390 | 402 427 440 5.70 3.00 8.70 | 0.414 | 427 | 453 467 5.80 | 3.05 8.85 | 1.062 | 1.063 
| 0.349 | 359 | | 392 5.66 2.68 | 834) 367) 380, 403) 415 5.75 | 272 8.47 
| 160 | 402 | 415 441 455 5.88 3.09 | 8.97; 427) 440, 468 484 5.98 3.38 9.36 
| 358 369 2 403 5.81 2.76 8.57| 379| 390! 415 | 428 5.90 2.86 8.76 / 
| 200 415 | 429 456 470 | 6.00 6.47 | 12.47] 441| 466 | 485 | 500 6.10 6.63 12.73 | 1.063 | 1.064 
369 | 379| 403/ 416| 5.92 | 5.73 |11.65| 390) 402 | 428 | 441] 6.02 | 5.85 | 11.87 : 
| 800 443 459 | 490 506 | «6.34 7.15 (13.49) 471) 488) 521 539 6.47 | 7.29 13.76 | 1.064 | 1.066 
402 430 443 | 6.21 6.29 (12.50) 413) 427) 457) 471 6.32 | 6.43 12.75 | 
400 478 | 495 | 530, 549/ 670 | 7.85 | 14.55 | 508; 527 | 565 | 586 6.85 8.15 15.00 | 1.065 | 1.068 
415 431 461 479 6.53 6.82 | 13.35 441/ 457 490 | 507 6.65 6.88 | 13.53 | 


* First line. 
> conditions, show that the theoretical consumption 
of fuel should be about 1 cwt. less in winter than in 
summer for every 25 cwt. of pig iron smelted, these figures 
being based upon local (Styrian) practice, with well- 
sheltered charcoal blast-furnaces running on white iron. 

Actual tice shows that the difference in fuel con- 
sumption in the extreme summer and winter amounts to 
about ? cwt. per 25 cwt. In the theoretical calculations 
it was assumed thatall other conditions, except the degree 
of moisture in the atmosphere, remained the same. 

re system, as tised at the Etna blast-furnaces, 
consisted in freezing the moisture out of the blast, and he 
stated that by reducing the moisture from 13 grammes to 
4 grammes per cubic metre, he had realised a saving of 
20 per cent. in fuel, an increase of 24 per cent. in the 
production, the lowering of the temperature of the waste 
gases from 280 ~ to 190 deg. Cent., and the raising of 
the temperature of the blast from 390-400 deg. to 466 deg. 
Cent. without interfering with the lar working of 
the furnace. The coke used contained 10.5 and 12.5 ‘wd 
cent. of ash. This astonishing announcement and other 


* Paper read before the Iron and Steel Institute, 
May 1, 1913, 








Calculations were made with charcoal assumed to con- 
tain 2 per cent. of ash and 7 per cent. of water, and with 
* Gayley’s report concerning a blast-furnace in the West 
stated that the average result of six years’ working with 
dry blast showed a 10 per cent. saving of fuel and 12 per 
cent. increase of output. Of another blast-furnace 10 1s 
reported that the saving in fuel amounted to 7.5 per cent., 
and the ne was increased by 23 per cent. In each case 
a more ar working of the furnace had been observed 
(Stahi wnd Eisen, 1911, page 583). 

In the case of the Warwick blast-furnace at Pottstown, 
Pennsylvania, it was calculated that by the reduction of 
the moisture in the air from 9 to 3.5 pane. per cubic 
metre a saving of 21 per cent. in fuel and an increase of 
23 per cent. in production had been obtained on & Nae 
tion of 750 tons daily. The temperatures of the blastan 
waste gases, when working on foundry pig, were 540 deg. 
and 260 deg. Cent., and when working on basic pig 1ron, 
480 deg. a 150 deg. Cent. respectively. 

At the works of Messrs. Guest, Keen and Nettlefolds at 
Cardiff, the result of dry-blast working showed a saving 








in fuel of 13.4 to 18.4 per cent., and an increase in output 
of 14.1 to 26.4 per cent, 













_—" 1 Rilees 











May 2, 1913.] ENGINEERING. 





613 








THE ECONOMY OF DRY BLAST. 


INFLUENCE OF MOISTURE IN THE BLAST 


Coke with 10%C (85%) Ash Coke with 10%C (85%) Ash Coke with 15%C(122%) Ash Coke with 15%C(12:22)Ash Coke with 15%C(12:2%)Ash 
Fuel per 1008 Calories free heat,lasses-O Fuel per 1000 Calories free heat, lasses-¥0Z Fuel per 1000 Calories free heat,lasses-0 — Fuel per 1000 Calories free heat, losses-0102 Fue! per 1000 Calories free heat, losses rising 


Kg 1-0 to =i ‘Ng Kg 







a 












H 
' 
' } 
H 9 | 
; | 
: 0. | 
x eu! 
N > &i 
0 
NS <i 
0 ¢ Ge 
My > 2 M 
4 B 310 gS > 
€ = i 
N § wo 6 8 
g ¢ s 
& } = K 
: § : 
> NS 
NN 


Siasr 
BLAST 


Siasr 


Ss 
we 


BS 
S 
N 


S 
~ 


Fuel per 1000 Calories 
free heal developed. 
fuel per 1000 Calories 
free heat developed 
fuel per 1000 Calories 
Free heat developed. 


fuel per 1000 Calories 
free heat developed 












from 92.10 182, 


0 Mg 





w —t 
& iis 
> am 4 
x ii? 
ilk 
lw 

400 
- 
i 
Mi 
Cs) 


BLasrT 


fuel per 1000 Caloriés 
freé heat ae 4 
% 


$ 15 is 
of Morstu . 6 of Mostu Me ymmes of Moisture per Kg. Crammes of Moisture E Crammes of Morsture per AG 
ra Ar(oun) we meme Air (O#N). — on of Air (O+N) pats of Air (O+N) ites of Air (O+N) 9 


mh 


Yj 






Nors.—lIn the first line the heat losses are assumed to rise with the temperature of the waste gases ; in the second 


TABLE II.—Quantity or Furn RequigeD PER 1000 CaLorizs. 


line heat losses are taken = 0. 





















































Cok with 8.5 pgk Cent. Asu Coke with 12.2 Per Cent. Asu 
(= 10 pgr Cent. Carzon). (= 165 per Cent. Carson). Coke, Coke, 
~ a ; oceania 12.2: 8.5 
0. Grammes of Moisture per | , | Grammes of Moisture per . .C. =p. 
™* = Kilogramme of _ ee, Pa treed Kilogramme of _" ue ~ wed Kon. Ash. 
o (O+ ° | oO 
ae | “ a3 Sea * 
. + so ; , 
, jt gs BEY | a 
is g Eo ates 52 Sees ed | ek 
18s 0. 5 6. | Miom,| 288 0. | 6 | 6% | om )om, att a | SE| so 
i pila seh isitt 2 | psi pf) 2 |e° 3 
ale | = | °F \& SBS & | os Edad gB = = 
ed een OO ee | | | 1 
0/100 | 9 \0.608*| 631| 688 720! 834 | 11.16 | 19.50 0.645 | 675 | 730 | 774 866 | 11.36 | 20.02] 1.069 1.072 
\0.543¢| 567/ 618 646) 825 846 16.71 /0.580 605 | 661 | 691 847 | 865 | 17.12 
200 10.5! 679/ 712| 784| 822) O11 | 18.33 (2244! 728 | 764 | 844 9.45 | 13,79 | 23.24] 1.074 1.078 
591! 619 718 8.93 9.34 18.27 682 ; 663 | 730 | 766 915 | 9.66 | 1881 
300 12.5! 780! 825) 918 971) 10.20 | 16.70 | 26.90 841 | 891 | 996 | 1.055| 10,57 | 17.81 | 27.88] 1.079 1.085 
650' 684| 757 799; 9.74 | 10.67 20.41, 697 | 734 | 818 3/ 10,04 | 10.98 21.02 
0 {15 989 996 | 1.128 | 1.205] 11.65 | 21.28 | 32.93 1.015 1.084 [1.235 | 1.328| 12.24 | 22.21 | 84.45) 1.087 1094 
725| 767| 859, 911/ 10.78 | 12.16 | 2289) 781 | 827 | 981 | 11,20 | 1254 | 28.74 
500 18 | 1.185 | 1.277 | 1.486 | 1.619} 14.07 — — (1,301 |1.407 |1.658 | 1.812) 14.87 — | — | 1.106] 1.113 
22) 875| 9951 12.02 | — | — | 888 | 949 /1.085 | 1.166 12.50 
40/100 | 9 |0.476| 494| 530) 549] 6.86 9.11 | 15.97 0.506 | 545 | 564 | 686| 7,00 9.27 | 16.27 | 1.063 | 1.064 
29; 444| 477| 494] 6.82 6.62 | 13.44 0.456 | 472 | 507 | 526| 6.95 6.75 | 13.70 
200 10.5. 528) 543| 587, 609 7.89 10.67 18.06 558 581 | 628 | 651 7.54 10.99 | 18.63] 1.067 | 1.068 
459 476) 613) 588| 7.23 7.17 1440 488 | 506 | 547 | 567, 7.87 7.87 | 14.74 
800 12.6 586 611 664' 692 7.97 1815 21.12 626 653 | 712 | 743) 8.18 13.89 2157] 1.071 | 1.073 
493 513 557 679) 7.70 8.00 15.70 524 548 | 594 | 619, 7.87 8.20 16.07 
400 15 673, 706 774 811' 885 1608 24.83 7 7 834 74 9,06 16.51 25.57] 1.076 1.079 
535 559 609 636 8,24 8.86 17.10 571 597] 652 | 681 845 9.12 | 17.67 
50018 804 847 939, 992; 9.84 — — | 866 | 914 |1.017 | 1.079! 10.18 — | — | 1,082 | 1.085 
586’ 615 674 708 890 ~ — 627 658 | 725 | 762 9,15 
0,100 9 (0.386 397! 422 435! 5.70 7.65 18.85 0. 422 | 448 | 462 5.88 7.74 | 18.57] 1.061 1.062 
0349 359 380 2) 5.66 5.35 | 11.01 0.367 | 380 | 403 | 415 5.75 543 | 11.18 
200 10.5; 418 432) 459 75| 6.00 9.00 | 15.00 444 | 458 | 488 | 503| 6.10 9.17 | 15.27 1.062 1.063 
369 379, -403| 416) 5.92 5.73 | 11.65 390 402 | 428 | 441!) 6.02 | 5.85 | 11.87 
300 12.5 459 475| 508; 524) 6.40 | 10.75 |17.15| 488 | 505 559 6.50 | 11.01 | 17.51 | 1.068 | 1.065 
389, 402; 430) 443/ 621 6.29 |12.50| 418 | 427 | 457 | 471! 6,32 6.43 | 12.75 
400 15 515 535 | 574| 5694| 6.80 | 13.09 | 19.89| 549 570 | 613 | 636) 7.00 | 13.34 | 20,34] 1.066 | 1.068 
515' 521| 461| 479| 6.53 6.82 | 1885) 441 | 457 | 490 | 507/ 6.65 | 6.88 | 18.58 
500 18 | 698, 618) 6957.44 — _ 661 | 715 | 745) 7.68 | — — | 1,068 | 1.072 
att 4 445 ' 463! 497/ 515. 6.90 - — | 474 | 402! 535 | 549 7.04 ' 
* First line. ¢ Second line, 





coke containing 8.5, 12.2, and 15.6 per cent. of ash, with 
3 per cent. of volatile matter =e r cent. of water 
eye on the carbon contents). arious degrees of 

last temperature and waste.gas tem ture were as- 
sumed, as well as various percentages of loss by radiation. 

The author proposes to in review the principal 
results obtained, assumi e use of the first two kinds 
of coke referred to, with blast differing by temperature 
intervals of 400 deg., and with waste gases differing by 
temperature intervals of 50 deg. and 100 deg., and assum- 
ing the heat losses by radiation to be 10 per cent. in some 
cases, and in others to vary with the increasing tempera- 
tures of the waste gases. These results are given in Tables 
I. and II., and are also represented graphically in the 


“—o above. 
e tables show the fuel consumption necessary to re 
duce 1000 calories of free heat with blast containing 0, 5, 
15, and 20 grammes of moisture per kilogramme of air 
(O + N), and at temperatures of 400 deg., 800 deg., and 
0 deg. Cent. The temperature of the waste varied 
as follows :—100 deg, 150 deg., 200 deg., deg. and 
400 deg. (in Table I.), and 100 deg., 200 deg., deg., 
400 deg., and 500 deg. in Table IL} The heat losses due 
to radiation and conduction in Table I. are 10 cent., 
and in Table IT. are assumed to be 9, 10.5, 12.5, 15, and 18 
per cent., according as the temperature of the waste gases 
rises. In each table are also shown the theoretical results, 
assuming the heat losses = 0, and in connection there- 
with the percentage saving of fuel due to the following 
causes :— 

1. Reduction of moisture in the blast from 15 to 5 
grammes—that is, by 10 grammes per kilogramme of air 
(O+N)—the temperature of the waste gases remaining 
constant (Column 1). 

2. Lowering of the temperature of the waste gases due 
to removal from the blast of the 10 grammes of moisture 
of air per kilogramme (Column 2). 

The total saving due to these two factors is given in 
Column 3. 

The diagrams were plotted from these data, apart from 
the final calculations. Diagrams 1 and 2, above, relate 
to coke containing 8.5 per cent. of ash, and Diagrams 3, 
4, and 5 to coke with 12.2 per cent. of ash. 





The ordinates of the curves for the waste gas tempera- 
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tures, within the three spaces indicating the range of the 
blast temperature, represent the amount of fuel required 
to produce 1000 calories of free heat with varying amounts 
of moisture in the blast, the proportion of moisture being 
represented by the abscisse. : 
ijagrams 1 ‘and 3 are plotted on the assumption that 

the heat losses = 0; in Diagrams 2 and 4 it is assumed 
that the heat losses amount to 10 per cent., and in 
Diagram 5 that the heat losses increased from 9 to 18 per 
cent. with the increased temperature of the waste gases. 

From the values given in the tables and shown graphic- 
ally in the diagrams the following conclusions may be 
drawn :— 

1. That the economic advantage of drying the blast is 

ter the lower the temperature of the blast and the 

igher the temperature of the waste gases at which the 
furnace previously worked. This results naturally from 
the saving in fuel, from the smaller expenditure of heat 
in decomposing the small amount of moisture left in the 
blast, al tom the formation of a smaller quantity of 
gases, which give up their heat more quickly and com- 
pletely as they rise through the furnace more eaag and 
escape at a lower temperature. The heat losses due to 
conduction 7“. radiation are therefore = — in 

tion as the waste gas temperature is lowered. 

Pe Ta consequence of the economy in fuel, the total 
quantity of material charged, and therefore also its 
volume, is less, and the volume of blast required is 
smaller per unit of production. If the periods between 
tapping remain the same, the blowing-@ngine and stoves, 
wleah increasing their duty, can cope with a larger 
production, and the furnace yield is therefore increased, 
as is in general proved to be the case in practice. = 

3. The quantity of gas formed within the furnace being 
less, owing to the dryer condition of the blast, the tem- 
perature in the melting zone must be higher. e melt- 
ing process is therefore not only accelerated, but the 
silicon percentage is increased, and the quality of the pig 
iron as regards sulphur is improved. This, too, has been 
found in practice to be the case. _ i 

The removal of 5 grammes of moisture per kilogramme 
of air is accompanied by a rise in temperature of about 
32 deg. to 35 Ym which corresponds to an increase in 
the temperature of the blast of about 40 deg. to 45 deg. 
In this respect the drying of the blast is similar in effect 
to the heating of the blast, though with the important 
difference that, by drying, the quantity of the waste gases 
diminish, whereas by heating only, it remains the same. 

4. Another natural consequence of using blast with a 
uniform quantity of moisture, such as can be effected by 
drying, is that a a more regular working of the furnace is 
assured, an advantage which Gayley regards as superior 
to that of qunsereng Se fuel. is well known, the 
fuel charged into the blast-furnace adjusts itself to the 
performance of three functions during the course of 
the whole —namely, one portion (F,) effects 
reduction, another (F. ) the carburisation of the iron, a 
third (F), ) is utilised for heating, while a-portion (Fw) is 
b rege through being carried off in the form of dust in 
the 

If the percentage economy of fuel per unit of pig iron 
be denoted by Ey, and the percentage saving of the heat- 
ing fuel (Fs } denoted by En, then :— 


‘E-,= Ea x Fa 
“J= Fy + Fr + Fo + Fo 


and the proportionate amount by which the total con- 
sumption of fuel per ton of yield is lowered is greater the 
higher the previous rate of consumption. 

ractical tests have shown that by reducing the mois- 
ture of the blast the smelting process is accelerated and 
the quantity of dust in the gas and the losses of material 
charged are reduced, this being the natural result of the 
lower velocity at which the gases escape. Gayley reported 
the same experience at the Etna works. 

In practice the difference in fuel consumption, due to 
the different moisture conditions of the atmosphere in 
summer and winter, is not so great in modern coke blast- 
furnaces as one might expect. This is undoubtedly due 
to the fact that the furnaces are, asa rule, not well pro- 
tected, and the radiation losses, which are, at all times 

roportional to the time taken to reduce the charge, are 
Rig er in winter than in summer, and so more or less 
counteract the effect of the dryer air. Apart, however, 
from other advantages resulting from drying the blast 
and having regard to the saving effected in fuel con- 
sumption alone, the values given in the last threecolumns 
of the tables show that, whereas the economical result 
of drying the blast in some instances is very remarkable, 
it varies considerably, and the question of introducing 
dry blast must be settled in each case on its own merits. 
The advantages are dependent in every case on local con- 
tions, such as the dampness of the atmosphere, and the 
cost and quality of the fuel. They are influenced besides 
by the kind of product, the quantity of output, the 
reduction period, and the type of furnace. Assuming 
that the condition of the atmosphere as regards moisture 
is high enough, the adoption of dry blast is certain to 
prove advantageous under the following conditions :— 

1. For blast-furnaces working with high-blast tempera- 
ture, and yet with high waste-gas temperature, such as 
furnaces smelting ferro-manganese, ferro-silicon or ferro- 
chromium. 

2. For blast-furnaces in localities where the atmosphere 
is particularly moist, such as on the coast, especially in 
southern countries. 

In both these cases the advantages are unquestionable. 

3. For blast-furnaces which work with high fuel con- 
sumption and with waste gases at high temperature and 
produce pig iron, the composition of which requires 
careful control, according to the pu to which it is 


destined, such as Bessemer pig, foundry pig, and high- 
silicon pig generally. 


This would apply to furnaces 





insufficiently protected against loss of heat by radiation, 
ially small furnaces running for long periods. 
he practical methods of effecting the removal of the 
moisture from the blast have gone through various stages 
of development and are still in process of evolution, but, 
as much has been written in the technical press from 
time to time concerning dry-air installations, the author 
will confine himself toa few remarks only on this matter. 
The freezing out of the moisture is now usually effected 
by stages, cold water being used for the preliminary 
drying and the process being completed by the old 
method. Combined processes, such as the use of a salt 
solution at low temperature, are also used, the prelimina 
and final drying being combined in one tower by whi 
some economy in first cost and in working is achieved. 
The system of Daubiné and Roy is of interest in that 
the drying of the blast is effected by chemical meane 
using calcium chloride. The plant at the Differdingen 
Ironworks is re to have given most satisfactory 
results in working, and the first cost was comparatively 
small. The author was, however, unsuccessful in his 
request for permission to visit this installation and also 
that on the Gayley system at the Deutscher Kaiser 
Works at Bru usen. Both establishments declined 
to allow him to inspect their installation on the ground 
that they were not in operation-at the time, and the last 
named works gave as the reason of this that no advan- 
tage had resulted. It should be mentioned that the heat 
which is absorbed in dissociating the moisture of the 
blast is restored to the waste an through the combus- 
tion of the hydrogen resulting from the decomposition of 
the vapour, and this fact should be taken into account in 
relation to the utilisation of the heat of the waste gases. 
The author cannot conclude without making reference 
to the work of previous investigators of this subject, in 
icular to that of Professor H. Le Chatelier, Professor 
owe, Dr. F. W. Liirmann, Professor Mathesius, Pro- 
fessor Osann, Professor J. W. Richards, Mr. Greville 
Jones, Ing. Van Vlooten, and Dr. Wiist, all of whom 
have contributed largely to the knowledge of the subject. 








ROLLING-MILL PRACTICE IN THE UNITED 
STATES.* 


By J. Puprs, D.-Ing. (Breslau). 
PART II. 
Section Muuzs (Tas I.). 

SrrucTURAL iron is a product which, as far as its 
economical importance and technical character are con- 
cerned, is comparable with rails, but the development of 
the manufacture of wrought-iron or mild-steel structural 
shapes is comparatively recent. The first wrought-iron 
folie was built by Andrew Thompson in 1832 for the 
Pollock and Govan Railway, near Glasgow. It hada span 
of 31 ft. 6 in., and consisted only of flats and bars. Zores, 


like the cast-iron girders formerly designed by Hodkingson 
(similar to the deck-beams or bulb sections of the present 
day). They were rolled in a mill with three vertical rolls 
patented by William Burrows, which was afterwards 
reconstructed as an ordinary three-high mill, and was used 
for rolling I-girders. Long before that, however—in 1819 
—Samuel Leonard had rolled angles at the Union Rolling 
Mill, Pittsburg. 

The necessity for standardising sections of structural 
material was first recognised in Germany, the makers 
being urged thereto on account of the great variety of 
sections specified, which enormously increased the cost 
of rolling. The Verein fiir Eisenhiittenwesen (Society 
of Ironworkers) took the matter up, and in December, 
1876, they brought out the first book of standard sections, 
which, in 1884, was also adopted by Carnegie Brothers 
and Co., in the United States, with such alterations as 
were necessary in the 12-in. and 15-in. girders. The new 
steel sections were 20 per cent. lighter than the corre. 
sponding iron sections. Unification was hastened by the 
disappearance of iron girders from the market, which 
enabled sections to be omitted which differed from others 
only by a few pounds per yard in weight. In 1895 the 
American Steel Manufacturers’ Association began the 
work of standardising sections in America. In Great 
Britain the standardising of I-beams was completed in 
1903, the sections adopted being in general the same as 
those of the United States, except that in girders over 
15 in. deep the flanges were slightly wider and the webs 
thicker, the weights consequently being rather greater. 
In 1885 the Darlington Iron and Steel Company first 
rolled wide-fian ms, approximating to H-beams, 
and the actual H-beam of to-day appeared first in 1900 
in a section-book of the Phoenix Iron Company. Since 
1907 H-beams have been regularly sold by the Carnegie 
Steel Company. 

In 1902 wie Genel girders mn to be regularly 
rolled in the Grey Mill at Differdingen, and in 1907 at 
Bethlehem, under the same patent. But before the 
earlier date wide-flanged girders up to 10 in. depth were 
rolled in Germany in ordinary grooved rolls. 

As the constructive development of steel sections 
advanced, their economic importance in the American 
steel industry rapidly increased, necessitating special 
arrangements for their production on a large scale, as in 
the case of rails, oye not to such a d , owing to 
the large number of different sections which are required. 
For the same reason open-hearth steel can more easil 
be used as it is not required to roll material in suc 
large quantities as are provided by the Bessemer 
process. Moreover, open-hearth steel is preferred for 
structural work of kinds. In 1890 the production 
of Bessemer steel structural material was 85,440 
as com with 68,123 tons of open-hearth steel 
material, and in 1900 the output of structural material 
from Bessemer steel amoun to 263,800 tons, whereas 





TABLE I.—Sgcrion Mrs. 


that from open-hearth steel had risen to 566,092 tons. 








PARTICULARS OF Drive. 














Number) — er r | _ Roll itial Number} ; 
No Name of Type. | of Type |No. of} Dimen- | | Diameter — of | Production. 
Company. | Stands. a "En. | ‘ _~ | Revolu- Cape | (Mm.). | Section. Passes. 
| 'ycles | tions. | city. 
| Engine. gine. land Mm.).| | 
— | | 
1 Lackawana Steel) Trio 3 | Flywheel} 1 (1118x1676) — — | 60 ~ — | 140,000 tons 
Co., Section| steam- | 1 /1118x1289) yearly 
Mill No. 2 engine 
2 |\Carnegie Steel, ,, 2 tto 1 _ -- - 840 — — 1600 tons 
Co., Home- oe 2 1 _ —_ 650 daily 
| @ 
3 Ditto 2rough-| Ditto 1 ~- 900 Rough- | Varies | 16,000 to 
ing shaped 20,000 tons 
t ts sh-| 1 material monthly 
| ng | P 
4 |Jones & Laugh- ws 2 | Tandem 1 1070/1886 | 60-110 | Steam 36 Various 6-10 Varies 
lin Steel Co. Corliss x1375 | 80-90  |pressure 1680 sizes 
2 | com- 1 | 965/1680 | | 155 Ib. 
pound x 1220 
| direct 
coupled | | : 
5 Bethlehem Steel 3 Twin 1 | 813/1421 | -- 715 — 400 tons in 
Co. tandem x 1870 | 10 hours. 
} compound | 
6 “Grey” Roll- Duo 1 ) | Twin 1 | 1010/1670! Geared 1170 Weight of | L. 17-26 800-1000tons 
ing-Mill cogging | tandem | * 1870) 38:6 ingot, | IL. 5-7/ daily. 
univer- J |compound direct 7.7-8.2 tons 
sal 2 | reversing 2 | 1010/1670 coupled 
| finish- | x 1370 | 
| — | | 
7 |IllinoisSteelOo.,, Duo | 1 4/| | 1 | onasus74 813 dia. x |12in. x16 in.| 168,000 tons 
Section Mill) revers- | x 1321 | ) | Each 1980 down to | yearly. 
No. 1 in, | Ditto | } 1 | 150 max.) 4500 710 dia. x| 4 in. x4 in. | 
| Trio 2 || 914/1574 |) | hp. 1676 
| Duo 1 x 1821 | 
8 |LlinoisSteel Co., Duo 4 }} | 2200 volts) | 8000 (600 dia. x) — 4 12,000 tons 
Section Mill | Alternat- | h.p. {| 1115 monthly. 
No. 2, attached) Trio 2 ing | 25 cycles | [91 — 610/533 4 
to Duo revers- | current | | J dia. x 1 
ing cogging- Duo 1 jinducjtion | 1200 
ing mill, 354in. Duo 1 motors 1 25 cycles 1000 (583 dia. x 1 
in diameter | h.p. 915 


at Paris, was the first engineer who introduced wrought- 
iron I. the first of that section, measuring 
54 in. deep and 17 ft. 9 in. long, having been rolled in 1849. 
The first angles and the first T-shapes in Germany were 
rolled at the tein Works in the years 1831 and 1839 
respectively. The first I-beam was made at the Phenix 
Works in 1857, and the first Z-bar at Burbach in 1862. 
About the same pericd, in 1854, the Trenton Iron Com- 
pany in the United States began rolling girders of 7 in. 
epth, weighing about 81 Ib. per yard, which were shaped 





* Paper read before the Iron and Steel Institute on 
May 1. Part I. was read on October 2, 1912. See 
ENGINEERING, October 18, 1912. 





As in the case of rails, the ever-increasing demand for 
structural steel led to the design and construction of 
special mills, although in consequence of the greater 
number of sections and difference in their sizes, involving 
great differences in the size of the initial section, it has 
not been possible to standardise the rolling operations to 
the same extent as with rails. The ing-rolls of section 
mills are used in a manner conforming much more to 
European practice than is the case with the cogging-rolls 
working in combination with rail-rolling mills, which can 
be divided into separate stands, on account of the almost 
uniform size of the initial section for the finishing mill. 

The practice in rolling I-girders differs essentially from 
German practice in that the preliminary shaping of the 
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ingot is carried moch further in the cogging-mill, or in a | the finishing mill. Only in the universal mills of Grey, 
universal slabbing-mill, as at the Lackawanna Steel Com- | and of Sack and Puppe, is it n 
pany’s works, so that the finishing operation is very much | sha 


simplified. For this preliminary shaping a great number 
of passes are made. i 


requi which were made in about 6 minutes (Fig. 1, 
page 616). It is clear that 4 upsiding in the groove 
a considerable number of rough shapes can be obtained 











t of 
le. For instance, it was noted that in | high mill which was first used by John Fritz in 1857, at 
roughing down an ingot for a 15-in. girder 37 passes were | the works of the Cambria Iron Company, for rails and 
A structural iron, and represents the standard type of 
rolling-mill for this class of work. Two-high mills are, 
2 2 of course, also used 
with comparatively few grooves, and that by using/ mill into several trains has been adopted. The diameter 


TABLE II.—Smatt Secrion MItts. 


rue As the ingot to 
out oy in the cogging- first. 


for rolling structural steel is the three- 


where the plan of sub-dividing the 
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| Initial Sec- lumber! 






































Nameof | —— —i. Roll | tion of | oO 

No. | | Type. of imen- | Diameter of nitput. 
Company. | eas Stands. | Type of No. of| “sions | Revolu- | Capa- | (Mm.). | Ingot oF Passes. | 
agine gt (Cycles | tions. | city. | et. | 

id Mm. | 
1 |Lackawanna) Trio 3 Horizon- 1 712/1270x 1400 4% (6in. x 6in.| Varies | 75,000 tons 

| Steel Co.,Mer-| Trio 4 tal ver- 1219 305 max. length, yearly 
chant Mill} Duo 2 tical en- 2033 | =9ft. | } 

No. 6. | £5 | 
2\Lackawanna; Con- | 6 ‘andem | 1 _ - 395 1fin., 2 in. (4 max./10,000-12,000 
Steel Co., Mer-| tinuous 2 corliss, 1 — _ 254 jor 24 in. dia. | tons 

chant Mill compound | monthly 
No. 9 corliss | 
3 |\Carnegie Steel|Duohalf) 4con- | Tandem 1 |762/1872x — 330 - 10 max.) 700 tons 
| Co.¢ uquesne)) con- tinuous compound 1219 | daily ? 
tinuous} 6 } | 
4 |Carnegie Steel) Ditto | Ditto | Ditto 762/1872 x _ 10 max.) 480 tons 
Co.(Duquesne)} | | 1219 | | daily ? 
5 |\Carnegie Steel] Half | 6 duo ae 1 - a 1500 | 254 |ipin.x1}in.| 8 [500 tons 
' Co. (Ohio),| _con- | 1 trio | ip to 34 in. | daily of the 
Union Works, |tinuous x Shin. | | heavier sec- 
| ‘Cross Coun- tions. 
try Mill” | 
6 Carnegie Steel) Con- 9 _ - _ — _ 254 sin. x 1} in. 9 80 tons in 12 
| Co.  (Ohio),|tinuous | (reduc-| hours. 
Union Works, tion | 
” ae Tice) | 36 p.c.) 
Mill” | | 
7 \Jones&Laughlin| Half | 5con- | Direct 1 — ~ 900 310 | 4in.x4in. | 6-11 |Average: 
SteelCo. |_con- tinuous| coupled 1 i 90 | 310 | ~ — | 175tons to 
| |tinuous 6; _|belt drive 230 tons. 
'stepped | 
| rolls | | 
8 | (ndiana Steel Co. ra 5 duo A.C. 1 (stands 1-6) 91 | 8200 | } 450{ Up to 6 in. | \ 9 { 14,000 tons 
| (Gary) 2 trio |induction| 1 (stand 7) 182 | 650 | x 6in. | daily. 
| | motors | 
9 | Ditto = 5duo! Ditto | 1 (stands 1-6) 91 3200 } sso | a Eee { 11,000 tons 
| 2trio | 1 (stand 7) 1s2 | 650 | monthly. 
10 Ditto » | 5con-| Ditto 1 (stands 1-5, 7) 112 2000 1-4 | _ 10 tons 
tinuous = 355 dia. | monthly. 
1 trio 1 (stands 6 and 8) 182 650 305 | = — | -- 
1 trio | 
1 duo | | | } 
11 | Ditto i - = 5 con Ditto 1 6600 volts | 920r113 | 2500 355 |2in.x2in.| 9 | 9000 tons 
tinuous | | 300 jup to 4 in. x monthly 
|} 4; | 4 in | 
ste | | 
| ~ | | | | 
12 Ditto ” 6 con- Ditto 1 6600volts| 133-162 2000 254 2in. x 2 in. | 12 7000 tons 
tinuous} or 8 in. x monthly 
3(2 with) 3 in. } 
stepped| 
| rolls) | 
TABLE III.—Wirt-Rop MIs. 
} { | | . : 
| PARTICULARS OF DRIVE. s & g & 
ie rr) = 
pad Number ) —|4a\ail@\ 3 
and Place. Type. pm... = s i2e6 | 3 rig a a ~ oa | z 
om (HEHE! Gir! f 
Z ae 2°) 8 >| & 4 Z a S) 
lJones & Laugh-| Continuous 16 Fly-wheel com- 865/1620) 100] 2080 | 6 stands 1}xl}in.' 16 |s350ft. r 194tons in 
lin Steel Co. | pound x 1370 | LH.P.| 12in. | | | minute | 12 hours 
(Aliquippa) | 10 stands } 
10in. | 
2 American Steel| Ditto 5 Ditto — 1400 10in. | 4x4in. 21 |3350ft.per| 1 bundle 
|and Wire Co.| Ditto , 16 minute finished in 
(American | 40 sec. 
Works) . | 
3 American Steel Jarrett | 2 rough- | Ditto 1000 = 4 x 4in. | 18-22 | - 200 tons in 
and Wire Co. ing | 12 hours 
(American | 83; Lloop | 
Works) 4; 2 loops| Ditto - — | 3300 10 in. 
4; 3 loops J = 
$Youngstown Con- 16 Horizontal 60/1625 — =~ _ 13 x ljin. 16 — _ 
Sheet and Tube} tinuous vertical com-  x1220 } 
Co. (Struthers) pound engine : 
5 American Steel OCon- 8 1-fly-wheel - — | 2500 15 irc 4x4 in. - — 
and Wire Co. tinuous engine | 
(Waukegan) é (bevel wheels) : 
3 Con- 12 1-fly-wheel 2000 10 ,, qin. dia.| 12 
5 | tinuow engine | 
1S (bevel wheels) | 
\e< 38 loops 11 2-fly-wheel _ 1200 Da t » 11 — 
Is engine (belt) | each 
J Con- 4 
= 1-fly-wheel \ 
3 tionene , \ oukmaae |i 100 | 10, |% » 
1-fly-wheel ” 
\ 1 loop 4 engine (belt) ~ —j| 1200 10 ,, ae ~~ 





heavier ingots the production will be correspondingly 
increased. At Lackawanna the weight of the ingot was 
about 6 tons. After roughing down, the ingot was cut 
into three lengths of about 16 ft. each. The rough sec- 
tion measured about 15 in. deep ; width of flange, 12 in.; 
thickness of flange, 1} in. to 1} in.; and thickness of web, 
2} in.; so that eight passes in the finishing mill were 
sufficient to finish a 15-in. girder. All girders over 9 in. 

are roughed out in the cogging-mill in this manner 
at that company’s works, and, according to the views of 
the men in charge of the rolling-mill, the method has 
proved quite satisfactory. In Germany, however, the 
standard girders never receive their preliminary shaping 
in the cogging-rolls, the section being formed entirely in 








| 





and length of roll of these mills show that these dimen- 
sions are influenced by the nature of the work to be per- 
formed. In many instances the roll diameter is consider- 
ably less than is usual in German practice. As the diameter 
is chiefly determined by the size of the I-beams and U- 
sections, the smaller diameters usual in American practice 
are, no doubt, J a owing to the preliminary shaping 
which the girders receive in the cogging-rolls, and the 
consequent smal] number of passes in the finishing 
mill. This varies considerably, of course, and depends 
upon the size of the initial and the final sections, 
the aim being to ensure steady working by not allowing 
too long pauses to occur in one or another stand of rolls, 
assuming that the supply of ingots or billets is not suffi- 


| faces of the flange are practically 


cient to allow the cogging and finishing-mills to work 
independently. That would always be case where, as 
at Jones and Laughlin’s works, the cogging mill has to 
supply besides a continuous billet-mill with material. 
Nevertheless, the number of passes varies between one 
and five in the first trio alone, and the mill is so arranged 
that only two passes are given in the following stand and 
one in the finishing rolls. 

In a single instance—that of the section-mill No. 2 of 
the Illinois Steel Company, one of the newest installa- 
tions—the number of passes is definitely fixed, and is 
dependent upon the arrangement of the stands, as in 

-rolling mills. Such an arrangement demands a 
cogging-mill which supplies material of the required 
rough section ; in this instance a 35-in. two-high reversing- 
mill is installed which supplies this section mill alone. 

Whereas in Germany at the present time two rolling- 
milis for special girders have been installed, one at 
Differdingen and one at Rombach, in the United States 


— | there is only one such mill, of the Grey type, at Bethlehem, 


in which 30-in. girders with 15-in. flanges have lately been 
rolled. It is pce wap ty Dees the slope of the inner side 
of the flange, which in Germany amounts to 9 per cent., 
has been reduced to 2 per cent. at Bethlehem, so that the 
parallel. The mill 
being of the standard Grey type, with very little bevel on 
the ends of the horizontal rollers, the friction on the 
inside face of the flange is very great, and the differences 
in the surface speed are also considerable, both of which 
factors unfavourably affect the quality of the finished 

irder, as has been shown by tests recently carried out 

y an independent authority. 

With regard to construction, the Gow rolling-mill at 
Bethlehem differs chiefly from that at Differdingen in 
that in the latter mill the billet is first rough shaped in 
& cogging-mill and is finished in a single stand of the 
Grey type, whereas at Bethlehem two Grey mills are 
installed for the Pee of increasing the output and of 

iving a slope of 2 per cent. to the inner faces of the 

ange. A few constructional improvements have been 
le in the Grey mills at Bethlehem, but otherwise they 
are built on exactly the same principle as the one at 
Differdingen. The number of varies between 
seventeen and twenty-five in the first stand and between 
five and seven in the second, according to the final shape 
of the section. In the case of heavy girders with espe- 
cially wide flanges and a short web, only one pass is made 
in the second rolls. For roughing out the section in the 
cogging-rolls as many as twenty-seven passes are made. 
The maximum output in twelve hours, using 8-ton ingots, 
is given as 800 tons. Noteworthy also are the straighten- 
ing presses, in which the finished girders are straightened 
in their horizontal position immediately after leaving the 
rolls. The distance between the two Grey mills is ft. 
The hot beds upon which the girders are laid are of 
specially strong construction, in order to prevent the 
bending of heavy sections. 


Mercuant-Miits (Tasxe II.). 


The economic advantages which apply to section-mills 
and the supply of structural steel apply also to the manu- 
facture of merchant sizes; but the product being much 
lighter, the mills for rolling it differ from the ordinary 
section mills in arrangement and construction. Here 
also the great demand for merchant sizes has led to the 
concentration of merchant-mills in large works, so as to 
facilitate manufacture on a |: scale, the conditions for 
which are very much favou by the practice of giving 
large orders for material in com tively few sections, 
which again can be allotted by the Steel Corporation to 
certain works, each especially equipped for dealing with 
a few particular classes of product. Under these un- 
usually favourable conditions a type of pes has been 
developed for turning out large quantities of light sections, 
though such plant, if it had to work under Kuropean 
conditions, could not possibly be run at a profit. 

The dividing up of the stands into separate trains 
depends upon the facility for bringing back the bar. If 
this is not practicable, a duo is used in conjunction with 
a trio, the latter being provided with the object of doing 
work on the bar during its return. The arrangement is 
then similar to that adopted at various rail mills, and at 
No. 2section mill at the Illinois Works ; the three mer- 
chant mills at Gary (Nos. 8, 9, 10, Table II.), and the 
cross-country mill at Ohio (No. 5, Table II.) are laid out 
on that plan and work with remarkably good results, the 
cross-country mill in particular giving very large outputs 
of comparatively small sections. 

The hoop-iron mill for cotton ties (No. 6, Table IT.) at 
Ohio is specially noteworthy, on account of the fact that 
only one section is rolled, and, notwithstanding the very 





small dimensions of the hoop iron, a very large output 1s 
| obtained. This result is due to the ability to work at a 
| very high pressure, and to the fact that parts of the mill 
| have, in a measure, become so adapted to the one section 


j 


| that breakdowns are almost unknown, thus proving how 
| 7 favourably the capacity and the economy of a rolling- 
mill are affected by subdivision and by keeping to one 
| class of work only. An ordinary efficient high-speed or 
| merchant mill working on a number of sizes of hoop iron, 
but otherwise under the same conditions, would scarcely 
produce 30 tons per day on an average. The specialisa- 
tion of rolling-mills cannot be carried to the same point 
under European conditions, which only admit of a limited 
subdivision by reserving some mills for round and square 
iron, others for flats and hoop iron, and others again for 
sections. In the Ohio Works and the Union Works 
there are altogether twenty-three merchant mills, which 
makes it ible for each mill to run on a class of pro- 
duct which varies as little as ible in size. 
The diameter of the merchant mills for the smallest 
sections is usually 10 in., increasing to 18 in. for 
sections. Comparatively large sections are rolled in the 
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18-in. mills, and, in view of the short length of the bod 
of the roll, the choice of size appears to be quite justified. 
In an ordinary trio an intermediate mill with 24-in. rolls 
would be required for these sections. 

Wire-Rop Mis (Tanz III., Pace 615). 


The wire ind belongs to the more recently estab- 
lished branches of the steel industi 


of the United 
tesa the production of wire-rods wire-nails cai 
been developed in the eighties. The great importance o' 


the wire-rod and wire - ype ow nea | industry in 
America is a t from the statistics of the iron and 
steel trade in 1909; for instance, the uction of 
was 3,111,583 tons, of structural steel 2,275,562 tons, and 
of wire-rod 2,335,685 tons.* This enormous output of 
wire-rod, which exceeded that of structural steel, and 
was only about 20 per cent. less than that of rails, is 
explained by a | ‘* -_ ad only the home require- 
ments are suppli ut that a large export trade in wire 
and wine weil bee been built up. From 1894 to 1908 the 
export of wire rose from 20,329 tons to 174,690 tons, and 
that of wire-nails from 10,394 tons in 1898 to 43,559 tons 
in 1908. The [pre of wire-rod rolling differs from 
the German and British practice in that practically the 


Fig.1. ROUGHING ROLLS FOR I-GIRDERS. 
LACKAWANNA STEEL COMPANY. 
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only size rolled is No. 5—5.4 mm. diameter, or about 
¢y of an inch. No. 6, whichis the usual size in Europe, is 
hardly ever manufactured. But the American wire-rod 
differs not only in diameter, but also as regards the 
— of the finished product. The rods vary consider- 
ably from a true circular section, so much so that in 
many cases they can hardly be called round iron at all, 
whereas in German practice a good circular section is the 
rule. One disadvantage of making rods of ir lar 
section is that very heavy wear and tear of the w- 
plates results in drawing the wire, and it is now almost 
the universal practice to use chilled metal for the draw- 
ese as steel-plates will not stand. It is considered, 

owever, that it is a more profitable thing to aim at a 
large production to bestow care upon these technical 
details, attention to which is less necessary on account of 


the fact that most of the important wire rolling-mills| 


have wire-drawing works at: ed to them, which have 
no option but to take the material supplied by the mill in 
connection with which work. 

It is ees oe to obtain a larger production 
by rolling a thicker size of wire rod, but calculation 
would probably show that any advantage so gained is 
completely neutralised by the increased number of rejec- 
tions, a greater expenditure on draw-plates, and a larger 
number of drawing operations. In fact, the cost of work- 
ing up wire rods of special quality, of No. 5 hardness or 
upwards, such asare used for wire ropes and other special 
pu would be prohibitive if they were not accu- 
rately round, a fact which no doubt accounts for the 
importation of wire rods of high quality when required 
for special on emge 

With regard to the arrangement of wire mills, the 
older type, known as the Belgian, also the German or 
Garrett type, are still in use as well as the continuous 
mill, which has been brought to a high degree of perfec- 
tion by the Morgan Construction Company. It is 
scarcely necessary to do more, than to refer to the exist- 
ing literature where these mills are fully described,t 
although a few characteristic details may be mentioned. 
In the first place, the consinvous wire mill has been 
more and more widely adopted, which is no doubt due 
to the fact that the continuous type, while giving nearly 
as large an output as the Garrett mill, is more econo- 
mical on account of the very small amount of labour 
required to serve it. The quality of the finished product 
of a continuous mill is, however, much inferior to that 
of a Garrett mill, which, in the author’s opinion, is due 
not only to the practice of rolling several wires along- 
side of one another, which is also a feature of the Garrett 
will, but principa'ly to the fact that the rod is liable to 


* Stahl wnd Hisen, 1910, page 1851. 
+ Stahl und Eisen, 1900, 65; 1901, 





pages 1029, 


page 
1293 ; 1902, page 545 ; 1903, page 285 ; 1910, page 1851, 


be stretched between the several stands, and the effect 
of this straining is at once noticeable in the fi rod. 
The stretching is primarily due to variations in the struc- 
ture and dimensions of the billet, as well as to the uneven 
heating of the billet and blow-holes in the material, and 
it is - impossible to control or entirely to remove 
these defects. In age em tube strip. or hoop iron in 
continuous mills, the difficulty is met by means of 5) 

guides, it being absolutely necessary to guard against a 
reduction of section due to stretching in the case of such 
material, as the pieces would be useless if they were of 
uneven thi Bat, in the case of wire rod, the main 


rails | object, as before stated, is to get a large output rather 


than a high quality of rod, the home consumers bein; 
dependent on the manufacturers on account of the hig 
protective duty. i 5 

In the five wire-rolling mills which were inspected, five 
ety ie mills were noted, and only one Garratt 


he continuous mills are always arranged in two | 
sections, six stands generally forming a roughing train, in | 
which the bar is first rolled down, and afterwards finished in | 





800 tons per twenty-four hours, the maximum achieve. 
ment being 957 tons. As this is on a scale with the 
performance of a continuous billet-mill, this roughing 
train may also be characterised as a billet-mill rather 
yy h 

ccording to the foregoing, the economy and capa- 
bilities of the continuous mille may be summed up fa 
two heads—namely, output and quality of product. The 
output, as has been noted, is exceedingly high, but, on 
the other hand, the product is not of bigh quality.. The 
special applicability of continuous mills woul, therefore, 
be to the production of semi-products, such as billets, 
flats, or wire rod. As roughing trains for merchant mills 
or milJs for hoop-iron and small sections, they are not 
to be recommended from the point of view of output, 
especially where several merchant mills require to be 
served. Another drawback is that the stretch of the rod 
between two stands, with the resulting variation in 
section, caunot be guarded against, and this, under 
European conditions, would inevitably lead to the rejec- 
tion of the material. The only simple Garrett mill 


the subsequent continuous stands. The number of stands | observed was that of the American Steel and Wire 





-| loops. The performance of 





depends upon the initial section, but there are generally Company (No. 3), which consists of two cogging stands 
donee stands, the initial section of the billets being | and three coailie and finishing sets. The “x billet 


Fig.2. 





DRIVING ARRANGEMENT OF VERTICAL ROLLS IN 
SLABBING MILL OF THE NATIONAL TUBE COMPANY. 
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1g in. by 1f in. The continuous wire-rod mills of the 
American Steel and Wire Company, on the other hand, 
use 4-in. billets in the older Garrett mills, and have 
retained this size in the newer continuous mills for the 
reason that their cogging and " ob mills produce such 
billets very economically. The .:7o continuous mills 
(Nos. 2 and 5) consequently consist of twenty-one and 
twenty stands respectively. In No. 2 mill the twogroups 
of stands are arranged at right angles to one another, and 
the rod, after roughing down, is turned round through an 
angle of 90 deg. Between the turning-table and first 
finishing-stand a reheating furnace is mterposed. Th 
five eet might be regarded as a billet-mill, 
— y as the sixteen finishing-stands are further 
subdivided into two sets, between which a shears is 
interposed. One of the largest wire-rod mills is that of 
the American Steel and Wire Company at Waukegan 
(No. 5), in which one continuous roughing train of eight 
stands supplies an entirely continuous mill, and two 
mixed ame with material. The bar, about 17 in. square, 
coming from the continuous hing rolls is led to the 

trains, in which it is immediately finished in several 
the roughing-mill is quite 


See Table VIL 


86 89 #0 
Times Original Length. 





| 








12 «13; 5 7 


is rolled down in 18 to 22 passes, according to the 
required thickness of the wire rod. In comparing the 
advantages and disadvantages of the two types of wire- 
rolling mills, the fact has to be taken into consideration 
that with the latest type of Garrett mill the number of 
hands required to serve the mill has been reduced by the 
introduction of “repeater” guides, and these mills now 
uire no more labour than the continuous mills. The 
roll diameter of the wire-mills is stated to be 10 m., 
though it may be assumed in the case of the pon-eee. 
tinuous mills that the diameter of the last stand of ro 


e | is somewhat larger, in order to prevent the loops becoming 


too great. 
The great outputs of the wire-rolling mills are obtained 
by a comparatively heavy pressure on the rolls such as 
soft material can readily stand, but, above all, by 7 
ploying, in the continuous mills, a very high ~~ 
8 on leaving the rolls. In non-continuous mi 
the speed is limited to about 22 ft. to 25 ft. per se 1 
as this is the maximum speed at which it 18 poss! 4 
for a man to catch the end of the rod. This wou 
be about the speed in the wire-rolling mills in Germent. 
In the American continuous mills, on the other hand, 


d shows how well the continuous mill is| the speed of the wire on leaving the rolls, as yo 


ae if ’ 
suited to conditions of a large output. The eight! Table ITI., is 3350 ft. per minute, or 56 ft. pe 
stands deal with the whole production, averaging about whereas in the only German continuous-wire 





rolling- 
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mill at Esch the speed with which the wire leaves the 
roll is not more than 48 ft. per second. 
SLABBING AND UNIVERSAL Miis (TaBLE IV. anp 
Fie. 4). 
The slabbing-mill with vertical rolls is a type of mill 
which 2s not familiar in rr practice. In discussi 
ing-mills in Part I. of per, it was mention 
that the latter are not available for rolling billets of 
different sections, and particularly slabs, as they are kept 
fully occupied in supplying material to the mills forming 
an integral part of the installation. A kind of modifica- 


The ment of three vertical rolls (Fig. 2), of 
which one is driven by the friction of the bloom (No. 1, 
wanna Steel Company), is such as to permit the 
rolling of slabs and blooms to as ta width as pos- 
sible, without unduly weakening the mill, and also to 
give a better grip of the piece. © same object is 
attained in the slabbing mill of the National Tube 
Company by mounting the vertical bevel-gear wheels 
on two special shafts, which permit the horizontal 
bevel-wheels to clear one another when the rolls are 
brought close together. In order to cause them to 
bite better the vertical rolls are roughened. In the 











Fra. 


tion of a cogging-mill has been develo which serves 
both for cogging in the ordinary way and for rolling slabs 
and flat blooms. The American slabbing-mill is a universal 
mill with two reversible horizontal rolls, and two or 
three vertical rolls running in housings of special con- 
struction. Such mills are used for rolling out blooms and 
universal plates, also for heavy square billets. Or the 
vertical rolls can be removed from their bearings and 








4, 


Lackawanna mill it is possible to roll slabs of a minimum 
width of 18} in., and in the National Tube Oompany’s 
mill of 14 in. At the same time there is sufficient 
room for bevel-gear wheels uf an exceptionally heavy 
design, the pitch circles of the wheels in the present 
cases being 57 in. and 52 in. respectively. Within the 
author’s knowledge an attempt has been made in Ger- 
many to adopt the latter form of construction in a 


TABLE IV.—SLABBING AND UNIVERSAL MILLS. 














10 tons, in weight. The following figures give some idea 
of the size of the Lackawanna slabbing-mil - 
‘ons. 
Weight of bed-plates nie 161.0 
Weight of bed-plate gatem as it 69.7 
Weight of housings for horizontal rolls 115.0 
Weight of housings for vertical rolls . 81.5 
Weight of pinion ings ; 63.0 


The total weight of this rolling-mill, including roll-beds 
and engines, is 1900 tons. The comparatively small roll 
diameter of 324 in. in all the slabbing-mills inspected is 
due to the very compact construction and short length of 
roll body, but it permits of reducing the cross-section in 

percentages at a time with a low power consump- 
tion. Inthe presence of the author, a plate 66} in. wide 
by @ in. thick was rolled down from a slab measuring 
37 in. by 4} in. by 6 ft. 2 in. long, in fifteen passes, the 
time being 74 seconds, which corresponds to an average 
reduction of section of 12 per cent. per pass, which is a 
very high ratio. 

In all the universal mills inspected, except one, the 
arrangement differs from the usual arrangement 
in having a pair of vertical rolls on both sides of the 
stand. This See the advan that both in the trio and 
reversing duo the piece is worked in each direction under 
equal conditions. That the practical importance of such 
an arrangement is not of much value is shown by the fact 
that this form of construction has been abandoned in 
newer mills, or, at all events, is now very seldom 
adopted. Constructural considerations are also opposed 
to it, as a second pair of vertical rolls only adds to the 
chances of a breakdown. 

There was also noted at the works of the National Tube 
Company a three-bigh Lauth mill which rolls plates of great 
leant. areein from 9 in. to 42 in., and of extreme thin- 
ness. This mill is very compactly built in order to ensure 
even thickness in the plates. It is driven by a 4000-horse- 
power engine, the revolutions of which can be varied 
from 80 to 135 per minute, so that the roll speed may be 
increased as the plate cools during rolling. Plates mea- 
suring 120 ft. long, 234 in. wide, and 4 in. thick were 
rolled and finished in 75 seconds. 

A three-high mill with the rolls all of equal diameter was 
seen at the works of the Indiana Steel Company. The 
method of driving this mill, which may be regarded as 
standard for trios, will be discussed further on.* The 
universal rolling-mill of the Carnegie Steel Company at 
Homestead shows a peculiar arrangement. It has a re- 
versing two-high mill with a pair of vertical rolls on either 
side of the stand ; the horizontal rolls are stiffened by idle 
rolis of nickel steel, larger in diameter than the driven 
rolls, and placed one above and one below these. 
armour plates of considerable width are rolled, and the 
high production of 1500 tons in 24 hours is only rendered 
possible by this construction, especially as diameter 
of the horizontal rolls is somewhat small for the condi- 
tions. The American universal mills are mostly arranged 
so that the vertical rolls can be removed he rolling 





sheets, which is a particularly useful feature, as they can 
then work on sheets for stock when not full up with 








PARTICULARS OF DRIVE. ROLLS. 
.. Name or Company . 4 : : 7 
iggy Tyr. Horizontat ROutis. : VERTIC a Renae, HORIZONTAL. mi VeRernens | Caan en Bavencen Besane. Semen, 
| | l | 
| “ . Revo- _ Gear Type and Gear | Dimensions Dimensions 
Type and Dimensions. _jytions.| Ratio. | Dimensions. | Ratio, |N°| (Mm. No. "(im.). | 
-_- —- —_—_— —_—_—_—— — — se — -~—— _ 
1 |Lackawanna Steel Slabbing | Twin reversing engi:e, 2.25:1)| Reversirg 15:1) 2 813 dia. x 1829; 8 559 dia. /3labs up to 1372 x 762 mm. - 
Co. Dud | 1168 x 1524 engine, | Universal plates, blooms, 
} 914 x 1219 billets, rough -shaped for 
| | I-beams over 9 in. depth 
2 Ditto Universal Reversing engine, _ 2reversing Direct | 2 762 dia. a 445 dia. (Universal plates up to 1219 150,000 tons yearly. 
No. 5 8000 H.P. engines, coupled | } mm. wide. Blooms up to 
Duo 1397 x 1624 | 1825 mm. wide 
3 Carnegie Steel Slabbing | Twin reversing engine, 1168 _ 19 : 37 Reversing 22:32 @ 815 dia. | 2 608 |Slabs and blooms 
Co., Homestead Duo x 1524, 3200 H.P. engine, 711 x | (In special 
i | housings) 
4 Ditto Universal| Twin reversing engine, 1067 84 25:29 Same engine _ 2 660 dia. 4 410 Universal plates or armour- 1500 tons daily. 
| Duo Xx 1524, 3200 H.P. , (Reinforced by two | | plates up to 1000 mm. wide 
é | rolls of greater dia.) | 
5 Ditto Ditto Twin ew Sy ry 1270 x 75 Direct Same 2 i} 2; 915 dia. | 4 445 Plates up to 1220 mm. wide 585 tons daily; 10,300 
1524, 5900 H.P. lcoupled engine | a tons monthly. 
6 National Tube Co.| Slabbing | Twin reversing engine i- 5:7 | Twin revers- | 2 2 815 dia.x1450 | 2, S@0dia. (Plates from 356-1030 mm. 220,000 tons to 1910, 
Duo | 1165 x 1524 | ing engine, wide. Slabs for universal 
" 915 x 1220 mill 
‘ Ditto Universal | Tandem compound, | 80-185 | — Same engine — 3 — 2 | 635 dia. x |Plates from 230-1080 mm. “= 
io 4000 horse-power } | 1450 wide ; very thin 
; (Lauth) | 
8 ‘indiana Steel Co.| Universal 4.C. induction motor, 6600| 40-80 | 4:3 Same motor oo 3 900 dia. 4, 510880 |Plates, 350-1525 mm. widex Plates 36m. x 1423 x 
(Gary) | Trio | volts, 25 cycles, 4500-6000! } x 2150 | | 7-50 mm. thick. Maximum 9.5 mm. are rolled in 19 
H.P. length, 43m. Blooms up passes froma slab 1423 
| to 1825 mm. wide. X 1524 x 2564 mm. Time, 
| | | | 82 sec.; reduction, 16 
9! Tino; | | » | per cent. 
Illinois Steel Co. | Universal Fly - wheel induction D.-C./Synchr. Direct Same motor _ 2  610dia.x1700 | 4 |356 dia. x 330/ Plates 165-750 mm. wide 12.7- —_ 75,000 tons yearly 
| Duo generator, Ilgner - Leonard 375-300 coupled (journal 457 dia.) (journal 50.8 mm. thick ; maximum 
control; starting dynamo, 203 dia.) 


3000 kw., 600 volts; A.C. 
| induction motor, 1300 H.P.; 
two motors at 2000 H.P., 
575 volts. 
Twin reversing engine, 


10 'Youngstown Sheet} Ditto 
| 1120 x 1524 


and Tube Co. 


Same engine 


| length, 24 m. 
| 


'Plates up to 1040 mm. wide.! 
Blooms up to 1680 mm. wide| 





the mill used for rolling thick plates. With the vertical | universal mill for slabs of 44 in. maximum width down | orders for universal plates. The mills are made to take 


rolls it can also work as an ordinar cogging-mill, and, | to strip under 8 in. width. I : 
roughed down on | not to any defect of design, but simply to economical 


by using grooved rolls, T-girders can 
i. 48 at the Lackawanna Steel Company’s works. Thus, | 


The lack of success was due 


case of this mill, it is to be noted that the manu-| universal mill requiring motive power sufficient for 


‘acture of various intermediate products is concentrated 
none unit, in contrast to the 


lalisation, b : 
pe only.” runping a ~ plant on one class 


driving the mill when working on material of the maxi- | 
revailing practice of | mum size. In other respects, too, these slabbing-mills 
are of very massive construction, heing designed to take 
ingots and slabs averaging 6 to 7 tons, and sometimes 





| 
to e [= 14 in. to 60 in. in width are rolled, whereas in 
causes, as it did not pay to roll narrow strips in a heavy | Germany 43 in. is seldom exceeded. 


lates as wide as possible; for instance, at Gary plates 


Piate-Rouiine Miiis (Tasre V., Pace 618). 
For rolling heavy plates, three-high mills, especially of 


* See also Stahl und Kisen, 1911, page 1839. 
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the Lauth type, 
| me high mill i ferred, especial! 
reversing two-high mull is preferred, 

for thicker plates, and when the | h of roll ex 

6 ft. 6 in. Its difficult to account for the origin of the use 
of trios, with their heavy lifting tables and complicated 
gear, and the reason can hardly be sought in the simpler 
method of driving, considering that the steam reversing 
engine has reached a stage of high perfection, and that 
electric driving is also available. Moreover, in the case 
of universal rolling-mills the reversing duo type predo- 
minates. In the matter of output the two types of mill 





TABLE V.—Ptare-Mi1s. 


are more often used in the United States | the finishing rolls are subjected to less wear and tear than 
type, whereas both in Germany _and | the rolls of the first stand. This method of work and 


arrangement has lately been increasingly adopted in 
England for structural and ship-plates, the usual 
arrangement being to place the two stands one behind 
the other, with the object of saving as much space as 
possible* The roll diameters are often remarkably small 
com with those usual in European practice. Fora 
roll length of 10 ft. 8in., German practice would require a 


diameter of at least 39 in., and probably one of 434 in. 
| would be considered desirable, whereas in America 344 in. 


is considered sufficient. It would appear, therefore, that 


























| conan of r PARTICULARS OF Drive. ROLLs. early 
No. m an Type. eS oO aR meas ——) Outpu 
Place. - | Dimensions | Revolu-; Steam | Capacity | Diameter | Length' (Tons). 
Type. -|  (Mm.) | tions. | Pressure. (H.P.). | (Mm.). | (Mm.). 
~ 1 Garnegie Steel Co.) Trio lst stand ‘Tandemcompound 813/1270x | 85 | 144 1b. 1300 | = 762 1840 | 45,000 
(Homestead (Lauth) direct-coupled 1524 | | 
2 Ditto aay stand fandemcompound — i= | 144 Ib. 2550 229 2140 | 100,000 
(Lauth) | 4 | 
3 Ditto Trio Fly-wheel steam-| 1168x1524 78 | 1301. 2000 864 3250 | 170,000 
| | (Lauth) engine, rect- | } middle | 
coupled } roll 533 
4 Ditto |Trio with rolls of Tendemeompound 1067/1676x | — 144 Ib. | 965 3560 | 178,000 
| equal diameter | directcoupled. | 1524 | 
5 Illinois Steel Co. |Trio lst Stand|Fly-wheel steam-| 1370x1925 , 60 — 863 (460) 2300 135,000 
} (Lauth) engine for both | | 
Trio 2nd Stand) stands 915 (530) 3350 | 
| (auth) | 
TABLE VI.—Suezet-Mii1s. 
ih acct +" | 
| NUMBER OF STaNDs, PARTICULARS OF DRIVE. | Rous, 
* : _| Number of 
Stands Driven) 





No. Name of Com- 






































pany and Place.) Rough-| Hot | Cold Dimensions Revolu- | Capacity M Diameter |Length of 
ing. |Rolls.| Rolls. TYP os (Mm.). | tions. | CLP.) byan Engine. “(iim ).| Roll. 
po, — | —— | —_ —___ — | — nner 
1 Jones & Laugh- 24 Tandem § 2 | 860/1524 x 28 | 3000 12 710 760-915 
| lin Steel OCo., compound | 1524 
| hot rolling-mil) 
2 |\Jones & Laugh-- — _ 18 Fly-wheel 1 | 762/1524 x 40 768 18 610 815-915 
j lin Steel ¥ compound 1524 41 
cold rolling-mil) | | 42 
3 |American Sheet) 16 24 s Fly-wheel | 3 | ~ 75 1600 2engineseach Hotrolls 1016-1420 
j}and Tin-Plate steam-engine | each driving 20 610 | 
|Co.  (Vander- with counter- stands } 
| grift) shaft lengine driv- Cold rolls | 965-1420 
ing 8 stands 610-660 
4 Youngstown 4 8 4 Tandem 1 | 915/1680 x 30 2000 16 _ Hot rolls 
Sheet and Tube compound 1524 865-1425 
| Co., new mill | Cold rolls 
| | 1015-1425 
5 |Youngstown 3 6 3 Tandem 1 | 830/365 x _ oa _ ' 1016-1425 
| Sheet and Tube compound | 915 
| Co., old mill smaller 1 
| engine 
TABLE VII.—Srrir-Mi1s. 
! 
! PaRTICULARS OF Drive. | Roll | , nie 
Name of Com- Number of |-——— meer — ——— Dia. | Classof — Initi 
: > | . Material Section Production. 
pany and Place. TYP¢ Type of a Dimensions| Revo- | y (um. | Rolled. | (Mm.). 
s Engine. gines. (Mm.). lutions. (H.P.) nasal 
1 National Tube  Con- 5 Fly-wheel 1 1 330 { [Tube strip) 102-160 
Co. tinuous 4+1 steam en- 1 _ >= 152-355 mm. 
finishing gine wide 
2 National Tube | Con- | 6 Fly-wheel 1 2400 } 305 { \Up to 300 __ | 570 tonsin 
| Co. tinuous | 4 _— en- 1 800 | mm. wide 12 hours 
| ne | 
8 | National Tube | Con- IL ,{erand 2 4.0, 4 1 ) 
| Oo (Lorain tinuous Ww verti- tors 
. . cal rolls) | volts 25 167.6 | 2500 | as . 
| 3 cycles 1 | 
4 American Steel) Half 6duocon- A.C.in-| 1 -- 214 | 1800 - Hoop iron 102-160 90 tons in 10 
and Wire Co.| con- P Sere — a a. hours 
Ouyah tinuous | 3 tr’ uo| motor e ave 
ee finishing (2080 volts | 1.19 thick filowstt 
1f duo (|Fly-wheel) 1 | A.C induc- | 210-315, 800 _ consump- 
1 finish- | trans- | tion motor | tion per 
ing former 1400 H.P. hour, 700- 
with 2080 volts | 800). 
D.C. and D.C. 
motors | dynamo | 
575 volte 1 1000 kw., |290-360| 800 -- 
10 poles | | 
5 Youngstown Con- 6 Fly-wheel 1 _ }o— — \ 954 / | Tube strip _ _ 
| Sheet and Tube! cinuous 4 steam- 1 _ - - j up to 
| Co. engine 125mm. wide 
6 Ditto Halt 1 ~ ee 1 =e x — _ 510 an = 
con- roi ng compoun 1 
tinuous aa with | direct- | 
2 vertical | coupled | 
rolls, 8con- Tandem! 1 510/1016 x — — 410 _ — 
tinuous compound 840 


geared | 


| 


are also about equal, snd the only reason to account for 
the retention of the trio is that it has long been a 
favourite typein Amer‘ca, : . 

A departure from the ordinary kind of construction of 
a three-high plate mill is exhibited in the heavy plate mill 
of the ie Steel Compang. an example of which is 
probably not to be found in Europe. In this mill the 
middle roll is oe and the — and lower roll are 
alternately raised and lowered. t the werks of the 
Illinois Steel Company are two trio stands working in 
connection with each other, second of which has 
rolls of a 1 r diameter, on account of the necessary 
acceleration Sosag the rolling process. This arrange- 
ment of two stands for roughing and finishing in- 
creases the capacity of the mills and also improves the 


pearance the plates, since the work of rolling is 
dutribated between the two stands in such a manner that 


a | | 


the risk of breakdown does not weigh so much as the 
ability to work with a less power consumption, and 
obtain to a higher production, a necessary condition 
being, of course, that the ingots or slabs should be well 
and uniformly heated, a matter which presents ne diffi- 
culty in view of the unlimited supply of cheap fuel. 


Sueer-Mitts (Taser VI.). 

One of the most recent industries of the United States 
is the sheet and tin-plate industry, which owes its rise 
largely to the increased protective tariff introduced in 
1891, and to the enormous demand for tin-plate in the 


country. Prior to that date the high price of raw 
materials, high and — to dispense with 
manual labour in the manufacture of tin-plate, had pre- 








* Stahl wnd Eisen, 1908, page 753. 





sented great obstacles to the establishment of a home 
industry; but after 1891 tin-plate mills rapidly sprang 
up in many places, an additional impetus being given by 
a lowering of the price of raw materials, due to a 
depression in the iron trade about that period, and 
a simultaneous fall in wages. Some idea of the growth 
of the industry can be gathered from the statistics of 
production, which show that the quantity of tin-plate 
manufactured in America increased from 999 tons in 189] 
to 74,260 tons in 1894, and thenceforward rose steadily to 
712,147 tons in 1911. 

The construction of sheet-mills and rolling practice 
differ very little from current practice in rmany, 
except that the stands of the mills are set very wide 
apart, necessitating long driving-shafts. An attempt has 
been made to introduce continuous mills, with the object 
of manufacturing on a large scale and dispensing with 
manual labour. A sheet-mill on the Bray system was 
installed in 1906 by the American Sheet and Tin-Plate 
Company at South Sharon; but this is not a continuous 
nill in the true sense of the term, as a plate is never 
being rolled in two or more stands at the same time. 
Moreover, the plates, after rolling down in nine succes. 
sive stands, are finished in sheet-mills of the ordinary 


type.* 
Srarp-Mitts (Taste VII). 


Tube strip is the intermediate product in the manv- 
facture of welded tubes, and the strips in some respects 
resemble fiat bars. But as they are thinner, and as much 
greater accuracy in width is required, the method of 
rolling differs. The stands of the continuous mills are 
not all arranged behind one another at regular intervals, 
but are set in groups which are driven separately for the 
most part. The ge oe is not uniform, but differs in 
different mills. By dividing a mill into separate grou 
in this way, a uniform width can be more accurately 
kept, it being impossible to use guides here, as is done in 
the -mills, on account of the much higher speed of 
rolling, which is about twice that used in rolling bars. 
One of the final stands is provided with a pair of vertical 
rolls, which are intended to remove any inequalities in 
width ; in one instance these vertical rolls were placed in 
front of the first stand, with the idea of removing any 
unevenness in the section of the billet at the start. The 
arrangement of the strip-mill of the American Steel and 
Wire Company at Cuyahoga consisted of six continuous 
stands as a roughing train, following which were three 
double duo stands. In these the bar is automatically 
— from the lower to the upper pair of rolls. In the 
ast three finishing stands a limited adjustment of the 
rolls is possible for strips of different thicknesses, and 
pair of vertical rolls is combined with one of the stands. 

The roll diameter is very small in proportion to the 
large width and thinness of the strips, and ion not admit 
of any great length of roll body; also, since the strips 
cannot conveniently be rolled in smooth or stepped rolls, 
the rolls must be grooved, and it is not ible to have 
many grooves in so short a length of roll body. In 
Germany tube strips are not yet rolled in continuous 
mills, though as a special product in large demand there 
is no reason why they should not be. 

The rolling operation is very rapid. At the National 
Tube Company’s mill strips 7 in. by ,; in. were rolled 
and finished from 4-in. by 6-in. billets in nine passes 
through the nine stands in 38 seconds. The average 
reduction per pass is 27 per cent., which is to some extent 
facilitated by corrugating the bottom of the first few 
grooves. 

To save planing the edges of strips intended for la 
welding, the last roll is so grooved that strips wi 
bevelled edges are obtained, thus avoiding the necessity 
of further machining. Only in the case of strips for tubes 
over 14 in. in diameter are the edges bevelled on the 
planing-machine, everything below that size being bevelled 
in the mill. The proportion of rejections of such strip is, 
however, fairly high, the loss of material between the 
ingot and the finished tube being 12 to 13 per cent. 


METHOD oF DrivInc. 


In general, in the United States, the steam-engine has 
until lately been preferred for supplying the motive 
power to rolling-mills, and at the present day the majority 
of mills are still driven by steam. Lately, however, 
electricity, which has long been used for driving the 
auxiliary machinery, has made great headway as an = 
for driving the mills themselves. It has not yet bee 
attempted to drive the mills with gas-engines, whereas In 
Germany oe are already in use in many cases 
with considerable success. In the American works 
inspected it was noticeable that mills of different size 
and of various capacities were driven by steam-engines of 
equal power, the reason being that, owing to the emand 
for quick delivery, engines of a standard size and t 
can be supplied at shorter notice than is the case when 
designing an engine to meet particular requirements. 

From trials for determining the power requirements It 
was found that the steam consumption in non-condensing 
engines averaged 270 kg., and in condensing engines about 
180 kg. ~ ton ef material rolled to eight times the 
origi length (see diagram, Fig. 3, page 616). In 
Table VIII. a comparison is made between the steam 
consumption of engines in German mills and in American 
mills, especially reversing engines, which shows that the 
American engines are considerably the less economi 
of the two in the case of reversing engines. With 3- 
mills, running in one direction only, the steam consump 
tion is about the same. p 

Electric driving for rolling-mills was comparatively late 
in being adopted in the United States, although electric 


* Iron Age, 1906, page 1972; Stahl wnd Eisen, 1909, 


page 380, 
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auxiliary machinery was first used in American iron- 
works. soon as the success of the first installations 
had been fairly proved, the change to electric driving 

ed rapidly and with characteristic energy. By 
the end of 1911, about fifty-two electric motors for driving 
rolling-mills had altogether been built and installed. At 
the new Gary Works electric driving was adopted 
throughout, and the simplicity of the mill arrangement 
facilitated its introduction. 

In general, alternating current is used for driving the 
larger motors, and direct current for the smaller cantiiary 
motors. The direct-current motors receive their supplies 
from a motor generator driven by an alternating-current 
motor supplied from the central power-station. Where 
two speeds are required in rolling, as in the Gary universal 
mill, a direct-coupled alternating-current induction motor 
with commutating poles is , the commutation bein; 
effected by an auxiliary motor without interruption o 
the current. By this means it is possible in a total of 
19 passes to double the speed between the 9th and the 
10th pass, and to drop again to the original speed between 
the 19th and the Ist pass. The speed variation is from 





|exhaust steam at 16 Ib. pressure. It may be assumed 


that exhaust-steam turbines for the tion of electric 
energy have not found any greater favour in the United 
States than in y, and that results are being 
awaited before they are likely to become more widely 
adopted, especially as an adjunct to rolling-mill engines. 
On account of the intermittent load the amount of waste 
steam fluctuates considerably, so that the output of the 
exhaust-steam turbine can only be constantly maintained 
by using live steam, and it is questionable whether the 
economy of such an installation is greater than an ordinary 
condensing plant.* Where, however, an exhaust turbine 
is connected to several rolling-mill ines, especially to 
the non-reversing fly-wheel engines driving three-high 
mills, as at the works of the Illinois Steel mpany and 
at the Tennessee Coal, Iron, and Railroad mpany, 
some economy might be achieved on account of the con- 
siderably lower consumption of live steam. 

Since the end of 1910 the new plate-rolling mill of the 
Calderbank Steel Works has been driven t with a 
mixed-steam turbine. This method of driving direct 
with a turbine was adopted after careful trials and calcu- 


TABLE VIII.—Txgsts or Steam Consumprion 1n CoGGinc-MILL EnGIngs. 



































| 
& Steam Consump-| = 
nq | tion per Ton | 
> ae “a ee 
i Be Ea. iF 6 
Place and Size! Dimen- ' Et | : a ] 
of Mill, |2Pe Of Engine. sions. | Size of Ingot. | = |Final Section.| & §  : as. FE ed é ~ 
‘ >| eis #is 328! Sa 
| 3 | 32 | © 38 E oo a 
5 gz | & (352 /é33| i 
} | | | a | zZ™ | 6) om a7 * | @ 
| | | | | 
40in. | Allis - Chalmers! 50/78x 60 |Head, 173 in. x} 7/| 91x Opin, | 4 | A Con- | 82.5 kg.| 130kg.| — 
Bessemer | tandem com-| | 184 in.; base, | | 21 ft. long } densing 
3 | pound condens: | | 184 in. x 193 in. ;| | 
= | ing | Jength, 5ft. 3in.| | | 
9) 48in. | Ditto 52/90x 60 |Head, 17 in. x} 9| 8x8in, | 6 B Ditto | 104 120 _ 
é Youngs- | | 19} in.; » | 24ft. long | 
town | 19} in. x 214 in. ; | | | | 
| length, 4 ft. 
f 38in. |MacIntosh-| 42x60 \Heed 174 in. xX} 18 | 8} X 7hin., | 5.7 Cc Non- | 270 330 23.9 kg. 
Duquesne} Hemphill twin| | 20 in.; /32tt. 9in, long| | con- | 
a | reversing en- | 18) in, x 214 in.; | \densing | 
S gine | length, 6 ft. 9in. | | | 
#1] 36in. |Allis - Chalmers) 42/70x54 |Head, 173 in. x/ 19 | 74 xX 3in., | 15.5 D Con- | 280 180 
to} South twin tandem 1 in.; base,| 21 |82 ft. 2 in. long) \densing 
£ Sharon | compound | 20} in. x 22) in.; | 5b x Shim, | 15 | 
- | length, 5ft. 4in. 79 ft. 6 in. long 
Hy 40in. MacIntosh-| 44/70x60 |Head, 19} in. x| 25 | 64 x 6hin., ms is Ditto 300 270 _ 
| Aliquippa} Hemphill twin | 214 in.; base, | 59 ft. 4 in. long E, Non- 520 420 
tandem com- 214 in. x 28 in.;} | | con- 
pound length, 6 ft. 2in. | \densing 
40 in. Ditto 40/70 x 60 |Head, 17} in. x| 19 (6x4 in. 15 F | - 490 325 _ 
Duquesne} | 20 in.; base, } 86 ft. \densing 
18} in. x 21} in. ; 3 in 
| length, 5ft.9in.| 25 |6x4 in. | 16 | F, | Non- | 580 390 22.3 kg. 
(spring | | con- | 


40 to 80 revolutions per minute, but no data are available 
as to the durability of this ment. The principal 
pcan and weights of the parts of this motor are as 
lollow :— 


oon (20 ft. 2 in. in diameter), weight about 95 tons. 


tator eee oe ” ” 79 ” 
ee eee ee » 23 4s 
Bearing oumperts ee Eee » 63 4, 
Bed-plate (32 ft. 9in. by 21ft.) 7» | g4 2 


The motors are almost exclusively alternating-current 
slip-ring motors ; in a few instances they are arranged in 
cascade or with commutating poles or with short-circuit 
rotors. Short-circuit motors with additional rotor resist- 
ance are used for the finishing stands of the strip mill at 
Cuyahoga, and are supplied from generators driven by 
three steam-turbines. The consumption of power is said 
to amount to 50 kilowatt-hours per ton, though these 

res do not appear to be very trustworthy. The 
one consumption per hour is given as 700 kw. to 
w. 


The size of the alternating-current motors is 20 per 
cent. larger than that of the corresponding direct-current 
motors, and latterly they have been so constructed that 
the stator can be moved sideways along the main shaft 
80 as to clear the rotor for repairs. 

Tn some cases the waste steam of rolling-mill engines is 
used for driving turbines for the generation of electric 
energy. At the Illinois Steel Company’s works a turbine 
using both live and waste steam has lately been installed. 
It is supplied with waste steam from two reversing and 
two twin tandem engines. When driven with waste 
pe Some it develops 3000 kw., and with live steam 


ot the works of the American Sheet and Tin-Plate 
ompany the cogging-mill engine has attached to it a 
mixed-steam tur ine with a Rateau generator. The 
iortine 1s coupled direct to an eight-pole 1500-horse-power 
peak current dynamo of 250 volts, and with an output 
of 500 kw. it uses less than 18 kg. of steam per kilowatt- 
at atmospheric pressure. 

wa, Curtis exhaust-steam turbine at the works of the 
ational Tube Company, which was attached to the 
ome of the 36-in. reversing two-high cogging-rolls, 
yay 3000-kw. dynamo generating alternating current 
a volts, 35 cycles, running at 1500 revolutions per 
the tat but it barst in consequence of the high speed and 
ae of the valve. Another Curtis mixed-steam 
bine of 7000-kw, capacity, connected to rolling-mill 
ee was lately installed at the works of the Tennessee 
inten top, and Railroad Company. The turbine is 
nded to work with live steam at 145 1b. pressure, or 








| mill) | idensing 


lations, which showed that a 134 per cent. higher efficiency 
would be gained by direct dri than by interpolating 
an electric dynamo and motor. The anticipated results 
have been fully realised, and it appears that a turbine 
is well adapted for driving rolling-mills, on account of 
its comparatively high capacity for overloading. In the 
case of mixed-steam turbines, however, the question of 
regulating rag some difficulties, which at Calder- 
bank Steel Works have been overcome by using a heavy 
fly-wheel, which lessens the effect of the fluctuations in 


the load. This method of driving is likely to find adop- | marised 


tion in Europe, especially in view of the economy in first 
cost by dispensing with the electric engines. The neces- 
sary train of gear-wheels between the turbine and the 
mA would present no technical difficulties at the present 
ov. A description of this mill has already been pub- 
lished elsewhere. t+ i? , 
Reviewing the rolling-mill practice in America, and the 
peculiar characteristics of construction and arrangement 
which have been made with a view to obtaining the 
greatest possible output, it is unquestionable that the 
results aimed at have been fully achieved, and must 
command the admiration of all tical iron-manufac- 
turers. But the creation of an iron industry on such a 
scale as that which has been achieved by the skill and 
foresight of the Americans is only possible given cer- 
tain economic conditions. The o' isation necessary to 
enable the manual labour to be dispensed with must be 
thorough and complete, and is dependent upon the con- 
dition of beirig able to manufacture on a large scale. This 
in is only ible where the market conditions are 
favourable. It is clear that special mills cannot be 
worked at a profit unless they can be run at their full 
capacity, as the experience of the past two or three years 
has shown, in the case of the Gary rail-mill. In comparing 
German practice with American, and taking into con- 
sideration the difference in the economic conditions in the 
two countries, there is no reason to be dissatisfied with 
the present state of development of rolling-mill practice 
in Germany. r : : 
The only feature which might, with advantage, be 
adopted in Europe is the continuous rolling-mill, either 


in the form of the entirely continuous mill or of the con- | §) 


tinuous roughing-mill. The entirely continuous mill can 
only be used for the same purpose as in America—that 
is, for rolling a very limited class of goods, such as billets, 
bars, wire-rod, or tube-strip. They would therefore be 
special mills, and their profitable use would be governed 
entirely by the market conditions and purposes for which 


a Stahl wnd Eisen, 1911, page 592. 
+ Ibid., page 794; Iron Age, 1912, page 1211. 








the finished gee was required. Such mills are quite 
suitable for German conditions, and some are already in 
operation, but they are quite impracticable for small 
sections which may be required in many shapes. 

The economy of continuous mills as roughing trains for 
small and medium-sized sections depends upon market 
conditions only—that is, upon the of goods rolled. 
This explains why certain mills built here in accordance 
with American practice have failed to fulfil the expecta- 
tions of their builders, until the class of —— rolled was 
strictly limited to a few sections most in demand, thereby 
avoiding the frequent changing of rolls. Even then the 
advantages are only apparent, as the other trains become 
overloaded with the sections which the continuous 
roughing train cannot take. 

rom what has been said, it is apparent that it would 
be out of the } te to adapt American systems of 
rolling-mills and rolling methods to European conditions, 
notwithstanding, of course, that many valuable object 
lessons may be learned from them. lowering of 
cost of production by allotting orders for certain classes 
of ny a to certain mills is a great advantage, since, 
under these circumstances, a whole works can be equipped 
for one or two particular classes of product. The found- 
ing of the United States Steel Corporation greatly facili- 
tated this sub-division of rolling-mill work, and it would 
undoubtedly be of great advantage to copy this practice 
in Europe. 

In conclusion, the author has to express his most 
cordial thanks for the kind reception accorded to him and 
his friends everywhere in the United States. The utmost 
readiness was displayed in permitting him to visit and 
inspect the works, and all kinds of information and data 
were unreservedly placed at his disposal. The unfailing 
courtesy and kindness which he met with on the part of 
all concerned demand the author’s grateful acknowledg- 
ment. 





ARGENTINE Raitways.—The working expenses of the 
Buenos Aires Great Southern Railway stood, in the 
second half of last year, at 55.51 per cent. of the gross 
receipts, as com with 55.32 per cent. in the cor- 
responding period of 1911. The actual increase in the 
company’s current expenses during the past half-year 
was 424,697/.; on the other hand, the gross receipts 
expanded to the extent of no less than 756,751. Since 
the close of June, last year, 89 miles of extensions 
have been opened for traffic—viz., sections from Juancho 
to Vivorata, 49 miles; Barrow to Juan E. Barra, 
37 miles ; and an extension of a quarry line at Tandil, 
3 miles. The total length of line in working upon the 
system at the close of June, last year, was 3510 miles. 
A proposed amalgamation of the Buenos Aires Great 
Southern and the Buenos Aires Western Railway com- 
panies has received official approval, but has not secured 
at present the sanction of the Argentine Legislature. 
The Buenos Aires Great Southern Railway Company has 
——— in hand at present to the aggregate extent of 
477 miles. 





Russian INDUSTRIES AND THE RalL_ways.— At the 
seventh All Russia Congress of Representatives for In- 
dustry and Commerce the questions of the growth of 
Russian industries during the last decade, and the fear 
of the inadequate development of the country’s railway 
system being likely to cause a stagnation, were gone 
into. The extension of industry under the influence of 
railway construction, and its dependence upon improve- 
ments of the means of communication, were dealt with. 
As points of great importance the following were sum- 
:—Growth of the industrial production in certain 
large branches—naphtha, coal, metals, timber, mining, 
&c.; extension of agriculture and of some agricultural 
industries—sugar manufacturing, dairy farming, &c. ; in- 
crease of the capital invested in industry ; development 
of the railway system and the gradual increase of its 
capacity ; the relation between the growth of production 
generally and the extension of the railway system ; how 
much has the development of industry exceeded that of 
the means of rt, and is there any danger of the 
sluggish development of the railway system bringing the 
industry into a difficult position ; the necessity of removing 
these difficulties by causing the conditions for railway 
construction to be emphasised. 





Ke.ty’s Directory or ENGINEERS, [RON AND METAL 
Traves, &c.—The full title of this directory for 1913, 
now in its twelfth edition, is ‘‘Kelly’s Directory of the 
Engineers and Iron and Metal Trades and seers Pee 
prietors.” It is edited and a ye by Kelly’s Direo- 
tories, Limited, 182 to 184, High Holborn, W.C., at the 
price of 30s. It covers the inesses connected with 
the industries in question throughout England, Scotland, 
and Wales, the principal towns in Ireland, the Channel 
Islands, and the Isle of Man. It contains 1940 pages 
of closely-printed information in the —— 3 of names, 
addresses, specialities dealt with, telegrapbic addresses 
and telephone numbers. This directory was first issued 
forty-four years ago; it has since been published at 
intervals of four years. The editors inform us that all 
the places dealt with, over 10,000 in number, have been 

ially visited, in order to ensure accuracy. For 

land, Scotland, and Wales, the information 1s classi- 
fied under the counties and the towns, the information 
for each town being given alphabetically according to 
trades and specialities ; there is a separate chapter for 
London and its suburbs, and also a spon chapter for 

land, Scotland, and Wales, classified by specialities 
and trades. The book is completed by similar informa- 
tion for Ireland, and also for the Channel Islands and the 
Isle of Man. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are ash Further 
information concerning them may be obtained from the 
Commercial Branch of the Board of Trade, 73, Basinghall- 
street, London, E.C. eae 

New Zealand; H.M. Trade Commissioner for New 
Zealand (Mr. W. G. Wickham) has forwarded a copy of 
the year-book for 1912-13 of the Wellington Harbour 

, from which it appears that the Board contemplates 
the construction of a breastwork, 1200 ft. in length, along 
the Waterloo Quay sea-wall, to give berthage accommo- 
dation to vessels carrying timber, coal, and ap hy ‘ 
The Board has also approved the preliminary plans of a 
new wharf, suitable for the largest ocean-going vessels 
visiting the port, which is to be built to the east of the 
King’s Whark, The new wharf is to be 943 ft. and 760 ft. 
long on the east and west sides respectively, with a width 
of 187 ft. over all. Provision is made for shed accommo- 
dation, and the goods are to be dealt with by overhead 
electric cranes inside these sheds, and by semi-portal 
hydraulic cranes outside. Two lines of railway will run 
down on each side ¢ the wharf, so that it may be used 
for export pur if necessary. 

South, A rion : HM. Trade Commissioner for South 
Africa has forwarded the following figures, taken from 
the Census Returns of 1911, relating to the number of 
boreholes in the Union of South Africa, and pumps used 
in connection therewith :— 





— Number. —_ Number. 
Boreholes — Pumps used in connec- 
Depths. | tion with boreholes 
140 ft. and under..| 12,488 and wells— 
Over 160 ft... ..| 1,540 Hand-ope --| 6,629 
Other depths un- Windmill-driven.. 11,694 
specified .. 574 Steam-driven .. 142 
| Driven by internal- 
Total 14,602 || combustion en- 
| nes... 444 
| Unspecified 2,687 
| Total .. .| 21,465 








The Commercial Intelligence Branch of the Board of 
Trade has received a tel from His Majesty’s Trade 
Commissioner for South Africa to the effect that a Bill 
has been introduced into the Union Parliament to provide 
for the construction of 795 miles of railways, at an esti- 
mated cost of 2,731,631. 

Australia; With reference to the notice on page 211 
of our last volume, and to previous notices, relative to 
the utilisation of the Murray River for navigation and 
irrigation purposes, it is notified that a copy of a report 
on the proposed works, by Captain E. N. Johnston, the 
engineering expert appointed by the Government to inves- 
tigate the matter, has been received from the Imperial 
Trade Correspondent at Adelaide (Mr. J. K. Samuel). 

Egypt: H.M. Consul at Cairo (Mr. A. D. Alban) 
reports that tenders are invited for the supply to the 
Egypt Coastguard Administration of two motor-driven 
at al trol vessels. . Sealed tenders, marked ‘‘ Tender 
for the Supply of Motor Patrol Vessels,” will be received, 
up to noon on June 1, by the Director-General, Coast- 
guard Administration, Cairo, from whom the conditions 
of tender, &c., may be obtained. A Me mg copy of 
the tender must be sent to Mr. A. M. Gordon, M.I.N.A., 
Baltic Chambers, Wellington-street, Glasgow. A deposit 
of 2 per cent. of the amount of the offer must acoompany 
each tender. 

Spain: The Gaceta de Madrid of April 12 publishes a 
decree ear-marking, in favour of the inistry of 
Fomento, a sum of 9,500,000 pesetas, to be used as a 
subsidy for the State Harbour Board during the present 
year. The ——— are the ports principally affected, 
and the amounts allocated to each :—Ueuta, 1,750,000 

tas; Melilla, 1,000,000 pesetas ; Cadiz, 800,000 pesetas; 

nna, 440,000 pesetas; Seville, 420,000 pesetas ; 
Alicante, 400,000 pesetas; Almeria, 400,000 pesetas ; San- 
tander, 400,000 tas. (At present about 27 pesetas 
= 11.) With reference to the notice en 440 of the 
Board of Trade Journal of November 28, 1912, relative to 
a call for tenders for the construction of outer break- 
waters and wharves in Valencia Harbour, H.M. Consul 
at Valencia (Mr. E, Harker) reports that the contract for 
carrying out the works has been awarded to a Spanish 
firm, whose name may be obtained by United —— 
manufacturers and contractors on application to the Com- 
mercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, on, E.C. 

Italy : The Gazzetta Ufficiale, Rome, of April 14, states 
that tenders will be opened on May 5 for the construction 
of a 6{-mile section of the direct line from Rome to 
Naples—viz., between Nome and Fiume Amaseno. The 
cost of construction is estimated at 2,259,000 lire (90,3601. ). 
Although this contract will doubtless be a led to an 
Italian firm, nevertheless there may be openings for 
manufacturers in the United Kingdom to supply some of 
the materials required. 

Portugal: With reference to the notice on page 585 of 
our last issue relating to the construction and working of 
a railway from Tomar to Nazaré, the Diario do Governo, 
Lisbon, of April 14, states that tenders in respect of this 
concession be received up to June 14, at the offices 
of the Ministerio de Fomento, Reparticio de Caminhos 
de Ferro e Pessoal, Lisbon. Tenders, which should be 
made out in Portuguese, must be accompanied by a 
deposit of 8000 milreis (about 1530/.), L representa- 


tion is Tr 
Russia: H.M. Consul-General at Odessa reports that, 
apcording to the Torgovo Promyshlennaya Oa 


zeta (St. 


Petersburg) of March 15 to 28, the preliminary work for 
the survey of the proposed waterway from Riga to 
Kherson is nearly finished, and efforts are to be made 
to complete the survey by the end of this year, so that 
the Bill to authorise the scheme may be laid before the 
Duma as soon as possible. The project is put forward 
as a memorial to the 300th anniversary of the Romanoff 
dynasty, and, if carried out, will provide water com- 
munication between the Baltic and the Black Sea. In 
the meantime work is being carried on between Orsha 
and the Black Sea out of current appropriations. Con- 
siderable work will be done between Ekaterinoslav and 
Gradizksk during the summer in clearing the channel by 
blowing up the subm reefs and small rapids and 
then deepening theriver bed. Two million roubles (about 
211,000/.) have been assigned to this work, which will 
occupy about four years. The work of deepening the 
river is being carried out between Ekaterinoslav and 
Kiev, and several new dredgers will be brought to Kiev 
in the spring to accelerate the work. From Kiev to 
Loyevo and Orsha the work will be limited to st hen- 
ing the banks and deepening the chanvel. The Vilna 
district will carry out the construction of the canal which 

ill have to be made from Orsha to the Dwina river. 
The lower course of the Dnieper from Alexandrovsk to 
the sea has a depth of 5 ft. 10 in., and is therefore con- 
sidered ready foi use. The design for the locks required to 
enable vena to pass the Dnieper rapids is worked out, 
and will shortly be placed before the Council of Ministers. 

French West Africa: The Quinzaine Col le (Paris) 
of April 10 states that the details of the West African 
loan, which has been — since June, 1911, are at last 
in possession of the Chamber of Deputies. Of the 
160,000,000 francs to be raised, 20,000,000 francs only are 
to be devoted to maritime works, 10,000,000 francs of 
which are to be spent on improving the mouth of the 
Séné by works on the bar. The rest of the loan 
(140,000,000 francs) is to be expended on lengthening and 
improving the system of railways in French West Africa. 
The amount will be allocated as follows :— 





Francs. 
Completion of line from Thits to 
ieee 
Sanitation in Sénégal... a 9 250,000 
Construction of line from Bamako 
to Bougouni ... vii = ... 15,250,000 
Extending the Guinée Railway from 
Kanka to —_ res we ... 25,000,000 
Extension of the Ivory Coast Rail- 
way from Bonaké to Comoé, with 
a branch from Dimbrokoto Daloa 44,000,000 
Extension of Dahomey Railway from 
Savé to Djougou vid Parakou ; 
construction of line from Cotonou 
to Segboroué, and from Porto- 
Novo to Cotonov ... ies ... 30,500,000 
Total 140,000,000 


As the railway system has such an enormous influence 
on the development of French West Africa, it is ho 
that there will be as little delay as possible in carrying 
out the prgest. 

Brazil: The Diario do Governo, Lisbon, April 14, pub- 
lishes a decree authorising the Ministry of Communica- 
tions and Public Works to arrange for the construction 
of a port in the City of Nictheroy, capital of the State 
of Rio de Janeiro, in accordance with the plans and 
specifications which have been submitted and approved. 

be cost of carrying out the work will be debited to the 
Special Port Fund. 





CANADIAN NorrHern Rattway.— Work is in full 
swi on the Lalu Island branch of the nadian 
Northern Railway, running from the west boundary of 
New Westminster to Steveston, at the mouth of the 
Fraser. It is expected that grading will be completed at 
the commencement of June. 





CANADIAN Rariway DeveLopmENnt.—At the close of 
June last year the capital of Canadian railways had 
risen to 1,588,937,526 dols., showing an increase of 
60,248,325 dols., as compared with the corresponding 
capital at the close of June, 1911. The aggregate amount 
of the stocks of Canadian railways in existence at the 
close of June, 1911, was 770,459,351 dols., while the 
aggregate funded debt outstanding was 818,478,175 dols. 
Of the funded debt, 772,532,108 dols. were represented by 
bonds, 17,119,466 dols. by income bonds, 16,217,883 dols, 
by equipment trust obligations, and 12,608,718 dols. by 
miscellaneous obligations. The average cost of Canadian 
railways for construction and equipment to the close of 
June, 1912, was 59,454 dols. per mile. This total is 
regarded as an approximation only, but it compares 
favourably with the corresponding capitalisation of rail- 
ways in other countries, the average for the United 
States being 59,345 dola. per mile; for the United 
Kingdom, 275,166 dols. per mile ; for France, 94,933 dols. 
per mile; for Germany, 111,737 dols. per mile. A 
portion of the railway mileage of Canada is owned by 
the Canadian Government; and it may be observed 
that the Intercolonial Railway, which has 1463 miles of 
line, cost on an average 64,761 dols. per mile; the Temis- 
kaming and Northern Ontario Railway, 58,495 dols. per 
mile ; the Prince Edward Island Railway, 32,296 dols. per 
mile; and the New Brunswick Railway, 33,398 dols. per 
mile. In 1908 the return on the stocks of the railway 
companies averaged 2.11 per cent. per annum ; in 1909 it 
was 2.97 per sent. per annum ; in 1910, 3.16 per cent. per 
a in 1911, 4.08 per cent. per annum ; and in 1912, 
year, 12,667,791 dols. were distributed upon preference 





stock and 18,487,000 dols..upon ordinary stock, 





per cent. per annum. Of the total dividends paid last | chairs 





CATALOGUES. 

Electric-Light Fittings.—A catalogue section illustrat. 

ing and stating prices for electric-light pendants and 

ing fittings with *‘ Holophane” glassware has been 
lomel y the General Electric Company, Limited, 67, 
Queen Victoria-street, E:C. 

Pneumatic Tools.—The latest bulletin from the Chicago 
Pneumatic Tool Company, of Fisher Building, Chicago, 
Tlls., U.S.A., gives full particulars of Boyer, B.K., 
and Keller pneumatic hammers for riveting, chipping, 
caulking, stone-carving, anc other work. Dimensions 
of standard rivet sets and chisels for use with these 
hammers, and some general notes on their maintenance, 
are also included in the bulletin. The London address 
of the firm is the Consolidated Pneumatic Tool Company, 
Limited, 9, Bridge-street, Westminster, S.W. 

Arc-Lamps.—Measrs. Siemens Brothers Dynamo W orks, 
Limited, 38 and 39, Upper Thames-street, E.C., have 
sent us a descriptive price-list of a new type of double- 
enclosed flame arc-lamp they have just put on the market. 
These lamps are for use on alternating-current circuits, 
and are especially suitable for the illumination of large 
areas, such as streets, docks, or works, where cost of 
carbons, trimming, and cleaning is an even more impor- 
tant consideration than the cost of current. Among the 
advantages claimed, long-burning houfs, low - carbon 
consumption, and low-power consumption are specially 
mentioned. Prices are stated for the lamps and carbons, 
and also for accessories, such as choking-coils, resistances, 
transformers, and spare parts. 


Electrical Insulators.—The Ebonestos Manufacturing 
Company, of 127, Pomeroy-street, New Cross, S.E., 
have sent us an advance copy of their illustrated cata. 
logue of moulded insulators made of ebonised asbestos, 
and consequently called ‘‘ Ebonestos” insulators. The 
material is made in over forty different grades, all of 
which, we understand, have high insulating properties, 
and great mechanical strength, but some are better 
adapted than others to resist the effects of heat, acids, 
and alkalies. It is also supplied in various colours, and 
any special shade can be matched if necessary. The 
catalogue gives full-sized dimensioned drawings of a very 
large selection of bushes, pulleys, handles, sleeves, 
washers, caps, telephone parts, terminals, brush-holders, 
hand-wheels, covers for lamp sockets, and many other 
articles ; prices are stated for dozen or gross lots in each 
case. 


Lubricating Grease.—From the Birmingham Manv- 
facturers’ Supply Company, 17, Easy-row, Birmingham, 
we have’ received a pamphlet relating to a lubricating 
— called ‘‘Susub,” manufactured vy Messrs. 

rederick J. Bayley and Co., of Alexandra Works, Weet 
Bromwich. The grease is intended to be used in place 
of suet or tallow, and the manufacturers state that it 
lubricates satisfactorily at any temperature or pressure, 
and also under water. The pamphlet gives some general 
notes on lubrication and then refers to the properties of 
‘“*Susub,” claiming that a very considerablé saving results 
from its use. Some photographs of hydraulic forging- 
presses, cranes, and steam-hammers, on which it is em- 
ployed, are reproduced, and several testimonials from 
users are also included. 


Mechanical Draught.—The Sturtevant Engineering 
Company, Limited, of 147, Queen Victoria-street, E.C., 
have recently issued a new catalogue relating to mecha- 
nical draught for boiler and other furnaces. Several 
installations of induced draught, and a few forced-draught 
installations, are illustrated by reproductions of photo- 
graphs and drawings. The relative advantages of 
chimney draught and mechanical draught are also dis- 
cussed, a strong case being made out for the latter, 
especially when used in connection with economisers. 
The methods of driving induced-draught fans are also 
touched upon, a steam-driven Sturtevant fan, fitted with 
an automatic regulator, being illustrated. With this 
device the draught is omer Sate in accordance 
with the load, so that a constant boiler pressure is main- 
tained irrespective of the demand for steam. 


Crushing Machinery, Chemical-Manure Plant, d&c.— 
From Messrs. Pratchitt Brothers, of Denton Iron Works, 
Carlisle, we have received a copy of a catalogue illus- 
trating and giving particulars of crushing machinery, 
chemical-manure plant, colliery plant, and other machi- 
nery manufactured by them. he catalogue first deals 
with horizontal and vertical three-throw ram-pumps, and 
then with disintegrators for crushing and mixing coal, 
superphosphates, spent oxide, foundry sand, and similar 
materials. Particulars are also Pang of plant for pre- 
paring chemical manures, including mixing-machines, 
pulverising-mills, elevators, and excavating-machines for 
emptying superphosphate ‘‘dens.” Edge-runner rind- 
ing-mills for sand, loam, and mortar, and steam-driven 
hauling and winding-engines for use in mines and col- 
lieries are also listed. Prices are stated for some of the 
plant. 





Mera.iic Permanent-Way.—The exports of metallic 

rmanent-way from the United Kingdom showed 
airly good increase in the first three months of this you 
the shipments having been 33,895 tons, as compared wi ~~ 
25,594 tons and 24,435 tons in the corresponding per! 
of 1912 and 1911 respectively. British India continues 
be the main support of this branch of our exports, having 
taken metallic chairs and sleepers to March 31, this year, 
to the extent of 27,326 tons, as compared with 19,673 — 
and 21,102 tons respectively. The value of the exports 
irs and metallic sleepers in the first three mont de 
this year was 214,942/., as compared with 134,497/. 
121,083). respectively. 
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transferred. to the machine used by the British| The total movement due to these two causos was 
THE shape ogg pa Bk st Thomson-Houston Company for balancing turbine} not measured, and hence, when the tests were 
sT i? ‘_. | and generator rotors, and was driven round by a/ taken with the shaft running in bearings in a hori- 
Tar most noticeable feature in steam-turbine|steam-turbine at a series of speeds which was| zontal position, with these disturbing effects non-. 
practice of recent years has been the steady | increased in steps from 1000 up to 3750 revolu-| existent, the actual difference between the reading 
yerease in blade speeds, which now frequently/| tions per minute. After each run the axial shift| taken with the micrometer gauge—when the wheel 
exceed peo See a je wa el | — pci and the following results were re- | was 44 oom before any tests had been taken—and 
in the centrifugal stresses developed, introduced | co — a reading for any given speed was smaller than 
yovel factors into the problem of properly securing the true value by the amount of the movement 
the wheel-dises on to their seats. There was no in |..Distance | Difference = | Difference | Of the disc along the shaft due to this initial force 
ertainty that a forced m which psn ee at Revolutions \Polat end Wheell’ the Shat wens | L by » fit. By adding to each observation the small 
of = ft. a t. per a would remain | per Minute. te Enchees, Inches. | Hub in Inches, ow. pene in, hea — hub ay 
hen the speed was greatly increased. e —_—- iven ow were obtained, and these 
ah | the +~ and gpg of == ote y= 4 0.008 0.000188 plotted on the curve, Fig. 3, as stated. nga 
based upon . .000200 rrected xpansio 
a canmaiiets and Mr. , taen, za 1600 10.760 0.020 0.200686 —— - im teehee ‘ 
the British Thomson-Houston Company, Rugby, = ee a = am a 
jetermined accordingly to investigate the matter 2250 10.792 0.053 0.001766 1250 0.00052 
aperimentally. The results, we may state at once, 4 ay om rye ane 1500 0.00008 
ye in remarkably good accord with calculations 3000 10.859 0.111 0.008700 Hed Sours 
based upon the usual formule. 3250 10.867 0.128 0.004266 2250 0.00208 
The cael experimented with is illustrated in ms boa oo aus eonnes a Sa. 
Fig. 1, being representative of the practice of the 3000 0.00402 
3250 0.00458 
Fig = sees 
¥ Calais Fig.2. EXPANSION OF HUB TURBINE WHEEL. Pep 
—- I comparison was next made between these 
Se a corrected observations and the calculated hub ex- 
pansions of the ‘‘equivalent wheel,” which is 
po ce ream by the dotted lines in Fig. 1. The 
-—+— calculation was made by means of the formule 
given by Stodola, and the results for a speed of 
ag B 3000 revolutions per minute are plotted in Fig. 4. 
' The tangential stress and the radial stress were 
piag os g H mS! determined for points at different radii, enabli 
{ the corresponding curves to be drawn ; and, as wil 
be seen, a similar calculation was made of the cor- 
responding radial extension. 
In Fig. 3 the observed and calculated hub ex- 
. 4 é pansions at different speeds have been plotted for 
74 ow 8 the whole series of speeds covered, and, as will be 
: \ rw iS seen, the agreement is remarkably close. The 
. ' & curve shows that at a speed of 3000 revolutions per 
: \ ' 3 rs minute the hub expansion is 4 mils on a diameter 
%j \N x : of 54 in. With steel to steel, a forced fit of more 
WW Ped than 3 mils on such a diameter is inadvisable, and 
—s }— -+— hence, unless special precautions are taken, a disc 
§ 8 A such as that experimented with would get loose 
3 8 on its shaft when run at 3000 revolutions per 
5 7 a 4 g i minute. 
é > Such discs -— commonly been fitted with a 
& ae ae single key. If they get loose, they then rock 
+—.+— + . about this key when at work, bruising the seat 
¥ieera) ¥ on each side, and raising burrs which make it 
Fig.3. EXPANSION OF HUB OF TURBINE WHEEL. Fiig.4. EXPANSION OF HUB OF TURBINE WHEEL 
, 0008 02 
3 re | REVS. PER MIN. 
aang From Tests of 1912 aaa ? 
S 0006 
8 O18 } 45. 18000 
8 000s 06 1° 
‘On 4 8 4000 
004 1g 0@ 17312000 
8 p'0”0 | 3 10000 
8 008 1% 8000 
‘006 |' 6,000 
ty om |= 2000 
(eees.c) 0 1000 3000 000 (se63.0) 


British Thomson-Houston Company, Limited. 
For the purpose of the test it was bored to a taper 
of 1 in 30. Without altering the setting of the 
lathe, a corresponding seat was turned on a shaft, 
%0 that a perfect fit between the wheel and its seat 
was secured. The disc was then mounted on this 
shaft, a8 indicated in Fig. 2, being pressed on to its 
seat by means of a spring, backed by two nuts 
locking each other, as indicated. This spring was 
made of round steel, lin. in diameter, and was long 
enough to follow up the axial movement of the 
Se throughout the whole extent of the tests. 
t was, however, only tightened up sufficiently to 
— that it would ‘‘follow up” the wheel 
uring the whole of its axial motion. Behind the 
nuts a peg was screwed in the shaft, which 
oo as a reference point from which the axial 
shift of the wheel on its seat could be measured. 
india done by means of a micrometer gauge, as 


The shaft with the wheel thus mounted on it was 


2000 








It will be seen that as they stand the results 
recorded do not agree with the law that the expan- 
sion of the hub should vary as the square of the 
speed. This law must necessarily be true, and 
some explanation of the departures observed from 
it is necessary. This small amount of 0.00032 in. 
represents an initial opening of the bore due to 
force fit, which was not measured before the test 
was commenced. In the assembly of disc and 
shaft, the disc was placed on the shaft, with the 
latter in a vertical position. The weight of the 
disc, when the same was resting on the taper of 
the shaft, with the shaft in the vertical position, 
would force the disc up the taper to a certain 
extent. In addition, when the disc was lowered 
on to the shaft, it is more than probable that the 
disc was not retarded and brought to rest just at 
the moment that it touched the taper, but rather 
that the energy stored in the disc, due to its 
velocity of descent, was absorbed in pressing the 
same slightly further up the taper of the shaft. 


02 4 6 8 W 2 H 6 & DW 2 2% 
Inches Radius 


difficult afterwards to draw off the wheel from ite 
shaft should the necessity arise. This pernicious 
effect can be prevented by adopting three keys; but 
these are troublesome to fit, so the plan has been 
adopted of inserting in the hub a bronze liner. 
The fit is then bronze to steel, instead of steel 
to steel. The allowance for forced fit on a 6-in. 
shaft can thus be made 8 mils without difficulty, 
and this, it will be seen, is sufficient to ensure that 
the wheel remains tightly in its seat even at the 
highest speeds reached. 





Tue ITavian Navy.—The latest Italian battleship to be 
launched (at La Spezzia) is the Andrea Doria. She is the 
fifth Dreadnought built for the Italian Navy. She is 583} ft. 
long by 93} ft. m, and her displacement is 22,400 tons. 
She is fitted with Parsons turbine engines, driving four 
screws, and supplied with steam from 20 boilers, of which 
half use liquid fuel, while the others depend upon a com- 
bination o and petroleum. Her engines will work 





up to 24,000 horse-power, and she is expected to steam at 
the rate of 23 knots. She carries 33 guns. 
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THE PANAMA CANAL.—No. I. 


THe rapid a now being made on the 
works of the Panama Canal, many of which are 
actually nearing completion, renders it permis- 
sible to revert again to the subject of this great 
undertaking, which ranks as the largest single engi- 
neering enterprise yet attempted by mankind. The 
canal as a whole has been already dealt with in 
these columns, and recently we described some of 
the features of the work in greater detail, as, for 
instance, the methods of construction employed 
for the locks at Pedro Miguel and Miraflores, while 
we also gave an illustrated account of some of the 
mechanical portions of the work.* We now illustrate 
in Plates XXXV. to XXXVII{. with this week’s 
issue of ENGINEERING, and on pages 623, 624, and 
625, various other features of the construction of 
the locks. The views on Plate XXXV. and page 
623 relate to the locks at Gatun ; those on Plate 
XXXVIIL. to the locks at Miraflores; those on 
Plate XXXVII. to the locks at Miraflores and 
Pedro Miguel; while the illustrations on Plate 
XXXVI. are of plant used in the construction of 
the locks. 

The locks on the canal are the largest of their 
kind in the world, and the flight of three double 
locks at Gatun forms the t monolithic concrete 
structure extant. The total amount of concrete in 
the Gatun locks is estimated at about 2,043,730 
cub. yards, and of that about 98 per cent. is 
already in place, portions of the approach and 
wing-walls at the ends only remaining to be com- 

leted. This great structure ranks therefore 
fore the Assouan Dam as regards size, though its 
building has been comparatively a straightforward 
matter, and has not involved difficulties of the 
character encountered in the imposing monument 
to modern engineering skill in Egypt. The amount 
of material in the finished locks at Gatun will be 
about two-thirds as much as is contained in the 
Great Pyramid of Gizeh, the present standard of 
measurement of human accomplishment as regards 
masonry erections, and ex ing, as it does, the 
Assouan Dam by some 400,000 cub. yards, is, as far 
as we know, the second largest structure completed 
to the present time. One of the largest single 
works is probably the Gatun Dam, on the canal, but 
this has been constructed of earth, and has neces- 
sitated rather more in the way of a high degree of 
organisation than of engineering skill, and as an 
accomplishment does not compare with the building 
of the monolithic lock structures. 

The locks of the canal have a usable length of 
1000 ft. and a width of 110 ft. They are arranged 
in pairs, so that vessels may be locked through in 
both directions at once. In addition to the locks 

roper there are the necessary clearance spaces 

etween gates, forebays, &c., together with wing- 
walls and long approach or guide-walls, bringing the 
total length of the structure for the locks in three 
flights at Gatun to rather more than 1 mile. For 
such a construction the question of foundations was 
naturally of the utmost importance. The flight of 
locks cuts through a hill which was thought to 
contain suitable strata, but the preliminary borings 
were regarded by many engineers as by no means 
reassuring, as there seemed to be indications that 
it would be impossible to secure sound foundations 
throughout the 9 necessary. In 1908, how- 
ever, the results of more extensive borings were 
made known. They had been carried out to a 
depth extending to at least 50 ft. below the founda- 
tions of the lowest lock over the whole area covered 
by the pro lock-walls, and also over much of 
the sites of approach and wing-walls. This explora- 
tion showed that for the most the excavation 
work for the locks would be through argillaceous 
sandstone, below which was a bed of varying thick- 
ness of strong conglomerate. Under the latter was 
a stratum of what was at first supposed to be black 
sand, but which subsequently proved to be soft 
sandstone, below which, in, there was argil- 
laceous sandstone mixed with tufa. 

The upper bed of argillaceous sandstone proved 
to be a dense material impervious to water except 


* We may specially refer to the pyper on the Panama 
by lonel rge W. Goethals, the Chairman 

and Chi i ef of the Isthmian Canal Commission, 
which will be found on pages 171, 238, 292, and 325 of our 


Fn Pag volume; to ‘Ten oe on the Panama 
in April, 1912,” by Mr. G. W. Eves, M. Inst. C.E., 
on 414 and 449 of our last volume; and to a very 
fully illustrated article giving many details of the locks 
which appeared on page 772 of our last volume. 





where fissured. The conglomerate was slightly 
water-bearing, and was found to be fissured. The 
soft sandstone and the stratum below it, of argil- 
laceous sandstone and tufa, were also water-bearing. 
The strata dipped in the direction of the flight of 
locks. The conglomerate, exposed subsequently in 
excavating for the upper lock, where the chief 
trouble arose, due to the fact that the work 
passed through several different strata, was found 
to be so sound and dense as to necessitate blast- 
ing to remove it. The soft sandstone underlying 
it ran the whole length of the upper lock, but 
at the lower end was covered by other strata. 
When first examined, as stated above, this sand- 
stone was thought to be water-bearing sand, which 
it would have been necessary to remove in order 
to secure a good footing on the rock beneath. It 
proved, however, to be soft rock, rather difficult 
to remove with a pick. Its suitability for founda- 
tions was tested f a load of 530 1b. per sq. in. 
placed on an iron late 6 in. square. After a la 
of five days a settlement of 0.029 ft. was found to 
have taken place. That settlement was considered 
to have been due rather to erosion of the material 
by water percolating through it than to actual 
compression, and the material was accepted as 
satisfactory for foundations. The upper locks 
thus rest partly upon soft sandstone, partly on 
conglomerate, and partly on argillaceous sandstone. 
The middle locks rest on argillaceous sandstone, 
with conglomerate near the surface at their upper 
end, while the lower locks are wholly on the 
argillaceous sandstone. 

he compression tests just referred to were sub- 
sequently repeated on a larger scale. An area 
15 in. by 15 in. was levelled off, and an iron plate 
1 ft. square set on it in neat cement. On this 
plate rested the end of a vertical 12-in. by 12-in. 
timber post, carrying a platform. The platform 
was ually loaded up, readings being taken from 
the start, so that the point at which compression 
began might be recorded. The tests were mostly 
carried up to 500 1b. per sq. in., the load being 
balanced on the test surface, and free from inter- 
ference. Of numerous tests with the rock drained, 
or covered with water, two showed no compression 
at 500 lb. per sq. in., one 0.013 ft. settlement, and 
one 0.004 ft. One test on rock exposed to air gave 
0.034 ft. settlement for a load of 450 lb. per sq. in. 
The tests showed generally that the rock was strong 
enough to stand the loads contemplated. 

In order to cut off water percolation through 
the soft sandstone underlying the floor of the upper 
lock, curtain walls were extended across the whole 
site at a point underneath the upper forebay, and 
carried down to the impervious argillaceous sand- 
stone. Walls, 6 ft. thick, extend from this cross wall 
about 680 ft. down the outside of the lock, so as to 
shroud the whole of the soft sandstone exposed 
during excavation for the foundations. At the same 
time the lock-floor over this area was thickened, being 
made 20 ft. thick at the upper end in the fore bay, 
and 13 ft. beneath the 450 ft. of flooring in the 
top locks. Over the thickened portion of the floor, 
in order to overcome any danger from upward pres- 
sure due to the presence of underground water, the 
concrete was anchored to the sandstone by means 
of old rails. Fora length of 340 ft. along the floor 
of the upper lock holes were drilled 6 ft. apart in 
rows 6 ft. apart, rails being inserted in them and set 
in cement. The four centre rails of each row were 
30 ft. long, and were driven 20 ft. into the rock, 
leaving 10 ft. projecting into the concrete floor. 
Outside these were driven four 26-ft. rails, and 
outside these again on either side three 20-ft. rails; 
the projection into the concrete of the floor was in 
all cases 10 ft., so that there is a clear 3 ft. of con- 
crete above their tops. Where lateral culverts run 
across the floor, the rows of anchor rails were 
spaced 5 ft. apart, clear of the culverts. Over the 


lever was attached to the rail by a’shackle, and the 
long end loaded with 90-lb. rails. The anchor. 
rails, embedded 5 ft. in the rock, were subjected ty 
pulls exceeding 250,000 lb. without any sign of 
failure of the stone. The middle and lower locks 
at Gatun have no anchorages, neither does the 
system extend anywhere under the side or middle 
walls. The middle and lower locks, being on suit. 
able rock foundation, have floors of only 3 ft, in 
thickness, with the lateral culverts in trenches 
cut in the rock. 

In the flight of three twin locks there are 1% 
lateral culverts, 64 ft. in diameter, laid 32 ft, of 
36 ft. apart, across and underneath the floors, 
each communicating with the lock-chambers by 
five circular openings of an aggregate area of 
60 sq. ft. The lateral culverts join up alternately 
to longitudinal culverts in the side aud centre walls 
of the lock structure. The culverts in the side-walls 
are 18 ft. in diameter where completely circular, or 
of an equivalent area where of other cross-section, 
The lateral culverts communicating with the longi- 
tudinal culverts in the side-walls are of elliptical 
section and of 41 sq. ft. area; the alternate cul. 
verts connected with the longitudinal in the centre 
wall are of similar section and area under the floor, 
but are reduced to 33 sq. ft. in area at the throat, 
The locks are arranged with intermediate gates, so 
that vessels of various lengths can be handled 
without using the full length of lock. A vertical 
rise or fall of water-level of 3 ft. per minute was 
taken as the basis for figuring the culvert area, and 
in the case of short vessels the side culverts alone 
will suffice, though the centre longitudinal culvert 
will be used during the last few moments of filling. 
Only when long vessels, necessitating the use of 
the full length of the lock, are being handled will 
it be necessary to use the culvert in the centre wall 
throughout the operation. The fact, therefore, 
that it can only be used by one of each of the 
twin-locks at a time is not expected to give rise 
to difficulties. 

The width of the centre wall between the locks is 
60 ft. Each lock is 110 ft. wide; the side-walls 
are 50 ft. and 52 ft. wide at the base, and the 
curtain-walls outside the upper lock 6 ft. wide, 
so that at its widest the lock structure has 4 
width of about 396 ft. The side-walls extend 
beyond the locks at both ends, and are flared out 
to form wing approaches. The centre wall, as 
already noted, is extended at both the upper and 
lower ends of the structure to form an approach- 
wall or pier, against which all vessels will be brought 
up prior to entering the locks. At the upper end 
this wall, originally intended to be 1200 ft., is 
actually 1009 ft. in length. It is of cellular rein- 
forced-concrete construction, built on concrete piling 
foundation. The ground at this end of the site fell 
away, and had to be filled in. Piling was driven in 
this fill to solid foundation, and the pier built 
thereon. This wall has settled considerably, and 
for some time settlement proceeded at the rate of 
lin. per month, and work on it was in consequence 
temporarily suspended. At the lower end of the 
locks it was also intended to have an approach 
pier or wall about 1200 ft. in length, but recently 
it has been found that the rock underlying the site 
dipped so rapidly at this point, from about 36 ft. 
below sea-level to over 100 ft. below sea-level, that 
this wall has been curtailed by 200 ft., making the 
wall 1016 ft. long from its extremity to the fender- 
chain safety gear protecting the lock-gates. After 
excavating to about 40 ft. below sea-level, piles are 
being driven to rock (about 90 ft. below sea-level), 
and an approach-wall taking the form of a platform 
supported on flat arches and piers of reinforced 
concrete is in course of construction at this point. 
The shortening of this approach-wall will reduce 
the concrete work necessary by about 9000 cubic 
yards, and the amount of piling required by about 
: t 


lower end of the yg lock, where the foundation | 30,000 f 


is conglomerated, the floor is only 3 ft. thick, with 
the lateral culverts laid in trenches cut 10 ft. deep 
in the rock and 13 ft. wide. Over this portion of 
the floor anchor-rails 10 ft. apart in rows 8 ft. 
and 9 ft. apart were used, only driven about 6 ft. 
into the rock, and projecting about 2 ft. into the 
concrete of the floor. 

Before finally deciding upon this system of 
anchorage, the holding power of the soft sand- 
stone was tested. A 4:1 lever was arranged to 
exert a pull on rails embedded in the rock. The 
fulcrum was carried on an I-beam supported on a 
frame which transmitted the load to the ground at 


points 5 ft. from the hole. The short end of the 








In this wall the tops of the piling are overlaid by 
a platform of concrete 58 ft. wide and 5 ft. 6 in. 
thick, reinforced at a distance of about 1 ft. from . 
underneath surface by twenty longitudinal rows ¢ 
continuous 70-Ib. rails, with a like system 0 
reinforcement 6 in. beneath its upper surface. 
this platform are built twenty piers 50 ft. apart ot 
10 ft. thick. Each pier is pierced by an arch 
wide and about 40 ft. high, and stands on a stepp 
concrete base on the platform. Transverse rem 
forcement is provided in this base in the shape . 
rails 26 ft. long. The space between the piers ’ 
spanned by four plate-girders 6 ft. deep and by 8 
plate-girders 4 ft. 6 in. deep, all enclosed in cop 
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} in. crete. The depth of concrete where the, 6-ft. | occurred as recently as January 25. There then | with soft mud from 3 ft. to 18 ft. indepth. At the 
n ite girders are embedded, towards the outside edges | remained altogether about 123,000 cubic yards of | time of the occurence preparations were in hand fo 
8 of of the platform, is 10 ft.; at other places it varies | concrete to be placed at Gatun, and work was|laying concrete for the first 600 ft. of the w 

1 of im section. The six 4-ft. 6-in. girders are set | expected to be finished by the end of June. It) Work on only 300 ft. could be proceeded with sub 
On under the rails on which the towing locomotives is now estimated that it will be thrown back at | sequently until some 5000cubic yards of mud were 
and will be run. The six spans of this wall nearest the |least two months. When this slide occurred| removed. Steps were at once taken to remove the 
2 ft. locks will be shrouded completely by a curtain| piling had been driven for about 600 ft. of the mud by sluicing and by excavating. 

yped wall 2 ft. thick on either side, in order to prevent | requisite length of 1016 ft. of the pier. Part of| The need of piling for the foundations of the 
eiD- the surging of water from one channel to the|the west, bank, 500 ft. long and 300 ft. wide, | approach-walls at Gatun was not at first realised, 
e of other. The bottom of the spans will be 2 ft. above | moved bodily into the canal, wrecking two pile-|and the first 31,000 ft. were improvised of con- 
rs 8 water-level. drivers beyond repair, carrying away a hoisting-| crete reinforced by any suitable round material 
hoe . The construction of this wall has been greatly | engine, and doing a great deal of other damage, |at hand, so as not to delay the work. While 
con: impeded by earth slides, a very serious one having | besides covering the work for a length of 700 ft.|this was being utilised, material was procured 
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BACK VIEW 
TOWER, FPONT FORM AND SIDE FORM BRACES. 


for making rectangular piles, reinforced by angle 
irons at the corners, held together by iron stra 
at 18-in. intervals. The angle-iron longitudi 
were in 15-ft. lengths, which could be joined by 
splice-bars, so that piles of any length in multiples 
of 15 ft. could be used. For some unexplained reason 
trouble was experienced with the setting of the 
cement in these piles, and for the longer drives 
creosoted piles have been employed. Some 73,695 
lineal ft. of concrete piling were manufactured in 
1912, at a cost of 1.215 dol. per lineal foot, and 
75,474 ft. driven at Gatun, and, in order to expe- 
dite the work, 51,450 ft. of creosoted piles were 
also driven that year. 

Excepting the centre approach-walls, the whole 
of the lock structure at Gatun is in mass-concrete. 
The structure is so large that no single illustration 
can present an adequate view of the whole. An 
idea of the locks may, however, be obtained from 
Figs. 1 and 2, Plate XXXV. The first of these 
views is taken from the north end of the highest 
section of the centre wall, looking north. Fig. 2 is 
taken from one of the side-walls looking north. 
At the north end of the structure a temporary 
cofferdam was constructed, in order that dredgin 
might be carried on outside while work continu 
inside the locks. This cofferdam is shown in 
Fig. 3, while Fig. 4 shows the end of the locks 
oan the top of the dam keeping the water 
out. The cofferdam is of reinforced concrete, 
buttressed. It is shown in construction in Fig. 5, 

e 623, from the lock side. It is 46 ft. 4 in. 
igh, and closes the two 110-ft. widths of the lock 

ms. It contained 1040 cubic yards of rein- 
orced concrete, and 98,736 ft. b.m. of timber 
were used in its construction. It cost 36,093 dols. 
A view of the 1009-ft. ap h-wall at the upper 
end of the Gatun locks is shown in Fig. 6, 
623, and to the right hand of that view is to 
seen one of the flared wing-walls. 

The scale of the work necessitated elaborate 
arrangements for storing and handling material. 
While at Pedro Miguel and Miraflores the storage 
yards were, as described in ENGtnEENING, vol. xciv., 
page 772, in line with the locks, or on either side, 
at the Gatun site the storage of all material was 
arranged for on the west side of the locks. The 
yards had a capacity of 100,000 cubic yards of sand, 
and 200,000 cubic yards of crushed rock, and a shed 
was also provided for the storage of cement. The 
latter, having a capacity of 100,000 barrels, abutted 
on a dock, and the cement arriving by barge could 
be unloaded under cover by ten electric cranes. 
The rock and sand also came to the site by barge, 
and were unloaded by overhead cableways. There 
were one single and two duplex Lidgerwood cable- 
ways, all of 800 ft. span, extending completely over 
the docks and yards, and of which the towers ran 
on tracks on the dock side and on the far side of 
the yards. The material was removed from the 
yards by means of an automatic electric railway, 





running in tunnels be- 
neath the stock piles. A 
double track of 2-ft. gauge- 
line passed underneath the 
cement shed, under the 
sand and rock storage piles, 
and to the concrete-mixers, 
returning thence to the 
cement shed. Automatic 
electric cars, divided into 
com ments, travelled 
on these lines and received 
en route the measured 
materials in succession, 
transporting them to the 
mixers, and returning by 
loops to the storage yards. 

The latter plant con- 
sisted of eight 2 - cubic - 
yard mixers, from which 
the concrete was run in trains of flat bucket cars 
hauled by electric mine locomotives on tracks run- 
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ning along the locks to the point at which work BACK be oh red TOWER. 
was proceeding. This system was of 3-ft. 6-in. 
gauge. From the trains the concrete buckets 
were picked up and transferred to the work by 
four overhead Lidgerwood duplex cableways of 
800 ft. span, working on tracks laid outside the 
site and the receiving sidings for the concrete 
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supply trains (see Fig. 14, annexed), and capable 
of moving longitudinally over the major portion of 
the works—i e., all excepting the approach-walls. 
These cableways are shown in Figs. 1, 2, and 4, 
Plate XXXV. They were of 6 tons capacity, and 
had a total load lift of 175 ft. Their towers were 
85 ft. high. A view of some of the towers is given 
in Fig. 7, Plate XXXVI. 

Naturally it was hardly to be expected that 
such an elaborate system would work without a 
hitch from the start. The storage-yard cableways 
could not be worked at the anticipated speed, and 
some additional temporary plant was laid down 
to help the main plant out. Some faults de- 
velo) also on the automatic railway, which was 
originally laid down on the third-rail system, but 
afterwards c to trolley. Searchlights were 
installed, and unloading at the dock continued for 24 
hours diem. Operating on that basis in 1910, 
the five cableways for the storage yard were occu- 





pied 48.65 per cent. of the time in actual unloading 
operations ; 295 per cent. of the time was lost 
waiting for barges, and 21.85 per cent. in other 
delays, the cableways averaging 44.33 cubic yarde 
per hour of actual time in service. The proportion 
of time spent in unloading rose, in 1911, to 49.43 
per cent., showing that organisation had improved 
slightly, but, on the other hand, the cableways 
only averaged 42.77 cubic yards per hour of actual 
time spent unloading. In 1912, 57.69 per cent. of 
the working time was spent in unloading, and the 
cableways av 52.74 cubic yards per hour of 
working time. In 1910 the mixing-plant was ™ 
actual operation 11.82 hours per diem, and of six 
in use, each mixer averaged 32.4 cubic yards per 
hour. An auxiliary plant of two 2-yard mixers 
were also worked 8 hours per diem, and produced 
each 56.73 cubic yards per hour. In the following 
year the output per hour was not quite so good. In 
1912 an average of 4.3 of the eight permanent 
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later 8 increased, owing to the larger propor- 
tion of time spent in handling lock material other 
than concrete. The cableways and other plant 
were operated electrically, and for the purpose 
three turbo-generating three-phase sets of 1500 kw. 
capacity, working at 25 cycles and 2200 volts, were 
installed, with the necessary exciters, converters, 
transformers, &c. 

The culverts were constructed for the most part 
by means of collapsible steel forms, and for the 
main walls the shuttering and forms shown in 
Fig. 8, Plate XX XVI., and Figs. 11 to 14, page 624, 
were used, The walls at Gatun were built in mono- 
liths 36 ft. long, the intervening spaces being after- 
wards filled in. On the inside of the lock the 
steel shuttering towers shown in Fig. 8, and in 
the drawings, Figs. 11 to 13, were used. These 
towers ran on tracks, and supported shuttering 
extending to the full height of the structure 
(78 ft. 4in.). They were carried on two sets of 
lines centred 35 ft. apart, and running longitudi- 
nally down the lock. The towers supporting the 
shuttering are 24 ft. wide, of braced steelwork, and 
are carried on four trolleys. The steel - plate 
shuttering carried by the towers was arranged so 
as to be capable of being moved forward to, or 
away from, the wall face by twenty-one screw-jacks, 
shown in Figs. 12 and 13, while the thrust was 
partly taken at the base by a strut and jack butting 
against the side of a recess in the lock-floor (Fig. 12). 
Fig. 8, Plate XXX VI., shows forms in position for 
part of the centre wall, while Fig. 2, Plate XXXV., 
shows some still in the lock awaiting dismantling, 
and also shows plainly the marking on the wall- 
face of the different blocks in which the wall 
was built. The side and back members for the 
monoliths are shown in Figs. 11 to 13. The side 
forms were built up and bolted to the front, and 
carried the back members. The side forms were 
provided with braces, 48 ft. 4 in. high and 27 ft. 
at the base. The general arrangement of the forms 
in position and of the manner in which they were 
served by the cableways is shown in Fig. 14. 

A good idea of the massive side-walls may be 
obtained from the view shown in Fig. 15, Plate 
XXXVII., which, however, is not taken at Gatun, 
but depicts the west wall of the upper lock at 
Miraflores, which, it will be seen, was constructed 
by other methods. The shuttering employed in 
this case took the form of standard panels. It was 
described and illustrated in ENGINEERING, Vol. xciv., 
page 772, while the stepped formation at the back 
of the wall necessitated, as will be seen in Fig. 15, 
a special system of panels 6 ft. high with braced 
supports. 

e canal, as is well known, involves the employ- 
ment, in addition to the locks at Gatun, of twin- 
locks at Pedro Miguel and a flight of two twin- 
locks at Miraflores. Originally the plans involved 
two locks at La Boca instead of at Miraflores, 
but this decision proved to be immature, for in- 
cluded in the designs were two dams, the construc- 
tion of which was proved subsequently to be im- 
practicable, except at great expense and the cost of 
great delay. The sub-surface stratum at the site 
proposed for these dams proved to be of blue 
clay overlying rock, which was at a depth of from 
10 ft. to 70ft. When the construction of the dams 
was in progress the trestles constantly failed, and 
the material moved laterally. Such movement 
persisted for two weeks after dumping was dis- 
continued, and the material was forced up in humps 
and mounds of mud. The material eo in waves, 
and caused vertical displacements of the con- 
struction tracks of 6 ft. to 10 ft. The work at 
La Boca was therefore abandoned, and its name 
has practically vanished from the official reports 
and maps. It was an unfortunate speculation. At 
Pedro Miguel and at the new site at Miraflores 
foundation on sound rock has been secured over 
the whole site. An illustrated description of these 
locks was given on page 772 of our last volume. 
On Plates XXXVII. and X XXVIII. we now give 
other views of these two structures. Fig. 15, as 
already explained, shows one of the mass-concrete 
side-walls at Miraflores. Two other views of the 
Miraflores locks are shown in Figs. 19 and 20, 
Plate XXXVIII. Inthe former, in the foreground, 
will be seen the rack-rail ramp leading from one 
level to another, for the electric towing-locomotives 
described in the previous article referred to above. 
Figs. 16 to 18, te XXXVII., refer to work at 
Pedro Miguel. 

The work for the locks proper has been mass- 
concrete, but different construction has been 








adopted in the case of some of the seperate. as 
already noted. For the centre approach-walls at the 
lower end of the Pedro Miguel and Miraflores locks 
mass-concrete was used, and cellular reinforced 
concrete for the upper central approach-walls at 
Gatun, Pedro Miguel, and Miraflores. The lower 
central approach-wall at Gatun, supported on piers, 
has been described above. The wing-walls are 
of mass-concrete in several cases. We described 
and illustrated on page 772 of our last volume the 
reinforced-concrete side approach and wing-walls 
at Pedro Miguel, and now illustrate, in Fig. 16, 
Plate XX X VIL. the central approach-wall of cellular 
reinforced-concrete construction, also at that set 
of locks. The forms used in this work are illus- 
trated in Figs. 21 to 28, page 625. The guide- 
wall is 1126 ft. long and 58 ft. wide, face to face. 
Standard panelling was employed. For the first 
15 ft. from the base the sides are 274 in. thick ; 
for the next 12 ft. they are 25 in. thick, followed 
by 6 ft. of 22} in., 12 ft. of 20 in., 6 ft. of 174 in., 
and 12 ft. of 2 ft. 8in., making a total height of 
62 ft. The interior is divided into cells by partition- 
walls 18 in. thick, 13 ft. 6in. apart. Typical panels 
for the lowest course are shown in Figs. 22 to 24, 
the base being constructed by means of temporary 
forms in which pipe-spacers are embedded in the 
concrete at the necessary elevation. The forms 
shown in Figs. 22 and 23 were then fixed to the 
walls by bolts passing through the pipes. At the 
top the forms are bolted together and spaced 
properly by lengths of pipe, which are again left 
embedded in the concrete, and in turn these have 
the bottom bolts through them when the 
panels are raised. The standard shuttering panels 
are composed of {-in. boards fixed to 3-in. by 7}-in. 
quartering 10 ft. long. Panels for the outside con- 
struction were 15 ft. long. Those for the inside 
were somewhat different, as they had to provide for 


Fig. 2 


hy 
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the altering thickness of the side-walls at the various 
heights. As will be noticed above, the walls range 
in thickness in steps of 24 in., but the steps do not 
occur regularly at each lift. Figs. 25 and 26 show 
the arrangement of panelling for a stepped lift, 
while Figs. 22, 23, and 24 show the panelling 
arranged for a plain lift, an additional space-block 
then being inserted. Figs. 23 to 28 show in addi- 
tion a corner attachment for taking up the space 
left by stepping the inside surface of the side-walls. 
As the panels move in space-fillers are wedged in 
at the k of these corner-pieces, as shown in 
Fig. 21, for various stages. At the top the wall 
thickens again from 17$ in. to 2 ft. 8 in. The 
panelling arrangement for this part of the work is 
shown in Figs. 27 and 28, special spacers being 
added to provide the extra width. 

The shuttering used for the mass-concrete work 
at Pedro Miguel and Miraflores, and described in 
the article in our last volume already referred to, 
consisted of standard panels, 15 ft. by 5 ft., each 
of which was used at least twelve times. This 
panelling is shown in Fig. 10, Plate XXX VI., which 
also gives an excellent idea of the size of the 
travelling transporters used in the construction of 
these locks. ese transporters, or, as they are 
officially termed, ‘‘chamber cranes,” are of the 
cantilever type, made up of a steel tower 56 ft. by 
40 ft., carried on four heavy freight-car trucks, 
which run on two 5-ft. gauge lines on the lock-floor. 
The tower carries a cantilever, one arm of which 
is 53 ft. 6 in. long, and extends over the centre 
wall, while the other arm is 81 ft. 6 in. long, and 
extends over the side-wall. The trolley-way on the 
cantilever is 191 ft. long, and the buckets handled 
by it are of 64 cubic feet capacity. Each crane has 
a 47-horse-power motor for hoisting, and a 21-horse- 
=— motor for trolleying ; a 15-horse-power motor 

ing installed for traversing the whole machine. 
After use at Pedro Miguel, these cranes were used 
again at Miraflores. 

The chamber cranes at Pedro Miguel were served 
by trains of bucket-cars from a storage yard, where 
there were large tower cantilever cranes with 
arms extending over two piles of rock and sand, 











After completing the work at Pedro Miguel, these 
cranes were dismantled and re-erected at Miraflores, 
in the course of which operation they were reduced 
to the form shown in Fig. 9, Plate XXXVI. In 
their new form one of the cantilever arms was 
replaced by a swinging boom 144 ft. long, which 
could be raised and lowered and swung to one side 
or the other. These cranes were used on the side 
of the lock site between the storage piles and the 
locks. The fixed arm extended over the former; 
Hulett buckets working on it supplied the mixers 
carried on the tower. The swinging arm served to 
convey the buckets filled with concrete to the 
chamber cranes. The chamber and berm cranes 
may also be seen in several of the other figures, 

An idea of the size of the locks generally is 
obtained from the photograph reproduced in 
Fig. 17, which is a view of the interior of the Pedro 
Miguel Lock. The width is, as previously stated, 
110 ft., and the walls shown have a clear height of 
82 ft. Another rather striking piece of concrete 
work is shown in Fig. 18, and consists of the ramp 
at the south end of the west wall of the Pedro 
Miguel Lock. The discharge of the side culvert 
and the discharge-bay are shown below, while the 
arches of reinforced concrete are of 80 ft. span. 

During construction observations were made on 
the setting temperature of the concrete. For this 
purpose resistance thermometers, consisting of fine 
wires wound into spirals and enclosed in water- 
tight glass tubes with steel protecting cases, were 
embedded in the concrete at various points as it 
was placed. The leads were taken through lead- 
covered copper cable to a central office, where 
switches were arranged in such a manner that any 
one circuit could be closed in order to take an 
observation ; but while that was being taken no 
other circuit could be closed. Fig. 29 shows a 
curve of readings so obtained for a point about 
10 ft. from the inside surface of one of the side- 
walls at Gatun, and 15 ft. or so above the lock- 
floor. The curve shown is characteristic of all 
similar records, showing a sharp rise for the first 
few days and then a graduated fall, till temperature 
equilibrium was about reached in eight or nine 
months. 

In subsequent articles we propose to deal with 
other features of the canal and locks. 








THE IRON AND STEEL INSTITUTE. 
(Concluded from page 608.) 

On page 608 ante we gave an account of the 
opening proceedings of the Iron and Steel Institute 
spring meeting, held on Thursday and Friday, the 
1st and 2nd inst. These were followed by the 
reading and discussion of most of the papers on 
the programme. 


On THE Propuction or Sounp STEEL BY 
LATERAL COMPRESSION OF THE INGOT WHILST 
its CENTRE 1s LIQUID. 


The first paper taken at Thursday morning's 
meeting was one having the above title, by Mr. 
Benjamin Talbot, Middlesbrough. It was read in 
abstract by the author, who recalled that the pro- 
cess had been referred to by Dr. Stead at the last 
autumn meeting held in Leeds (see ENGINEERING, 
vol. xciv., page 463). We propose to reproduce 
this paper in a later issue. Mr. Talbot took several 
ingots measuring 25 in. by 25 in., weighing about 
4} tons each, and some of 20 in. by 25 in. ; he 
explained how they had been treated and showed 
the appearance of their vertical section through 
the centre. Ingots of 25 in. by 25 in., which had been 
squeezed and compressed to 18 in. by 18 in. whilst 
their centres were still liquid, showed no cavity 
and no blow-holes. In these latter ingots, segrega- 
tion was not found in the usual place—i.e., in 
the central area of the upper portion ; but wherever 
pressure had been applied before solidification of 
the central portion had taken place, segregation 
had been formed upon and in the inner wall of the 
solid envelope in the shape of a deposit higher im 
carbon and sulphur and somewhat regular in com- 

ition. When, therefore, ingots were reduced 

in area whilst some portion of their centre was 
still liquid, this formation occurred, and the conical 
ipe or cavity did not exist, as it otherwise would. 
The author then went into the details of the pheno- 
mena revealed; gave the results of tests and 
analyses made with rails rolled from compressed 
ingots; showed the decrease in the discard due 
to the process and the other advantages of the 
latter ; entered into the question of fitting in the 
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preparatory compression process as to time; and 
stated that his results and conclusions were 
upon the investigation of over one hundred large 


ingots. 

Sir Robert Hadfield, who opened the discussion, 
said all the members would recognise the value of 
the paper presented by Mr. Talbot and would 
appreciate what extensive researches of this kind 
meant. The author had entered into the matter 
“chapter and verse.” He (the speaker) had no 
idea that his own paper, read at the Leeds meeting 
(gee ENGINEERING, vol. xciv., page 477), would go 
round the world as it had done. It had been re- 
produced and quoted in the United States and all 
over the Continent, a fact which showed that there 
was certainly an opening for an invention of a 
nature to produce sound ingots, and showed also 
the value of the Institute’s Proceedings. In his 
Leeds paper, Sir Robert added, he had referred to 
arail fracture on the New York Central Railroad. 
This fracture, he had since learned, had not been 
caused by a defect in the rail, but by the fact 
that the rolling-stock had derailed, subjecting 
the rail to a very severe stress, which led to its 
fracture ; he took that opportunity for correcting 
his reference. Mr. Talbot had referred to the 
use of aluminium as a deoxidiser in order to 
create a piping steel with no blow-holes in the 
outer area. He (the speaker) objected to the 
statement as to the disappearance of blow-holes 
in the ‘‘ outer area” in this case, since the whole 
mass was influenced. Had Mr. Talbot, he asked, 
observed the casting temperature of his steel, for 
this formed a very important factor. Fluid steel 
varied greatly in temperature, and this could 
largely influence the quality. The author’s steel 
contained low percentages of phosphorus and 
sulphur ; in some countries the percentages were 
much higher. The distribution of the segregation 
effects might give steel that was not quite safe. 
Sir Robert further asked whether Mr. Talbot had 
carried out transverse tests, which were better 
suited than other tests to show up weakness. 
Also whether he had followed up the tests on his 
rails to destruction. He referred to a Belgian 
journal, the Revue Universelle des Mines for March, 
1913, which contained an interesting review by 
Mr. Houbaer of both the Hadfield and Talbot pro- 
cesses for obtaining sound ingots. He (the speaker) 
concluded by saying that travelling was now accom- 
plished at so high a speed that it was absolutely 
necessary to have a basis of sound steel to work 
upon. He naturally preferred his own method 
for arriving at this; he had already made many 
thousand tons by it, and had found the good results 
to be invariably confirmed in actual practice. 

Dr. Greiner, who followed, said the author had 
stated it was most important to determine how the 
treatment really affected the physical properties of 
the steel in the finished product, as compared with 
what was obtained with present-day practice, from 
the upper portion of the ingot. He had, further, 
referred to drop-tests made to ascertain if the rails 
would stand the tests without breaking when taken 
from all positions in the ingot. All the tests had 
borne upon rails manufactured under his system ; 
but he (the author) had not given results obtained 
with rails manufactured in the ordinary way. Mr. 
Talbot had put the matter very clearly before the 
meeting, but did not give comparative results, and 
he (Dr. Greiner) would ask the attention of the 
members to be given to the paper by Mr. 
Houbaer, who had carried out comparative experi- 
ments—not to any very large extent, no doubt, 
but in such a manner as to open the way for further 
investigations. 

Mr. H. Savage, Seraing, said the remarks he 
had to make were in substance an abstract of Mr. 
Houbaer’s paper to which Sir Robert Hadfield had 
referred. Mr. Houbaer, who was present at the 
meeting, had asked him (Mr. Savage) to read these 
Temarks for him. The Cockerill Works were 
probably not more troubled than any other works 
with rail fractures ; nevertheless they would, of 
course, gladly dispense with the trouble that 
existed, and when two such eminent metallurgists 
as Sir Robert Hadfield and Mr. Talbot came for- 
ward with methods apparently adequate to ensure 
the production of absolutely sound rails, they con- 
sidered it worth their while to try both. In doing 
80, they might have made mistakes, and nothing 
could be further from their intention, in communi- 
cating the results of their experience, than any 

ire to discredit the statements of the two authors. 
The following observations were submitted simply 





for discussion, as a contribution toa complete study 
of the question, and as useful to others who might 
have met with the same difficulties as they had 
themselves experienced. The observations pre- 
sented were the outcome of research work under- 
taken in their own rail-mill by the engineer in 
charge, Mr. Houbaer. 

Taking in the first place Sir Robert Hadfield’s 
method of obtaining sound ingots. In the manu- 
facture of rails the Cockerill Works used ordinary 
cast-iron ingot moulds, and they had found it 
simply impossible to follow the process with them. 
In spite of all attempts to keep the steel liquid by 
means of burning charcoal, the top of the ingot 
solidified within 20 to 25 minutes after casting. 
The pipe had approximately the usual dimensions, 
and it was found that the slag over the surface of 
the liquid steel was actually sucked into the cavity; 
in fact, matters were worse than with the ordinary 
process of casting. On the other hand, in order to 
obtain the full benefit of the process, the ingot 
head had to remain liquid while the body solidified. 
This in the case of a comparatively small 18-in. ingot 
would require at least an hour ; one consequence of 
this was that the soaking-pits of the ordinary type 
would become useless and would have to be replaced 
by specially heated pits. A second requirement 
would be a very much enlarged casting-pit, capable 
of holding the ingots of five or six casts. If, 
therefore, they were to profit by the advantages 
of Sir Robert Hadfield’s method of casting, the 
converter-house and ingot-handling arrangements 
would have to be entirely remodelled, and they 
were fairly entitled to ask whether the advantage 
gained would compensate for so heavy an outlay. 

In regard to Mr. Talbot’s proposals, there was 
no question of modifying the plant. It was implied 
by the author that existing appliances could be 
utilised in such a manner as to le manufacturers 
to produce more reliable rails. The superiority 
of the rails was a consequence of the suppression 
of the pipe in the ingot. Another result of Mr. 
Talbot’s method was the presence in the finished 
rail of a central core of soft steel, round 
which the segregated metal was distributed in a 
layer of fairly uniform thickness, forming, so to 
speak, a kind of weld between the soft inside 
core and the outside. The peculiar form of segre- 
gation thus obtained was supposed to be without 
influence on the strength of the rail, whilst the 
absence of piping would have the effect of reducing 
brittleness. The claim of reduced brittleness was 
not borne out by certain experiments made in the 
rail-mills at Seraing. Mr. Savage handed in a 
diagram showing sections through the top and 
middle portion of blooms 8 in. square, a as from 
ingots 204 in. square, left 30 minutes in the 
soaking-pits. One of them was rolled down at once 
to its final dimensions. Its sections displayed in a 
marked degree the peculiar segregations of ingots 

rematurely bloomed. The second bloom, after a 
ew passes through the rolls, which reduced its 
section to 16 in. square, was returned to the pits 
for one hour, and afterwards reduced to its final 
section. In that case—which, Mr. Houbaer 
believed, represented Mr. Talbot's practice—segre- 
gation, although considerably attenuated, existed 
still. In rails manufactured by the Talbot method 
the pipe was no doubt got rid of; but the 
main point to observe appeared to be that whereas 
in ordinary practice an insufficiently cropped ingot 
might give one or, perhaps, two rails out of six or 
seven, in which the effect of the pipe might be 

reeptible, with Mr. Talbot’s process the special 
ind of segregation obtained was present in almost 
every rail. 

Trials were made at Seraing on four different 
casts of rail steel containing about 0.45 per cent. 
carbon. In each cast one ingot was rolled accord- 
ing to Mr. Talbot’s specification ; a second before 
being completely solidified, but without being 
returned to the pits ; a third ingot was allowed to 
solidify in the pit, and then bloomed in accordance 
with usual practice. The three ingots were rolled 
into rails without any appreciable cropping at the 
head, and for testing lengths were taken from the 
ends of the rails corresponding to the top of the 
ingots. In order better to obtain comparative 
results of a nature fully to show up the difference 
of quality in the final product due to the different 
methods of manufacture, a modified test was used 
namely, a weight of 1 ton falling from a height of 
13 ft. By this means the impact caused by the 
usual drop-test was reduced, and it was thus pos- 
sible to repeat the blow a certain number of times, 





according to the resisting properties of each separate 
rail. This test was ferable to the stantenl don 
test described by Mr. Talbot in one part of his 
paper, which in no wise complied with the com- 
parative test he referred to in another part. 

Under the drop-tests used at Seraing the Talbot 
rails gave indifferent results ; those rolled by the 
second process showed better resisting qualities, 
while the rails obtained from ingots treated in the 
usual manner gave, under the same conditions, with 
one single exception, very good results. Sulphur 

rints of sections taken at different parts of the 
ength of the rails tested showed that in most of 
those rolled according to Mr. Talbot’s process the 
soft core was fairly visible in the sections. 

In conclusion, Mr. Houbaer was of opinion 
that in dealing with the question of rail fractures 
it seemed customary only to consider the proba- 
bility of a defective material. Piping in ingots, 
and folds or flaws in finished be were causes 
to which it was only too easy to ascribe all 
the accidents which occurred. But there were 
many other causes which led to tho fracture of 
rails, such as a badly-laid and badly-maintained 
track, defective fastenings, inferior sleepers, and 
so forth, with which the rail-maker had no direct 
concern whatever, and for the effects of which he 
should not be held responsible. 

Mr. Scott, who then spoke, said he was engaged 
in the Harmet process, and was interested to find 
that Mr. Talbot compressed quickly under his rolls, 
and thereby seemed to have solved the ingot diffi- 
culty. In the Harmet process compression was 
slow, and was also operated in the most methodical 
and scientific way. A pencil followed a curve, and 
the mechanism followed exactly the contraction in 
the ingot. Molten steel was always kept at the top 
of this latter, and no pipe was allowed to form. He 
had never seen a line of demarcation such as Mr. 
Talbot found in his ingots, the whole area through- 
out the ingot appeared almost uniform; there 
might, no doubt, a slight variation, but it was 
not marked. 

Mr. Harbord expressed the opinion that the 
author’s subject was an important one, from both 
the metallurgical and the economical points of view. 
The author had sent him (the speaker) specimens 
of rails and sections for him to try to trace the 
flow of segregate from the centre to the outside. 
Mr. Harbord here showed photographs illustrating 
his examinations. Cavities on the outside were 
serious causes of defective material. The weakest 
point of a rail sent him was in the web, where the 
segregation line was very near the surface. Carbon 
in the centre was 0.56 per cent., and on the line of 
segregation 0.75 per cent. Sulphur had also segre- 
gated very considerably, being on the outside 0.054 
= cent., and in the centre 0.029 oe won only. He 

ad slotted down the flange, and found that the 
carbon content decreased towardsthe centre. In all 
parts of the rail the outside had a high carbon per- 
centage and there was a comparatively soft centre. 
Theoretically, therefore, the rai] in question was of 
sound material, since it consisted of ‘‘ sandwiched 
off” material between normal steel and a soft core ; 
it would give good results in practice. The instance 
was a kindred one to case-hardening, and the 
material would pom most satisfactory where 
vibrations were frequent. There occurred, how- 
ever, differences in the casting temperatures of 
steel, and he (the speaker) questioned whether 
there was a sufficient margin of time for carrying out 
the process so as to be certain that the central 
portion of the ingot was squeezed in the course of 
the ordinary every-day practice. It might occur 
that the ingot be caught just too early or just too 
late, when the pipe would not be closed up. If this 
difficulty could be overcome, then the process formed 
a partial solution of our difficulty in this connec- 
tion. If it got rid of the pipe by squeezing, its 
advantages would be very great in the case of 
common steel, which could not stand the cost of 
the Harmet plant. It would greatly benefit both 
wares and —, 

r. Gledhill said that fluid compression was recog- 
nised to be of great importance. Messrs. Whit- 
worth had first started in this field as far back as 
forty years ago. They had continued since “pplying 

or 


compression to all ~ these weighing 25 

tons and upwards, and it was interesting to see the 
same idea carried out now in a different way. The 
author was ‘‘on the right track” for obliterating 
the pipe. Cavities were liable to be produced in 
ingots by bleeding, but practical experience would 
do away with this difficulty. He (the speaker) 
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would like to have some information as regards the { those of ingots obtained by other means, for it was 


temperatures worked to. They might, to all 
ap nces, have exactly the same conditions 
ruling on two successive days, and obtain, notwith- 
standing, variations in the ingots produced. The 
attainment of similar results throughout no doubt 
resolved itself into a question of uniform casting 
temperature. Like the author, Messrs. Whit- 
worth had also found that when compression was 
resorted to they did not get blow-holes at the outer 
surface, and this proved a great advantage. In 
some instances the outside of the ingot had been 
capable of taking a high polish. The Talbot 

rocess for obtaining sound ingots by compression 

come to stay. 

Mr. Paul, who followed, said the subject required 
careful study to warrant criticism, given with a care 
equal to that which had been given by the author 
to the writing of his paper. He (the speaker) 
added that bleeding was one of the most serious 
difficulties met with in practice. The process put 
forward by the author might improve matters by 
distributing or preventing eg ag but bleeding 
might also take place, and this had to be con- 
sidered. The time-table governing the carrying 
out of the process would be found to form the crux 
of the meet question in practical working, because 
of the variations which occurred in the physical 
properties of the steels. Some steels took longer 
to set than others, variations in the setting were 
very marked, and difficulties might be found by 
reason of those variations, one of which would be 
in the formulating of a time-table. The subject was 
certainly most worthy of being investigated. 

Mr. Saniter stated that several of the previous 
speakers had anticipated many of his remarks. 

he author’s surmise that the aluminium addition 
may have had some action in setting nitrogen free 
from its combination with iron, seemed to him 
(the speaker) a rather novel idea. He also asked 
whether the author had made tensile tests of the 
segregated portion, or whether the segregated 
portion was included in the tests. The time-table 
seemed a very limited one, and it would be close 
work to keep to it. What was, he further asked, 
the nature of the squeezing plant ; was it to be a 
cogging-mill ? He (the speaker) had had experi- 
ence of the action of such a mill in similar in- 
stances, and it was advisable to keep out of the 
way when those instances occurred. The Institute 
must be grateful to the author for bringing such an 
important subject up for discussion ; they would 
all be pleased if his process proved successful. 

Mr. Bagley instanced the occurrence when a pig 
was broken + eon the sow; the liquid metal inside 
showed a different analysis from that given by 
the outside metal. The author’s process tended to 
drive the impurities out and was a great step in 
advance. 

The Chairman asked as to the size of the ingot 
that it was possible to treat by the system. Mr. 
Talbot had taken ingots measuring 25 in. by 25 in., 
and these were rather large ingots, not small ones. 
How much smaller ingots could Mr. Talbot treat ? 
. In other words, what was the lower limit of size of 
ingots ? 

r. Talbot said he could only raply verbally to a 
few points raised in the discussion ; he would deal 
with the matter in every detail by correspondence. 
In regard to Sir Robert Hadfield’s query with re- 
ference to temperature observations, he (the 
author) had tried to take pyrometric readings, but 
found that the results were not reliable. Concern- 
ing transverse tests, he believed Dr. Stead had 
some in hand at the present time. He had not had 
time to study fully the paper referred to by Dr. 
Greiner, giving the experiments of Mr. Houbaer, 
an abstract of which paper had been communicated 
to the discussion b . Savage ; he was having it 
translated. But Messrs. Cockerill would not have 
done several things had they first consulted him. 
The weight and size of their ingots were smaller 
than he (Mr. Talbot) would recommend. For 
obtaining satisfactory comparative results, there 
must be uniformity to start with. He had started 
with the size which gave good results, and he would 
probably work down ; he knew he could work up, 
using larger ingots than those quoted in his paper. 
In regard to what was the lower limit of size, 
he could not yet state this. The time limit would 
possibly be twenty minutes with the machine he was 
going to use ; this would not be a cogging-mill ; 
and working on a commercial size, he hoped to 
obtain good results. He would have liked to see 
sulphur prints of the sections referred to, being 





curious that in the Harmet compressed ingots there 
was no line. If the Harmet process were cheap 
they could use it, but he was afraid it could not be 
applied to rail manufacture. Mr. Gledhill did 
certainly improve the surface by his compression 
process, for by it he really obtained a bloom. He 
(Mr. Talbot) had only so far compressed sufficiently 
to close in the central cavity. Inreply to Mr. Paul, 
no bleeding occurred after the ingot had been in the 
pit for an hour. In the bled ingots he had illus- 
trated there was a thick jacket and top; there 
would be no danger from the squirting-out of metal. 
He proposed establishing a standard ingot. To-day, 
in ordinary practice, two-thirds of the ingot proved 
satisfactory, the remaining third being defective ; 
he would have a special machine to improve condi- 
tions, and would squeeze the latter portion of the 
ingot only if necessary, and felt no doubt as to the 
better results that would be obtained. 

On the motion of the Chairman, Mr. Talbot was 
accorded a hearty vote of thanks for his interesting 
contribution. 


On a New Form or Evectricatty Driven Two- 
Hieu Continvous-Runnine Reversine-MI1t. 


The paper having the above title, by Mr. Andrew 
Lamberton, Member of Council, was next taken. 
It was read by its author; we reproduce it in full 
on page 633 of the present issue. The working of 
the mill was illustrated by a model. The prime 
mover revolves constantly in one direction ; the 
two rolls are mounted in the usual form of chocks 
contained in circular gables, these latter being 
free to rotate in the housings, so as to reverse 
the position of the rolls, the top roll becoming the 
bottom roll, and vice versd. 

Mr. E. G. Sehmer, who opened the discussion, said 
he had had the paper for too short a time to enter 
largely into a discussion ; he was, besides, only a 
builder of engines for the driving of rolling-mills. 
On a first glance it was difficult to say how the new 
mill proposed would work; it was an — idea, 
the theory of which was quitesound. The question 
was also one of cost. The author had promised to 
give later the results of every-day operation, and 
when these were forthcoming, he (Mr. Sehmer) 
would be pleased to give his also. 

Mr. H. Crowe congratulated Mr. Lamberton for 
having designed a very ingenious engine, and he 
hoped the actual one would work as well as the 
model. The author stated it would take from three 
to five seconds to reverse his cylinders ; this was a 
long time for reversing, which should take only a 
second, and even less. In an ordinary two-high 
mill there was, further, no reason to turn the bar 
over. He thought there would be great trouble 
with the guides, one trouble being that they might 
wear against the rolls. He agreed with the author 
that the comparatively small output of British 
mills was due to the fact that one mill had to do 
the catering for many sections, this preventing the 
= Mr. Lamberton had referred to. 

ontinuous running in the case of many mills 
might, further, not be invariably advantageous. The 
author’s system was also only adaptable to one set 
of rolls, with one set of pinions coupled to the 
engine. 

. H. B. Toy was of opinion that the continuous 
running of the motor would prove an advantage if 
Mr. Lamberton could overcome several difficulties 
which he (the speaker) saw in the system. How, 
for instance, could the author overcome the differ- 
ence in the variation of centres of the worn rolls ; 
there would be difficulty in adjusting the wedges 
shown in tho paper. 

Mr. Harrison asked why Mr. Lamberton had 
advocated an electric drive ; this was not a primary 
condition of the system proposed. He could use 
gas-engines also ; it would, in fact, be advantageous 
in some cases to use these latter engines instead of 
electric motors. What were also the means taken 
ina ing-mill for lifting the roll and for screwing 
down. He (theauthor) would require more grooves, 
and a longer roll to do the work on the piece. 

Mr. Keith suggested that the new mill might 
— more suited to smaller sections than to joists. 

ow, he asked, did the author support his housings 
on top? How could the mill, for instance, be made 
to stand the heavy strain set up when rolling 
tramway rails, and to reverse at the same time ? 

Mr. Lamberton, in replying, said Mr. Sehmer 
had mised to put forward comparative costs ; 
he (the author) would certainly reciprocate. So far, 


however, he was at the commencement of things, 





and hoped in time to obtain the required data, 
Mr. Crowe had found that from three to tive seconds 
was & long time for reversing ; he (Mr. Lamberton) 
had not seen the electrically-driven reversing mills 
at Skinningrove, but he felt sure these latter did 
not reverse in three seconds, but required consider- 
ably over that time. The guides had given hima 
vast amount of trouble, but he now saw his way to 
make them successfully for rails also ; the in-going 
guides were always in the same place, and they could 
not fall out on reversing. It had generally been 
thought that he (the author) was adverse to all 
manner of departure from the current steam- 
driven mills ; such was not the case. A continuous- 
running motor could be used in association with a 
flywheel, and the danger from this latter was 
negligible owing to the presence of the breaking 
spindle between it and the mill. In regard to the 
difficulty suggested by Mr. Toy in the accurate set- 
ting of the roll centres, the author explained, with 
the aid of the model, how the setting could be 
effected accurately by means of the chocks, locks, 
and screws which he showed. Mr. Harrison had 
pointed out that the arrangement might not be 
good for cogging ; his was a sound argument, but 
he (Mr. Lamberton) had a device by which he 
could put drafting on, which he explained also 
with the aid of the model. This covered also Mr. 
Toy’s objection in regard to the difference in dia- 
meter between the top and bottom roll ; but Mr. 
Lamberton wanted to do away with drafting alto- 
gether. His rolls were made both of the same 
size. There was no necessity to make the top roll 
a larger diameter, and many mills were now run- 
ning having the top and bottom rolls equal in dia- 
meter. For staying the gables, heavy clamping 
bars, forming strong ties, were mounted between 
the rolls. 

The Chairman said the machine was a most 
interesting one, designed to replace three-high 
and the usual type of reversing mill ; whether it 
proved successful in practical working, time would 
show. On his motion, a hearty vote of thanks 
was accorded to the author for his contribution. 


Stupigs in THe CoLtp Fiow or STsze.. 


On the members re-assembling on Thursday 
afternoon, Sir Robert Hadfield occupying the 
chair, the first paper taken was the one by Mr. 
Percy Longmuir, M. Met., Wortley, Sheftield, 
dealing with ‘‘ Studies in the Cold Fiow of Steel.” 
It was read in abstract by the author. At the last 
meeting (see ENGINEERING, vol. xciv., page 523) 
Mr. Longmuir read a paper on ‘‘Some Aspects of 
Wire-Drawing,” and the present paper, which we 
propose to reproduce in a future issue, repre- 
sented further work of his in the same direction. 

Dr. Rogers, who opened the discussion, asked 
whether the author thought the wire should be 
entirely sorbitic before drawing, or could there be 
other constituents. He (the speaker) would have 
liked to see the micrographic views more highly 
magnified. It was an important point for the 
author to have established that cementite did not 
flow, although one would have expected that. 
When taking wire with a high percentage of 
carbon, what did the author consider the conditions 
for the intermediate stages of drawing to be in the 
matter of sorbite, or sorbite plus cementite! 
Whilst the wire was in the die, the nature 
of the stresses were very complex ; they might 
be said to have a close resemblance to what 
occurred in rolling, there being a combined tan- 
gential and radial compression. High longitu- 
dinal tension caused cupping only in the centre. 
It was interesting to note from the paper what 
were the ideal conditions for working steel or 
other metals. 

Dr. Rosenhain said the difficulty was to find an 
explanation for the very complex actions occurring 
in wire-drawing. He explained how in some in- 
stances the crystals had either time or no time to 
adjust themselves. One of the main merits in the 
anthor’s paper, he found, was the accumulation of 
data to be found in it. : 

Mr. R. S. Benson, who followed, said the ‘‘ cupp!- 
ness” trouble might be an inherent one, or might 
due to the wire having been distorted. He showed 
his meaning by a sketch on the black- board, adding 
that if the was filed down it showed what had 
occurred. [This was illustrated by a filed-down 
specimen handed in by Mr. Longmuir}. After the 
wire had been compressed through the die, it relaxed 
on leaving it, having then a tendency to expand. 

Mr. W. H. Hatfield stated that the paper covered 
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a wide field, but one felt that there was much more 
which the author could have said. The author had 
stated that with high-carbon crucible steels a feature 
requiring care was the avoidance of a precipitation of 
free carbon. This problem of the precipitation of free 
carbon was a fascinating one. Did Mr. Longmuir 
find a variation in the combinations to have much 
influence upon this precipitation? What caused 
the precipitation of free carbon in this wire ? 

Mr. E. H. Saniter said he would like to know what 
Mr. Longmuir considered the right temperature for 
the patenting process. Cupping was a very frequent 
complaint, and it was interesting to find that if 
reduction was over two gauges at each draft cupping 
occurred. The paper contained a large amount of 
useful information both for the steel manufacturer 
and the wire-maker. 

Mr. Longmuir, in replying briefly to the discus- 
sion, said, in regard to the constituents, that some 
wire-drawers preferred ferrite plus sorbite or 
cementite plus sorbite ; but this was speaking very 
generally, and he would enter into this point more 
in detail by correspondence. Dr. Rosenhain’s 
remarks as to the action of the crystals were very 
interesting. The expansion of the wire after 
leaving the dies was also an interesting feature to 
note. He (Mr. Longmuir) had also studied the 
occurrence; it might be said to be due to bad 
lubrication, giving rise to an excessive temperature 
in the wire, which slightly expanded the hole in the 
die. As to how to avoid the precipitation of free 
carbon, he hoped to enlarge upon this later, as well 
as upon the other questions which had been raised. 

The Chairman, in asking for a hearty vote of 
thanks to the author, which was accorded, instanced 
an occurrence of which he (Sir Robert) had had 
frequent experience—namely, that of a projectile 
fired through a plate. On examination it was found 
that the internal structure of the projectile had been 
drawn apart ; this was not surprising, owing to the 
vast amount of energy taken up in the fraction of a 
second. The internal rupture was on lines similar 
to those existing in the small samples of wire shown 
by Mr. Longmuir. 


Tue Economy or Dry Butast. 


This paper, which reviews the advantages to be 
derived from the use of dry blast in blast-furnace 
ractice, was then read in abstract by its author, 
fessor Josef von Ehrenwerth, Leoben. We re- 
produced this paper on page 612 ante. 

Mr. Greville Jones, who opened the discussion, 
said they all agreed with the author as to the 
advantages to be derived from drying the blast, but 
what was wanted was a cheap method of drying 
it, and to know how the saving worked out per 
ton of pig iron. 

Mr. A. K. Reese said he could confirm most of the 
conclusions arrived at by the author. The principal 
point in the author’s statements was the one to the 
effect that the economic advantage of drying the 
blast was greater the lower the temperature of the 
blast and the higher the temperature of the waste 
= at which the furnace previously worked. 

e (the speaker) would refer particularly to the 
temperature of the blast. All furnaces had a maxi- 
mum permissible temperature for the blast, which 
varied with the furnace, its design, and the material 
tobe worked. The variations of moisture in the 
blast caused variations in the temperature inside 
the furnace, led to variations in the position of the 
melting zone, and modified the working of the 
furnace. With dry blast, or with a regular content 
of moisture—for regularity in this respect was as 
important as an actual reduction of moisture—the 
maximum temperature could be reached. If dry 
blast were introduced, but no heating capacity were 
introduced also to reach the maximum permissible 
temperature, the condition was not satisfactory. 
It was not sufficient to use dry blast alone, but dry 
blast made it possible to obtain a higher temperature 
than with a and the rise in the tem- 
perature of the blast was directly connected with 
4 corresponding decrease in fuel consumption. 

Mr. T. C. Hutchinson said that, after Mr. Gayley 
had a forward his system, he studied the economy 
of this, and had obtained an estimate of the cost 
for Skinningrove. The tender was close upon 
eeel., a sum which it would “<> - . 
Welve years to amortise, and he (the speaker 
dropped the scheme. He did not think it would 


be an economical undertaking to dry the blast in 
Cleveland, where the air was comparatively dry, 
seeing also the expenditure that would be involved, 
42 expenditure which could not be covered in a 





reasonable time. In the United States, where 
there was moisture, and variable degrees of mois- 
ture, the system was perhaps good ; but it was not 
economical to dry the air in Cleveland. It would 
not, therefore, have been wise for him to adopt 
some years ago the Gayley process. 

Mr. A. K. Reese, speaking this time from the 
back of the hall, was understood to say that the 
moisture removed from the blast in this country 
ran from 6.5 or 7 grains per cub. ft.; it was reduced 
to 1 or 1.25 grains. In the United States it was 
reduced by 11 grains per cub. ft. to 1 or 1.5 grains. 
The cost to reduce it was the same here and in the 
United States. The process was for all locali- 
ties, because moisture varied, and varied consider- 


ably. 
Von Ehrenwerth said he would reply 
fully to the discussion in writing, but wished to 
state at the meeting that the great advantage of 
dry blast was that it ensured regular working. 

e Chairman, Sir Robert Hadfield, moved a vote 
of thanks to the author, which was responded to ; 
Sir Robert added that he had to leave the meeting, 
and asked Mr. Benjamin Talbot to occupy the chair. 


INFLUENCE OF SULPHUR ON THE STABILity OF IRON 
CARBIDE IN THE PRESENCE OF SILICON. 


This paper was then taken. Jt was read in 
abstract by its author, Mr. W. H. Hatfield. We 
ropose to reproduce it in full in a future issue. 

he author’s researches in this instance led him 
to ascertain that sulphur increased the stability of 
iron carbide at high temperatures, and it was most 
probably the small percentage associated with the 
carbide crystals that accomplished this action. 
Coe’s deduction that the sulphur separated as sul- 
phide at the freezing-point was not strictly correct, 
since a small and essential proportion was apparently 
retained in the cementite carbide. The action of 
sulphur was of a chemical nature, and Levy’s 
suggestion that the action was mechanical, and was 
due to the existence of sulphide films, did not 
receive support. Silicon in a large measure 
neutralised this action of the sulphur, probably 
by forming a silicon-sulphide. Manganese neutral- 
ised the action of the sulphur present in the 
materials such as those under discussion. 

Dr. Rogers, who opened the discussion, said he 
had no new data to aid. He found the researches 
made by the author had brought the matter nearer 
to a solution. The action of silicon was better 
known than that of sulphur. The author should 
add how the sulphur was added, for this was a most 
important point. He had referred to Coe’s experi- 
ments, but these were made with specimens which 
did not contain so much carbon as those of the 
author. The melting point of the sulphur alloys 
series was a high one, and when the sulphur was 
added, it might be that the melting point of the 
sulphur had not been reached. In some of the 
specimens there was sulphide of iron and man- 
ganese, and this was the more harmful form of 
association. The trapping of the sulphur, as iron 
or manganese sulphide, would obscure the issue, 
and would affect the amount of sulphur associated 
witli the carbide. 

Dr. Rosenhain, who followed, said the author’s 
paper was a contribution to the studies of the 
ternary systems. All would realise the amount of 
work the author had carried out in this instance, 
but even then his contribution was simply as a 
drop in the ocean. Mr. Hatfield had drawn con- 
clusions in contradiction to some of other experi- 
mentalists, but more work would still be needed to 
confirm them. He (the speaker) was interested in 
regard to the formation of silico-sulphide, but he 
found it difficult to believe in this formation in a 
material of the nature of castiron. The author 
had thrown out a surmise as to this formation, 
but he should have shown how this occurred. 
Iron sulphide could dissolve manganese sulphide, 
and solubility might extend to other compounds. 
He would like to see the experiments carried out 
toa higher concentration still of sulphur. He also 
asked, referring to a micro-section given in the 
paper (Fig. 4), whether the white areas were 
pearlite or free carbon. 

Mr. Coe said that with regard to his own con- 
clusion, which had been objected to by the author, 
in the paper which the latter had in view, he (Mr. 
Coe) did not a Te —_ py pe ms 

ifically, as he did not wish at the he 
ore to commit himself to a definite steteenentt 
He was glad to see that, according to Mr. Hatfield, 
the presence of sulphur prevented the dissociation 





of iron carbide ; this showing that the sulphur re- 
mained in the carbide in some form or other. 

Mr. Longmuir stated he had been much interested 
in the paper, and would contribute to the discussion 
in writing. 

Mr. Hatfield, in the course of a brief reply, said 
the alloys he had taken were a number of industrial 
alloys used for various purposes, and in which he 
had tried to work out the influence of the sulphur. 
Lévy had shown that he could not get more than 
0.8 per cent. to remain in the iron. When the 
sulphur was added the temperature was about 
1400 deg. Cent. He had noted Mr. Coe’s remarks 
as to one of the conclusions of his (the author’s), 
and he would be pleased to reply fully to all points 
by correspondence. 

The Chairman (Mr. Benjamin Talbot) thanked 
the author, adding it was a pity Dr. Stead was not 
a at the meeting, since this was a paper in the 

iscussion of which he would have been pleased to 
take part. 
Papers Taken as Reap. 


At the conclusion of Thursday’s meeting a 
number of ers were taken as read. These 
were :-—‘‘ Rolling-Mill Practice in the United 
States,” by Dr. J. Puppe, of Breslau; ‘* The 
Corrodibility of Nickel, Chromium, and Nickel- 
Chromium Steels,” by Messrs. J. Newton Friend, 
Walter West, and }. Lloyd Bentley ; ‘* The In- 
fluence of Silicon on the Corrosion of Cast Iron,” 
by Messrs. J. Newton Friend and C. W. Marshall; 
and ‘‘ The Influence of the Metalloids on the Pro- 
perties of Cast Iron,” by Mr. H. I. Coe, M.Sc., of 
Birmingham. 

Dr. Puppe’s paper, which we printed in full in 
our last issue (vide pege 614 ante), formed a con- 
tinuation of a paper, having the same title, read by 
him at the Leeds meeting of the Institute last 
October, and which we reproduced in full at the 
time.* The other papers above named we intend 
to deal with in future issues. They were, of course, 
not discussed at the meeting. 

On the members somenalll on Friday morning, 
the 2nd inst., the Chairman, Mr. Arthur Cooper, 
handed the Andrew Carnegie Gold Medal to Mr. J. 
Newton Friend, for his valuable researches on 
‘** The Corrosion of Iron and Steel.” The Secretary 
then read the list of Carnegie scholarship awards 
for the present year, it being announced that grants 
of 1001. each had been made to Johannes Friedrich 
Apfelstedt, of Dresden ; Louis Baraduc-Muller, of 
Paris ; Neal Brodie, of Newcastle-on-Tyne ; Alcan 
Hirsch, of New York ; William Hamilton Patterson, 
of Birkenhead ; and Hans Rudeloff, of Groes-Lich- 
terfelde. A grant of 501. was also made to Johann 
Puppe, of Breslau, who had received 1001. in 1909. 


Some FunpAMENTAL Favutts or Present-Day 
FuRNACES AND THEIR REMEDIES. 


This was the first paper taken on Friday. It was 
read in abstract by the author, Mr. Alleyne nolds, 
and we reproduce it in the present issue. In this, the 
author entered in detail into the principles of com- 
bustion ; he referred to his devices for securing 
correct complete ultimate combustion; gave the 
heat balance-sheet of an open-hearth steel-melting 
furnace, and other interesting comparative data. 

Mr. E. D. Ellis, the first speaker, said he had 
collaborated with Mr. Reynolds in the work, but 
the paper was Mr. Reynolds’s. When it was pos- 
sible to obtain sufficient heat for the melting 
process without the use of gas-regenerators, the 
advantages were threefold. In the frst place there 
was the saving of the gas that was swept away from 
the gas-regenerators every time reversal took 
place. There was also the saving of the heat con- 
tained in that ; and, further, there was the 
advantage that the flame impinged straight on the 
bath, and not obliquely, giving an increase in heat- 
ing area of about 33 per cent. This meant a very 

economical condition. A further advan 
would lie in the lowering to a large extent of the 
temperature of the gas flowing through the chimney. 
In this connection the heat could be utilised in 
another direction, or, on the other hand, the 
amount of fuel burnt could be reduced. With the 
furnace illustrated by the author, it was possible to 
have a reducing flame, leading to a t advan 
in the saving of scale ; it did away with the 
danger of decarbonising the ingots while being 
heated. The preeromcowe Fy with advantage, replace 
others in which the oxidising flame led to loss. 

The Chairman asked the author to explain the 








* See ENGINEERING, vol. xciv., page 552. 
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paragraph in which he stated that English furnaces 
consumed 9 cwt. of good coal per ton of steel, 
whilst the Continental ones burnt 4? to 5 cwt. of 
bad coal, also per ton of steel. He was sure the 
meeting would like to know what was the experi- 
ence of other steel-makers on this point. 

Mr. W. Hutchinson said he had no figures ready, 
but would send them in for the printed Proceedings. 

Mr. A. Windsor Richards said he could not 
discuss the paper at length for the present ; he, 
however, found the figure of 9 cwt. too high. It 
certainly applied to a too old-fashioned plant. It 
was not now applicable, and even in old furnaces 
the figure would be nearer 6 or 7 cwt. ; in modern 
ones it was 4 cwt. 

Mr. Adamson stated that he would also deal with 
the paper by correspondence. Mr. Windsor Richards 
was quite correct in stating that the figure of 9 cwt. 
was an out-of-date one. Continental basic-steel 
works did not use, as stated by the author, 50 per 
cent. of scrap in the charge ; this was made up of 
as much as 70 or 80 per cent. of scrap and 10 per 
cent. of pig iron, and it allowed them to tap quickly. 
There must surely be, added Mr. Adamson, some 
mistake in the comparisons. 

Mr. F. W. Harbord found some difficulty in fol- 
lowing the author in his references by means of 
letters. The claim that the author obtained a reduc- 
ing flame was an important one. He (the speaker) 
referred to the author’s plan in regard to air-genera- 
tion, and touched upon various conditions in regard 
to the amount of air required for the consumption 
of a given quantity of ; he also compared 
briefly the conditions which now obtained with the 
results claimed by the author, as far as he had been 
able to follow these. He promised to deal fully 
with the matter in a written reply. 

Mr. B. Talbot also objected to the 9 cwt. of fuel 
mentioned, and said he would like to know which 
were the furnaceswhich burnt that amount. The real 
quantity was nearer 6 cwt. There wasalso the ques- 
tion as to what was good and what was bad fuel. He 
(the speaker) had seen bad fuel in the North and 
also in Wales, but the consumption did not reach 
9cwt. Notwithstanding this, the author was working 
in the right direction in endeavouring to save fuel. 
The most important factors at the present time 
were fuel and yield, and there was more money 
to be saved in these two branches of steel manu- 
facture than in any other. The author had tackled 
a very large problem in trying to bring down the 
temperature of his gas, but the question of speed 
on the furnace came in, and this should not be cut 
down. A furnace had to turn out so many tons 
per hour, and if the yield were cut down there 
would be a counterbalance to the saving in fuel. 
There was no doubt much heat was lost through 
the stacks, and he (the speaker) proposed to try 
steam-raising between the valves and the stacks. 
If he could collect that heat, he would ibly 
obtain similar results to those for which the 
author worked in another way, and turn the saving 
to another direction. 

Mi. Reynolds, in replying briefly to the discus- 
sion, said that in the writing of his paper he had 
been placed somewhat at a disadvantage, since the 
ee 5 knowledge acquired on the point was so 
ar of a confidential nature. Some of his para- 
graphs had given rise to misconception. The fur- 
nace he had taken for comparison was one which 
was run hard on dead melting a charge of 50 per 
cent. scrap. In regard to the question of air- 
regeneration briefly referred to by Mr. Harbord in 
his (the author’s) furnace, the regenerator chambers 
could be run without risk at a very much higher 
temperature than now obtained. ith reference 
to the use of boilers for turning to account the 
waste heat, he had some knowledge on this point 
from a trustworthy source, and he could assure 
Mr. Talbot that the scheme resulted in failure. 
He would deal by correspondence in detail with 
all the questions raised. 

On the motion of the Chairman, the author was 
accorded a hearty vote of thanks. 


Tue Tenacity, DerorMaTION, AND FRACTURE 
or Sort Steet at High Temperatures. 


wiley r was then taken. It was written by 
Mr. ‘ nhain, B.A., D.Sc., and by Mr. 


J. C. W. Humfrey, B.A., M.Sc., both of the 
National Physical Laboratory. It was read in 
abstract by the former with the aid of lantern- 
slides ; these showed the apparatus used and micro- 
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Arnold, whose statements were rather difficult to 
follow. After congratulating the authors for their 
admirable research, he expressed the opinion that 
~ 4 had found something wrong in connection 
with their electrolytic iron, and had adopted tin- 
plate steel containing about 0.11 per cent. of 
carbon and 0.4 per cent. manganese, which deranged 
the whole of their theory. The authors’ curve, he 
added, did show in a way the fourth recalescence 
of steel, the discovery of which he (Dr. Arnold) 
definitely announced to the Chemical Section of 
the British Association in 1910. Dr. Rosenhain, 
however, had not yet managed to split Ar, into its 
censtituent peaks, and from statements he made in 
a lecture on ‘‘Steel” before the Institution of 
Mechanical Engineers, about two years ago, he was 
then evidently labouring under the curious mis- 
apprehension that the fourth recalescence of steel 
was the second peak of Ar,, which, nevertheless, 
he successfully designated as a ‘‘wobble.” This 
led him (Dr. Arnold) to ask, ‘‘ When was a wobble 
not a wobble?” and the answer was, ‘‘ When it 
regularly occurred in scores of observations.” Here 
Dr. Arnold showed comparative curves to explain 
his points. He also compared former statements of 
the authors with statements they expressed in the 
paper before the meeting, and, contrarily to the 
assertion made by the authors to the effect that 
the question of hard beta iron was yet open, he 
(Dr. Arnold) submitted that it was closed for ever. 
As to whether or not the always-soft iron in the 
alpha, beta, and gamma ranges of temperature 
might in the future be differentiated so as to enable 
the iron in any range to rank as an allotropic modi- 
fication, time alone could show. Excepting the 
magnetic change, there existed no data sufficiently 
decisive to guide metallurgists to a scientifically 
accurate solution. 

Professor Carpenter, who followed, said the 
authors had admitted: they were wrong in their 
former admissions, and for this they deserved full 
credit. But they had said that their present paper 





sections of the metal. 
The discussion was opened by Professor J. O. 


was a modification of the former one ; in reality, it 
destroyed completely the former one. They were 





unwise on the former occasion to take as a given 
basis what was nothing more than a suggestion. 

Sir Robert Hadfield thanked the authors for 
putting before the meeting the results of their 
researches. He referred to his own researches, made 
as far back as 1887, with manganese steel, in which 
the late Mr. Osmond had been greatly interested. 
The authors, he thought, had overlooked the most 
powerful influence of the most minute percentage 
fraction of carbon. He (Sir Robert) appreciated 
the remarks which had been made in the tere 
he did not agree fully with them, because the 
authors’ researches had brought out several valuable 
points. He hoped the latter would continue them, 
for there was still much to be learned on the 
subject. 

r. Humfrey briefly stated that pure iron was 
abandoned, since when it was treated in vacuo, 
electrolytic iron got into an abnormal condition, 
whilst iron having a small percentage of carbon 
was almost free from objection. He also added 
that the paper, figures, and tables should be con- 
sidered as a whole for discussion, and not in an 
isolated way, which was not fair criticism. ; 

These remarks were confirmed by Dr. Rosenhain, 
who added that they had some justification for the 
assumption that the influence of 0.1 per cent. of 
carbon at the temperatures of the researches was 
a very small one. They had further researches in 
progress, with higher carbon steels, which would 
throw light upon the point. 

On the motion of the Chairman, a hearty vote of 
thanks was accorded the authors. 


Tue Critica, Ranexss or Pure [Ron, WIth 

SpecraL REFERENCE TO THE A, INVERSION. 
This , by Professor H. C. H. Carpenter, 
M.A., Prop. Manchester, was read in abstract 
by the author. He had carried out researches 
from which, he stated, the conclusion appeared 


| 





| thoroughly warranted that the conception of A: 48 
an independent allotropic change had to be aban- 
|doned, and it had now to be regarded as proved 
that Ar, was simply the termination of Ar, retarded 
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by impurities present even in the present forms of 
iron. 

Professor Arnold, who said he had taken both this 
and the former r together for discussion, and 
who added the Delief that Professor Carpenter had 
written it in conjunction with Dr. Stead, criticised 
the points put forward by the author, and referred 
in detail to the experiments carried out by Pro- 
fessors Hicks and .O’Shea. He (Dr. Arnold) 
showed on the screen the analyses of the steel the 
latter had prepared, made independently by Messrs. 
O'Shea, Arnold, and Archbutt, and also showed 
curves to illustrate his refutation of Professor Car- 
penter’s theory and conclusion. 

Dr. Rosenhain, who followed, said he did not 
wish to be considered wedded to the beta theory ; 
he had put it forward as a hypothesis. He found 
it difficult to accept that Ar, was the end of Ar,, 
and explained how iron underwent changes by 
reference to a curve he drew on the blackboard. 
He also questioned how far the action of the gases 
in the steel intervened. 

Sir Robert Hadfield said the O’Shea steel specimen 
had been in his (Sir Robert’s) possession in 1897, 
and it was that iron which first strengthened him 
against the beta form, and induced him to turn 
away from the allotropic and adamantine theory 
of iron. He congratulated Professor Carpenter on 
his researches. 

Mr. Edwards expressed the opinion that the 
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various theories should be criticised in an open 
spirit, although it was difficult to dissociate one’s 
self from the expressions which had done such 
eminent service in the past. In his essential con- 
clusions Professor C: nter was correct. Too much 
stress should not be laid upon the different point 
or points of cooling and heating, and he showed by 
reference to the curve on the blackboard how dis- 
crepancy could be eliminated. He added that he 
would deal fully with the matter in writing. 
Professor Carpenter, in replying, said that the 
statement to the effect that his pa ought to 
have been published under Dr. Stead’s name also 
was @ very wrong one to make. Dr. Stead had no 
knowledge whatever of it. He had given in his paper 
full credit to Messrs. Hicks and O’Shea. He would 
reply fully in the Proceedings to all points raised. 
he last two papers :— 


A New Mernop ror tHe Accurate DeTermMina- 
TION OF PHOSPHORUS, 


by Messrs. C. H. Ridsdale, F.I.C., F.C.S., and 
N. D. Ridsdale, F.C.S., Middlesbrough, and 


Curomirerous Iron OnES OF GREECE AND THEIR 
UTILISATION, 


by Mr. Herbert K. Scott, were taken as read. 
After the usual vote of thanks to the Institution 
of Mechanical Engineers for the loan of their room, 





and to the Chairman, the meeting came to a close. 











WIRE- WHEEL SPOKE SWAGING-MACHINE. 


Tux illustrations on page 630 refer to a swaging- 
machine constructed by the Langelier Manufacturing 
Company, of Providence, Rhode Island, U.8.A., for 
swaging down wire spokes between the butts for 
motor-car wheels. It takes the wire from the coil, 
— tens it, swages the spokes down to the pe 
length, leaving enlarged butts at the ends, and cuts 
them off. aste and handling are entirely elimi- 
nated, while the machine has the high output of three 
spokes per minute, obtained by avoiding loss of time 
between operations, one spoke Bae swaged while the 
previous one is being cut off. 

The machine itself is shown in Fig. 1. In Figs. 2 
and 3 the length of blank and the finished spoke are 
shown. Wire is drawn off the coil standing at one 
end of the machine, and through a straightener 
which has offset steel eyelets mounted on ball-bear- 
ings in holders. These eyelets do not bear in an 
unyielding manner against the passing wire, but re- 
volve so that no damage to the wire occurs. Once set, 
these eyelets do not need to be touched for a long 
time, as they suffer no perceptible wear. 

From the straightener the wire ae into a hollow 
yea — the swaging dies, and, as it is 

rawn through these, they close automatically on to 
the wire, after allowin the length forming the butt 
to pass out of them. The dies impart in rapid suc- 
cession a large number of blows in couples from dia- 
metrically opposite directions, reducing the wire for 
the proper length, when they automatically open and 
allow sufficient length of unreduced wire to , to 
form the second butt end. The wire is drawn through 
the machine by the chuck shown in Fig. 1, working 
upon the horizontal slide. This chuck is mounted on 
a saddle, provided at the back with a rack meshing 
with an —— segmental | oy set in motion by a 
cam and roller underneath. e connection between 
the segment and cam is by an adjustable link, by which 
the travel, and hence the —— of the swaged part 
of wire, can be adjusted. e chuck closes on the 
wire for the drawing stroke, releases the wire at the 
end of the stroke, and returns to its starting position 
for the next draw. The grip is worked by a wedge 
— by the saddle at the extreme points of 
travel. 

At the end of the outward stroke the wire is gripped 
in the cutting-off attachment, which consiste of two 
hardened and ground-steel bushings sliding past each 
other. These cut the spoke clean and square, without 
deformation. While one spoke is being cut off the 
chuck is returning for the next draw, and work 
another spoke is commenced with the dies. Fo: 
oil lubrieation is provided to all running parts, and 
the dies, by pump. The machine is built for either 
belt or motor drive. Its gross weight is about 61501b., 
and it occupies about 3 ft. by 6 ft. of floor space. 





COMPENSATED RAPID LUFFING-CRANE 
WITH SELF-BALANCED JIB. 

Durine the past few years, owing to the increasing 
size of steamers, luffing-cranes (that is to say, cranes in 
which the radius of the jib oan be rapidly altered 
while under load, several types of which we have 
described in previous issues), have been found of 
great advantage on account of the great saving of 
time effected by them. Most of these luffing-cranes 
are now fitted with some sort of compensating gear to 
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keep the load approximately level while the luffing 
operation is being earried out, balance-weights being 
supplied to balance the jib. In most cases the system 
of compeneation involves passing the lifting-rope over 
extra pulleye, thereby increasing the wear in the ropes 
and reducing the efficiency of the lifting gear, while 
the jib is generally supported by luffing ropes (and 
sometimes the balance-weight as well), except in those 
cases in which it is carried on a tower, and a 
balance-weight attached to its lower end. 

The crane we illustrate in Figs. 1 to 3, on the pre- 
vious page, aims at removing some of the above defects, 
and consists of a cantilever jib, so supported and co.:- 
trolled that extra pulleys are not required in order to 
obtain a hesiownter travel to the load, while the jib is 
made to balance itself. The manner in which this is 
achieved will be b<st understood by reference to the 
diagram, Fig. 4, in which D F is @ cantilever jib sup- 
ported at the point E by a radins-rod EA, which is 
pivoted to the top of the crane-post at A. The post 
A B is provided with a vertical runway or guide F M, 
upon which the lower end of the jib can slide up and 
down. The distance E A is equal to E F, and each 
is equal to one-quarter of the total length of the jib 
D F ; the point P is the centre of the jib, and C Bisa 
straight line. At the points F and D there are ——. 
and, as before stated, the point F has guides provided 
for it in the crane-post in which it slides. The lifting 
rope passes from any point below M, such as B, over 
F and D, and down to.the load at, say, C. 

It will be seen that the length CD + DF + FB 
is a constant, and as, in moving the jib, the wrap of 
the pulley at D equals the unwrap of F, the load at C 
will follow the horizontal line CB. The lines K H, 
H M, and MB show another position of the jib, and, 
since P is the centre of length of the jib, this point 
will travel along the horizontal line O P R A, for since 
DC + FB is a constant, these two lengths vary in- 
versely, P being a virtual centre. If the centre of 
gravity of the jib be made to coincide with P its weight 
cannot exert ~~ ae or lowering effect on the 
jib, and it will be self-balancing. As the load also 
cannot exert any disturbing effect, since it, too, follows 
a {horizontal line, this balancing will obtain whether 
there is a load on the crane or not. 

The illustration, Figs. 1 and 2, show a design for a 
60-ft. radius crane built on this system. The crane 
represented shows one adapted for elec’ ric driving, but 
the system is equally applicable to hand, steam, petrol, 
or hydraulic power. In Figs. 1 and 2 the crane is seen 
in end and side elevation respectively, while in Fig. 3 
is shown the method of bracing the jib. The cabin for 
the attendant is placed on an upper platform, and 
from it the whole of the operations of the crane can be 
controlled. The luffing- is in this case also placed 
on the upper ey vein while the hoisting and slewing 
gears are on the lower one. 

The points specially claimed for this type of crane 
are (1) the absence of any extra pulleys over which 
the lifting rope must pags; (2) luffing ropes can 
be entirely dispensed with, and a crank or screw- 
gear used for luffing ; (3) the jib requires no balanc- 
ing, reduction of weight accruing therefrom as well 
as @ decrease in the number of moving parts ; 
greater acceleration in luffing is also obtained; (4) 
the j'b will remain in any position, either loaded or 
not, without any brakes, and if the lower end of the 
jib be left rather heavy (which in ordinary construc- 
tion it would be) the tendency, if anything broke, 
would be for it to come in to the minimum radius, 
and not to fall outwards; (5) the total height of 
ordinary cranes at the minimum radius is depende .t 
on the ee of springing of the jib required for clear- 
ance of ships at the maximum radius, in the case of 
this crane, however, considerable height is saved at 
the minimum radius, which is an important point 
when wind is considered ; (6) the power required for 
luffing is extremely small, as only friction has to be 
overe me, and that is reduced to quite a small amount, 
a 30-owt. crane luffing 6 ft. per second requiring only 
about 24 horse-power ; (7) owing to the ability to get 
a very short minimum radius the runway of the 
bottom of the jib can be set forward so as to allow 
the use of a cone or king post, as shown in our illus- 
Settee, height otherwise wasted being thus efficiently 

ilised. 

The inventor of this crane is Mr. A. H. Mitchell, 
M.I. Mech. E., and it is, being placed on the market 
by the Mitchell- Williams’ Crane Company, 98, Leaden- 
hall-street, E.C. 





Tar InstritoTe or Metacs.—The annual autumn meet- 
ing of the Institute of Metals will be held this year, under 
the Rr idency of Professor A. K. Huntington, 
R.S.M , for the first time since the Institute’s formation, 
in 1908, on the Continent 1+ will take place in connection 
with the Ghent International Exhibition, the dates fixed 
being August 28, 29, and 30. Among many important 

apers to be communicated will be the Report of the 

orrosion Committee. Gentlemen desirous of attendi 
the Ghent meeting of the [nstitute of Metals should sen 
in their forms of application for membership to the 
Secretary of the Institute of Metals, Caxton House, 
Westminster, S.W., not later than July 31, 
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INDUSTRIAL NOTES. 


THE annual report of the Society of Amalgamated 
Toolmakers for 1912 has recently appeared, and forms 
a very complete record of the year's working. The 
report is undoubtedly a very satisfactory one in many 
ways, and indicates what a prosperous year the last 
one was. As an indication of | the society’s expansion, 
the membership may be taken as a reliable guide ; it 
increased from 6006 at the close of 1911 to 7870 at the 
close of 1912, at which latter date the total income 
had reached 20,482/. i6s. 6d., including 665/. 2s. 4d. 
interest on investments. In 1909 the membership 
was 3851 and the income 10,592/., showing that in the 
space of four years both the membership and the income 
have been about doubled. The total reserve fund now 
stands at 32,829/. 13s. 5d., the amount added during 
1912 being 8334/., making the reserve fund nearly 
20,000/. more than it was four yearsago. On the other 
hand, although trade throughout the year was excep- 
tionally good, the society was called upon to pay 
out considerable sums in various benefits ; of these, 
donations amounted to . 8s. 4d.; sick pay, 
1614/. 158. 10d.; benevolent grants, 198/. 5s. 8d. ; 
members to situations, 38/. 5s. 9d. ; accident benefit, 
100/. ; and funerals, 891/. The sum of 863/. 18s. 1d. 
was also paid in sick dividend, and there was also 
585/. 2s. 4d. to superannuation benefit. The arrears 
this year amount to 15727. Pension allowance is given 
by this society 15 years before the State pension is 

ranted for old , the only conditions being that 
fore a member mes entitled to it he shall have 
been in the society 20 years. At the end of such 
time, providing he is 55 years of age, he is offered 7s. 
a week. The weekly subscription to secure this is ls. 
a week. The unemployed at the end of 1912 num- 
bered 71, against 194 at the end of the previous year, 
a decrease of 123. 


The monthly report of the National Union of Boot 
and Shoe Operatives for April shows that at the end 
of March employment continued good on the whole, 
and was better than a year azo, when it was affected 
by the coal strike. turns from firms employin 
68,327 workpeople in the week ended March 15, show 
a decrease of 0.3 per cent. in the number employed, 
and an increase of 0.7 per cent. in the amount of 
wages paid compared with the previous month. Com- 
pared with a year ago there was an increase of 1.9 per 
cent. in the number employed, and 6.3 per cent. in 
the amount of wages paid. Employment continued 
pe at Leicester and was better than a yearago. At 

——— employment showed a slight decline 
compared with a month ago. It was fairly good at 
Kettering, and better than a yearago. At Norwich 
things were rather slack, though some slight improve- 
ment was reported. At Bristol and Kingswood em- 
ployment was fairly good, and showed some improve- 
ment compared with the previous month. Employ- 
ment was slack at Leeds. At Manchester it was worse 
than last year. In Scotland it was fairly good 
generally. 


The outlook in the shipyards does not —— to 
have improved since we last referred to it. Success 
did not attend the efforts of the men’s leaders to induce 
the masters to grant a general advance in wages. At 
the end of last week, it was therefore decided to take 
a ballot in order to ascertain the men’s wishes, and 
a circular was issued stating the alternatives on which 


the votes were to be given. The alternatives were :— 
(1) Accepting the employers’ proposals to adjourn the 
request for three months ; (2) giving notice to cease 
work to obtain the advance one for. 

asking for an increase in piece-work rates of 5 per cent., 
and ls. a week on time rates. It is expected that when 
the boilermakers’ ballot is made known there will be 
found to be an overwhelming majority in favour of pro- 
claiming a strike, and it is thought that the national 
agreement ballot will have the same result. Under these 
circumstances the outlook is not cheerful, and it appears 
——. that early in June the Employers’ Federation, 
which embraces all the shipbuilding districts but those 
in Belfast, will be faced with a situation which may 
result in a strike between 80,000 and 100,000 men. 
We have already fully explained the circumstances in 
previous issues, but we may here again briefly lay the 
chief points before our readers. In less than two 
years the employers have conceded three advances, 
amounting in all to 15 percent., or 3s.a week. This 
has been brought about practically during the present 
boom. The employers maintain that the tide of pro- 
sperity has now turned, and that there is no justifi- 


The men are 


Assoc. | cation for a further advance. Tonnage has, they 


say, overtaken freights to some extent. They main- 
tain that there has been a marked falling off in 
inquiries since the beginning of this year; that lost 
time among the workmen has decreased the output, 
and that a further advance cannot, therefore, be con- 
ceded. Moreover, the men can, they say, increase 
their wages by keeping better time, if they wish to do 
so. The men, on the other hand, state that they are 
entitled to more money because the shipyards were 





never, in the history of the industry, so full of work, 
re that there is a wide demand for skilled shipyard 
ur. 


What is known as the *‘ coercion of non-unioniste’ 
strike,” which was inaugurated a week ago, with the 
object of compelling non-unionists to join the South 
Wales Miners’ Federation, did not last long, and in 
less than a week from its commencement it was practi. 
cally at an end, for in almost all the districts affected 
the non-unionists appear to have given way, and to 
have joined the ranks of the Federation. They cannot 
be considered to be a source of strength, but they add 
to the numbers, and the union officials claim that, as 
@ result of the Federation’s action (which, to outsiders, 
appears to be quite tyrannical) all but a comparatively 
few non-unionists are now within the fold. In the 
Rhondda Fach the situation is, however, practically 
unchanged, a firm attitude being maintained by the 
non-unionists. As the result of a mass meeting on 
Sunday afternoon last the leaders were authorised to 
wait — the management with a request that work 
might resumed at once without the non-unionists, 
and that,-in case the latter should present themselves 
for employment, they should be refused work. It is 
sincerely to be hoped that the masters will not bea 
party to any such arrangement. In any case, how- 
ever, it does not seem probable that, whether tie 
owners refuse non-unionists employment or whether 
they take no step in the matter, the men will long 
remain idle. A great many men went back to the 
pits after Labour Day. On Monday about 17,000 more 
returned to work, and it is thought probable that 
before the end of the week most of the collieries will 
be at work. 


Speaking at a meeting held on Sunday last by the 
Southport branch of the National Union of Railway- 
men, Mr. J. E. Williams, the general secretary, said 
that he did not think it would be very long before the 
other two railway unions would be compelled by 
economic forces to come into line with them, but the 
fusion must be amicable if any = results were to 
accrue. With a to the eight-hour day, he thought 
that they would be much nearer its accomplishment 
now if they had not in the past been so foolish in 
overloading their eee. For the last twenty- 
five years he had been appealing to the men not to 
overload their programmes with a lot of side-issues. 
Referring to the bond of union that existed at one 
time between masters and men, he said that there was 
then a certain amount of sympathy between the two 
parties, and the direct approach of the men to the 
masters was much easier than is at present the case. 
Since the commencement of great trusts and combi- 
nations there was a large bulk of the working classes 
who had not known their employers, and unless the 
men had very strong trade unions or organisations, 
they had no chance of making their views known 
effectively. The day for concentrated effort had 
arrived, and it was therefore important that unions 
should combine to increase their strength. 


On Saturday last the Scottish Trade Unions Congress 
brought its sitting at Dumfries toan end. The ques- 
tion of the employment of Army musical bands to the 
detriment of civilians was discussed, and the employ- 
ment of soldiers as ‘‘ strike breakers,” or, as many 
people would consider, ‘‘ public helpers,” was adversely 
criticised. One member called attention to the fact 
that the prison authorities sell mats made in prison 
at a cheaper rate than the ordinary market prices, a 
practice, no doubt, rather unfair to traders. 


The Employers’ Federation and the Bleachers and 
Dyers’ Association have recently negotiated together 
with regard to proposals of the employees for improve- 
ment in the wages of day workers. These proposals 
include the establishment of a minimum wage, and 
advances of w for dyers, calenderers, manglers, 
starch-mixers, dryers, and assistants. All the men 
earning 31s. a week and over are to be advanced 1s., 
and earning under 3ls. to be advanced Is. 6d. 
These proposals have been accepted in some districts, 
and the changes will come into operation without 
delay. 


According to the Morning Post, in consequence of 
the dispute now proceeding in the ship-repairing trade 
on the question of the demarcation of work between 
plumbers and fitters, a big contract has beea lost to 
Smith’s Dock Company, at Shields, in connection with 
the London steamer Clam, owned by the Anglo-Saxon 
Petroleum Company, which required overhauling, and 
a Dutch tug company has instead received orders 
to do the repairs. This job was one of the heaviest 
and most expensive that had gone to the Tyne for 
some years, as the Clam is one of the largest oil- 
steamers afloat. 


The amalgamation movement among trade unions 
appears to be gaining ground. The air is full of reports 
of all kinds bearing on this question, anda project for 
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the amalgamation of the several dyers’ and kindred 
unions has received the sanction of the Amalgamated 
Society of Dyers. This is probably but the beginning 
of things, and more will no doubt be heard on the 
subject at a later date. The object is to combine all 
the operatives in the dyeing, calico-printing, bleach- 
ing, and finishing trades, and all the existing unions 
from Leicester to Dundee are being asked tojoin. The 
matter cannot be an easy one to handle, on account of 
the many ane concerned. In some cases 
financial questions keep the different unions apart, the 
older and richer unions, particularly, being very cha 
about taking risks of the kind connected with 
the amalgamation with other unions. In other 
cases, the principle of the ‘‘craft” stands in the 
way, because many of the skilled artisans naturally 
cling to this. The question of doing with fewer 
paid ofticia’s, too, sometimes stands in the way ; but 
this is perhaps less frequently a difficulty than other 

ints. There is also being mooted another type of 
amalgamation which so far has not been heard of to any 
great extent, and which is probably still a long way off 
fulfillment. This is a proposition to bring together 
for militant purposes unions necessarily associated 
with the same industry. One of the proposed groups 
would contain the miners, the railwaymen, and 
transport workers, and the more forward men among 
the unions are said to be particularly in favour of the 
scheme. The majority of the miners’ lodges in 
Northumberland will, at the annual meeting to be 
held on May 17, propose that a joint conference be 
convened, representing miners, railwaymen, and trans- 
port workers, with a view to the amalgamation of all 
grades of labour. This step will be a preliminary one. 





At the meeting of the Coal Conciliation Board for 
the County of Durham, on Friday last, it was agreed 
to raise the hewers’ wages by 6} per cent. Since May 
last year there have been three increases of 37 per 
cent., and by the present advance the wage rate is 
brought up to 56} per cent. above the basis of 1879. 
No increase so large as 6} per cent. has been agreed to 
since November, 1907, and between 1901 and the 
present time the 564 per cent. point had not been 
reached. The highest point was reached in 1900, 
when it was 8? per cent. above the present. 





The Admiralty intimated some t’me ago that, in con- 
sequence of the long delays that have already taken 
place regarding the unrest in the dockyards, they would 
deal within the year with the annual petitions which 
are forwarded by the employees in the Government 
shipyards. This year their promise will be fulfilled 
earlier than usual. The conditions of the shipbuild- 
ing industry generally, as well as the rise in the cost 
of living, which have caused a considerable amount of 
unrest among the dockyard hands, fully justify this 
course. Very considerable advances have been given 
during the last two years to their men by private em- 
ployers, and it is but natural that the dockyard men 
should expect to participate to some extent in the 
benefits that have accrued from recent good trade, 
bearing in mind, of course, certain advantages, such as 

nsions, certainty of employment, &c., which have to 

taken into account in Government service. 





Owing to the action of the Chief Industrial Com- 
missioner the dispute, which for a long time has been 
in progress in the port of Galway, in Ireland, has been 
settled, and all the men have returned to work under 
an agreement which gives them an increased wage, 
and embodies other conditions concerning the future 
control of the trade of the port. 


The dock labourers at Liverpool are still dissatisfied 
with the new arrangements for leaving work on 
Saturdays, the pay being according to the hours 
worked. They want to stop at one o’clock on Saturdays 
and draw a full day’s pay. Last Saturday several 
thousand men were idle. 





It is understood that farm men in the Liverpool, 
uthport, and Ormskirk districts have recently 
ined the Agricultural Labourers’ Union in large 
numbers, and they now demand better pay and a 
reduction in working hours, with overtime at the rate 
of 6d. per hour in harvest time or on Saturday 
afternoons and a half holiday on Saturday. The men 
state that they are now the only body of workers who 
do not enjoy a weekly half-holiday.. As the farmers 
in the district decline to accede to these demands, 
It is thought quite possible that a strike may occur in 
harvest time, 





The strike in the Leicester boot factories of the 
Co-Operative Wholesale Society has come to an end, 
for the work people affected were informed, on Saturday 
last, that a number of the directors connected with the 
Productive societies, would meet the counzil of the 
union on Monday last in order that differences might 

iscussed. In consequence of this the strikers 


REVERSING ROLLING-MILLS. 

On a New Form of Electrically-Driven Two-High 
Continuous-Running Reversing-Mill.* 

By Anprew LAMBERTON (Member of Council). 


Durine the past few years the attention of engineers 
and steel-works owners has been closely directed to the 

roblem of the economical driving of rolling-mills, which 

ve in the past in the majority of cases far from 

satisfactory in this respect, and although the subject is 
surrounded with many difficulties very satisfactory pro- 
gress has been made and the way cleared for further 
advance. 

As was to be expected, electricity has been much in 
evidence, and great credit is due to those who have been 
pioneers in this respect, for the ingenuity they have dis- 
played, and the large measure of success which has 
attended their efforts. The day, however, has not yet 
arrived when it can be claimed, that, by the universal 
adoption of electricity as the motive power for driving 
rolling-mills in iron and steel-works, the highest economy 
in running costs can be attained ; and every proposed 
installation of such machinery would require to be most 
carefully considered in relation to the existing conditions, 
and decided upon its true merits. 

Speaking generally, where steel-works are associated 
with blast-furnaces, and perhaps also coking-ovens, and 
an abundant supply of surplus gas is available for pro- 
ducing electric current at a low cost, electrical driving of 
such mills is clearly indicated ; and the question before 
the engineer then becomes one of the economical design 
of such plant, both as regards first cost of installation and 
economical performance. The greatest difficulty is met 
with in dealing with reversing-mills of the two-high type, 
where the rolls have to be reversed at each pass, and when 
these mills are of large size the electrical plant is ex- 
tremely costly, the reversing-mill motors necessary being 
from 10,000 to 15,000 brake horse-power, due to their 
having to start from rest under full load at each reversal. 

We are all familiar with the Ilgner system of drivin 
such mills, first introduced in Germany, and with whic 
Messrs. Siemens Brothers, of London, have in this 
country been closely identified ; and several very interest- 
ing papers have been submitted A Ablett of that 
firm describing such installations. e high initial cost, 
however, seems to militate against the general adoption 
of the Ilgner system in this country, as British steel- 
makers seem very slow to adopt it ; and it is noteworthy 
that two of the most recently erected steel-works in this 
country, in both of which blast-furnaces and coke-ovens 
exist, and an ample supply of free gas is thereby avail- 
able, although using electricity for every possible pur- 
pose, have not adopted it for driving their reversing- 
mills, which seems to indicate that the high initial cost 
and other considerations have made it clear that this was 
not in these cases the most economical when all the 
conditions were fully considered. 

All engineers may be said to be in agreement, that 
where rolling-mills can be driven by a constant-running 
motor associated with a heavy fly-wheel to take the peak 
loads of rolling, electrical driving is to be preferred, pro- 
vided, of course, that the cost of current be low enough. 
Look for a moment at some of the main considerations 
that arise in connection with the adoption of electricity 
for driving bar, rail, and section rolling-mills. 

For small mills rolling light sections and bars, which 
can be fed to the mills by hand, the three-high continuous- 
running mill is practically universally adopted, and in such 
cases the driving of these mills by a continuous-running 
electric motor leaves nothing to be desired. For larger 
mills rolling bars and sections of heavier type which 
cannot be fed by hand, and where live-roller feeding-tables 
and mechanica. a are therefore necessary, the 
three-high type of mill is not so popular in this country, 
although it must be admitted that on the Continent and 
in America this type of mill is quite commonly used 
even for heavy sections. The main objections, however, 
are the complicated live-roller tables which require 
to rise and fall at each pass, and the increased 
difficulty of -— “17 the bars on these rising and 
falling tables. There is also the further difficulty of the 
exact setting of three rolls to give accurate sections, 
together with the multiplication of the guides and guards 
required in this system. These considerations have 
caused steel-makers in this country to prefer the two-high 
type of reversing-mill for such heavy and sections, 
even although the driving of such mills by reversing 
steam-engines is less economical. This being so, it 
occurred to the author that if two-high section rolling- 
mills could be designed so as to be capable of being driven 
by a continuous-running electric motor, and at the same 
time give the necessary reversals to the at each pass, 
this would go a long way to meet the difficulties referred 
to, as the ease of setting the rolls in the two-high mill, 
and the simplicity of the roller tables being fixed, instead 
of moving, would be conserved, and the and very 


costly reversing motor rendered unnecessary. The follow- 
ing is a short description of the method by which this is 
accomplished :— 


The root idea of the new system is that if in a mill with 
two rolls arrangements can to make the bottom 
roll the top roll, and vice versd, then at each reversal of 
the position of these rolls there will be a pass in the oppo- 
site direction. If then a pair of rolls be mounted in cir- 
cular gables, which are free to rotate in fixed frames or 
housings, this will afford a continuous-running two-high 
mill, perme coma reversals at each pass on the gab! 
pera d rotated through an angle of 180 deg.—half a revo- 
ution, 

Referring to Figs. 1, 2, and 3, page 434, the two rolls A 


* Paper read before the Iron and Steel Institute, 





are mounted in the usual form of chocks B contained in 
the circular gables C, which gables are free to rotate in 
the fixed frames or housings D. In order to make the 
turning of the gables easy these are carried on broad re- 
volving anti-friction rollers E placed immediately under 
the gables and carrying their weight. These anti- 
friction rollers have part of their breadth formed into a 
spur-pinion F, which gears with corresponding teeth 
in the rotating _ By means of an hydraulically- 
operated rack gearing into the pinion on the 
bottom roller-shaft H the rotation of the gables is 
quickly effected, the time taken being only three to five 
seconds, and the stroke of the hydraulic rams is just 
sufficient to bring the rolls to their exact position at each 
reversal. To provide for the alternate change in the 

tion of the top and bottom roll, the driving-spindles 

» conveying the power from the mill pinions K to the 
rolls A, are disposed in the manner shown on draw- 
ing, and the weight of these spindles is borne up in their 
centre by a balanced carrying gear, the weight of the 
descending spindle balancing that of the ascendin 
spindle at each reversal. It will be noted that the mill 
pinions are placed side by side, and not superposed, as is 
usual, as this side-by-side arrangement reduces the angle 
on the spindles during reversals. 

With regard to the motor, driving-gear, and fly-wheel, 
these are so well understood as to require no description, 
except to observe that by the employment of a high- 
s continuous-running motor the size and cost of such 
motor is reduced to a minimum; and, as the fly-wheel 
takes the peaks of the rolling loads, the highest economy 
in operation results. 

In Figs. 4, 5, and 6, on page 635, the revolving gables 
with the fixed frames are shown to a larger scale, and the 
guides and guards for rail-rolling are also shown in 
position. 

An interesting point to observe is, that in 4 rails 
and sections in the ordinary type of two-high mill, it is 
necessary to turn the bar upside down to prevent the 
formation of fins, but this is entirely obviated in this new 
design of mill, because the rolls take alternately top and 
bottom position, and finning is thereby corrected, so that 
the turning of the bar upside down is rendered unneces- 
sary, and the operations of ing simplified. 

In Fig. 7, 635, is shown the general lay-out of a 
rail-rolling mill plant on this new system, capable of an 
output of tons per week. It will be observed that 
three distinct mills are shown :— 

(1) A cogging-mill taking the ingot and reducing it to 
a bloom ; 

(2) A ~—— to reduce this bloom to a roughly- 
formed rail ; an 
(3) A finishing-mill to finish the rail to the required 
section. 

These mills are all of the same continuous-running 
reversing type, the rolls having fixed drafts, so that there is 
no screwing-down gear required. The live roller-tables 
are all fixed tables of the simplest form, and the manipu- 
lation of the ingots at the cogging-mill, the blooms at the 
roughing-mill, and the rails at the finishing-mill, is of the 
simplest character. ~ conti running eleo- 
tric motors with suitable fly-wheels are used to drive 
each of these mills, and these motors are all of most 
reliable type and highest renee 

The author ventures to think that in such an installa- 
tion a very high efficiency would he obtained, with the 
minimum initial cost. 

The first mill of this new type is now in course of 
construction, and will be put to work in a large steel 
works in England in the early summer, when the results 
in every-day operation will be available; and the author 
ill be glad to give these results in a subsequent com- 
munication. There is, however, another side to this prob- 
lem of the economical rolling of steel pore, which, 
although it concerns the engineer less than the one just 
considered, is of the utmost importance to the steel-works 
owner, and cannot therefore be overlooked. 

It is well known that to obtain the highest econom 
from any rolling plant, the maximum capacity of suc 
plant must be realised ; for if, say, in a plant of 5000 tons 
capacity per week only an average of 3000 tons is actuall 
obtained, the cost per ton of production on this redu 
uantity would be much higher than would have been 
the case had the maximum output been secured ; and it 
is to be feared that this condition of things is all too 
characteristic of the rolling-mills in this country. : 
Let us look at some of causes which go to explain 
this shortage in output: First, and probably the test, 
are the constant fluctuations in e, in sympat 4 with 
wy by poo rises — falls — aay the fact 
that the total capacity of existing ts in this coun 

is now much ter than the average demand for they 
products, with the result that the total quantity of the 
work placed is split up into numerous small! orders, that 
rarely ever afford an opportunity for a lengthened run 
on the same section, by which alone a maximum output 
is ible. This also results in constant changing of 
rolls for the different sections required, inourring large 
expense and very t loss of time. . 
nder such conditions as these the output capacity of 
mills cannot possibly be even approximately reached, 
and the cost of production is thereby chronically exces- 
sive, and reacts upon and checks demand; and so it 
would appear that our steel-makers seem to be within a 
vicious circle, where limited demand results in high cost 
of production, and where high cost of production again 





Jes | causes limited demand ; and this is # situation sufficiently 


serious to claim the earnest attention of all those directly 
interested. .Not much comfort or satisfaction is to be 
got from those who will tell us that this is clearly a case 
of the survival of the fittest and the withdrawal of the 
vanquished from the field. , however, noremedy 








decided at once to return to work. 


per 
May 1, 1913. 


at all for such a state of matters? Remedies have been 
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ELECTRICALLY-DRIVEN 


proposed, to which the author dare not allude in 
this place, but there is one which is so safely 
outside the pale of politics that no apology is 
necessary in referring to it—this is ‘‘special- 
isation.” : 

We are all familiar with the saying, ‘“‘It is 
a wise farmer who looks over his neighbour’s 
fence,” and those of us who have visited America 
and Germany and seen the steel works in these 
countries, could not fail to have been impressed 
-with the constant endeavour put forth to carry 
out this principle of specialisation to the fullest 
extent in all their operations, and this for the sole pur- 
pose of enabling them to produce bray and conse- 
quently to keep their plant running to its fullest capacity, 
in the knowledge that the more they produce the cheaper 
they produce. , 

Hence we see continuous billet-rolling mills working 
all the time on billets alone, and producing these in 
quantity far above, and at a cost far below, what can be 
done in this country. The same principle is carried 
through in all their rolling operations, the orders re- 
ceived at headquarters being carefully classified and 
sent to the mills specially designed for producing the 
sections required, large economies being thereby effected. 
In Germany, the Vervand, controlling a number of the 
largest works, carries out this same method, and years 
of experience have now proved the great value of the 
system. 

At the present time the steel works all over the world 
are practically full of work, so that the British steel- 
maker is not seriously aff by American and German 
competition, but the inevitable ebb in the tide of pros- 
perity is sure to set in, and then the struggle for our 

of the business of the world will certainly be keener 
than we have ever yet experienced. To meet this our 
steel-makers will have a very serious and difficult problem 
to face, as the conditions in this country are admittedly 
| agen different from those in America and Germany. 
In whatever way the matter may be dealt with, the 
value of this system of specialisation in’ design of mills, 
and classification and selection in the work’ rolled in 


S049. 8} 


these mills, which have proved beyond ‘doubt so bene- 
ficial wherever they have been systematically followed, 
cannot nored, and every improvement that can be 
devised, tending to increase the efficiency and simplicity 
in operation of such mill plants, must constantly engage 
the attention of the engineer, if we are to hold our own 
against the very formidable opponents who so strenuously 
assail our tion, and who enjoy advantages in 
os - markets here which are, unfortunately, denied to us 

y them. 

Should the new methods described in this short paper 
prove in some degree instrumental in attaining higher 
economy in rolling-mill practice, or be assistant to others 





who may be working on this important problem, the | 


—= 


CON TINUOUSLY-RUNNING REVERSING ROLLING-MILL. 





author will feel amply compensated for any little trouble 
he has undertaken in this modest effort towards improve- 
ment on existing methods. 





_ German Ratts.—The deliveries of rails in Germany 
in the first three months of this year compared as follows 
pee deliveries in the corresponding periods of 1912 
an — 


Month. 


January .. 
February .. 
March ke 


1912. 1911. 
Tons. Tons. 
177,310 161,056 
157,012 
214,154 


1913. 
Tons. 


229,821 
229,856 
232,437 
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STEAM FIRE AND SALVAGE PUMP. 


A set of steam-pumps adapted for both fire and 
salvage duty, and possessing several novel features, 
have recently been constructed by Messrs. Merry- 
weather and Sons, Limited, of Greenwich, and have 
been installed on H.M. tug Dromedary for use in 
Portsmouth Harbour. The proposal originally placed 
before Messrs. Merryweather was for the construction 
of a steam-driven centrifugal salvage pump that could 
also be used for throwing jets of water at a sufficiently 
high pressure for fire duty. It was found, however, 
that these combined duties could not economically be 
performed by such a type of pump, and a combination 
set that would deliver the required quantity for 
salvage work by a centrifugal pump was ; 
the higher pressure water for fire protection being 
supplied by a reciprocating pump. This suggestion 
was eventually a upon, the pump which we 
illustrate on page being the result. 

A high-speed vertical steam-engine, having a single 
oylinder, 12 in. in diameter by 6-in. stroke, is employed 
for driving the plant, the steam pressure being 60 lb. 
per sq. in. The engine has totally enclosed motion 
and forced lubrication, and is designed to run at 4 
— of 395 revolutions per minute, for driving either 
of the pumps. The combined toy is illustrated 
in Fig. 1, and a perspective view in Fig. 2, which shows 
very clearly the arrangement of the different parts. 
The centrifugal salvage pump has a rated capavity 
of 650 tons per hour against a delivery head of 
10 ft. It is made entirely of gun-metal, and has a 
shrouded propeller and a jointed casing, the suction 
and delivery pipes being 12 in. in diameter. The 
high-pressure fire-pump is Merryweather and Sons’ 
patent ‘‘ Hatfield” type, having three single-acting 
plungers driven by a single crank. India-rubber disc- 
valves are used, those for each barrel being arranged 
under a single cover that can be easily removed for 
examination or replacement. This pump is capable of 
delivering 400 gallons per minute against a head of 
250ft., also of throwing four jets ? in. in diameter simul- 
taneously toa height of 100 ft. through short lengths of 
hose-pipe. Each pump is driven by a dog-clutch worked 
by hand-levers. The piece of plate seen between the 
engine and the pump in Fig. 1 represents the bulk- 
head of the tug, on each side of which the respective 
portions of the set will be fixed, and on properly- 
prepared beds, 

he salvage suction fittings are a special feature of 
the installation, as shown in Fig. 3, and consist of a 
circular swivelling gun-metal chamber connected to the 
suction branch of the pump through the deck. There 
are, as will be seen, six se te inlets, each 5 in. in dia- 
meter, controlled by a separate valve, and screwed for 
the attachment of the flexible suction hose. This 
arrangement is, it is claimed, a considerable improve- 
ment on a suction of the full bore of the pump inlet, 
because it allows of a much greater degree of flexibility 
for work in a seaway, and of the possibility of pump- 
ing out several flooded compartments simultaneously. 
The suction piping is of copper-riveted leather, with 
an internal copper spiral, thirty 20-ft. lengths bein 
supplied. The delivery pipe is also taken to deck, an 
discharged overboard through a fall-away bend and 
flap valve. The fire-pump suction is taken from the 
ship’s side below the water-line through a Kingston 
valve and strainer, and the delivery to the deck fitted 
with four valved outlets for Admiralty pattern hose- 


couplings. 

These pumps have, we understand, been carefully 
tested by the Admiralty overseers at the makers’ 
works, the suction being fixed in the same position it 
would occupy relatively to the pump in the tug, and 
then drawing water from the maximum depth, 
according to the contract, and delivering into o 
measu tank. The weight of the combination is 
24 tons. 





Roap Direcrion-Posts.—A competition for the desi 
for direction - posts lates is announced by the 
organising council of the International Congress 


which is to be held in London next month. The council* 


invite competitors to submit drawings and models of 
various types of direction-posts and plates with a view to 
obtaining the means of most effectually indicating the 
different routes at various junctions, both on rural and urban 
thoroughfares. In pr+ 8 tions, it is necessary to 
study the best size, shape, and materials for the posts, 
also the style and colour of lettering and any information 
which, in the opinion of the competitors, the post should 
contain. Preference will be given to those competitors 
who design a direction-post and plates that can be best 
adjusted to suit the varying conditions existing on the 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 23. 

Tne unexpected has happened in the crude-iron and 
steel markets in a general weakening of prices, due in 
a large measure to competition from the Eastern 
markets, where production is at the maximum. The 
drop has been about 50 cents a ton. The largest 
sale in this district was 40,000 tons basic at 16.50 
dols. delivered, which is 50 cents under recent sales. 
Low-phosphorus pig iron has been sold freely. Sharp 
competition has sprung up in foundry grades in Eastern 
markets. This weakness in pig iron is due to the with- 
— of considerable business for some time. Several 
small furnaces have blown out recently, to await 
better conditions, as prices are near cost of production. 
Tin-plates, bridge, car, and locomotive material have 
been quite active, and a minimum base of 1.25 dols. 
has been maintained, and in the Pittsburgh district 
the minimum is 1.45 dols. Heavy purchases of struc- 
tural material have been made, to replace bridges swept 
away by the flood. It is said that large orders are held 
up pending the ascertainment of tariff duties, but no 
specific instances are given. Despite unjustifiable fears 
@ full business is assured for the rest of the year. 
Railroad buying has been light during the week in 
rails and cars. Rolling and forging billets are quite 
active, and mills are fairly well sold up for the second 
quarter. Here and there price concessions are made 
in bars. While the fact is not openly admitted, it is 
nevertheless true that pending tariff reductions are 
causing uncertainties. Early action is anticipated, 
and the buyers feel they will lose nothing by waiting. 
The agricultural interests have placed specifications 
for about 100,000 tons bars, wk will await further 
developments. The blast-furnaces in the Central West 
have ell resumed, and the demand for coke is better 
in consequence. Numerous enterprises that will call 
for large quantities of iron and steel are ripening, and 
no difficulties are being experienced in financing them. 
Stove and radiator plants have bought 30,000 tons of 
iron for Eastern plants, and more inquiries for an 
equal tonnage are on the market. It is asserted that 
the increased cost of production will result in higher 
pig-iron prices, but this possibility is not seriously 
regarded by the greater consumers. 





University OF Bristot.—The work of the motor-car 


engineering department of the Faculty of Engineering. 
which is provided in the Merchant Venturers’ Technical 
College, been extended to include not merely engi- 


neering problems connected with motor-cars, but 
those connected with flying-machines, motor-boats, &e. 
It has therefore been decided that the department shall 
henceforth be known as the ‘‘ Department of Automobile 
Engineering ”’ ; a corresponding alteration will be made in 
the title of the chair occupied by Prof. W. Morgan, B.Sc. 


ATMOSPHERIC Waves, Eppes, AND VortTIcES.—A 
paper having the above title was read before the Aero- 
nautical Society on Wednesday, the 7th inst., at 8.30 p.m., 
at the Royal United Service Institution, Whitehall, by 
Colonel H. E. Rawson, C.B., R.E., F.R. Met. Soc., and 
was illustrated by lantern-slides. The author, among 
other things, described what he considered might cause 
what is known as ‘‘a hole in the air,” and gave an 
interesting account of his observation of the flight of two 
albatrosses near Cape Town in —— of his theory. 
He also referred to the hurricane force of descending 
eddies, giving as an example of these the Helm wind, 
which at times rushes down the western slopes of Cross 
Fell, in Cumberland, into the Eden Valley, and the 
** Libeccio,” or south-west wind of Corsica, which de- 
scends from the summits of the ridge upon Bastia, and 
the ‘‘ Bora,” of Southern Russia, which precipitates itself 
from the Varada Mountains upon the Bay below. The 
author also pointed out that waves, eddies, and vortices 
are very much more common in the air than has generally 
been supposed. 








Tue InstiTUTION or Crvit Encrnggrs.—At the annual 
ra meeting of the Institution of Civil Engineers, 
eld on Tuesday evening, April 29, the result of the ballot 
for the election of officers was declared as follows :—Presi- 
dent: Mr. Anthony George Lyster, M.Eng. (London). 
Vice-Presidents : Mr. Benjamin Hall Blyth, M.A. (Edin- 
burgh), Mr. John Strain (Glasgow), Mr. Geo bert 
Jebb (Birmingham), Mr. Alexander Ross "tLondon). 
Other Members of Council: Mr. John A. F. Aspinall, 
M. Eng. (Liverpool), Mr. John A. Brodie, M. Eng. 
ee ge. Mr. William B. Bryan (London), Colonel 

. E. B. Crompton, C.B. (London), Mr. J. M. Dobson 


(London), Sir ag Bmey | Donaldson, K.C.B. (Lon- | G 


don), Mr. E. B. Ellington (London), Mr. W. H. Ellis 
Sheffield), Mr. W. Ferguaon, M.A., B.A.I. (Australasia), 
ir Maurice Fitzmaurice, C.M.G. (London), Sir John 
Purser Griffith (Dublin), Mr. C. A. Harrison, D.Sc. (New- 


roads of this country, that can be cheaply manufactured castle-on-Tyne), Mr. Walter Hunter (London), Mr. 

and maintained, easily erected, soundly constructed, and | E. Jones (London), Sir Thomas Matthews (London), Mr. 

visible at a sufficient distance. Prizes to the total of |W. H. w, LL.D. (London), Mr. C. D. Morgan 
London); Mr. Basil Mott (London), Mr. A. M. Ti 


352. will be awarded to the competitors who, in the | ( 


opinion of the council, proffer the most practical and 
simple su tions on the above lines. Particulars and 
rules of the competition may be obtained free from 


the hon. secretary, Mr. W. Rees Jeffreys, Queen 

Anne’s Chambers, London, 8.W., to whom all models, 

— memoranda, &c., must be sent not later than 
une 19. 





tt 
South Africa), Sir or a .C.B. (London 7 
. B. Worthington, B.Sc. (Derby), Mr. Dugald Clerk, 
F.R.S. (London), Mr. Robert S. Highet (India), Mr. 
Edward Hopkinson, M.A., D.Sc. (Manc ) Mr. 
Frederick Palmer, C.I.E. (London), Mr. H. N. Ruttan 
Canada). his Council will take office on the first 
uesday in November, 1913. 








NOTES FROM THE NORTH. 
GLascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
Awe market was quiet, and business was limited to 
500 tons of Cleveland warrants at 66s. 11d. five days, and 
61s. 6d. three moaths. The closing quotations were 67s, 
cash, 64s, one month, ani 61s. 74d. three months sellers - 
and for the month position it is interesting to note that 
the above quotation is 53. under that of April 22. In 
the afternoon the market was quite idle, and Cleveland 
warrants were steady at 67s. cash sellers, but easier at 
63s. 7d. one month, and the turn firmer at 61s. 9d. three 
months sellers. On Friday morning Cleveland warrants 
were —_— quiet, and only 1000 tons were dealt in at 
66s. 74d. cash and 66s. 9d. seven days. There were no 
declared sellers at the close, except at 61s. 104d. three 
months. The tone was irregular in the afternoon, 
when 1500 tons of Cleveland warrants were put through 
at 66s. 10}d. and 663. 9d. seven days, with closing sellers 
quoting 67s. 3d. cash and 62s. three months. The month 
position was again neglected. Monday being a holiday 
on ’Change, the market was closed, but business was 
resumed on Tuesday morning, when Cleveland warrants 
were rather irregular. The dealings amounted to 4000 
tons at 67s. 44d. ten days and 61s. 6d. three months, 
and sellers’ closing quotations were called 67s. 9d. cash 
and 61s. 74d. three months. In the afternoon the tone 
was steadier, and 2000 tons of Cleveland warrants were 
done at 67s. 9d. cash and 61s. 6d. three months, with 
sellers over in both cases. One month sellers quoted 
64s., but buyers named 62s. 6d. When the market opened 
to-day (Wednesday) an irregular tone again prevailed, 
and business was confined to 2000 tons of Cleveland war. 
rants at 67s. 6d. cash and 62s. 7d. one month. The 
session closed with sellers at 67s. 8d. cash, 62s. 8d. one 
month, and 61s. 9d. three months. In the afternoon there 
was little change in the market, and no dealings of any 
kind took place. At the close sellers of Cleveland war. 
rants quoted 67s. 74d. cash, 62s. 84d. one month, and 
61s. 74d. three months. 


Sulphate of Ammonia.—The easier demand for sulphate 
of ammonia continues and a further decline has taken 
place in price. The present quotation is called 13/. 10s. 

r ton for a delivery, Glasgow or Leith, and that 
Soue is now the lowest for this year. 


Scotch Steel Trade.—The position of affairs in the 
Scotch steel trade has shown litttle change during the 
past week, and it is still very noticeable that home buyers 
are holding out of the market in the hope of an early 
reduction in the official quotations. erchants are 
securing a number of orders with easier prices, and the 
same may also be said of the agents for Continental 
makers. In heavy material the number of specifications 
on hand are sufficient to ensure steady running for a 
little time ahead, but arrears are now pee 
worked off. Black-sheet makers are fairly well employed 
this week, but ‘are quite prepared to shade prices 
for any respectable lots for export. In structural steel 
there is a tolerable amount of business passing, and present 
inquiries represent a good tonnage. The brightest spot at 
the moment is the fairly decent inquiry from abroad, but 
owing largely to the low competitive prices which the 
foreign makers are naming, the local producers will require 
to quote very keen prices to secure much of this business. 
Canada, New South Wales, New Zealand, Japan, and 
South America are, perhaps, our best markets at present. 
The official home prices for ship plates and boiler-plates 
are respectively 8/. 7s 6d. and 9/. 2s. 6d. per ton, but the 
export figures area 123. 6d. per ton less, while for angles 
the home price is 8/., and for export 6/. 153. Labour 
trouble is again threatening in the shipyards, and if the 
differences are not squared up there will be a big falling 
away in the local demand for heavy material at no very 
distant date. If a strike does break out, then other 
industries will also be affected. 


Mulleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade there has been practically no change over 
the week, although inquiries are just the turn better. 
‘*Crown” bars are quoted at 8/. 10s. per ton, less 5 per 
cent. for local delivery, and 7/. 103. per ton net for export. 


Scotch Pig-Iron Market.—The demand for the ordinary 
qualities of Scotch pig iron is only of a limited nature, 
but inquiries amounting to a large tonnage are presently 
under consideration. There are 93 furnaces in blast. 
which is 40 more than at the corresponding period of last 

ear, and contracts are taking up most of the output. 

uyers are only ordering forward what seems like imme- 
diate requirements. ematite continues in quiet de- 
mand, but a large quantity is required tosatisfy contracts. 
The price is round 85s. per ton, but a decent lot could be 
secured under that figure. The following are the market 

uotations for makers’ (No. 1) iron :—Clyde, Calder, and 
Spuenatien, 80s. ; Gartsherrie, 81s. 6d.; and Langloan, 
81s. (all shipped at G w); Glengarnock (at Ardros- 
san), 8ls.; Shotts (at ith), 80s.; and Carron (at 
rangemouth), 81s. 








Perrsonat.—Electrical Installations, Limited, inform 
us that they have taken additional offices at 28, Martin & 
lane, adjoining their existing premises, 27, Martin s-lane, 
Cannon street, E.C.—We understand that the address of 
the Middlesbrough office of the British Thomson- Houston 
Company, Limited, Rugby, is now Prudential Chambers 
Albert-road, Middlesbrough, the telephone number re 
maining the same—namely, No. 814.—Messrs. Fr 
Wigglesworth and Co., Limited, of Clutch Works, Moss- 
street, near Bradford, have built new premises 
Shipley, which are also named Clutch Works, and they are 
there carrying on the manufacture of their power-trans 
mission appliances. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, W ay. 

Railway Charges.—There is a good deal of com 
amongst Sheffield traders about the growing burden o 
railway charges. The demurrage, wharfage, and — 
charges have been a subject of contention for mon 

t, and now the manufacturing community is faced 
with directly increased rates. In addition to this, the 
hours of collecting have been altered and goods for 
despatch are req earlier. This has caused con- 
siderable inconvenience in many directions. Promi- 
nent manufacturers consider that the railway com- 
panies are acting very unreasonably with regard to 
the demurrage charges. The Sheffield Chamber of 
Commerce have had the matter under consideration. 
As the result of inquiries they made, they discovered that 
serious delays were often occasioned through the lack of 
adequate facilities at the railway dépéts. Since the new 
demurrage charges came into force, they have, in a 
number of instances, not been paid by the manufacturers, 
who have adopted this method of showing their opposi- 
tion. It is not likely that matters will rest here, and it 
will be interesting to note what will be the next move on 
either side. To-day Mr. A. J. Hobson (ex-President of 
the Sheffield Chamber of Commerce) is representing the 
Associated Chambers of Commerce at a Board of Trade 
Conference with the representatives of the railway 
companies. 

South Yorkshire Coal Trade.—The local coal trade is 
ina state of uncertainty. Prices as yet are very firm, 
and the question of moment is in what direction any move- 
ment will take place. Deliveries of house coal have shown 
a marked decrease, and are now about the normal level 
for this time of the year. The position of hard coal is a 
very strong one, and pits are this week sending away as 
much as possible to meet works’ requirements for the 
holidays. By the end of next week they will be experi- 
encing pressure agai use the collieries will be set 
down longer than the local manufacturing concerns. 
Then shipping demands will be coming forward in in- 
creasing magnitude, and al ther the pits have a 

rospect of a very busy time. otations :—Best branch 

d-picked, 14s. 6d. to 15s. 6d. ; Barnsley best Silkstone, 
13s. to 14s.; Derbyshire best brights, 12s. to 13s.; Derby- 
shire house, 10s. 6d. to 11s. 6d.; large nuts, 10s. 6d. to 
lis. 6d.; small’ nuts, 9s. to 10s.; Yorkshire hards, 11s. 
to 12s.; rough slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. 
to 8s. ; 8 4s. 6d. to 6s. 


Tron and Steel.—The unwillingness of buyers to contract 
for iron supplies at the recent high prices has now 
forsome months. Every week a change of front on the 
part of makers is expected, and the market is decidedly 
weaker than it has been recently. It issome years since 
the fixing up of contracts was so protracted, but buyers 
are hopeful, because producers are betraying anxiety 
about the outlook as regards booking for the latter part 
of the year. The concession of a shilling some weeks 
ago merely caused consumers to act more cautiously, 
anticipating a further downward move. Since the 
reduction of 5s. in the price of Lincolnshire irons 
some time ago, no further alteration has been made, 
and as yet business is not extensive. The steel works 
continue to be active. In armaments work is brisk 
on account of both home and foreign uirements., 
The numerous renewals and extensions on the part of 
home companies create a heavy demand on railway 
material manufacturers, and deliveries are getting in 
arrears. There is a big demand from home and abroad 
for agricultural implements and machinery, and this is 
especially pronounced in the case of South Africa. The 
home demand has been so + that one firm finds itself 
unable to book any more orders for the present. 
The amount of work passing ugh the hands of manu- 
turers in the lighter steel trades is continually increasing. 
High-speed steel is being turned out at present in a 
volume that has never been exceeded. It is stated that 
the proposed revision of tariffs is adversely affecting the 
American demand in this connection. A Sheffield firm 
have received an order for points and crossings for the 
London Electric Tramways ) rooting A railway 
has ordered a quantity of steel springs, while other 
Indian requirements include railway-wagons, wheels, 
axles, rails, and fish-plates. There is much buying of 
Sheffield crucible steel for the blades of tools and wood- 
cutting machinery by makers. Tool and hammer 
manufacturers are enjoying a large volume of orders, and 
the trade in saws is quel. 





NOTES FROM GLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Extreme quietness charac- 
terises the iron market just now. Much uncertainty is 
felt as to how matters will end between the “bulls” and 
the “‘bears” who are manapeanting warrants, and this 
& very disturbing influence on trade in makers’ 
leveland pig iron. iddlesbrough warrants have this 
week touched 68s. cash buyers, and they now stand at 
67s. 44d. cash buyers. No. 3 g.m.b. Cleveland pig is 
obtainable from second hands at 67s. for prompt f.o.b, 
ivery, and, in fact, that price might be shaded. 
No. 1 is 69s.; No, 4 foundry, 66s. 6d.; No. 4 fo 65s. 9d. ; 
and mottled and white iron, each 65s. 3d.—all for early 
very. Forward business could be done at below the 
foregoing quotations, but little inclination is shown to 
hegotiateahead. There is continued scarcity of East Coast 
tite pig, and consumers still complain of inadequate 
apps to meet early requirements. For this month’s 
delivery Nos. 1, 2, and 3 are firm at 81s. 3d., but June 


sage in the second balf of the year there are sellers at 
6d. There is nothing passing in foreign ore. 
Nominally, market rates remain on the basis of 21s. 
ex-ship Tees for Rubio of 50 per cent. quality, but con- 
sumers consider that much too high a figure, and it is 
unders' that contracts could be made on lower terms. 
Coke is steady and firm, with continued heavy local con- 
sumption, and values are upheld. Average qualities of 
blast-furnace coke are in the neighbourhood of 24s. 6d., 
delivered at Tees-side works. 


Stocks and Shipments of Pig Iron.—The stocks of Cleve- 
land pig iron in the public warrant stores here, after 
having been heavily drawn upon for some time, are 
once more steadily accumulating. The stock to-night 
(Wednesday) stands at 218,334 tons, or 4414 tons more 
than at the beginning of the month. To date this year 
some 25,000 tons have been taken from the stores, and 
during the whole of last year the stock was reduced by 
250,000 tons. Shipments of pig iron from the Tees are 
on a satisfactory scale, and y despatches promice to 
be heavy. To date this month the loadings average 4184 
tons per working day, the total clearances reaching 
25,108 tons, 22,374 tons of which have gone from Middles- 
brough and 2734 tons from Skinningrove. To the same 
date last month the total shipments of pig amounted to 
24,645 tons, or ow | average of 4107 tons, and for the 
corresponding i of May last year the clearances were 
returned at 22, tons, or an average of 3727 tons per 
working day. 

Manufactured Iron and Stecl.—Very little news can 
be reported of the various branches of the manufactured 
iron and steel industries. Producers are kept very fully 
employed on contracts en into some time ago, 
specifications for which are being freely given out, and 
many firms have work secured which will keep them 
occupied well into next year, but few orders are now 
in the market. Values are notc , but a tendency 
to lower prices of certain materials is noticeable. Prin- 
cipal market quotations stand :—Common iron bars, 
81. 15s.; best bars, 9/. 2s. 6d.; best best bars, 9/. 10s. ; 


packing iron, 6/. 15s. ; iron ship-plates, 8/. to 81. 2s. 6d.; 
iron shi les, 82. 15s.; iron ship-rivets, 9/. 10s. ; iron 
boiler-plates, 8/. 17s. 6d.; steel bars (basic), 8J.; steel 


bars (Siemens), 82. oe 5 ost pe. 81. 5s.; steel 
ship-angles, 7/7. 17s. 6d.; steel boiler-plates, 9/. 5s.; steel 
joists, 7/. 7s. 6d.; steel strip, 8/.; steel hoops 8. to 
81. 2s. 6d.; cast-iron railway chairs, 4/. 15s. ; light iron 
rails, 71. to 7/. 5s.; heavy steel rails, 6/. 12s. 6d.; steel 
railway slee) 7l. 10s. ; and iron and steel galvanised 
ted » eon Be 12/. 15s.—sheets less 4 per cent., railway 
material net, and all other descriptions less 24 per cent. 





Tue British Encingers’ AssociaTion.—The second 
provincial sceting af the British Engireers’ Association 
was held at the Midland Hotel, Manchester, on the 6th 
inst. The chairman of the Executive Committee, Mr. 
Wilfred Stokes, who was in the chair, stated that the 
meeting had been called in order that it should hear about 
the Association and its objects. They already had 22 
members and seven members of council in the Manchester 
district, and he hoped that those present who were not 
members would join after hearing about the benefits of the 
Association and the work it hoped to do. They had already 
130 members, te ig 50 million pounds of capital, and 
they should e up their numbers to 300 or 400 at no 
distant date. A number of speakers then addressed the 
meeting, and dealt with the aims of the Association. 
These speakers included Sir Walter Hillier, K.C.M.G., 
C.B., President of the China Association, and Captain 
FitzHugh, the British Engineers’ Association’s Cons 
missioner in China. After the explanatory speeches a 
number of gentlemen representing Manchester firms 
spoke, and said that they would recommend that their 
firms should join the Association. The Chairman, in 
concluding the proceedings, said that the Sheffield meet- 
ing had resul in twenty new mem joining, and he 
hoped that Manchester would not be behind that number. 





Warsuirs ror PortucaL.—According to the Daily 
Telegraph, an important contract has been secured by a 
British syndicate for war-vessels for Portugal. As the 
first instalment was wanted without delay, tenders were 
invited from foreign shipbuilders for the execution of 
the work. The propowals put forward by the several 
firms who submitted designs and prices were referred to 
an ae commission, which reported in favour of the 
British syndicate ; and this decision has been confirmed 
by the Minister of Marine. The syndicate that has 
secured this contract is known as the Portuguese Naval 
Construction Syndicate, which consists of an association 
of British shipbuilders, com of the firms of Messrs. 
John Brown and Co., Limited; Messrs. Cammell 
Laird and Co., Limited; the Fairfield Shipbuilding 
and Engineering Company, Limited; Palmers Ship- 
building and Iron oun, Limited ; John I. Thorny- 
croft and Co.; and the Coventry Ordnance Works, 
Limited. The Fiat San Georgia, of Spezia, is also 
associated with these firms. The total outlay is to be 
1,500,000/., and the programme consists of the following 
vessels :—T wo cruisers of about 2500 tons ; six destroyers 
of about 900 tons, with a speed of 32 knots ; three sub- 
marines of about 250 tons; and one dépdt ship for sub- 
marines of about 150 tons. The whole of these vessels 
are to be completed in two years, and the cost of this 
section of the programme amounts to about 1,500,000/. 
The submarines will be built at Spezia. In addition to 
these vessels there are at mt under construction in 
this country for foreign Governments five ships of the 
Dreadnought class, representing an expenditure of about 
12,000,000/. There is also a cruiser for China, as well as 





business can be executed at 8ls., and for delivery over 





destroyers and submarines for other countries. 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has exhibited a quiet 
tone, both buyers and sellers showing a disposition to 
hold their ponting & more complete settlement of 
local labour troubles. Nearly half the strikers over the 
non-unionists question have, however, restarted; and 
this has naturally given some satisfaction. Most of the 
colliery-owners report that they have little coal to offer 
for early loading, in consequence of the curtailment of 
production occasioned by various stoppages. House coal 
and patent fuel have shown little change. The best 
Admiralty large steam coal has made 22s. to 22s. 6d. 
ton; best secondary qualities, 2ls. 6d. to 22s.; other 
secondary qualities, 203. 6d. to 21s. 3d.; best bunker 
smalls, 15s. to 15s. 6d. ; and cargo smalls, 13s, 9d. to 


q 

at 19s. to 20s.; good households at 17s. to 18.; No. 3 
Rhondda large at 18s. 6d. to 193.; and smalls at 15s. 6d. 
to 16s. 6d. ton. No. 2 Rhondda large has realised 
16s, 6d. to 17s.; and No. 2 smalls, 13s. to 13s. 6d. per ton. 
As regards iron ore, Rubio has brought 20s. 6d. to 2is. 
per ton, upon a basis of 50 per cent. of iron, and 
a including freight, insurance, &c., to Cardiff or 
ewport. 


Portsmouth.— The contractors are proceeding vigorously 
with the extension of No. 14 dock. A cofferdam at the 
basin end of the dock has been in course of construction 
in order that the widening at the entrance may 
simultaneously with the lengthening of the dock, which 
is to have a total | of 700 ft. When the work in 
hand has been finished, the second of the new locks will 
be ready for service ; and Portsmouth will then have four 
docks and a floating dock. 


Bristol Docks.—Speaking on Saturday at the annual 
meeting of the Bristol Chamber of Commerce, the Lord 
Mayor of Bristol said the Royal Albert Dock was opened 
in 1908, and it accommodated that year 2,058,757 tons. 
In 1912-13, the tonnage accommodation rose to 2,433,985 
tons. Last year the number of vessels over 425 ft. in 
length using Bristol docks was 90; this justified the 
expenditure which had been made on the Royal Edward 
dock. His lordship added that the dock dues collected 
in 1912-13 amounted to 183,005, as compared with 
177, 9332. in 1911-12. 


Oil-Carriers.—The fleet of oil-carrying auxiliaries in 
attendance on the fleet at sea is to be increased shortly 
by the laying down at Pembroke of a vessel to be named 
the Turmoil. Six other ships for the same service are 
already in hand—the Trefoil, at Pembroke; the Carol 
and Ferol, at Devonport; the Servitor and the Atten- 
dant, at Chatham ; and the Olympia, at Barrow. 


Bien os hey a —- he Institute of 
ineers has disc the condition and prospects of 
the tin-plate trade. Mr. H. Spence Thenes of Melin- 
griffith, contributed a os od on the subject dealing with 
the machinery and facilities existing at Welsh works and 
the improvements which had been effected. Mr. J. 
Williams (Clayton) claimed that Wales had been pro- 


gressive in connection with the industry. The great 
int about the trade was that every plate had to be 
andled separately by many hands. Economies had 


been successfully brought about, and they were prepared 
to listen to any engineer who could suggest further 
reforms. He did not know whether American methods 
were al ther to be welcomed. Wales made a superior 
quality of plate, and where prices were equal, or even a 
little against them, buyers took Welsh plates. 





Coty Licat.—A demonstration of an invention to 
which the name “‘ cold light” has been given was held at 
the premises of Messrs. Louis, Schloss and Co., of 3, 
Rangoon-street, Crutched Friars, E.C., on the 2nd inst. 
The invention is due to Professor C. F. Dussaud. It con- 
sists of a system of lighting in which metal-filament 
electric lamps are run intermittently and for brief periods 
at a voltage very much above their normal. The lamps 
are run at an over-voltage of from twice to four times 
their standard. This naturally tly increases their 
efficiency, and it is stated that the lamps have a good 
life with the system used, in which they are lighted 
for a fraction of a second, and then cut-out of cir- 
cuit and allowed to cool for about double the time 
during which they are lighted. The system as yet 
appears to be in a very experimental stage, but an appli- 
cation to an ordinary projection lantern was shown. Phe 
ment consisted of three small metal - filament 
lamps, which were mounted on a rotating disc in such 
a way that as each lamp reached a position at the top of 
the disc it was lighted for a brief period, but was cut out 
of circuit during the remainder of its track. The lamps 
were apparently of the type used for motor-car lighting. 
The arrangement was tried against an ordinary projector 
arc-lamp, and aoe ye thought the effect of the 
metal-filament lamps ly as as that of the arc, 
the result was very remarkable for a lamp absorbing 
about 25 watts, as compared with the 1000 watts of the 
arc-lamp. In the figure of 25 watts, however, we believe 
no allowance was made for the consumed in 
rotating the disc carrying the lamps. The inventor of 
the system appears to direct attention in the main to the 
fact that ed ttle heat is produced by the lamps owing 
to their efficiency at the great over-voltage. He 
claims that this makes the system of special value for 
cinematograph lanterns and similar purposes, owing to 
reduced risk of fire. It appears, however, that the high 
efficiency of the system is a feature of value. It should 
find an application in connection with illuminated adver- 
tisements. 
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THE PANAMA CANAL; MIRAFLORES LOCKS. 


(For Description, see Page 622.) 
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Fic. 20. View Ltooxinc Norra atone East Lock CHAMBER. 
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“On Dust Figures,” by Dr. J. Robinson. 


NOTICES OF MEETINGS. 


Tae Junior LnstiruTion oF ENGINERRS.— 


y, May 9, at 
39, Victoria-street, S.W., discussion on ‘‘ The M 
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THE MATHEMATICIAN AND THE 
ENGINEER. 


Ir is not a little remarkable that the pure mathe- 
matician still retains a very exaggerated view of 
the value of the services he is, in the immediate 
present, capable of rendering to the practising 
engineer. hat the value of his researches may 
be to engineers of a future generation is another 
matter, and, judging from past experience, it may 
very well be high; but as matters stand there is no 
justification whatever for such a claim as that 
recently made in Nature by Mr. D. M. Mair. This 
writer, in an otherwise not unfair appreciation 
of the actual state of affairs, makes the follow- 
ing statement :—‘‘ The engineer has an outfit of 
mathematical tools sufficient for his ordinary needs, 
but at times he meets with problems for which his 
tools are useless. He may then spend thousands 
of pounds on the determination of some point 
which the mathematician could have settled for a 
five-pound note.” We believe that this belief is 
not uncommon among mathematicians, but on con- 
sidering the many advances made in engineering 
during the past 25 years, it is impossible to recall a 
single instance in which this view could be even 
partially justified. The fact is the aid of the mathe- 
matician is not wanted until the engineer has by 
hard thinking and by careful experiment solved in 
some fashion the problem in view. The mathema- 
tician may then, taking the engineer’s coefficients 
and experience as a basis, show that certain methods 
of calculation may be shortened, and a few hours 
may thus be saved and labour economised. The 
earlier of the builders of continuous girders, for 
example, were, we believe, unacquainted with the 
theorem of three moments, and had to determine 
the reactions at the various piers by a more or less 
tentative process. Direct methods, of which the 
theorem of three moments is one, are now avail- 
able, by the use of which a considerable reduction 
may be made in the amount of arithmetical work 
n : 
An analogous case arose some little time ago, when 
a firm found it necessary to calculate the critical 
speed of the rotor of a generator on the assumption 
that the direction of the shaft was fixed at each 
bearing. A direct solution of this problem is not, 
of course, difficult, but actually the solution was 
found by a system of trial anderror. A little more 
time was needed than by the direct process, which 
pensated for by the fact 
that each successive approximation served to check 
the accuracy of the preceding one. 


services of the mathematician, pure and simple, are 
steadily becoming of less and less immediate import- 
ance, since the average engineer is himself acquirin 

a greater and greater mastery of mathematica 
methods, and he has the great advantage of realis- 
ing much more adequately, than it would be possible 
foran ‘‘external” mathematician to do, the physical 


5 | characteristics of the problem by which he is con- 


fronted. In all work of a novel character these 
physical considerations provide, in fact, the only 
possible check on the accuracy and adequacy of any 


1| theory proposed. In building the Assuan Dam, 


for example, Sir Benjamin Baker attributed much 
less importance to the itude of the stresses 


Even in this matter of time-saving, however, the | red 


incalculable distortions due to the rapid changes of 
temperature between night and day. On this 
point the mathematician could afford him little or 
no assistance, and reliance had to be placed wholly 
on conclusions reached as the result of observation 
and experience. 

An interesting example, which illustrates very 
happily the way in which an engineer can evade 
at need the purely mathematical difficulties of his 
problem, is afforded by the early history of elec- 
trical distribution. Here the electrical engineer 
was faced with the problem of fixing the propor- 
tions of his distributing network. Edison was 
probably the first to have to find a way out of the 
difficulty, and the mathematical resources of him- 
self and his assistants were insufficient to do this 
by computation. The solution of the problem was 
therefore effected by running up a small model of 
the proposed network, and determining by actual 
measurement the conductivities and voltages re- 

uired. The expense was, no doubt, a little greater 
than would now be involved in the analytical solu- 
tion of the problem, but not inordinately so, and 
there was no chance of the numerical errors which 
are so difficult to guard against when the experience 
is still lacking by which some idea may be obtained 
as to the order of the result to be expected. 

Naval architects, again, inform us that the hydro- 
mechanics of the mathematician have so far been of 
extremely little service in ship construction and in 
propeller design. The general ideas of stream-line 
motion and the like have, no doubt, proved of great 
service, but the engineer has quite as good a grasp 
of these general principles as has the average 
mathematician, and he has sufficient knowledge of 
the methods of the latter to apply these to the fullest 
extent justified by the actual nature of the problem 
presented to him. In a similar way, all the many 
problems presented by the Brennan mono-rail 
system, in which the stability of the car was secured 
by a gyroscope, were worked out by mathematical 
methods, but not by professional mathematicians. 

In fact, when the latter attempt to advise engi- 
neers, their suggestions are often singularly un- 
wise. It was a mathematician of recognised stand- 
ing who proposed to determine the stresses in a 
masonry dam by differentiating a curve experimen- 
tally determined and known to be on the average 
some 20 per cent. in error from point to point, so 
that the probable error in the values obtained by 
differentiation might well be as much as 100 per 
cent. Sixty years ago conditions, no doubt, were 
different, and the services of Lord Kelvin proved 
of the greatest advantage to the establishment of 
trans-Atlantic telegraphy. Lord Kelvin, however, 
had to make himeelf into an engineer, in order 
that his services might be effective, and, in fact, he 
always viewed physical problems very much from 
the engineer’s standpoint. His article on ‘‘ Elas- 
ticity,” in the Ninth Edition of the ‘‘ Encyclopedia 
Britannica,” for instance, treats the subject in a 
way which contrasts most. remarkably with the 
corresponding article in the new edition, which is 
due to a very eminent and competent mathema- 
tician. Kelvin’s article can still be read with profit 
by the engineer, and in it many views generally 
considered modern, and attributed to other writers, 
are most suggestively and interestingly set forth. 

Mr. Mair, in the article to which reference has 
already been made, suggests that it is for the 
mathematician to hold out the olive branch to the 
engineer and to say, ‘* Yes, we have often enough 
given you reason for thinking us fools; but we 
think we can help you this time. Only let us try ; 
if we fail, you are no worse off than before.” The 
frank confession with which this appeal begins 
oes far to disarm criticism ; but the trouble is that, 
mn practically every case, once the engineer has 
uced his problem to a state in which the mathe- 
matician can help him, the value of the assistance 
possible has shrunk to somewhat insignificant dimen- 
sions. When Mr. Marconi and Professor Ewing were 
initiating wireless telegraphy across the Atlantic, 
help from the professional mathematician would 
have been most welcome, but the latter was not in 
a position to afford it. Even had the purely 
mathematical aspect of the problem been com- 
letely solved, the coefficients involved were un- 
nown, and could only be guessed at by general 
considerations, as to which the mathematicians’ 
judgment was much more likely to be at fault than 
that of men who were compelled to concentrate 
their attention on the physical aspects of the pro- 





ry theory 





available, than he did to the possible effect of the , 


blem involved. 
It is noteworthy that the fallacy that physics is 
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merely a branch of mathematics is still held by 
many. It was in protest against this view that 
Faraday published his ‘‘ Experimental Researches 
in Electricity;” but in an interesting paper read at 
the recent International Congress of Mathema- 
ticians, Miss Gwatkin, of Newnham, contends yet 
again that ‘‘physics is, of course, the science which 
is entirely based on mathematics.” This is, we 
believe, a totally erroneous view, both actually and 
historically. @ cases are exceedingly few in 
which the mathematician has anticipated the 
experimenter, and in the future, as in the past, 
physics will in the main be based on experiment 
and intuition, checked by the aid of mathematics. 
Another claim made in the paper referred to was 
that the study of mathematics involved the deve- 
lopment of the logical faculty, and this, no doubt, 
is true. Unfortunately, however, experience has 
shown that the logically-minded man is by no 
means necessarily ‘the one whose judgment in the 
practical matters of life is the least at fault. A 
keen appreciation of the third part of a syllogism 
may, and frequently is, accompanied by a certain 
recklessness as to the sufficiency of the major and 
minor premises of the complete argument. Young 
men of necessity have to base their actions largely 
on logical deductions from general principles, 
whilst older men trust mainly to their experience. 
Nine times out of ten the non-logical mental pro- 
ceeses of the latter prove to be the more trust- 
worthy. On the tenth or the hundredth time past 
experience may be falsified, and the younger 
generation may, as a consequence, give civilisation 
a further push forward. Russell may be quite 
right in claiming that ‘‘one of the chief ends 
served by mathematics is to awaken the learner's 
belief in reason, his confidence in the truth of 
what has been demonstrated, and in the value of 
demonstrations.” In no case, however, can a 
conclusion thus derived be more unassailable than 
the premises on which it is based; and in the 
ractical affairs of life the real difficulty is not the 
a duction of conclusions, but the establishment of 
adequate premises. For this reason it might fairly 
ve aiiense that a study of the scientific aspect of 
engineering should prove a highly valuable portion 
of a liberal education, and this feature was empha- 
sised in a suggestive paper contributed to the Mathe- 
matical Congress by Professor Bertram Hopkinson. 
The engineer has always to cheek his computations 
by his common-sense. If the two lead to contrary 
conclusions, and the calculation is free from arith- 
metical errors, the probability is that some 
essential factor has been neglected in the premises 
forming the basis of the deduction. At every 
point the engineer has therefore to ask not merely 
‘*Is my logical method unassailable?” but ‘‘Is my 
result such as I should anticipate from general 
considerations?” It would be certainly highly 
advantageous if our enthusiastic social reformers, 
who propose by legislation to construct Utopias of 
one lemme or another, could be brought to view 
litical problems by the methods of the engineer. 
Mo ask themselves at each step not if their deduc- 
tions followed logically from their premises, but, 
rather, did experience and the history of man- 
kind in the past give reason for the belief that this 
or that proposal will work in practice? Unfortu- 
nately, however, even an engineer’s training will not 
ensure that a man shall apply the engineer’s methods 
in other departments of his activities, men being 
curiously prone to form mental water-tight com- 
partments. 





AUTOMATIC WEAVING MACHINERY. 


THERE is no doubt that Lancashire has recently 
suffered, and will suffer to a greater extent in the 
future, from a scarcity of weavers. During last 
year, a number of new weaving-sheds started work, 
with the result that older mills in their neighbour- 
hood have been depleted of weavers, who naturally 
prefer the more modern conditions and machinery 
of the recently equip sheds. A similar scarcity 
of efficient weavers has been experienced by the 
cotton manufacturers of the United States and 
many Continental countries, who, unlike ourselves, 
have always been ham in this respect. There 
is no doubt that the introduction and compara- 
tively large adoption of automatic looms in the 
United States has been due to this shortage in 
the supply of efficient operatives. Many of the 
American mills specialise on one class of fabrics 
and keep their looms running, year in year out, 
on one line of cloth, even in many cases making no 








alteration in the width, length, or other particulars 
of the fabric. Automatic machines work under 
ideal conditions when such a system is adopted and 
labour-saving devices, such as warp-tying machines 
and warp drawing-in machines, have come into 
fairly general use owing to this specialisation. 

In this country these machines are not used to 
any great extent, but there is every reason to think 
that some modified system of this sort will have to 
be adopted if the industry is to expand as it ought. 
There are at the present time several complete 
‘** automatic ” looms. By the word ‘‘ complete ” is 
meant looms constructed throughout to ensure the 
most perfect operation of their automatic weft- 
replenishing or shuttle-changing action, by the 
employment of which there is avoided the stoppage 
of the loom when the weft is exhausted or breaks. 
Such complete automatic looms are fitted with 
numerous auxiliary devices, which naturally increase 
their cost. When the Northrop loom was first 


introduced into this country its high price militated 
Fig. 








The Steinen loom is being made in this 
country by Messrs. Robert Hall and Sons (Bury), 
Limited, who have improved it in various ways, 
The first looms have just been started in a 
Lancashire mill, and other orders for Great 
Britain have been placed. Before the pirns, or 
end delivery bobbins, of weft are placed in the 
magazine, which is merely an open box with a 
delivery opening in one end wall, the end of the 
weft thread on the pirn is sucked into the interior 
of the pirn by means of a small sucking device 
installed in the weft warehouse. Some 150 pirns 
of weft are inserted in the magazine, which is roe 
on a bracket so constructed as to cause the box to 
assume an inclined position, a gravity feed being 
thus ensured. As the individual pirns in turn leave 
the box they are supported in grooved guides and 
conducted to a position rechew the replenishing 
mechanism. Immediately a change is effected, by 
an empty pirn being expelled from a shuttle and 
a full pirn tebe put in its place, a fresh pirn takes 














against its wide adoption, but the price has since 
been reduced. The Northrop loom has never been 
run at high speeds, its usual rate being 160 to 170 
picks a minute, while the ordinary Lancashire loom 
will run at anything from 190 to 230, and on occasion 
even more. The advantage secured, however, in 
the Northrop loom is that many of the necessary 
operations a weaver is called upon to perform 
with ordinary plain looms are dealt with by the 
auxiliary parts. For instance, the application of a 
warp stop motion removes from the weaver the 
necessity of constant and close supervision of the 
warp threads, although these have still to be pieced 
by d, and this stop motion, coupled with the 
automatic weft-replenishing mechanism, enables 
one weaver to look after 24looms. Recently a new 
loom, known as the ‘‘Steinen,” has been intro- 
duced, and it is a wonderfully effective piece of 
mechanism. It has been no idle statement that 
100 Steinen looms require only three attendants, 
including weaver, tenter, and tackler or mechanic. 
When one considers that one weaver in Lancashire 
runs only four looms, or six at the utmost, this 
statement appears to foreshadow something revolu- 
tionary. In Switzerland a mill with 1000 Steinen 
looms poe which this percentage of workers 
is employed. e improved loom, moreover, can 

speeded up, and will run at 200 picks per minute. 





be | lever, causes a stop or projection to be 




















,the position of the pirn forced into the shuttle, 


a puff of air is released from the nozzle of a pipe 
connected to an air-compressor, and the weft 
thread inside the pirn is blown through a shoot 
on to a pad of material—for instance, card 
clothing—which holds it until the pirn is forced 
into the shuttle. The end of the thread is held in 
such a way that perfect threading of the shuttle is 
effected. Only one air-compressor, arranged at 
some central point, is employed in the mill, and 
pipes are distributed throughout the shed to carry 
the air under pressure to the several looms. This 
introduction of air under pressure to effect certain 
spinning or weaving operations is not broadly new, 
and it is fairly certain that expansion in this direc- 
tion will be met with in the near future. . 
The actual replenishment of the shuttle with 
fresh weft is effected as follows :—At each alternate 
pick a ‘feeler” enters through the side of the 
shuttle, and impinges against the weft on the pi. 
The feeler has two prongs or terminals, and when 
these make contact with a ring of metal arranged 
round the pirn, but normally covered by the weft 
until this is practically exhausted, an electric cir 
cuit is completed. The completion of the circuit 
energises a magnet which, by attracting 4 5™ 
raised in the 
path of the incoming slay, whereby the replenishing 
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hammer is operated and forces a pirn into the 
shuttle. The full pirn forces the empty pirn out of 
the shuttle and into a suitable receptacle. The 
replenishing mechanism proper is not broadly new, 
nor is the use of electricity to bring it into opera- 
tion; the novelty lies in the simplicity of the 
parts. Certain ingenious devices are applied 
to the loom which make it a more complete 
weaving-machine than has yet been introduced. 
Mechanism is applied to stop the loom at certain 
predetermined times. When a determined length 
of cloth has been woven, it does not matter how 
great or how small, the loom will stop. It will 
also stop should three replenishments take place 
without the loom weaving a desired length of 
fabric, which length can be adjusted as thought 
necessary. One great difficulty that all who deal 
with automatic looms of the weft-replenishing 
type have to face is the proper positioning of the 
shuttle in the box. In the Steinen loom, if the 
shuttle is not rey adjusted for the change, 
the loom stops. henever the loom stops, a small 
lamp is illuminated, and as this is arranged in a 
prominent position above the machine, the weaver, 
who may be some distance away, can immediately 
detect the loom that is stopped. The warp is 
positively delivered. The mechanism, though 
simple, is ingenious. As the warp-threads unroll 
from the beam the latter naturally declines in dia- 
meter. Advantage of this is taken to employ a 
spring-controlled lever, which rests on the warp and 
follows its reduction in diameter. The movement 
of the lever is employed to effect the alteration of 
the position of the centre of a pawl and to produce 
a greater throw, the ratchet-wheel operated by it, 
carried on the warp beam, being consequently rotated 
to a greater extent. 

Besides the ‘‘complete automatic” looms there 
are a number of ‘‘attachments” which can, with 
more or less alteration, be applied to existing 
looms. One of the more recent, and certainly one 
of the most complete, mechanisms of this type is 
the Whittaker. The primary advantage secured is 
that the whole of the operative parts are carried on 
the breast-beam of the loom, and in fitting such 
mechanism to a shed full of ordinary looms only 
minor alterations have to be made in the looms 
themselves. The non-operation of the weft-fork, 
showing absence of weft, effects the sideways move- 
ment of a flat rod, which raises a bunter into the 
path of the slay, to operate the transferrer to force 
a fresh cop of weft into the shuttle. An important 
point in connection with the Whittaker loom is 
that the cops of weft are put straight on to their 
holding-pegs or tongues. No winding on to pirns 
or spinning on pirns is necessary. The tongues or 
pegs are provided with butt-ends which fit loosely 
in a rectangular tube open at one side, this 
tube representing the magazine. The cops fall 
down it by gravity, and by means of # simple 
ingenious device—merely a movable metal strip— 
the butt ends are levelled up, and no jamming can 
occur. To provide an elastic holding device for 
the weft threads a travelling band, provided with 
projecting pins, is employed. The threads pass 
through or Gen these pins, and then over an 
endless band of flannel, and afterwards between 
two drums, one of which will yield if necessary. 
All loose weft-threads projecting from the selvedge 
of the cloth are cut away by a simple cutting device 
operated as the loom works. All inventors of 
automatic looms or weft-replenishing devices apply 
mechanism to stop the loom should two or more 
ineffective changes be made. In the Whittaker 
device, to effect this object a small metal block A is 
carried adjacent to the weft fork-holder B. The 
block A carries a loose catch or pawl C. The parts 
are so arranged that when the weft-fork D is drawn 
by the hammer E on the exhaustion or breakage of 
the weft, the pawl C engages with the first 
tooth of a spring-controlled disc H. The disc 
H is oimal on an additional lever I, which 
18 so arranged as to come in contact with the 
knock-off handle K when moved forward. Upon 
the exhaustion or breakage of the weft, the pawl C 
moves the disc H forward one tooth, and the detent 
M enters a notch in H, and holds it in position. 
Should the shuttle be properly threaded the first 
time the weft fork is operated, the part N, attached 
to the weft fork hammer, makes contact with M, 
and releases the disc H, which is brought back to 
its original position. If the shuttle is not threaded, 
then the disc H is further rotated, and the effect 
of the further movement is to move the lever I to 
make contact with the knock-off handle K, and 


transfer the strap from the fast to the loose pulley. 


To put the shuttle into its correct position, an 
L-shaped lever is arranged to follow the shuttle u 
as it enters the box, and push it forward shou 
it not go sufficiently far, while a projection 
operated at the same time enters a slot in the side 
of the shuttle, and positively adjusts it. It should 
be remembered, when considering mechanism of 
this class, that it only operates when a change or 
ae is necessary, and the whole action 
takes place in the remarkable time of } second. 
Naturally, if the loom makes twenty changes an 
hour, the mechanism is only working for a total 
period of 34 seconds during that time, hence the 
wear and tear is reduced, although it must be 
understood that while in action severe strain is put 
upon the parts. 

The cost of a mechanism of this type is com- 
paratively slight when compared with the cost of 
a complete automatic loom. 

The question that arises is: Can the Lanca- 
shire manufacturer afford to ‘‘scrap” the whole 
of his looms—many of them quite efficient machines 
—and substitute full automatics? In certain in- 
stances it might pay to do so, but in the great 
majority of cases it certainly will not. There is 
no doubt as to the efficiency of either the Steinen 
loom or the Whittaker replenishing mechanism. The 
general opinion is, however, that some form of auto- 
matic mechanism which can be applied to existing 
looms will be more largely adopted. Even with 
the ‘‘ complete automatic,” or the automatic attach- 
ment to an ordinary loom, the defects inherent in 
the weaving-machine, as it stands to-day, remain. 
There have been many attempts to find a solution 
to these difficulties, and although nothing definite 
or tangible can be pointed to at present, there is 
certainly hope that a more scientific weaving- 
machine will be available in the near future. A 
closer association between the engineer trained 
in the use of other forces, besides those purely 
mechanical, and the loom founder should certainly 
lead to the production of a more perfect weaving- 
machine. 








THE ROYAL SOCIETY SOIREE. 


THERE were a few reminiscences of last year’s 
Jubilee of the Royal Society in the soirée which 
was held on Wednesday last, May 7, when the 
President, Sir Archibald Geikie, K.C.B., D.C.L., 
received the visitors. The number of exhibits was, 
perhaps, not quite so large as it has often been, 
and living and fossil biology claimed a large amount 
of attention, whilst astronomy, frequently prominent, 
was little represented. But there was a great deal 
in the examples of physical apparatus exhibited of 
direct interest to the engineer. 

If we begin with exhibits likely to appeal par- 
ticularly to the Fellows of the Royal Society, we 
should notice, in the first instance, an original ballot 
list of the Society, drawn up for the anniversary 
meeting on November 30, 1671, when Viscount 
Brouncker, the first President, still occupied the 
chair. Further, there was a portrait of W. H. 
Wollaston, in pencil and colour, a fine hitherto 
unknown example of Edridge’s work, first exhibited 
in the Royal Academy in 1829. The original draw- 
ings of the steam-engine of Thomas Savery, also 
shown by the Royal Society, were presented to the 
Society, together with a model, in June, 1699. 

Passing to physical apparatus and exhibite, we 
mention first the ancient Egyptian astronomical 
instrument, shown by Captain H.G. Lyons, F.R.S., 
the original of which is now in the Berlin Museum. 
It is a simple wooden sight-vane ; one observer 
aligned the plumb line, which was held bya second 
observer, on the polar star ; the second observer 
then noted the passage of certain stars over the 
head of the first observer, in order to determine 
the divisions of the night. The diagram of sun- 
spot analysis, exhibited by Professor H. H. Turner, 
of Oxford, concerns a subject which has several 
times been noticed in our columns in connection 
with the British Association meetings. Professor 
Turner is investigating the periodicity of sun- 
spots ; he finds not only bie Rw of 156 years and 
of 11} years, but also of 13 and 16 years, and he 
is still engaged in a complete determination of 
all the harmonics. The Royal Astronomical Society 
showed a very beautiful photograph of the spectrum 
of Arcturus, with iron comparison spectrum, taken 
at Mount Wilson Observatory, in California, with 


the 60-in. reflector and 18-ft. spectrograph, by 





Walter S. A. Adame. 








Professor A. Fowler, F.R.S., of South Kensington, 
directed, in his exhibit, attention to new lines in 
the hydrogen spectrum. Certain lines in the 
spectra of stars and nebule have, by Pickering 
and Rydberg, been attributed to hydrogen, on 
account of their numerical sulsdleunhien to the 
well-known Balmer series. By passing a strong 
condenser discharge through a mixture of hydrogen 
and helium Mr. Fowler has produced some of 
those ‘‘cosmic”’ hydrogen lines, and he showed in 
his demonstrations particularly the first line of 
the principal series having a wave-length of 4686, 
whilst photographs of the ultra-violet members of 
the priacipal series and of a so far unsuspected 
second principal series, as well as of two lines of the 
¢ Puppis series, were also exhibited. The exhibit 
of Professor Norman Collie, F.R.S., and Mr. H.S. 
Patterson, also concerns the hydrogen and helium 
and, further, the neon, spectrum. Last winter 
these gentlemen rather startled the Chemical 
Society by stating that the lines of helium and 
neon became visible in a hydrogen tube after long- 
continued sparking ; these gases, they had con- 
vinced themselves, were not driven out of the 
glass or the electrodes of aluminium merely by 
heating, and the glass, even when hea to 
softening and submitted to cathode rays, was 
not | gee to either neon or helium, which 
could therefore not have penetrated into the 
tube from the atmosphere. But their identifica- 
tion of the lines was questioned. In order to meet 
this attack, they showed in a Hilger spectrometer 
the spectra of three gases, conveniently arranged 
for determining the coincidence of certain lines. 
Considering Professor Fowler's observations, the 
doubts will hardly be laid by this demonstration. 

Several novel appliances relating to wind velocity, 
aeronautics, and oc te matters attracted t 
attention. Dr. J.T. Morris, of East London College, 
has designed a method by means of which he can 
investigate the distribution of the air-currents 
round a circular rod, less than 4 in. in diameter, 
and his apparatus deserves fuller notice on another 
occasion. The idea is as follows :—A Wheat- 
stone bridge is so built up of four wires, two of 
platinum, which has a higher resistance when warm 
than when cold, and two of manganin, whose re- 
sistance is little affected by temperature, that the 
bridge is out of balance at ordi temperature. 
When balance has been established by passing a 
current through the system, the balance is at once 
disturbed again if the observer blows gently on 
the bridge. Thus air-currents can be measured 
from their cooling effects. For this purpose the 
bridge is mounted on a wooden rod, liel to 
it, and at a distance of 2 mm. from it, and this rod is 
placed horizontally in an air channel, through which 
an air current may be drawn. The rod can be 
turned about its longitudinal axis. When the wires 
faced the wind, a wind velocity of 7 miles per hour 
was observed close to the upper side of the rod 
under certain conditions ; when the rod was turned 
through 90 deg., so that the wires were at the side 
of the rod, exposed to the full draught and much 
more rapidly cooled, a velocity of 21 miles was 
recorded. o far little is known about the actual 
wind velocities in uniform and not-uniform chan- 
nels ; but this apparatus of Dr. Morris promises 
to give very useful information. His curves of the 
distribution of the wind velocity about his 2-cm. 
rod reminded one somewhat of lamp-photometry 
curves, to use a familiar simile. 

Numerous instruments used in aeroplane research 
were exhibited by Mr. Mervin O’Gorman. Two of 
these were instruments for measuring the tautness 
of wires used in aeroplane and airship construction. 
The principle of both is the same, one being only a 
larger edition of the other, and reading, of course, 
to higher stresses. In these meters the wire is 
passed over three points out of alignment, the 
middle point being connected by a lever to an 
indicator. If the stress on the wire increases, 
the middle point is drawn in, and the movement 
is shown on a ‘dial calibrated in pounds or 
tons. The metre has to be calibrated before 
actual use on wire of the type on which it is 
to be used, by means of suspended weights. It 
has been shown, by its use during flight, that the 
load that comes on the wires of aeroplane wing 
framing is often actually twice the dead-weight 
loading on the wire. The instrument is specially 
intended to show the variation of stresses during 
flight. A velometer, also exhibited by Mr. 
O’Gorman, and used to indicate the speed of 
aeroplanes through air, consisted of a delicate 
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Pitot tube arrangement fitted with a cone tube at 
the mouth, by which a partial vacuum is created 
at that spot, and the actual effect of the pressure 
of the stream of air on the tube mouth increased 
by 20 to 25 per cent., thus rendering the small 
differences © Pema more easy to r Au 
air-distance recorder, or log, consisted of a small 
anemometer arranged with dials reading in miles. 
This instrument gives, of course, air miles only, 
that is, the distance completed relative to the air 
itself. A large combination instrument, termed 
& ripograph, and used at the Royal Aircraft Fac- 
tory, was also exhibited. This is a recording in- 
strument. embodying the usual clockwork and paper 
roll. Onthe roll are recorded all the control move- 
ments of the aviator, such as warping, elevating, and 
rudder control, as wellastime, speed, and inclination. 
The instrument also records rolling and _— 
The roll is of bromide paper. Some of the records 
are on the back in pencil, others are on the bromide 
surface, and are developed, the exposure being 
made by small electric lights and the ordinates being 
given for the curve by liquids in U-tubes. The 
time mechanism causes a flicker in the light, which 
can be traced as a blank line on the roll. A 
trajectograph was also exhibited. This instrument 
records altitudes and velocities, and by it rates of 
ascent and descent can be obtained. It was used 
in the recent military aeroplane trials. The velocity 
metre consists of a Pitot tube and U-tube. The 
altitude metre consists of a Dewar flask arrange- 
ment, coupled to a U-tube, the Dewar flask pro- 
tecting the enclosed air from temperature effects, 
which is therefore affected by pressure only. 

A micromanometer capable of detecting differ- 


ences of pressure of the order of caaaaea mm. was 


exhibited by Mr. J. D. Fry, of Bristol University. 
The novelties are the stretched membrane serving 
as indicator, and the calibrator or manometer used 
for calibrating the instrument. The difference of 
pressure is applied to two sides of a membrane 
which is stretched between two iron rims. These 
rims form a chamber, which is closed in front and 
back by glass panes and divided into two separate 
compartments the membrane. The membrane 
is — by the Badische Anilin Fabrik ; it is 
stretched and glued to the rims when damp by 
means of piccine. In front of the disc, which may 
be 1 ft. in diameter, is suspended, by two fine 
wires joined above to a A, a small mirror, which 
deflects a spot of light when the pressure in the 
two compartments is not the same. By rubber 
tubing these two compartments communicate with 
the manometer, which forms a glass tube, bent to 
a rectangle, which is open at top. This whole gauge 
can be tilted. As shown, the gauge was joined to 
two open cylinders, which would be at the same air 
pressure unless the one cylinder was heated or 
some dust dropped into it, the difference of pres- 
sure then noticeable being due to the weight of the 
air columns in the cylinder ; the difference vanished 
to zero when the originally vertical gauge-rectangle 
was tilted into the horizontal position. 

One of the four novel instruments exhibited by the 
poms Scientific Instrument Company was of 
cognate kind. It is the yaw indicator, designed 
to indicate the direction P a current of a gas in 
any place and to serve particularly for observing 
the horizontal inclination of the wind to the axis of 
an airship or the vertical component of the wind. 
Two Pitot tubes are, in the latter case, fixed toa 
wind-vane, the one tube pointing upward, the other 
downward at an angle. The new rack barometer 
of the company is a marine instrument ; a dial is 
substituted for the vernier, which arrangement is 
certaifily very convenient for taking readings. The 
calibration is directly in tenths of a milli-bar ; 
1 milli-bar is equal to 1000 dynes per sq. cm., the 
average pressure of the atmosphere is 1.013 mega- 
dynes, and the exact ‘atmospheric pressure of 
1 million dynes would be observed at an elevation 
of 106 metres. The stomatograph, also of the same 
company, is an instrument intended to record the 
amount of opening of the stomata, or pores of a 
plant leaf; the general interest lies in the clever 
new electric recorder, which requires an illustrated 
description. The leaf is placed between two glass 
cups, and air is sucked through it at a gentle 
pressure, a head of $ in. of water An electrically 
operated pump produces a vacuum in the tube 
connected with the cups, and each stroke of the 
pump is electrically recorded on a rotating drum ; 
the duration of the stroke is a proportional 


the leaf under test. The last instrument, the 
apophorometer, is due to Professor J. Joly, and 
designed for conducting qualitative and quantita- 
tive analyses by sublimation. A few milligrammes 
of the siketinie—ter instance, some unknown ore— 
are placed on a platinum strip, which is placed 
between two watch-glasses and heated by an 
adjustable current ; as the temperature rises, diffe- 
rent compounds or elements are driven off and 
condense on the upper watch-glass, where they 
can be identified. 

We have thus come to heat measurement. Mr. 
J. W. Jordan, of the Chelsea Polytechnic, exhibited 
the convection radiometer and thermo-galvanometer 
which we noticed in our account of the Physical 
Society’s Exhibition last December.* As demon- 
strated on Wednesday the instrument was used for 
measuring the radiated heat given out by a tube of 
radium salt. When this tube was placed in a side 
tube of the cylindrical chamber, there was at once 
a violent deflection of the light-spot, due to the 
heat of the glass tube which Mr. Jordan had kept 
in his pocket. The light-spot slowly returned 
then, and finally remained at division ten, which 
happened to correspond to the heat emitted by the 
caine salt ; the sensibility of the scale at 1 metre 
from the mirror was 5.4 mm. per 10-* calorie per 
second. 

Mr. Dugald Clerk, F.R.S., had a most interest- 
ing stand showing the results of his experiments 
on gases in gas-engine cylinders. There were 
photographs of the apparatus, and a large number 
of indicator diagrams made under special circum- 
stances. To illustrate the effect of turbulence in a 
gas-engine a charge of gas and air was drawn in, 
and was fired in the usual way. The pressure ran 
up immediately, giving a diagram of the usual 
shape. Next a charge was drawn in by rotating the 
engine by an electric motor, and this charge was 
compressed and expanded several times before 
it was fired. The combustion of the mixture 
was then very slow, and it was not until two- 
thirds of the piston stroke was accomplished that it 
was completed. The explanation of the difference 
is that when the gases have just come through the 
valves they are whirling in confusion, and the 
flame is instantly propagated through the mass, 
while after the gases have lain in the cylinder some 
time, even if the piston is reciprocating, they come 
to comparative rest, and the combustion has to 
make its way steadily from point to point. It is 
clear that were it not for the phenomenon of tur- 
bulence the high-speed petrol-engine would not 
work at all. 

This device of compressing and expanding a gas 
or a gas mixture in a gas-engine cylinder in which 
the piston is driven from some other source of 
power has been used by Mr. Clerk as a means of 
Investigating the specific heat of gases at different 
temperatures. The cylinder is filled with gas at a 
given temperature—say, 30 deg. Cent. A number 
of strokes of the piston are then made, and a 
corresponding series of diagrams drawn upon 
the same card. e first compression line is 
followed by an expansion line which lies just 
below it, since the gas parts with heat to the 
walls. The second compression line lies beneath 
the first expansion line as the gas is cooler, and the 
second expansion line is below the second com- 
pression line, and so on. Naturally, as the pro- 
cess goes on, the loss of heat becomes less at the 
top of the compression, and oventually there is 
some gain of heat at the bottom of the expansion. 
Next, the series of operations is recommenced 
with gas at a higher temperature, and again at a 
still higher temperature. From the records it is 
possible to deduce the specific heat of the gas over 
a series of ranges, and thus to arrive at the law of 
increase or decrease. The expansion and com- 
pression are not adiabatic, of course, but it is not 
difficult to make the necessary correction. Mr. 
Clerk has experimented with several gases, and has 
added largely to our knowledge of their character- 
istics. In conclusion, praise is due to his beautiful 
diagrams, made by photographic means. 

he kata-thermometers, or comfort-meters, ex- 


bulbed spirit thermometers, arranged somewhat 
like the wet and dry-bulb thermometers, the 
one bulb of a pair being surrounded with muslin. 
Readings are taken with the bulbs clothed, ex- 
posed, or shielded from radiant heat, and in this 
way the heating and ventilating of rooms and the 


hibited by Professor Leonard Hall, F.R.S., are | P’ 


cooling or heating effect of clothes can be investi- 


gated. 

The Underfeed Stoker Company, Limited, ex- 
hibited an instrument termed a ‘‘ thermoscope,” 
which is a portable apparatus for determining the 
percentage of carbonic acid gas in furnace and other 
gases by means of thermometric analysis. The 
instrument works on the — of measuring 
the heat of the reaction of CO, and dry caustic soda. 
It consists of a cylinder, fitted with a plunger with 
packing-rings, the withdrawal of the plunger caus- 
ing a measured quantity of the gas to be analysed 
to enter the cylinder. The cylinder is encased in 
an outer brass tube, within which is a special 
thermometer with a bulb in the form of a deep cap 
or inverted cup. Inside the hollow, in the under- 
neath of this thermometer, a cartridge of pulverised 
caustic potash is inserted, and the gas contained in 
the cylinder is discharged into the cartridge. The 
heat developed in the combination of the CO, with 
the caustic soda causes the mercury column to rise, 
and this gives, therefore, a measure of the amount 
of CO, present in the gas. To read this off con- 
veniently a movable scale is provided, reading 
at once in percentages of ©O,. Before the ex- 
periment this scale is adjusted to the mercury 
column, so that its zero corresponds with the top 
of the mercury, the rise then indicating at once 
the percentage of OO, present. The gas is 
drawn into the cylinder through a pipe and 
flexible connection. It is expelled into the cart- 
ridge through the same pipe, which is then coupled 
to the cartridge by another flexible length of 
tube. A thermometer and scale on the plunger 
itself enable the necessary correction to be made 
for the temperature of the room, in order that the 
correct amount of gas may be discharged into the 
cartridge. The cartridges are sealed, and have to 
be pricked at each end just before insertion in the 
bulb of the thermometer, in order to allow the gas 
to pass through. The instrument is supplied in a 
leather case with a supply of cartridges, and may be 
used for quickly sampling gases. It is well pro- 
tected from ible damage. 

Dr. Rosenhain and Mr. D. Ewen, of the National 
Physical Laboratory, exhibited specimens and 
photographs illustrating the recent researches on 
the behaviour of metals when raised to relatively 
high temperatures in a vacuum or in air. These 
researches confirm the view that the crystals, even 
of a pure metal, are held together by an amorphous 
(under-cooled) inter-crystalline cement, which is 
harder than the crystals at ordinary temperatures, 
so that fracture and deformation take place in the 
crystals ; whilst at higher temperatures the cement 
softens, so that the crystals can be pulled apart 
with little deformation. At suitable temperatures 
all metals become brittle and break by inter- 
crystalline fracture without plastic deformation. 
Specimens of brittle fractures of lead, tin, bismuth, 
and antimony were exhibited. The influence of the 
rate at which deformation was applied upon 
the behaviour of the cement was_ illustrated 
with the aid of aluminium-zinc alloys heated to 
600 deg. Cent. When polished specimens of 
metals are heated in vacuo, surface patterns are 
developed which recall the appearance of acid- 
etching ; this vacuum - etching is partly ascribed 
to volatilisation and partly to differences of thermal 
expansion between adjacent crystals. In the 
heated silver shown, the multiple twinning came 
out very clearly ; it looked as if the crystals were 
arranged in steps, but they were really all at the 
same level. In iron heated to 900 deg. Cent., two 
superposed patterns, representing two sets of 
crystal boundaries corresponding to allotropic 
modifications, could be observed. i 
The apparatus for the rapid determination of the 
lifting power of samples of hydrogen, shown by 
Mr. Guy Barr, also of the National Physical 
Laboratory, is a somewhat elaborate mechanical 
apparatus, enabling the experimenter quickly to 
determine the purity of the hydrogen from its 
density. Two concentric, high tubes, both inside 
a water-jacket, are filled, the one with air, the 
other with the hydrogen under examination. The 
ressure at the foot of the column is atmospheric 
in both cases ; but there is a difference in pressure 
at the top as long as the communicating tap at the 
top is closed. The lower ends of the tubes are 
connected with a delicate tilting gauge ; when com- 
munication is established at the top, the equality 
of pressure is disturbed, and when the pressure 
difference has been balanced, the lifting power of 





* See ENGINEERING, vol. xciv., page 855. 
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of 0.02 per cent. The tilting is effected by turning 
a wheel. 

An ultra-condenser for the observation of ultra- 
microscopic particles was exhibited by Mr. E. Leitz, 
of 18, Bloomsbury-square, W.C. With the aid of 
this reflecting condenser of Dr. F. Jentzsch any 
microscope may be used for the examination of 
fluids and gases. The chief task is to produce 
both an intense illumination and a dark back- 
ground ; this is secured with the help of two re- 
tlecting glass surfaces, one convex, the other con- 
cave; they are cemented into a metal box fitted 
with a bayonet-joint and a rubber-faced cover ; 
underneath the cover glass, which is a disc of 
quartz, is a cavity for receiving the fluid, which 
is introduced by one tube and leaves through 
another while the examination lasts. 

The old and new patterns of rainbow cups, 
which Mr. C. V. Boys, F.R.S., exhibited, were 
also mentioned last winter. But they are so 
beautiful that one gladly returns to them, and 
they have been improved, moreover, in their sup- 
ports further to reduce friction. A brass cup 
stands ona leg and is spun round ; an aqueous 
solution of soap and glycerine is used to produce a 
soap film over the cup, simply by drawing a stri 
of rubber, dip into the solution, over the hori- 
zontal rim of the cup. Over the cup fits a conical 
hood, open at the apex, so as to protect the film, 
and also to introduce vapours like ammonia, which 
thicken the film by settlingon it. Thecups of the 
new style are merelystamped sheet iron ; the bottom 
projects inward, and with that hollow the cup rests 
on a thin copper wire stuck into a board. The cir- 
cumference of the cup is set with a number of small 
vanes; when air is blown against these vanes 
through a tube, the cup spins, and the coloured 
rings appear to expand and to contract in time with 
the precession, the cup being free to precess owing 
to the loose way in which it is supported. Mr. 
Boys easily demonstrated that the very thinnest 
black films are by no means so delicate as is often 
assumed ; the black film may be developed into a 
ring breaking up ; it dissolves into fragments which 
wriggle almost like tadpoles. 

The apparatus for the experiments with ripples, 
shown by Professor L. R. Wilberforce, F.R.S., of 
Liverpool University, are very ingenious, though 
really simple, and should, we think, render excel- 
lent service for the exploration of ripple phenomena. 
Water is contained in a square trough, in the bottom 
of which a circular glass disc is inserted. Under- 
neath the trough is an arc-lamp, above ita lens, and, 
further, a slotted disc ; the ripples produced on the 
water by a vibrating dipper are projeeted through 
this disc, so as to appear stroboscopically in slow 
motion, being reflected by an inclined mirror on to 
ascreen. The ripples are produced by a steel bar, 
which is electromagnetically excited ; the bar sup- 
ports a wooden frame, to which the dipper is 
attached. This dipper is, as a rule, a thin bar of 
aluminium, held vertically and parallel to one of 
the sides of the trough. The same electric circuit 
comprises two electromagnetic poles, between which 
4 —_ wheel (iron, set with teeth) is revolving in 
4 horizontal plane. The vertical shaft of this wheel 
bears a cup filled with oil, and the shaft of the 
slotted disc mentioned rests in this oil-cup. The 
device forms thus a friction oil-coupling, which keeps 
the vibrator and the disc much better in synchron- 
ism than a direct drive from the phonic wheel would 
do. With the arrangement described a system of 
_— ripples is slowly seen to cross the screen. 

en asmall glass disc is placed on the glass bottom, 
so that the water is shallower in that part than in 
the rest of the trough, the ripples in the shallow 
portion appear slower and curved. When the 
aluminium bar is replaced by an aluminium comb, 
the teeth dipping vertically into the water, the 
ripples assume a honeycomb pattern; when 
the teeth are close to one another, the ripples 
Sppear more of the former shape. When two wires 
are used as dippers, each wire appears surrounded 
by concentric ripples, which interfere with one 
another. When wooden partitions are fixed in the 
trough, parallel to the dipper, in such a way as to 
orm a barrier leaving an open gap, the waves are 
Seen to pass through this gap and to proceed in 
peculiarly diffracted paths. 

Sir John Thornycroft showed an interesting 
model to illustrate the effect of compound wave 
motion on vessels of different types. The model, 
which combined the effect of two sets of four waves 
crossing at right angles, consisted of a glass plane 
Supported on three points, one of which was 





stationary, while the other two each combined four 
simple harmonic vertical motions, The move- 
ments were primarily obtained from four drums 
rotating at different speeds on vertical axes, actuating 
at their ow ends small slanting tables or swash- 

lates, to which they givea circular tilting motion. A 

r passed between twodrums, and being provided 
with points set in small holes in the slanting 
tables, combined two motions, the amplitude of 
each separate movement being determined by the 
distance of the point from the centre of rotation 
of the vertical drum. The two opposite drums 
were treated in the same way, and the motions of 
the two combination bars were also further com- 
bined by a cross-bar or frame to which was attached 
one of the moving supports of the plane surface, 
coupled by a link to a pillar at some distance. 
The other support derived its motion from a similar 
combination of the movements of two bars at right 
angles to those of the other system, themselves com- 
bining each two vertical movements also derived 
from points on the rotating slanting planes. The 
vertical motions of the two moving points thus each 
combine four single motions. The phase of the 
two supports differed by a quarter of their period. 
The resulting movement of the plane surface was 
intended to represent a complicated cross-sea, and 
was used to illustrate the effect of wave motion on 
the rolling of vessels of various characteristics. 
Vessels were represented by rolling discs with 
vertical pendulum-rods, on which small adjustable 
weights could be placed so as to represent different 
conditions of height, of centre of gravity, &c. It 
was shown that, in models in which the natural 
rolling period corresponded with the period of the 
wave system, very dangerous rolling would ensue, 
while in others the same wave system would have 
no dangerous effect at all. It was also seen how 
some vessels rolled steadily for a time, suddenly 
brought up, and then started rolling again. The 
direction of such a cross-sea relatively to the ship 
was further shown to make no difference on the 
rolling of a vessel. 

On the ground floor in the secretaries’ room, 
Mr. E. R. Gillmor exhibited the Sperry gyro- 
compass. This compass has been fully described 
and illustrated in Encrngerina,* while the general 
principles which enable gyroscopic effects to be 
utilised in this form of instrument were discussed 
in an earlier article published in these columns.t 
It is not necessary, therefore, for us to again 
embark upon a description of this compass, which, 
to be adequately handled, would require more 
space than is now at our disposal. It will suffice 
to state that the gyro-compass is suspended by a 
stranded wire, so that there is practically no fric- 
tion about the vertical axis, while electrical con- 
tacts control a motor driving the frame in which it 
is suspended, thus relieving the gyroscope of all 
work of turning. The master compass is electrically 
coupled to repeaters, placed at any suitable part of 
the ship, so that the main apparatus may, if so 
desired, be situated at a convenient and safe point, 
and not in an ex d position. 

A beautiful collection of artificial crystals, some 
several inches long, was exhibited by Professor 
W. J. Pope, F.R.S., of Cambridge. The crystals are 
prepared by the very slow crystallisation of aqueous 
solutions. In some cases the core of the crystal 
consisted of one salt, and the outer Jayers of some 
other salt. Thus the yellow nickel sulphate could 
be seen inside or outside the green magnesium 
chromate, the orange cobalt sulphate combined with 
colourless magnesium sulphate, &c. It takes months 
to produce such crystals. 

he coloured map of the North Atlantic, exhi- 
bited by Professor Hull, F.R.S., was made by 
Messrs. Stanford for the pu of illustrating 
Professor Hull’s researches on land connection and 
the migration of animals from Europe to America, 
and vice versd, in accordance with Scharff’s view ; 
the map showed the submerged terraces and river 
valleys of the ocean bed as determined by the 
Admiralty soundings. 

Interesting human skulls were to be found on 
several tables. Those shown by Messrs. H. Peake 
and E. A. Horton were discovered in 1890, and 
further explored in 1912, when twenty-six graves, 
evidently of the Saxon age and of the sixth century, 
were found. The Piltdown skull, found last year 
at Piltdown, near Fletching, Sussex, by Mr. 
Charles Dawson, which has been studied by Dr. 


* See vol. xci., page 816. 
+ See vol. xciii., page 722. 





Smith Woodward, F.R.S., keeper of the Geological 
Department, British Museum, and by Professor 
Elhot Smith, F.R.S., is undoubtedly very ancient, 
and represents a rather low type of human being, 
though the brain capacity was even lar than 
that of a European of our time. e chin 
recedes, and certain bone projections on the 
lower mandible, which are wanted for the muscles, 
by means of which articulated speech is produced, 
as well as the corresponding protrusions and con- 
volutions in the upper portion of the brain, were 
absent, so far as the examination of the skull ca 
shows. The brain has particularly been studi 
by Professor Elliot Smith, F.R.S. Both the 
gentlemen mentioned explained their researches b: 
exhibits, and Dr. Smith Woodward gave an mone | 
ingly interesting discourse on this Hoanthropus 
dawsoni. Stone ——— of earl — 
types were exhibited by Mr. Henry Ba four; they 
came from the Zambesi and Kimberley. 

The fossil mammal remains, exhibited by Mr. 
C. Forster-Cooper were found in the bone-beds of 
Dera Bugti, Baluchistan. One atlas (the first 
vertebra of the neck) shown is the est known, 
and one of the toe bones formed a suitable pendant 
to it. The animal was related to the rhinoceros. 
A lower jaw of a kind of pig was also very curious ; 
the teeth were peaked and peculiarly serrated. 
Another rhinoceros had its two lower front teeth 

rojecting horizontally forward. Sections of Upper 
Sascaten lants were exhibited by Dr. D. H. 
Scott, the Foreign Secretary of the Royal Society, 
and botanical pho phs from South Africa by 
Professor H. H. W. Pearson. 

Of the biological exhibits, that of the Marine 
Biological Association (Dr. Allen), of Plymouth, is 
always the most attractive. This time some crabs 
were to be seen which had stuck to the foul bottom 
of a ship coming from Chili ; further some bigger 
crabs provided with a pair of peculiarly flattened- 
out claws, specially suited for swimming, a hermite 
crab grown all over with sponges and small and 
bigger animals (self-planted mostly), and some very 
active barnacles. 

Professor Poulton, F.R.S., and Mr. L. Doncaster 
showed—the former, butterflies characterised by 
the existence of two castes of females, and the 
latter a moth, abraxas grossulariata, which pro- 
duces six successive generations of females; the 
features which determine sex are now being ard- 
uously investigated by cross-breeding and by many 
other means of research. Dr. S. F. Harmer, 
F.R.S., exhibited some specimens from the collec- 
tion of deep-sea animals, taken by the Scotia 
Antarctic Expedition of 1902 to 1904, and, further, 
some polyzoa which have caused trouble in water 
works. These polyzoa were first observed in Ham- 
burg in 1895, and are sometimes erroneously 
described as alge. They are very small animals, 
which bud with a remarkable fecundity ; they may 
fill almost the whole main, first forming a soft 
mass which gradually hardens. When these polyzoa 

rosper, other large animals, like worms, stickle- 
k, eels, &c., can live on them in the water- 
mains, and serious trouble may arise. No remedy, 
Professor Harmer finds, will a needed, provided 
the water be properly filtered through sand ; the 
filter keeps these polyzoa out. 

We have already alluded to one of the two 
evening discourses. The other one was a very 
interesting demonstration by Mr. Leonard Bairstow, 
of the National Physical Laboratory, of eddying 
fluid motion of viscous fluids, with special regard to 
the bearing of this motion on aeronautical research. 








NOTES. 
CaemicaL Errects of Raprum Rays, 

Ir is not a little remarkable that, whilst it was 
claimed, in days when not more than a few milli- 
grammes of radium were available, that radium 
radiations could produce the most far-going chemical 
reactions and changes, the recent researches con- 
ducted at the Institut fiir Radiumforschung, in 
Vienna, where radium is in its way plentiful, show 
that radium has, indeed, certain effects on organic 
and inorganic —— but that these effects 
are, on the whole, feeble, and in most in- 
stances far weaker than those of ultra-violet 
light. Reports on these researches have been 
presented to the Vienna Academy of Sciences by 
A. Kailan, by E. von Knaffi- Lenz, and W. 
Wiechowski, and by others. The latter contradict 
the statement made by Gudzent in 1910, that solu- 
tions of sodium urate were decomposed by radium 
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emanation, breaking down finally into ammonia 
and carbon dioxide. Gudzent did not say how much 
radium he had at his dis , but it must have 
been very little; the investigators mentioned 
tried 86 milligrammes of radium salt for many 
days under different conditions and observed no 
decomposition at all. Kailan first investigated 
the decomposition of hydrogen peroxide by the 
emanation and the various rays from 160 milli- 
grammes of radium salt, which is, of course, a 
large amount. Hydrogen peroxide is easily decom- 
posed by many agents, as well as by light, and 
there was an increase in the rate of decomposition 
under exposure to radium rays; but heat— 
represented by a difference of temperature of a 
few degrees—proved a much more powerful agent 
than the radium. Both radium and light radia- 
tions, on the other hand, also produced hydrogen 
roxide as well as ozone, and the possible 
ormation of these two compounds complicates all 
such experiments very much. In acid solutions 
Kailan observed a slight decomposition by 8 and y 
rays of potassium bromide, whilst potassium chloride 
was not attacked. The same rays turned ortho- 
nitrobenzaldehyde into an acid; but a quartz- 
mercury lamp was 20,000 times more powerful in 
that reaction. Quinone, which is easily decom- 
by blue-violet light, was not attacked at all. 
Normal oxalic acid remained unchanged after 1000 
hours’ exposure. The inversion of sugar was 
accelerated by the radiations ; but, oddly enough, 
those sugar solutions—which had not been steri- 
lised—suffered more from fungus growth than in 
the absence of the 8 and y rays. We donot econ- 
sider these investigations as in any way conclusive. 


Tae ‘‘Town” Crass or CRUISERS. 


The last of the cruisers of the ‘‘ Town ” class has 
been floated with the launch, on the 7th inst., of 
the Birmingham from the Elswick Works of Sir 
W. G. Armstrong, Whitworth and Co., Limited, 
the honours of the occasion being done by the Lady 
Mayoress of Birmingham, in the absence of Mrs. 
Austen Chamberlain. Of this class of ship fifteen 
have been built for the British Navy in addition to 
three for His Majesty’s Australian Navy. Of these 
latter, two were completed in this country—the 
Melbourne and the Sydney—while a third—the 
Brisbane—is being constructed at the Australian 
Government yard at Cockatoo Island. Of the 
British vessels, five were laid down in 1908-09, four 
in 1909-10, three in 1910-11, and three last year, 
under the programme of 1911-12. These three last 
ships, the Lowestoft, the Nottingham, and the 
Birmingham, were considerably delayed, as the 
First Lord of the Admiralty desired to have 
them built in London in order to give employ- 
ment to the artisans of the East End, but, owing 
to circumstances which are now common know- 
ledge, this was found impossible; and it was 
subsequently decided to build them, the first 
at Chatham Dockyard, the second at Pembroke 
Dockyard, and the third at Elswick. All three 
have been launched during the last two weeks, 
and in view of their advanced state — particu- 
larly in the case of the Birmingham, which has 
practically all her machinery on board except 
the main turbines—creditable work has been 
done in respect to the time so far taken in con- 
struction. The vessels were laid down in June 
and July last year, and it is hoped that they may 
be completed before the end of the current year. 
Considerable developments have been made in the 
fighting power of this type of ship since the first 
vessels were designed. Although the length has 
remained the same—namely, 430 ft.—the beam 
has been increased from 47 ft. to 49 ft. 10 in., in 
order to allow for the increased weight of arma- 
ment and protection, without materially adding to 
the draught, which has only gone up from 15 ft. 3 in. 
to 15 ft. 10in. The displacement, on the other 
hand, has advanced from 4800 tons to 5440 tons. 
The power has been correspondingly increased 
in order that the speed should remain as near 
as ible the same—namely, 254 knots—but so 
satisfactory has been the form of the ship, and so 
efficient the machinery, that in almost all cases the 
legend speed has been increased, and the vessels 
may be classed as able to steam practically at 26 
knots with full power. In regard to the arma- 
ment, the first ships had only two 6-in. and ten 
4-in. breech-loading guns. is was changed in 
the vessels of 1909-10 to eight 6-in. guns, an arma- 
ment which was repeated in the vessels of the 
following year ; but in the three ships which have 





now just been launched, the number of 6-in. guns 
has been increased to nine, an enormous advance 
upon the armament of the first vessels of the class. 

ually important is the improvement in protection. 
The earlier vessels had a nickel-steel lower deck, 
extending right fore and aft, with a thickness 
of 2 in., reduced towards the bow to jin. In the 
later vessels vertical armour has been provided on 
the broadside, and this extends right fore and aft, 
and over practically the whole area of the exposed 
hull, as well as for a considerable distance under 
the load water-line. There are two thicknesses of 
protective shell-plating, the outer being of nickel 
steel and the inner of high tensile steel, the total 
thickness for the greater part of the length of the 
ship being 3 in., reduced slightly at the forward and 
after ends. 





THE LATE MR. ROBERT STEELE. 

Many will regret to learn of the death, on Friday 
last, the 2nd inst., at his residence in London, of Mr. 
Robert Steele, who, since 1889, has been a consult- 
ing engineer in London, and, as such, has been 
closely identified with many important arbitration and 
legal cases, while at the same time giving a large 
amount of his time to survey work for salvage 
associations and underwriters. He belonged to the 
family of Clyde shipbuilders which, in the early 
days of the industry in that river, took a prominent 
part, particularly in the construction of fast sailing 
ships and early steamers. Born at Greenock on 
Novemter 28, 1859, he was the eldest son of Mr. 
Robert Steele, and after being privately educated 
until he was twelve years of age, he spent two 
ears at Mostyn House, Cheshire, and four at the 

erchiston Castle School in Edinburgh. When 
eighteen years of age he was apprenticed to his 
father’s firm—Robert Steele and Co., at Greenock— 
serving six years, passing through the various depart- 
mente, and finally became the manager of the yer 
yard, dry dock, and slipway, a position which he held 
for about a year. After leaving Greenock he spent 
some time in engineering work in West Africa, where 
he added considerably to his experience. Returning 
to this country, he became managing director of 
Messrs. A. McMillan and Son, of Dumbarton, where 
he was between 1887 and 1889. In the latter year he 
resigned, and took up business in London. 

r. Steele had a wide knowledge of shipbuild- 
ing and engineering from the technical point of view, 
was a shrewd man of affairs, with a capacity for 
elucidating difficult technical points to the lay mind, 
which made him a most acceptable assistant in arbi- 
trations and law cases. He acted for the British 
Admiralty in the Olympic and Hawke collision, for 
many British and foreign underwriters and owners, 
including the Royal Mai Shipping rage Atlantic 
Transport, Hamburg- Amerika, ‘‘La Veloce,” of 
Genoa, and Laeix, of Hamburg. He became a member 
of the Institution of Mechanical Engineers in 1901, 
having, some years earlier, been elected to the Institu- 
tion of Naval Architects. He was also a member of 
the North-East Coast Institution of Engineers and 
Shipbuilders and of the Institute of Marine Engineers. 
He was an experienced yachtsman, and a member of 
several clubs, including the Royal Thames, Royal 
Clyde, and Royal Cinque Ports. He is survived by 
his widow and an on , son, who is a student at 
the Armstrong College, Durham University. 





THE LATE MR. H. T. PENNEY. 

By the death of Mr. Henry Timothy Penney, at the 
age of ninety years, due to heart failure, there 
been severed one of the few remaining links with the 
building of sailing ships for the Royal Navy. Mr. 
Penney came from a long-lived family, the ages of his 
three surviving brothers being between seventy-six 
and eighty years, while his eldest brother had attained 
eighty-nine years when he died. Mr. Penney was 
for long a shipwright in Sheerness, his apprentice- 
ship period extending back to the days before Sir 
Nathaniel Barnaby and the late Sir ward Reed 
had entered upon their apprenticeship. In those 
days the ships built at Sheerness were mostly cor- 
vettes and sloops, and amongst the notable vessels of 
which Mr. Penney had charge was the Encounter, 
launched forty years ago, the Diamond, the Satellite, 
and the Caroline, all corvettes; the sloop Gannet, 
which was afterwards the Royal Naval Reserve drill- 
ship of the West India Docks, under the name of the 
President, and particularly well known, since on her 
books were borne many of the most distinguished 
officers serving at the Admiralty. Of all of these 
ships, however, probably the Satellite is the only one 
still in use. A ship of which he was —— proud 
was the despatch vessel Lively, which was the fastest 
ship of her day, and also a most economic vessel. Mr. 
Penney, as will be understood, has been living in 
retirement for very many years, and very few of those 
who worked with him are still in the service, 





TIME AND SPACE. 
To THE Eprror or ENGINEERING. 

S1z,—Does not “‘ A Thinker” give his case away when 
he says that space is ‘made up of the place or places 
where solid bodies are and where they are not”? This 
can only mean that space is known to us net alone through 
the presence of objects, but also through their absence— 
the room in which objects might be. en your corre- 
spondent argues that space is only known to us by reason 
of our sense impressions of its contents, and that there. 
fore space has no existence as a thing in itself, he is, I 
submit, going altogether too far. For even were it 
demonstrated (which I do not admit) that space is only 
known to us by reason of our sense impressions of its 
contents, then it would be just as reasonable for “A 
Thinker” to deduce therefrom that the contents have no 
existence apart from his sense impressions ; that all his 
percepts are really concepts, or, in homely language, the 
universe is & a and he is thinking it; and that he 
has only to cease thinking or receiving sense impressions 
for the universe also to cease simultaneously to be. 

Your correspondent, referring to time, says it is “the 
duration of an event... the interval between succes- 
sive events,” which, in the words of the ‘‘ Bab Ballads,” 
‘*is pretty, but I don’t know what it means.” Will he 
oblige by defining ‘‘ duration ” and ‘‘ interval ” ? 

In his book on Metaphysics (‘‘ First and Last Things,” 
Book I., § 3) Mr. H. G. Wells says of the word 
**fact”:—‘“‘I do not attempt to define this word ‘fact.’ 
‘Fact’ expresses for me something in its nature primary 
and unanalysable. . . . I find it altogether impossible to 

uestion or doubt that world of fact.... One may 

oubt whether one is perceiving. or remembering, or 
telling facts clearly ; but the persuasion that there are 
facts, independent of one’s interpretations and obdurate 
to one’s will, remains invincible.” I would suggest that 
this attitude towards fact is also the most reasonable 
attitude towards time and space. Mr. H. G. Wells, 
being a pragmatist, tests each of his beliefs by the 
practical question, ‘* Will it work?” Thus, on the belief 
that there is a universe of fact external to oneself, one 
can get along quite comfortably ; but on the belief that 
the universe is only a figment of the imagination, nothin 
will work. And so it is with the idea that time an 
space exist as things in themselves. One can get along 
perfectly well on this basis, even though the idea is one 
that refuses to allow itself to be given any clear outline 
whatever. 

The columns of ENGINEERING are no place for a theo- 
logical discussion, but I would like to express my admira- 
tion for the agility of mind displayed by “‘B.Sc. Lond.” 
Unfortunately, I have a slow, hesitating sort of mind, and 
the chasm between the necessity for faith, and fuith in 
any particular Historical Person, which *‘ B.Sc. Lond.” 
skips across so Spi is a chasm which my thinking 
apparatus mulishly refuses to jump. 

Yours ay 
Hue P. Vow gs. 
Bilton, near Rugby, May 1, 1913. 





To THE Epitor OF ENGINEERING. 

Srr,—Your readers’ thanks are due to “ A Thinker” 
for his very clear and, apparently, incontrovertible 
remarks on time and space, but they will be likely to 
place the contribution of ‘* Fact” in a different category. 

The idea of time is inseparably connected with con- 
tinuous finite relative motion among separate portions of 
matter. There seems to be no reason to suppose that 
such motion was ever non-existent, or that it ever will be, 
and such assumptions as that the universe will cool down 
toa uniform temperature, stars become stationary, &c., 
are unwarrantable and confusing. Time in the sense 
which ‘‘ A Thinker” seems to attach to the word is not 
restricted to a measurable amount, and “ Fact” is not 
entitled to introduce this limitation, or to drag in the 
word ‘‘ eternity.” 

Again, “Fact” states that the human mind cannot well 
believe that the number of stars is infinite. Yet there 
are some human minds that have astill greater difficulty 
in believing the number to be finite, seeing that every 
addition to our powers of observation reveals more and 


has| more stars. And next we find he has no difficulty in 


deciding that the universe has confines beyond which an 
empty space must exist, though how he knows the bulk 
of mankind feel that this is the case is not apparent. To 
his inquiry as to what ‘‘clear thinking” is to make of 
this the answer is, ‘‘ Nothing.” Then we are flatly told 
that empty space is certainly not “nothing at all. In 
that case some definition of it, more or less precise, must 
be ible; but in the next line he says it is indefinable, 
and recurs to his notion of a definite or limited universe. 
The nature of the fringe of empty infinite space 

presents difficulties. 


May 3, 1913. 


Tam, rs truly, 
ere " S. G. 





To THe Eprror or ENGINEERING. 

Sm,—While thanking “‘ Fact” for his remarks, I regret 
that he has misunderstood me ; and pete he will help 
me to ex myself more clearly. Things may certainly 
exist without our being aware of them, and we sho 
avoid the fallacy of “‘an uninhabited island ” ; ior, wae 
the Red King was snoring, somebody asked :— If : 
left off dreaming about you, where do you suppose you 
be? If that there King was to wake up you'd go out 
—bang—like a candle.” 

Time is not an entity, ore when we have a rule i b 
empty space can never be any thing at all—puce 
Sales me, Sir, to submit Conia that “think how we 
may, if we y endeavour to attach reasonable 
meanings to our words, it is certain that, without exper 
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ence of something else, we can have no idea, innate or 
otherwise, of either time or space.” oe 

Clear thinking helps one to realise some of the limita- 
tions of knowledge, and it makes it more easy to say 
“T don’t know.” 


May 3, 1913. 


Yours truly, 
A THINKER. 





«POINTS IN THE DESIGN OF ARCHES 
IN FERRO-CONCRETE.” 
To THE Eprrok oF ENGINEEBING. . 

S1r,—Referring to the article by Mr. R. N. Stroyer in 
last week’s ENGINEERING on ‘Points in the Design of 
Arches in Ferro-Concrete,” I notice in the latter part of 
his article he makes the ne statement :— E 

“In order to get sufficient load on the battered piles a 
cantilever had to be extended from the abutment. A 
secondary effect of this cantilever would be a negative 
bending moment in the abutment, tending to reduce the 
original side thrust; but as the transmission of this 
moment through a massive abutment on piles was ve 
uncertain, no account was taken of this in the calculation.” 

It appears to the writer that the bending moment caused 
by the cantilever would not have quite the same effect in 
supporting the bridge as would have been the case had 
the dead load been sufficiently increased to throw the 
resultant load directly on to the battered piles. This 
would have the tendency to 
weaken the arch of the bridge by causing a flattening at 
the crown and a negative deflection near the abutments, 
thus seemingly bringing about practically the same 
result which the designer had set out to prevent. It 
consequently seems that the uncertainty of the transmis- 
sion of the bending moment should have been taken into 
account, and it would be instructive to have Mr. Stroyer’s 
explanation. 

Yours truly, 
SEYMOUR M. Jr. Inst. E. 
50, Alverstone-avenue, Wimbledon Park, S. W., 
May 2, 1913. 





CENTRIFUGAL PUMP DESIGN. 
To Tue Eprror oF ENGINEERING. — 

Sin,—In his letter in your issue of April 25, Mr. 
Herbert Chatley remarks on the difficulty of determining 
ina centrifugal pump or turbine “‘ the point of applica- 
tion of the force corresponding to the momentum changed 
persecond,” and as a deduction from his theory of the 
position of this point he arrives at a variation on the 

uation which, in a more generalised form, is the basis 
any rational theory of turbo-machinery. However, 
in the theory of turbo-machines it is not so much the 
total change in the momentum of the fluid and the force 
involved in this change which have to be considered, as 
the total change in the moment of the momentum of the 
fluid about the rotor axis and the corresponding twisting 
moment, and as far as initial theory is concerned, the 
distribution of the tangential forces along the blades and 
the centre of action of their resultant are immaterial. — 

Mr. Chatley states the centrifugal pump equation 
in a form which is open to some objection, since it 
involves an efficiency 7, the meaning of which is uncer- 
tain. Mechanical losses, such as disc and bearing fric- 
tion, cannot affect the delivery head of the pump, and 
it is clear that these losses must be subtracted from the 

e horse-power before any estimation of the efficiency 
7 can be made. But leakage losses affect both the 
efliciency and the head, and their effect on head and 
efficiency is not necessarily proportional. For instance, 
if pump should be working on the nearly horizontal 

ion of the head and volume curve, a considerable 

which may largely reduce the efficiency, may 
have little effect on the head; while in a similar pump, 
working on a steeply sloping portion of the head an 
volume curve, the same ax Bs may have a very con- 
siderable effect on the delivery h In the equation 
88 stated by Mr. Chatley, the leakage loss is involved in 
two of the terms, the efficiency 7-and the radial velocity 
t. The equation is better stated in the form 
we” (v - Vr cob 6) - , . (a) 
g 

in which W is the work done on each pound of water 
including leakage) which passes through the impeller, 
and the other symbols have the same significance as in 
Mr. Chatley’s letter. 

is equation is not an empirical rule, as Mr. Chatley 
seems to suggest, but is tees pes well-known momentum 
laws, together with the following assumptions :— 

1. That the water enters the impeller without tangential 


t 
2, That each particle of water leaves the impeller at an 
angle to the ta: t to the impeller at the point of emer- 
Bence, equal to the blade angle @. 
3. That the radial speed of emergence of all the water 
Particles is the same. 
4. That no particle of water after having left the im- 
is brought back by eddying or otherwise within 
the range of the impeller blades. 
As regards the first assumption, it is the usual practice 
tolead the water into the impeller eye in an axial direc- 
Son, but the equation can y be generalised to include 
cases in which the water has a tangential velocity at inlet. 
ei second assumption is one which practice shows to 
m general poe hw might have been expected, 
or the water pen ugh an ordinary centrifugal 


mm, With its limited number of blades, can hardly be 


d to be so tractable as to emerge from the im- 
at all points exactly at the blade angle. The water 


than the blade angle @, and in order that the equation (a 

may hold, this apparent angle @! should be substitu 

for the blade angle. The value @ — 6! can may ae 

— by experiment for each particular design and 
uty. 

As regards the third assumption, there is probably 
some variation in the radial ae of the water at 
different points along the impeller periphery, and with 
some blade forms a dead space oo te exist behind 
each blade, but if the average jal velocity be used in 
the equation no great error is likely to be involved. : 

en with respect to the final assumption, it is 
improbable, when any ordinary pump is re under 
normal conditions, that the water, after having left the 
impeller and come within the influence of the fixed parts 
of the pump, will in come within the zone of action of 
the blades; but when the pump is working at or near 
aclosed valve this condition may easily be brought about, 
and it probably contributes largely to the comparatively 
high power required to drive a pump which is delivering 
little or no water. : 

The following variations of equation (a) are useful from 
the theoretical standpoint, and when results have to be 
analysed, and they have the advantage of not involving 
the assumptions (2) and (3). These equations are :— 


Wate, Sts ea 
9 


where T is the absolute tangential velocity of the water 
leaving the impeller, and 
ot - H+ 
29 29 29° 
in which r is the relative and a the absolute velocity of 
the water leaving the impeller. 
I am, Sir, yours faithfully, 
KENNETH GAULDIE. 
22, Allen-road, Wolverhampton, April 29, 1913. 


(c) 





THE ALLOTROPY OF IRON. 
To Tae Eprror oF ENGINEERING. _ 

Sir,—With the present uncertainty regarding the 
true nature of the A, point in iron, the following 
observations on the cause of the heat liberation may 
not be without interest. 

It has always been assumed that during the course of 
a recalescence curve any abnormal liberation or absorption 
of heat has been due to a discontinuous change in internal 
energy in the material, and that under those circum- 
stances an allotropic change has taken place, but it has 
been generally overlooked that this conclusion rests on 
the assumption that the specific heat of the material has 
remained sensibly constant over any small temperature 
range. But it will at once be seen that for a fall of 
1 deg. Cent. an amount of heat equal in value to the 
specific heat s will be liberated, and an alteration in 
the value of the specific heat would alter the rate of 
cooling or heating, and give a break in the curve 
which would be indistinguishable from a true allotropic 
c I am of the opinion that this confusion has 
actually arisen with the A, pcint in iron, and that it 
should not, in consequence, be considered as a true 
allotropic change. ; 

Recent researches on the electronic theory of etism 
by Weiss and his assistants have shown that for all mate- 
rials the specific heat can be considered as consisting of 
two parts—a part which might be called the normal 
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specific heat, due to the energy absorbed in raising the 
velocities of the molecules, and a part due to chan in 
the intensity of magnetism which can be calculated, and 
is given, by . 

ee N 512 
2.J.Ds¢ 
where N is Weiss’s ‘‘factor of proportionality,” J is 
Joule’s equivalent, D is the density, and I? is the square 


of the spontaneous magnetic intensity. 
At ordinary temperatures the rate of change of I with 


temperature at which magnetism disappears, é1 will 


bt 

reach a very high value. 
It follows that *n iron and steel alloys at the tem- 
perature of magnetic transformation the ifice heat will 
have an abnormally high value, and that liberation of 
heat at — point ja thermal curves will be due to this 
variation, not to any allotropic 

I give in the figare above the experimental curve of 
 « heat obtained by Weiss and k, and alongside 

e 





Streams always seem to bend over the blade-tips and to 
‘sue from the impeller at @ relative angle which is less 


theoretical variation deduced from purely magnetic 
phenomena, and it will be sotieed how well they agree, 


temperature is small, but in the neighbourhood of the | h 


This accords well with the many peculiarities of the A, 
point that it extends over a range of temperature rather 
than exists at a single point, and the fact that a more 
decided change is obtained on cooling down than on heat- 
ing up—that is, when it is app ed from the abrupt 
side than from the side with the more gradual variation. 

8 iron is, in this view, merely a iron which has lost its 
properties of ferro-magnetism ; it will have the same 
crystal system and identical properties to a iron, but as 
> cannot under any circumstances exist below its trans- 

‘ormation temperature, it can take no in explainin 
the physical properties of quenched et _—— 
remain, Sir, vours truly, 

Glasgow, April 29, 1913. AnDREW McCance. 








THE NEW HOUSE OF THE INSTITUTION 
OF CIVIL ENGINEERS: A PROTEST. 
To Tae Eprror or ENGINEERING. 

Srz,—The removal of the hoardings surrounding the 
new Institution has given us an opportunity to appre- 
ciate the fmf and really beautiful proportions of 
the front of the building. As the eye travels right and 
“« upwards and downwards, an observer is struck 
with the well-balanced effect of a pleasant picture in 
stone ; but in this ‘‘ tone picture” there is one note of 
discord, and that is the allegorical abomination over the 
front entrance in the form of an entablature, presumably 
supposed to represent a coat-of-arms, and consisting of 
two fat and over-developed Oupids, provided with 
imbecilic smiles, and supporting between them a spouty- 
looking thing which may represent a disjointed helmet 
or a fountain in embryo. The whole feature is crude and 
meaningless, and in the interests of true architecture 
and the prevailing characteristics of the building, I would 
pray for its early banishment, though I would suggest 
that this entablature, suitably gilded, might at a future 
time be utilised for the adornment of one of our national 
monuments. 
. Yours truly, 

May 6, 1913. 8. 





THe Corinto Canau.—The net revenue of the Corinth 
Canal Company for 1912 was 58132. The corresponding 
profit for 1911 was 5769/., so that there was an improve- 
ment of 44/. last year. A dividend of 2s. 6d. per share 
has been declared for the past year. A similar dividend 
was distributed for 1911. 





Tue InstrruTe or ELecrricat Encingers. —We under- 
stand that at the joint meeting to be held in Paris with 
the Société Internationale des Electriciens, from May 21 
to May 24 next, the following papers will be Lo 
‘**High-Tension Continuous-Current Traction,” by Mr. 
Gratzmuller ; ‘‘Single-Phase Traction,” by Mr. Latour ; 
“The Electrification Schemes of the Chemin de Fer du 
Midi,” by Mr. Julian; ‘* The Electrification of the Paris 
Suburban Lines of the State Railway,” by Mr. A. N. 
Mazin; ‘‘ Railway Electrification Problems in the United 
States,” by Mr. H. Parodi; ‘‘ Petrol-Electric Motor- 
Trains,” by Mr. J. B. Damoiseau; ‘Long-Distance 
Transmission of Electric Energy (Continuous Current),” 
by Mr. J. 8. Highfield ; ‘‘ Long-Distance Transmission 
of Electric Finergy (Three-Phase Ourrent),” by Mr. 
Leblanc; ‘* Automatic Telephony—Application of Me- 
chanical Devices to the Assistance of ual Operating 
in Telephone Exchanges,” by Mr. W. Slingo. 





Tue tate Mr. R. O. Rierer-Détty.—We b to 
record the death of Mr. Rudolf Oskar Rieter-Délly, one 
of the partners of the Rieter Engineering Works of 
Winterthur, in Switzerland. Born in 1844, R. O. Rieter 
worked in his father’s business before be studied at 
Leipzig and at Lausanne. He then went to Milan and 
to Trieste. At the latter place he found employment in 
the Tonello shipbuilding yards, which were then buildi 
the first armoured cruisers for the Austrian Navy, a’ 
he took part in the battle of Lissa, Admiral Tegethoff’s 
great victory of the war of 1866 against Italy, on board 
the ship which he had helped to build. Two years later 
he joined his father’s firm, which has since 1874 been the 

roperty of the four brothers Rieter. Spinning hi 
ei the speciality of the works, which also make 
water-turbines. Ten years ago he suffered an apoplectic 
stroke, and his activity has of late years been concerned 
more with the benevolent than the technical features of 
the establishment. 








Contracts. — Am the important orders received 


during the past month for water-turbines, pipe-lines, and 
pumps by essrs. Boving and Co., Limited, 9}, Union- 
court, Old Broad-street, London, E.C., are the follow- 


ing:—For the Lyell Mining and Railway Com a 
four impulse wheels of 2000 horse-power, rad yy oF 


180 horse-power, under a head of 1000 ft., through the 


General tric Company of New York ; also two pipe- 
—_ ~ 750 mm. and mm. diameter and 2900 ft. ore. 
or the 


mi H pty Company, Japan, three 
Francis turbines of 3750 horse-power, and one of 180 
orse-power, under a head of 41 metres; for the Poreo 
tin-mines, one impulse turbine of 150 power, under 
210 m. (683 ft.) head, and a pipe-line 1190 metres in lengt! 
15 in., 12 in., and 10 in. in diameter ; for the Compania 
Ingeniera Exportadora, Mexico oa! one Francis turbine 
of 75 horse-power.— The Sheffie d Corporation have 
accepted the tender of the Brush Electrical i i 
Company, Limited, Falcon Works, Longh 
Leicestershire, for the supply of twenty-five dou 
deck tram-cars, with top covers and four-wheeled trucks. 
The tender of the same company has also 





d been accepted 
by the Coventry tion for the supply of five 
double-deck tram-cars, with four-wheeled trp: 
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SOME FUNDAMENTAL FAULTS OF PRE- 
SENT-DAY FURNACES AND THEIR 
REMEDIES.* 

By A.iryne Reynowps, Brighton. 


In the present paper the author has kept in view the fact 
that many matters well known to older members of this 
Institute, who have made a special study of the subject, 
are probably not er | appreciated by some of the 
junior members. Practical success in the working of 
furnaces demands knowledge both of human nature and, 
to coin a new expression, of furnace nature. The latter 
admits of more easy understanding than the former. 
A... most successful yarns ne ae - 
the manager possessing, as far as possible, a knowledge o 
the fundamental laws of Nature, and also that highly- 
developed power of observation of facts by 
skilled men of the working class. Unfortunately, the 
double qualification is very rarely fully developed, or 
evenly balanced in the managerial class, whilst the two 
most extreme t: of useful individuals, both of whom 
depend on analytical methods of trial and error, are 
overned by antagonistic obsessions, the working class 
Cae very much hampered by erroneous preconceptions 
as to the laws of Nature, and the ultra-experimen 
scientific class sometimes drawing wrong conclusions 
from lack of knowledge of the observed facts in the large- 
scale laboratory of practical manufacture. ‘ 

When managing one of the most important batteries of 
steel-melting furnaces in the world, the author felt at the 
same time that more real and solid knowledge of the 
fundamental laws of Nature, and their operation would 
much aid him in better work, but the nature of his occu- 

tion left him little time for abstract study. He felt, in 
| of his daily observation of facts, that much book 
knowledge was erroneous and had filled his mind and 
that of others with obsessions which it was desirable to 
remove. 

Since then he has had some leisure for such study, and 
during the period much valuable work has been done by 
thermo-chemists and other physical chemists which has 
much assisted him ; but he has only finally quite cleared his 
mind by adopting the inverse mental method to that 
generally employed, and by means of synthetical methods 
of reasoning been able to avoid the pitfalls of analytical 
methods. He will therefore adopt this method in the 
present paper, in spite of the fact that he must traverse 
much well-known ground; but the reiteration will, he 
thinks, be held to be justified when it is seen how this 
synthetical method of reasoning could have saved much 
costly practical experience, and how many workmen’s 
methods are justified one 4 The principles of com- 
bustion being the very foundation of the subject-matter 

be briefly dealt with at the outset. 
p »f Combustion. —The precise law which 
decides how great a charge of heat has to be imparted to 
two chemical reagents in order to initiate reaction between 
them is not known—at any rate to the author. Its nature, 
however, is obvious, The reaction, when initiated, re- 
quires for its spontaneous continuance a certain ratio 
between the heat of formation of the products of reaction, 
and the heat of ignition of the reagents dependent on 
the rate of conductivity of heat in the reacting substances. 
In order to illustrate the nature of the essential condi- 
tions, the following method of explanation, which, 
although confessedly very crude, forms a useful aid to 
one’s understanding of the nature of the governing con- 
ditions, has been adopted. 

Picture a cube composed of a mixture of mutually com- 
bustible in chemically equivalent proportions, sur- 
rounded by twenty-six cubes of equal size, the whole 
forming a cube three times the dimensions of the interior 
cube. Imagine, in the first place, the twenty-six outer 
cubes to be absolutely non-receptive of heat, and that, 
by some means, it is possible to impart heat to the interior 
cube until its contents, say, 2X +2Y, are brought to 
ignition temperature, a quantity of heat A being required 
for the purpose. ne, on the (explosive) chemical 
reaction taking place, that it results in complete chemical 
reaction, B calories being necessarily evolved. The total 
charge of heat in the products would be that required 
for the complete dissociation of the products into the 
original substances at ignition temperature. 

learly, then, unly partial association could take place, 
indicated by the equation 
2X+2Y=XY¥+X + Y, 
n which X and Y are used as chemical symbols, and not 
as algebraic. 

Now, by adding to both sides of the equation a neutral 
substance Z sufficient absorption of energy might occur 
to allow of the reaction proceeding further according to 


the equation 
2X+2Y+Z=2XYV+Z, 


but a larger charge «f ignition heat than A would be 
required to bring the whole to ignition temperature. 
There is nothing to prevent Z being partially or wholly 
re by X or Y, or both. 

Tn conducting ordinary analyses, temperature is not 
allowed to rise to an important extent ; hence chemicall 
equivalent amounts of reagents have a chance of full 
inter-reaction. 

The above is an explanation of a well-known truism— 
namely, that in general an excess of reagents is required 
to bring a desired chemical reaction to completion. It 
will be seen to be purely physical, and not wholly depen- 
dent on lack of ew for the reagents to come 
in contact with other, as is, to the author’s know- 
ledge, frequently supposed. In the case of combustion 


* Paper read before the Iron and Steel Institute, 
May 2, 1913. . 
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of most fuels with air, the full amount of the diluent Z is 
apparently not provided by the nitrogen of the air, and 
some surplus air even is required. To show that this 
has sometimes not been fully enough realised by some, 
the author would direct attention to the attempts that 
have been made to obtain super-oxygenated air which 
for many purposes would be of no use when obtained. 

Reverting to the interior cube, imagine next the sur- 
rounding cubes to be composed of the same substance as 
the interior cube, but the rate of conduction to be equi- 
valent in mean effect in a given time to that which would 
be the case if the conduction of heat was perfect along 
the half dimension and there ceased altogether. It will 
be seen that unless B = 12 A, ignition would not spread 
from the inner to the outer cubes. 

Now, in the case of the reaction 


2C +20=2C00rC0,+C, 


the ratio of B to A in the latter is much greater than in 
the former case, and hence at low temperatures the latter 
reaction takes place. Here we have a clear picture of 
the typical reaction of the gas-producer. 

The surplus energy due to the equation 2C + 20 = C 
+ CO, provides more than ignition energy for the next 
batch of 2C + 20, and in the result, the equation of 


ta] | the gas-producer is somewhat of the form 


2(2C0+20)+y(C +CO0O,.) =2(x+ y)CO 


in the upper zones. So long as reaction is proceeding, so 
does temperature rise. Owing to this, slags may 
formed in the upper zones of the producer which, on 
descending into the cooler zones, becomes solidified and 
scaffold. 

The author perceived this, to a large extent, in 1897, 
and wrote a letter to ENGINEERING on the subject. 
Although it drew no correspondence at the time, it is 
now recognised that CO is largely produced direct in the 
gee. 

en freed from the erroneous impression that CO 
can only be produced by reduction of CO,, we are in a 
position to understand why a flame can be produced in 
a direct-fired furnace, burning or coke. Locally, 
jets of air pass through gaps in the fire, whilst also, in 
certain smaller gaps, C is burnt direct into CO, according 


to the equation 
(a) C+ 20 =CO,. 
In others, the ultimate gas-producer reaction takes place 
(b) C+ O = CO. 


The unburnt air which has passed through the fire reacts 
with this and produces flame according to the equation 
(c) CO + O = CO, 

It matters not whether CO, be formed direct according 
to the equation (a), or in twos , according to equa- 
tions (b) and (c). In like manner, it matters not whether 
a hydrocarbon, say, CH,, has been distilled off and then 
burnt intoCO,+2 H,O, or decomposed into C+4H and 
then burnt. 

If steam be added to the air, it is a mere diluent. It 
will be decomposed and recomposed, and represent waste 
and lessened calorific intensity. A definite advantage, 
however, arises from securing the combustion in two 
stages, asthe second stage may be made to take place 
wholly in the chi chamber of the furnace if desired. 

By employing a deep bed of fuel, and maintaining it at 
constant depth, a producer-gas of fairly constant com- 
position is generated. In common practice it is left to 
the skill of the furnaceman to supply the proper quantity 
of air to burn the producer-gas. Even supposing it were 
possible for a trained eye to allow him to do this, 
natural causes would place it beyond his power (to an 
extent which the author feels is colored. > giving rise 
to great and harmful wastage of fuel. 

According to variations in the direction and pressure 
of gusts of wind, the variations in amounts of air 
admitted at natural draught air-inlets are far too serious 
to give even a good furnaceman a fair chance of regulat- 
ing the air supply. Merely securing correct average is 
not enough. 

The author recently made some practical tests of the 
amount of air entering the air reversing valves of some 
old-fashioned Siemens crucible-steel melting furnaces. 
During succeeding quarter-minutes the air entering the 
valve varied between the rates of 350 ft. and 500 ft. per 
minute, the gusts of wind being no greater than 20 miles 
per hour. Ona smaller furnace he found that by using, 
or not using, wind-screens in front of or behind the air- 
valve, according to the direction in which the reversi: 
flap was turned in relation to the direction of the win 
the mean air entering the valve was halved or doubled. 
In this case 180 ft. per minute was the air desired. The 
gusts of wind lowered it to 70 ft. on one side, and raised 
it to 350 ft. on the other. Forced ag ow duly throttled, 
was then installed, and this steadied the air supply. No 
workman can be expected to overcome such conditions by 
his skill ; it is not fair to expect it of him. 

Coal may be as a solid com of hydro- 
carbons, which may be volatilised by heat, and solid 
(non-volatile) carbon, which may be gasified by semi- 
combustion into CO. The products of the ultimate 
combustion of coal are mainly CO, and H.O, and it has 
been shown by actual experiments that for most coals the 
amy of combustion only are void of CO, if the ratio of 

0, to O, (by volume) be 10 to 3. This proportion will 
then be secured if, by suitable means, about 40 per cent. 
of the total air used is passed through the producer as 
primary air, and about 60 per cent. through the furnace 
as secondary air. Before ing to describe his own 
method of securing this, the author will first point out 
one or two obviously incorrect practices he has known 
to exist. 

He has been shown regularly-taken analyses of pro- 
ducer-gases, coupled with calculations of the combustible 





value of the gases per unit volume, without the tempera. 
tures at the producer accompanying them, or analyses 
of the products of their combustion. Such data are 
ee worse + ne pe pre iit 
unit weight o completely burnt into given 

ducts of combustion has a given calorific Sais. wr 
every stage of progress towards complete combustion 
calorific value is being changed into sensible heat, and 
the sum of sensible heat and calorific value is a con. 
stant in the absence of heat absorptions. The richer 
the gas, the more air is required to burn it ; the poorer the 
- the less air. The chimney products of complete com. 

ustion and their maintaining constant composition afford 
the main index of theoretical and practical good working. 

The Author's Devices for Securing Correct Complete 
Ultimate Combustion.—In the case where coal or other 
solid fuel is employed, the author’s device takes the form 
shown in Figs. 1 and 2. 

A chamber a connected to a source of high-pressure air 
has two closed branches b and c, the branch 6 being pro- 
vided with connections to the air inlet of the gas-producer, 
and c with the air inlet or inlets of the furnace. The 
connections between chamber a and branches } and c are 
—s- valves and seatings, the diameters of the 

tter being such that their areas are proportional to 
ratios of J goer and secondary air supplies required. 

The valves are mounted on a common lever, the dis- 
tance of their connections from the fulcrum being in the 
same ratio as the diameters of their seatings. They are 
loaded by a spring to an extent that the pressure required 
to open them is so large a multiple of any resistances en- 
countered that the latter become practically negligible 
quantities ; hence at all times practically constant ratios 
-. primary and secondary air are passed through the 
valves. 

In the case where liquid fuel is employed the device 
takes the form shown in Figs. 3 and 4. The valves are so 

roportioned as tn to pass the correct ratios of gaseous 
uel and air through them (say, 1 to 9). The smaller 
valve-seating is connected to a vaporising apparatus, the 
larger to a source of air at the same pressure as the 
vapour. Thus at all times correct ratios of vapour and 
air are delivered to the furnace. The manner in which 
the constant relative pressure of vapour and air is secured 
is simple. 

The vaporiser is made of materials capable of with- 
standing any temperature it is likely to be exposed to, 
and its heating surface is provided so as to be in consider- 
able excess of any requirements. Its general type will be 
that of the pipe-stoves used to heat the blast be blast- 
furnaces, but the fuel will enter the pipes. 

By putting the stock of fuel in an air-vessel under the 
same pressure as the air supply of the furnace, and main- 
taining the heating surface of the vaporiser always in 
excess of requirements, the amount of liquid fuel which 
enters the vaporiser is only that which requires contact 
with the amount of heating surface it is exposed to. 
Hence fuel is only vaporised at the rate it is consumed. 

Figs. 5 and 6 illustrates the valve system as modified in 
the case of an internal-combustion engine. 

The Regenerative System.—The products of combustion 
of a furnace, of course, cannot issue from the combustion- 
chamber at a lower temperature than the heated charge. 

The temperatures demanded in steel-making are almost 
as high as the complete combustion of carbon by cold air 
admits of, even in the absence of heat absorption, whilst 
the high specific heat of H,O vapour in relation to its 
heat of formation, and the large amount of energy re- 
quired to volatilise the hydrocarbons in coal, result in 
sufficiently high temperatures for that purpose being un- 
attainable by means of combustion of coal with cold air. 
In spite of this, many people are still dazzled by the 
high calorific power of a unit of CH,, forgetful of its 
cost and low efficiency for heating =. The rela- 
tive efficiency values of CH,, He, and C, are set out in 
Fig. 7, page 648, the text beneath which explains itself. 

By intercepting heat from the products of combustion 
and imparting it to the constituents of combustion, more 
of the heat of combustion becomes transmissible from the 
fuel to the object to be heated. In a regenerative or re- 
cuperative system, if the course of the outlet gases being 
cooled and the inlet gases being heated were the same, 
only equilibrium of temperatures could be arrived at 
between them. When the outlet and inlet gases are 
made to traverse the system in opposite directions, prac- 
tically the whole energy of the outlet gases not other- 
wise —- might be transferred to the incoming 

ut as the sensible heats of H,O and OO, are at 

igh temperatures in excess of the sensible heats of their 

constituents at such high temperatures, this excess heat 
is unavailable for regeneration. 

The author knows by experience that some people do 
net appreciate the fact that a regenerative or recuperative 
— is capable of heating the gas and air pass 
through it to as near the maximum temperature obtaining 
within it as the relative surfaces and a of the 
gases and regenerators or recuperators admit of. 

Suppose a section of such a system to be —_— of 
cooling the outlet gases from a temperature of 2 deg. toa 
temperature of 1 deg. by imparting a temperature 0 
1 deg. to the inlet Obviously, then, a super; 
section is conceivably capable of cooling outlet gases from 
4 deg. to 2 deg., and hosting inlet gases from 1 deg. to 
3deg. By superposing sufficient regenerators of this 
sort the inlet would clearly always be 1 deg. cooler 

the outlet at all points. It is at once 
obvious that no direct economy can ibly result from 
the employment of regeneration to the combustible gas 


To the exact extent of the sensible heat of the gas, the 
ted, for 


cooling down of the outlet — would be preven 
the outlet gases could not be cooler than the inlet gases. 
Hence it may be seen that the use of gas-regencraio 
in the case of producer-gas in theory reduces the poten 
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value of the fuel by the difference between the calorific 

wer of the reaction C+20= and that of the 
reaction CO + O = OO,, in respect of the fixed carbon 
contents of the coal. 

On the other hand, unless absorbed otherwise, the 

ucts of combustion issuing from the furnace to the 
regenerators must contain more energy than that utilisable 
to heat the secondary air. Owing to this, the only way 
to utilise any such unused balance is to employ it'to heat 
the air-blast of the producer. 

The author understands, on the authority of a French 
metallurgist, that in France a very useful and logical dis- 
crimination is made between the words “‘ regenerator” and 
“recuperator,” the former denoting a reversible system, 
and the latter a continuous system, and for the purposes 
of the present paper he will employ the words in question 
in the sense indicated. In an ideal recuperative system, 
the maximum temperature of the recuperators cannot be 
less than that of the —— in the furnace to which heat 
has been transmitted. In a regenerative system, how- 
ever, the mean maximum temperature may be much less. 

Taking a regenerative system and assuming a unit of 
fuel to be burnt between each reversal in an empty furnace, 
ideal as to absence of radiation and loss in waste gases, 
the stock of heat in the regenerators at the end of each 
reversal period would progress in the following manner, 


hearth furnace. This temperature gradient has been 
drawn in view of the fact that the metals and carbon 
decrease in conductivity with rise in temperature, and in 
general the oxides, especially the basic oxides, at a 
certain point rapidly increase in conductivity with rise 
of temperature. In that figure the ordinates represent 
temperatures, whilst the co-ordinate represents a section 
through the furnace hearth, steel, slag, flame, air space, 
and roof. AB is the roof, BC the space between the 
roof and flame, C D the flame, D E the layer, E F the 
bath of steel, FG the hearth, and H the hottest portion 
of the flame. The temperature at D must be high enough 
to enable that at F to be a casting temperature for the 
steel—that is, quite 1550 deg. Cent. for a mild steel. The 
temperature at B must be below that which will fuse or 
otherwise damage the roof. This can, therefore, hardly 
exceed 1780 deg. Cent. for materials 
erally available for the purpoee. 
e former condition involves a higher 
temperature than 1550 deg. Cent. at E, 
and a still higher temperature at D, 
which, in consequence, may require to 
be even 1700 deg. Cent. 
At some point in the flame a still 
higher a may be involved, 
say as much as 1800 deg. Cent., and 















































starting by using the right-hand chambers for waste 
gases :-— 


Ist. | 2nd. 8rd. 4th. | 5th. | 6th. | 7th. | sth. 

i = i a | ji— = 
lett. ; | o;2/]1 4 3 6 | 5 8 7 
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| 0 3 | 5 | 4 

After a large number of reversals the temperature 
drop between reversals will become only a small percent- 
age on the temperature. of energy. occurring in 
practice, and for the reasons given as to heat in products 
of combustion taking place from high temperatures being 
unavailable, the regenerators cannot readily be got to 
quite as high average maximum temperatures as the 
waste gases issuing from the furnace to them. 

Now, the surfaces of the ports and conduits from the 
valves to the regenerators, and from the regenerators to 
the furnace, are so small that they may be very rapidly 
exposed to changes of temperature, and may be dis- 
regarded as efficient regenerators in practical calcula- 
tions; but for the very reason of their small heating sur- 

their maximum temperature may be lowered by 
very oy mye reversals. en a skilled melter perceives 
that he has overheated the ports of his furnace, he at 
onee (though not fully understanding the reason) proceeds 
to reverse the valves of the furnace very frequently. 

@ conditions bear some relation to what occurs if a 
unit of water at, say, 80 deg. Cent. be poured through a 

tube into a vessel containing, say, 100 units of water at 

60 deg., and then aspirated beck again. There will be a 

iden temperature drop in the unit of water at 80 deg. 

4s if meets the 100 units at 60 deg., and on reversing the 

action there will be only a minute rise of temperature of 
the unit of water as it pm back through the tube. 

As steel - melting furnaces furnish an example of 
feenerative furnace in which the temperature requisite 
or the charge to attain so closely approaches the limit of 
‘emperature endurance of the materials admissible for 

hace construction, they afford the most instructive 
subjects of study. 
. seat transference conditions are rapidly rendered 
piarior as the charge becomes fused, and it is at this 
FF portant stage we will study it. At this stage the con- 
become wholly different from those in a crucible 
ae: In the latter almost the whole surface of the 
Fa is heating surface, and the contents thereof may 
fon eer bery by a flame of very little higher tempera- 
that of the charge in the crucible. In the open- 
hearth furnace, on fusion of the charge, the heating 
surface of the latter becomes less than the surface 
ne — from it. < 
~ conditions governing the transference of heat are 
well illustrated by Fig. 8, page 648, which clearly shows 
ter of the temperature gradient of an open- 
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the fall of temperature between this maximum point H 
and B must be sufficient to prevent that at the latter 
point being too high. These close limits then demand 
that combustion shall progress at so even a rate that at 
all points D of the heating surface of the slag heat 
absorption and temperature are uniform. This in turn 
involves that the temperature of the flame at its imme- 
diate entrance into the furnace shall be of full intensity. 
The curve DEF may be, and is, modified somewhat in 
—7 practice, by | ne —. which 

id ordinary processes, but unfit them for production 
of steel deoxidised and dead melted in like manner to 
crucible steel. This very defect, however, alone renders 
practicable the basic process, with its deep layer of slag, 











and the same remark applies, but perhaps in less degree, 
to the acid process. 

Heat ance-Sheet of an -Hearth Steel-Melting 
Furnace.—In forming a heat ice-sheet of a steel- 
melting furnace no account must be taken of any 
exothermic or endothermic reactions inherent to the 

conducted in the furnace, those ordinarily given 
in text-books being worse than valueless and very mis- 
leading. Even were they properly established, they 
would be balance-sheets taken between the air inlet of 
the producer and the cast output of the furnace when 
cold. As a matter of fact, chemical reactions in steel 
manufacture are not merely reciprocal, but actually 
reciprocate. The law governing them must be that of 
least temperature disturbance. 

But what use can calculations be which entirely over- 














look such trifles as the latent heat of earbon? The author 
has what he considers ample proof that the reaction 
between silicon and oxide of iron ceases to be exothermic 
at steel-making temperatu and that the carbon 
reaction may be exothermic. en the effect of specific 
and latent heats is intelligently taken into account, it at 
once becomes apparent why the feeblest reducing agent, 
carbon, becomes ultimately the most powerful at high tem- 
perature. The specific heat of carbon rises with increasing 
temperature, the fastest of all oxidisable substances. 
Hence, even endothermically-formed carbides require less 
temperature disturbance for their formation than the 
elements from their oxides by carbon reduction. The 
balance-sheet taken in respect of a melting furnace must 
be one concerning the amount of heat expended in useful 
work in the furnace, and taking no account of loss of heat 
in the ladle and in the mould during casting. 

The energy at disposal is the whole energy due to com- 
plete combustion of fuel as shown by the calorimeter. 
This is made up as follows :—Totel combustible value of 
ee of the fuel, less energy required to gasify 
them. 

At any intermediate stage of combustion the total 
available heat of the fuel may be divided up into three 
items, as follows :— 


Sensible heat of gas » _ - = on A 
Combustible value of gas in ‘ni * +“ ea Vv 
Radiation, &c., losses in producer and flues .. - Z 


Total (say K) = A + V + Z = colorific power of fuel. 


A + V would equal K if Z = zero, and depends solely 
on the proportion of the total air required for complete 
combustion, which had been used as primary air for 

ification. But Z increases with A, and bence the 
ower Z is the ter A + V and the less A, so still the 
greater V. Therefore, by artificially usefully loweri 
A, Z can be lowered and A + V inc A means 0} 
doing this is to steam in with the age air, which 
is decomposed, lowering temperature, but, with a given 
ratio of primary air, this can have no effect on the ratio of 
secondary air required to burn the resultant gas. It has, 
however, the effect of creating a diluent of igh ific 
heat in the products of complete combustion, thus lower- 
ing the potential calorific intensity of combustion. There 
exists then an absolute guide to the working of a pro- 
ducer. The value of V must be made a maximum b 
using the minimum amount of primary air, and as muc 
steam as can be completely decomposed should be used in 
the producer. 

A true sample of the coal to be used should be burnt in 
a calorimeter and its calorific power ascertained, and the 
products of combustion from the calorimeter should be 
analysed, so as to ascertain the ratio of he to 
earbon in the coal. Analytical tests should be made of 
the products of combustion of the fuel, with various air 
ratios, so that the minimum excess air should be ascer- 
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tained. The fixed carbon contents of the coal should also 
be ascertained, and then the ratio of primary to secondary 
air can be finally fixed. From an —_ of the products 
of combustion the amount of steam which had been 

in the producer could be ascertained. ; ‘ 

‘ore ing further in rd to increasing the 
value of R + V, we must study the balance-sheet of an 
open-hearth steel-melting furnace taken at the reversing 
valves. Such a balance-sheet consists of the following 
items :— 


Fig.7. DIAGRAM SHOWING PERCENTAGES OF HEAT DEVELOPED CONTAINED IN PRODUCTS 
OF COMBUSTION OF CH,,H,,& Cy WITH AIR. 


used | burnt. The loss in radiation is proporti 





the process “1 and materials charged. The lossin 
waste gases, and of gas on reversal (other than leakage 
unnecessarily taking place) is proportional to the fuel 
i i ional to time 
and temperature. The heat receptivity of the ch 
is also a function of time. Radiation losses must _ 
allocated to different headings, according to their relation 
to the regenerative or other parts of the furnace system. 
The port blocks or ends of the furnace down to the 
regenerators do a minute portion of regenerative work, 
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d to be possible) with chemically equivalent 
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Owing to this, the sum of B+ OC + R+ F must be 
greater than the sum of A +B+C by an amount 
greater than R, so that some combustion must take place 
within the regenerator-chambers. This again takes place 
between and air which have been preheated to the 
temperature of the maximum temperature of the flame 
over the on and the heat receptivity of the ports 
become generally lower than that of the charge, they 
being in consequence the hottest portions of the 
furnace system. The lower the temperature of the 
regenerators, the larger item D becomes. The skilled 
melter is then faced with a whole chain of incompatible 
conditions, and how skilled he really is will be better 
appreciated when these are reviewed. 

n an ordinary steel-melting furnace, unless B and C 
be large, D will be large, and for W to exist at all there 
must a minimum value for Band C. There is only 
one way theoretically possible. The melter must reduce 
D, and he must any reduce B+C+R+F. He 
does this by reduction in the amount of O, by not passing 
enough air for combustion of the gas through the inlet 
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Heat Balance-Sheet, Open-Hearth Steel-Melting Furnace. 
Input at Gas-Reversing Valves. _ Output. Work doneand Losses 
Calories. — of Energy 


Sensible heat of gee a a4 * Calories. 
Heat added thereto by gas- Energy derived from combus- 
tion of a jon of gas and 


nerator ee oe 
Heat a trl air by air requisite to raise products 
r fe 


r-regene rn Co of partial combustion to tem 
Combustible value of gas  V perature of heated 
Heat radiation of ‘ 
Heat added to Ww 


, 
i 
E 
E 
a 


| _ combustion Y B 
Replacing B .. es C 
C.. 9s 
tion of both 
gas-cham .. Re tp 
| Radiation of both 
airchambers .. Ra 
Loss in waste <n 
Loss of gas reversal.. G 
Total .. -. A+B+0+V=D+E+B+0+R+F+G, 
The following should be carefully noted : The quantity 
of heat required to melt, smelt, and superheat the charge 


and slag is a fixed and definite amount dependent on 





i which, for reasons previously 


. | naturally is most liable to overheating. Its 
D 
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hic ; iven, is negligible as to 
utility; but it must be remembered that as the heating 
surface is small in ratio to the radiating surfaces of these 
portions of the furnace, the heating surface may have 
its temperature rapidly elevated, and owing to relative 
heat absorption of this portion being so vi small, it 
. — eo 7 

b made a separate 1 in consequence, and this 
portion of the furnace is treated as not a portion of the 
: tive system. The radiation losses of the roof and 
side walls, and of the hearth, have been made separate 
items as the relative receptivities of heat differ, and it 
may . not to reduce the former too much in 
order to avoid overheating locally. 

The sum of the items B + C + R + F cannot be 
below the amount which is the sensible heat of the pro- 
ducts of combustion at the temperature of the N 
It must also not be of an amount that makes the sensi 
heat of the waste involve too high a temperature for 
the structure of the ports, whose heat absorption is so 


small 
““The temperature of the waste gases cannot be below a 
certain amount—that is, less than that due to a sensible 
heat equal to A plus the amount of heat rendered latent 


for regenerative ° to difference between 
the sensible heats of the constituents and products of 





combustion 





' 
| H . 
! ' 
an 
TO AIR RECUPERATOR AND 
SUCTI FAN 


(OR EXTRA REGENERATORS.) 


air-regenerators, and letting the balance in direct from 
the atmosphere through the charge-door next the exit 

The diminution of Cin quantity, without lowering 
Intensity, reduces D considerably, whilst producing the 
requisite quantity of energy by combustion of gas, with 
not overheated air in the ports. This enables him t 
obtain generation of energy simultaneously with its ab- 
sorption within the merators. ‘ 

method is crude, and ought to be carried out on 
scientific lines. The means of doing so constitutes a por- 
tion of one of the author’s inventions. His furnace 1 
provided with an additional recuperative or regenerative 
system, in which # portion of F is used to heat sir de 
livered to the air-regenerator chamber, thus reducing C. 

In addition, a three-way reversing-valve system 
suitable connections deliver heated air from the recuper® 
tor or extra regenerator, or cold air, as desired, to the 
upper zones of the outlet tor chambers, so thst 
combustion, not being ened to take place within the 
outlet the latter cannot be overheated. This 
furnace is illustrated by Fig. 9. seal 
Where the excessively high temperatures of a steel 

melting furnace are not required, the regenerators ma 
be allowed to become as hot as the and item 
rendered nil, while C is much cut down, thus allowing ® 





neutral or even reducing atmosphere within the furnace 
charge-chamber so that’ ingots may be heated for rolling 
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without scaling, bronzes be melted without oxidation, or system is provided, and suitable leads to the gas-ports. inlet of 


even ores reduced, and pig iron be very economically 
a f item D has a doubl ici 

e a ce of item as a dou rnicious 
effect, a will be seen from Fig. 10, A ng clearly 
shows in part sectional elevation and plan an ordinary 
type of open-hearth steel-melting furnace. The point at 
which item D 
temperature is : y an arrow. Now, dependent 
on the position of this point is the ratio of actual heating 
surface of the bath to its radiation surface, and hence 
this decides the vital issue of the ratio of W to(X + Y). 
The author therefore set about inventing a means of 
removing the double influence of Don W. The invention 
will be understood from Fig. 11. 

In one form of his furnace the usual gas-regenerator 
chambers are divided intoa large gas and small air-regene- 
rator chamber, and the usual air-regenerator chambers 
are divided into a large air and small gas-regenerator cham- 
ber, each pair of chambers having its own regulating and 
reversing-valve systems, there being thus two gas and two 
air reversing-valve system. Also the hot waste gases, 
instead of being led into a chimney, are led into an air- 
recuperator or regenerator. Thus item D is made to take 


has ae about the requisite flame | 
ted 


uperators or additional regenerators are also provided, 

as indicated, but not illustrated. In this furnace the 
balance-sheet can be absolutely modified as desired. 

B is, of course, deleted from both sides, and F may be 


reduced to such an amount in theory that the unavailable | 


| heat of CO, becomes no longer fully unavailable. A very 

peculiar set of conditions is then established. A may be 
theoretically doubled, or, at any rate, V be ates | by 
an amount equal to A, by employing a portion of the 
recuperator, or extra regenerator, to heat the air-blast 
of the producer, and using more steam in the producer. 
C is increased owing to the higher temperature permis- 
sible in the regenerators. D would suffer to the extent of 
B, and gain to the extent of increasein C. C+R+F 
could be exactly the right amount. Thus, if increase in 
C = B, then there exists a large gain, added to by elimi- 
nation of G. 

To enable calculations to be made with ease, the author 
has prepared the tables in the Appendix from Beckert’s 
tables of mean specific heats of gases. 

Assuming the gas to be pure air-gas, there will be for 
2.881 cub. m. of air-gas containing 1 cub. m. CO, and air 
containing 0.8 cub. m. Oy, the figures in the table below. 








roducer and revérsing valves is about 50 per 
cent. of the fuel, and so in each case radiation losses of 
the furnace may be derived. 








Continental. English. 
| Kilogrammes. Kilogrammes. 
| Work done. . “ + a 0.05 0.05 
Loss in waste gases, and in pro- 
ducer and gas flues. a 0.1125 0 225 
Balance radiation 0,625 0.175 
Total vo ee pe 0.225 0.450 
This <4 a shocking result in the English furnace. 


Let us, however, look more closely into the conditions 
in the light of our synthetically reasoned balance-sheets. 

In each case it takes a certain time to raise the charge 
to 1200 deg., and another certain time to raise it to 
1600 deg. and fuse it. Up to this point the furnaces be- 
have much alike. But the Continental furnace is en- 
gaged on structural steel, which is quickly ran down soft 
and is not dead melted, so about two hours suffices for 
So poe, The English furnace is hard run on steel 
dead melted as far as ible. It has to be run eight 
hours after reaching 1 deg., as high oxygen contents 
of the bath are not permissible in an acid furnace, and 





Fig.22. 




















Tt will be perceived later 
that the greater deduc- 
tions for losses from the 
former much outweigh 
the lower balance in the 
latter. 

The author is well ac- 
quainted with the work- 
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ing of two batteries of 
open-hearth furnaces, the 
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1 basic, the former belong- 
ing to one of the test 
and most justly celebrated 

z English firms, the latter 
to an equally great and 

















NEES N 
\N N justly celebrated Conti- 
\ N centtd firm. The mana- 
S ASSS\ gers are men whom the 
1 INN VY author believes to be un- 
4 sur in skill and 
ability by anyin the world. 
The furnaces are certainly 





not worse designed than 
any of the present day. 
Yet the ish furnaces 
consume 9 cwt. of roe 
coal ton of steel, whilst 
the tinental burn 4? 











f to 5 ewt. of bad coal per 
col J : ton of steel. It is cer- 
tainly favouring the 





English firm if it be 











Place, under ull control, within the gre and air-ports 
of the furnace. The arrangement in Fig. 9 for letting 
in cool air into the outlet chambers may be added if 
All gas. ing f ff h possess 

gas-regenerating forms of furnace, however, 
an objectionable feature—namely, item G. This may 
not be wholly lost where recuperators are used, but the 
lapse of time when W = nil is really a serious item of 
s. Gas reversing-valve leakages are a serious cause 
inconvenience and damage, as well as loss of fuel. 
Clearly, then, + advantages must accrue if gas-re- 
ration can be avoided, and items B and G disappear 

the balance-sheet. 

re is in another very important consideration. 
In steel-melting furnaces, the brickwork is ‘seasoned ” 
yy iron vapours given off, which become oxidised into 
€;0,, and increase the refractoriness of the bricks. But 
hot producer reduces this to FeO, thus fiuxing 
the brickwork in the gas-regenerators and ports. In the 
suthor’s furnace (just described) this influence would be 
lessened, but by abandoning gas erators it would 
vanish, and the air-regenerators could be worked to as 
temperatureas the charge. So long, then, as item D 
tan be made to take place in the ports, especially if 
reduced in amount, a large gain will have resulted. If 
the air be allowed to become as hot as the charge—and 
there is no objection to this—combustion of the gas 
ae the gas-port only will be required to supply item 
' The following invention of the author enables this 
to be achieved (wide Fig. 11). In this, the usual gue. 
Tegeierators and gas-reversing valve are used for that 
ipo of the air-supply required to produce item D. 
course, a separate three-way gas-reversing valve 


TO SUCTION FAN 


assumed that with the 
English coal at the Con- 
tinental plant they would 
only burn “4 owt. The 
Continental furnaces are 
tapped every 6 hours, the 
English every 12 hours. 
The charges are in each case about 50 per cent., each of pig 
and scrap, and the basic furnaces are run on low phos- 
phorus Pig. 

It may be assumed with some certainty that the abso- 
lute heat units required to melt and smelt 1 kg. of steel 


Open-Hearth Furnaces. 


Input. ‘ Output. 
Calories. Calories. 
Sensible heat gas at Raising gas and air 
500 deg. .. .. A= 470.2 from 1200 deg. to 1600 


eg: 
Raising same 


deg., rendering some 
en ae Se .. B = 751.6 heat latent .. = 
Raising to 1200 


Main portion of D 1110.0 
deg. - .. C =1615.7 | Balance .. ; 4790.5 
Calorific power of 
gas.. - -. V =3063.0 
Total .. 5900.5 | Total.. od 5900.5 
Reynolds’s Furnace (Fig. 11). 
Input. Output. 
Calories. Calories. 
Sensible heat-gas at Raising gas from 500 
B00deg. .. .. A= 470.2) deg. to 1600 deg. 1229.6 
Raising air to 1600 Balance .. oe 4551.3 
deg. és -. O = 2247.7 
Calorific power of 
gas.. se .- V = 3063.0 
Total... 5780.9 Total.. 5780.9 


in each case, together with its accompanying slag, are 
absut 400 calories. Taking the fuel at a calorific power 


-{_ pb 
' tye 
Oiiserver 


for quite one to two hours an endeavour is made to dead 
melt, that is, deoxidise the steel. 

During the first four hours, then, about 100 calories per 
hour per kilogramme are required in each case. Durin 
the first period D = zero, and so any decent furnace wi 
do the same work. But in the succeeding hours perhaps 
only 5 calories per hour per kilogramme are required. 
Then is the time that elimination of D yields its great 
saving, when the radiation losses are deliberately made 
very large in relation to W. High potential of a flame 
entering the furnace at high temperature must shorten 
the melting period and yield some economy. : 

Let us e then the average work of the Continental 
furnace, translating the figures into work done by 0.538 kg. 


pure C., which yields 1 cub. m. O evolving 4 
calories. Let us assume pure air gas to uced, and 
the waste gases to issue at 600 deg., and products of 


combustion to contain CO, and Oy, in the ratios of 10 to 3; 
thus each 1 cub. m. CO requiring 0.8 cub. m. O, for its 
actual combustion. 

Assume the regenerators to be run up to 1200 deg. A 
trial balan2e-sheet can then be made as follows :— 


Balance-Sheet, Average Working of Continental Furnace. 


A.. 470.2 | D 361.6 
B.. 751.6 | W 965.3 
Cc.. 1616.7 | U 
YF oe 8414.1 | X 
Y 1206.7 
G 
R 
MD oe 751.6 
© .. 1615.7 3718.0 
F oe 1350.7 
Total .. 6251.6 Total .. 6251.6 


In the foregoing a fictitious value has been given to V, 
such fictitious value being derived as follows :—With air 
gas the sensible heat would be 821.3 calories, but with 
the actual gas only 470.2 calories, so the difference has 
been added to V, making the latter 3414.1 calories in lieu 
of 3063 calories. 

From the above can be calculated approximately the 
working of the furnace at the dead-melting period. 

Item G demaads attention first. This can be influenced 
in a variety of ways, but obviously it should bear relation 
to the amount of radiation to maintain a constant tem- 
perature drop between reve . The practice is to make 
more frequent reversals the higher the temperature, and 
really there is much to be said for this. At the time D 
becomes a large item, temperature drop becomes the more 
serious. Taking the average, and putting 100 reversals 
per unit gas as the stock heat, so that the heat charge in 
the cham equals that of 100 times the unit of gas, or 
50 times ~ omens at each of of the furnace, ame 
4 per cent. drop of heat charge takes place each :eversa 
ibs aby ‘Taking this as a basis, the average value of G 
may be estimated as follows :— 

Assuming, as in the balance-sheet, that 751.6 calories per 
unit gas are taken from the gas-regenerators each reversal 

riod, and they each require a stock of heat = 50 units 
beat, then the stock in each | amber mes 50 x 
751.6, or 37,580 calories per unit gas. 

sete hee So bodneed Se Se Sree at a mean tempera- 
ture equivalent to, say, 1000 deg., and of a specific heat of, 
say, 0.3, or, say, 300 calories per kilogramme brick. Thus 


the weight of brick would be ae kg. (or 125.27 kg.). 


One cubic metre of brick weighs about 2240 kg., thus the 
volume of brick required per unit gas wo! be, say, 


fe cub. m., or about 0.056 metre. Taking then 








of 8000 calories per kg., is in each case 0.05 kg. of 





coal required to melt and smelt the steel and slag. : 
The loss of energy in waste gases and between air | 


300 x 2240 
the spaces to be 2.881 to one brick, so that the volume of 
CO equalled that of the brick, 3414.1 x 0.056 calories, or 
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291 calories, would be lost each reversal. This estimate 
is rendered the more reasonable, as it takes no account of 
the really serious loss due to valve leakage. Including 
valve leakage, the amount may be safely put down at, say, 
306.7 calories. 

Assuming, however, that the spaces are less than 2.881 
times the volume of the bricks, it will be quite reasonable 
to = the loss due to reversal at 206.7 calories minimum, 
and as reversal occurs oftener when the furnace is hotter, 
this figure may be regarded as a constant. This gives on 
the average U + X + Y + R= 1000 calories. ie 

As an estimate it is reasonable to suppose the radiation, 
&c., loss of the portions above the nerator-chambers 
as 60 per cent. of this, thus making R = 400.0 calories. 
Then B + C + R + F = 4118.8 calories, cuseqeeding 
to a temperature of between 1500 deg. and 1600 deg. In 
other words, the mean temperature involved is one not 
damaging to the furnace. As the temperature of the 
charge rose, so as to require 1600 deg. on the slag, F would 
have to be increased. But the loss on reversal is a sudden 
loss, represented by an average, so that the actual tem- 
perature of the waste for most of the time would be 
that due to 4324.6 calories, or 1600 deg. But when the 
furnace is dead melting—that is, when W is required to 
be nil—the conditions are much altered. By combustion 
the gas and air have to be raised from 1200 deg. to 
1600 deg., and in doing this some heat is rendered unavail- 
able in CO.. The mere raising of the gas and air to 
1600 deg. would require 478.0 + 632.0 = 1110.0 calories, or 


the combustion of sate units of gas containing 1 cub. m. 
CO, so to the above figure must be added the amount of 
heat rendered unavailable at 1600 deg. ; this would be 


about 130 calories, making D = 1240 calories. 
The foregoing balance-sheet would then become as 








follows :— ; : 
Continental Furnace Dead Melting. 
Tnput. Output. 
A oa od 4ma.3;D.. ¥e » = 1240.0 
Das 7.6|>W.. = nil 
= 1615.7 U \ 
i 3414.1 X j 652.1 
Y 
a %s 434.8 
B . 751.6 ‘ 
C 1610.7 f - 4153.8 
F . 1350.7 
G in 206.7 
Total 6251.6 Total . 6251.6 


The foregoing might, at first sight, he held to indicate 
that the furnace in Cpe was an apparatus admirably 
capable of fulfilling all requirements, save and except that 
one would desire to reduce items F and G with a view to 
But we must now consider not merely the 


economy. 
eotablishing of a balance-sheet, but whether a ce- 
sheet is capable of being maintained at all by such a 


furnace. In this connection we must consider the rather 
difficult matter of heat-absorption capacity of the bath. 
This is not only directly, but indirectly affected by the 
a process taking place therein. The tempera- 
ture ient when ‘‘dead melting” is quite altered by 
the chemical reactions, which pone | 00 per cent efficiency 
in their influence on the bath of metal. It is only by 
pepe being of 100 per cent. efficiency that they take place 
at all. 

The exothermic reactions require absence of very high 
temperature for their occurrence, and the endothermic re- 
actions the presence of high temperature. These two 
influences then cause the temperature gradient to be 
uniform throughout the bath so long as enough reacting 
elements are present. A ferruginous slag is probably 
a fairly good heat-conductor. 

Again, as FeO in the slag is combustible into Fe;0,, 
and Fe is combustible by Fe,0, into FeO, catalytic 
reactions tend to cause oxygen to be transferred indirectly 
from the furnace to the charge of steel, the more 
rapidly in the basic than the acid process, use the 

eO in the former is in solution in, and in the latter a 


somewhat stable chemical compound of, the slag. It may | Ts’ 


be seen, then, that the temperature of the steel may be 
much affected by management of the process. The action 
of large lumps of ore which cause some direct reaction 
between Fe.O, or Fe,O, and the constituents of the bath 
must be very different to that of small lumps, which go 
into solution in, or combination with, the slag. 

Again, an enormous influence is exercised by the 
question of whether reaction takes place between com- 
bined or uncombined carbon and iron oxide. The process 


should be run to enable the carbon to be first combined | P: 


before being oxidised, so that the carbon oxidation 
stage of the process is not so endothermic. To enable 
this to be done, the charge must contain ingredients 
the oxidation of which causes great evolution of heat, 
or the charge must be shielded from oxidation until it 
has been charged with enough heat to make the carbon 
combine. For this reison, inter alia, charges only work 
well in which due ratios of silicon and carbon are present 
when first melted down. 

The effect, then, of chemical reaction is to remove the 
temperature gradient from the heating surface of the 
metal to the interior surface of the hearth, and thus con- 
siderably to increase the heat receptivity of the bath, and 
render the furnace heating capacity much more effective. 
The author first realised this in 1 and, on making use 
of the obvious deduction therefrom, considerably sur- 
prised those associated with him. He had to make an 
— from three acid furnaces, and one of them had a 
“hard tap-hole.” In spite of burning so much gas that 
the unfortunate furnace had some 6 in. or more of the 
port blocks fused off, ite of frequent reversals and 


in spite 
every dodge known to skilled workers, during the two or 
three hours the hard-working men tried to tap the fur- 
nace, using sledge-hammers, the charge rapidly cooled 





down, until only about 15 in. depth of steel below the 
slag remained molten. During this period the author hit 
on the theories just expounded, and charged the furnace 
with some siliceous and carbonaceous pig iron and iron 
ore. In some ten minutes the charge tapped itself out. 
After this practical proof of his theory, he obtained 
permission to make further deliberate trials thereof. A 
certain proportion of pig and scrap in the charges in the 
best working furnaces always gave the best results, and 
he then took care to obtain the same composition when a 
different charge was melted down. Thus, even using 
93 per cent. scrap, with additions of 10 per cent. ferro- 
silicon and over 4 per cent. carbon pig, so that the charge 
when fused was the same composition as if ordinary 
charges had been used, gave the same result, not only in 
 eagem! of ore and time required, but resultant tests of 
the steel produced. The Talbot process itself is some- 
what analogous in its principle of starting from a given 
ratio of pig and scrap after each pouring. 

Perhaps the author may at this juncture be allowed to 
make an interesting digression. For the making of high- 
class steels in which welding up blow-holed ingots is 
unthinkable, it will probably not be found of any use to 
search after an ideal much sought after by many—that is, 
going to additional cost and trouble to produce unpiped 
ingots. Until semi-steels can be produced in the blast- 
furnace or other raw material-producing furnace, it will 
probably always pay, in fact be essential, to have charges 
containing the percentage of scrap now produced owing 
to the piping of ingots. 

It may be seen, from what the author has alluded to 
in reg: to the influence of chemical reactions on the 
temperature gradient, that a furnace may be readily 
capable of producing (with a given heating surface in 
relation to bulk of charge) a steel nearly refined of its 
oxygen. But such a furnace may be quite incapable of 
maintaining such a charge molten in the absence of such 
influence on its temperature ient. 

Here it is, then, that most furnaces fail. Owing to the 
item D causing serious diminution of the ratio of heating 
to radiation surface of the charge, and the heat-conduc- 
tion capacity of the and metal depending on the 
relative potential calorific intensity of the flame and 
charge, it is not possible at high temperatures to force 
through the slag enough heat units to provide for X, 
and W becomes negative in consequence. 

The use of more gas results in additions to the stock of 
heat in the regenerators and diminution in D, but the 
rapid stocking of heat in the regenerators causes serious 
local overheating of the ports and regenerators. Here, 
then, comes in the great importance of the author’s prin- 
ciple of safety, causing item D to take place within the 
entrance ports. 

Supposing, in the author's Continental instance, that 
at a temperature of 1600 deg. the item D takes place at 
such a point that only three-fourths of the slag surface 
becomes heating surface, and that when the furnace is 
maintaining constant stock heat at 1200 deg. maximum 
in the regenerators that W = 200 calories, then, when 
dead melting, the sum of radiation losses would be 
increased by that amount—that is, U + X + Y by 120 
calories, and R by 80 calories. Owing to the increased 
heating surface due to making D take place within the 
ports at the entrance end 4/3 more heat units could be 
forced through the slag and U + X + Y be reduced by 
25 per cent. 

C) Coes niing conditions would be as in the table 
in the preceding column. In the furnace as at present 


U +X+ Y = 652.1 + 120 = 772.1, W = — 20. 
In the furnace with item D occurring within the ports 


U+X4Y=2%* 721 _ 5791, w= 7721 
~ 579.1 x 20 = 172.1. 


In the one case it could not maintain the charge molten, 
in the other it could rapidly superheat it. 

Supposing, however, in the furnace in question, the 
enerators were allowed to be run at 1600 deg., so as to 
eliminate item D from the balance-sheet, the effect would 
be as follows when W = nil :— 

B+ C would be increased by amount = D, and 
U + X°+ Y + R by a like amount — namely, R by an 


amount = 1240 x 4 _ 496 calories. ThusR+B+C+F 


would equal 4152.8 + 1240.0 + 496.0 or 5888.8 calories, 
corresponding to a temperature of over 2000 deg. Cent. 
Such temperatures are, of course, out of the question. 
roducer-gas at 1600 deg. would ensure the formation of 
iron silicates with a fusion point of well under 1500 deg. 
in the brickwork, and the bricks will not stand a tempe- 
rature of above 1800 deg. even when impregnated with 
Fe,0,. By working one of the author’s furnaces so that 
the flame at its entrance into the furnace is maintained 


at 1600 dor» the calorific intensity is maintained high, 
and thus the heat-absorption capacity is also maintained 
at a high re, admitting of a large gas consumption 


and small radiation loss. The charge may be so super- 
heated that the chemical reactions when they occur do 
not absorb heat, or at any rate not to such a degree. 
Thus more ae working and much better deoxidation 
become possible, ucing not only economies in fuel 
and repairs, but admitting of the production of steels of 
far better quality. Much less skill and care would be 
— in working such a furnace than one of the 
inary type. } 

Enough been written to show the very serious 
defects of the ordinary open-hearth furnace and to 
indicate the class of alterations and additions required 


reto. 
When the objectionable hot chimney is di with, 
ie. All that 





regeneration may be carried as far as desira 
is necessary is that the regenerators should require an_ 





enormous amount of heat to be stored up in them, and 
that from the lighting up the furnace, reversals should 
take place the moment the waste gases arrive at a certain 
temperature. Metal regenerators should be used for the 
lower temperature zones, and the ratio of surface to 
volume of each regenerator unit should be inversely ag 
the temperature. By reducing the temperature of the 
outlet gases 25 per cent. economy of fuel may be secured. 

By maintaining combustion within the inlet ports the 
full surface of the bath becomes available as heating sur. 
face, so that an average economy of some 40 to 50 per 
cent. in fuel could be secured in steel-melting furnaces, 
It is well to realise what a poor and hampering device to 
secure draught a hot chimney is. 

At a 4 Cent. the products of combustion of pure 
air-gas (l cub. m. of CO + 1.881 cub. m. of Nz) would be 
lcub. m. of CO, + 0.3 cub. m. of Og + 4.891 cub. m. of 
No, ora total of 6.191 cub. m. of gases, with a sensible 
heat of 1350.7 calories, or 126 horse-power. 

The buoyancy in a very tall chimney would be a bare 
2 in. of water. 

_The worst suction fan on the market would produce a 
higher buoyancy than the entire energy of the fuel at a 
very small fraction of the power expenditure. 

_The effect of slight positive or negative pressure has a 
distinct influence on as cubes reaction, as may be per- 
ceived from the frothing-up of slag on reversal. Thus 
many advantages may accrue from being able to control 
these influences better by means of powerful mechanical 
draught. 

Physical laws demand a minimum of excess air being 
required to allow combustion to become quite complete, 
besides which lack of difference in directions and velocities 
of gas and air-streams hinders physical contact between 
the constituents of combustion, and causes further surplus 
air to be required. Small furnace ports, with inlet gas 
and air under pressure, are therefore necessary to lower 
the excess air es and high suction power to exhaust 
the gases-of combustion through them. 

Several years ago the author had considerable experi- 
ence in working furnaces he had designed for vertically 
heating very long forgings for hardening. These furnaces 
had air-inlets into the gas-ports at the bottom, and air- 
inlets at intervals in their height. The heating was more 
economical and uniform when combustion was allowed to 
be so incomplete that a long bright flame issued a consider- 
able height into the atmosphere. Some recent experiences 
with Bunsen gas-burner furnaces using illuminating gas 
were, however, even more instructive. With air at 21b. per 
7 in. a temperature of only 1450 deg. Cent. was obtain- 
able, but with air at 10 1b. per sq. in. a temperature of 
1550 deg. Cent. was reached. With the inverse type of 
burner, with the gas at 50 lb. per sq. in., a temperature 
of 1600 deg. was reached, proving that there was a very 
minute excess of air above that required to satisfy the 
chemical equations involved. 

Under the best working conditions interesting physical 
phenomena manifested themselves. Groups of molecules 
of and air met so sharply that the flame “roared” 
and a green ray appeared in it, the latter being due to the 
carbon and hydrogen of the hydrocarbons being brought 
into such violent contact with oxygen that it hardly 
admitted uf the production of am smaller carbon, and 
hence the green ray—at least, that.is the author’s explana- 
tion of it. It appears (he is ‘imformed) when porcelain 
burners are used, and is not due to combustion of copper 
or other metals. 

It should be noted that by opening a furnace-door the 
furnaceman upsets the working conditions of his furnace, 
and deceives himself as to what is normally taking place 
therein. The furnace should be provided with sight-holes 
(water-cooled where necessary) and closed from the atmo- 
sphere by means of glass or mica. It may be too hot in 
their neighbourhood for the furnaceman to place his eye 
close to them, and he should be provided with an optical 
instrument to overcome this. . 

The author mentioned this to a friend, who told him 
that such instruments are employed to enable the captains 
of dirigible balloons to observe the engines as if they 
were close to them. The class of sight-hole and tele- 
scope eae are diagrammatically illustrated in Fig. 12, 


649. 

fn conclusion, the author would point out that his 
furnaces are ali based on the types of construction shown 
or indicated in Figs. 10 and 11, in conjunction preferably, 
and in some cases necessarily, with his controlling devices, 
illustrated in Figs. 1 to 4, and already described. f 

In all cases the main (high temperature) regenerative 
system may be one in which the waste gases issue at & 
fairly high temperature, say 600 deg. Cent., and ma be, 
and preferably are, further cooled in an additional air- 
regenerative or recuperative system not shown in the 
diagrams. If the former, it will uire a four-way 
reversing-valve system for the hot, and another for the 


cool gases. " 
Mechanical forced draught is employed for the primary 
and secondary air, and preferably also for suction of the 
waste gases. If air-regeneration alone is required (as 18 
the case in steel-melting furnaces, where the temperature 
required is too high to render gas-regeneration other 
than disadvantageous), the furnace may have its main 
regenerators extended, as shown in Fig. 11, and the 
outlet may issue at a very low temperature there- 
from. It will have the double set of air-regenerators 
air-reversing valves, to provide for combustion of gas 
within the gas-inlet port, as shown in Fig. 1, and the 
provision for leading air into the exit chambers. __ 
The regenerators are in all cases run at as high & 
maximum temperature as is required by the ch 
When a very strongly-reducing flame is required in tl 
working chamber, and the maximum temperature admits 
thereof, the furnace is provided with gas-regeneret™ 
and takes the form shown in Fig. 9, and is provid 








oo 


wn eae wal wy 


ve 
1a 


ir- 
he 
ay 
he 








May 9, 1913.] 


ENGINEERING, 


651 



































APPENDIX. 
TABLE I.—Senstste Heat 1n 1 Cusic Merre or Gas: CALorigs. 
| 1 ; . | 
CO, No, Air , 3.762 Cubic 
Temperature. | Hy. oy. SO». “Py feta CO». H.0 (Vapour 
Degrees. om CoH | - 2 (vege | Metres No. 

100 43.1 31.6 44.3 3L.1 41.1 37.9 117.0 
200 87.2 67.1 94.1 63.0 87.2 80.3 237.0 
300 | 132.5 | 106.4 | 149.3 95.6 138.4 127.4 359.6 
400 | 1738 | 149.5 209.9 129.1 194.6 179.2 485.7 
500 | 226.1 196.6 275.9 163.2 256.8 235.5 614.0 
600 274.5 247.5 347.3 198.2 322.0 296.5 | 745.6 
700 324.0 302.2 424.1 233.9 393.3 362.1 879.9 
800 374.5 360.8 506.4 270.4 469.5 432.3 1017.2 
900 426.1 423.3 594.0 307.7 550.8 507.1 1157.6 
1000 478.8 489.6 687.1 345.7 687.1 586.6 1300.5 
1100 582.5 569.8 | 785.6 384.5 728.4 670.7 1446.5 
1200 | 587.3 | 683.8 889.5 424.1 824.8 759.4 1596.5 
1300 643.2 711.7 | 998.8 464.4 926.1 852.7 1747.1 
1400 700.1 793.5 1113.5 505.5 1032.5 950.6 190).7 
1500 758.1 | 879.1 1233.7 547.3 1143.9 1053.2 2058.9 
1600 es _ _ 590.0 1260.3 1160.4 2219.6 
1700 | -- _ 633.4 1381.8 1272.2 2382.8 
1800 ~ _ 677.6 1508.2 1388.7 2549.1 
1900 = sa 722.5 | 1680.7 1509.7 2718.0 
2000 —_ _ 768.2 1776.2 1635.4 2890.0 
2100 _ ~ — 814.7 1917.7 1765.7 3064.9 
2900 — 861.9 3 1900.6 3242.5 
2300 ae = 909.9 2215.8 2040.2 | 3423.0 
2400 — 958.7 2372.4 2184.3 3606.6 
2500 | a ~~ ~ 1008 2 | 2584.0 23331 | 8792.8 

j 

| 0.4256 ¢ 0.2967 t 0.4164 t 0.3073t | Osselt 0.8555 | 3.762 x 0.8073¢ 
‘ { | 7 

Basis }) > | “ rs + | > Fl + 3.762 
Formule || 0,0000532 2 | 0.0000929 42 | 0.0002707 | 0,0000884¢2 | 0,0002510¢2 0, 0002811¢% | x 0.0000384t2 
TABLE II. 


ToraL Heat Content or SENSIBLE Heat iN CALoRies (QUANTITIES IN CUBIC METRES). 


Norse.—2 = 3.762. 





























Tempera- | - COg | 6.1 CO» 0.2 COg | 0.3 CO | 0.4 COg | 0.5 COy | 0.6COg | 0.7COg | O.8COg) 0.9 COg | 1.0 CO, 
ture. | 1CO | 0.802 1.00 | 0.9 CO | 0.8CO | 0.7 CO? 0.6 CO | 0.5 CO} 0.400 | 0300 |0.200) 6100 | —Cu 
Degrees. 1 881 No.|0.82 No.| 0.8 Og | 0.75 Og | 0.7 Oy | 0.65 Og | 0.6 Oy | 0.55 O2| 0.502 0.45 Oo | 0.409 | 0.850. | 0.3 Op 
| 5 ” LB aNo/1.3 2 Noil.3a No L3 az NoL3 2 No! 1.32N | 1.82No matan. L3aNo| L82Neq |132Ne 
| a - | - peek ~ bee 202.6 
00 89.6 a — -- 
300 181.5 — — = -- _ _— _ - _ — - 414.2 
300 | 275.4 — -- - = — - - _ -- - -- 634.6 
400 | $71.9 — — — — -— — _ — — | - 864.7 
500 | 470.2 _ _ —_ ~ _ — _ _ — - 1103.0 
600 | 571.0 —- | - _ — _ -- _ — | - 1350.7 
700 | 678.8 — _ — — _ — — - _ - - 1606.3 
800 | 79.0) — — cee Wake: _ _ ~ - - — 1874.0 
900 | 886.5 - _ -- _ _ - = _ = ~ — 2147.1 
1000 | 995.9 | 1817.0 | 2312.9 | 2324.8 | 2336.6 | 2848.5 | 2360.8 | 2872.2 | 2384.0 | 2395.9 | 2407.7 | 2419.6 | 2431.4 
1100 1107.7 | 1464.8 | 2572.5 | 2587.7 2602.8 | 2618.0 | 2633.2 | 2648.3 | 2663.5 78.7 | 2693.8 | 2709.0 2724.1 
1200 1221.8 | 1616.7 | 2837.5 | 2856.4 | 2875.2 | 2804.1 | 2913.0 | 2031.8 | 2950.7 | 2969.6 | 2988.4 | 3007.3 3026.1 
1300 1337.9 | 1769.2 | 3107.1 | 3130.0 | 3153.0 | 3175.9 | 3198.9 | 8221.8 | 3244.8 | 3267.7 | 3290.7 | 3313.6 3336.6 
1400 1456.3 | 1925.8 | 3382.1 | 3409.6 | 3437.0 | 3464.5 | 3492.0 | 3519.5 | 3546.9 | 8574.4 | 3601.9 | 8629.4 3646.8 
1500 1577.1 | 2085.3 | 3662.5 | 3694.8 | 3727.1 | 3759.4 | 3791.6 | 3823.9 | 3856.2 | 3888.5 | 3920.8 | 3953.1 | 3985.8 
1600 1699.8 | 2247.7 | 3947.5 | 3985.0 | 4022.6 | 4060.1 4097.7 4185.2 | 4172.8 | 4210.8 | 4247.9 | 4285.4 4323.0 
1700 1824.8 | 2418.0 | 4237.8 | 4281.0 | 4324.1 | 4367.3 | 4410.5 | 4453.6 | 4496.8 | 4540.0 | 4583.2 | 4626.3 4669.5 
1800 1952.1 | 2581.4 | 4533.5 | 4582.7 | 4631.9 | 4681.0 | 4730.2 | 4779.4 | 4828.6 | 4877.8 | 4926.9 | 4976.1 | 5025.3 
1900 2081.5 | 2752.4 | 4883.9 | 4889.5 | 4945.1 | 5000.7 | 5056.3 | 5111.9 | 5167.5 | 5228.1 | 5278.7 | 5834.3 5389.8 
2000 2213.2 | 2926.6 | 5139.8 | 5202.2 | 5264.6 | 5827.0 | 5389.4 | 5451.7 | 5514.1 | 5576.5 | 5688.9 | 5701.8 | 5763.7 
2100 9347.1 | 3103.7 | 5450.8 | 5520.3 | 5589.8 | 5659.3 | 5728.9 | 5798.4 | 5867.9 | 5937.4 | 6006.9 | 6076.4 6145.9 
2200 2483.1 | 3283.6 | 5766.7 | 5843.8 | 5921.0 | 5998.1 | 6075.3 | 6152.4 | 6229.6 | 6306.7 | 6383.9 | 6461.0 | 6588.1 
2300 2621.4 | 3466.3 .7 | 6172.8 | 6257.9 | 6353.0 6438.1 | 6518.2 | 6598.3 | 6683.4 | 6768.5 | 6858.6 | 6988.6 
| | ! ' ' 
TABLE III.—QuvuantiT1gs or Gass IN CuBic METRES. 
NoTe.—2 = 3.762. 
| | ToTaL Heat GENERATED PLUS PREHEAT CHARGER, OR ToTAL AVAILABLE Heat 
Temperature to which | feat Contained AS COMBUSTION PROGRESSES. 
Gas100 + }Noand | in 1.0 CO, a . = ee ee 
Air 0.8 Oo +0.82N2 | 0.309, and1.3 | Quantity of CO Burnt to OO». 
are Preheated. x No. — = ~~ he iia a 
ines |} Ol 0.2 03 0.4 0.5 0.6 0.7 08 | 09 | 10 
300 639.6 945.9 | 1252.2 | 1658.5 | 1864.8 | 2171.1 | 2477.4 | 2783.7 3000.0 | 3396.3 | 3702.6 
400 863.8 1170.1 | 1476.4 | 1782.7 | 2089.0 | 2395.3 | 2701.6 | 3007.9 | 3314.2 | 3620.5 | 30268 
500 1092.0 | 1398.3 | 1704.6 | 2010.9 | 2317.2 | 2623.5 | 2929.8 | 3236.1 | 35424 | 38487 | 4155.0 
600 1326.0 | 1632.3 | 1938.6 2244.9 | 2551.2 | 2857.5 | 3163.8 | 3470.1 | 3776.4 | 4082.7 | 4389.0 
700 1564.9 | 1871.2 | 2177.5 | 2483.8 | 2790.1 | 3096.4 | 3402.7 | 3709.0 | 4015.8 | 4821.6 | 4627.9 
800 1809. t 2115.4 | 2421.7 | 2728.0 | 3034.3 | 3340.6 | 3646.9 | 3953.2 | 4259.5 | 4565.8 | 4872.1 
900 2058.7 2365.0 | 2671.3 77.6 | 3283.9 | 3590.2 | 3896.5 4202.8 4509.1 | 4815.4 | 5121.7 
1000 2312.9 2619.2 | 2925.5 | 3231.8 | 3638.1 | 3844.4 | 4150.7 4457.0 4763.3 | 5069.6 | 5375.9 
1100 2572.6 2878.9 | 3185.2 3491.5 | 3797.8 | 4104.1 | 4410.4 | 4716.7 6023.0 | 53293 | 5638.6 
1200 2837.5 3148.8 | 3450.1 | 3756.4 | 4062.7 | 4369.0 | 4675.3 | 4981.6 | 5287.9 | 5594.2 | 5900.5 
1300 3107.1 $413.4 | 3719.7 4026.0 | 4382.3 | 4638.6 | 4944.9 | 5251.2 | 5557.5 | 6863.8 | 6170.1 
1400 3382.1 3688.4 | 3994.7 | 4301.0 | 4607.3 | 4913.6 | 5219.9 | 5526.2 | 5832.5 | 6138.8 | 6445.1 
1500 3661.7 3968.0 | 4274.3 | 4680.6 | 4886.9 | 5193.2 | 5499.5 | 5805.8 | 6112.1 | 6418.4 | 6724.7 
1600 3947.5 | 4253.8 | 4560.1 | 4866.4 | 5172.7 5479.0 | 5785.3 | 6091.6 6397.9 | 6704.2 | 7010.5 


Tempera-| 


ture. 


Nors.—2z = 3.762. 
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Taste I1V.—Data for Reducing Flame Working. 
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with auxiliary air-regenerators or a recuperator. When oil 
is the fuel used, the vaporiser is heated by hot waste 
gases from the main regenerators of either form of furnace 
indicated by Figs. 9 and 11, and the waste gases from 
the vaporising chamber are led into an auxiliary regenera- 
tive system or recuperator for heating the air led into 
the main regenerators. 





AGRICULTURAL MACHINERY FOR ITALY.—The French 
Chamber of Commerce in Milan in its publication draws 
attention to the increasing sale for agricultural machinery 
in Italy, more especially in the southern districts, From 
1906 to 1911 the value of the yo of agricultural 
machinery to Italy is stated to have increased from 
5,110,000 lire to 33,490,000 lire, of which amount harvesters 
represent an increase from 1,910,000 lire to 7,580,000 lire. 

ithin this latter branch the United States hold a leading 

ition, and apart from this country most of the imports 
Pail from Germany, England and Austria-Hungary. The 
growing dearth of human labour and the rapid growth of 
electric power-stations all over the country necessitates 
the importation of plant of different kinds on an increas- 
ing scale, and the use of mechanical aid mes more 


and more common not only on large estates, but also on 
smaller farms, 





THE CRITICAL RANGES OF PURE IRON. 


The Critical Ranges of Pure Iron, with Special Reference 
to the A 2 Inversion.* 


By Professor H. C. H. Carpenter, M.A., Ph.D. 
(The University, Manchester). 


AT the last meeting of the Iron and Steel Institute, a 
paper was presen by Professor Carl Benedicke on 
‘ Allotropy in General, and that of Iron in Particular.”+ 
With regard to the general question of allotropy the 
author’s conclusion was as follows (page 270) : ‘‘ The very 
common opinion that allotropy means a quite sudden 
transformation from one modification to the other, cannot, 
a priori, be maintained, except asa specialcase. . . . 
There is always the pounany that one modification, or 
both modifications, have a certain solubility for each 
other—this is the simplest expression of the fact that the 
transformation partly takes place continuously. If the 
solubility were unlimited, an allotropic transformation 
point could not be spoken of in its defined sense ; but 
allotropic modifications can nevertheless be said to 
occur,’ 

Quite independently, Professor A. Smith had published 
a paper during the previous year entitled “ Kine neue 
Theorie der Erscheinung Allotropie,”} in which the view 
was put forward that ‘heterogeneous allotropy (two 
phases existing) always corresponds to the existence 
of homogeneous allotropy, or that in one and the same 
liquid or solid phase both modifications exist in a state 
of solution with a state of equilibrium which varies with 
the eeuapesaipne, The allotropic transition points are 
regarded as being the splitting-up (Hntmischung) of a 
homogeneous solid solution of the two modifications.” 

These theories, which have some experimental support, 
and have been carefully worked out, lead to very much, 
but not precisely, the same conception of allotropic 
changes. 

As regards the particular case of iron, Benedicks con- 
cluded that (page 271) ‘ta detailed examination of the 
er knowledge of the critical transformation point 
A 3 of iron at about 890 deg. Cent., and the lower more 
undecided transformation range A 2, shows that the 
transformation of the iron at 890 deg. belongs to type 
Ila” (partial solubility of one modification in the other), 
‘*of which thus two examples are known. According to 
this, the nature of § iron is to be a iron, containing in solu- 
tion a limited amount, increasing with the temperature, 
of + iron.” 

According to Benedicks’ theory, pure iron above A3 
consists only of -y molecules (page 265). At 890 deg. Cent. 
the great majority of these are transformed into a mole- 
cules ; but the change is not completed until about 750 
d mt., below which temperature only a molecules 
exist. However, in replying to the discussion and com- 
munications on his paper, Benedicks modified his inter- 
pretation of the above, being clearly influenced by Smith’s 
theory of allotropy. He says (page 285): ‘‘At every 
temperature both a and + molecules must be admitted as 
existing in equilibrium (in solution).” He therefore 
admits a certain solubility of a molecules in yy molecules 
above A 3. The interpretation of Ar3 woul then bea 
sudden displacement in the equilibrium proportions of a 
and ‘y, whereby the proportion of a is greatly increased. 
Even at A 2, however, about 150 deg. below A 3 the pro- 
portion of y molecules is still considerable, and a further 
reduction of -y occurs at Ar 2, below which its ratio to a 
is so small as to be negligible. Both interpretations, how- 
ever, agree in regarding Ar 2 as the extreme limit of 
supercooling of Ar 3, and this comes to much the same 
thing as the view put forward by Osmond in 1890—viz., 
“Tt seems probable, even if not certain, that Ar 2 is only 
the end of Ar3 retarded by the presence of a little 
The p d Benedicks 

present writer, in discussing nedicks’ paper, 
wrote (page 276) :—** The logical conclusion of the above 
view was that if a perfectly bang iron could be prepared, 
it would show only Ar 3, and no Ar 2, on cooling ; in par- 
ticular, if it could be obtained free from carbon, 
the absence of Ar 2 was to be anticipated. . . . So far as 
he was aware, no cooling curve of any of the purest forms 
of iron yet published had failed to show Ar 2 when plotted 
either as inyerse rate or differential curves.” The same 

int was independently made by Mr. W. H. Hatfield 
i 278). This contention was substantially admitted 
by Benedicks, with the reservation ‘if the cooling were 
not too quick ;” and he went on to point out (page 286) : 
“It might appear that under those circumstances a 
crucial experiment was not possible. at was, however, 
not the case. According to the new theory, Ar2 must 
lose in intensity with increasing purity ; in the case that 
Ar2 was an allotropic point of the same kind as Ar 3, 
its intensity would rather increase with increasin 
purity.” Given an iron of a sufficiently high degree o 
purity, it should not be difficult to carry out this crucial 
experiment; and inasmuch as Benedicks’ theory, if 
established, would constitute a more satisfactory solution 
of the differences existing among metallographers as to 
the allotropy of iron than any which had yet been pub- 
lished, the author decided to test it as crucially as 
possible in the manner indicated. 
At the outset the following consideration should be 
borne in mind. If Ar2 is the limit of supercooling of 
Ar5, it is, of course, constitutionally the same change 
merely retarded, and it is to be expected that on heating 
the reverse change will take place, not at Ac2, but at 


en 





* Paper read before the Iron and Steel Institute, 
May 2, 1913. 
+ a of the Iron and Steel Institute, 1912, No. II., 


pages . 
+ Zeitschrift fiir Physikalischen Chemie, vol. lxxvi., 





page 421, 





652 


ENGINEERING, 


{May 9, 1913. 





Ac3. In other words, Ac2 will be absent. On the 
other hand, if Ar2 is an allotropic change, which has 
nothing to do with Ar 3, then the reverse change on heat- 
me Fe take place at a tem ture or over a range Ac 2, 
which is different from and lower than Ac3. Therefore, 
there are two ways in which Benedicks’ theory can be 


tested :— 

(a) By the magnitude of the Ar 2 point on cooling in its 
relation to the purity of iron. : 

(6) By the character of the mone | curve in the region 
between the temperatures of Ar 2 and Ac 3. 

The purest forms of iron which have yet been prepared 
are those which have been deposited electrolytically. So 
far as the author has been able to ascertain, no heatin 
curves of such irons have been published, but only cool- 
ing curves. Accordingly, with the available data, criterion 
Gt but not criterion (6), can be applied. ; 

n the Fifth Report tothe Alloys Research Committee 
of the Institution of Mechanical Engineers,* the late Sir 
berts- Austen showed the differential cooling curve 
of a bead of electro-iron, welgias 5 grammes, which was 
deposited from a solution of ferrous chloride, “‘ purified 
with scrupulous care.” No analysis is given, but the 
presumption is that the iron attained a high d of 
purity. This curve shows a small but decided heat 
evolution at Ar2 spread over a considerable temperature 
interval, and there is in this case only one in the 
curve during this range. 

An almost identical curve was obtained by the author 

and Mr. Keeling, working with a specially annealed 


SERIES I. 
Cc 


then with water and absolute alcohol. When 
dry it was rolled tightly into the form of a cylinder 14 in. 

and }4 in. wide, weighing 42 grammes, and then 
enclosed in a cup of fused quartz. e thermo-junction 
was then pushed into a small hole in the centre of the 
cylinder, and the latter placed in a glazed Berlin porce- 
lain tube heated electrically, with the usual external 
resistances in the circuit, so that the rates of heating and 
cooling could be varied within wide limits. All experi- 
ments were carried out in vacuo obtained by an auto- 
matic continuously - acting three - fall Sprengel pump, 
great care being taken that the vacuum should be as 
complete as possible. That this was sufficiently good is 
evidenced by the fact that even after six heatings to 
1000 deg. Cent. the iron, when removed from the furnace, 
was found to be perfectly untarnished. 

Experiments were carried out with cylinders prepared 
from two sets of iron strips. In each case the first heat- 
ing and cooling curve was found to be very irregular, and 
these have not been included. These irregularities are 
due to a | evolution of hydrogen, which takes place 
principally between about 600 and 900 deg. Cent. during 
the first heating. This evolution was noticed in all 
the heatings, but to a diminishing extent, and became 
very slight after the fifth heat. In each series the heat- 
ings and coolings were continued till the curves were con- 
stant. The results are recorded in the form of inverse- 
rate curves obtained from observations made every 4 deg. 
Cent. rise or fall of temperature. No object is gained, and 





Fig.1. 
WERE TE ane AND cogene cunves. 


the work is much more laborious in taking readings at 


Cc 





Ac2.—An inspection of the five curves permits 
following conclusions to be drawn. In No. 2 the mee 
very irregular between 750 deg. and 900 deg. Cent., due 
to the evolution of hydrogen, which was still consider. 
able. These perturbations are absent from No. 3, which 
is almost smooth up to about 910 deg. Cent., and in 
which it is impossible to fix upon any particular point 
or range corresponding to Ac 2, though there is a very 
—_ retardation which reaches a maximum at about 
7 ~. Cent. Both the approach to and departure 
from this point, however, are exceedingly gradual. But 
in Nos. 4, 5, and 6, even this minute change almost 
vanishes, and the curves are almost perfectly smooth up 
to 910 deg. Cent., when the Ac3 change begins. In other 
words, once the irregularities due to gas evolution have 
been removed, the iron entirely fails to show anything 
which can be regarded as Ac 2. This is precisely what 
Benedicks’ theory of 8 iron demands. 

Ac 3.—Rather surprisingly (cf. the second series) this 
change appears spread over a considerable temperature 
range. In curve 2 the peak occurs at 938 deg., but in 
No. 3 it drops to 926 deg., and thereafter remains steady, 
Moreover, the thermal c diminishes in intensity, but 
appears constant after No. 3 heat. 

Ar3, which begins at 898 deg., and then drops to 
890 deg., where it remains steady, is quite sharp, and 
calls for no special comment. 

Ar2.—This is evident in all five curves. With the 
exception of No. 4, it appears as a gradual change with 
one peak whose magnitude is approximately constant 
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sample of Swedish charcoal iron kindly presented by Sir 
Robert Hadfield, the analysis of which was as follows :— 
Per Cent. 

0.010 

0.051 

0.008 

0.040 

trace 

... 99.891 
(by difference) 
These curves are reproduced side by side in Fig. 80, 
1008, of the Seventh Report to the Alloys Research 

mmittee (1905). ‘ : 

In 1910 Professor Arnoldt published the cooling curve 
of a sample of ‘‘ chemically pure iron” prepared by Hicks 
and O'Shea.t The analysis was not given, but according 
to a statement by Sir Robert Hadfield in the discussion 
of the Fifth Alloys Report which apparently refers to the 
same iron, it contained 99.98 per cent. of iron. Arnold 
states that it was “absolutely free from carbon.” On 
this curve Ar 2appears as a critical range with two peaks. 

For the moment the question whether Ar 2 has or has 
not two peaks does not affect the point under considera- 
tion. Apart from this, the three curves agree in showing 
Ar 2 quite clearly and in representing it as a much smaller 
thermal perturbation than Ar 3. The position, therefore, 
is that no cooling curves of the purest forms of iron that 
have hitherto been examined have failed to indicate Ar 2. 

Some months ago, by the kindness of Dr. Stead, the 
author was presented with a substantial amount of eleo- 
trolytic iron sheet, about 0.01 in. thick. Dr. Stead’s 

ysis of this was as follows :— 


Carbon ... 
ese 
Silicon ... 
Sulphur ... 
Phosphorus 
Iron : 


Carbon 
Silicon 
Sulphur 
Phosphorus ... 
Manganese ... 
Tron 


Per Cent. 
0.008 


. . 99.967 
(by difference) 
This material, which is now obtainable commercially, is 
thus seen to be very paces pure as Hicks and O’Shea’s 
iron, and it a to author to be a suitable sub- 
stance with which to test Benedicks’ theory of the nature 
of 8 iron as ri as possible. 
EXPERIMENTAL CONDITIONS. 

The iron strip, which was extremely malleable, was 

first cleaned by treatment with hydrochloric acid, and 


. Yeas 1899, Plate II. Enoinzerine, February 
A . 

+ Lecture delivered before Section B, British Asso- 
ciation, 1910. ENaringgrine, October 7, 1910. 

t First described in a paper read before the British 
Association in 1895. ENGINEERING, vol. lx., page 523. 
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nairower intervals, since the my pee variations on 
the specimens are of this order of magnitude unless the 
rate of heating is excessively slow. The actual rates 
used in the experiments were as foilows :— 

On Heating.—From 2 seconds per degree at the lowest 
temperatures to 9 seconds per degree at the highest tem- 
peratures. 

On Cooling.—From 3 seconds per degree at the highest 
temperatures to 8 seconds per degree at the lowest tem- 


peratures. 
First Series. 
The curves are shown in Fig. 1, and the temperatures of 
the inversions are given in the following table, the actual 
1 corresponding to the peaks—i.e., the maximum 
points of departure from the normal slope of the curve:— 
Taste I. 


500. 








Ac 2. Ac3. | Ar3. 








deg. deg. deg. 

| Second = 
741 

| 768, 727 
748 


743 


| Third 

Fourth hea‘ Dg 
cooling 

Fitth heating... 

| 4, cooling.. 

Sixth heating. . 


| » cooling.. 


? 
? 





w & 
> = 
= 

8 8 
throughout the series, but whose temperature is some- 
what variable. In No. 4, however, it appears as two 
small peaks, one of which occurs above, and the other 
below, the single peak in the other curves. These results 
in their turn fit in remarkably well with the require- 
ments of Benedicks’ theory, for their very irregularity 
is characteristic of the termination of a change due 
to supercooling or metastability, where very slight 
differences in experimental conditions suffice to create 
differences in the temperature at which that condition is 
terminated. As is well known, ever since the first cool- 
ing curves of approximately pure iron were taken by the 
late Mr. Osmond in 1887, there has been a dispute 
whether Ar2 consisted of one peak or two peaks. His 
curve, published in 1887, shows two peaks, that in 
1895 only one. Arnold maintains that Ar2 in pure 
iron shows two peaks, whereas the author nearly always 
obtains one peak, whether the curve be inverse rate or 
differential. In Series I., however, there is an instance 
of one and the same iron giving one peak in four experi- 
ments, and two peaks in the fifth. All these results 
accord perfectly with the view that Ar 2 is simply the 
termination of a supercooled or metastable inversion, and 
hence that irregularities are liable to occur even when 
the conditions of experiments are made as comparable 
as possible in any given series ; further, that they are 
certain to occur when experimenters choose widely diffe- 
rent conditions. Thus, even though Ar 2 is not actually 
absent from any of the cooling curves, its somewhat 
variable and ill-defined character accords much better 
with the view that it is the termination of retarded Ar3, 
due to the presence of impurities, than that it is an 
independent chan Accordingly both heating and 
cooling curves of this series h in their special 
characteristics—with the requirements of Benedicks 


theory. 
Second Series. 


= in Fig. 2, and the tempera 
ow. 
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Ac 2.—The five curves agree well with those of Series I. 
No. 2 shows similar irregularities, though somewhat less 
pronounced, between 750 deg. and 900 deg. In No.3 
there isa slight retardation which reaches a maximum at 
about 733 deg., but this disappears in No. 4, and there- 
after does not reappear. Nos, 4, 5, and 6, however, all 
show a very slight acceleration in the rate of heating 
somewhere about 770 deg., which meansa correspondingly 
slight retardation in a lower temperature range ; but 
where this range begins the curves do not show. In other 
words, it is impossible to detect Ac2 with any degree of 
certainty, which is exactly the same conclusion as that 
drawn from Series I. i 

Ac3.—The temperatures correspondin; 4 
peaks are lower than in the first series. ey rise from 
902 deg. toa steady figure—916 deg., and the Ac3 change 
completes itself within a much narrower temperature 
interval. Both series agree in ard to the diminution 
of the thermal intensity as hydrogen is removed on 
repeated heating. esp 

Ar3.—This becomes steady at 886 deg., which is 
4deg. lower than the figure obtained in Series I. 

Ar2.—This is evident in the four cooling curves, and 
the general result is similar to that of Series I., except 
that the temperatures agree rather more closely and in no 
case did any duplication of the peak occur. Special 
reference must be made to No. 6. When it had become 
clear that Ar 2 is really Ar 3 supercooled about 140 deg., 
it appeared very desirable to prevent its occurrence if 
possible, by means of a png J slow rate of cooling. 
According to Benedicks’ theory, the great majority of y 
molecules invert to a at Ar 3, leaving the remainder 
associated with the impurities which favour the persist- 
ence of the condition. At 850 deg. Cent., however, a 
is the stable phase, and therefore it might be expected 
that by holding the specimen sufficiently long at this 
temperature the remaining metastable + molecules would 
also invert, by virtue of their contact with a great pre- 
ponderance of a. Accordingly in No. 6 the specimen 
after cooling to 850 deg. was kept there for of ‘hours. 
(This is the explanation of the cross which is shown 
at this temperature.) Thereafter it was cooled, and, 
as is evident from the curve, Ar 2 shows as deci- 
dedly as in the previous experiments without retarded 
cooling, and at very nearly the same temperature. 
This is a surprising result, but the author con- 
firmed it. At first . = it might be regarded as 
an objection to the theory that Ar 2 is retarded 
Ar3, But in order to explain it, the only assump- 
tion which it is necessary to make is that the impuri- 
ties associated with the metastable 7 molecules are 
sufficient to prevent actual contact with the stable a 
molecules, and for such a purpose a thickness of two 
or three molecules is sufficient. That such conditions 
can exist, having regard to the concentration of im- 
purities in they molecules, cannot very well be disputed, 
and it appears permissible to conclude that from Ar3 to 
Ar? there exists the region of metastability, and that at 
Ar2 the 7 molecules become instable, and, in spite of 
impurities, invert to a. In the ny of the author’s 
experiments this temperature is about 742 deg. Cent., 
> the actual figure depends on the precise conditions 

osen. 

From the foregoing two series of experiments, which 

well with one another in regard to the point A 2, 
author draws the following conclusions :— 

1, A2 as an independent ‘critical point or range does 
hot exist. 

2. Ac2 as a critical point or range cannot be detected 
on a heating curve when the bulk of the dissolved 
hydrogen has been removed. There are traces of a 
retardation in the rate of heating spread over a consider- 
able temperature interval which might be expected to 
include Ac 2 within its limits if it existed. 

3. Ar 2 (which is evident on all the cooling curves 
taken) is the temperature at which 7 iron ceases to be 
merely metastable and becomes instable. 

4. Of the two values obtained for Ac 3—viz., 926 deg. 
and 916 deg.—the latter is the more probable, because it 
corresponds within 1 deg. to the temperature at which 
the iron recrystallises on heating. A full account of the 
author's experiments in conjunction with Dr. Stead will 
be published shortly. s 
— mean temperature of the Ar 3 peak is 888 deg. 


to the Ac3 


With reference to the question of the existence of A 2, 
Special significance attaches to the paper published by 
Mr. J. H. Andrew on “Iron and Nitrogen, ” at the last 
meeting of the Iron and Steel Institute.* In this case a 
pure Swedish charcoal iron was melted in a high-pressure 

1 and nitrogenised under about 200 atmospheres. 
gave a product containing 0.3 per cent. of ni 
and 0.16 per cent. of carbon, with which aseries of 
curves were taken in vacuo from 1000 deg. Cent. These 
curves are reproduced in Fig. 3. The nitrogen is seen to 
ve suppressed Ar3 and Ar2 for the first three heats, 
and not till it to be evolved did Ar 3 begin to re- 
appear at the fourth heat. During the next three heats 
3 a | in mapas ag rose ww temperature, and = 2 
reappeared. In curve No. 7 it as largé a peak as that 
shown at Ar 3, but from here onwards it diminished, and 
y in No. 10 is seen almost to have Gugueeeee. None 
the curves show any peak at Arl, Mr. Andrew 
concluded that he had obtained “ a degasified and almost 
= ess specimen.” It may fairly be concluded, there- 
ore, that the final product was iron of a high degree of 
parity, and the special interest is that this specimen 
wed scarcely any evidence at all of the existence of Ar2. 
ang elution. —From the foregoing experimental results 
reasoning, the conclusion appears thoroughly war- 
Se 
Journal of the Iron and Steel Institute, 1912., No. IL., 
Pages 210 to 235. ENGINEERING, December 20, 1912. 





ranted that the conception of A 2 as an independent allo- 
tropic change must be abandoned, and it must now be 
regarded as proved that Ar?2 is simply the termination of 
Ar 3 retarded by impurities present even in the purest 
forms of iron hitherto prepared. The heating curves which 


constitute a crucial test of Benedicks’ theory that iron is | Ce 


a iron containing a limited amount of 7 iron in solution 
—the amount increasing with the temperature—have 
given results which are in complete accord with the re- 
ema of that theory—that is, Ac2 cannot be 

etected in them. There is a perfectly reasonable expla- 
nation of the slight heat development or developments at 
Ar 2, according as the curve has one or two soon. This 
explanation is given on pages 268 and 269 of Professor 
Benedicks’ paper. Moreover, Mr. Andrews’s ‘‘ ified 
and almost carbonless iron ” shows only the faintest indi- 
cation of the Ar2 change. The conclusion, therefore, can 
scarcely be resisted that, were it possible to remove the 
last traces of impurity, iron would cease to show even 
these faint indications of Ar 2. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information concerni 
projects can be obtained from the Commercial Intelli- 
== Branch, Board of Trade, 73, Basinghall-street, 

mdon, E.C. 

India: The Pioneer Mail, Allahabad, states that sanc- 
tion has been accorded toa loan of Rs. 50,00,000 (333, 3007. ) 
for the carrying out of a scheme for a complete ship quay 
for Madras Harbour, which was drawn up by the Chair- 
man of the Madras Port Trust. Considerable ge em 
has been made with an alternative smaller scheme which 
was adopted owing to the then lack of sufficient funds, 
but nothing now stands in the way of completing the 
larger scheme as originally planned. The works are 
expected to be finished within the next four years. 

South Africa: A telegram has been received from 
His Majesty’s Trade Commissioner for South Africa to 
the effect that a Bill has been introduced into the Union 
Parliament to provide for the construction of 795 miles 
of railways, at an estimated cost of 2,731,6311. 

Norway: H.M. Consul at Christiania reports that, 
according to the local press, the Railway Committee of 
the Storthing proposes to increase the amount provided 
in the Extraordinary Estimates for the working of the 
State railways by about 8000/. for locomotives, &c. It is 
anticipated that during the course of 1914 the Swedish 
portion of the Ofoten Railway will be electrified, and it 
18 proposed to d the extra money on the No: i 
section of the line, so as to enable it to deal with the 
increased iron-ore traffic to Narvik which will probably 
ensue. 

Russia : The Pravitelstvennei Vyestnik, St. Petersburg, 
states that at a meeting recently held by the Inter-depart- 
mental Committee on Far Eastern Affairs, the proposals 
put forward by the Ministry of Trade and Commerce for 
the development of shipping in the Far East were agreed 
to. In addition to measures for disseminating informa- 
tion in regard to navigation, such as by the establishment 
of schools for navigation and the extension of education 
on all matters relating to shipping, the su tion made 
by the Ministry of Trade and Commerce for the establish- 
ment of new ports in the Pacific Ocean was also approved. 
Furthermore, it is a to equip the port of Vladi- 
vostok (where the freight handled amoun to 70,800,000 
pouds in 1911 and 85,000,000 pouds in 1912) with electric 
cranes and other loading and unloading ap tus ata 
cost of about 1,000,000 roubles. It is intended to purchase 
a dredging outfit at a cost of about 900,000 roubles for the 
construction of suitable harbours at Ust- Kamchatka, in the 
bays of Chaivinsk and Neisk (on the east side of the Island 
of Sakhalin), and also for _ ty iy - at Okhotsk, 
Oll, and other ports in the Okho Sea. Finally, 
arrangements are to’ be made to improve the Russian 

rt of Posyet, and to construct a thereto from the 

hinese town of Kunchuna through which considerable 
quantities of goods are imported into Manchuria. The 
eost of the last-mentioned scheme is estimated at 800,000 
roubles. Rouble = 2s. 1$d.; 1000 pouds = 16 tons 
(about). The same journal also states that work is about 
to be commenced on the erection of a Central Post Office 
in Kharkov. The building will be three storeys high, 
and is to be equipped with lifts, an electric generating 
plant, and a proper water and drainage system. The 
cost of the building, excluding technical accessories, is 
put at 538,000 roubles (about 57,000/.). The Lieferwngs- 
Anzeiger, Vienna, announces that the Russian Minister 
beng me ety te ot HE 

uma for the necessary fu with w to 
twelve ice- A sum of 6,350,000 roubles (about 
670,0002.) will be required if the vessels are to be built 
abroad, or 10,000,000 roubles (about 1,055,500/.) if the 
work is executed at Russian yards. r 

Italy : The Gazzetta Ufficiale Rome, publishes a decree 
a a Oe contract entered into between the Ministry 
of Public orks and the Societa Generale Italiana Edison 
di Elettricita and the Societa Anonima Quartiere Indus- 
triale Nord-Milano for a concession ive to the con- 
struction and working of an electric tramway from Milan 
to Cinisello, passing by way of Balsamo. The same 

stems then tentiam oth bo epened on May 21 at 
the offices of the Italian State Railways, Rome, for the 
construction of (1) a second track about 14 miles, on the 


Battipaglia-Reggio- line — viz., Paolo to 
Cosenza—ata cost of 345,000 lire (13,800/.); and (2) a5-mile 
section of the line in courseof ion between Fossano 


constructi 
and Mondovi, at a cost of 5,500,000 lire (220,000/.). The 
Gazzetta also states that tenders will be opened on May 21 





at the offices of the Italian State Railways, Rome, for 


the construction of (1) a 6-mile section of the line in course 
of construction between Burgio and Sant’ Anna di Calta- 
bellotta (formin rt of the Sicilian Railway System) at 
a cost of 1,165, lire (46,600/.); (2) a 3-mile section of 
the line in course of construction between Mondovi and 
va, at a cost of 5,096,000 lire (203,840/.); (3) a 
8}-mile section of the line being built between Gibel- 
lina and Belice (forming of the Sicilian Rail- 
way System), at a cost of 2,480,000 lire (99,200/.) The 
Gazzetta further states that tenders will be opened on 
May 31, at the Municipal Offices of Castrogiovanni, for 
the laying of a water-main and the establishment of 
a drinking-water system in the town of iovanni. 
The upset price is put at 1,094,590 lire (43,784/.), and 
a — ef 37,000 lire (1480/.) will be required to 
qualify any tender. Note.—Although these contracts 
will doubtless be awarded to Italian firms, nevertheless 
the em age out of the works may involve the purchase of 
materials outside Italy.) The same Gazzetta also states 
that tenders will be opened on May 21 at the Direzione 
d’Artiglieria del Laboratorio Piroteonico, Bologna, for 
the supply of 155,000 kg. of pig-lead. 

Servia: The Lieferwngs-Anzeiger, Vienna, states that 
the Servian Minister of Public Works has submitted to 
the Skuptechina a Bill povidins for extensive railway 
construction in Servia. The pr me provides for the 


these | building of the following lines :—(1) Nis to Merdare, at a 


cost of 15,300,000 dinar (612,000/.); (2) Kragujevac to 
Raschka via Kraljevo, at a cost of 29,000,000 dinar 
1,160,000.) ; (3) Krusevac to ane via Jankova and 

lifura, at a cost of 10,500,000 dinar (420,000/.); (4) 
Valjevo to Osecina, at a cost of 5,200,000 dinar (208,000/.). 
The work for the construction of these lines will be put 
out to contract with the Franco-Servian Company for 
Industrial Undertakings and Public Works, and an - 
ment is to be entered into between this company ool the 
Servian Government for financing the scheme. The Bill 
also provides for permanent-way works on the lines from 
Raschka to Mitrovitza, Raschka to the Bosnian frontier, 
and Merdare to Pritschina. 

Spain: The Gaceta announces that tenders are invited, 
and will be opened on the sixtieth day from the date of 
the Gaceta (April 24) at the offices of the Junta de Obras 
del Puerto de Gijon Musel for the supply of a steamboat 
required in connection with the works being carried out 
in the harbour of Gijon Musel. The upset price is put 
at 93,600 pesetas (about 3400/.) and a deposit of wo - 
cent. of this amount is required as tee. e 
notice contains a clause to the effect that this first 
adjudication will be confined to ucts of Spanish 
manufacture (in this case a vessel of Spanish build), but 
that in the event of no decision being satisfactorily 
arrived at, a second competition, in which a foreign pro- 
duct may be accepted, then take place. In the latter 
event, Spanish products (vessels) will have a 10 per cent. 
margin of preference over foreign. 

Portugal : The Diario do Governo, Lisbon, publishes a 
notice to the effect that tenders will be opened on 
June 28, at the offices of the Direcgio Geral de Obras 
Publicas e Minas, Reparticio de Obras Publicas, Lisbon, 
for the construction of a dock gate required for the Viana 
do Castelo Dock. The upset price is put at 33,000 
milreis (about 6325/.), and a deposit of 24 per cent. of this 
amount will be required to qualify any tender. Local 
representation is necessary. 

Morocco : The Acting British Consul-General at Tangier 
reports that tenders are invited by the Special Committee 
for Public Works for (1) carrying out improvements at 
the _ of Rabat, at an estimated cost of 734,715 francs 
29, ); and (2) the construction of a sea-front at 

‘angier, at an estimated cost of 75,453 francs (3018/.). 
Tenders will be received by M. le Président du Comité 
Spécial des Travaux Publics, Dar En-Niaba, Tangier, up 
to 11 a.m. on June 16. A deposit of 10,000 francs (400/.) 
in the case of (1), and 1000 fr. (40/.) in the case of (2), 
together with a certificate of competency to execute the 
contract, must accompany each tender. The contractor 
must elect domicile in the neighbourhood of the works. 
With reference to the call for tenders for the carrying out 
of drainage and paving works in the native quarter of 
Tangier, it is notified by the Acting British Consul- 
General at that city (Mr. H. B. Johnstone) that the con- 
tract in question has been awarded to a French firm 
establi in Tangier, whose name may be obtained 
by manufacturers in the pty be gy on application 
to the Commercial Intelligence , as above, 

Brazil: The Diario Official publishes a decree, No. 
10, 156, sgoveviog the plans and estimate of 4,846,222 
milreis (about 323,000/.) for the construction of 974 miles 
¢ the proposed section of line from Campo Maior to 


marracio, 
Chili : The Diario Oficial, Santiago, publishes a decree 
approving the plans drawn up by the Harbours Com- 
mittee for the improvement of the port of Antofagasta, 
the total cost of which is put at 20,823,056 pesos gold 
(1,561,7282. ). 





InpIAN Rattway Workine Expenses.—The average 
ratio of the working expenses to the traffic receipts 
upon British Indian railways fluctuated as follows during 
the ten years ending with 1911 inclusive :— 


Year. Ratio. Year. Ratio. 
1902 49.24 1907 51.42 
1908 47.52 1908 60.24 
1904 os ax 47.36 1909 eo 56.06 
1906 “ = 47.85 1910 ° 68.10 
1906 49.89 1911 62.17 


It will be seen that the ratio attained its highest point in 
1908. Since then it has been declining again, but it is 


still higher than it was in 1902. This is due to the fact 
that in spite of the density of Indian tion native 
labour now commands a somewhat hi remuneration 





than it formerly secured. 
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of a 
‘latent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,17512. H. Leitner, Westminster. Variable- 
8 Generators. {1 Fig.) May 10, 1912.—This invention 
relates to apparatus for controlling electric circuits of the kind 
wherein a dynamo is arranged to charge a battery of accumulators, 
both the dynamo and the accumulators providing current for 
the electric lamps fed by the system. A known automatic regu- 
lator comprises a rheostat, which is designed to introduce resist- 
ance into, or withdraw it from, a lighting circuit in order to 


lateral projection or cup at the side of the switch. When the 
switch s is closed, a current flows from the source of supply } 
through the field-winding d of the motor, and the coil p of the 
mercury switch, which coil in this case is arranged in the shunt 
or field circuit. The iron plunger or dipping core inside the 
cylindrical body of the mercury switch is thus attracted, but it is 
only drawn down slowly, after the manner of a dash-pot plunger, 
poe A to the fact that on its lower end it carries a disc or piston 
with holes or slots through which the mercury can only pass 
gradually. When the mercury has risen high enough, both 
electrodes g2, g° of the switch become connected by the mercury 
and thereby the main or armature circuit is cl through the 
latter. The effect of this arrangement, therefore, is that the 
armature circuit is not closed until the field-magnets have become 
sufficiently energised. To prevent undue sparking when the 
circuit is broken the interior of the eylindrical body of the mercury 
switch may contain an atmosphere of hydrogen or other suitable 
medium. (Sealed April 10, 1913.) 


GUNS AND EXPLOSIVES. 


3426/12. The Whitehead Torpedo Works (Wey- 
mouth), Limi and E. Weymouth. Tor- 
(2 Figs.) February 10, 1912.—This invention relates to 

apparatus for automatically regulating the degree of immer- 
sion of aut bile torpedoes, the apparatus comprising a 
movable member, which is connected with the horizontal rudders 
and subjected to the pressure of the external water acting in 
opposition to an adjustable spring. According to this invention, 
the movable member is made in two parts which are connected one 
to the other in such a manner that relative movement can take 
place between them, one of the parts being ‘under the constant 
control of a spring only during a limited inward movement of the 
last tioned part. A is a shell of the torpedo, and B is the 








compensate for variations in the voltage of the , 80 
that the voltage on the lamps is maintained approximately con- 
stant. The rheostat is also provided with a series of resistances, 
which are included _in the field circuit of the dynamo, and are 
introduced into thé circuit or withdrawn therefrom, by the 
motion of the rheostat arm. The arm is operated by an electro- 
motor or other suitable device controlled by a contact voltmeter, 
which latter may also be provided with a resistance or resistances 
introduced into, or withdrawn from, the circuit of its shunt- 
winding or solenoid coil. Now, the present invention has for 
object to provide that when the movement of the rheostat-arm 
is reversed in either direction of travel, this reversal shall not 
immediately affect simultaneously all the circuits controlled by 
the rheostat. To this end the present invention comprises the 
combination with the main or supplied circuit, resistance contact- 
arm, of a subsidiary resistance controlling-arm, or subsidiary arms, 
80 arranged that a reverse movement of the main contact-arm in 
either direction does not immediately effect a movement of the sub- 















































sidiary armorarms. A representsa shunt-wound dynamo adapted 
to supply current to a set of accumulators B through an automatic 
cut-in and cut-out device C, and to a lamp circuit D through that 
portion of the regulator which comprises the tance a and the 
arm ¢, designed to be moved over the resistance by the electro- 
motor d controlled by the voltmeter controle. The resistance a 
is designed to be introduced into, or cut out of, the lamp-circuit D 
by the movement of the arm c when actuated by the electro- 
motor. The resistance b is in circuit with the shunt-field winding 
of the dynamo, and introduces or cuts out resistance from this 
circuit by the movement of the subsidiary arm or brush f. The 
movement of the latter arm / is controlled by the movement of 
the arm c, but in such a manner that the arm c can move a certain 
distance in either direction without moving the arm/. For this 
purpose, the arm c is made with an insulated fork extension g, g!, 
which en on either side with the arm /, say, for example, 
by means of an outwardly projecting pin or projection. ith 
this arrangement it will be seen that a reverse movement of the 
arm ¢ can take place in either direction for a certain distance 


pal 
adjustable spring which is disposed in a casing B! connected to a 
shell. ©, represent the two parts of the movable member. 
D is the flexible diaphragm which is subject to the pressure of 
the external water on one side and to the pressure of the spring 
acting through the two parts of the movable member on the other 
side. E is the pendulum which surrounds the lower part of the 
casing B!, and is carried by links pivoted at the top of the casing. 
In the example illustrated, the part C is in form of a disc which 

attached to the flexible diaphragm D and to a stem ¢ by means 
of anut. The stem has a collar against which one end of the 
spring B bears. The other end of the spring lies in contact with 
an abutment piece b slidably mounted in the casing B!, and bear- 
ing against a screwed plug by means of which the tension of 
the spring is regulated in accordance with the position to which 
the ies is adjusted. The other part C! of the movable member 
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is in form of a ring which surrounds the disc C, and is furnished 
with an inwardly projecting flange that normally bears against a 
peripheral shoulder on the disc C, and thereby limits the outward 
movement of the disc with respect to the ring. The ring can 
only move inwards to alimited extent—7.e., until itsinner surface 
comes into contact with the adjacent portion of the casing B!. 
The disc C and the ring O! are normally held against the pressure 
of the external water by the spring B, which can be adjusted to 


be overcome by the pressure of the external water at any pre- | 
o reaches the’ 


determined ow of the to jo. When the torped 
depth for which the spring been set, the ring C! and the disc 
C are by the water pressure forced inwards together against the 
resistance of the spring until the inner surface of the ring bears 
against the adjacent portion of the casing Bl. If a further in- 
crease in the depth of the torpedo should take place, the disc C 
alone is moved inwards a further amount by the water pressure 
until its inner surface comes into contact with the adjacent por- 
tion of the casing B', this further movement of the disc correct- 
ing or preventing the abnormal diving by neutralising the 
effect of the pendulum on the rudders. The depth at which 
the further movement of the disc takes ap will depend upon 
the relative areas of the disc and ring. The collar on the stem c 





without affecting the arm f. Then, if hy continued t of 
the arm c in contact with the arm /, say, more resistance is 
inserted in the field-circuit of the dynamo, and the electromotive 
force reduced, the voltmet trol ¢ will respond, and will 
cause the motor d to work in such a direction as to cut out resist- 
ance in the lamp-vircuit resistance a, which operation van be 
effected without moving the arm /, and thereby a “hunting” 
action is avoided. (Accepted February 19, 1913.) 


14,087/12. Siemens - Schuckertwerke, G.m.b.H., 
Ber . Motor-Starters. [4 Figs.) June 21, 
1912. — This invention has reference to electro-magnetically- 
operated mercury switches and switch arrangements, and relates 
more particularly to the application of mercury switches or con- 
tactors provided with electre-magnetically-operated plungers for 
displacing or altering the level of the mercury, to the starting of 
electric motors. According to the invention, a starting arrange- 
ment for electric motors comprises a mercury switch controlling 








only a single pair of contacts, and actuated by an electro-mag- 

ically-operated plunger, or com ing two or more such 
switches, each operating and acti in the same way. m is the 
motor, which is provided with an ordinary switch # operated by 
hand or automatically. The body of the mercury switch is 
tubular or cylindrical, and serves not only as a container for 
the en —— as a ee & os on fo os dis- 
placer plunger or -core le t v! two 
terminals or ‘Scomthen 








, g, the latter being situated in a, 


gages with an arm which is connected to a link e* moving 
with the pendulum E and to the steering-engine that controls 
the horizontal rudders of the torpedo by a system of floating 
levers. By reason of the above-descri system of levers the 
rudder is under the joint control of the disc C and the pendulum 
E, as is well understood. (Sealed April 17, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 

27,070/12. Aktieng Brown, Boveri and 
Cie, Baden, Switzerland. Marine Turbine Installa- 
tions. {1 Fig.} April 24, 1912.—This invention relates to a 
marine-turbine installation of the type having two propeller- 
shafts, each of which is driven by a high and low-pressure ele- 
ment, and in which smaller outputs are obtained when the high- 
pressure elements are in series and the low-pressure elements in 
parallel, but increased outputs when the elements driving one 
shaft are in parallel with those driving the other shaft, the object 
of the invention being to increase the over-all efficiency of such 
an installation at all outputs. The invention consists in a marine 
installation of the above type, in which all the elements are 

b curiae’ 3 oom the in tle ~~ “a Lp Aare 
. In carrying vention into effect, acco! to 
method illustrated matically in the drawing,  ~ 
propeller-shaft a carries a gear-wheel b, with which engage two 
pinion-wheels c, the latter being mounted upon the shafts d. 
Over the four shafts d are distributed four turbine elements 
J, g, h, and-k, of which f and g’are high-pressure elements 
and A and k low-pressure elements, each propeller-shaft a being 
thus driven by a high-pressure and a low-pressure turbine 
ment. By ane a » ng wh —_ to the 
“pressure element passes from ce @ con- 
duit n to the high-pressure element g.. The steam exhausted 
from the latter then divides between the conduits p and r, and 
passes through the low-pressure elements A and k, in 
parallel. “pressure elements: f and g are thus in 
series and the low-pressure elements and & in , decreased 
outputs of the installation are obtained. In the conduit ris a 








valve s, and‘in the conduit » a three-way valve t,.by which steam 
passing from the element /, may be deliv either into the 
element g or into a branch conduit leading to the condult r. An 
additional conduit v is also provided for admitting steam directly 
to the high-pressure element gy. Usually astern-turbine element 
w are incorporated with the low-pressure turbine elements h 
and.k in a known manner. When increased outputs of the 
installation are required the valve s is closed and the conduit r 
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put in communication with the turbine f by adjusting the three. 
way valve t. Steam is then admitted to the high-pressure ele. 
ment f by the conduit m and at the same time to the high-pres. 
sure element g by the conduit v, whereupon the steam passes 
successively through the elements f and k, which form a pair of 
elements in parallel with the pair of elements g and A. Thus the 
pair of elements driving one propeller-shaft is in parallel with 
that driving the other, and the elements in each pair are in series. 
(Accepted February 19, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


8967/12, R. Aitken, Westminster... Water-Tube 
Boilers. [4 ‘. April 16, 1912.—The invention relates to 
boilers of the Yarrow type having upper and lower water- 
cylinders d._ by inclined tubes, and consists in the com- 
bination of the following features :—1. The tubes on their inner 
and lower sides face directly the flow of the gases of combustion 
throughout their entire leogth. 2. The tubes are heated on 
their upper and outer surfaces by the gases, which are deflected 
downwards and kept in contact with the tubes by a casing 
located at a certain distance from the outer surface of the tubes, 
which casing is closed at its upper end and is open at its lower 
end. 3. The provision of an outer casing having a number of 

el passages, some or all of which receive at their lower ends 
the gases of combustion leaving the inner casing, and are open at 
their upper ends to the outlet flue. a is the upper water-cylinder 
or steam-drum, } are the water-tubes, c, c are the lower water- 


+ 











(8967) 


cylinders or water-pockets, d is the grate, and ¢ is the ordinary 
outlet flue for the waste products of combustion. The water- 
tubes b are covered with casings f, which are generally closed at 
the top by means of doors /1, and are open at the lower t at 
S%. casings f are covered with outer casings 9 eading 
upwards into the flue e. The gases first pass between the tubes 
b into the space between the casings f and the tubes }, then 
downwards and through the openings 2, and finally upwards 
between the casings g and f. The valves or doors 1 are provided 
to enable a direct e to be obtained into the flue ¢ for 
various purposes. The valves /! covering the openings at the 
top of the flue will be opened when the tubes have to be cleaned, 
for ventilation and cooling, and it may be found necessary to 
open them when the furnaces are consuming a large amount of 
coal, and as much air as possible has to be passed through the 
furnace. (Accepted February 19, 1913.) 





Tata Hypro-Erectric Power Suppty ComPany.— 
We. are given to understand that the total ca ities of 
the motors and transformers to be applied to the textile 
mills and fiour-mills in the Bombay district, which are 
to derive their power from the mains of the above com 
pany, will ex :—Motors, 36,000 brake horse-power ; 
transformers, 40,000 kilovolt-amperes. At the present 
time, twenty-seven textile-mills and two flour-mills are 
to be electrified, and the whole of their equipment 18 
being manufactured by the British Westinghouse Com- 
pany. It includes, besides motors and transformers, the 
complete control-gear for each mill, 
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COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 
(Continued from page 590.) 
V.—Rate-Fixine—(continued). 

Analysis of Operations.—In calculating rates for 
machining, sufficient time must be allowed for 
the machinist to prepare the machine, to obtain 
the various appliances necessary for performing the 
operation, the special cutting-tools required, and 
the gauges and templates for sizing the component 
during the several stages of the operation. This 
time should be allowed for under the head of 
“preparing ;” and the total time required for 
such preparation should be equally distributed 
over the number of components operated upon at 

e time. 
he time for setting the work on the machine, 
or between the centres of the lathe, should be 
carefully studied. With the component illustrated 
below, the overhead crane will at all times be re- 
quired ; and although exact times for each lift can be 
obtained by observation, it must be borne in mind 
that occasionally more than one machinist will 


4.2. Fig. 2. 


The local conditions must be taken into account ; 
in some places it is customary to draw up an agree- 
ment with the forge-man only, the helpers being 
paid by him, so that with an avaricious man, who 
retained the lion’s share for himself, the helpers 
would receive scant recompense for their labours. 
The results from such an arrangement are seldom 
satisfactory ; and latterly the system of giving all 
the gang a direct interest in the work 1 omy ao 
practised with much suceess ; a fellowship agree- 
ment being made, giving each man a fixed per- 
centage of the earnings of the gang. It being 
customary to allow the men to get their meals 
while the work is being heated, they are credited 
with continuous time for each day’s work. 

The gang allowed for, and their percentages, in 
the following estimate are :—Forge-man, 28 per 
cent.; furnace-man, 22 per cent.; two helpers, 
each 16 per cent.; steam-hammer man, 18 per 
cent.; the day-rate of the gang being 3s. 6d. per 
hour. This may, however, - increased by means 
of an accelerated output by 25 to 50 per cent., the 
usual amount being the latter. 





The workshop equipment and tools available, 
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need the services of the crane at the same time, 


and to make allowance for this a margin of at 
least 30 per cent. should be added to the actual 
time observed. The proportion of time for pre- 
paration, times for lifting with crane, setting work 
and getting machine ready to start the first cut, is, 
in the following lists of estimated times for 
operations, allowed for under the head of ‘“‘ pre- 
parting and setting.” 

When the cutting times are being calculated, 
there should be estimated the time required for the 
variable factors : grinding tools and securing and 
setting in machine, changing tools, starting the 
cut and sizing, all of which must be done before 
the calculated cutting time can be considered as 
commencing ; also, the time necessary for returning 
the tool to the — point, or any other place 
required, should be allowed for on each cut. In 
the following lists (see pages 656 and 657) thevariable 
factors are allowed for in the right-hand column 
under the head of ‘‘ setting and allowances.” 

When all the cutting times and allowances for 
the variable factors have been estimated, a small 

reentage should be added as a further allowance. 
tis evident that the man will, so to speak, need to 
straighten his back during the day ; and the more 
arduous and unremitting the application n 
for the performance of the operation the greater 
this allowance should be. In the case of machine- 
work, where there is a considerable period of self- 
call cutting time, an allowance of 8 cent. 
¥ be sufficient ; while in the machine and 
forging-shops on a small class of work an allowance 
of 12.5 per cent. would not be excessive. In the 
heavy-forging shops it is unm to make any 
allowance, the time allowed for heating the forgings 
‘ to a considerable extent a period of relaxation 
or the forge-men. 

P The forging and machining of the connecting-rod 
vill * marine-engine—4000 to 5000 horse-power— 
Serve as an illustration for the methods 
*mployed in fixing rates for the various operations 
performed in the forge and machine-shop. 
the Figs, 2 to 5 the rod is ag) rap machined, 
chain-line serving to show the extreme dia- 
meters and other dimensions to be allowed for in 
waa ; the forging will be irregular in shape 
this size, and due allowance should be made for 


In estimating the cost for forgi 
Behar t rging a rod of these 
dimensions detinite figures cannot be given which 
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whether the furnace is heated by coal, gas, or 
electric current, the hydraulic press or steam- 
hammer and power of each, also facilities for 
handling and manipulating at hammer or press, are 
factors which must be taken into consideration. 
It will be assumed that the plant at the disposal 
of the forge-man consists of a coal furnace with 
induced draught for heating material, and a 10-ton 
steam-hammer for working it. No special tools are 
provided, those available being the common swages, 
fullers, and cutters used for general production ; 
the couplings, clamps, and porter-bar, with star- 
handles for manipulating the work, are also those 
in general use ; an overhead crane is provided for 
handling purposes. 

The material required will be an ingot of steel 
about 26in. by 18in. by 46in., and weighing 
about 54 cwt., the weight of the finished forging 
being about 51 cwt. ° 

The first operation will be securely clamping a 
coupling to one end of the ingot for the purpose 
of attaching the porter-bar; and as the piece of 
material is so short and must be placed well within 
the furnace, a balance-weight should also be attached 
to the outer end of the porter-bar to facilitate 
handling. 

The material is now ready to be put in the 
furnace ; this should, if possible, be arranged to take 
place just before ceasing work for the day, so that 
the ingot remains in the furnace all night with the 
damper shut. This will heat the material slowly, 
thus preventing any internal fractures, which are 
generally ca’ by unequal strains set up by too 
rapid and irregular heating. The time occupied 
in preparing the material, placing in and closing 
up the furnace, should not exceed 2.5 hours. 

The next morning the furnace-man will arrive 
and recharge the furnace one hour previous to the 
remainder of the gang commencing work. On 
their arrival preparations for working the first 
heat must be am By The steam-hammer man will 
lubricate all working parts of the hammer, warm 
up the cylinder, and get rid of the condensed 
steam, which is troublesome when getting a start. 
He will also, by means of heaters prepared by the 
furnace-man, take the chill off the lower end of 
the piston-rod, the helpers of the gang treating all 
the tools to be used in a similar manner. 

One hour after commencing work the material 
should be ready for the first heat to be worked 
under the hammer. The crank end is flattened 





will be suitable for any and every forging plant. 





till it is about the width required, also the first 





stage of forming the centre portion is done by 
fullering the material down to about 14 in. in 
diameter. It will now be necessary to return the 
material to the furnace. Time for working first 
heat, 1.25 hours. The reheating for second opera- 
tion will take about 1.5 hours. 

At the second heat the crank end will be fo 
to size and cut to length and shape on end, leaving 
sufficient at the centre to form a roughly-drawn 
tag to facilitate handling—by means of a coupling 
and porter-bar—when forging fork end of rod. 
Time for working second heat, 1.25 hours. The 
coupling and porter-bar used for first and second 
operations should now be removed, and the porter- 
bar attached by a smaller coupling to the tag on 
the crank end of the rod, the latter being then 
returned to the furnace for reheating preparatory 
to forging the fork end. The time allowed for 
reversing the porter-bar and placing the rod in the 
furnace is 1.5 So. The reheating for the third 
operation will take about 2 hours. At the third 
heat the remainder of the material will be drawn 
to about 22 in. by 17 in., and the centre of rod 
fullered to about 12 in. in diameter. Time for 
working third heat, 1.25 hours. 

Returning the rod to the furnace, it can be left 
till the next day, when the furnace-man will, as on 
the previous day, arrive and recharge the furnace ; 
the remainder of the ay bene also carry out the 
operations of preparing hammer and tools as 
before. The fourth heat will be ready about one 
hour after the gang has commenced work. 

At the fourth heat the fork end will be further 
flattened to form the small part of the fork, and the 
centre of the rod will be swaged to diameter and 
length. Time for working fourth heat, 1.25 hours. 
Returning the rod to the furnace, the reheating for 
the fifth operation will take about one hour. 

At the fifth heat the inside end of the fork and 
boss of joint will be finished ; the forging will also 
be cut off and finished to over-all length. Time for 
fifth heat, 0.75 hour. The porter-bar and couplin 
should now be removed from the tag on the cran 
end and attached to the fork end. The rod can 
now be reheated for finishing the crank end. The 
time for removing porter-bar and refixing on fork 
end will be about 0.75 hour. Time for reheating 
for sixth operation is about 0.75 hour. 

At the sixth heat the tag is removed from the 
crank-end, and also any burr left from previous 
cutting. The rod is now my and should at once 
be placed in the annealing furnace, after which 
process it can be to the machinists for com- 
pletion. Time for sixth heat, removing porter-bar 
and coupling, and removing to annealing furnace, 
is about 0.75 hour. 

The total time for the operation of forging is 
made up as follows :— 


Hours. 
Preparing .. . = ~ - mc os 2.5 
Heating, morning ia + ‘ 1.0 
Working 1st heat = ee 1.25 
Rehea: ng a ee - oe 1.5 
Working heat os be és 1.25 
Removing and refixing porter-bar, &., 1.5 
es ma | - ‘ ¥ on 2.0 
Working 8rd heat 1.25 
aoe in furnace 0.25 
Reheating has 1.0 
Wor' 4th heat 1.25 | 
Reheating ld ve 1.0 
Working 5th heat - . - 0.76 
Removing and refixing porter-bar .. 0.75 
Reheating s és * “ 0.75 
Working 6th heat 0.75 
Total 18.65 


Rate of gang = day-rate plus 50 per cent. = 
3s. 6d. + Is. 9d. = 5s. 3d. 


18.55 hours at 5s. 3d. os 
Add 2 hours for furnace-man 


ch 
23? 
<-m 





419 7 
Net wages cost, say, 5l. 

a d, 
Forge-man 27 3 
Furnace-man “4 ° 

Hel; qd 16 
Pore (2) se 16.7 
Hammer-man 17.7 
Total 100 0 


On receipt of the forgmgs of rods by the machinist 
section, it is the general rule to try them ever on the 
lining-out table. Having ascertained that sufficient 
material has been left for machining, the principal 
dimensions—centre and — of crank end, posi- 
tion of centre for large ius on fork end, and 
distance between centres—are marked for the 
guidance of the turner, the centres on which the rod 
will be turned being also marked ready for drilling. 





The rods are now ready for machining, and 
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economy will best be served if machined in batches 
of six (or seven if one is made for spare) at a time. 
On the assumption that at least six will follow in 
pen as nearly as possible, the time for each 
ration has hone estimated, the 
t observed in a general shop w 


engines are not a 


a) ae centres at 
machine :— 


n, 
yreperin ith centre 
Gemnehar ng e 


ue ends) 


speciality. 


horizontal 


and setting (twice).. 
rill to 1.5 in. in 


0.25 Ay in diameter, 


Countersink: ing for centres 1 in. in 


diameter(two ends) . 
Removing from machine 
Allowance, 10 per cent. 


Total, 1. 49 | hours 


uence being 
ere marine 


Cutting Setting and 
Times. 


Hours. 





Rian Turning, oun ng :— 
i id setting és 
le diameter from 
$l-in. over corners to 
= in., two om two 


Small diameter from 
28,25 in, to 26.25 in., one 
cut, two tools, allow | 
1 in. of travel for start- 
in each tool . | 
pn Ree end and 
roug’ hing us ; aver. | 
diameter, 18 in.; 
eve — (two tools, | 
Phy inside end and | 
radius to centre part ; 
10.5 in, in diameter ; 
average diameter, 21in., 
‘ three cuts, one tool .. 
a = to diameter of 
el part and radii to 
Perall diameter centre part; 
average sn 14 in. ; 3 
three cuts 
Taper portion ‘centre of rod, 
two cuts, one tool; average 
diameter, 10 5in. .. 
Removing from machine and 
cleaning down a 
Allowance, 8 per cent. 


Total, 27.04 hours 








(3) Finish - turning rallel | 
fay wep oer ian ol 
at fork end 


Preparing tA sathing x | 

“er one cut 

in. ” ” | 
Facing outside; ,, ,, 

end to small | 


Pe | 
2.5-in.’) | 
travel, 





Total, 17.28 hours 
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3.5 | 





Allowances. 
Hours. 


0.5 





Setting & 
Allow- 


0,25 


C.33 
0.16 


0.5 
16 


6.11 





If it be found advisable to ws use more than one 
machine for the turning—which is the longest 
operation—it should, if possible, be arranged that 
the different machines perform a separate portion 


of the o) 
in the following 
Turning : (1) soaring i 
tions, taper and 


(2) finishing 


us at ce 


peration. This can be split up as shown 
list. of estimated hens a 


el por 





of Goer; 





(4) Finishing radius inside 
crank end, with radial rest : 
Radius g and setting . 
jus 7 in., cd BE 


One cut 
20 20 in. 


Facing end of cran sind left 
by radius—diameter, 28 in. ; 
owe cuts ° 

Removing from ‘machine and 
cleaning down , 

Allowance, 8 per cent. 


Total, 4.95 hours 








(5) Finishing radii outside | 
crank end and on fork with | 
radial rest 

Preparing and © setting - 

Conabeond radius, | Une cut 
av. dia., 14 in. 

Fork-end. radius, 
av. dia., 14 in. 

Removing from ‘machine and 
cleaning down : 

Allowance, 8 per cent. 


Total, 6.36 hours 


One cut 








Cutting 
Times. 


iz 
F| 


| 
(6) Planing faces, crank end, 
to thickness, and outside 
JSaces of fork end to width| 
(two rods at one time) :— 
Preparing and setting P 
Crank end face stroke 33 in., | 
two — one cut . | 
ti 


Ditto 
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Ditto |)| 
Fork-end * | one cut .. | 


~ 
o 


= § >: =- e°o Sef 
Ss FB SAK SRK 


Turn over and rese 
times for cutting and 
tool allowances as 
Plus 0.25 hr. for gauging 
Removing from machine and 
cleaning down 
Allowance, 8 per cent. 


Total, 21.18 hours for two = 
10.59 hours for one eb 








When one rod is planed, cuttin; 
allowance = 5 hours. 


time, 18.22 hours; setting and 
tal, 18.22 hours for one. 


£ g.| 


- BE 


(7) Pinhing for to thickness 
at slab ing-machine :— 
a for wane cutters, 


Roughing travel 1 . + Sin. 
at 5 to form 
radius = 17 Pin. +15 me 82 


Finishin 


ws he in. bdiae 
at ee 


in, per in. 
Turn over and reset .. 
times 


Repeat for second side 

Removing from machine and 
cleaning down wa 

Allowance, 10 per cent. 


Total, 5.64 hours 





(8) Rough | boring crank end 








(9) Boring radius fork end :— 
Preparing and setting + 
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a ee 

rin, wit 
bar Sas cut- too in. dia 
ters 5A ” ” 
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— head - one tool to 


10 in. dia. 

Removing from machine and 
cleaning down te aS 

Allowance, 8 per cent. 


Total, 8.54 hours 





(10) Removing centre-piece to 
form fork at band-saw :— 

ae gener hy and — 

Two cuts . 


Removing from machine and 
cleaning down 
Allowance, 8 per cent. 


Total, 4.11 hours 
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(11) Finishing faces of fork 
end at vertical milling 
machine, the outside faces 
already rough-planed, the 
inside faces left from band- 
8a : — seeieies 

Pre ng and settin 

Firat insile face, firee cut 


* second cut 
First oute‘de face, one cut .. 
Repeat times for second faces, 
inside and outside 
Removing from machine and 
cleaning down $ 
Allowance, 10 per cent. 


Total, 4.08 hours 
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and setting 
Dei jing hole 3 in. dia. 
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and cutters to6.5 ,, 
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si “ ea 
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Removing from machine and 

cleaning down » 
Allowance, 8 per cent. 


Total, 6.14 hours 
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end to thickness, and rough machine faces of fork to 


width, this being done 


of the rod, one setting for each side. 
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Si seas ES FG lox 
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in hrs. | hrs. 


4) Boring crank-end_ for at | 
Cite at horizontal machine. 
Bolt-holes "4 oe dia, :— ii 
ring and setting | — — — _ F 
= eT in. dia.; allow 


a for withdrawing | 

Drilling 2 drill at least fou: 

Hole ) times .. .. 30 0.0066 23.0 0.9 | 0.5 
(3.25 in. dia. - | 80 O01 | 225 1.08! 0.95 

Boring with fto3.48in.dia.| 30 0.01 | 22.5 1.16 0.33 

barand cutter \to3.5in. dia. 15 | 0.02 | 225  1.16/ 0.33 


Facing for nut 7 in. dia.; 

allow several revolutions 

for finishing face .. .-, 20 O01 2.0 0.45 0.33 
Recessing for nut 5 in. dia.; 

allow several revolutions 

for finishing face .. | @ 0.01 1.5 0.2 0.25 
Facing for bolt-head 5.8 in. 

dia.; allow several revolu- 

















tions for finishing face .. 20 0.01 1.2 0.16) 0.16 
0.5-in. radius for bolt-head ... -— _ 0.16 | 0.16 
ing and setting for 
second hole .. oe i = _— — — | 05 
Repeat times as for first hole — — — 5.27 | 2.81 

Removing from machine and 
cleaning down = | — - - — 0.5 
Allowance, 10 per cen’ : — - _ -- 1.7 
Total, 18.86 hours rd — 10.54 | 8.32 
i 2 ie * 
Shee [4,) 2. 28 
ths bl o. oi 3$ isse 
gs 3 >& | eS | ok 3<% 
5) 393] £8 | Fe ea 
Dn a & oO" @ 
in hrs. hrs. 
(15) Finishing boring erank- 
end for bearings and fork- 
end for crosshead pin at 
one setting at horizontal 
machine :— 
Preparing and setting | — | — —_ site 1.00 


Boring crank-end from 18 in. 
to 18.95 in., one cut, three 
tools in boring-head pa 

Finishing cut, one tool, 19 in. 
in diameter .. o0 wt 

Setting machine for second 
boring én oe = — — _ 

Boring for crosshead pin 
6.98 in. in diameter, two 


30 | 0.62 | 125/175 0.35 
0.02 | 125 2.58 | 0.5 
0.33 















































tools .. os oe --| 80 0.02 5.5 | 0.3 0.25 
Finishing cut, 7 in. in dia- 
meter, one tool .. --| @ 0.02 11.0 | 0.85 0.33 
Removing from machine and 
cleaning down - | = — — — | 06 
Allowance, 10 percent. ..,| — _- — i - 1 ae 
I -  —_ 
Total, 9.62 hours ol — _— 6.48 4.14 
| es | 5 s to be é 
$| 3 €i/os l=s 
xs ics $i-se 
= $5| xf | 53/28 [<8 
S|] Sa | £8 | Fa log 
7) a B o n 
in bra. | hrs. 
16) Parting cap from rod and| 
Jinishing faces at slotting-| 
machine ; stroke, 15 in. :— | 
Preparing anid setting | = — _ - 0.66 
Parting cut, 0.75 in. wide ..| 15 0.0066 | 1.25 | 0.55 | 0.25 
Removing cap .. A ‘ - — - — 0.16 
Finishing face) Onecut ..| 25 | 0.02 8.0 | 0.66} 0.16 
of rod a ..| 20 | 0.08 8.0 | 0.55 | 0.16 
Removing rod from machine 
and resetting cap .. . - 0.5 
Finishing cap-face; repeat) | | 
timesasforrod .. a ~ | 1.11} 0.33 
Removing from machine and | 
cleaning down +B oe = 0.33 
Allowance, 8 per cent. 0.45 
Total, 5.87 hours a - — | 2.87 | 3.00 
cf < te bo» 
|" Big “ae / £86 
ls 3/38 Ss 
‘oma ig $s 3 os +E —— 3 
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(17) Finishing crown of fork-| 
end at vertical milling-| 
machine : 
Preparing and setting — _ — — | 0.66 
ing cut .. a ..| 85 |Lin. per 40 0,67 0.33 
“= | min. 
Finishing cut, change cutters) 35 [2in. per, 40 | 0.34 | 0.5 


} min, 
Removing from machine and| 


ing down ay _ _ _ ial = [os 
ce, 10 per cent. | — _ — j= oe 
Total, 3.25 hours | — — — | 101 | 2% 


done either at the slab milling-machine or planing- 
machine. Assuming that only the latter is avail- 
able for this operation, it will be best to machine 
Wo sides at a time when this is possible. 
Rough-boring the crank end for bearings may be 
eer nt, ee by drilling and boring the 
to shavings, or trepanning a solid piece, 
shout 2 in. smaller than the hole, at the ae 





; |it from sharp corners, and one shackle was passed 


machine. The latter method is by far the most 
economical, and can be performed by means of 
(a) a special tubular boring-head, carrying a number 
of tools at its lower end, and cutting out the piece 
at one operation; or(b) by an ordinary boring-head of 
a convenient diameter, having three or more part- 
ing tools projecting sufficiently to cut half-way 
through the rod, the latter being turned over to 
complete the operation. 

Before any finishing is done to the ends of the 
rod as much material as possible should be re- 
moved. The crank end should be parted nearly 
through—to form the cap—after rough boring, to 
relieve any internal stresses in the material ; the 
parting being complete on one side and partial on 
the other, as shown in Fig. 2, leaving from 0.75 in. 
to 1 in. to hold the two parts together, till the 
finish-boring for bolts and bearings is completed. 
The cap is afterwards cut off, and the faces of 
both parts finished. A pair of dummy bolts is 
usually fitted to the bolt-holes while the boring 
for bearings is in progress. 

The estimated times occupied in finishing the 
connecting-rod illustrated are given in the tabular 
statements in the preceding columns, and these 
examples are sufficient to show how times can be 
estimated for the performance of the various machine 
operations. Conditions vary in different workshops ; 
and no doubt in some the times estimated for the 
operations—or some of them—would be too low, 
while in others with special plant the times might 
be reduced. 

From these times, which should be calculated as 
the minimum—for conditions in the shops concerned 
—the maximum time to be allowed for any parti- 
cular operation can be ascertained ; the premium 
or bonus being arranged for on these bases. 

If the esos fs factors are carefully estimated in 
accordance with the prevailing conditions, and the 
cutting times estimated from the known capacity of 
the various machines, there is little fear that the 
minimum time on any operation will be less than 
that estimated. 

(To be continued.) 








THE BEAVER BRIDGE OVER THE 
OHIO RIVER. 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Concluded from page 560.) 

Ir was intended to deliver all of the material for 
the structure between the piers on barges, and 
hoist it directly to position by the traveller tackles. 
This was accomplished for the first cantilever arm 
and for part of the second, after which the water 
became so low that the barges could not be towed 
to position, and the material had to be tran- 
shipped and delivered to the traveller through the 
completed portion of the structure. The heaviest 
members handled by the traveller tackles were the 
42-ton lower chord sections, 64 ft. long. Very few 
special devices besides a lifting-beam were used for 
connecting the hoisting tackles to the large mem- 
bers, which was usually effected by a sling made of 
450 ft. of §-in. flexible plough-steel cable, rove 
in seventeen parts amt the 4-in. pins of two 
large shackles. The shackles were put under strain 
to secure uniform tension in different parts of the 
rope, which was then seized together at frequent 
intervals. The rope was passed around the member 
to be lifted, with wooden cushion-pieces to protect 


through the other one. Sets of eye-bars were 
usually bolted together with wooden fillers, giving 
them accurate spacing, and were hoisted to position 
and erected as single members up to weights of 
34 tons in each group. 

The main truss-pins, weighing up to nearly 
6000 lb. each, were fitted with sectional screwed 
pilot-nuts and driving-nuts, and were easily driven, 
in from 30 to 90 minutes, bya 12-in. by 12-in. steel 
billet, 10 ft. long, suspended by a U-bolt through its 
centre of gravity, and operated by men on working 
platforms, who swung it without danger by ropes. 
As the traveller advanced, it cnnalatel the 
erection of all the structural steel, excepting the 
skid girders, and handled over 200 tons of steel 
with a crew of 30 men in one 8-hour day. At least 
75 per cent. of all holes for field rivets in the splices 
were filled with service bolts or drift-pins, and were 
replaced as soon as possible by field rivets driven 
by pneumatic hammers and pneumatic. buckers, 
which were considered very efficient. Some of the 








which were driven at a maximum rate of 700 per 
day for each of the fifteen 4-man gangs. Less than 
3 per cent. of the field rivets failed to pass a rigid 
inspection. The riveting tools were operated by 
se ams air supplied by electrically - driven 
machines on both sides of the river. 

The erection was greatly impeded by very in- 
clement weather, which frequently stopped all 
operations, and by the low water in the river, 
which —— the delivery of material for several 
weeks. Nevertheless, the 16,000 tons of heavy 
members were erected at a considerable height, 
and without serious or fatal accident, in 223 working 
days. The first anchor-arm, exclusive of the floor 
and skid girders, was erected in 41 days of elapsed 
time. The erection of the main vertical post 
required 33days. The first cantilever arm and the 
connecting half of the centre span were erected in 
40 days of elapsed time. The corresponding a 
on the opposite side of the river were e in 
about the same time, and the 370-ft. approach 
span, weighing 2209 tons, was erected, exclusive of 
the floor, in 114 eight-hour working-days, after 
the gantry traveller was in readiness. All work, 
including the erection of the falsework, was done 
by a maximum force of 100 men. 

Centre-Span Erection Adjustments.—As the ends 
of the centre span were connected to the extremities 
of the cantilever arms by pins engaging slotted holes 
to provide for longitudinal temperature movement, 
adjustment devices (see Figs. 190 to 194, 658, 
and Figs. 195 to 207, page 659) were required to main- 
tain them in position om erection, and to afford 
slight vertical and longitudinal displacement neces- 
sary to make the final connection in the centre 
panel of the suspended span. Temporary adjust- 
ments were therefore provided; consisting of a 
semi-toggle (Fig. 190 and Figs. 203 to 207) in 
each top chord-panel U 18—U 20, and a wedge 
bearing (see lower left-hand corner of Fig. 190 and 
Figs. 195 to 202) in each bottom chord-panel 
U 17—L 18, all of which were operated by screw-and- 
ratchet devices, and were removed after the erection 
was completed. Before the erection of the centre 
span was commenced the devices were put in 
position and adjusted to maintain the trusses at 
an elevation slightly higher than that required for 
their final connection. Those in the top chords 
were operated under a stress of about 1,250,000 Ib. 
each, and those in the bottom chords at a stress of 
1,255,000 Ib. 

The false top chord eye-bars U 18—U 20 have 
slotted hole connections for pin U 19, which engages 
a riveted vertical member U 19—M 19. This 
member was made with upper and lower sec- 
tions, connected by a 10-in. vertical screw, 16 ft. 
long, with right and left-hand threads at the 
opposite ends engaging cast-steel nuts in trunnion 
bearings rigidly attached to the riveted member. 
This screw was turned by a ratchet-wheel operated 
by a spring pawl with along lever-handle (Fig. 193), 
and pulled the top chord-bars down out of line to 
lift the end of the truss or let them back to line to 
lower the end of the truss. The maximum operat- 
ing stress in the nuts was 350,000 lb. when the 
final connections were made, and the maximum 
static load stress was 359,000 lb. when the creeper 
traveller was at point U 14—L 16. 

The false bottom chord-piece L 16—L 18, con- 
necting the cantilever arm and centre span, is a 
riveted member with a ae joint about 3 ft. 
eccentric from L 12, where there is a 12-in. pin 
L18 B, which engages a slotted hole in one part 
of the member and a round hole in the other part. 
A third 12-in. pin, L 18 C, was temporarily sisal 
in the slotted-hole part of the member about 5 ft. 
from L 18 B, and the adjustment devices were 
attached to the pins L18B and L18C, providing 
for a relative displacement of 7 in. in the pins, 
equal to the length of the slotted hole at L18B. 
Temporary bearing castings (Fig. 195) were pivoted 
by the pins L18B and L18C to the webs of the 
movable false chord- member L17—L18. The 
finished approximately vertical faces of the bearing 
castings were separated by a cast-steel wedge about 
6 ft. long, operated by a 5-in. vertical screw 10 ft. 
long, which passed we the centre of the wedge, 
with nut bearings at both ends of it. It was 
operated by a cylindrical cast-steel nut bearing on 
a horizontal beam supported at both ends by ver- 
tical nuts pivoted to the wedge-bearing castings, as 
shown in Fig. 190. The nut was turned by a long 
lever with a ratchet and pawl. 

During erection, temporary lateral diagonal rods 





splices contained as many as 1200 field rivets, 





were provided in panel 18—29, and temporary 
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vertical membere U 18—M 19, made up chiefly of | 
eye-bars, borrowed from lower chord-panel L 22— 
L 23, were provided to complete the truss system 
when the creeper traveller was at U 19. 

The measurements, calculations, and adjustments 
proved to be so exact, and the shop and erection 
work so accurate, that the trusses were very nearly 
in correct position when completed to the centre 
of the span and required very little change ; this 
was easily made by the adjustment devices, which 
enabled the final connection to be made, which was 
done by bolting in top chord U 22—U 22. 

Photographs illustrating interesting points re- 
lating to the bridge itself, or to the methods 
employed in its erection, are reproduced in Figs. 
208 to 215, pages 660 and 661. A view of the 
gantry traveller used in erecting the cantilevers 
adjacent to the banks of the river is given in 
Fig. 210. It shows clearly how the material was 
conveyed on railway trucks within reach of the 
lifting tackle. Fig. 211 shows one of the portals 





of the bridge, and perhaps fails to convey an 


adequate idea of the dimensions of the structure. 
Figs. 208 and 209 illustrate the erection and con- 





™ (Bar 12> 2 (Temporary) 


necting of lower chord members. The driving of 
the pin at L 10—that is to say, at the bottom of the 
tower at one of the river piers—is illustrated in 
Fig. 212, page 661, whilst the cast-steel cap, through 
which the pressure of the eye-bar is transmitted to 
this tower, is represented in Fig. 213. Another 
view of this cap, showing the pin with its torpedo- 
shaped ‘‘ pilot ” extension, is illustrated in Fig. 215. 
In Fig. 214 the creeper traveller, by which the 
channel spans were erected, is shown in operation 
setting the final section of the top chord of the 
suspended span. 

Train Tests and Stress Measurement.—Before the 
bridge was placed in service two very heavy trains 
were made up and moved simultaneously across 
the main span in the same direction on the two 
tracks. Each train was made up of four locomo- 
tives, each 66 ft. long over all, weighing 336,000 Ib. 
each, with five of the heaviest cars available, each 
about 314 ft. long and weighing about 150,000 Ib. 
each on each side of each group of locomotives, 
making a total live load of 5,684, 300 Ib., almost 
equally divided between the two tracks. Under 
this load the maximum deflection was 5 in. The 
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trains were moved at a slow speed, and no serious 
vibrations or indications of distress or injury were 
observed. While the bridge was thus heavily 
loaded the anchor pier-wedges were adjusted. _ 
In order to measure the deformations of the prin- 
cipal truss members and their elements, such 8 
— and splice-plates and lattice-bars under 
ifferent conditions of loading and stress, provision 
was made for the application of an extensometer at 
every main panel point of each truss. Several 
thousand pairs of fixed points about 20 in. apart 
were located on the members in lines parallel 
to the direction of stress, and were marked by 
drillin gyin- holes } in. deep, with the upper 
end slightly reamed to afford the correct line 
of contact with the conical extensometer point. 
The hole was located by a circular line about 1 i. 
in diameter, cut in the steel around them by 4 
punch-tool, and by paint marks and record numbers 
to enable them to be easily found and identified. 
The distances between the points were carefully 
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measured and recorded after the fabrication and 
before they were erected, when they were under 
no stress; again after the bridge was swung and 
subject to dead load only ; and a third time when 
the — was subject to live-load stresses. It is 
ex that an analysis of these records will give 
valuable data on the elasticity of the members and 
the actual distribution of stresses. 

The design, fabrication, and erection of the 
bridge were completed under the direction of the 
engineering department of the Pittsburg and 
Lake Erie Railroad, Mr. J. A. Atwood, chief 
engineer, Mr. A. R. Raymer, assistant chief engi- 
neer, Mr. Albert Lucius, New York, consulti 
engineer, and in charge of inspection. The gene 
contract was awarded to the McClintic- hall 
Construction Company, Pittsburg, Mr. Paul L. 
Wolfel, chief engineer. The substructure was built 
by the Dravo Contracting Company. Mr. S. P. 

itchell was eonsulting engineer of erection, 
Mr. L. L. Jewel engineer of erection, and: Mr. 
John Ostrom engineer of inspection for the con- 
tractors. 
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LITERATURE. 


Jahrbuch der Schiffbautechnischen Gesellschaft. 
Vierzehnter Band, 1913. Berlin: Julius 
Springer. [Price 40 marks. ] 

Tue fourteenth volume of the Jahrbuch der 
Schiffbautechnischen Gesellschaft, now under notice, 
contains the proceedings of the Society in 1912, 
and from it we learn that in the year named this 
important society had 1671 members on its roll 
(against 1187 in 1907), of whom 770 were directly 
connected with the profession. The Grande Duke 
Friedrich August of Oldenburg remained President, 
Professor C. Busley, acting chairman, Professor J. 
Rudloff, also of Berlin, vice-chairman, and Dr. F. 
Hochstetter, of Berlin, N.W. 6, Schumannstr. 2, 
secretary. It is of special interest to note that the 
firms of Schichau, ing, and of A. Borsig, Tegel, 
near Berlin, celebrated their 75th anniversary in 
the year, and Messrs. Fried. Krupp, of Essen, their 
centenary. 

On the other hand, the volume records some heavy 
losses, and there were several very prominent 
men among the sixteen members who died in 1912. 
The best known’and most generally regretted of 
these was Rudolf Zimmermann, for many years at 
the head of the Stettiner Maschinenbau A-G. Vulcan, 
whose portrait forms the frontispiece of the volume. 





Porta. oF BripGe. 


After having taken part in the Franco-German 
war, R. Zimmermann learnt shipbuilding on the 
Clyde and the Tyne, as well as at Barrow-in-Furness, 
took charge of the Germaniawerft in 1884, and was 
offered the post of chief of the Vulcan Wharf in 
1895, a position which he retained till 1909. 
Several other of the deceased members had been 
connected with the Vulcan Works—O. L. Kummer, 
E. Merz, Rudolf Rothe, and Christian Schliiter. 
Adolph Hertz was manager of the German East 
Africa line; Alexander Herzberg was chiefly known 
for his work on hygiene; M. Kaufhold was 4 
manager of the Maschinenbau A.-G. Union, of 
n; O. Ludewig was a docks engineer; 4 
Maihak, was for some time editor of Uhland’s 
Praktischer Maschinen Konstrukteur, and sub-editor 
of the Zeitschrift des Vereines Deutscher Ingenieure ; 
Julius Pintsch was the youngest of three brothers, 
partners’ of the firm of J. Pintsch ; Ernst Schubert 
was in charge of the boiler department of the 
Schichau Works; Eduard Schwarz was an authority 
on pipes, and one of the founders of the Gesell- 
schaft fiir Hochdruckleitungen in Berlin; and 
L. Spieckermann was engine superintendent of 
the Woerman Line. 
The proceedings dealt with in the volume under 
notice relate to the two meetings held at Kiel 





in June and at Charlottenburg in November, 
1912. The Grand Duke, who takes his duties very 
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conscientiously, was only able to preside at the 
second meeting. Some of the discussions should be 
studied. 

The first paper in the volume is one by Mr. G. 
Berling, of Kiel, on ‘‘The Development of Sub- 
marines and their Machinery.” Having explained 
the arrangement of the tanks by the aid of which 
submarines sink and rise and keep in equilibrium, 
and discussed the advantages of placing the tanks 
outside the very strong tubular shell of the boat 
proper, he describes different types of submarines 
and submersibles and their machinery in detail. 
Though the details referred to projects, the paper 
was quite as instructive as it could be expected, 
and since neither oil-engines nor accumulators are 
really desirable on board submarines, and highly- 
compressed oxygen in nickel cylinders is equally 
objectionable, the information given about the 
revival of the Honigmann soda-boilers will not be 

ismissed as preposterous, in spite of the compli- 
cations of the plant. The boilers of Moritz Honig- 
mann, of Aachen, are almost forgotten, though 
they were much discussed in the eighties. For 
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the propulsion of submarines they have 
recently been taken up again by the 
French engineer, Raymond d’Equevilley- 
Monjustin. When the boat steams under 
water, low-pressure steam is absorbed by caustic 
soda contained in a tank which is surrounded by the 
water-tube boilers feeding the propelling-engine. 
Afterwards other boilers have to be heated by oil- 
furnaces to develop steam in order to expel the water 
absorbed by the soda again, and as any change in 
the trim of the boat by the displacement of liquids 
must be avoided, certain parts have to be duplicated. 
The Weser A.-G., as Mr. Keuffel mentioned during 
the discussion, is experimenting on such boiler 
and. machinery equipments. r. A. Irinyi, of 
Hamburg, availed himself of this opportunity to 
recommend his oil-burners as sseuilly suited for 
use on submarines on account of their bein 

designed to obtain complete combustion of oil-fue 








with a very small excess of air above that theoreti- | 
cally necessary. 
The next printed paper, one on the “ Kaiser 





Wilhelm Canal and its Enlargement,” is chiefly 
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interesting because the author is Mr, Hans W. 
Schultz, of Kiel, who is superintending the im- 
portant operations now going on,which, apart from 
some railway and bridge work, are to be completed 
by 1915, at a cost of about 11,000,0001. We gave 
an outline of the project some time ago. The dis- 
cussion did not bring out much more than a 
complaint by Mr. Bliimcke, of the Schiffbau- und 
Maschinenbau-Ges., Mannheim, that so many 
foreign dredgers and transporting machines were 
being used on the canal. 

The paper on ‘“The Development of the Torpedo,” 
by Captain S. Michelsen, chief of the torpedo 
station at Kiel, also gave more information than 
one might anticipate, though the communication 
does not cover more than ten es. Captain 
Michelsen is a strong believer in the general 
a of the torpedo, and he finds him- 
self in agreement with what we said on May 17, 
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1912, when seferring to the Japanese cruiser 
Kongo. 

Diesel engines received a large amount of atten- 
tion at the meetings. Mr. C. Regenbogen, manager 
of the engine-construction department of the Ger- 
mania yards (Fr. Krupp), of Kiel, whose works the 
members visited, gave a paper on ‘‘The Construction 
of Diesel Motors at the Germaniawerft,” containing 
some interesting detail on piston-cooling, valve con- 
struction, scouring arrangements, and other features. 
Mr. Regenbogen also explained with the aid of 
photographs some experiments of his on the scouring 
process ; these experiments are being continued. 

Dr. Diesel himself contributed some reminiscences 
to the discussion of this paper, which was read at 
Kiel, and delivered, by request of the council, at 
the Berlin meeting, a long, illustrated discourse on 
“The Origin of the Diesel Motor,” in which he 
quoted ely from his note-books and made no 
secret of failures and misleading paths he had 
temporarily pursued. Although his concluding 
words stated that he had confined himself to the 
origin, and that he had not touched upon the deve- 
lopment, he was attacked by Professor Riedler, of 
Cheslethonhions, and by Professor Nagel, of Dres- 
den, for disregarding the merits of both earlier and 
later workers in this field. The critics also touched 
upon the financial success of Dr. Diesel, for whom 

r. Rosenberg, of Geestemiinde, stood up energeti- 
cally. The meeting unmistakably expressed its disap- 
proval of the critics and its admiration for Dr. Diesel. 

The important fuel question was raised by Dr. 
Aufhiuser, of Hamburg, in his paper on ‘‘ Fuels 
for Diesel Motors, with Special Bieed to Ocean 
Navigation.* Dr. Aufhiuser spoke as a chemist. 
One may differ from him ; but his paper is sugges- 
tive. Generally speaking, the more hydrogen a 
hydrocarbon contains, the more suitable it will be 
as a Diesel motor fuel, and open chain aliphatic 
compounds seem preferable to closed-ring benzene 
compounds. But the calorific value and other 
physical and chemical properties do not depend 
upon the hydrogen number alone, and other fea- 
tures, viscosity and homogeneity, are not less im- 
portant. Though the question, whether the motor 
should be adapted to the fuel, or the fuel to the 
motor, cannot be answered in a few words, we 
think that the scarcity and high prices, and their 
fluctuation, of certain products, whether derived 
from tar or from petroleum, accentuate the need of 
ane, engines capable of consuming various 
fuels. e also agree with Dr. Aufhiuser that the 
use of catalysers in engines for facilitating ignition 
and combustion should be taken seriously into con- 
sideration. It is also high time that some under- 
standing should be arrived at as to the commer- 
cial names by which oils and hydrocarbons are 
to be known. Dr. Aufhiiuser spoke of crude petro- 
leum and meant distillation residue; the term 
was not misunderstood by Mr. Saiuberlich alone, 
we feel pretty sure, and when such terms are trans- 
lated the confusion mes worse. Mr. Saiu- 
berlich mentioned during the discussion some 
experiments which Professor Junkers had made at 
Aachen with one of his old engines (of 1907) and 
** pakura,”’ the residue of Rumanian petroleum ; 
this term is, we believe, equivalent to the Russian 
7 ut.” The engine was run at intervals, 
andl thus under unfavourable conditions of heat- 





ing cooling ; yet the fuel consumption had 
during the fourteen days of the 
trial, il and soot deposits had not given any 


trouble, “The fuel had to be preheated to about 
26 deg. Cent. (77 deg. Fahr.); higher preheating 
may generally be advisable. The use of tar-oil, which 
Dr. Aufhiiuser had recommended, was questioned 
by Mr. Liihr, of the Weser A.-G., on the strength 
of Rieppel’s rather unfavourable ho» oresage ok but 
Dr. m, of the Deutsche Teerprodukten- Vereini- 
ng of Essen, refirred to more recent, very 
avourable tests of tar-oils; for sea-going ships 
tar-oil would hardly come in question, however. 
Dr. L, Giimbel’s long fundamental memoir on 
‘*The Problem of Surface Resistance ; the Liquid 
Resistance in Pi Canals, and Rivers ; Ships’ 
Resistance in Water and Air,” is an analysis 
of the enormous amount of experimental research 
bearing on these problems which he undertook for 
the purpose of bringing abstract hydrodynamics 
and observations into harmony. The disregard of 
the internal resistance friction or vicosity in theo- 





* We published abstracts of Dr. Diesel’s and Dr. 
Aufhiiuser’s pa in our issue of December 13, 1912, 
vol. xciv., page BIG. 








retical deduction, Dr. Giimbel points out, has led 
to serious discrepancies Though he does not claim 
to have done more than give a concrete view of 
the mechanics of skin resistance, his contribution 
—the third of this kind which he has presented 
to the German naval architects—is certainly very 
valuable, especially as regards the fall of pres- 
sure in pipes ; oe | his suggestion that magnitudes 
and results should be expressed in general ratios— 
or ‘‘ dimensionless” terms, as he calls it—in order 
to render results obtained by different investigators 
directly comparable, deserves attention, Duri 
the discussion, Dr. Kempf, of Hamburg, refe 
to some novel experiments of his own, confirming 
Giimbel’s conclusions. With the aid of Pitot 
tubes, Dr. Kempf has determined the velo- 
city of the water current close to the skin of 
the moving ship. In the fore part it is only the 
water close to the hull which takes part in the 
movement; nearer the middle of the ship the 
motion is accelerated, and the belt of moving water 
widens out ; stationary relations are reached amid- 
ship, and aft the water velocity (relative to the 
ship’s speed) slowly decreases again, whilst the belt 
widens out further. As the body of a ship is 
curved in two directions, Dr. Kempf made other 
experiments with open iron tubes pulled longi- 
tudinally through the water without encountering 
any displacement resistance; the relations were 
then simpler, yet a want of symmetry was always 
noticed as to the phenomena above, below, and by 
the side of the tube ; this asymmetry would prob- 
ably find an analogy in observations made by 
Taylor and by Wahl on tank and ship experiments 
e pass over the r, by Professor O. Flamm, 
‘*‘On the Unsinkability of Modern Sea-Going 
Ships,” as Professor Flamm himself contributed 
an article under the same title to our issue of 
February 14 last, in which he also referred to some 
of the points raised during the very instructive 
discussion of his paper by Professor C. Pagel, of 
the Germanic Lloyd, Berlin, Mr. M. Walter, of 
the Norddeutsche Lloyd, Mr. H. Hildebrandt, of 
the Weser A.-G., Bremen, Professor Walter Laas, 
of Berlin, and Dr. F. Foerster, of Hamburg. Dr. 
Foerster showed many diagrams and gave numerical 
details referring to the new Imperator and to other 
ships; but as he subsequently withdrew these 
diagrams, his pointed remarks lose in interest. 
Most of the speakers considered that Professor 
Flamm demanded too much and did not sufficiently 
allow for practical difficulties ; but Dr. Flamm 
maintained his standpoint. 

The question of stresses and strains was dis- 
cussed by two members, Professor E. Heyn, of the 
Materialpriifungsamt, in a paper on ‘‘ Internal 
Stresses, especially Tensile Stress, and Diseases of 
Parts of Constructions Due to Them,” and by Pro- 
fessor A. Lienau, of Danzig, speaking on ‘‘ Material 
Stresses in the Longitudinal Members of Steel 
Cargo-Steamers.” Professor Heyn dealt generally 
with the stresses arising from the union of different 
— of a structure by bolts, rivets, shrinking-on, 

rom drawing in the hot or cold, compressing, roll- 

ing, twisting, hardening, &c., and he exemplified 
his exposition by some rather startling illustrations 
of ‘‘diseased” nickel-steel, brasses, over-drawn 
wires, cartridge-cases, turbine-blades, &. He 
touched also on cures by thermal treatment. Pro- 
fessor Lienau dealt in particular with the stresses 
in ship bottoms of three types, fitted either with 
transverse frames, or the Isherwood longitudinal 
frames, or the combined frames of his own ; refer- 
ence was also made to the open-floor system, the 
Dixon-Harroway, and other systems. He 
allowed only for tension and compression, leaving 
shear stress for a further study. This omission— 
which was justified by want of time—of course, 
called forth criticisms, and Mr. F. W. Achenbach, 
(of Bremen), Mr. Stieghorst (of Berlin), and Mr. 
Buchsbaum (of Friedenau), questioned some of the 
numerical results. 

The last paper, by Mr. H. Herner, of Kiel, on 
‘* The Reorganisation of Harbour Dues and Ship 
Measurements,” made suggestions about the much- 
contested question of measurements, which he would 
base on the weight of the load. His exposition of 
the problem was acknowledged to be both lucid and 
fair. Mr. Schunke, chief of the German ship- 
measuring department at Berlin, was mildly 
critical. Professor Laas pleaded that the thing had 
to be taken humoristically, and Mr. A. Isakson, of 
the British Lloyd, Stockholm, was unsparing in his 
derision of the ‘‘ international ” system, the absurdi- 
ties of which he illustrated by some piquant 





examples. He advocated his ‘‘ compound tonnage” 

stem, which he proposed to the International 

avigation Congress meeting at Copenhagen in 
1902. Professor Busley ag with Professor Laas 
that a Commission of the Schiff bautechnische Gesell- 
schaft might take the matter up; but he pointed 
out that they would have to convince their British 
colleagues before they could achieve anything. 

Brief accounts of the visits paid to the Germania- 
werft and the Howaldtswerke at Kiel, and to the 
Flugplatz (aerial navigation ground) at Johannistal- 
Adlershof, near Berlin, which was still forest in 
1910, conclude the volume, which, it will be seen, 
contains much information of great value. 





Psychology and Industrial Efficiency. By Hueco Minster. 
agnol mdon : Constable and Co., Limited. [Price 

s. ne 
THeRE is no more striking feature in the present 
state of the philosophical sciences than the in- 
creased attention that is being given to the study 
of psychology. Not long since *‘ this specious but 
= science ” earned the contempt of both the 
physicist and the metaphysician. It occupied an 
uncertain position, and received the buffetings of 
both parties. The advance in public and scientific 
estimation is due mainly to the development of the 
experimental side ; and though laboratory work is 
on its trial, and the results are still accepted with 
some hesitation, it is perceived that an appeal to 
those instruments of investigation which the natural 
sciences have so thoroughly perfected has placed 
the research on a new and firm foundation. Theories 
can be submitted to trial by means of judiciously 
contrived experiment, capable of deliberate varia- 
tion. Criticism which could not be applied in the 
lofty plane occupied by metaphysical discussion is no 
longer out of place. So long as psychology relied on 
introspection, progress was impossible ; the field of 
operation is now wider and more suggestive, since 
we have some sure basis for physiological psychology. 

But this reaction, if too violent, is not without 
its dangers. It is quite possible to advance too 
rapidly to the opposite extreme, and think we have 
found an ‘‘ open sesame ”’ to every difficulty. Our 
science like ‘‘ vaulting ambition o’erleaps itself.” 
The glamour of some great name, like that of the 
distinguished Harvard Professor whose book is so 
interesting, creates a vogue, disciples multiply, 
facts are collected, and the public appetite for 
excitement has to be fed by some fresh stimulant. 
In hurry, it is easy to misinterpret the answers 
given by experiment, especially if we do not know 
all the factors that may enter the problem. Our 
professors may be in the position of Wollaston con- 
templating the Fraunhofer lines of the spectrum. 
Experiment made him acquainted with a fact, but 
did not supply the means of interpreting it, and the 
world was little wiser till Kirchhoff read the riddle 
aright. It is contended that in this early and in- 
complete stage the deductions of the psychologist 
have been of decided practical value. In education, 
in ethics, in jurisprudence, it is contended that the 
conclusions have been of service, and now it is, per- 
haps rather hastily, urged that its rules and methods 
can be introduced with advantage into economics, 
with a resulting increase in industrial efficiency. 

‘* Efficiency” is a word upon which each must 
put his own construction. The manufacturer 
would mean by the term a greater <—* without 
proportional increase of cost ; the social reformer, 
again, more health and happiness for the community; 
the business organiser, a better adaptation of the 
men for their work, whether mental or manual. 


had | But whatever definition may be put upon the word 


‘‘ efficiency,” Professor Miinsterberg demands on 
the part of the psychologist a definite and clear 
issue. He states very decisively that he has nothing 
to do with the economic discussions of the day. 
The wisdom of a particular policy is outside his 
rovince, whether trusts or trade unions, whether 
ree trade or tariff reform, is b-st for the welfare 
of — are questions with which he his nothing 
todo. The policy once settled on other grounds, 
of expediency or State-craft, he will tell you how to 
find the best people to carry out definite duties. 
For example, one employer of labour may decide 
to have the best-trained labourers; very well, he 
will show how that purpose may be fulfilled ; 
another wishes the cheapest form of labour pos 
sible—also very good ; another set of experiments 
will settle that problem; but to determine which 1s 
the more judicious policy, which is the preferable 
end to keep in view, is the affair of the employer. 
Even with these limitations, the author is far more 
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sent stage of the science of psychotechnics, he says 
“nothing can be seriously proposed but the selec- 
tion of a few central purposes, which occur in every 
department of business life, and a study of the 
means to reach those special ends by which the 
discussion of some typical cases may clearly illus- 
trate the methods involved.” With this restricted 
view it seems to us that great care must be used, 
because in the control of business by general 
principles it is impossible to consider the particular 
case, and a gross injustice may be done to the 
individual. The personality outside the traditional 
group value could not be considered. The inchoate 
condition of the science does not permit a subtle 
and exhaustive analysis of the individual; nay, it 
may not even be possible to frame the necessary 
questions psychologically correct. The author him- 
self supplies an instance in which he would have 
pursued an inquiry on entirely wrong lines. In 
the case of type-setting machines he would have 
been actuated in his choice of the most competent 
workmen by the quickness of finger reaction, and 
made that the criterion of selection. Experience, 
however, has shown that speed depends upon the 
ability to retain in the memory a long sentence read 
from the manuscript. ‘‘A man who presses the 
keys rather slowly advances more rapidly than 
another who moves his —— quicker, but makes 
many pauses in order to find the place in the manu- 
script and to provide himself with new words.” 

If we have — slow to yield ourselves 
entirely to the guidance of so prominent a psycho- 
logist, it is not from any want of admiration for 
the boldness of the scheme he has outlined in this 
volume. He sets before himself three distinct 
propositions, and presents them in an entertaining 
manner. First, how to find the men whose mental 
qualities of attention, imagination, intelligence, 
will, memory, &c., make them best fitted for the 
work they have to do. Secondly, to determine 
the psychological conditions under which the 
greatest and most satisfactory output can be 
obtained ; and, thirdly, ‘‘how we can produce 
most completely the influences on human minds 
which are desired in the interests of business.” 
Perhaps we have done less than justice to his 
science, because we felt it necessary to approve 
the caution and modesty with which he has stated 
his results. The subject is so attractive, it has 
been, especially in the United States, studied in 
such a variety of ways, that the public are impa- 
tient for practical results. We have thought it a 
duty to insist that the time of figs is not yet. So 
far from having obtained that almost infallible 
certainty that some psychologists have claimed for 
their deductions, ‘* they can hardly expect,” says 
this authority, ‘‘evet® a moderate amount of 
success, so long as specific methods have not been 
elaborated, and ro long as no way has been shown 
to make experimental measurements, by which 
mere guess-work can be replaced by scientific 
investigation.” The proper attitude to assume 
towards these inquiries seems to be one of restraint, 
of critical but sympathetic watchfulness, neither 
hurrying to conclusions nor overstating facts. 

_ We should be doing the author even a greater 
injustice if we failed to lay stress upon the general 
interest of the book. The degree of success and 
the scope of the inquiry are best illustrated by the 
analyses of concrete cases, and the description of 
these exercise a most weird fascination. Among 
other instances, the author selects for examination 
experiments on the quickness of decision shown 
by motormen on electric railways, and the activity 
of movement in certain elementary functions dis- 
played in the case of telephone girls. The descrip- 
tion of these tests, very ingeniously contrived, and 
the construction put upon them are of absorbing 
interest, perhaps rendered even more piquant 

ure they raise a certain amount of antagonism. 
One tries to find reasons for escaping from the 
conclusions, and not always without success. The 
author sometimes appears to be in the position of a 
mathematician trying to solve an equation that has 
hot a unique solution. He has to invent devices to 
enable him to determine his unknowns within limits. 
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Tue Royat Mar Steam Packet Company.—This com. 
pany, which has now attained its seventy-fourth year of 
existence, a mg to be aay advancing in aay. 
Since December, 1912, a fortnig are has main- 
tained between Liverpool, Brazil, Uruguay, and Argentina. 
The service was inaugurated by the twin-screw steamer 
Descado, and a regular fortnightly line has been since run 


ning by steamers of the ‘‘D” class. The company’s ‘‘A” 
steamers, which are employed upon its South-American 
line, have been strengthened by the addition of the twin- 
screw Alcala. Another steamer, which is being built by 


Messrs. Harland and Wolff for the company’s South- 
American line, is to be named the Alcantara. With a 
view to the further development of the company’s South- 
American le directors have to purchase the 
fleet and businees of the Nelson lines. The Nelson fleet 
comprises 17 steamers, and most of the vessels are of recent 
construction. Orders have been by the company 
with Messrs. Workman, Clark Co., of Belfast, for two 
trans-Atlantic mail steamers for West Indian service, 
and with the Caledon Shipbuilding Company for two 
steamers for the Trinidad and Tobago coastal mail service, 
which has been continued by the Trinidad Government 
for ten years. An extension of the Shire Line to the 
Far East has been , and i 

from China and Japan across the 


the line will 
Pacific to Western North American ee Arrange- 
ments have been made with Messrs. Workman, Olark 


and Oo. for oe Canons ey ae ae 
carrying capacity, em i test improve- 
ments for p sm working. Tho aggregate displace- 
ment of the fifty-seven ships forming the eompany’s fleet 
i 1,935 tons, and fleets of other companies 
closely associated : ens ee — eng 
represent 1, tons more. company’s fleet 
ose in ep any a at the on of Ler 'd at 6,008,008 The 
net revenue for last year, after ing for depreciation, 
and including dividends on + 
was 481,540/. 


in other companies, 
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HYDRAULIC ASH-EXPELLER FOR SHIPS. 


A GREAT advance in the methods of removing ashes 
from the stokeholds of steamers would appear to 
have been made by the introduction of the hydraulic 
underline ash-expeller, which is illustrated on this 
and the opposite page. The appliance is constructed 
by Messrs. J. Stone and Co., Limited, of Oceanic 
Soins, Cockspur - street, S.W., and of Deptford, 
S.E., a firm which has, of course, had much experi- 
ence in connection with this subject. The ash-expeller 
consists of hopper, the top of which is furnished 
with a grid lying flush with the stokehold floor. 
This hopper is connected by a horizontal Pipe to a 
chamber which lies at a lower level than the hopper, 
and through which a stream of water is directed. This 
stream of water carries away the ashes through a pipe 
which is led to a discharge-valve in the ship’s side. 
The transit of ashes from the hopper to the chamber is 
automatically controlled by the expeller itself and 
without the necessity for any operations on the part 
of the stoker. The pipe connecting the hopper and 
chamber is fitted with a valve which is operated by an 
hydraulic ram, the position of which is automaticall 
controlled by the quantity of ashes passing throug 
the chamber. This valve regulates the supply of 
ashes in terms of the capacity of the discharge-pipe 
and the stream of water. 

The actual detail operation of the ash-expeller can 
only be explained by reference to the figures. From 
these it will be seen that the device is a self-contained 
and compact ap tus, and that it is situated entirely 
under the stokehold plates and has no upper project- 
ing parts. The top of the grid is flush with the top 
of the plates, and it is obvious that the shovelling of 
ashes into it will bea very simple matter and easily 
carried out. Fig. 1, which is a sectional elevation of 
the expeller, shows the grid in cross-section above the 
hopper a. It can be seen in - in Fig. 3, which is 
a plan of the apparatus. Fig. 2 is an outside elevation 
of the apparatus. Figs. 4 to 7 show characteristic 
arrangements of the ash-expeller and its connections 
as fitted on trans-Atlantic liners, and will be referred to 
later. It will be seen from Fig. 1 that the cross-members 
forming the grid are made of considerable depth. The 
object of this arrangement is to prevent large articles, 
which the expeller is incapable of discharging, from 
getting into the hopper. simple grid of sufficient 

epth merely for purposes of strength would obviously 
Laat ordin rge articles from om Sone. 

ut it is clear that such a grid might let ugh an 
article large in one dimension only, such as a spanner. 
The cross-section shown in Fig. 1 prevents this. 

Referring still to Fig. 1, the horizontal connecting- 
pipe between the hopper a and the lower chamber c 
will be clearly seen. This pipe is fitted with a shut-off 
cock b, which is normally open, and has not to be used 
during the — of the expeller. Its purpose is 
merely to isolate the hopper from the lower chamber 
when the apparatus is shut down. The cock is operated 
by a movable bar, as indicated in all the figures. The 
lower chamber c is connected up to two pipes which are 
in line, and which enter it at opposite sides, These 
pipes are fitted with nozzles, as shown at d and e. 

he pipe connected to nozzle d is carried to a centri- 
fugal pump which supplies a constant stream of 
water at a pressure of about 15 Ib. per sq. in. above 
the sea-head at the point of discharge. This stream 
of water passes through the chamber c and out through 
the nozzle e, picking up and ing with it the 
ashes from the chamber. Beyond the nozzle e, and in 
a line with it, there is a third nozzle f which forms 
the mouth of the outboard discharge-pipe. It will be 
seen from the figure that there is a gap between 
nozzles ¢ and /, and that the nozzle fis surrounded by 
an annular chamber g. The effect of this arrangement 
is that as the stream of water passes from nozzle ¢ to 
nozzle / the water and air are drawn out of the 
annular chamber /, so that a reduced pressure is 
obtained in it. The action is, of course, the familiar 
one of an injector. 

Above the discharge-pipe and the annular chamber 
g there is a horizontal cylinder which carries a ram 

- _ The cylinder is shown in cross-section in Fig. 1, 
and the ram is indicated by full lines in its forward 

ition, and by broken lines in its rear position. 
This ram has two diameters, as will be seen. The 
larger diameter works in the main body of the 
Frnt while the smaller works in a long gland at 
the front end of the cylinder. The main body of the 
oylinder is connected up, through the i, to the 
space g surrounding the discharge-pipe /. e annular 
ee of the cylinder, which is formed between its 
a end ~_ the we oer of the ram, is con- 
nected up to the sea e je i 
leads to a sea-connection pipe, the flax 


indicated in Fig. 1, and which can be clearly seen in 


plan in Fig. 3. The front end of the ram A is shaped 
so as to form a valve, which shuts off the connection 
between the hopper a and the chamber c when the 
ram is in its forward position. The valve closes on to 
a rubber seat. The 


Fig. 1. 


arrangement is clearly indicated i 
The front end of the ram aie 6 





of which is | i 






UNDER WATER-LINE ASH-EXPELLER. 


Fig.1. SECTIONAL ELEVATION OF EXPELLER 


CONSTRUCTED BY MESSRS. J. B. STONE AND CO., LIMITED, ENGINEERS, DEPTFORD, 
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circular scraper, which enters the horizontal pipe con- 
necting the hopper and the chamber. This scraper 
is shown at k in Fig. 1. Its pu is to clear 
the entrance to the horizontal pipe from grit and dirt 
which may be adhering to it, so that the valve can 
close properly. A further refinement consists of a 
water-spray, which cleans the valve before it closes. 
This spray is shown at /, in Fig. 1, while the pipes 
which connect it up to the ge j, and so to the sea, 
can be seen in Figs. 2 and 3. 

The action of the ram is as follows :—When it is in 
ite forward position, as shown by full lines in Fig. 1, it 
obviously entirely shuts off connection between the sea 
and theash-hboppera. When the expeller is not working 
it is held in this position by the pressure of the sea 
behind it, connection being maintained between the 
main body of the cylinder and the sea through the 
passage i, the chamber g, and the discharge-pipe /. It is 
clear that there will be a force tending to open the 
valve during this condition, owing to the pressure 
of the .sea on the differential diameter of the ram, 
which forms the back end of the annular chamber, 
which is connected to the sea through the pas- 
sage i as previously explained. The force keep- 
ing the ram forward and the valve closed is, how- 
ever, much greater than that tending to open it, 
owing to the gay | different areas of the ram on 
which the sea acts. If, now, the state of affairs bein 
as above, water from the centrifugal pump is tu 
on through the nozzles d, e, and /, a reduction of 

ressure will take place in chamber g and in the main 





y of thecylinder, as explained above. At a certain 








foor REMOVED 





point this reduction in pressure will become so great 
that the pressure of the sea on the smaller area of the 
ram will be sufficient to move it back and open the 
valve, so establishing communication between the 
hopper a and the chamber c. 
hen the ram has moved almost into its back 
agg nes gg is, almost into the position indicated 
y broken lines in Fig. 1—its larger diameter 
uncovers a port leading to the e m, and 80 
puts this in communication with the annular 
chamber formed by the smaller diameter of the ram 
working in the large diameter of the cylinder. Since, 
however, this annular chamber is in communication 
with the sea through the passage j, the passage 7m 18 a8 
& consequence also put in communication with the sea. 
The m leads to a valve n, the casing of which 
can be seen in Figs. 2 and 3. This valve is of the 
straight-lift type and has a piston formed in the upper 
part of itsshank. The water at sea pressure, which 
enters the valve-chamber from passage ™, has access 
to the underside of this piston, so that it lifts it, and 
with it the valve admitting water to the pipe /) 
which can be seen in Figs. 2 and 3. This pipe leads 
through a port in cock } toa chamber q, which is formed 
in the lower part of the hopper casting. This chamber 
can beseen in Fig. 1. It hasa series of holes connect- 


ing it with the hopper, one of which is indicated at r 
ment is that 


in Fig. 1. The result of the arrap ; 
water entering the chamber g through the pipe P 
flushes through the holes , into the hopper, 


washes down the ashes into the chamber c, from 
whence they are picked up by the stream of water 
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UNDER WATER-LINE ASH-EXPELLERS ON TRANS-ATLANTIC LINERS. 
CONSTRUCTED BY MESSRS. J. B. STONE AND 00., LIMITED, ENGINEERS, DEPTFORD. 

















from the nozzle d and are carried outboard | so great as to tend to choke the discharge-jet 
through the nozzles, the velocity of the jet will 
This will instantly lead to an increase of p 
chamber g and in the main body of the cylinder. As a 
result the forward pressure on the ram will overcome 
ressure, and the ram will move for- 


In the normal working of the apparatus the ram 

rest at the rear end of its cylinder, and a con- 
“ant stream of water will pass through the hopper, 
down the ashes as quickly as they are dis- the backward 





valve n, owing to the ram over-running the cylinder 
ports which communicate with the m. The 
consequence of this is that the delivery of wash-down 
water through the hopper will cease, so that the de- 
livery of ashes will cease. This state of affairs will 
continue, probably a moment or two, until the jet 
If, however, the supply of ashes is ward. This will cut off the supply of water to the| has freed itself, when the ram will move back and 
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discharge will re-commence. It is clear that if the 
choking lasted long enough the ram would travel 
forward for its full stroke and completely shut off the 
hopper from the chamber c. 

he above description practically covers the whole 
of the normal operation of the ash-expeller, but there 
are one or two auxiliary details in it which may be 
referred to. One of these has reference to the ose 
tion of the valve n when the apparatus is not working, 
but is connected up to the sea. In this condition, as 
explained in the early part of this article, the ram is 
ia its forward position, and the main body of the 
cylinder is full of water at the pressure of the sea 
head. It is clear that under these circumstances the 
underside of the piston which forms part of the valve n 
will be exposed to sea pressure. This, however, was pre- 
viously referred to as the condition necessary for open- 
ing the valve » and supplying tlush-water to the hopper, 
and it need not be said that the valve must not open 
to flush-water when the machine is not working. It 
is really to prevent the opening of the valve under 
these conditions that the piston is fitted. The upper 
side of the piston is always connected to the main 
body of the cylinder through the port x, which is in- 
dicated in Figs. l and 2. The underside, as before 
explained, is connected to passage m. The result is 
that, whereas when the machine is working the ad- 
mission of sea-préssure to the underside of the piston 
lifts the valve, because of the smaller pressure on the 
top of the piston, no such effect takes place when 
the machine is completely full of sea-pressure water 
and is not working. This follows because under these 
conditions the pressures on each side of the piston are 
equal, and as the lower area is smaller than the upper, 
the valve has both its own weight and a differential 
pressure to keep it closed. 

The final detail feature of the machine to which we 
will refer is the check valve ¢. which is shown in 
Fig. 1. There are two such valves situated in the 
triangular spaces formed between the upper side of the 
eC Sealer and the square casing which embraces it. 

he valves are carried below a single rectangular 
cover, which can be seen in Fig. 3. These valves are 
for the purpose of amgetng iy | great increase of pres- 
sure which may come on the interior of the expeller 
owing to the sudden checking of the stream of water 
passing through the nozzles. Sudden checking might 
arise owing to misusage of the machine. If, for in- 
stance, the grid of the hopper was removed at a time 
when the machine was working, and if large article, 
such as a fire-brick, were accidentally dropped into the 
hopper and were carried into the chamber c, it might 
onde choke the outgoing nozzle, with the result 
that the large body of water moving towards the in- 
coming nozzle would cause a large rise of pressure 
in the machine. Such a rise of pressure would be 
relieved by the opening of valves /. These valves are 
weighted and are normally closed. They lie in pas- 
sages which communicate between the chamber c and 
the back end of the main body of the cylinder. These 
passages end in gratings, as shown at w in Fig. 1, and 
are led through dome-shaped passages in the cylinder- 
cover to the back of the ram, as shown in all the 
figures. 

It is hardly necessary to deal with the constructional 
features of the expeller, since they are clearly shown 
in the figures. It may, however, be pointed out that 
praotioally the only part of the machine which wears 
is the nozzle e. This is made of cast iron, and can be 
replaced at a cost of a few shillings. It can, if 
necessary, be removed through the circular door 
formed in the cover of the chamber c. The ram h is 
made of brass, and is weighted so that it just floats 
in water ; this results in it moving very easily, and 
being very sensitive to differences of pressure between 
the two ends of the cylinder. It should perhaps also 
be mentioned thet the cock } has two ports in it, one 
for the passage of the ashes, and the other for the 
hopper flush-water. The closing of the cock conse- 

ueatly entirely isolates the hopper from the rest of 
the machine and from the sea. This point was not 
specifically referred to in the description above. 

The auxiliary apparatus which is used in conjunc- 
tion with the expeller may conveniently be dealt with 
in relation to Figs. 4 to 7, which show two typical 
installations of the machine on large boats. It will 
be realised that the relative positions of the ma- 
chine and its auxiliaries will differ on different 
ships, depending on the proximity of pipes and other 
apparatus. The necessary arrangements for the ex- 
peller are, however, of a flexible nature, and no diffi- 
culty has been found in fittiag it to numerous existing 
ships. The centrifugal pump which supplies water to 
the machine is usually driven by a small steam- 
turbine, and such an arrangement is shown in both 
of the installations illustrated. It will be seen that 
in Figs. 4 and 5 the pump and turbine are fixed to the 
side of the ship, while in Figs. 6 and 7 they are 
mounted on an interior bulkhead. The expeller itself is 
fixed at the centre of the stokehold floor in Figs. 4 
and 5, and in Figs. 6 and 7 is fitted in a special cham- 
ber, which contains all the auxiliary apparatus. In 
the case of Figs. 4 and 5 the pump suction is taken 











from the ship’s side, and the discharge from the expeller 
is taken through the bottom. This may be looked upon 
as the normal arrangement for mercantile ships, since 
the discharge is naturally arranged well away from 
the ordinary engine-room suctions, which are usually 
taken through the ship’s side. In the case of Figs. 6 
and 7, however, the suction is taken through the 
bottom, and the discharge made through the ship’s 
side. This is done simply for the reason that in the 
vessel containing this installation the engine-room 
suctions are taken through the bottom. 

There is a special feature in connection with the 
pipe supplying the flush-water to the ash-hopper which 
should be mentioned. It is embodied in each of the 
installations illustrated. This feature consists in 
arranging that the discharge-valve from the expeller 
and the sea-valve for the supply of flush-water to the 
hopper both be operated from the same hand- 
gear. It is further arranged that the sea supply- 
valve is not opened until the last 4-in. movement 
of the gear. This prevents the expeller from being 
operated with the discharge-valve only partly open, 
which might lead to it not working properly, 
or to the cutting of the valve. The discharge- 
valve, which is usually fitted in connection with the 
expeller, consists of a form of taper cock, which, when 
it is closed, is forced down hard on to its seat by a wedge 
arrangement, and conversely, when it is opened, is 
slightly lifted out of its seat, so that it may be easily 
operated, 

In addition to fulfilling its main duty as an 
ash-expeller, the machine is adapted for clearing out 
the ship’s bilges. For this purpose a special con- 
nection is made to the chamber ¢ at v, as shown in 
Figs. land 3. A 3-in, non-return valve is fitted at 
any convenient point in the pipe led from this connec- 
tion, and any suitable connection can be made to the 
bilges. No grid is fitted to the 3-in. pipe, as the 
machine can pass any article which will go through 
the pipe. An arrangement of the bilge connection 
can be seen in Figs. 4and 5. When using the bilge 
clearing connection, the ash-hopper is, of course, cut 
off by closing the cock b. In addition to the auxiliary 
bilge service, it is clear that the centrifugal pump 
which forms part of the apparatus can be used for 
general ship service, salvage purposes, &c. The ex- 
peller is made in two standard sizes, the first with a 
6-in. discharge, being capable of dealing with from 
8 to 10 tons of ashes an _ ate and the second with a 
7-in. discharge, dealing with from 10 to 15 tons an hour. 

One feature of the expeller which perhaps should 
be mentioned is that, as the ashes are discharged 
under water, there is no possibility of dust or ashes 
being carried on to the decks or into the cabins, and 
that the apparatus will work equally satisfactorily in 
any weather. The discharges are preferably made 
straight, but if any bends are required they may 
be made of large radius. There is little or no 
scoring at such bends owing to the ashes being 
carried in water. The expeller has been a remark- 
able success in practice. The first example to be 
tried at sea was fitted to the Mauretania, and 
started on a three-months’ trial in March of last year. 
As a result of that trial expellers have been fitted 
throughout the Aquitania and the Lusitania. A trial 
on the Celtic has resulted in the decision to equip 
the Britannic, now building at Belfast, with the ex- 
peller, as also the whole of the White Star Australian 
fleet. It is also being fitted to the new Canadian 
Pacific steamers and to several French and Dutch 
boats. It has been adopted by the Admiralty for the 
new battleships of the Iron Duke class, and is being 
supplied in large numbers to the Japanese Navy. 





PseRSONAL.—Messrs. Berry, Skinner and Co., 78, 
Upper Thames-street, London, E.C., inform us that 
their agency, which has until recently been at 43, Mains- 
street, Waterloo-street, Glasgow, has now been trans- 
ferred to Mr. J. Hally Craig, of 45, Hope-street, Glasgow, 
to whom all local inquiries should in future be directed. 





Tue British AssoctaTion.—Invitation circulars for 
the eighty-third meeting of the British Association have 
now been issued. It is to be held in Birmingham in the 
week Wednesday, September 10, to Wednesday, Sept- 
ember 17, under the presidency of Sir Oliver Lodge, 
Principal of Birmingham University, who was elected 
president on the death of Sir William White, ap- 
pointed president-elect last autumn at the Dundee 
meeting. Mr. J. A. F. Aspinall, M. Eng., will pre- 
side over the Engineering Section (G). The reception 
room will be in the Town Hall, the sections will 
meet in the surrounding buildings, and the evening 
discourses will be delivered in the Central Hall. Ex- 
cursions, mainly of scenic and historic interest, are being 
arranged for the Saturday of the week; a number 
of manufactories will be thrown open to members. 
The Association paid a visit to Birmingham in 1886. 
The honorary secretaries for this year’s meeting are the 
Lord Mayor, Lieut.-Colonel Ernest Martineau, and 
Messrs F. W. Gamble, F.R.S., Howard Heaton, John 
ree, and W. Byng Kenrick. Applications should 
be addressed to the Assistant Secretary. the British 
Association, Burlington House, Piccadilly, W. 





EXPRESS PASSENGER LOCOMOTIVE 
PARIS-LYONS-MEDITERRANEAN RAIL- 
WAY. 

Tue locomotive we illustrate in Figs. 1 and 2, on 

Plate XXXIX., and in Figs. 3 to 13, on pages 667, 

668, and 669, is now being shown at the Ghent 

Exhibition. It is one of a type built in the Paris 

works of the Paris-Lyons-Mediterranean Company 

for hauling heavy express trains, and was designed by 
this company in 1909, originally as a compound engine 
using saturated steam. The first engine built was 
compared in ordinary working service with a non. 
compound engine of the same power, having four 
equal cylinders, and using superheated steam. Expe- 
rience having shown the superiority of the single. 
expansion engines using superheated steam over the 
compound t using saturated steam, the company 
built a number of the former. A third type of equal 
power, but compound and using superheated steam, 
having shown itself much superior to both the above. 
named types, it was decided to transform the locomo. 
tives of the compound type using saturated steam into 

& compound type using superheated steam, keeping 

as closely as possible to the design of the third ty 

above referred to. The engine so transformed is the 
one exhibited. 

The boiler is built up throughout of mild-steel plates 
with the exception of the fire-box, which is of copper. 
The fire-box shell, which overhangs the frame, is in 
three plates, the crown and the two sides, connected 
together by double riveting. Hollow-steel stays con- 
nect the crown of the outside shell to the fire-box 
crown, and a row of transverse stays, drilled out for 
a length of 194 mm. (7.6 in.) at each end, run across 
from side to side to support the flat part of the shell- 

lating not supported by the fire-box stay-bolts. The 
ront and back fire-box plates are inclined, as shown 
by the longitudinal section, Fig. 1. The copper fire- 
box is connected to the shell by manganese-bronze 
stays, except for the portion of the sides located 
beneath the fire-brick arch, where the stays are of 
copper. The fire-box tube-plate is connected to the 
boiler shell by ten steel palm stays. 

The pollen bowel is built up of three rings ; the longi- 
tudinal seams are butt-jointed with double straps, and 
the transverse seams are double-riveted lap-joints. 
The fire-box door (see Figs. 1 and 4) is hinged horizon- 
tally, and opens upwards and inwards ; it consists of 
three leaves ; the two end leaves are opened by sepa- 
rate levers ; the central leaf butts on Both the other 
two, and is opened together with either one of them. 
The superheater is of the Schmidt type. 

The frames are of steel, 28 mm. (1.1 in.) thick; 
they are connected together by a front buffer beam 
consisting of a rolled-steel girder, by a rear beam built 
up of plates and angles, by six intermediate transverse 
stays of cast steel, and by the inside cylinders. The 
front bogie-truck is of the usual type, and is illus- 
trated in Fig. 1, Plate XX XIX., and in detail by Figs. 
5 to 8, page 668. The Bissel bogie at the trailing end 
is shown in the general views, Figs. 1 and 2, and in 
detail by Figs. 9 to 12, page 669. It is built up of 
two sets of horn-blocks in small frames, connected 
together at the top by a strong transverse beam of 
cast steel, and at the front and back ends by two 
smaller beams. The small plate frames extend in front 
of the front beam towards the centre line of the main 
frame, and join a Y/-piece, to which they are riveted, 
and which carries the eye for the radius-pin; this 
latter is 1.9 m. (6 ft. 3 in.) in front of the bogie 
axle. The locomotive underframe rests by a spherical 
centre bearing upon the crogs-bearer of the Bissel 
chassis. The centre pin-socket rests on 4 seatin 
supported on crossed inclined surfaces, and is carri 
in guides curved to a radius struck from the radius- 
pin, as shown in Figs. 10 and 11. By this means an 
angular displacement of the Bissel bogie slightly raises 
the rear part of the engine. The Bissel bogie has 4 
lateral play of 66 mm. (2 6 in.) on each side. The load 
is transmitted to the Bissel truck axle by two helical 
springs on either side, each pair of springs being 
connected by an equaliser beam suspended from the 
lower part of the corresponding axle-box. |. 

The driving-wheels are 2 m. (6 ft. 6{4 in.) in dia- 
meter at the tread. The axles are of steel, with 
inside journals, and are hollow for the whole length. 
The front driving-axle, coupled to the low-pressure 
inside cylinders, is cranked. The wheel centres 
are steel castings. The axle-boxes are also steel cast- 
ings, the steel Tevtag a breaking strain of 60 kg. per 
sq. mm. (38 tons per sq. in.), with a 12 per cent. elon- 
gation. The bearings are of brass, lined with white 
metal. The axle-boxes are provided underneath with 
spring lubricating oil-pads, no other provision being 
made for the lubrication of the axle-journals. The 
horn-blocks are riveted to the frames ; they are steel- 
castings and are fitted with cast-iron faces. W ey 
worked by screws allow of taking up for the wear 0 
the axle-boxes in the guides. The frame is suspend 
from the axle-boxes on laminated springs connected 
by equalising-bars and adjustable spring hangers. 

As stated above, the inside, low-pressure cylinders 
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4-6-2-TYPE EXPRESS LOCOMOTIVE FOR THE P.-L.-M. RAILWAY; GHENT EXHIBITION. 


CONSTRUCTED AT THE COMPANY’S PARIS WORKS, TO THE DESIGNS OF MR. L. MARECHAL, CHIEF MECHANICAL ENGINEER. 
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containing a liquid, in which works a piston connected 
by means of levers to the reversing-bar of the low- 
Pressure cylinder slide-valves. 

team is taken from the boiler through a regulator 
provided with a balanced valve, and located inside the 
steam-dome. It flows thence into a compartment of 
the header in the smoke-box, which distributes it into 
the twenty-eight elements of the Schmidt superheater, 
then flowing into the second compartment of the header 
or collector, whence it flows to the high-pressure 
cylinders through two pipes connected to the two ends 
of this latter com ent. The slide-valves and the 





ai-pump are lubricated by a sight-feed lubricator | 





Fie, 13, 


fitted to the fire-box back-plate, and consisting of; an 
oil-receiver and a distributer. Each"cylinder is also 
provided with a ball lubricator. 

A counter-pressure cock fitted to the boiler, and 
having a handle within easy reach of the driver, takes 
water and steam through a bent Pipe, the lower part 
of which is provided with a hole ; the pipe enters the 
fire-box, bends upwards above the water level. 
A second pipe, starting from the cock, supplies the 
mixture of water and steam to the exhaust of the 
low-pressure cylinders. 

The engine is provided with a Gresham steam sand- 
gear, which supplies sand to the rails in front of the 











leading coupled wheels, and in the rear of the trailing 
coupled wheels. It is also fitted with a Westinghouse- 
Henry automatic com -air brake. All the axles, 
with the exception of the Bissel axle, are braked to 
50 per cent. of their weight on the rails. 

he general design of the engine is well shown by 
the photograph reproduced in Fig. 13, above, and its 
principal dimensions are as follow :— 
Diameter of high-pressure cylinders 420 mm. (16.585 in.) 

” low ” Ad 620 ” (24.409 ” ) 
PE meet gat 650 ,, (25.590 ,, ) 
Driving-wheels, diameter 2 m. (6 ft. 644 in.) 
Boiler rel, diameter = 1.68 ,,(,, 6 ., ) 
Fire-box, height inside in front 2.016 m. (6 ft. 7§ in.) 
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Fire-box, height inside at back 
ength at top a 
” ’ at hottom .. 


1.530 m. (5 ft. 0} in.) 
2.258 ,, (7,, 5 45) 
2.078 ” (6 » 10 ,,) 
1.516 ,, (4,. 118,,) 

14 mm. (0.550 in. ) 

25mm. and 14 mm. | 

(0.984 in. and 0.550 in.) 

6 m. (19 ft. 8 in.) 


” ” 


éo pe at centre 
Thickness of copper side-plates 
” tube plate 


Distance between tube-plates om 

Number of steel tubes, 55 mm. by 
2 mm, (2,165 in. by 0.078 in.) ne 

Number of steel tubes, 133 mm. by 
4mm. (5.236 in. by 0.157 in.) od 

Outside diameter and thickness of 
steel superheater tubes... 


143 
28 


35 mm. by 3.5 mm. 
(1.378 in. by 0.137 in.) 
15.87 sq. m. (171 8q. ft.) 

203.44 os » 
(2361 ,, ) 
ae ~ Seo et 
.. 8.820 cub. m. (311.5 cub, ft.) 
m ws (99 cub. ft.) 
.. 4,25 sq. m. (45.7 sq. ft.) 
. 16 kg. (227.5 lb. per sq. in.) 
1.234 m. (4 ft. O§ in.) 
28 mm. (1.102 in.) 


Heating surface of fire-box 
u 


” ” u 

Total heating surface .. 
Superheating 
Water space 
Steam ,, 
Grate area .. = AS 
Working pressure od a 
Distance between frames, inside 
Thickness of frames... - oo 
Length of engine to over all (frame 

and buffers) .. sa am “i 


13.990 m. (45 ft. 10} in ) 


Kg. Tons Ct. Qr. 
83,890 (82 11 0) 


10,580 8 
10,580 
18,500 


Weight of engine empty ee - 
* pe in running order 
on firstaxle .. ue xs os 
Weight of engine in running order 
on second axle a es - 
Weight of engine in running order 
on third axle .. oe oa - 
Weight of ~ a in running order 
on fourth axle. . ee os - 
Weight of engine in running order 
on fifthaxle .. oe af ee 
Weight of engine in running order 
on sixth axle .. es ee °° 
Weight of engine in running order, 
total .. oe os an ek 


1) 
1) 
0) 
0) 
0) 
2) 
0) 


18,500 
18,500 
16,680 


93,340 
70,840 


17 
14 


(91 
Suspended weight “ (69 2) 
Non-suspended weight. . re 22,500 (22 2 8) 
Weight available for adhesion 65,500 (64 12 2) 
The tender was built by Messrs. Magnard and Co., 
Fourchambault, to the —_ of the Paris-Lyons- 
Mediterranean Company. The principal dimensions 
are the following :— 
Length... os os oe oe 
Distance between the bogie axles .. 
two ie 


9.460 m. (31 ft.) 
2 m. (6 ft. 6}4 in.) 
centres .. 4 oe - 4.100 m., (13 ft. Fj in.) 

Diameter of wheels a a 1.100 ,, i a 
Capacity of water-tank 28 cub. m. (6160 gals.) 
Kg. Tons Owt. Qr. 
5,000 (4 18 2) 
26,930 (26 

650 


Weight of coal carried. . 
Weight of tender empty 
Weight of firing tools .. ¥ oe = 
Weight of tender in running order.. 60,580 (59 12 

The tender frame is built of two steel channel sole- 
bars, strengthened by steel angles and connected 
together by front and back beams, and by interme- 
diate transverse beams formed of channel-bars and 
fixed by gusset-plates. The tender frame rests on 
the two bogies on two spherical centre bearings ; 
two trunnions on the sides of the bogies limit the 
transverse oscillations. The frame of each bogie 
consists of two steel frame-plates connected together 
by a central cross-bearer of cast steel and carrying 
the centre casting; it is carried on two springs, 
the general arrangement being similar to that of the 
locomotive bogie shown in Figs. 5 to8. The compressed- 
air brake is combined with the hand-brake ; it operates 
sixteen brake-shoes acting on the eight wheels, the 
pressure being equal to the weight of the tender 
under half load. 





AERIAL ROPEWAY AT BAYTON 
COLLIERY. 

THE seven figures on page 672 illustrate an interest- 
ing aerial ropeway which has recently been installed 
at the Bayton Colliery, Cleobury Mortimer, Shrop- 
shire, by Messrs. R. White and Sons, of Widnes. We 
have on previous occasions illustrated and described 
ropeways constructed by Messrs, White, but the pre- 
sent installation is of interest as being the first case in 
which the firm has adopted a positive rope saddle for 
a ray tay ropeway. Other examples we have dealt 
with have been of the double-rope type—that is, of 
the type in which the weight of the carriers has 
been sustained by a fixed carrying rope, and a separate 
light hauling rope has been provided for moving them 
along. In the apm example a single rope both 
sustains and hauls the carriers. 

The ropeway, which is 7030 ft. long over-all, has 
been installed to cairy coal from the screens at the 
colliery and deliver it into railway wagons in the col- 
liery sidings close to Cleobury Mortimer station. At 
the colliery end of the line there is a main coal-bunker, 
also erected by Messrs. White, which has four sec- 
tions for storing four different classes of coal. Over 
the bunker there is a shaking screen for gradicg the 
cval. From the bunker the coal is loaded by gravity 
into the ropeway buckets, as shown in Fig. 1. anata 
eight loading chutes in all, and all four classes of cal 
can, if necessary, be loaded at once, and carried to 
different wagons at the siding, In addition to the 
bunkers and chutes, Fig. 1 also shows the main ro 
driving r, and the shunt rail on to which the buckets 
are run during loadin 


Fig. 2 is the angle station which is fixed about 
midway in the length of the ropeway, the rope at this 
point making an angle of 1044 deg. Arrangements are 
made so that, if required, coal can be discharged 
at the angle station. Fig. 3 is a view of one of 
the ropeway standards. Sree are built of steel 
sections, and vary in height from 25 ft. to 50 ft. as 
required to suit the varying contour of the ground. The 
standards are fitted with four steel supporting-sheaves 
on the loaded side of the rope, and with two similar 
sheaves on the return side. The sheaves are bushed 
with phosphor-bronze, and are mounted on balancing 
arms, so as to divide the stress equally between 
them. The spindles carrying the sheaves are drilled 
down the centre, and each has a Stauffer lubricator 
fixed at its end. The lubricators can either be filled 
with grease or the caps tightened up while the rope- 
way is working. The ropeway passes over two main 
roads between the colliery and the sidings, but it has 
not been considered necessary to provide safety-bridges 
at these points. Reliance has been placed on the grip 
of the rope saddles. 

Fig. 4 shows the discharge terminal. It is 76 ft. 
long, and allows of the simultaneous loading of three 
railway wagons without shifting the wagons. The 
terminal has a shunt rail on to which the carriers 
run into the required position for the wagon to be 
loaded. They are then tipped into chutes —— 
the coal to the wagon. ‘The chutes are provid 
with anti-breakage shutters to lessen the break- 
age of the coal as much as possible. The terminal 
contains gear for automatically and continuously 
maintaining the working tension on the — There 
is a telephone installation connecting the loading and 
discharging terminals, and also to angle station. The 
installation is designed for carrying 35 tons of coal 
an hour, but this capacity could be increased by 
adding further carriers. Special carriers are provided 
for bringing up pit props and other material from the 
railway to the colliery. 

A view of one of the carriers is given in Fig. 5, 
while views of the two sides of the gripper are given 
in Figs. 6 and 7. Fig. 6 shows the position of the 
gripper when the weight of the carrier is taken by 
the inner wheels resting on the shunt rail of 
one of the termini, as shown in Fig. 5. It 
will be seen from Fig. 6 that in this position the 
moving jaw of the gripper is well clear from the rope. 
The actual clearance is about three-quarters the dia- 
meter of the rope, so that there is plenty of play in 
reserve when the carrier is running from the shunt- 
rail tothe rope. Fig. 7 shows the gripper with the 
moving jaw closed on the rope. It will be noted from 
the figure that the bottom of the gripper is well clear 
from the underside of the rape, so that it is easily able to 
pass over the supporting-sheaves without fouling them. 
It is stated that this form of gripper is not affected 
by frost or snow or even by excess of lubricant on the 
rope, and that loads can readily be taken up gradients 
of 1 in 14, or even 1 in 1. An advantage of the 
gripper is that carriers can be automatically carried 
round the return terminal without being stopped or 
detached from the rope or handled in any way. This 
advantage is unusual in single-rope systems. 


way. 








Tue Yarrow Home ror ConvALESCENT CHILDREN.— 
The Yarrow Home, which is situated at Broadstairs, 
has completed the seventeenth year of its beneficent 
work, and during the last twelve months 820 children 
have been resident in it for longer or shorter periods. 
How many of these children were the sons and daughters 
of engineers we do not know, but it is the desire 
of Mr. Yarrow that the members of his own profes- 
sion should make the widest use of the Home and 
should have the preference over other applicants. Of 
course, the Home is not intended for the children of 
the affluent, but neither is it designed for the poor. 
There are a large number of engineers that fall between 
these two classes, who can meet their ordinary expenditure 
quite well, but who find themselves pinched when a boy 
or girl is ordered to the seaside after an illness. Illness 
is always attended by increased outlay, and convalescence 
may be still more expensive, for a child cannot ordinarily 
be sent away alone, and its mother may not be able to 
leave the rest of the family to accompany it. Under 
such conditions an institution like the Veen Home is 
most valuable, for it acts the fairy godmother not only to 
the child, but also to its parents. It provides bracing 
air, good food, skilled oversight and medical attend- 
ance, and all that is as in return is a contribution of 
5s. a week and satisfactory evidence that the child has 
been brought up in such an atmosphere and surroundings 
that it may be relied upon to behave well, not only in 
relation to the matron-and nurses, but also towards its 
fellow-patients. The Home has an income from invested 
funds of about:4000/. a year, and receives about 1000/. 
from the fees'paid by the parents of the children, No 
appeal is made to the public for assistance, the inmates 
being really Mr. Yarrow’s little guests. The period of 
stay is nominally four weeks, but generally a child is 
kept as long as it is receiving benefit. The maximum 
age at entry is twelve years for boys and fourteen years 


P® | for girls, but in cases where a certain amount of medical 


or surgical treatment is required, these are extended 
by two years. Full particulars are obtainable from the 





Figs. 2, 3, and 4 , various parts of the rope- 


Secretary, at 6, Holborn Viaduct, London, E.C. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

ow Pig-Iron Market.— Last eee wpeeins the 
market opened with a firm tone, and Clev d warrants 
amounting to 4000 tons were put through at 67s. 74d. cash 
and eleven days, and 67s. 6d. five days, and 61s. 74d. 
three months. Closing sellers quoted 67s. 9d. cash, 
62s. 84d. one month, and 61s. 9d. three months. In the 
afternoon cash Cleveland warrants were firmer, with sellers 
at 68s. The only business was 500 tons at 67s. 9d. five days, 
and at the close sellers named 62s. 8d. one monthand 61s. 9d. 
three months. On Friday morning an irregular tone pre- 
vailed, with cash iron 3d. up. The turnover consisted of 
4500 tons of Cleveland warrants at 68s. 3d. cash and five 
days, and 61s. 6d. three months, with sellers over at 68s. 3d, 
cash, 62s. 7d. one month, and 61s. 6d. three months, 
The afternoon session was quite idle, but Cleveland 
warrants were nominally firmer at 68s. 3d. cash, 62s. 9d. 
one month, and 61s. 9d. three months sellers. The 
market was closed on Whit Monday, and was quiet 
when business was resumed on Tuesday morning. The 
dealing was limited to 1000 tons of Cleveland warrants at 
68s. cash, and 61s. 8d. three months, with closing sellers 
at 683. 14d. cash, 63s. 6d. one month, and 61s. 84d. three 
months. In the afternoon there was little doing, and 
only one Cleveland warrant changed hands at 68s. 3d, 
of with sellers over at 68s. 9d. for that position, and 
at 62s. $d. one month, and 61s. 10d. three months. When 
the market opened to-day (Wednesday) cash iron was 
strong, but the month position was weaker. The business 
consisted of 4000 tons of Cleveland warrants at 68s. 9d., 
68s. 104d., and 67s. 9d. cash, 68s. 9d. five and nine days, 
and 61s. 9d. three months, and closing quotations were 
69s. cash, 62s. 3d. one month, and 61s. 9d. three months, 
The afternoon session was stronger, and 3500 tons of 
Cleveland warrants were done at 69s. 3d. and 69s. 6d. 
cash, and 69s. twelve days. At the close sellers quoted 
6Ys. - cash, 62s. 6d. one month, and 61s. 8d. three 
months. 


Sulphate of Ammonia.—There has again been an easier 
tendency in sulphate of ammonia during the past week, 
and the demand is rather poor. The current price is 
— 131. 5s. per ton for prompt delivery, Glasgow or 

ith. 


Scotch Stel Trade.—The state of affairs in the Scotch 
steel trade has varied very little during the t week, 
and local buying is of a very limited nature. ‘The output 
of heavy material is still fairly large, and good deliveries 
are general; but, with consumers keeping out of the 
market, producers are having io think seriously about the 
future. Foreign competition is keen, and merchants are 
taking prices under the associated rates ; but no change 
has been made in the latter owing to the high levels 
which obtain for coal, raw material, and on-cost charges. 
Export orders are not very numerous at present, as buyers 
are hopeful that still lower prices will prevail before long, 
consequently they are only placing urgent orders in the 
meantime. Black sheet makers are doing very little in 
the lighter gauges, and the demand for the heavier class 
is not much better. For structural sections there is 4 
very moderate inquiry. 

Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers report no improvement in conditions, 
as Belgian producers are accepting prices which they 
could not face. The result is that broken time is only 
too common at the moment, and the outlook is far from 
bright. The official prices are unchanged. 


Scotch Pig-Iron Trade.—The output from the Scotch 
pig-iron works continues on a large scale, but fresh buy- 
ing is not quite so good as it might be. Of course, this is 
only due to the present easier tone which prevails in 
general trade circles, and is not considered as likely to be 
of any lengthened duration. The hematite position 1s 
unchanged. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 79s. 6d. ; Calder, Summer- 
lee, and Langloan, 80s.; and Gartsherrie, 80s. 6d. (all 
shipped at col by amc 2 (at Ardrossan), 51s. ; 
Shotts (at Leith), 80s. ; and Carron (at Grangemouth), 81s. 





Tue Royat Sanitary InstrtutTe.—During the summer 
months (May to August) the office hours of the above 
Institution will be changed to 9 a.m. to5 p.m., and on 
Saturdays 9 a.m. tol p.m. On Tuesday, May 6, & 
popular lecture was delivered on ‘‘ Exercise, Rest, 
Sleep,” by Mr. Leonard Hill, M.B., F.R.S. The sessional 
meetings of the Institute will be held at Cheltenham, 
London, aud Chester, that at Cheltenham being on 
Friday, May 16, at 7.30 p.m., in the Town Hall, whens 
discussion on ‘“‘ Aids and Hindrances to the Present-Day 
Effort to Diminish Tuberculosis” will be opened; : 
on Saturday, May 17, visits will be made to electric-light 
works, destructor, &. The members will be entertained 
by Mr. W. N. Skitticorne, J.P., chairman of the Public 

ealth Committee, and ex-Mayor. The meeting 0 
London will be on May 20, at 7,30 p.m , and an address 
on ‘‘ London Water Supply,” illustrated a gs we 
will be delivered by Mr. +) B. Barnard, J.P., M.A., chair- 
man of the Metropolitan Water Board, and on Wednesday, 
May 21, there will be a visit to the King George Reser- 
voir, Chingford. The Chester meetings will take place 
on May 30, at 7 p.m., in the Town Hall, and on Saturday, 
May 31, when there will be a discussion on ‘Modern 
Methods for the Purification and Softening of Water 
Bapeties.” On Saturday, May 31, there will be visits to 
th est Cheshire Water Company’s pumping-station, 
Hooton, and to the Chester Water Works. he next 
congress and exhibition of the Institution will be held @ 
Exeter from July 7 to July 12, 1913. Further particulars 
may be obtained from the secretary, Mr. E. White 





Wallis, 90, Buckingham Palace-road, 8S. W. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—Extraordinary increases in the coal 
output of South Yorkshire are revealed in the April 
returns for the traffic through the Port of Hull. The 
total for the month was 760,899 tons, as against 367,635 
tons in April, 1912. In the first four months of this year 
the total was 2,563,419 tons, compared with 1,711,859 
tons in the same period last year—an increase of 851,560 
tons. The principal increased takings have been by 
foreign countries. The exports for the month show an 
enormous advance upon those of twelve months ago; the 
respective monthly totals being 358,935 tons and 13,419 
tons. The January to April exports this year were 
1,274,846 tons, as against 533,134 tons in the first four 
months of 1912. The April shipments to home ports were 
93,265tons. The bi t exports shown in the latest returns 
were to Germany, 
Italy. The Denaby and Cadeby collieries again headed the 
list for output, with the huge aggregate of 105,059 tons. 


South Yorkshire Coal Trade.—Holiday influences have 
been paramount in the local coal trade since a week ago, 
and at the moment of writing most of the pits are still 
standing. Last week wound up with business brisk, an 
collieries pressed for deliveries. All grades of steam coal 
and slacks were in especially strong demand, notably for 
consumption at the local works, and there is very little 
spot coal on offer. Household sorts are decidedly easier, 
as wellas coke. Quotations :—Best branch hand-picked, 
14s, 6d. to 15s. 6d. ; Barnsley best Silkstone, 13s. to 14s. ; 
Derbyshire best brights, 12s. to 13s.; Derbyshire house, 
10s. 6d. to lls. 6d. ; nuts, 10s. 6d. to Ils. 6d.; 
small nuts, 9s. to 10s.; Yorkshire hards, 11s. to 12s.; 
rough slacks, 7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s. ; 
smalls, 4s. 6d. to 6s. 


Iron and Steel.—The persistency of iron consumers in 
holding off the market has to some extent weakened the 
makers’ position, and concessions have been offered upon 
Derbyshire common irons. Lincolnshire sorts, however, 
remain at a high figure ; hematite has shown little varia- 
tion; and buyers, in spite of their heavy consumption, 
will only take small quantities at a time. Producers, 
on the other hand, state that at the present price of coke 
they cannot make more favourable terms. Thus an 
extraordinary position is created. A great weight of iron 
is being used daily in the local works, and yet raw 
material buying is in a state of absolute ‘“‘slump.” The 
South Yorkshire Bar Iron Association are keeping their 
quotation at 9/. The finished-iron makers are all fully 
occupied, but there is some anxiety about the outlook 
with regard to new work, as competition from other 
centres is very keen. The local billet trade is vary good, 
and not much affected by the increasing quantity of 
foreign a material. No slackening of activity 
is to be observed in the general trades of the city, 
and both large and small firms have an abundance 
of work. The armament departments are very busy, 
and a large amount of work is being turned out for 
home requirements, including heavy tonnages of armour- 
plate and projectiles. The railway and tramway material 
manufacturers have lately received fresh substantial 
orders, and special steels are in big demand. The call 
for the best grades of Sheffield steel is a highly satisfac- 
tory feature of the trade situation. Special steel for all 
kinds of engineering purposes, for mining and excavating 
tools und machinery, for motor-car manufacture, &c., 
figures largely amongst the city’s products. The position 
is best realised when it is stated there is practically work 
for all, and the demand for skilled labour cannot be fully 
met. Less than one-balf per cent. of the insured workers 
in Sheffield are receiving unemployment benefit. The 
output during the last few weeks has eclipsed all previous 
records. During April the takings of steel by France and 
Germany were respectively four times and twice the 
amount received in the same period last year, and colonial 
imports have increased in much bigger proportion. Spring- 
making is one of the branches that is enjoying the full 
effects of the ‘“‘boom.” Home orders for agricultural 
implements show a decline, but manufacturers have still 
an abundance of work on hand. 





VERE DevutscHER INGENIEURE.—The next meeting 
of the English branch of this Institution will take place 
on Monday, May 19, at 8 p.m., at Frascati’s Restaurant, 
Oxford-street, London, W., when an address on “‘ Experi- 
ments with Signal Recorders on Locomotives” will. be 
given by Herr Regierungs-und Baurat Modrze of the 
Royal Prussian RailWays, District of Hanover. Later in 
the evening a discussion will take place relating to the 
visit which the members recently paid to the Goods Clear- 
ing House of the New Transport Company, Battersea. 


Szwace Disposa at New Yorx.—The New York 
di wage Commission has made public its proposed plan for 
isposing of sewage now deposited in the East River. The 
lan proposes that all the sewage from that of Man- 
ttan south of 14th-street and east of B way, as well 
. gut deposited in the East River from the larger part 
rooklyn (200,900,000 gallons daily) should be gathered 
¥ intercepting sewers and consolidated into a great 
— sewer near Brooklyn Navy Yard. Here the 
H further proposes that a pumping - station, with 
capacity of 400,000,000 gallons daily, should send the 
Pree through a tunnel under Central Brooklyn, 
pect Park, and Coney Island, 3 miles ont to sea, to 

= artificial island to be erected on a shoal. Here, again, 
: Solid matter is to be separated, pumped into tank- 
a and carried 50 miles further out to sea. The cost 
pt — - sotiaaaten at 22,874,000 dele. and the tonal 
1 i sewage now deposited in the 
harbour is set p wa at 37,000,000 dols. ve 





orth Russia, Sweden, Holland. and | B 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Holidays have disorganised 
the market this week. There has been very little busi- 
ness ing in makers’ pig iron, and genuine traders pay 
little heed to fluctuations in warrants. Movements in 
warrants are due to speculative struggle between the 
** bulls” and the “‘ bears.” Middlesbrough warrants to-day 
touched 69s. 3d. cash buyers, which is the highest quota- 
tion since the beginning of 1900. Quotations for makers’ 
Cleveland pis iron are nominal. Merchants put No. 3 
gms at 68s. f.o.b.; No. 1 at 70s. ; No. 4 foundry, 67s. ; 

o. 4 forge, 65s. 6d. ; and mottled and white iron, each 
65s. 6d.—all for early delivery. Forward contracts could 
be made at considerably below the foregoing quotations. 
There is very little passing in East Coast hematite pig. 
usiness would be on a fairly good scale if more iron 
was available for early delivery. Buyers are quite pre- 

ed to pay 81s. 3d. for this month’s delivery of Nos. 1, 
, and 3, but they experience much difficulty in pur- 
chasing at that figure. June businessin mixed numbers of 
hematite is sible at 8ls., and there are sellers at 
elivery over periods in the second half of 
theyear. Foreign ore is lifeless, with market rates based 
nominally on 20s. 6d, ex-ship Tees for Rubio of 50 per 
cent. quality. Coke is well taken up for local consump- 
tion, and average blastfurnace kinds are in the neighbour- 
hood of 24s. 6d. delivered at Tees-side works. 
_ Shipments and Stocks of Pig Iron.—Shipments of pig 
iron from the Tees continue on a fairly satisfactory 
scale. To date this month they average 3517 tons per 
working day, the total despatches being returned at 
38,696 tons, as compared with total clearances amounting 
to 41,819 tons, or a daily average of 3801 tons, to the 
same date last month, and shipments of 43,373 tons, or 
an average of 3943 tons per working day, for the corre- 
sponding part of May last year. The stock of Cleveland 
pig iron in the public warrant stores here is steadily accu- 
mulating, and now stands at 225,244 tons, the aver 
addition per working day to date this month being nearly 
900 tons, the increase so far in May being 11,320 tons. 


Manufactured Iron and Steel.—Producers of all de- 
scriptions of manufactured iron and steel have good 
order-books, and after a period of quietness, so far as new 
business is concerned, there are substantial inquiries in 
the market. Some orders for rails are understood to 
have been booked at below rates that have ruled 
for some time past, and prices of some other de- 
scriptions are easier, but market quotations, on the 
whole, can hardly be said to be lower. Common iron 
bars are 8J. 15s.; best bars, 9/. 2s. 6d.; best best bars, 
91. 10s. ; packing iron, 6/. 15s. ; iron ship-plates, 8/. to 
81. 53. ; iron ship-angles, 8/. 15s.; iron ship-rivets, 9/. 10s. ; 
iron a 8l. 17s. 6d.; steel bars (basic), 81. ; 
steel bars (Siemens), 8/. 10s, ; steel ship-plates, 8/. 5s. ; 
steel shi) les, 72. 17s. 6d.; steel boiler-plates, 9/. 5s.; 
steel strip, 8/.; steel hoops, 8/. to 8. 2s. 6d.; and steel 
joists, 7/. 7s. 6d.—all less the customary 24 per cent. 
discount. Cast-iron columns are 7/. 7s. 6d. ; cast-iron 
railway chairs, 4/. 15s. ; light iron rails, 7/. to 7/. 5s. ; 
heavy steel rails, 6/. 12s. 6d. to 6/. 15s.; and steel rail- 
way sleepers, 7/.—all net at works. Iron and steel gal- 
vanised corrugated sheets stand at 12/. 15s. f.o.b.—less the 
usual 4 per cent. 





** MisTAKE - Proor” Switrcn -Gear.—The General 
Electric Company, Limited, of 67, Queen Victoria-street, 
E.C., have recently introduced a new line of ironclad 
switch-gear to which they have given the name ‘‘ Mistake- 
proof.” The panels of the gear are built up of sheet-iron 
on an iron framework, and are each self-contained, so that 
no special foundations are required, and erection costs are 
reduced toa minimum. The bus-bars and isolating links 
are carried in completely enclosed cubicles at the top of 
the panels, so that there is no danger of a man coming in 
contact with live metal when cleaning or adjusting inside 
a panel. The isolating links are operated from the front 
of the panels, and are interlocked with the main switches 
so that it is impossible to break circuit on them. It is 
also impossible to get at the interior of a panel until it 
has been made dead. 





Tue Copper Market.—In their monthly review, dated 
the 1st inst., Messrs. James Lewis and Son state that 
Standard copper has been subject to moderate fluctuations 
during the past month. Opening at 67/. 12s. 6d. for 
cash, it advanced gradually to 69/. 17s. 6d. on the 14th 
ult., with a backwardation of 10s. to 5s. per ton for three 
—e eee falling to 68/. 7s. 6d. on the 16th, but 
advan again to 69/. 7s. 6d..on the 17th, from which 
point there was a steady decline to 66/. 17s. 6d. on the 
24th, and recovery to 67/. 15s. on the 25th, falling again 
to 66/. 15s. for both May dates and three months on the 
30th. The closing value was 67/. 7s. 6d. for cash and 
three months. The sa’es amounted to a total of about 
40,000 tons. The advance in the first half of the month 
was due to an artificial scarcity of warrante and the 
enn of bear sales. The subsequent fall was in- 
fluenced by the notable decline in the value of all securities 
on the New York Stock Exchange and the precarious 
European political situation arising from the difficult 
solution of the Near Eastern problem. ure 
of American electrolytic —— for delivery over two to 
three months, on the part of both American and Euro 
manufacturers, had been followed by a subsidence of the 
demand, refiners failing to make sales of any moment at 
their advanced prices which had been undercnt by second- 
hand holders. American exports for / pril were 33,024 


NOTES FROM THE SOUTH-WEST. 


Cardiff.— Current features in the steam-coa] trade have 
been quite of a holiday character. Buyers have shown 
no great disposition to do business ; on the other hand, 
colliery-owners, expecting that the supplies will continue 
short, have assumed a firm attitude for the remainder of 
the month. The best Admiralty large steam coal has 
been quoted at 22s. to 23s. per ton ; while secondary quali- 
ties have ranged between 21s. and 22s. 6d. ; best bunker 
smalls between 15s. and 15s. 6d.; and cargo smalls 
between 13s. 9d. and 14s. 6d. per ton. The best house-+ 
hold coal has made 19s. to 20s.; good households, 17s. 
to 18s.; No. 3 Rhondda large, 18s. 6d. to 19s. ; and 
smalls, 15s. 6d. oe SS Eee bee No. 2 Rhondda 
large has realised 16s. 6d. to 17s. 6d.; and No. 2 smalls, 
13s. to 13s. 6d. per ton. Patent fuel has been quoted at 
24s. to 25s. per ton. Special foundry coke has made 32s. 
to 32s. 6d. ; foundry coke, 29s. to 31s. ; and furnace ditto, 
25s. to 27s. 6d. per ton. As regards iron ore, Rubio has 
been quoted at 6d. to 21s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 


Welsh Coal Soigpente.— The shipments of coal from 
the six principal Welsh ports—Cardiff, Newport, Swan- 
sea, Port Talbot, Neath, and Llanelly—in the first four 
months of this year were :—Oardiff—foreign, 6,521,304 
tons; coastwise, 906,178 tons; total, 7,427,482 tons. 
Newport — foreign, 1,526,428 tons; coastwise, 224,274 
tons; total, 1,750,702 tons. Swansea—foreign, 1,151,432 
tons ; coastwise, 124,457 tons ; total, 1,275,889 tons. Port 
Talbot—foreign, 630,302 tons; coastwise, 43,743 tons; 
total, 674,045 tons. Neath (April estimated)—foreign, 
62,469 tons; coastwise, 35,582 tons; total, 98,051 tons; 
and Lilanelly—foreign, 845 tons; coastwise, 18,245 
tons ; total, 87,090 tons. The aggregate shipments for 
the four months were, accordingly, 11,313,259 tons. 


Dowlais.—The Dowlais works have been extremely 
busy. The Siemens and Bessemer furnaces have 
fully employed, and the Goat Mill, the aeagen gna, and 
the rail ranks have been kept fully going, and large 

uantities of finished steel have been despatched for 
shipment. A emnins of tin-bar has also been run through 
by the Goat Mill. he Big Mill has been occupied with 
sole- plates, fish-plates, and light colliery siding and under- 
ground rails, as well as with curves, angles, gutters, &c. 


Bristol Dock Accommodation.—At a meeting of the 
Bristol Steamship-Owners’ Association on Friday, the 
following resolution was adopted unanimously :—*‘ That 
the general traffic manager and members of the docks 
committee be asked to supply further transit shed acoom- 
modation at the Bristol Cit Docks, as itis a well-known 
fact that the shed accommodation at the old docks has of 
late years proved entirely inadequate. The ship-owners 
complain that they have frequent difficulty in obtaining 
berths, and when they do so the sheds are often partly 
filled with another ship’s cargo, which gives mse to 
numerous complaints from merchants whose goods are 
unavoidably blocked in, owing to the congested state of 
the sheds. Ship-owners generally are hoping that the 
docks committee will take immediate steps to remedy 
this very serious drawback to the shipping trade of the 


port.” 





Tue Nationa, Puysicat Lasoratory.—The annual 
meeting of the General Board of the National ym 
Laboratory was held recently at the rooms of the Royal 
Society, when the report and accounts for the year 1912 
and the statement of work for 1913 were presented and 
approved for transmission to the President and Council 
of the Royal Society. In former years this meeting has 
usually been held at Teddington during the month of 
March, and bas been combined with an inspection of the 
Laboratory by the members of the Board. In consequence 
of achange in the financial year the annual inspection 
will in future be held at a later date. This year it is to 
take place on Thursday, June 26, when the Right Hon. 
A. J. Balfour will open the new buildings recently 
erected. These buildings compiete a scheme initiated in 
1909 to provide laboratories for metallurgy and optics, with 
administrative offices, at an estimated cost of 30,000/., 
exclusive of equipment ; of this sum the Treasury under- 
took to provide 15,000/., provided the remainder were 
forthcoming from other sources. In 1910 the late Sir 
Julius Wernher generously ided 10,000/. for the erec- 
tion of the Metallurgical Laboratory, and on learning 
later that the actual cost had exceeded the sum available 
by 9361, Lady Wernher most kindly defrayed the 
deficit. To secure the further sum necessary for the 
completion of the scheme, and to obtain funds for 
the equipment of the buildings, an Additional Funds 
Committee, of which the late Sir William White was 
chairman, was appointed during 1912. In their report 
this committee state that the Royal missioners 
for the Exhibition of 1851 have generously given a 
donation of 5000/. to the building fund, thus com- 

leting, with the gift from Sir Julius Wernher, the 
Ts, 0001, required to meet the Treasury grant. Generous 
help towards the equipment bas been received from many 
sources, including a number of the City Com The 
committee, however, point out that considerable sums 
are still necessary to provide adequately the sunomes 
which is essential for the proper development of the work. 
The block of buildings for optics and administration is 
now nearly complete, and it is to open these that Mr. 
Balfour has promised to be nt on June 26, The 
report of the Laboratory for the year 1912 contains, as 
usual, matter of great technical interest with which, as 





tons, of which about 18,000 tons were «t'o». to Europe, 
and little change in refiners’ stocks was tc be anticipated. ' 





in former years, we propose to deal fuller on a future 
occasion. 
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AERIAL ROPEWAY AT BAYTON COLLIERY, CLEOBURY MORTIMER, SHROPSHIRE. 


CONSTRUCTED BY MESSRS. R. WHITE AND SONS, ENGINEERS, WIDNES. 
(For Description, see Page 670.) 

















Fic. 1. Loapinc}Terminat. Fic. 2. ANGLE SraTIon. 




















Fie. 3. ONE oF THE STANDARDS. Fic. 4. UNtoapine TERMINAL. 




















Fic. 6. GRIPPER OPEN. Fic. 7. Gripper CLOSED. 


Tue Barish Fire-Prevention Commrrree. | High-temperature fire-tests were carried out with fire- 
—The testing-station of the above committee, | resisting glazing (“‘Luxfer” electro-glazing), and with 
near apeey Park, which has soon been | fire-resisting party-wall doors (Chubb’s reinforced-con- 
extended and altered, was opened on Wednes-| crete doors). Representatives of the various public 
day last, the 7th inst., when the chairman | authorities concerned in fire-protection were present, 
| r. Edwin O. Sachs, F.R.S. Ed.), the Earl of | includi e London County Council, the Home Office, 

esborough, K.C.V.O., Sir Henry Yannu, Woolwich Arsenal, &c., as well as smaller municipal 
O.B., Mr. Guy Pym, J.P., and other members| bodies. The Colonial ‘Governments were also repre- 
= of the council of the committee received a | sented, as well as some foreign Governments, the Comte 
Fic. 5. Cangier Passinc rrom Saunt Raw to Rope. large number of the members and visitors. ' de Saint Seine attending from the French Embassy. 
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PLATE XXXIX. 





ILWAY COMPANY, 


ECHANICAL ENGINEER. 


AT THE GHENT EXHIBITION. 
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“ UNDER-COOLED” STEAM. 
In our issue of January 10 last, we suggested 


-| that the discrepancies between theory and observa- 


tion, which are found to arise where non-super- 
heated steam is expanded through a nozzle, might 
find their explanation in the fact that the steam as 
it the throat of the nozzle is not in a state of 
thermal equilibrium. That the steam must, in 
point of fact, be in this unstable “ under-cooled ” 
condition was, we showed, a necessary conse- 
quence of the experiments by Aitken and C. R. T. 
Wilson, which have established the fact that, in 
general, steam will not condense when cooled unless 
there be present in it nuclei, such as particles of 
dust, electrons, or small drops of previously- 
formed moisture. Such nuclei must ot necessity 
exist in ordinary boiler steam, but the fact that 
the condensation can only occur on these nuclei 
implies, as was pointed out in our original article, 
that a certain amount of time is necessary for con- 
densation to take place, the molecule having to find 
its way toa nucleus. That, in the efflux of steam, 
time is lacking for this, even when the steam is 
but slightly expanded, was made very evident by 
an experiment exhibited by Sir J. J. Thomson in 
his recent lectures on the ‘‘ Structure of the Atom.”’ 
He showed that if an ordinary kettle were elec- 
trified, the steam issued from its spout in a much 
denser cloud than when the supply of electricity 
was cut off. The electrification of the nuclei 
makes them, in fact, the equivalent of larger 
drops, and the larger the drop the more pany 
does it grow by the condensation of fresh steam. 
The theory of the phenomena is, of course, well 
known, having been given many years ago by Lord 
Kelvin. The surface film of each drop of water is 
constantly tending to contract, due to its surface 
ts smaller, 
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that which must be supplied as latent heat to 
evaporate the liquid in the interior of the drop. 
In condensing, therefore, a drop must start at a 
certain size, and this it is, in ordinary conditions, 
able to do by forming round icles of dust. 
In the absence of duét, negatively-electrified par- 
ticles will suffice,*but in that case a considerable 
amount of under-cooling is necessary before a cloud 
will deposit. With both dust and electrified i- 
cles absent condensation may still occur, if the 
ratio of expansion is large enough; but Mr. C. R. T. 
Wilson has proved that the ratio of the initial 
pressure to the pressure at the end of the expansion 
must, for this to take place, be about 8 tol. In the 


esg | ‘‘Encyclopedia Britannica,” vol. xxvii., page 899, 


Callendar shows that in such a case the nuclei are 
probably the molecules themselves. With more 
moderate ranges of ex ion condensation will 





not occur unless nuclei larger than the molecules be 





ee and even if such are present, a certain 
of time is necessary for condensation to be 

ected. That this time is lacking in the case of 
steam issuing from nozzles is very well illustrated 
by Professor Stodola in an article published 
in a recent issue of the Schweizerische Bauzeitung. 
He there supports the view, originally expressed 
in our columns, that the anomalies met with in 
the efflux of non-superheated steam are to be 
attributed to the under-cooling of the steam, and 
shows, by a series of photographs of jets of steam, 
that, as a matter of fact, there actually is a marked 
delay in the establishment of thermal equilibrium. 
Professor Stodola has also shown experimentally 
that, as would be anticipated, ordinary boiler steam 
contains an ample supply of nuclei for the con- 
densation of the steam, should time permit, and 
his experiments lead to the conclusion that ordi- 
narily this condensation is complete in less than 
one-tenth of a second. This time is, however, 
large compared with that taken by the steam in 
traversing a nozzle or guide-blade. In fact, in 
certain cases it is considerably more than the whole 
time required by the steam to from the first 
row of nozzles or guide-blades, ugh the turbine, 
into the condenser. 

A point which was raised in our original article 
was that the reversion of the steam to the state of 
thermal equilibrium must involve a growth of 
entropy*and consequent loss of available heat. 
Professor Stodola s ts in the article above 
cited that the amount of this loss can be estimated 
by assuming that the law of expansion for under- 
cooled steam is the same’ as for superheated steam, 
or that, in other words, the expansion takes place 
according to the law p V’* =constant. This sug- 
gestion is, a priori, probable, at least for 1 
amounts of under-cooling, since an abrupt change 
of the properties of steam, in passing from the super- 
heated to the under-cooled condition, is tansivobable j 
and it is, moreover, confirmed by Lotsche’s observa- 
tion that the weight disc with given initial 
and final pressures is the same with dry saturated 
steam as with superheated steam. If this assumption 
be made, the loss which ensues on the reversion of 
the steam to the state of thermal equilibrium is 
readily estimated. 

The way in which this loss arises is best 
realised by considering the indicator diagram of the 
steam, rather than the temperature-entropy dia- 
gram. Thus, suppose the expansion of the steam 
takes place in an ideal cylinder, having walls of 
such a kind that condensation cannot occur on 
them. In that case any condensation that may take 
place must be effected on nuclei suspended in the 
steam. Assume, in the first instance, that such 
nuclei are wholly absent, then no condensation will 
take place, and the ideal indicator diagram for the 
steam will be represented in. Fig. 1, on the next 
page, by the area RST W, where the line ST is 
given by the relation P V'*=constant. If, on the 
other hand, nuclei were present in the steam from 
the outset, and the expansion took place slowly, 
the law of expansion would be p V'"™= constant, 
which is represented by the curve SV, and the 
area of the diagram would then be equal to RS V W. 

If, on the other hand, the expansion is made with 
extremely great rapidity, no condensation will occur, 
even though the nuclei be present, and we get, as 
before, the expansion line S T. If now, after havin 
expanded the steam very rapidly down to the bac! 

ressure line W X, an interval of time is given, con- 
Sesaitien will take place,and the latentheat liberated 
will cause the piston to moye, under constant pres- 
sure, to some point X, which lies beyond V. During 
this further expansion positive work; equal to the 
le under T X, is effected ; but this is can- 

celled on the exhaust stroke, leaving the net work 
done as the original area RS T W. e loss due to 
the under-cooling of the steam and its subsequent 
reversion to a condition of thermal stability is 
therefore equal to the area included between the 
curves ST and S V. 

The loss expressed as a fraction of the total 
heat theoretically available is weg ett 1 to this 
area divided by the whole area RS VW. In his 
article in the Schweizerische Bauzeitung, Professor 
Stodola expresses the view that in the case of 
actual steam-turbines this loss does not exceed 
1 per cent. Dr. Stodola’s opinion on any question of 
thermodynamics carries great weight; but we 
venture, nevertheless, to think that the statement 
quoted above constitutes in many cases a serious 
underestimate. 

Suppose, for example, that the steam was initially 
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at a pressure of 100 lb. per sq. in. absolute, and 
that it is expanded through a nozzle to 50 lb. absolute, 
the area RBV W, Fig. 1, is (with y=1.135) equal to 
42,459 ft. -lb., whilst with under-cooled steam (y= 1.3) 
the area RST W is 40,880 ft.-lb. The difference, 
1579 ft.-lb., represents the area TS V, so that 
the percentage loss due to the under-cooling is 
100 x 1579 

42,459 

This percentage loss varies with the ratio of 
expansion as follows :— 


i 1.5 2 3.5 
per cent, 1.27 2.20 3.72 5.89 


In the case of a five-stage velocity-compounded 
turbine, the ratios of the pressure at each successive 
stage will be about as follows, if equal work be done 
in each stage :— 

Stage No. ... 1 2 3 4 5 
ae 24 258 281 314 3.71 


= 3.72 per cent. 


Pi 
So that in such a turbine the loss directly due to 
under-cooling must necessarily be quite material. 

It is noteworthy that the superheat corrections 
for such a turbine appear to be much the same 
as for an ordinary pressure-compounded turbine 
having many more stages, the number of which, in 
the case of the reaction type, may be well over 100. 
The explanation is probably twofold : inthe first 

lace the additional friction due to water entrained 
in the steam may be about the same as the loss 
which would result were the steam under-cooled, 
or, alternatively, the steam may, in spite of its lower 
velocity, still be far from a state of thermal equili- 
brium, even when it passes through many groups 
of blades. Take, for example, the exhaust steam 
turbine illustrated in our issue of July 1, 1910. 
The axial velocity of the steam in this case is 
probably about 180 ft. per second, and the total 
axial length from the first row of blades to the last 
is only ons 14 ft., so that the time taken by the 
steam to traverse this distance is about ,}th of a 
second. Whether such a time is sufficient for the 
establishment of nearly-complete thermal equili- 
brium is certainly open to question, but the matter 
can only be settled by direct experiment. In Dr. 
Stodola’s experiments thermal equilibrium was, as 
stated, apparently fully attained in ;yth of a 
second ; but what proportion of the condensation 
would be poster wll ¢ in ;}oth of asecond is a matter 
as to which experimental guidance is as yet com- 
pletely lacking. 

It may be pointed out that the loss theoretically 
possible by under-cooling is far more than suffi- 
cient to account for the difference in the efficiency 
of a steam-turbine operated with saturated instead 
of with superheated steam. Taking the initial 
pressure as 180 lb. absolute, and the exhaust pres- 
sure as 1 lb. absolute, the loss, if the reversion to 
thermal equilibrium were delayed till the steam 
entered the condenser, would be no less than 
21.8 per cent. Taking a turbine supplied with 
saturated steam at this pressure, its consumption 
will be about 28 per cent. more than if the steam 
supply were superheated by 300 deg. Fahr. It 
has, however, to be remembered that more work 
is theoretically due from the superheated steam, and 
the actual difference in the efficiency ratios in the 
two cases is only about 7} per cent., or less than 
one-third of what might theoretically be accounted 
for by under-cooling. Actually, reversion to the 
state of thermal equilibrium is progressing during 
the whole time the steam is passing through the 
turbine, since, as already stated, if the expansion 
ratio is 8 to 1, condensation may occur on the actual 
molecules themselves, so that the true law of 
expansion will have an index intermediate between 
1.3 and 1.135. Since, however, only a 74 per cent. 
difference in efficiency has to be accounted for, it 
cannot, in our view, be taken as proved that the 
lower efficiency of turbines operated with moist, in 
distinction to superheated, steam is mainly due to 
in frictional losses, plausible though this 
hypothesis unquestionably is. It is quite possible 
that the whole of the difference is due to the under- 
cooling of the steam and its subsequent reversion 
to a condition of thermal equilibrium. 

In considering the entropy diagram for under- 
cooled steam, a point which it is important to bear 
in mind is that one and the same point on the 
chart may agg, ~ a0 to two entirely different 
heat contents. hus, referring to Fig. 2, if 
the steam, of which the condition is represented 
by ©, Fig. 2, is in a condition of thermal equi- 





librium, its heat content is represented by the 
area below the line LC and to the left of the 
line CF. If, however, the steam is under-cooled, 
then, at the temperature and entropy correspond- 
ing to ©, its heat content will be represented by 
the area below the dotted curve and to the left 
of C F. This dotted curve represents diagram- 
matically the temperature and entropy of under- 
cooled steam at a constant pressure equal to that of 
saturated steam at a temperature represented by 
QF. It follows, therefore, that if the steam, of 
which the final state is represented by C, has been 
expanded from an initial pressure E, the work done 
by it will be different if the steam is under-cooled 
than it would be if thermal equilibrium were main- 
tained during the expansion. In the latter case 
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this work done would be represented by the area 
cut off by horizontals drawn to the left from the 
points E and C; but with under-cooled steam it is 
merely the portion of this area which lies above 
the dotted curve that is converted into work, and 
this area, were it possible to draw the dotted curve 
accurately, would be actually less than the area 
included by horizontals drawn to the left through 
Qand E. This point is, however, we think, much 
more clearly brought out by the indicator-card, as 
has been set forth above. 

The data from which it would be ible to 
determine the under-cooling line in Fig. 2 with 
considerable accuracy are in existence, but the work 
of reducing them promises to be very laborious. 





THE PRACTICAL STRENGTH OF 
STRUCTURES. 

Our technical colleges have undoubtedly been 
of considerable service to constructional engineers 
in furnishing a supply of assistants well grounded 
in the mathematical methods by which it is usual to 
estimate approximately the stresses to which the 
constituent parts of a roof or bridge are subjected. 
Mathematics, though an excellent servant, is, how- 
ever, a very poor master, and it not infrequently 
happens that the better versed a young man is in 
the mathematical theory of stresses, the greater the 
likelihood of his replacing commen-sense by com- 
putation. The latter is merely a means to an 
end, this end being the production of a design 
which will be satisfactory in practice and cheap in 
construction. A bridge or roof is built not to afford 
an exercise in applied mathematics, but to carry a 
certain load. Too often of late years, however, 
there have been instances where to render definite 
the determination of the stresses, structures of a 
distinctly inferior character have been adopted. 
It was a well-known American bridge engineer 
who declared that a plate girder was the most 
unscientific form of construction possible, because 
no man living could determine the stresses in it 
with accuracy. Such an assertion is defensible 
only on the hypothesis that the primary intention 
of a girder is to have its stresses determinate, an 
object for which in actual fact no railway company 
or public authority would knowingly wouliede 
one farthing. Their demand is for a structure 
which shall carry its traffic with safety and a mini- 
mum of maintenance costs, and in the case of short 
spans of metal the plate-girder constitutes in actual 





fact the most scientific solution yet discovered of 
this important practical problem. 

With the continuous increase in the number of 
those who have passed through a course in the 
advanced theory of structures, a somewhat exag- 
gerated importance has in many cases, we think, 
been attached to the question of secondary stresses, 
The difficulties in the determination of these are 
almost wholly arithmetical, the theory being rela- 
tively simple, though its application involves a 
great expenditure of time and labour. It has 
become, to some extent, the fashion to add these 
secondary stresses to those computed in the usual 
way, and to base on this summation an estimate of 
the real factor of safety of a structure. This pro- 
cedure is, we believe, almost wholly erroneous, 
Cases may possibly exist in which these secondary 
stresses constitute a serious danger ; but we have 
yet to meet with an actual example taken from 
practice. One of the most plausible pleas for 
the determination of, and the provision for, these 
secondary stresses arises in the case of columns or 
struts, monolithic with the girders they support. 
Calculation in such cases may show really enormous 
bending moments threatening the safety of the 
columns involved, but the application of a little cold 
common-sense suffices largely to discredit the results 
of the arithmetic. Consider, for example, the case 
of a stiff beam supported on columns having knife- 
edges at top and bottom, as indicated in Fig. 1, 
Assume further that the upper beam is guided so 
that it can only descend vertically ; then the safety 
of the arrangement will depend solely on the strength 
of the columns. These, having knife-edges top and 
bottom, are quite free from any eccentricity of ioad- 
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ing, and certain engineers are apparently prepared 
to maintain seriously that the columns are in conse- 
quence stronger than when, as in Fig. 2, they are 
monolithic with the upper beam. In this second 
case it is easy to show that, in theory at any rate, 
the loads are in effect applied eccentrically to the 
supporting columns, but, nevertheless, only direct 
experiment would convince us that the ultimate 
strength of the arrangement shown in Fig. 2 was 
not very substantially greater than that indicated in 
Fig. 1, in spite of what some would maintain to be 
the superiority of the latter from the theoretical 
standpoint. Indeed, in this instance it is easy to see 
that if the upper beam were infinitely rigid, the 
columns would then be ‘‘ fixed” at the upper ends, 
and their effective lengths reduced. With actual 
beams the rigidity is not infinite, but is sufficient to 
materially inerease the strength of the columns m 
spite of the theoretical eccentricity of the lcading. 
The argument may be carried further. In Fig. 3the 
columns are split in halves, the upper and lower 
halves being made rigid with the beam and founda- 
tion respectively. Here, again, eccentric loads come 
on the columns, but in spite of this the strength 18 
much greater than in Fig. 1. Now it seems incon- 
pore that adding material so as to abolish the 
joints in Fig. 3 should actually weaken the struc- 
ture; but in that case we get the monolithic 
arrangement shown in Fig. 4. In this the secondary 
stresses and eccentricities of the column loadings 
have their maximum values, but the structure 18 
nevertheless the strongest of the whole series. 
Secondary stresses are, in fact, characterised by the 
peculiarity that any overstrain due to them aute- 
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matically relieves itself; and hence, with such 
materials as are ordinarily used in construction, it 
js easy to attach to them an importance far in 
excess of their due. 

As another instance of the erroneous conclusions 
which may easily be reached by over-reliance on 
mere arithmetic, we may take the beam sections 
represented in Figs. 5 and 6. Here the section 
ABC D is equal to the section EF GH ; but the 
latter, as shown, has a narrow but deep fin added to 
it. If the stresses are calculated in the usual way, 
it will be found that the addition of this thin fin 
has greatly weakened the bar. As a matter of fact, 
actual test has shown the beam in Fig. 6 to be the 
stronger of the two, at least as regards bending in 
one direction only. With alternating bending 
stresses, on the other hand, the fin would probably 
develop a crack pretty early ; but, even so, there is 
no reason for supposing that the ultimate endurance 
of the beam as a whole would be less than that of 
the simple rectangular beam represented in Fig. 5. 

In such cases as the foregoing the old controversy 
as to what constitutes the proper criterion of strength 
is, of course, involved. Computers are very natur- 
ally inclined to take this as the elastic limit of the 
material, since for greater stresses the ordinary 
formulze become inapplicable. So far as questions 
of safety to life and limb are concerned, however, 
itseems hardly disputable that it is the ultimate 
strength which counts. Our materials can, in fact, 
suffer very large deformations without having their 
ultimate resistance seriously compromised. 

It is, no doubt, important that those entrusted 
with the design of important structures should 
understand the not inherently difficult methods of 
determining secondary stresses ; but it seems highly 
unscientific to omit from consideration the remark- 
able powers of accommodation to which reference 
has been made above. If such a course be persisted 
in, the ultimate result will be a lowering, rather 
than a raising, of the present standards in steel and 
ferro-concrete construction. 








SYDNEY CITY AND SUBURBAN 
RAILWAYS. 

Tue rapid increase in the population of Sydney, 
consequent on the great expansion to the trade of 
the State of New South Wales, of which it is the 
main port, has not been accompanied by the pro- 
vision of corresponding facilities for its internal 
and suburban traffic. In fact, it is asserted that 
the streets of Sydney are far more congested than 
those of London, where tube, motor-bus, and tram- 
way development have latterly kept pace fairly well 
with town and suburban requirements. In London, 
however, no very serious physical difficulties had to 
be overcome. ‘lopographical and other conditions 
have usually required city railways to be under- 
ground. In the Sydney case, the problem has been 
to harmonise the connection between the railway 
termini north and south of the harbour with the 
needs of the city population between, chiefly on 
the south side, as | as with the requirements of 
the suburbs to which these main railways lead 
before developing into country main lines, and 
with the new proposed system of lines serving, on 
the south side of the harbour, the eastern and 
western suburbs. 

The ground is high on each side of the harbour, 
especially on the north side, but elevated street 
railways in the city, which had been thought 
the most suitable arrangement in combination 
with a high-level bridge, would be costly and 
would create the very obstruction which it was 
desirable to avoid. Years ago, it had been thought 
that the city itself and the suburbs not already 
provided for by the main railway line would 
be amply served by tramways, at first worked by 
steam and later by electricity. These were con- 
structed in all the main streets and extended to 
the suburbs to the limit of tramway operation. 
But for many years past these lines, though 
forming one of the most extensive tramway systems 
of the world, have been found quite incapable of 
coping with the needs of the population. Accord- 
ingly, numerous railway projects, some under- 
ground, some over-ground, and some partly both, 
have been promulgated, but, till now, have not 
materialised. The question of the bridge versus 


the tunnel crossing of the harbour, on the decision 
of which much of the planning of the rest of the 
system must necessarily depend, was discussed in 
our columns in November and December, 1909. 

or some time no progress was made in this 


matter, but at length the State Government, which 
owns and works the railways, called in Mr. David 
Hay, M. Inst. C.E., of Messrs. Mott and Hay, of 
Westminster, to advise them on the subject. Mr. 
Hay accordingly visited Sydney, and his report is 
now before us. We reproduce herewith the map 
showing his recommendations which have been 
adopted by the Government. 





tion of the line affected. That would bea serious 
addition to the working expenses of a very heavy 
passenger traffic. The objection to the tunnel 
scheme—which, it must be remembered, has, like 
the bridge, to accommodate road vehicular traffic 
as well as the railway—is emphasised by Mr. Hay, 
who refers to the Blackwall and Rotherhithe tunnels 
under the Thames. In connection with these, he 
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the bridge rather than the tunnel project should be 
adopted, principally for the reason, also referred 
to by us, that the configuration of the ground on 
either side of the harbour is most suited to a high- 
level crossing. In fact, owing to this and the 
extra distance involved by the tunnel, Mr. Hay 
states that the additional cost of electric current to 





work a tunnel line, as compared with a bridge line, 


As regards the harbour crossing, Mr. Hay agrees | 
with the view expressed in our former article, that | 





would ameunt to 15 per cent. at least, over the sec- 


draws attention to the noise made by the trafic, 
the difficulty in effecting ventilation, and in sup- 
plying artificial light and drainage. Mr. Hay 
might have —— his recommendation by 
ponting to the discomfort which would be caused 
y burying twice daily, during the hot weather, a 
large suburban population of business men, in 
tunnels of so considerable a length, as would be 
necessary, not merely for the subaqueous portion, 
but in addition for the lengthy ene 


hes. 
Between twenty and thirty million journeys are 
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made yéatly across the harbour. At present these 

pra travel by rail or tram to the water’s 
edge, then by fast ferry steamers of over a 1000 
passengers capacity across the harbour in six 
minutes. If the tunnel were built with a view to 
relieving this traffic, a large number of the pas- 
sengers would still prefer to travel under the 
more pleasant conditions of the ferry-boat journey, 
and the Government would lose a considerable 
amount of the revenue which they rely on for the 
interest on the cost and the working expenses of 
their costly alternative. With the bridge, only 
those living close to the shore will probably con- 
tinue to use the boats. Even in London, where 
climatic conditions are less enjoyable, many, as we 
know, prefer outdoor travel by motor-omnibus to 
that under ground by railway, nag erg | the 
superior speed and the frequency of service of the 
latter. 

With respect to the bridge, a recommendation 
was made in 1903 that the design should be that 
of the cantilever type, with a main span of 1350 ft., 
anchor spans of ft. and 500 ft. at the north and 
south ends respectively, and two approach spans on 
the north side of 270 ft. each, these being exclusive 
of the approach viaduct. It was to be constructed 


Fig.2. 





British Navy. The latter are fitted with telescopic 
masts, and there would be no difficulty whatever 
in so equipping any vessel wishing to trade with 
Sydney.” 

Wit — to the connection of the bridge with 
the city railways, which it is proposed shall be under- 

ound, the introduction of electric traction will 
atgely overcome the objections formerly raised to 
the severe grades required. Short 1 in 40 grades 
will be necessary, but can be easily dealt with on 
this system. A section is given in Fig. 2 showing 
the grades which will be involved by the bridge 
— between Dawe’s Point and Milson’s Point. 

e also give in Fig. 3, for comparative purposes, 
a section of earlier suggested work involving a 
tunnel between Fort uarie on the south side 
and Kirribilli Point on the north side of the 
harbour. 

As regards the matter of the city and suburban 
railways, two distinct systems not necessarily con- 
nected with each other have been considered by 
Mr. Hay. The street system of Sydney consists 
of several parallel main thoroughfares running 
north and south, and connected at right angles at 
intervals by short cross-streets. In Mr. Hay’s 


= 


main line, and 350 ft. on the other lines. Ruli 
grades against the load of 1 in 40 have been decid 
upon, and the sharpest curves will be of 8 chains 
radius, with a few exceptions. Separate tunnels 
for each line of rails, even in cut-and-cover cop. 
struction, will be provided in view of ventilation 
requirements, and where separate tunnels are not 
possible ventilating fans will be installed. Inter. 
change for passengers at one station—namely, that 
at the Town Hall, where the several lines con verge 
—will be available. The present tramway system 
will presumably remain as it is, and the proposal, 
recently made, to deal with the overcrowding by 
quadrupling the tracks, placing the two extra lines 
underground, will not be, at all events gencrally, 
necessary, owing to the second portion of Mr, 
Hay’s scheme. In one case, however, where the 
present tramways cross each other in the heart of 
the city on the level, causing obstruction and risk 
of accident, Mr. Hay proposes that one of them, 
that from east to west, should be carried under. 
ground. 

There is an important distinction between pro- 
_ for underground lines in Sydney and in 

mdon. For the most part, Sydney stands on 





scheme, the first system, shown in thick lines on 
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from Dawe’s Point, on the city side, to MacMahon’s 
Point, on the North Sydney shore. These points 
will be seen in Fig. 1, on page 675, which gives 
a map of part of Sydn y and its harbour. The clear 
headway was to be 170 ft., or about 25 ft. higher 
than that of the Forth Bridge. The cost, including 
the approaches, was estimated at about two million 
pounds. As to the accommodation, the extreme 
width of the bridge was to be 118 ft., made up of 
25 ft. for railway tracks, 26 ft. for tramways, 36 ft. 
roadway, and two 12-ft. footpaths. The total height 
of the structure from foundation to top of tower 
was to be 616 ft. In place of this, Mr. Hay prefers, 
however, an alternative design by Mr. Bradfield, 
M. Inst. C.E., of the Public Works Department. 
This design is for a bridge constructed from 
Dawe’s Point to Milson’s Point (see Fig. 1), of 
one span, and therefore less obstructive to naviga- 
tion, and probably less costly as regards hae 
tions. There are no further particulars in Mr. 
Hay’s report of this _—_ but we hope to be 
able later to revert to this subject. . Hay 
proposes to omit the tramways on the bridge, 
trusting to motor-buses on the road and to a 
frequent train service to supply this deficiency. 
With regard to headway we may quote the report 
as follows :— 

**In dealing with\ the bridge I am assuming a 
clear headway of 170 ft., the clearance recom- 
mendtid by the Advisory Board in 1903. The 
introduction of specially high masts for wireless 
telegraphy, since that time may require that this 
height should receive some further consideration, 
and I understand that the Harbour Board have put 
their views on record. I do not feel competent 
to give =t opinion on this point, but Captain 
Sankey, R.E., a director of the Marconi Company, 
has discussed the matter with me and has Kindly 
gh me some valuable information on the subject. 

understand that there is no doubt whatever 
that 170 ft. would clear all except such vessels as the 
Olympic and come of the larger battleships of the 














the map of the city herewith, is meant to connect 
the main railway lines north and south of the city 
via the bridge. It will also pass through the city, 
under one of the main streets, and serve the traffic 
therein in connection with the present railway 
suburbs north and south, and will also throw off, 
near the point where the ascent to the bridge 
begins, an eastward loop. This ro would serve 
the main centre of traffic at Circular Quay, the 
terminus of the harbour ferry-boats and of much 
of the ocean traffic, and, still underground, would 
return by another main street to the starting-point 
—that is to say, the present terminus at the south 
end of the city. 

The second system, shown on thin line, would 
serve the western and eastern suburbs. The line 
from the east, which it is proposed should start at 
the Ocean Coast suburb of Bondi, would enter the 
city, and turn north, following another main street 
underground to a terminus in Wynyard-square. 
The Western Suburban line would form a circle 
under George-street in the city, and turning to 
the west would include a tunnel under Darling 
Harbour, a branch of the main harbour, from 
whence it would take a circular route through the 
western suburbs, returning to the south end of 
George-street. With regard to the two last lines, 
it is pointed out that there appears to be no 
reason why they should connect with the main-line 
connection and its loop, except for the purpose of 
interchange of passenger traffic. It would there- 
fore be unnecessary to make the tunnels large 
enough to accommodate full-size rolling-stock, and 
although such a restriction would entail the pro- 
vision of special stock, the saving in construction 
in the smaller tunnels would go towards expenses 
in that direction. 

At three stations only, two on the main con- 
necting line and one on the second item, 
would the levels be deep enough to require lifts or 
escalators. At all others inclines or stairs could be 





used. The platforms would be 500 ft. long on the | 


surface. The excavation of the tunnels therefore, 
except ibly under Darling Harbour, cannot be 
dealt with by the shield method so advantageously 
employed in London. Mr. Hay considers, how- 
ever, that, to a large extent, the tunnels might be 
bored out. He is fairly confident that a machine 
could be designed to do this economically, but, if 
this conclusion be not proved correct, he has no 
doubt whatever that the rock could be cut away by 
machinery much more cheaply than by hand labour, 
and that the dust trouble could be reduced to 4 
minimum by water jets on the face. The Hawkes- 
bury sand-stone, through which the tunnels will 
have to bé carried, is of a fairly solid character. 

Excluding the bridge and its approaches, the 
estimate of the cost of the proposed works, ¢x- 
clusive of alterations or additions to the present 
Central Station, electrical equipment, wiring, bond- 
ing, signals, lighting, and purchase of property, 
and other costly items, amounts to 4,417,261/. No 
doubt this large scheme wil] not be carried out all 
at once. In fact, Mr. Hay suggests that the main 
connection. should be first taken in hand, then the 
cross underground tramway, which would be fol- 
Towed by the city end portions of the Eastern and 
Western lines. At the suburban ends of the latter 
he advises temporary junctions with the existing 
tram-lines, so that the tramcars, for which the 
tunnels are to be made large enough, can continue 
to handle the traffic right into the city, pending 
the completion of the lines. 





BENZOL FROM COAL GAS. 
Less than ten years ago the public still hesitated 
to buy motor-cars because the machines seem 
unreliable. At present they hesitate because they 
are afraid of the fuel cost, and the manufacturers 
have seriously to consider the problem whether 
they should not adapt their engines to other fuels 
than petrol. The talk of the dearth of petrol, 





not to use the term “‘ petro] famine,” may appear 
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uncalled for. There is undoubtedly sufficient 
trol in the now developed petroleum wells to 

t many a year. But the high price of petrol is 
not merely, and not even essentially, due to mani- 

tion by the traders. The petroleum companies 
cannot be expected to produce oil chiefly for the 
purpose of putting one of the petroleum products, 
quantitative y a minor constituent, on the 
market ; they have to look out for the utilisation of 
the bulk of their oil. The question interests the 
community at large, more perhaps than any modern 
achievement, the general adoption of the electric 
light not excepted, and not only because the 
sporting spirit enters with it. The motor-car 
has become indispensable, and it has strongly 
modified ordinary traffic and residential problems. 

Some novel sources for petrol were suggested 
by Mr. H. L. Doherty, of New York, on Wed- 
nesday evening, in a gathering which met by 
invitation of Lord Montagu of Beaulieu. A few 
of these suggestions concern countries only in 
which petroleum and natural gas are being pro- 
duced. Mr. Doherty pointed out, for instance, 
that the casing head gas coming up from great 
depths, at a pressure of 800 lb. per sq. in., contains 
a good deal of benzol, which does little more than 
cause trouble in the long pipe-lines ; for it con- 
denses when the weather is cold, and evaporates 

in as soon as it gets warm, and makes the gas 
thus variable. This benzol could be extracted, and 
the means to be adopted might be similar to those 
by which the benzol still left in ordinary illuminatin, 
gas can be recovered. That benzol can be remov 
from town gas by scrubbing has long been known ; 
it may not answer to do so under present conditions, 
but it is possible, and worth a trial. 

What would that mean? On the authority of 
Mr. Butterfield, Mr. Doherty stated that London 
gas contains about half-a-gallon of benzol per 
ton of coal carbonised, which yields something 
like 10,000 cub. ft. of gas ; if that benzol could be 
recovered, some 12,000,000 gallons of benzol might 
be gained from the London gas. It could be done 
by the great gas companies, possibly only by 
them ; and they could probably accomplish it with- 
out laying down large new plants which other novel 
processes would require. But the process would 
not leave the gas unaffected. The benzol in the 
gas is of little value when the gas is burnt in 
incandescent burners, as is done almost univers- 
ally. Mr. Doherty assumed that not more than 
5 per cent. at the outside, in many places not 
more than 2 per cent., of the gas was burnt in 
open flames. It was objected that in Manchester 
20 per cent. of the town gas was still consumed in 
open flames. The users of it would rightly complain, 
of course. For incandescence burners the benzol is 
useless, and constitutes direct waste. The use of the 
aay to heat the mantle which gives the light ; to 

gas for the purpose of generating incan- 
descent carbon particles is mere waste. 

Illuminating gas should really be valued by its 
calorific power, and the more gas is utilised as 
“> the more this will ye Pry’ of course. ye 
80 far gas companies are obliged to supply a gas o' 
astandard illuminating power. Mr. i Boys 

inted out how difficult it had been to induce 

atliament a few years ago to consent to the change 
from a power of 16 to 14 candles, although the 
change did not really signify a reduction in the 
ratio of 16 : 14, since neither figure was exact, and 
different burners were used in the two cases. 

flames would certainly be more blue if 
deprived of benzol and similar compounds rich 
im carbon, and Mr. Clayton, of nchester, 
stated, not without justification, in the course of 
Some critical remarks, that the proposal meant 
catering for the rich man; the poor man would not 
stand blue gas. 

There are other objections. To scrub the gas 
of its benzol was tried thirty years ago at 

hester, for a time successfully. Benzol had 

ten times its present value; the dye manu- 
facturers wanted it in large quantities. But when 
the improvement of coke-ovens, especially in Ger- 
many, where the calorific standard had been 
adopted, made benzol cheap, the Manchester pro- 
cess no longer paid. At present the conditions 
are once more reversed ; benzol is very scarce, and 
it is perhaps doubtful whether it would not be 
to introduce improved coke-ovens more 
largely, in which by-products are recovered toa better 
ee in ordinary gas-retorts. Mr. Doherty, 
stated that petrol could not exceed 12 per 

cent. of the value of the output of by-product 











coke-ovens, and that every million of British thermal 
units represented by petrol was accompanied by the 
production of fifty million British thermal units of 
other fuels, consisting of gas, coke, and tar. He 
offered similar objections to other sources for petrol. 
The destructive distillation of heavy oils (cracking) 
would yield too many other products of this kind. 
Some of them might be condensed to liquids ; 
others, broadly called are gases, could 
hardly be condensed. In Germany, Blau gas 
was supplied in steel cylinders, under a pressure 
of 100 atmospheres and more, for feeding motor- 
car engines. That might be done here; but the 
experiments which have already been made in the 
propulsion of vehicles by compressed gas do not 
justify the hope that the result would be econo- 
mical 


ical. 
The cracking difficulties are, perhaps, not so 
t as is assumed. Many scientists are working 
in this field, and systematic research may overcome 
the trouble. It must be acknowledged, however, 
that little success has been achieved so far, 
although neither efforts nor expense have been 
spared. Meanwhile Mr. Doherty’s suggestion of 
scrubbing town-gas is certainly well worth con- 
sidering. Though the idea in itself is not new, 
it meets a novel set of conditions. The poor man 
will really be better off if the law or circum- 
stances force him to abandon the crude fish-tail 
burner altogether. What concerns motor-cars, 
affects also marine and stationary engines. The 
petrol supply must be supplemented, and if, at 
the same time, we can utilise products which are 
now wasted, there will be a double gain. Mr. 
Doherty had no definite scheme to advocate. The 
fuel problem is one of the most important that engi- 
neering chemistry has to deal with, and a ventilation 
of these suggestions is desirable. 





NOTES. 
British Rattway ACCIDENTS. 

Retorns have just been issued of accidents on 
British railways during — From these it 
a that the fatal accidents to mgers in 
p.m in 20 deaths, while ‘hem wen also 
683 injuries. These figures are higher than the 
records for 1911, in which there were 14 passengers 
killed and 468 injured. The total number of 
passengers killed on the railways as a result 
of the movement of trains and vehicles was 110, 
and 2829 were injured. Many of these acci- 
dents, of course, are due to no fault in railway 
working, but to the carelessness of ngers 
themselves, such as jumping on and off trains in 
motion, falling out of ona and between 
carriages and platforms, &c. e fatal accidents 
to. employees showed a decrease in 1912 on the 
figures of 1911. There were 343 employees killed 
last year, compared with 390 in the year before. The 
number of injured increased, however, from 5311 in 
1911 to 5562 in 1912. The casualties resulting from 
accidents to trains, as well as those from other acci- 
dents connected with other movements of vehicles, 
both showed an increase on the previous year. The 

nd total of ngers, employees, and others 

illed on the railways was 1011, or 59 less than in 
1911, while the injured amounted to 8700 persons, 
or 355 more than in 1911. These totals, of course, 
include trespassers, suicides, &c., for which the 
railways are in no way responsible. Out of 867 
‘* other persons” killed and injured, no less than 
344 were trespassers and 241 suicides. - Very 
often when these accident returns are noticed, no 
trouble is taken to discriminate between the 
classes for which the railways may be and should 
not be held responsible, and the returns naturally 
appear unduly high. The train accidents, how- 
ever, last year were above the average, and more 
frequent than we would like to see for the credit 
of our railway system. We shall defer further 
comment on these figures tili the complete report 
is issued later. 


Metrine-Pornts or Frre-Bricks. 


Recent determinations of the melting-points of 
refractory materials, made by C. W. Kanolt at the 
Bureau of Standards, Washington, U.S.A., are 
quite as interesting from the pvint of view of the 
method applied as they are for the results obtained. 
These are described in the Bureau of Standards 
Technologic Paper No. 10, bearing the title 
‘* Melting-Points of Fire-Bricks.” As it is always 
difficult with refractory materials to say when fusion 
really takes place, the melting-point adopted in the 








report is the lowest temperature at which a small 
_ of the fire-brick was pong seen to flow. 
e samples were similar to those which Dr. A. V. 
Bleininger had supplied for mechanical tests of fire- 
bricks at 1300 deg. Cent., as described in Techno- 
logic Paper No. 7. The furnace used was an Arsem 
vacuum furnace, consisting essentially of a tube of 
graphite cut to a spiral, and enclosing the crucible 
or tube containing the material. The inside of the 
furnace was kept at a pressure of 2 mm. of mercury, 
and temperatures were determined by means of a 
Morse optical pyrometer of the Holborn-Kurlbaum 
type, mounted on the top of the conical water- 
jacketed hood rising above the vertical graphite 
spiral. In calibrating the furnace by a simplified 
method, use was made of the melting-points of 
copper, silver, and the copper-silver eutectoid, which 
freeze at 1083 deg., 961 deg., and 779 deg. Cent. 
respectively, and of platinum, for which the Ieecaing- 
point 1750 deg. (instead of the accepted value of 
the Bureau—1755 deg. Cent.) was observed. The 
platinum was, for these determinations, placed in 
a double shell (two tubes, one inside the other) of 
esia, or in a test-tube of a mixture of esia 
and alumina, which is made by the Kénigl. Por- 
zellanmanufaktur, of Berlin, and which proved less 
rous and brittle. The brick samples tested were 
rst; placed in graphite crucibles. But the graphite 
crucibles and tubes gave off reducing at the 
a high temperatures (one of the chief troubles 
with graphite resistance furnaces) which super- 
ficially blackened the samples, and the specimens 
were therefore placed on a bed of alundum (alumina) 
in a test-tube of artificial sillimanite, Al, O,.SiO,, a 
mixture of 72 per cent. of kaolin and 38 per cent. 
of alumina, which melts at 1811 deg. Cent. Kaolin 
itself is Al,O, .2SiO,.2H,O; but, according 
to Rankin and Shepherd, at its melting-point 
(when the water has been expelled), the formula 
should rather be written Al,O,.SiO,.SiO,; that 
is to say, kaolin would then be a mixture of 
sillimanite and silica. In spite of the use of 
the tube protecting the sample, the reduding 
sometimes reached the specimen, and a little oxygen 
was therefore introduced into the furnace through a 
capillary tube, the pump being worked all the time 
to keep the pressure as low as 2 mm. An experi- 
ment lasted about half-an-hour; some specimens 
were heated for six hours up to about 1550 deg. 
Cent., to study the effects of continued high tem- 
peratures. This preheating sometimes slightly 
raised the melting-point. The melting-point of 
kaolin was in this way found to be 1740 deg. 
(Centigrade), and still higher when an excess 
of alumina was present; some bricks, however, 
melted at 1590 deg. Silica flowed distinctly at 
1750 deg., but may ap to melt at 1600 deg. 
Bauxite bricks, from bauxite (essentially Al,O 
(OH),, which changes into alumina A],O, on heat- 
ing, melted at 1790 deg. to 1820 deg., while pure 
alumina melts at 2010 deg., and some bauxite 
bricks gave way below 1600 deg. One brand 
of esia brick melted at 2165 deg.; it had 
origi y been brownish in colour, whilst the fused 
product looked white and contained less iron than 
the original product. Two samples of chromite 
(FeO, Cr,0,) bricks melted at 2050 deg. and 
2180 deg. Cent. respectively. Silicon carbide (SiC) 
could not be melted. It is generally supposed to 
be decomposed at 2220 deg. ; rapidly heated in a 
graphite crucible within an are furnace, a -few 
grammes of the carbide were found half decom- 
posed at 2700 deg. without showing any fusion - 
the residue consisted of carbon. As regards ordi- 
nary fireclay bricks, a definite relation between 
or ae gam and melting-point could not be esta- 
ished. 





Tue InstirvTion or Rattway Signa ENGINEERS.— 
A meeting of this Institution was held at the Queen’s 
Hotel, Leeds, on the 6th inst., when a paper on “ Colours 
and Colour Blindness” was read by Mr. A. Hurst (sig- 
nalling engineer, North-Eastern Railway), and was 
followed by a discussion. The paper had for its main 
object the determination of the best colours to be used 
for signalling purposes. 


wi ag ong ot cog ned reves River Ship- 
Com: y, of Quincy, Massachuset' 
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contracts in hand for the constrestion al some twenty- 

four vessels. These contracts will involve an expenditure 





of about 10,000,000 dols.; under existing financial con- 
ditions, the raising of this amount would be attended 
with nage oy it is, accordingly, to transfer 
the entire t and business to the Bethlehem Steel 
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THE COMMERCIAL MOTOR.USERS’ 
ASSOCIATION. 


For seven consecutive years the Commercial Motor- 
Users’ Association has held an annual parade of motor 
vehicles, the entries rising from 26 in 1907 to 378 
at the meeting on Whit Monday, the 12th inst. All 
kinds of commercial vehicles were represented on 
Monday, from the heavy steam lorry, with wide steel 
tyres, to the light parcel motor-car running on three 
rubber-tyred wheels, although the most popular com- 
mercial car—the motor-bus—was hardly in evidence. 
About one-fifth of the entries were steam vehicles, 
whilst the remainder, with the exception of five electric- 
vans, were petrol-cars. These parades have been orga- 
nised for the purpose of encouraging drivers, by means 
of money prizes and other awards, to take a personal 
interest in the driving and the maintenauce of the 
vehicles under their care, so that they may be run 
without accident and breakdown. They also assist 
the buyer of a car in obtaining the best results 
from the material which the builder supplies. The 


great progress in the design and construction of the | Y 


commercial vehicle is emphasi by the mileage 
accredited to many of the cars, in several cases of 
more than 100,000 miles ; and whilst this improve- 
ment in design has been taking place, the driver, too, 
has been educated and has learnt to use the machine 
with greater care and consideration. 

The prizes this year amounted to over 400/., con- 
tributed by the Association and by a number of 
different manufacturers ; the list included, besides the 
large number of smaller prizes for the actual condition 
of the vehicles, a 10/. and a 5l. prize in both sections, 
for a written technical examination on a petrol-motor 
and onasteam-car. Thisexamination attracted an entry 
of 48 and 15 for the petrol and steam sections —_- 
tively, and was held in April last, the examiner, Mr. 
Geo. W. Watson, reporting that the answers to the 
questions were of a very high order. Mr. Watson 
was also appointed as inspecting engineer to examine 
the vehicles, drivers, and store - sheds before the 

e. That i i d in January, 
and consisted in unnotified visits to garages, the in- 
spection of vehicles under working conditions, and, 
wherever possible, following the vehicles on the 
road, to note the skill of drivers, &c. Marks were 
allotted for mileage, intensity of work, and general 
condition of the vehicle due to the driver. 

A Challenge Cup, offered by the Commercial 
Motor to the owners of the best team of six motor 
vehicles, was awarded to Messrs. Cannon and Gaze, 
Limited, for their Foden steam-wagons, the cup in 
each of the previous years having also gone to a firm 
showing a fleet of steam-cars. he award is made 
having regard to the class of work upon which the 
units are employed, the ages of the machines, and the 
total distances run by them. 

At the luncheon which took place after the parade, 
Brigadier-General Long referred to some of the trials 
which he experienced in connection with mechanical 
traction during the Suuth African War, and congratu- 
lated the Association on the progress and reliability 
of the vehicle of to-day. Colonel R. E. Crompton, 
who is chairman of the Association, referred to the 
rapidly extending use of liquid fuel, which has caused 
a at rise in price. This, he said, might have the 
effect of stimulating inventors to get k to the 
starting — of the Diesel engine, and improve the 
means of using solid fuel in an internal-combustion 
engine; he also wished to see vehicles designed to 
meet better the requirements of the War Office, which 
would, among other points, mean bigger wheels and 
larger tyres than are now in common use. 


+ 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 30. 

Tue production of pig iron throughout the country 
has not vet returned to the output prior to the recent 
floods. Several blastfurnaces have gone out of blast 
in the Pittsburg district, where the production was at 
the rate of 33,000.000 tons a year, and is now at the 
rate of less than 32,000,000 tons. Notwithstanding 
the decreased production, prices of certain kinds of 
iron are being shaded, but this weakness may dis- 
appear as unexpectedly as it was manifested. There 
are many interests in need of iron, and they are 
holding back. In finished products there is a slight 
easing up in prices by manufacturers on ae and 
structural steel. An immense amount of new bridge 
and structural work has been presented to the mills 
for estimating on, and contracts will grow out of 
these estimates in a short time. The volume of 
work in sight is unusually large. Mills are badly 
behind in deliveries for April. Much work could 
be booked at once, but the mills are not able to 

romise satisfactory deliveries. The agricultural 
an ell manufacturers have contracted for all the 
merchant bars they will need for the rest of the year. 
Nearly all of these orders have gone to Pittsburg 
concerns. The implement people wanted to contract 
for twelve months from July 1, but the mill interests 





decline to commit themselves later than the end of 
the year. The expectation of easier prices is n- 
sible for much of og present hesitancy. The merchant 
bar, sheet, tin plate, and tube mills are well crowded 
with work, and bar iron especially is wanted in larger 

uantities than the mills are able to supply. The best 
that large purchasers can do is to secure promises of 
delivery as early as October 1. Work on estimating 
the physical value of the railroads of the United States 
begins this week, or rather preparations for that work. 

May 7. 

There is a rather genera] cessation of buying in iron 
and steel, due to the early adjustment of the tariff. 
The strong demands made for ‘‘hearings” will be 
ignored, and a Bill will pass, on guesswork, 
which the high-protectionists believe will prove to be 
a boomerang. The business of the country is in an 
exceptionally favourable condition. Latest crop 
reports show the probabilities of enormous yields. 
The latest purchase of the Bethlehem Steel Company 
of three large steel plants in addition to its ship- 
ards will place that company in a very command- 
ing position. It is credited with other purchasing 
schemes, though this is mere rumour. All its 
recent purchases have mn made on favourable 
terms. The Western roads, which suffered from 
the floods, have increased their purchase of bridge 
steel by 10,000 tons. The Government wants 8000 
tons of steel for two submarine tenders. The recent 
orders for cars have been light, and no heavy orders 
for steel rails have been placed. All mills are 
oversold practically for months, so that the present 
dulness has no particular significance. The lull has, 
no doubt, much to do with pending tariff legislation. 
The railroad people are in a humour over aggres- 
sive legislation, regarded as unjust and hurtful. On 
the other hand, demands are being made for higher 
a large bodies of workmen, whose claims are 
regarded by railroad management as without warrant. 
A united demand will be made on the Interstate 
Commerce Commission for permission to make such 
advances in freight rates as will cover increased cost 
of operation. 








ComPENsATED Rapip Lurrinc-CrangE: ERRaTuM.— 
We regret that on page 631 ante the above crane was 
named ‘ Williams’ Compensated Rapid Luffing-Crane 
with Self-Balanced Jib.” This should have been 
‘* Mitchell’s Compensated, &c.,” as the crane is the 
invention of Mr. A. H. Mitchell, M.I. Mech. E., as 
stated in our article, but is made by the Mitchell- 
Williams Crane Company, 98, Leadenhall-street, E.C. 





Tuer Royat InstrTruTion.—On Tuesday next, May 20, 
at three o’clock, Professor T. B. Wood will deliver the 
first of a course of three lectures at the Royal Institution 
on ‘* Recent Advances in the Production and Utilisa- 
tion of Wheat in England ;’ on Thursday, May 22, 
Professor W. J. Pope begins a course of three lectures on 
** Recent Chemical Advances :”—(1) ‘‘Molecular Architec- 


ture ;” (2) ‘‘Chemistry in Space ;” and (3) The Structure | 1 


of Crystals;’ and on Saturday, May 24, Professor 
Rutherford commences a course of three lectures on 
“ Radioactivity :’—(1) ‘‘ The a Rays;” (2) ‘‘ The Origin 
of the § and y Rays;” and (3) ‘‘ The Radioactive State 
of the Earth and Atmosphere.” The Friday evening 
discourse on May 23 will be delivered by Professor 8. P. 
Thompson, on ‘‘ The Secret of the Permanent Magnet ;” 
on May 30 by Dr. Owen Seaman, on ‘‘ Parody ;” and on 
June 6 by Dr. Francis Ward, on “‘ Reflection and Refrac- 
tion of Light as Concealing and Revealing Factors in 
Sub-Aquatic Life.” 





Tue INsTITUTION OF AUTOMOBILE ENGINEERS.—The 
above Institution has arranged its first visit to the 
United States, to take place this spring. Members of the 
party will join the train at St. Pancras Station, London, on 
the morning of Saturday, May 17, at 8.20, for Tilbury, 
where they will go direct on the steamer Minne- 
waska. The vessel is expected to arrive in New York on 
May 26, on which day arrangements have been made to 
take the party to see a baseball match in New York in the 
afternoon, if time permits. On Tuesday, May 27, theday 
will be devoted to general sight-seeing, and on Wednes- 
day, May 28, the party will go to Pittsburg. The fol- 
lowing day will be spent at Pittsburg, where various 
works will be visited, and in the evening departure will 
be made for Indianapolis, where May 30 will be spent in 
visiting works. The night will be spent in travelling to 
Detroit, which will be reached at 7.20 a.m., and the 
day will be spent in sight-seeing. On June 2 the 
works of the Cadillac Motor Company, Detroit, will 
be visited, and in the evening a visit will be paid 
to the Temple Theatre. Tuesday and part of Wed- 
nesday, June 3 and 4, will be spent at Detroit, the 
party embarking on the steamer City of Detroit III. in 
the afternoon en route for Saulte Ste. Marie, where they 
will arrive on the following afternoon. While on the 
steamer papers will be read and discussed. The steamer 
will return to Detroit on June 7. During the return 
journey to New York the New England States will be 
visited, the party sailing from New York for England 
about June 15. The new session of the Institution 
begins on October 8 next, when Mr. J. 8S. Critchly will 
give his dential address. Further partic may 

had from the Secretary, 13, Queen Anne’s Gate, 
Westminster, S.W, 





TEST-BARS FOR CAST IRON. 
To THE Eprtor oF ENGINEERING. 

Sir,—In your issue of April 25, on page 565, your 
correspondent, ‘‘ Metallurgist,” repeats a previous ex. 
pression of opinion that ‘‘test-bars are a farce.” This isa 
somewhat oveuping method of dealing with a very complex 
subject, which has engaged, and is now engaging, man 
who, like the writer, are investigating, at considerable 
trouble and expense, the strength of various brands and 
mixtures of cast iron as regards their physical properties, 
The transverse test of a 36 in. by 2-in. l-in. bar go 
universally used cannot be thus summarily dismissed by g 
statement which would also include tensile and other 
methods. 

Whilst it is reasonable to admit the absurdity of havin 
a standard test-bar cast on any structure independent 
its scantling, yet the average founder uses the transverse 
test quite as often as a separate casting, for the purposeof 
ascertaining the relative strength of one brand, or one 
mixture of iron as against another, and I fear that the 
practice will for this reason alone prove extremely difficult 
to eradicate. Whenany cast-iron structure fails, whether 
subjected to transverse or even compressive strains (the 
latter, say, even in a column of ordinary length), it 
invariably does so by want of pure tensional strength at 
the initial point of rupture; and, further, as the ten- 
sional strength is really that opposed to tearing apart 
the molecules of the metal, it would seem advisable 
to use a tensile test, and no other, for a standard which 
would more nearly fulfil all conditions. It will prob. 
“| Le advanced by some that a deflection test will 
still remain desirable to ascertain the elasticity, but 
even here my experiments show that these may be 
of little value for comparison with the actual structure 
under atrnagy fe oneer It does not at all follow that 
the greater the deflection the better able would the 
structure be to resist its working stresses; or, again, that 
it would necessarily require a heavier load to effect ulti- 
mate rupture ; my experiments, more especially with cold 
blast irons, go to prove the contrary. 

Test-bars are undoubtedly cast on the structure asa 
check on the honesty of the founder, and to ensure that 
the mixtures are not adjus to obtain results on the 
bar independent of the structure itself. The whole 
subject of testing cast iron for obtaining accurate 
knowledge as to its behaviour under working conditions 
is an extremely difficult one, and unsatisfactory from 
many points of view, owing principally to the varying 
conditions employed, such as strength of pig iron, 
effect of remelting, temperature of casting, quality of 
coke, flux, and even the casting sand, whether green or 
dry. It would appear to be impossible to eliminate the 
effects of the different methods employed by the numerous 
founders so as to standardise their practice; but it would 
be obviously absurd not to admit that some form of 
standard test-bar is desirable, and I am endeavouring 
to show that a 1-in. area bar subjected to a direct tensile 
test would represent most accurately the ultimate strength 
of the various structures. 

One reason why the ordinary standard transverse test 
has been so universally adopted is that it is a very prac- 
tical one for the founder, the machine necessary to carry 
this out being of very moderate cost ; whereas, on the 
other hand, a tensile test requires a machine of very 
heavy cost and is totally beyond the reach of the average 
foundry, for most authorities are agreed that a test-bar 
in. in area more nearly approaches working condi- 
tions. To calculate from smaller bars, and to estimate 
on this basis, proves wholly misleading. Again, for the 
majority of structures for which tests are required 1 in. 
~~ more nearly approaches the actual average thickness 
used, 

The suggestion of your correspondent that there are 
usually enough wasters in a foundry to provide means of 
testing to destruction is, of course, not serious, and, even 
if it were, would entail such complicated arrangements 
to approach actual working conditions, that, except in the 
case of very large foundries, it would be out of the question. 
It is hardly necessary to point out here that, more 
especially in the case oF water or gas-pipes, the inte 
pressure of the contained liquid or gas has little effect on 
rupture. The pipes are designed with the idea of = 
able to carry their own weight, in addition to the 
surface pressure, if, by any chance, the supporting ground 
should fail. ? 

Referring to the excessive cost of a tensile testing- 
machine to handle bars of 1 in. area by a direct stress of 
from zero to 20 tons per sq. in., I am glad to say that a 
novel machine is now being calibrated preparatory t 
being placed on the market, which the makers guarantee 
to be accurate within 0.1 per cent., and which will cost 
only about one-fourth of the type used hitherto, so that 
it will now be within the power of any ordinary found 
to instal a machine to carry out their own tensile, as well 
as transverse, tests if required. 

Messrs. Fairbairn and Hodgkinson many years 8g0 
made exhaustive physical tests on both hot and cold- 
blast irons. To those of your readers who are fortunate 
enough to possess a copy of Bourne’s ‘“‘Steam-Engine, 
reference to pages 164 to 167 will prove of great interest. 
The highest tensile test (breaking load) recorded out of 
sixteen samples, taken from various smelters all over 
United Kingdom, shows 10.47 tons, whereas the lowest 
shows 5.6 tons. Taking the average, and allowing ® 
factor of safety of 10, this would be 1792 Ib. per sq. i 
but as a judicious remelt would in most cases raise the 
strength to, say, 10 tons, the safe working stress then 
adopted (and not since altered) of 2000 Ib., would represent 
fair working conditions. 

Since Fairbairn’s time, however, we have progressed 
considerably, even in the case of cast iron; and t 
writer is continually obtaining from 14 to 15 tons ten 
breaking strength from 1-in, area test-bars mac 
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directly out of the pig, and, by ordinary mixing and 
eatin, 17 to 18 tons is easily reached. The perusal 
of these figures will show that the safe working ten- 
sional stress of <7 high-class machine-work can 
safely be raised to 3000 Ib., which, of course, means that 
one-third of the former weight of structure can be 


ved. 
e am fully aware that, owing to cast iron being a 
comparatively cheap material, the temptation to make 
structures amply strong enough is not easily resisted ; 
but competition is becoming keener at every recurrence 
of trade depression, and, of course, the founder that 
reduces his cost to the lowest possible margin is the 
one that survives. 

For this reason we ought to endeavour to obtain some 
form of test-bar which could be taken as a generally 
accepted standard, and I am strongly of opinion that the 
tensile test as above described is the one that will ulti- 
mately be adopted. 

Yours faithfully, 
Grorce Beavurort Ricuarps, M. Inst. N.A 
Cardwell-place, Wednesbury, May 5, 1913. 








TIME AND SPACE. 
To THe Eprtor oF ENGINEERING. 

Srr,—I should like to second the plea of ‘‘ A Thinker” 
for clear thinking. A critical examination of most 
books on scientific subjects reveals numbers of words 
and phrases whick do not express clear thought ; on the 
contrary, they tend to lead all thought astray. I was look- 
ing up an authoritative Encyclopedia on ‘‘ Time,” and 
found the following: ‘* The time is being formed by the 
continual change of three relative ner Ringe past, 
present, and future; the total conception of these is 
eternity.” Whether this is the highest conception of 
time yet attained or not, it certainly is not a clear con- 
ception of time. 

You can measure a certain amount of ‘‘past” time 
byany two events also past, and then express it as so 
many units. Further, by assuming that the “future” 
time will be the same as the “‘ past,” you can apply the 
same process and fix two events in the future. But who 
dare measure the “present” time. Unless you take a 
certain amount of “past” and a certain amount of 
“future” into the ‘‘ present,” you cannot obtain any 
“present” time at all. We have only empirical evi- 
dence of the ‘“‘past.” The ‘‘ present” has no duration— 
is not time; and the ‘‘future” is only an assumption. 
All the past and all the future may total up a very long 
time, but a long time is not eternity. 

It is quite certain that the human intellect is only 
capable of forming conceptions of things which can in 
any way compared with one another; that is, all 
human conceptions can only be relative. The two, so to 
say, omnipresent factors by which we can have concep- 
tions of any objects are measurable time and measurable 


There can be no bridge between the ‘‘finite” and the 
“infinite,” neither in time nor in space, for it is a mathe- 
matical certainty that however many measurable parts 
you might heap together, you could never obtain an un- 
measurable whole. 

Therefore, all writers dealing with real existing objects 
should give their words a real meaning, and should not 
use words such as ‘“‘infinitely large” or ‘‘infinitel 
small”; for the ‘‘infinite” is neither large nor small. 
To further clear thinking the practice of making unreal 
assumptions in order to demonstrate real properties 
should be abandoned. Allow me to give two examples 
relating to slip in a screw-propeller. A number of years 
“f° the argument ran thus :—‘‘If the water were a solid, 

screw would advance its full pitch.” This really 
should be: ‘‘If the water were a solid, we should be 
maniacs to endeavour to force ships or propellers through 
it.” 


The present theory is, ‘‘If we had an infinite ocean, 
there would be no slip.” This should be, “If we had 
an infinite ocean, we should all be drowned, or else have 
fins to swim with.” Further examples equally absurd 
abound in all literature. 

Yours truly, 
W. PRrEIDEL. 

May 5, 1913. 





To THe Eprror oF ENGINEERING. 
_8in,—My modest contribution to the discussion, pub- 
lished on page 610 of your issue of May 2, has brought two 

ses, which I will deal with in succession. 

n ry issue of May 9, a correspondent signing him- 
self 8. G. begins his letter by a reference to the ‘‘clear 
and apparently incontrovertible remarks on time and 
space” of ‘‘A Thinker,” and then he goes on to place 

the contribution of ‘Fact’ in a different category.” 
1s a world of depreciation in that word ‘‘different.” 

I am afraid that S. G. will not entertain any better 
opinion of me when I confess that I am quite unable to 
understand what view it isthat heholds. Hesays: “The 

% of time is inseparably connected with continuous 

te relative movements among separate portions of 
matter.” So far he and I are in agreement, and I 
imagined that ‘“‘ A Thinker” was also. The latter said 
(page 538 wnte):—“If there were no moving objects, 
should we know anything of time? . . . Our notion of 


word, is not restricted to a measurable amount, and 
‘ Fact’ is not entitled tointroduce thislimitation.” This 
sueease to me to be a contradiction not only of ‘‘ A 

Thinker,” but of what S. G. has already said. long as 
time is connected with movement it must be uaaueelin, 
at any rate qualitatively. 

Now we come to the question of space. I said that 
the human mind could not well believe that the number 
of the stars is infinite. S. G. says that there are some 
human minds which have a still ter difficulty in 
believing the number to be finite. Well, it is possible 
that there are such minds, but they will find themselves 
in difficulties if they pursue the subject. An infinite 
number of stars will require an infinite s for their 
accommodation. But a star is a measurable object, and 
the distance from star to star is megsurable. It therefore 
follows that infinity is measurable. 

‘*A Thinker ” writes that I have misunderstood him. 
T can only apologise, and urge the immense difficulties of 
metaphysics, since words are very inadequate means of 
expressing ideas about matters which are not concrete. He 
adds : *‘ Clear thinking helps one to realise the limitations 
of knowledge, and it makes it more easy to say ‘I don’t 
know.’” If ‘‘A Thinker” will enrol himself among the 
agnostics, I have no subject of contention with him, pro- 
vided the word be used in the original sense as represent- 
ing a man who declines to form an opinion in the absence 
of knowledge. I fancied, however, from his letter 
(April 18) that he was one of the dogmatists, and that he 
found it very easy to say ‘‘I know,” even when talking 
of negations, which are notoriously difficult of proof. For 
instance :—‘‘ If space contained nothing at all, it would 
not be known to us, for absolutely empty space is nothing 
in itself ; it is unknowable, because it cannot affect our 
senses—it is non-sense—and in such circumstances know- 
ledge and thought of it are impossible, not merely because 
we are ignorant of it, but for the reason that there is 
nothing to know; for having neither bounds nor contents, 
it is simply nothing at all.” There is quite a pulpit 
fervour in this quotation. 

Yours ase 
‘ACT. 


To THE EpiTor oF ENGINEERING. 

Str,—The case can never be given away if your corre- 
spondents will read carefully my first letter on this sub- 
ject and a me to distinguish clearly ‘‘ space,” known 
to us only through our senses, from ‘‘ empty space ”— 
which is nothing at all; but it is impossible for me to 
define ‘‘ duration” and ‘‘ interval ” without reference to 
something in motion—from which we get our idea of 
time. 

I am nota follower of the late Bishop Berkeley, and, 
in all humility, venture to di from the saying of 
Descartes, ‘‘ Cogito ergosum,” which has led to much con- 
fusion, for ‘“‘Sentio ergo scio” must precede thought ; 
and, in order to mske my ition clear, perhaps you 
willallow me to quote :—** The books teach darkness was 
at first of all, and Brahm still meditating in that night.” 
Now, if ‘‘ at first” means before anything happened, it 
is clear that there was nothing for Brahm to think about; 
and he could not even meditate on his condition of dark- 
ness, for darkness is merely absence of light, which Brahm 
could not miss, as he had not yet been made aware of its 
existence. 

Yours truly, 
A THINKER. 
May 10, 1913. 








RELATION BETWEEN RATE OF FIRING 
AND LOSS OF UNBURNT FUEL IN 
LOCOMOTIVES. 

To THE Eprror oF ENGINEERING. 

Srr,—Mr. Lawford H. Fry’s diagram on page 564 is 
extremely interesting, and if further investigation con- 
firms the conclusion that all similarly plotted lines slope 
at the same angle, he will have discovered a useful law. 
In logarithmic plotting, however, the mean line must not 
be drawn so as to pass near as many dots as possible, as 
the influence of the upper dots in any group on its i- 
tion preponderates over that of the lower ones. This 
makes it difficult to be certain of its correct ition, 
unless the lines so obtained, together with the dots, are 
replotted, using uniformly-divided scales. I am very 
doubtful whether the lines on 564 for Series 100 and 
900 can be accepted without this test, though the other 
lines in the figure are probably fairly correct. 

As the result of a good deal of experience with logarith- 

mic plotting, I find it is generally best to draw a fair curve, 

as in Fig. 6, page 409, using uniformly-divided scales, and 
to replot this curve logarithmically in order to find out 
whether it then forms astraight line. This line will often 
require ‘‘ fairing up,” as a shipbuilder would say, but the 

“*faired” line should be replotted as a curve on the 

original diagram, before its modified direction is accepted 

as accurate. 

As Mr. Fry says he plotted his diagram in order to 

see whether the break in the line shown in my Fig. 3, 

on page 485, was indicated by the original test, I must 

point out that the items plotted are not the same in the 
two diagrams. I plot the weight of cinders, while 

he plotted their calorific value. If line No. 2 of Fig. 7, 

409, gave the exact calorific value of the ashes in 

Fig. 6, instead of merely a rough approximation, I could 





time merely depends on the existence of something that 
8 Moved.” Again (page 539) :—‘‘ Time is not something 
that would go on for ever and ever after everything 
ceased to exist, because it is the duration of an event, 
> of a sequence ofevents . . . of which duration we could | 
- no conception if nothing happened... between | 
=e events.” ButS. G. adds, five lines lower :—‘‘ Time, | 
inthe sense which ‘A Thinker’ seems to attach to the 





compare my curve with Mr. Fry’s by replotting in the 
same manner ; as it is I have not the necessary data. If 
he is in a position to do so, I suggest that it would be 
useful to convert the readings from his 1.9th power line, 
corresponding to the spots in Fig. 6, to the weight of 
cinders per hour in the same boiler as that referred to in 


dots as the one shown on 409, his result may be 
taken as reliable; but if otherwise, I do not think 


it can. 
Yours faithfully, 
o. i. WINGFIELD. 
28, Victoria-street, Westminster, 8.W., May 8, 1913. 





‘THE MATHEMATICIAN AND THE 
ENGINEER.” 
To THE Epitor oF ENGINEERING. 

Srr,—In the leading article under this heading in your 
issue of May 9 my name is mentioned in connection with 
the initiation of wireless neneny across the Atlantic. 
I am sorry to say this isan error: I had no association 
with that enterprise. 

Yours oneen 
J..A. Ewa. 


The Athenzum, Pall Mall, 8.W. 

[We much regret the slip to which our co dent 
directs attention. In our article ‘‘ Professor Ewing ” 
should have been ‘‘ Professor Fleming.” —Eb. E.] 





FAILURE OF A GAS-HOLDER. 
To Tae Eprror oF ENGINEERING. 

Srr,—In vos issue of May 2 there appears an article 
headed ‘Failure of a Spiral-Guided -Holder in a 
Steel Tank at Ilkeston.” 

I submit that this is not strictly fair to posterity or to 
the investigators, and that the title would better be 
** Failure of the Tank of a Spiral-Guided Gas-Holder at 
Ilkeston,” my reason being that the evidence has not 








(3479) 


proved the failure of the holder, neither has the evidence 
roved in which manner the tank failed, whether from the 
ttom upward or vice versd. 

To my thinking, the tank burst in the lower half below 
the outer lift, ason no other premise can I imagine the 
liberation of the thousands of tons of water (shown cross- 
hatched in sketch) from within the flimsy holder, at such 
a rate as to destroy houses, walls, and railway-trucks, 
without likewise bursting the thin outer lift. 

In other words, since the outer lift remained intact, the 
inference is that the water-levels on the inside and out- 
side of the lift at A B must have remained approximately 
equal during the period of disaster; hence the great 
volume of the water must have escaped from the tank at 
a level below the lower edge of the outer lift OC, say, as 
shown by the arrow in the sketch. 

Yours faithfully, 
May 9, 1913. Amicus. 








ContTracts.—We understand that the Electro-Mecha- 
nical Brake Company, Limited, Eagle Works, West 
Bromwich, have recently received an order from the 
Birmingham Corporation for forty ‘‘Maley” electro- 
mechanical rail brakes of a new design for maximum 
traction trucks. This is the second large order the firm 
have received from the Birmingham —_ ey A — 
number of orders have, we understand, been recently 
received for E.M.B. Unbreakable, Jointless, and Rust- 
less Grid-Type Resistances.—The General Electric Com- 
pany, Limited, of China, has secured the —— 
tract to supply to the little city of Fatshan, near ton, 
electric light and motive power. The generating om eg 
which is to be supplied will consist of three-phase high- 
tension alternating-current generators of an_ overload 
capacity of about 200-kw., driven by crude-oil Bolinder’s 
engines of 100 horse-power. The t will be made at 
the company’s works at Witton, near Birmingham, and 
should be ready for starting at the end of this year. 





Tue Late Mr. Hucu Dunsmvure.—We regret to have 
to record the death, in his seventy-second year, of Mr. 
Hugh Dunsmuir, a partner in the firm of Messrs. Duns- 
muir and Jackson, engineers, Glasgow. On completing 
his ae meg A at the works of Messrs. Robert 
Napier and Sons, Mr. Dunsmuir served as an ineer on 
board the Firth of Clyde paddle-steamers. en the 
American Civil War broke out he ran the blockade with 
one of these steamers—the Neptune, which been 
selected for blockade-running owing to her speed. The 
deceased was chief engineer on board this steamer for 
several voya Later he lived for a time in India, 
returning ultimately to Glasgow, where he became a 
partner in the firm of Muir and. Dunsmuir, now Muir 
and Houston. In the late ‘seventies of the last century 
he joined Mr. Jackson in establishing the firm of Duns- 
muir and Jackson, which builds marine engines and 
boilers, and employs about a thousand men. Two of 
his sons are 6 in the business. Mr. Dunsmuir 





Fig. 6. If the resulting curve lies as fairly among the 
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INDUSTRIAL NOTES. 


Tue monthly report of the Steam-Engine-Makers’ 
Society for May is quite as satisfactory as those that 
have for some considerable time p ed it, showing 
that trade is still exceptionally good, and especially 
so with the members of the Rosiety, whose normal 
unemployment is well below 1 per cent. of the total 
membership. There was a steady increase in member- 
ship during the last quarter, and satisfactory employ- 
ment throughout the society. In the report for the 
quarter ended March, allusion is made to the unsettle- 
ment at the dockyards, ‘‘ owing to the as ey that 
merueey. occur, year after year, in the replies from the 
Admiralty in answer to the annual petitions.” There 
had been much talk of a strike over this matter, but 
the executive counselled moderation pending replies 
from the Admiralty, and drastic measures were not 
taken. 


According to the monthly report of the United 
Pattern-Makers’ Association for April, which has 
recently appeared, the general condition of employment 
shows considerable improvement over last month’s 
returns, At the end of April there were on the books 
172 members, of whom 20 were on strike. This 
represented a reduction of 31 on the fi for March. 
On the North-East Coast there was a slight falling off, 
particularly in the marine engineering districts. 
the Clyde district the vacant-books were clear, and 
there was plenty of work in the entire district. Trade 
is also very good at Barrow and Belfast, and the pros- 

t in these places a s to be very mere 
rade is fair in Liverpool, but bad in Birkenhead, 
which is a condition of things always rather puzzling, 
for why the industry should be active on one side of 
the Mersey and stagnant on the other is not easy to 
unders Little change is reported from inland 
centres, and, reports from the Metropolitan area 
ir. The Midlands’ also report trade as 
good on the whole with the exception of Coventry, 
where there is the largest proportion of unem- 
loyed members. In other parts of England there 
} ma not seem to be any cause of complaint, but 
in the East of Scotland trade is not so good. The 
total percentage signing the vacant-book amounted 
to only 2 per cent., which is the lowest for some con- 
siderable time. The total number of members at the 
end of March was 8266, and the income for the 
quarter ended March 31 amounted to 7391/., or 300/. 
less than was realised during the December quarter of 
1912. The total expenditure during the quarter was 
5392/. 11s. 84d., or more than 1000/. in excess of the 
expenditure during the previous quarter. 


On Saturday last, the 10th inst., a conference of the 
Lancashire and Cheshire Miners’ Federation was held at 
St. Helen’s, and the following resolution was passed :— 

‘‘ That, in connection with the disputes at Astley 
and Tyldesley Collieries ting the minimum-wage 
question, this Conference gives its unstinted support 
in these serious disputes, and instructs Messrs. T. 
Greenall, T. Ashton, and J. McGuirk to demand that 
the branch secretary and men affected in the minimum- 

cases be reinstated, that each set of men be 


allowed to govern and control their own ate 


places, and not one person have the contract of se 
working places and the men have to fill one tally 
number, as is being introduced at present ; and that 
if a written promise cannot be obtained that this kind 
of thing will be stopped, the whole of the men working 
for this firm cease work when the notice expires on 
Tuesday, May 20.” 


The trade-unionists at Nottingham appear to have 
caught the epidemic of worry regarding non-unionists 
that has lately troubled South Wales and some other 
parts of the country, but at present we can hardly say 
whether the attack will be severe. The tin-plate 
workers in the gas-meter repairing shops of the 
Nottingham Corporation were recently locked out, 

, in consequence, & large meeting of trade-unionists 
was held on Saturday last, the 10th inst., when some 
hard things were said about the Corporation, and 
suggestions were made that the men in the works 
and in the tramways di ent should strike out of 
sympathy with those loeked out. The origin of the 

- trouble was the refusal of the union men to work with 
non-unionists, and on Saturday last it was stated that 
the whole question would be dealt with in Liverpool the 
following week. Some of the men who had refused to 
do the repairing work for the tion were en- 
gaged by two Nottingham firms of meter manufac- 
turers ; but the men soon struck, and they appear to 
be so well organised that it may be difficult to get the 
work done anywhere else. The trade-unionists have 
expressed great disappointment at the action of the 
Gas Committee, various trade-union executives 
have been called upon to allow the unionists to take 
drastic action, but what this action will be has not 
been divulged. 


The result of the ballot of members of the Boiler. 


In | calism, 


makers’ Society on the question of giving a month’s 
notice to cease work if a special advance of 24 per cent. 
is not given on piece-work riveting rates is now known, 
and shows that 4027 members were for giving notice 
and 1550 against. There is little doubt now that 
trouble will follow, but it is not considered likely that 
it will be before June. The original demand of the 
men was 4 per cent. on piece-work riveting rates. 


Not. satisfied with the success of their action 
against non-unionists, the South Wales Miners’ Fede- 
ration intends to extend its work of coercion still 
further, and has committed itself to the task of — 
ctnsee J every minor trade union in the coal-field. 

‘ow: these unions it has always been unfriendly, 
and they have now been warned that in future there 
is to be only one trade union in the coal-field. If they 
do not voluntarily surrender, steps will be taken to 
compel them to do so. These threats have not, it 
would appear so far, moved the enginemen and 
stokers—a fact which, it is said, has tly pro- 
voked the autocrats of the federation. The executive 
of the federation hope, however, that those men will 
join their ranks. The surface-men also are to be 
coerced if they do not voluntarily join. The fact of 
the seer is ge 4 at * — time trade ee 
particularly in Sout es, is passing through 
curious phase. It is professedly antagonistic to Syndi- 

Sat actually greatly influenced by it. On 
Tuesday last it was announced at a meeting of the 
Fe e colliers that the number of non-unionists 
had been reduced from over 1000 to 172. These col- 
lieries are the last’ remaining idle on account of the 
present crusade. 


At a conference at Pontypridd on Tuesday last, the 
13th inst., the South Wales colliery banksmen again 
announced their demand for an eight-hour day and a 
standard rate of 5s. a shift and percentages. 


On Saturday last at a meeting of miners at the 
Rhondda pit, one of the resolutions brought forward 
was that ‘‘the present members of the executive 
council, or those who may be called upon to act as such, 
shall be asked if they are in any way connected with 
the Trade-Union Reform League, which is conceived 
for the purpose of yoga hea present federation; 
and if any answer in the affirmative, that they are 
either officials or members, we respectfully ask them 
to resign their seat, as in our opinion it is quite 
inconsistent for them to hold a position in both organisa- 
tions.” What is known as the “‘ Industrial Democracy 
ee ” has been formed with the object of reforming 
the federation, the reformation to be in accordance with 
national ideas :—‘‘ Every industry must be thoroughl 
organised, in the first place, to fight to gain contro 
and then administer that industry. Then comes the 


co-ordination of all the industries on a Central Pro- |}, 


duction Board, which, with a Statistical Department 
to ascertain the needs of the people, will issue its 
demands on the different departments of industry, 
leaving to the men themselves to determine under what 
conditions and how the work should be done.” The 

rofessed intention is not to destroy the federation, 

ut, by giving the members themselves more effective 
power, to make it more democratic. Among those 
who strongly approve of the suppression of the smaller 
unions are those who belong to the Industrial Demo- 


cratic League. 


We have heard a t deal from time to time in 
this country about the benefits su to result from 
the nationalisation of railways. The pictures drawn 
have been so rosy that at times we have almost been 
led to believe that, if it could only be attained, the 
millennium would surely not be far away. That, at 
any rate, is what some of its advocates appear to 
think. If, however, nationalisation has only sometimes 
attracted attention here, it has, we may almost say, 
been kept tually before the Australian people, 
and, according to an Australian correspondent of the 
Morning Post, people in that country never tire of 
‘*preaching the prospective blessings of nationalisa- 
tion,” by which “‘ capitalism would be ousted, dividend- 
earning would no longer influence the management, 
the workers, who would then ‘own’ the railways, 
would share the profits in bigger wages and shorter 
hours, and the necessity for reeing | would cease.” 
This is a pleasing picture, no doubt, but such a state 
has not yet been attained. The correspondent reminds 
one that the employees on the Victorian Railways 
some years ago organised a strike which threatened 
to paralyse all industrial activity in the State. The 
time, however, was not ripe, and the bubble was 
pricked by a strong Conservative Government then in 

er. Such was the drastic nature of the legis- 
tion then introduced that the strike colla , and 
the leaders were penalised. On the in-coming of the 
Labour Government in Western Australia last year 
@ minimum wage of 9s. a day was granted to the 
lower grades of railway workers, when another section 
of the higher-paid employees at once demanded an 





increase of pay, althoug they were at the time 





receiving from lls. to 13s. a day. This was too much 
even for a Labour Minister of Railways, and the 
demand was refused, although an offer was made b 
the Government to put the matter to arbitration, 
There was no strike in a technical sense, because in 
the face of the Arbitration Act to strike would 
have been illegal, but the men ‘suspended work” 
from day to day in order to hold a ‘‘ conference” to 
discuss matters. The humour of the thing was great 
for those who were able to appreciate it, but the 
Government were beaten, for the men continued their 
tactics just long enough to get the concessions they 
wanted, after which the ‘‘ conferences ” ended. : 

A strike recently commenced on the State-owned 
railways of New South Wales, the manner in which 
it commenced being so preposterous that even the 
Labour Ministry in power in the State threatened 
to leave the men to their fate. The railways of 
this State are under the control of an independent 
and non-political Railway Commissioner, and there. 
fore are not so liable to political jugglery as would 
otherwise be the case. The reeks: made by the 
strikers was for a 48-hour week and 9s. per day, with 
overtime on Sundays and for evening work. Had 
their demands been presented in the ordinary way, 
they would have. received the attention of the Com- 
missioner, but the men struck work at a moment’s 
notice, and their demands were therefore refused, 
Mediation was at once proposed by the Labour 
Minister, but this the men would not hear of. They 
insisted on the conditional surrender of the Commis. 
sioner, and, pending that surrender, they held u 
the whole P ie the goods traffic of the State with 
the exception of milk, which, ‘for the sake of 
children and invalids,” they allowed to be carried. 
This exhausted even the patience of the Labour 
Minister, and he is said to have called the 
strikers ‘‘a lot of industrial outlaws, who had 
broken the rules of even their own organisation.” The 
result, however, was that the Government promised to 
appoint a Royal Commission ‘‘to consider the men’s 
demands, guaranteed their reinstatement without loss 
of wages, absolved them from the penal consequences 
of their illegal acts, and promised them that any 
recommendations which the Royal Commission might 
make in their favour would be retrospective in their 
operation.” This forms a delightful picture for those 
who believe that the nationalisation of railways would 
ste an end to industrial unrest, as some people seem 
ondly to imagine would be the case. 





THe JuNiIon INSTITUTION OF ENGINEERS: VISIT TO 
GHENT ExuHisiTION.—A week-end excursion, July 4 to 7, 
been arranged by this Institution to Brussels, for the 
purpose of visiting the Ghent Exhibition. The party 
will leave London on Friday, July 4, and visit the Exhi- 
bition on the Saturday. For the Sunday excursions will 
arranged to Dinant, the Valley of the Meuse, the 
Field of Waterloo, or Antwerp, and on the Monday 
places of interest in Brussels will be visited, the party 
returning to London in the evening. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: SCHOLAR. 
SHIPS AND AwaRps.—The Council of the Institution of 
Electrical Engineers have awarded two Salomons Scholar- 
ships of the value of 50/. each, one to Mr. Grahame Geo! 
Dawson, of henge | College, London, and one to Mr. 
Robert Burleigh, of the City and Guilds (Engineering) 
College, South Kensington ; and a David Hughes Scholar- 
ship of the value of 50/. to Mr. John Harsant Lee, of 
King’s College, London. A number of premiums for 

pers have been also awarded by the Council this year. 
7) accordance with precedent, in deciding upon these 
awards the Council have not taken into account papers 
contributed wholly or in part by members of Council. 
The awards are as follows :—The Institution Premium, 
value 25/., to Mr. A. E. Hadley, for his paper, “ Power 
Supply on the Rand” ; the Ayrton Premium, value 10/., 
to Mr. F. H. Whysall, for his paper, ‘‘The Use of & 

Lighting Battery in Connection with Central 
Station Sup; 


ly”; the Fahie Premium, value 10/., to Mr. 
A. J. Aldri for his paper, ‘‘ Practical Application of 
Telephone Seonensignioh culations” ; the John Hop- 
kinson Premium, value 10/., to Dr. E. Rosenberg, for 
his paper, ‘‘Self-Synchronising Machines” ; the Kelvin 
Premium, value for this year, 21/., to Messrs. 
Paterson, E. H. Rayner, and A. Kinnes for their paper 
on ‘‘ The Use of the Electrostatic System for the Measure- 
ment of Power” ; the Paris Premium, value 10/., to Mr. 
J. 8. Peck, for his paper, “ Earthed v. Unearthed 
Neutrals on Alternating-Current Systems”; an extra 
premium, value 10/., to Mr. M. Solomon, for his paper, 
** Yellow Flame Arcs”; an extra premium, value 5i., 
to Dr. A. C. Michie, for his paper, ‘“‘ The Formation 
of Deposits in Oil-Cooled ormers.” A number of 
remiums to students have also been awarded, = 
tudents’ premiums, value 10/. each, to Mr. H. R. ° 
stantine, for his , ‘Time Limits”; and to 
J. Hacking, for his paper, ** Phasing Out of Alternet 
ing-Current Apparatus.” Students’ premiums, value 
each, to Mr. ©. H. Goulden, for his paper, “* Low 7 
Mixed Pressure Turbine Plants ;” to Mr. 8. N. 0. K 
Whitehead, for his paper, ‘‘ Individual Electric Driv- 
ing ina Modern Weaving Shed ;” to Mr. P. Grice, ra 
his paper “‘ Heating and Cooling of Electrica] Machi- 
nery ;’ and to Mr. A. T. Robertson, for bis paper 
‘* Winding of Electrical Machinery.” 
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THE YARROW BOILER. 
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Ir will be remembered that at the spring meeting of 
the Institution of Naval Architects last year Mr, 
Harold Yarrow read a paper* in which he described 
some experiments which he made with a Yarrow 
boiler burning oil fuel, with special reference to super- 
heating the steam. Some further tests have just been 
completed with one of the boilers constructed by 
Messrs. Yarrow and Co., Limited, at Scotstoun works, 
for the Chilian battleship Almirante Latorre, now 
being built at the Elswick works of Sir W. G. Arm- 
strong, Whitworth and Co., Limited, while the 
machinery is being constructed by Messrs. John 
Brown and Co., Limited, at their Clydebank works. 
The ship is one of the most powerful battleships 7 
built, her displacement tonnage being about 28, 
tons, and the power of the turbine machinery 37,000 
horse-power. A number of Yarrow boilers have been 
constructed similar to that illustrated in Figs. 1 and 
2, above, with which the tests were made. Each 
boiler has 4440 sq. ft. of heating surface, and 93.9 
aq. ft. of grate area, while the capacity of the com- 
bustion space is 610 cub. ft. 

Oil fuel was used in the tests, as it offers special 
advantages to the experimenter when making trials 
with boilers, since the conditions of the furnace can 
be kept absolutely constant for long periods, whereas 
with coal this is impossible, so that results vary much, 
owing to the varying quality of the coal, the efficiency 
of the stoking, and the formation of clinker. il fuel, 
on the other hand, enables very accurate observations 
to be made as to the effect of any new device, or change 
of design, on the efficiency of the boiler. 

The oil used on the tests had a calorific value of 
19,000 B.Th.U, The temperature of the oil was from 
180 deg. to 220 deg. Fahr., and the pressure varied 
with the rate of burning. 

The aim of the tests was to demonstrate the advan- 
tage of certain improvements recently introduced in 
Yarrow boilers. One of these consists in placing 
angle-iron baffles on the outside rows of tubes, as 

in Figs. 1 and 2, so as to equalise the volume 
of the furnace passing through the nest of tubes. 
These baffles consist simply of angle irons, which lie 
on the tubes in such a manner as to close up the s 
between two adjacent tubes, and thus restrict the 
area for the flow of gases where they otherwise would 
pass too readily towards the funnel. By arranging 
these bafiles suitably with reference to the uptake the 
gases can be so diverted that they pass aay 
uniformly throughout the nest of tubes. These baffles 
are simply hung on projecting studs and are easily re- 
moved, when required, for phew the outside of the 
tubes, or for any other pu . It has been found pos- 
sible by means of these Sallles peectionty to equalise the 
temperature of the gases as they pass the last row of 
tubes of the tube nest, thus securing a high efficiency. 





* See Enguvgenina, vol. xciii., pages 442 and 465, 





Another change has reference to the system of feed- 
heating in the Yarrow boiler. The original feed-heater 


in this type of boiler was constructed by dividing 
off a certain number of the outer rows o ee by 
the fee 


titions in the water-pockets, and in; 
foto the space thus dividied off, so thet the eed-water 
up two or three rows of tubes—those furthest 
rom the furnace—before it mixed with the general 
circulation in the boiler. This method of feed-heat- 
ing has been found to result in an economy of from 
5 to 7 per cent., but experience disclosed that, with 
the higher rates of evaporation now desiderated, the 
cold water which up these feed-heating tubes, 
after entering the upper drum, got short-circuited and 
rushed down the adjoining rows of tubes, and did not 
mix with the water in the upper drum as desired. 
The result of this short-circuiting was alternately to 
heat and cool the plates and the joints of the water- 
pockets, producing excessive strains, developing ulti- 
mately in some cases serious leakage, and involvin 
a risk of the plates cracking. By fitting a longitudin 
plate on oak side of the steam-chest, sv as to parti- 
tion off the feed-heating tubes, where the feed enters 
the steam-chest, as shown in Figs. 1 and 2, it was 
found possible to prevent this short-circuiting. In all 
the boilers made by Messrs. Yarrow at the present 
time this plan is adopted. 

In the Chilian ie above referred to, both these 
improvements are embodied, and very high efficiency 
has been obtained on the trials, which were con- 
ducted in the works of Messrs. Yarrow and Co. 
Table I. gives the results of trials, extending over 24 
hours, with a boiler burning } lb. of oil per sq. ft. of 
TasLe I.—Results of 24 Hours’ Trial with Chilian Boiler, 

Burning about 0.25 Lb. of Oil per Sq. Ft. of Heating 

Surface during the Whole Time. 





| Feeding into Feed- | Feeding into Top 
} Heater. | Drum. 
a Water from 
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|Water | 
Tempera- wi i at S12 | Tempera- 




















and at 212 | 
ture of ture of 
| deg. Fahr. deg. r. | ry 
per Ib. Oil. Uptake. | per Ib. Oil. Uptake. 
deg. Fahr. | ideg. Fahr. 
First4 hours .. 16.46 290 | _ _— 
Second 4 hours .. -- -~ | 16.81 | 407 
Third4hours.. 17.08 325 _— — 
Fourth 4 hours .. a _— 15.78 | 427 
Fifth 4hours .. 16.85 347 — _ 
Sixth 4hours .. os — | 15.89 435 
Means .. ..| 1670 | 821 | 16.88 | 498 








heating surface, so as to test the boiler and the condi- 
tions which would prevail when cruising at a low 

er, and to ascertain the evaporation when the 
eed-water heating arrangement was in use and when 
the feed was direct into the top drum, as was 
formerly the practice. The twenty-four hours’ trial 
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was divided up into periods of four hours, and the 
feed-water was passed for each four hours alternatel 
into the feed-heating tubes and the top drum, as indi- 
cated in the table. 

The results given in Table I. show that when feeding 
direct into the top drum the evaporation was 15.83 Ib. 
of water from and at 212 deg. Fahr. per Ib. of oil 
consumed, the funnel temperature being 423 deg. 
Fahr, When feeding into the section of the water- 
pockets, to which the feed-heating tubes are attached, 
16.79 lb. of water were evaporated per lb. of oil, and 
the ane of the funnel gases was 32] deg. 
Fahr. The gain under these circumstances by adopting 
the Yarrow system of feed-heating was an increase in 
evaporation per lb. of oil of 0.96 lb. = 6 per cent., 
and a reduction in the temperature of the gases of 
102 deg. Fahr. = 24 per cent. 

Table II. gives the results of two trials, each of 
fifteen hours’ duration, respectively, when burning 
coal at the rate of 28 lb. and 17 lb. per ft. of fire-grate 
= 0.59 Ib. and 0.36 lb. per sq. ft. of heating surface, 


TaBLE II.—Results of Trials with Yarrow Boiler Fitted 


with Yarrow’s Latest System of Baffling the Furnace 
Gases and of Feed-Heating. 











| s | * 
| =e f= _ . 
ie ee \gF BF | 
58 ee me. 
42 lse see 2 
Nature of Trial. ~£/C° Be ees! & 
; |SSise., si - a7 8 
§ Siz é a \e | £ 
3 is 3a alsys| & 
E B88 LEGER B 
| | el eel | ahead | alee 
Official thirty hours’ coal-| hours | dg. F. 
burning trial; (a) feed- | 
ing into feed-heater, and (a) 15| 28 | 0.59 | 10.06 6.48 | 622 
(6) alternate baffles .. (6)15| 17 | 0.36 | 1360/ 4.98) 491 
Twelve hours’ oil - burn- 
ing trial; feeding into | | | 
feed-heater oa ..| 12 | — |0.246/168 | 411 | 321 
Eight hours’ SSeming | 
trial ; feeding into feed- | | 
heater and with alter- } 
nate baffles Sn de — | 0.556 14.84 7.96 | 618 





In all cases the evaporation is trom and at 212 deg. Fahr. 


the results of the former being given on line (a), 
and of the latter on line (b). A further trial of twelve 
hours’ duration, burning 0.245 1b. of oil per ft. of 
heating surface, and a third of eight hours’ duration, 
when burning 0.556 lb. of oil per sq. ft. of heating 
surface. It will be seen that with coal and without 
baffling the evaporation was 10.96 lb. per Ib. of coal, 
with an — temperature of 622 deg. Fahr.; while 
when bafiles were fitted the evaporation rose to 
13.60 lb., while the uptake temperature dro to 
491 deg. Fahr. In both these trials the feed-water 
was passing through the feed-heating tubes. With » 
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moderate rate of combustion of 0.245 lb. of oil per 
sq. ft. of heating surface, the evaporation was 16.8 lb. 
ot water per lb. of oil, with an uptake temperature of 
only 321 = Fahr. When burning 0.556 Ib. of oil per 
ft. of heating surface the evaporation fell off to 14.84 Ib. 
of water, with an uptake temperature of 613 deg. Fabr. ; 
but on this trial baffles were fitted only on alternate 
rows of tubes. The figures show the higher evapora- 
tion possible with oil fuel as compared with coal, and 
the great advantage of the baffling arrangement as 
well as of the use of the outer tubes for heating the 
feed. 
Having in view the evaporation obtained with the 
most recent t; of Yarrow boiler in combination 
with the latest type of turbine, it seems that 1 
shaft horse-power can be obtained from 0.9 Ib. of oil 
fuel ; and, if superheating be adopted, a gain of 10 per 
cent. for every 100 deg. Fahr. is secured. From 
experiments made by Messrs. Yarrow this amount of 
superheat is easily obtainable in marine practice: 
indeed, in the early future it is not unreasonable to 
expect that with 200 deg. Fahr. of superheat it will 
be possible that 1 shaft horse-power may be ob- 
tained from 74 lb. of oil fuel, under naval conditions, 
which are more severe than those prevailing in the 
merchant service. Such advances in steam machinery 
as those described must have an important bearing on 
the introduction of internal-combustion engines, as 
the economy of the steam-turbine, with the latest 
boiler practice, is steadily ss that of the 
Diesel engine ; and when consideration is given to the 
inherent benefits of rotary over reciprocating motion, 
and to the advantage by the turbine and 
the modern water-tube bviler, as regards weight and 
simplicity, over the internal-combustion engine, there 
is shanties room for the assumption that the days of 
the steam-engine are not yet numbered. 





GERMAN RAILWAYS. 

Tue Imperial German Railway Department has just 
issued a very full report on the German ay and 
their working for the financial year 1911. The length 
of standard-gauge railways in Germany has increased 
from 51,092 km. at the end of 1901 to 59,992 km. at 
the end of 1911—that is, an increase of 17.4 per cent. 
Of the former aggregate, 46,731 km., or 91.5 per cent., 
were State railways; of the latter, 56,431 km., or 
94.1 r cent. In 1901 there were 32,453 km. of 
main lines—that is, 635 per cent., and 18,639 km., 
or 36.5 per cent., of branch lines and sidings, 
whereas the respective figures for 1911 were 34,523 
km., or 57.5 per cent., and 25,469 km., or 42.5 per 
cent. The length of main line has consequently increased 
6.4 per cent., and branch lines by 36.6 per cent. In 
1901 there were 944 km. per 100 sq. km. of land ; 
in 1911 there were 11.08 km. There were 8.98 km. 
of railway per 10,000 inhabitants in 1901, while in 
1911 there were 9.14 km., the population of Germany 
during the same decade having increased from 
56,860,000 to 65,360,000. 

The rolling-stock of the standard-gauge railways 


amounted in 1911 to 27,701 locomotives, 59,857 
passenger carriages, and 613,000 lu vans and 
goods wagons. 5 red with 1901, these figures 


show an increase of 40.4 per cent. in the case 
of locomotives, of 50 per cent. in passenger car- 
riages, and 46 per cent. in s stock. The loco- 
motive-kilometrage amoun in 1911 to an aggre- 
gate of 1,152,650,000 km., of which 762,610,000 km. 
were train-kilometres, the rest being ——— light 
kilometrage, &c. Passenger, luggage, mail, goods 
stock, all told, had in 1911 covered 30,455,880,000 
axle-kilometres, of which 8,250,260,000 were run by 
passenger carri , 21,656,440,000 by stock, 
and 540,180,000 or the mail service. This means an 
average growth of 63.8 per cent., or an increase of 
91.1 per cent. on the ger stock service alone. 
In the year 1911 the service performed per passenger- 
carriage axle was 50,407 km., by each | -van axle 
50,424 km., and pees | porn n-axle 16,979 km. 
The traffic yi in 1901 a revenne of 
571,360,000 marks, but ate 1911 risen to 926,860,000 
marks, an increase of 62.2 cent., or from 11,484 
marks to 15,926 marks per kilometre, an inorease of 
38.7 per cent. ; but the receipts per 1000 axle-kilo- 
metres of r and) | traffic have during 
the same period fallen from 105 marks to 91 marks. 


The receipts from the passenger and | traffic 
represented 28.28 per cent. of the aggregate receipts 
in 1911, against 28.91 per cent. in 1901. As regards 


the receipts from the different classes, first-class trafic, 
in 1911, represented 2.96 per cent. of the total; the 
second-class traffic 17.07 per cent., and the third 
42.95 per cent. ; while fourth-class traffic represented 
35.31 per cent. ; 1.71 percent. was military traffic ; the 

ing figures for 1901 were 4.34, 22.15, 48.29, 
23.20, and 2.02 per cent. respectively. In 1911 each 


inhabitant averaged twenty-five railway journeys, 
against fifteen in 1901, the average distance ae a 
journe 
23.03 


having, during the same period, risen from 
m, to 23.50 km. The number of passenger- 


kilometres rose from 20,588,740,000 in 1901 to 
37,855,210,000 in 1911—an increase of 83.9 per cent. 
The average receipts per nger- kilometre fell 
from 2.67 ce in 1901, to 2.35 pfennig in 1911—a 
decrease of 12 per cent. 

Goods traffic revenue shows a still greater in- 
crease than that from the passenger traffic—viz., from 
1,251,700,000 marks in 1901 to 2,131,790,000 marks 
in 1911—or a growth of 70.3 per cent. The revenue 

r kilometre, in 1901, was 24,723 marks, against 

,890 marks in 1911—an increase of 45.2 per cent. 
During the same period the receipts per 1000 axle- 
kilometres rose from 98 to 108 marks; the receipts 
from the goods traffic represented 63.34 per cent. of 
the ate revenue in 190] against 65.05 per cent. 
in 1911. e average receipts per ton-kilometre from 
goods traffic has fallen from 3.69 pfennig in 1901 to 
3.62 pfennig in 1911, or 1.9 per cent. 

The cost of construction of the German standard- 
gauge railways amounted in 1901 to 12,896,980,000 
marks, equivalent to 252,463 marks per kilometre. 
For the year 1911 the corresponding figures had risen 
to 17,605,390,000 marks and 293,464 marks, which, as 
regards the total cost, means an increase of 36 5 per 
cent. or per kilometre an increase of 16 2 per cent. 
The aggregate receipts, exclusive of rental, have 
risen from 1,969,230,000 marks in 1901 to 3,268,060,000 
marks in 1911, showing an increase of 66 per cent., 
although the average distance worked has only risen 
17.4 per cent. The working expenditure has risen 
from 1,286,730,000 marks in 1901 to 2,117,020,000 
marks in 1911, or 64.5 per cent. ; the expenditure 
per kilometre has risen from 25,340 marks to 35,450 
marks, or 39.9 per cent. The percentage of the 
working expenditure to receipts was, in 1901, 65.34 
per cent.; in 1911, 64.78 per cent. The surplus 
was 682,490,000 marks in 1901; in 1911 it was 
1,151,040,000 marks; an increase of 68.7 per cent. 
The surplus represented, in 1901, 5.35 per cent. on the 
capital cost, and in 1911, 6.54 percent. The net revenue 
in 1911 was 19,274 marks per kilometre, against 13,441 
marks in 1901, an increase of 5833 marks, or 43.4 per 
cent. 

The number of officials and employees, exclusive of 
artisans, apprentices, and women, amounted in 19]1 to 
706,678 persons—that is, one railway employee for 
every 91 inhabitants ; compared with 1901 the number 
of employees has increased by 170,467 persons, or 31.2 

r cent., whilst the length of railway worked has, 

uring the same period, increased 17.4 per cent. The 
ex iture in the form of salaries and wages was, in 
1911, 1,318,510,000 marks (including 137,100,000 marks 
for ‘‘ welfare purposes ”’), against 756,110,000 marks in 
1901—an increase of 74.4 per cent. The average pa 
to each employee has risen from 1384 marks in 190] to 
1840 marks in 1911, or 32.9 per cent. With reference 
to the above sum of 137,100,000 marks, it should be 
borne in mind that some 60,000,000 marks is paid in 

nsions, &c., under the present porches seek, wn the 
russian and Hessian State railways, which formerly 
was debited to the Ministry of Finance. 

The narrow-gauge railways in Germany (exclusive 
of the so-called ‘small lines”) had an aggregate 
length of 2215 km. at the end of 1911, against 1893 
in 1901—an increase of 322 km., or 17 per cent. The 
rolling stock of these railways in 1911 comprised 506 
locomotives, 1368 passenger carriages, and 11,538 
luggage and goods carriages. The capital cost of the 
above railways amounted in 1911 to 175,500,000 marks, 
or 79,228 marks per kilometre. The receipts of 
the Prussian-Hessian oe State railways 
amounted in 1911 to 15,870,000 marks, the expenditure 
to 12,380,000 marks, and the surplus to 3,490,000 
marks, against ],600,000 marks in 1901. 





Tur Institution oF Water Encinerrs.—It is in- 
tended to hold the eighteenth summer meeting of the 
above Institution this year at Wakefield, on Thursday, 
Friday, and Saturday, June 5, 6, and 7, under the pre- 
sidency of Mr. C. Olemesha Smith, M. Inst. C.E., 
oy erp Water Works Engineer. The meetings will 


id in the Town Hall, and at the opening of the pro- | P® 


ceedings on Thursday the Institution will be welcomed 
¥. his Worship the Mayor (Councillor Edwin Lodge 
irst, J.P.). The following papers and communications 
ve been promised for reading and discussion :—(1) ‘‘The 
Valuation of Water Undertakings on Transfer to Local 
Authorities,” by Mr. E. J. Sileock, M. Inst. C.E. (held 
over from the winter meeting); (2) ‘The Water Su Ry 
of Jersey,” by Mr. Alfred J. Jenkins, Assoc. M. Tnst.C. : 
®) ‘** Animal Growths in Water-Pipes,” by Mr. Samuel 
. Chapman, M. Inst. C.E. ; (4) caine Storage in 
Relation to Stream Flow,” by Mr. W. J. E. Binnie, 
M. Inst. C.E., F.G.S., B.A. (Cantab.), and Mr. Herbert 
Lapworth, D.Sc., M. Inst. C.E., .S. _The presi- 
tial address will be delivered by Mr. C. Clemesha 
Smith on Thursday, June 5, who will also supply an 
illustrated description of the Waxefield water or 
circulation among the members. A lecture will be de- 
livered by Professor Percy Kendall, F.G.S. 
ind Waters of the Lower Calder,” and there will also 
visits to of interest in the nei and 
to works. annual dinner will be 


THE PHYSICAL SOCIETY OF LONDON. 


AT the meeting held on April 25, 1913, at the Imperia] 
ee of Science, Professor C. H. Lees, F.R.S., Vice. 
President, in the chair, a paper on ‘‘ A Graphical Method 
of Optical Imagery” was read by Mr. W. R. Bower. The 
paper contains a developmént of — imagery based on 
elementary geometry, including limiting positions, but 
excluding eross-ratios, centres of ——— &c. The 
method adopted is useful for teaching the properties of 
— systems to those who are not essentially students 
of pure mathematics, and can be very satisfactorily used 
by those capable of draughtsmanship with mathematica] 
instruments. 

The principle of the method is as follows :—The vertex 
(object) of a small incident pencil of rays is considered to 
move along a line parallel to the principal axis of the 
optical system. This line is also ied as the incident 
portion of a fixed ray. Then the directions of the ray, 
after reflection or refraction at the several surfaces, do 
not alter as the position of the object changes. They are, 
therefore, the fixed loci of the images or vertices of the 
reflec and refracted pencils. Then the successive 
po itions of the image resulting from a progressive move- 
ment of the object are obtained. Also the constructions 
are such that in the case of a thick lens the importance of 
the cardinal points and planes is demonstrated. 

First, considering refraction as a spherical surface, and 
assuming that » is the relative velocity of light in the 
two media, a construction for the refracted portion of any 
incident ray is obtained from the wave principle ; then 
the sine law of refraction and the position of the aplanatic 
pair of points are deduced. When the incidence is normal 
itis convenient in drawing to increase largely the scale of 
nee perpendicular to the principal axis in comparison 
with that along the principal axis. A distorted figure is 
obtained, but the relative lengths of lines perpendicular to 
the axis or of lines parallel to the axis will t be maintained. 

The principal foci for normal incidence on a single 
spherical refracting surface are obtained, and then the 
usual algebraical expressions are deduced from the figure. 
A convenient construction for finding the principal foci 
and aplanatic pair of points when u and r are given is 
then shown. 

For a thick lens it is most convenient to assume that 
the two surfaces separate three different media. After 
obtaining the refracted portions of a ray—called the 
second fixed ray—incident parallel to the principal axis 
of the system, the positions of the cardinal and nodal 
points and _— are indicated and their more important 
say rties deduced. A convenient construction is shown 
or finding the cardinal and nodal points, when 1, 72, 4, 1! 
are given. At the same time the course of the first fixed 
ray 1s determined. The first fixed ray is defined as the 
ray which emerges from the system in the same line as 
the incident portion of the second fixed ray obtained 
above. There is also a visualisation of the Gauss and 
Abbe definitions of focal length. The usual algebraic 
relations are dedu After a discussion of magnifica- 


y tion—lateral, axial, and angular—it is shown that when 


the six cardinal points of one optical system are com- 
bined with those of another, a resulting set of six 
cardinal points is obtained, and thus a composition of the 
cardinal points of various optical systems may be effected. 
Returning to refraction at a single spherical surface, 
the cases of meridian and sagittal rays are separately con- 
sidered. For the former the position of Cornu’s junction 
point is obtained in a simple manner. Finally, the usual 
algebraic relationships are deduced, and a graphic con- 
struction for points on a caustic is given. 
A paper on “ The Spectr ic olution of an Arbi- 
~— am ” was _ by 7 C. V. panes. 
ordinary grating has periodic rulings, and a spectrum 
obtained by means of it is characteristic of the radiation 
entering the spectroscope-slit. But if the radiation is 
homogeneous, while the distribution of the rulings is 
arbitrary, we obtain a spectrum characteristic of the 
grating. It is thus found to be theoretically possible to 
resolve spectroscopically a given arbitrary function ¢ (z) 
into its harmonic constituents. The ‘ permeability” 
a photographic negative at any point being defined as the 
square root of the reci of the ‘‘density,” the first 
step is to make an “‘ equivalent grating.” This is a plate 
whose permeability (variable in one dimension only) has 
at any point z the value A + B ¢ (x), where A and B are 
constants. When this (transmission) grating takes its 
oe in a spectroscope whose slit is fed with homogeneous 
—- the spectrum of the function ¢ (x) can be seen or 


phed. Suitably interpreted, it gives us the 
rogram of ¢(z). A device is described which it 
is hoy may prove useful for determining the phases of 
The thee eon f lving func 

e oO met of resolving func- 
tions is discussed, onl as complete as that of ordinary 
spec y, while in one respect it is more simple; for, 
since the hight entering the spectroscope-slit is entirely of 
one wave-length, the comparison of intensities of spectral 
lines (whether visually or photographically) is facilitated. 

Some preliminary practical tests are now being made. 





Waren Power 1x Canapa.—The Montreal Light, 
Heat, and Power Company is now supplying inm its 
works at Chambly ine Rapids and the Soulanges 
Canal from 30,000 to 35,000 horse-power, and, in addition 
to this, it has auxiliary steam plants within the city. tis 
claimed that in a few years the Cedar Rapids Manv- 
facturing and Power Company will be sending 150.000 
horse- to Montreal and the surrounding district. 
The Montreal, Light, Heat, and Power Company 1 
bringing in a large amount of power from Shawinigat 
Falls, having contracted to deliver for the Shawinigat 








' Company power required on the Island of Montreal. 














al 


a? 


a 


on 
ub 
Tr) 


oe &, 


lt ae) ie Ae ce 7 Oe Ce 


a = 





May 16, 1913.] 


ENGINEERING. 





683 





=—— 


INFLUENCE OF SULPHUR ON THE STA- 
BILITY OF IRON CARBIDE IN THE 
PRESENCE OF SILICON.* 

By W. H. Hatrtetp, M. Met. (Sheffield). 
INTRODUCTION. 

Tux value of the heat treatment of the iron-carbon 
alloys depends mainly upon the manner in which the 
cementite and pearlite carbide is affected. Particularly 
is this so in connection with the alloys richer in carbon, 
such as the various cast irons, and the author has there- 
fore endeavoured to make a thorough study of this branch 
of the subject. In previous paperst experiments upon 
the influence of silicon, manganese, and vanadium have 
been described, and in the present paper it is now pro- 

to give the results of some experiments made to 
determine the manner in which sulphur affects the 

stability of iron carbide. . y 
The influence of sulphur has received considerable 

attention from eminent workers, from Dr. Percy onwards, 

and it is now accepted that, providing the other con- 
stituents of normal cast irons remain constant, any 
considerable increase in sulphar results in an increase in 
the combined carbon content. In other words, the 

nce of sulphur prevents the entire breaking down 
of the carbides during the cooling of the iron. : 

It is generally understood that in ordinary cast irons 
the amount of sulphur present (rarely exceeding 0.06 per 
cent ) has little influence upon the carbon. Dr Wiist, of 
Aachen, has published the results of some experiments 
which, however, showed that the influence of sulphur is 
increased by any decrease in the silicon content of the 
iron. These experiments are considerably amplified by 
the data contained in a recent paper by Coe.t 

It has already been shown (Stead, Levy, the author, 
and Coe) that manganese when present combines with 
the sulphur with the production of manganese er~ 
and thus the action of the sulphur is neutralised. In the 
absence of manganese, however, sulphur has a decided 
influence upon the condition of the carbon, and this 
influence appears to be modified by the presence of vary- 
ing percentages of silicon. The author’s intention in 
carrying out the present research was to endeavour to 
throw some light upon the manner in which the sulphur 
acted. Levy§ has contributed a very interesting paper 
upon this subject, but with some of Levy’s conclusions 
the author is in disagreement, as will be shown in the 
course of the present research. . 

Levy assumed that a ‘‘balling up” of the cementite 
carbide was a necessary preliminary to the dissociation 
of the carbide which results in the production of graphite ; 
and, working upon that hypothesis, he (Levy) came to 
the conclusion that the sulphide prevents the breaking 
down of the cementite by preventing the balling up. 
In his own words :—*‘ The presence of iron sulphide in 
the eutectic introduces intervening layers which may 
partly ball up, but even then leave sulphide films between 
the cementite crystals ; these act almost as emulsifiers, 
preventing the coalescence of the cementite portion, 
which is apparently a Capon | preliminary to its de- 
composition into free carbon and iron. These layers and 
films are so persistent, even on slow cooling, as to retain 
their ~~ between the cementite crystals until the 
metal has cooled well below the temperature of decom- 
position, so that an iron which might otherwise become 
grey is retained, even on very trac cooling, in the 
white form by sulphur as sulphide, 0.25 per cent. sulphur 
being sufficient for this purpose under the moderately 
protracted cooling conditions of the research. It is prob- 
able that the mechanical force exerted by sulphide, on 
separation and cooling, may also prevent the physi 
conditions necessary for carbide decomposition, which, as 
is well known, is accompanied by considerable expansion. 
The marked action of small amounts of sulphur, in pro- 
moting the formation of white cast irons, isapparent when 
the small quantities constituting the films is considered.” 

He further states that: ‘‘No evidence has been ob- 
tained to support the view that sulphur exerts its 
influence in retaining and promoting the whiteness of 
irons by a chemical union with the carbon; and the 
research indicates that the purel, Hn py or rather 
mechanical, effects of the sulphide inks and films offers 
a satisfactory explanation of the act, exercised even by 
very emall | op pe : 

Dr. Stead|| has published the results of some experi- 
ments upon this subject. He came to the conclusion that 
it was that areas of the sulphur which crystallises 
with the carbide that is seapoualie for the action, and 

to observe the films of sulphide to which Levy 
refers. The carbides were in several instances obtained 
from his alloys by Dr. Stead, and it was found that in 
tach instance only a very small proportion of sulphur 
was retained in the carbide. 
le paper by Mr. H. I. to which reference has 
viously been made, is, in this connection, of value. 
conclusions are summed up as follows :— 


(2) The sulphur, in the absence of manganese, separates 
88 sulphide of iron, Fi either with or immediately 
lore the eutectic, according to the of silicon. 


(b) The influence of sulphur on the condition of the 
carbon varies according to the percentage of silicon 





Ma Eeper read before the Iron and Steel Institute on 
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present ; when the silicon is low (about 1 per cent.) very 
small additions of sulphur will throw the greater of 
the carbon into the combined form: when the silicon is 
hi = — of sulphur is be A much less er a 

c) A critical point, as is the percentage of sulphur, 
appears to exist, at wisioh te affect of the sulphur changes 
comparatively suddenly. The position of this critical 
point will according to the silicon content. 

(d) The influence of sulphur on the mechanical proper- 
ties is due chiefly to its effect on the conditions of the 
carbon, but partly to its metitying the dentritic character 
of the pure siliceous irons. The transverse strength, 
i a and hardness are increased by the addition of 
8 ur. 

the result, therefore, of an examination of contem- 
porary work, it will be found that there is very little 
agreement upon the question as to how the influence of 
sulphur is brought to bear, and the author hopes an 
account of his recent experiments will throw further 
light upon the subject. 


AUTHOR'S EXPERIMENTS. 

The a poem consisted chiefly of heat treatments 
conduc upon — of Me ag J composition. The 
test-bars were pl in a Clinch-Jones heat-treatment 
furnace standing at the ticular temperature, and the 
heat was then maintained at the particular temperature 
within the error of plus or minus 5 deg. Cent. for the 
required time. The samples were then quenched as 
perfectly as the conditions of the experiment would allow 
in iced water. 

Determinations of the compositions of the carbide 
residues were performed upon carbide abstracted from 
the specimens as cast. 

Low Silicon Series Containing Variable Sulphur 
Percentages. 


The analyses obtained from this series were as 
follow :— 

















3. ; 

Es 3 S . 5 | £ 

= ; = | | 

Alloy. ee | 2 , Oe ae H i 8 E S 

s86/f gia/| gh) 222 

2) | & nD a = | Be 

p.c. | pe. cj) pe pe | pe. 
81 290 | nil | 0.01 6.29) trace | 0.041 | white 
82 200 | , | 008,099) , | 0.04 ” 
83 2.90 | , | O11 0.29 ic | 0.041 ns 
S4 290 | ;, | 016) 09/| ,, m_m i » 
85 290 |, | 083/029; ,, | aoe! ,, 
36 2.90 0.83 | 0.29, 0 042 “ 





Tn fracture the whole of these bars were white—that is, 
they contained the whole of the carbon in the combined 
state. Their freedom from blow-holes was ensured by the 
silicon percentage, and, apart from the 0.29 per cent. of 
this element consistently present, the samples contained 
only traces of manganese and | oy ye together with 
a sulphur content increasing from 0.01 per cent. to 0.83 
per cent. Micro-sections were prepared from the whole of 
the series, and were carefully examined. A word as to 
method employed may be of interest. An examination 
after the samples were etched, clearly indicated that the 
position and size of the sulphide was somewhat obscured, 
whilst in an examination of the unetched samples 
distribution among the constituents was not easily deter- 
mined, owing to the cementite and pearlite in that 
condition of the section not being always individually 
recognisable. Experiments were therefore made in pre- 

ing sections for micro-examination by heat-tinting. 
{Coe* has since published an account of specimens simi- 


cal | larly treated.) It was found that in this manner useful 


observations could be make. The method requires very 
great care, or exceedingly diverse results are hkely to be 
obtained. It was found, however, as a result of practice, 
that when the heat-tinting had been carried to the correct 
degree the cementite carbide became brownish Poe ide 
pearlite assumed a very pale brown tint, and the sulphide 
assumed a beautiful e blue tint. If the tinting be 
carried too far the sulphide sometimes -affects the sur- 
rounding surface of the section, and this results in the 
amount of the sulphide appearing than it really 
is. If the method, however, be carefully used it is found 
to be of service. In the examination of the microstruc- 
tures of the high sulphur content alloys it was found that 
here and there a of the cementite appeared to be 
discoloured. ese areas upon heat-tinting assumed a 
greenish blue tint, and would therefore a - to be very 
rich in sulphur. The detailed results of the micrographic 
investigations were as follows :— 


Bars as Cast. 
Section S 1.—This section exhibited the cementite 
pearlite structure usual in white iron, the carbide of the 
lite being well ted. Sulphide globules could 
observed in the pearlite areas at high magnification, 
but seemed to be in contact with the eementite. Fig. 1, 
684, shows this microstructure. : 
tion S 2 again presented the cementite pearlite 
structure, the sulphide appearing in nodules in the 
lite areas occasionally occurring with the cementite. 
© trace of the — 4 ied by Levy were observed. 
Fig. e 684, ifies this structure. 
‘Sctiea's 3 by = in structure to Section S 2. 
Section S 4 presented the cementite pearlite structure 
Masses of sulphide were observed, mostly in the pearlite 
areas, but sometimes attached to the cementite. Her 
and there small areas of the cementite were of a distinctly 
different type, quite dove-coloured, al h these areas 
were continuous parts of the carbide crys' 
Section S 5 was very similar in structure to S 4. 





* British Foundrymen’s Association, 1912. 


Section 8 6.— This structure is shown in Fig. 3, 
684. The carbide ap to exist in distinctly 
membranes, the size of these membranes appearing 

to have increased with the sulphur content. It must be 
recorded that the microscope did not indicate the increas- 
ing presence of the sulphide to be expected from the 
increased content of sulphur. This feature may be 
difficult to estimate, but such was the impression derived 
from a careful examination. These sections may now be 
compared with the heat-tinted sulphurous iron, the 
microstructure of which Dr. Stead desoribed in his British 
Association paper of 1910. Stead found, and clearly 
showed in his micrographs, little light-coloured markings 
on his cementite crystals, which he attributed to sulphur. 
In the present instance, however, such markings were 
not observable, in spite of the degree to which heat- 
tinting might be carried. 

First Heat Treatment.—Specimens of each of these six 

materials were placed in juxtaposition in the Clinch-Jones 
furnace before referred to, which was standing at 1050 
deg. Cent. The furnace was then maintained at this 
temperature for 24 hours with a plus or minus error of 
5 deg Cent. The samples were then quenched from the 
final temperature of 1054 deg. Cent. in ice-cold water. 
Sections ——- prepared were then examined under the 
microscope, with the following results :— 
, Section “_ (see Fig. 4 Page —— oe yon vo 
eature is the ce arge masses of annealing 
carbon embedded in a matrix of solid solution, the struc- 
ture of which is very well marked, as will be seen from 
the micrographs. There are still a few areas containing 
free carbide yet undissociated. No doubt a little longer 
time at this temperature would have completed the dis- 
sociation of all this free carbide. 

Section S 2 (see Fig. 5, page 684).—This section is 
remarkable. If reference be made to the table contain- 
ing the analyses of the series, it will be found that this 
sample contains only 0.08 cent. sulphur, only a por- 
tion of which could possibly be present in the carbide, 
and yet the latter, as will be seen from the examination 
of the micrograph, rendered it extremely stable. There 
is no evidence of a dissociation of carbide, no free 
annealing — is potieee. 4 iy pe penta is 

t in less quantity than in original t that 
1s to be explained by solution in the austenitic hardenite 
with the increase of temperature. The comparison of 
this micrograph and Fig. 4 certainly discounts the idea 
of the mechanical influence theory as to the action of the 
supposed sulphide films found in such irons. 

Section 8 3, S 4, S 5.—These were similar in structure 
to No. 2, with the exception that the cementite appeared 
to develop in size. 

Section S 6.—The structure of this sample is well shown 
in Fig. 6, 684, and is of interest. parison with 
Fig. 5, whivh is of exactly the same magnification, appears 
to indicate a change of size in the cementite. It has 
been claimed that the sulphide films prevent the ‘‘ balling 
up” of the cementite, and that this “‘ balling up,” being 
a@ supposed necessary condition previous to dissociation, 
these sections, and particularly the one under discussion, 
would indicate that the presence of sulphur favours the 
segregation of the cementite. It also, at the same time, 
clearly demonstrates that the mere “‘ balling up” of the 
cementite is not a sufficient condition in itself seriously 


the | to affect the actual stability of iron carbide. 
Treatment 


Second Heat .—One of each of the bars was 
heat-treated as follows :—Heated slowly over a period of 
twenty-four hours to 800 deg. Cent., maintained there for 
thirty-six hours, and slowly cooled. Micro-sections made 
from these bars clearly showed the fact that in none of 
the series was there any precipitation of free carbon. 

Third Heat Treatment.—-One of each of the bars was 
then treated as follows :—Heated slowly to 820 deg. Cent. 
over a period of twenty-four hours, and maintained at 
this temperature with a plus or minus error of 5 deg. 
Cent. for ninety hours, then slowly cooled. Sections 
were then prepared in the usual manner, and the follow- 
ing results of a micro-examination were obtained :— 

tion S1 (see Fig. 29, page 686).—All the carbide 
of supersaturation was decomposed, with the results that 
the section revealed numerous free annealing carbon 
pane oI in a matrix that is partly ferrite, but largely 
pearlitic. 

Section S 2.—The structure presented by this bar is 
indicated in Fig. 30, page 686. is sample presents 
a normal white iron structure of cementite and pearlite. 
The cementite, however, owing to slow cooling, shows 
the carbide of that constituent to be well laminated. 
There was no free carbon present. Here, again, the 
influence of the first increment of sulphur in the series 


is mae mat | em > 
Sections 83, 8 4, 8 5, and S6 were of similar structure. 
was very little difference, the remarks with regard 
to 82 applying equally well to these specimens. It may, 
however, be mentioned that there seemed to be a distinct 
increase in the size of the cementitemembranes. Fig. 31, 
page 686, typifies the structure of 8 6. 


High-Silicon Series Containing Variable Sulphur 
Percentages. 


The analyses obtained from the bars of this series are 
here given :— 
Phos- | Man- 
phorus. ganese. 


| | 
F nd —— Graphite. | Silicon. Sulphur. 





c. p.c. .C. .C c. 
ssi... “33 dos | Dow | Boss | dos 
Bs .| 32 . 0.98 0.106 | 0.085 | 0.04 
ss3..| 32 . 0.93 | 0.15 0.085 0.04 
8%... 82 . 0.95 | 0.21 | 0.085 | 0.04 
835. | 82 » | 096 | 087 0.085 | 0.04 
836 .. 09 | O71 0.085 | 0.04 
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Microsections of the whole of these bars in the ‘‘as 
cast” condition were examined as in the case of the low- 
silicon series recently described. No noticeable dif- 
ference was observed. There was no evidence of the 
sulphur films, and the size and distribution of the sulphide 
appeared to be similar to the last series. 
irst Heat Treatment.—The bars were deposited in 
juxtaposition in the experimental furnace already stand- 
ing at a eye of 850 deg. Cent., and were main- 
tained at deg. Cent. for two hours, with a plus or 
minus error of 5 deg. Cent. They were then carefully 
quenched. 

A micro-examination of sections prsoseed from the 
quenched samples clearly showed that in no instance 
had any precipitation of free carbon been brought about. 
The microstructures of 8 31, 832, 8S 35, and S 36 are given 
in Figs. 7, 8, 9, and 10, below. 

Second Heat Treatment.—In this experiment the bars 
were submitted in the same manner to a temperature of 
950 deg. Cent. with a plus or minus error of 5 deg. Cent. 
for two hours, and ee grepneas from the quenched 
samples were them examined. 

Sample S 31.—The microstructure of which, presented 
in Fig. 11, e 685, was seen to be transformed. Some 
of the cementite had evidently dissociated with the pro- 
duction of the annealing carbon noticeable in the photo- 
micrograph. Much of the cementite carbide, however, 
remains. The other sections of the series are repre- 
sented by the microstructures given in Figs. 12, 13, 
and 14, 

Third Heat Treatment.—In the final heat treatment 
for this series the bars were placed in the furnace which 
had already attained the temperature of 1050 deg. Cent., 
and were maintained at this temperature for two hours, 
with a plus or minus error of Jess than 5 deg. The bars 
were then quenched as before in iced water. Sections 


86. Etched, As cast. 


annealing carbon. 
evidence. 


Section S 32.—The specimen was very similar to S 31 | triomorphic crystals of the austenite (see Fig. 16, page 685), 


in so far as it consisted entirely of solid solution and 
There was no cementite carbide in 685, very similar ) 
One feature worthy of note, however, was, free carbide is dissociated. 








Fie. 1.—S1. Etched. As cast. 


S$ 33.—The structure is shown in Fig. 17, 


Section § f 
similar in every detail in Section S32. All t 


j a4 é 
Saeed a % 
_ % we 


’ 


Fic. 2.—8 2. Etched. | As cast. 


MAINTAINED FoR 2} Hours at 1050 Dec. Cent. anp QueNncHED. 











Fie, 4.—8 1, Fis, 5.—S 2, 





MAINTAINED FoR 24 Hours at 1050 Dec. Cent. anp QuEeNcHED. 


Figs. 1 to 6. 





Fie, 8.—S 32. Fie. 9.—S8 35, 


ALLoys oF Low Sinicon witn Varyinc SutpHuR ConTeENT. 


Fie. 10.—S 36. 


MAINTAINED FoR 2 Hours at 850 Dec. Cent. anp QuENCHED. 
Fics. 7 to 10. Atioys wir Hicu Smicon anp Varyine Sutpucr Conrent. 


rom the bars were then microscopically examined as in 
the previous experiments, with the following results :— 

Section 8 31.—All the cementite carbide has disap- 
peared ; it has either broken down with the precipitation 
of free carbon, or has entered into solution in the matrix. 
The microstructure is shown in Fig. 15, page 685. The 
poo of annealing carbon are large and of very irregular 
outline, 


the rounded shape of the nodules of annealing carbon, 
which were smaller in size and also much more widely 
distributed. One other feature is the definite markings 
which result in the production of polygonal structure. 
These markings appeared at higher magnification to con- 
sist of the transition products produced by the breaking 
down of the austenitic hardenite during cooling, and the 
position would seem to be that of the junctions of the allo- | 


Section S 34 and S 35 were also very similar; the 
sections consisting of free carbon and austenitic hardenite 
(solid solution). : 

tion S 36 is extremely interesting. This section 
contains 0.71 per cent. of sulphur, and the material in 
the “‘as cast” state contained all the carbon in the 
combined condition. In spite, however, of the large 
content of sulphur, two hours’ exposure to a temperature 
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of 1050 deg. Cent, has been sufficient completely to|  Aigh-Silicon Series Containing Variable Sulphur | with the exception that the manganese has been in- 
decompose the whole, of the free carbide. The result is | Percentages and also Manganese. | creased with a view to testing the influence of that 
that if the microstrueture be examined (Fig. 18, below.)| The analyses obtained from the bars of this series are|element upon the action of the sulphur. It will 
it will be seen to consist{of solid solution, with the crystal | given in the table below. jalso be. noticed that the silicon is unfortunately 
junctions well marked, in which occur the small, well-| It will be seen that this series is similar to the last, | slightly higher; the increase in the percentage of this 




















Fie. 12.—S 32. Fie. 13.—S 33. 
MatnTAINEp FoR 2 Hours at 950 Dec. Cent. AND QUENCHED. 


Fig. 16.—S 32. Fig. 17.—8 33. 
MAINTAINED FoR 2 Hours at 1050 Dec. Cent. anpD QUENCHED. 
Figs. 11 ro 18. ALtoys with Hieu Smicon anp Varying SutpHuR CoNnTENT. 





Fig. 19,—8 21. Fie. 20,—8 22. Fis, 21.—S 23, 
MAINTAINED FoR 2 Hours at 850 Dec. Cent. anp QuENCHED. 
Fics. 19 to 22, AtLoys with Hic Siticon (MancGaNngse PRESENT) AND Varyine SuLPHUR CoNTENT. 


Man- Phos- | element, however, is not sufficient to discount th 
x Graphite. | Silicon. | ganese. b shen. obanrvations. © 
The difference noted in the shape of the annealing eu; First Heat Treatment.—The bars were heated for two 
n nodules led the author to the idea that the|.., ~ vie | hours at 850 deg. and quenched, the method of conduct- 
sulphide globules probably assisted in the formation of | $22 | ing the experiments being identical with the former ones. 
free ee nodules jn these high-content alloys by | 23 |: | It was found upon aang microsections of the 
orming nuclei towards which the newly precipitated | 824... : ss | quenched samples that there been no precipitation 
carbon might segregate. This is supported by the | $25.. p ” 
comparative absence of sulphide in the heat-treated | %%-.. ” 


rounded, and widely-distributed nodules of annealing | Test Combined 
carbon Bars Carbon. 


: io carbon in any of them (see Figs. 19, 20, 21, and 22, 
| above). 
.| Second Heat Treatment.—In this experiment the bars 
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were maintained at 950 deg. Cent. with a plus or minus 
error not exceeding 5 deg. Cent. for two hours, and 
quenched in the usual manner. The examination of the 
microstructures afforded by the quenched specimens was 
as follows :— 

Section S 21 (Fig. 23, annexed).—The pred i 
feature consists of the large straggling ‘‘ masses” of free 
carbon. Most of the free carbide is dissociated, but here 
and there are still to be seen remnants of that constituent 
— through the austenitic hardenite (solid solu- 

100). 

Section 8 22 (Fig. 24, annexed).—There is a fair 
portion of free Sapletinn as is = ee by the snantling 
carbon nodules in the micrograph. A considerable 
portion of the free cementite is, however, yet undecom- 
posed. One interesting feature is the appearance of the 
minute ‘“‘drops” of cementite, probably accounted for by 
deposition from the solid solution, owing to the quenching 
not having been sufficiently rapid entirely to trap the 
latter phase as existing at the temperature of 950 deg. 


nt. 

Section S 23 (Fig. 25, annexed).—This microstructure 
was similar to Section § 22, with the exception that in 
this instance there was less free carbon. phide can be 
detected here and there, but the most curious feature of 
this bar was the fact that one or two areas each covering 
several micro-fields contained the whole of the carbon in 
the free state. 

Section S 24 (Fig. 26, annexed).— This practically 
consists of solid solution in which is imbedded the whole 
of the free carbide in the undissociated condition. Here 
and there are, however, still to be seen small nodules of 
free carbon. 

Section 8 25 (Fig. 27, annexed).—No free carbon is 
in evidence, although sulphide is to be seen. 

Section S 26 (Fig. 28, annexed).—This structure con- 
sists of cementite and solid solution, and it is interesting 
to record that nothing like the amount of sulphide 
one would have expected could be seen under the micro- 
scope. 

Examination of the vada: eae in the Materials 


The samples were chiefly experimented upon in the 
‘* as cast’ condition, and the carbides obtai consisted 
mainly of the cementite carbide, but contained also some 
of the pearlite carbide. This method of investigation, 
whilst oy & lengthy period and requiring consider- 
able care, failed to give any conclusive results. The 
actual results obtained from the same sample under the 
same conditions were not always the same, a knowledge 
of which fact is itseif of some value. The author there- 
fore includes the results, as he considers that records of 
such experiments may be of service to other investi- 
gators, and also because of the interest in comparing the 
residues from varied alloys obtained under the same 
conditions. The acid used for the electrolytic extraction 
of the carbxde was hydrochloric acid (of ae gravity 
1.02). The first series dealt with was the low-silicon one 
couteiees variable sulphur content. The analyses of 
the carbides obtained are given in the following table :— 


Silicon. 


Bar. | T.C. | 





per cent. per cent. 
6.64 

6.59 0.093 0.03 

6.60 0.093 0.09 

6.59 0.085 0.115 

6.55 0.18 0.14 

6.56 0.15 0.183 


per cent. 
0.023 


per cent. 
81 


These figures are very surprising. The predominating 
feature is, of course, the ual increase of sulphur in 
the carbide residue with the increase in the percentage 
of that element in the alloy. It is, however, undeter- 
mined as to whether the whole of the sulphur thus found 
in the carbide was chemically combined, or even in solid 
solution in some form in the carbide ; it is quite conceiv- 
able that it may only have been mechanically mixed. 
For instance, a micrograph of Dr. Stead’s (British Associa- 
tion, 1910) indicated the presence of sulphide trapped in 
the carbide. Such sulphide would be found in analysis as 
sulphur contained in the carbide, whereas really it was 
sulphide distinct from the carbide mass. The silicon 
found in the carbide of S 1 was very low; but this was 
— six times, and may be regarded as an established 

igure. 

It was next decided to quench at different temperatures, 
with a view to trace the change in the compositions of 
the carbide brought about by diffusion. Quenching, how- 
ever, socracked the specimens at the higher temperatures 
that this method of extracting the carbide failed. . 

The series next invest was that containing high 
silicon with varying sulphur content, and the analyses of 
the carbides obtained from this series in the ‘‘ as cast” 
condition are now given :— 


Bar. | T.C. Silicon. Sulphur. 
per cent. 
6.54 

6.54 0.80 0.04 

6.51 0.80 0.02 

6.50 7 005 
6.54 .6 0.045 
6.6 6 0.085 





per cent. per cent. per cent. 
8 31 0.65 0.02 





The main features with regard to these results are— 
first, the carbide content of silicon is very greatly in- 
creased ; the sulphur content gradually increases wi 
the percentage present in the alloy, but not so markedly 
as in the previous series. The question which naturally 
presents itself to one’s mind is this: Is the silicon re- 





8 ible for this partial apparent exclusion of the sul- | 


phide from the carbide residue ’ 

Of rd series of bars only one was examined in 
this way—viz., S21. This yiel carbide containing 
silicon 0.677 per cent. and manganese 0.216 per cent., 
thereby confirming an already established fact that when 
manganese is present it enters into the composition of 
the carbide. 

The author spent considerable time in investigating 
the meus of residues obtained in the manner here 
described, 


but regrets to have to state that this method | 


Fie, 26.—S 24. 


the segregation of the carbide has not been preven 

but rather that it has been assisted, and that fa 
examination be made of Figs. 5 and 6 the latter view 
would almost seem to be establi The size of the 
carbide membranes of S 6 containing 0.75 per cent. of 
sulphur are seen to be much more develo than those 
of 32. With regard to the actual films of sulphide, it 
will be remembered that no trace of them was discovered 
in any of the series during mic phic examination, 
The author has previously shown* that carbide in various 
degrees of division will break down if cubmitted to the 


Fie. 28,.—S 26. 


MAINTAINED FOR 2 Hours at 950 Dec. Cent. anD QUENCHED. 
Fics, 23 to 28. Axtoys or High Sricon Content (MANGANESE PRESENT) WITH VARYING 


SuLPHUR 


—— 


Fie. 30.—S 2. 


ConTENT. 


Fig. 31.—S 6. 


Heatep For 90 Hours at 820 Dec. Cent. 


Fies. 29 tro 31. 


of igerenating the present question seems to be un- 
satisfactory. 


Consideration of the Results of the Experiments. 

It will now, perhaps, be of interest to consider how far 
the present experiments support the views of other 
workers to which reference has been made. 

Levy’s suggestion as to the mechanical influence of the 
film of sulphide being responsible for the retention of the 
carbon in the com condition receives no support. 
In the first place, films of sulphide were not observed, and 
even had they been, it would then have been necessary 
to prove that the “‘balling up” of the carbide was a 
necessary condition prior to dissociation. It is, however. 
established by these experiments that the “‘ balling up” 


th | is not a necessary condition of the dissociation. A careful 


examination of the microgra be of assistance on 
this point. Figs. 1, 2, and 3, page 684, are studied, 
they will be seen to demonstrate not only the fact that 


| micrographs 
| evidence upon this point. 





AtLoys with Low Srmicon anp Varyina SuLPHUR CONTENT. 


necessary temperatures, and a careful examination of the 
. ita provide further 


ustrating this r will 

: The theory, therefore, that 
the action of sulphur is merely due to the physical 
influence of the sulphide films is apparently not sup 
by the author’s experiments. 

It has been seen that Levy’s statement to the effect 
that there was no evidence of chemical influence was 2 
direct contradiction to Stead’s deductions, and it wl 
therefore be of interest to see how far the authors 
experiments confirm the latter’s views. If the exper 
ments u the series containing 0.29 per cent. silicon 
are considered, it will be seen that an increase of 0.01 t 
0.08 cent. sulphur prevents the dissociation of the 
crite. during the exposure of 2) hours at 1060 deg, 
Cent. When it is taken into consideration that — 
this 0.07 per cent. increase will probably be neutrali 


* Royal Society, A, vol. Ixxxv., 1911. 
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by the silicon content, it will be seen that the actual 
amount of sulphur free to affect the stability of the 
carbide is very small, and for such a small percentage to 
have an obviously important influence the author is con- 
yinced that the action is of a chemical nature, and that 
the effective sulphur is actually that which is an in 
constituent of the carbide crystals. It has been repeatedly 
onstrated in various fields of chemistry how very 
small additions of a foreign element will either accelerate 
or retard chemical action, and it is therefore the author’s 
inion that the action of sulphur is an aqenageapenee. 

It is now to endeavour to esta @ possibly 
direct chemi relationship between the bulk of the 
silicon and sulphur. After a ideration of the present 
aad other experiments it was considered probable that 
the silicon and sulphur entered into chemical combina- 
tion with one another, and in this connection it is of 
interest to point out that several sulphides of silicon have 
been isolated by chemists” from time to time, and Dr. 
Arnold has also recorded+ that the sulphide inclusion in 
steel castings are rich in silicon. It has been seen how 

ce of comparative traces of ve eed when very 
little silicon is present have very great influence upon the 
stability of the carbide, and it has also been seen how 
the action of much —— can be neutralised by even 
1 per cent. of silicon. There is not much independent 
experimental evidence in support of this view as to the 
existence of silicon sulphides in such material, but it will be 
of interest to consider the data published by Turner} and 
also by Stead.§ Professor Turner melted a mixture contain- 
ing 10 per cent. sulphur and 10 per cent. silicon, and found 
that the solidified melt contained two distinct layers— 














| 
— Sulphur. Silicon. Iron. 
” per cent. percent. | : per cent. 
Metal layer .. 1.46 13.45 ? 
Sulphide layer 22.14 5.55 72.27 








What is the actual chemical relationship in these two 
layers? If calculations are made aye the basis of Fe,Si 
and FeS, there is still some little surplus of iron in 
the sulphur layer, but it does not follow that these 
formule represent the facts. It will also be noticed that, 
just as there is a considerable percentage of silicon in the 
sulphide layer, so is there a fair percentage of sulphide in 
the silicide layer. Apparently both may have been solid 
solutions, but they would more probably have been 
mixtures of two or more constituents. It would, how- 
ever, 8eem evident that whatever possible combination 
there may have m between silicon and sulphur, the 
silicon has a greater affinity foriron than for sulphur. In 
an experiment by Dr. Stead, 50 per cent. ferro-silicon 
was melted with an equal weight of sulphurous iron, and 
the analysis of the original mixture, and also of the final 
melt, are here given :— 


—_— Carbon. 





Silicon. | Sulphur. 
per cent. per cent. per cent. 
Before 1.58 25.14 1.62 


P.. oe as oe nil 21.84 =| 0.08 
It will be seen that here the sulphur is present in a 
much smaller percentage with a corresponding increase in 
silicon. Now, the curious thing is that Stead does not 

obtain two layers of melt. e obtains ‘‘ well-f 
white iron covered with grey powder and a matte-like 
i of prey pure silica, The grey poe yielded 
phuretted hy en gas on treating with acid; it was 
4 mixture of sulphide and silica.” The question is, How 
did the pure silica come into existence, and what par- 
ticular sulphide is it that Stead describes? To explain 
the presence of pure silica it is necessary to assume that 
the silicon left the melt associated with some other 
element than iron, and it seems to the author’s mind 
probable that it may have risen to the surface in combi- 
nation with the sulphur as sulphide. When the latter 
compound came into contact with the oxygen of the air it 
rould burn to SO, and SiQ,, thus leaving behind ‘‘ pure 
silica.” It is, of course, clear that the disappearance of 
the carbon must also be taken into consideration, but 
this will probably be explained by the fact that the car- 
would be thrown out and dissociated. the carbon 
ing off and the iron probably re-entering the 
melt. At any rate further experimental work upon this 
point will probably reveal several facts of interest. If 
@ analyses of the carbide residues are examined, it will 
will be seen that less sulphur was found associated with 
the carbide when the silicon percentage of the alloy was 
mereased. This may be found to have some bearing upon 
the present aspect of the question. The experiments 
recorded have led the author to the conclusion that the 
mutual neutralisation which sulphur and silica ¢ffect with 
each other when present 
due to the production of a silicon sulphide. ilst it has 
been stated that silicon has greater affinity for iron than 
sulphide, it should be borne in mind that in a white cast 
iron the presence of so much carbon will tend to anticipate 
the chemical action of the silicon for the iron, thus assist- 
a in the condition conducive to neutralisation of the 
sulphur. An examination of the micrographs accom- 
Panying this paper will be found to indicate that with 
mereasingly high temperature the ability of the sulphur 


* Proceedings of the Chemical Society, 1908, 
Transactions of the Faraday Society, 1909, vol. v., 

t Journal of the Iron and Steel Tastitute. 
Fae 1888, page 28. ENGINEERING, May 18 and 25, 
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art I. 


¥ 4 — tes the Staffordshire Iron and Steel Institute, 


together in an alloy is probably | 95 francs 








present to render the carbide stable decreases. This 
will be particularly noticed in Figs. 11 to 18. Whereas 
at a temperature of 950 . Cent. 0.104 per cent. 
sulphur has rendered the carbide stable in the ee 
of 0.93 per cent. of silicon, it will be seen that 0.71 per 
cent. of sulphur has not prevented the complete dissocia- 
tion of the free carbide at 1050 deg. Cent. It is, however, 
necessary to bear in mind that when only 0.29 per cent. 
of silicon is present, the 0.08 per cent. of sulphur is enough 
to render the carbide completely stable at that tempera- 
ture. We have therefore the disturbing fact before us 
that, whereas for the temperature of 1 . Cent. 0.93 
per cent. of silicon overcomes any action t 0.71 per 
cent. sulphur might have, the 0.29 per cent. silicon fails 
to overcome the influence of 0.08 per cent. sulphur. 
author must here leave this aspect of the question, trusting 
that further experiment will provide the elucidation. 


ConcLusions. 

1. Sulphur increases the stability of iron carbide at 
high temperatures. 

2. It is most probably the small percen associated 
with the carbide crystals that accomplishes this action. 

3. Coe’s deduction that the sulphur separates as sul- 
phide at the freezing point is not strictly correct, since a 
small and essential proportion is apparently retained in 
the cementite carbide. 

4. The action of sulphur is of a chemical nature, and 
Levy’s suggestion that the action is mechanical and is 
due to the existence of sulphide films does not receive 


support. 

3 Silicon in a lange measure neutralises this action of 
the sulphur, probably by forming a silicon-sulphide. 

6. Tengen neutralises the action of the sulphur 
present in such materials as those under discussion. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
information concerning them may be obtained from the 
Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.O. we 

Canada: His Majesty’s Trade Commissioner for 
Canada (Mr. C. Hamilton Wickes) reports that the 
Calgary City Council has asked the wm by! to give 
their authority for the raising of loans for the followi 
jy ee :—1. A loan of 527,660 dols. (about 108.5002) 
or laying and constructing trunk and intercepting sewers 
in various streets in gary. 2. A loan of 70,000 dols. 
(about 14,4007.) for extending the underground conduit 
system of the city. 3. A loan of 250,000 dols. (about 
51,4002.) in connection with the street railways. Of this 
amount, 101,600 dols. (about 20,900/.) are to be spent on 
laying a concrete sub- under certain street railway- 
tracks, and the remaining 148,400 dols. (about 30,5002) 
on the provision of six 41f-ft. cars, complete with motor, 
air-brakes, and heaters, twenty motors for car equip- 
ments, forty-eight forced-draught car-heaters, one trolley 
overhead repair tower-wagon, and tools and equipment 
for car-sheds, &c. 

Russia : H.M. Consul at Riga (Mr. V. H. C. Bosanquet) 


reports that, according to the | press, a sum 0! 


800,000 roubles (about 84,400/.) has been granted by the | Agree 


Russian Ministry of Commerce for the construction of 
dredgers in the tic ports. H.M. Consul also reports 
that the Libau-Romny Railway Company has decided to 
construct a station at Libau Harbour, in order to improve 
the service of that port. 

French Indo-China: The Journal Officiel de 0 Indo- 
Chine Francaise (Hanoi) of Febru 24 publishes the 
text of a law under the terms of which the Government 
of Indo-China is empowered to issue a loan for the sum 
of 90,000,000 francs (3,600,000/.), the interest on which 
must not exceed 44 per cent. The most important works 

rovided for by the law are as follows :—22,600,000 francs 
or the completion of works already authorised ; 19,100,000 
francs for irrigation works at Vinh-yén, Séng-cau, Thanh- 
hoa, Thua-thién ; 9,500,000 francs for the construction 
and improvement of roads; 28,300,000 francs for an 
extension of the Hanoi to Nam-quan Railway, from Dong- 
dang to Na-chan, with a further extension eventually to 
Long-tchéou, and also for the drawing up of plans for the 
construction of the first section of the line from Déng-ha 
to Vinh; 965,000 francs for rebuilding the Quéc-hoc 
College at Hué, and for the construction of elementary 
schools ; 535,000 francs for the erection of native technical 
schools, and the installation of agricultural schools in 
rural centres; 2,000,000 francs for the equipment of 
hospitals, intirmaries, medical laboratories, dispensaries, 
&c.; 600,000 francs for the establishment of a central 
wireless-telegraph station at Saigon ; and 3,400,000 francs 
for surveying operations in connection with railway con- 
struction, irrigation, water, road, and harbour works. 


Austria-Hungary: The Lieferungs-Anzeiger, Vienna, 
of May 1, states that the communal authorities of Rovereto 
sanctioned, on April 22, the expenditure of a sum of 
1,300,000 kronen (54, 1662.) for the construction of a railway 
from Mori to Riva, ing by way of Arco. 

Bulgaria : H.M. .-— at Sofia reports that tenders 
are invited by the Bulgarian Directorate-General of 
Railways and Ports for the supply and delivery of 
twelve locomotives and tenders. Tenders will 
be received by the Kreis-Finanz-Verwaltung, Sofia, u 
to 3 p.m. on Junel7. Tenderers myst include wi 
their tender an undertaking VF yd 5 per cent. of the 
value of the order should they to the contract 
within 15 days from its adjudication to A manu- 
facturer who has not previously supplied locomotives to 
the Bulgarian State Railways must send with his 
tender a declaration by the authorities of a railway that 


The | for the establishment of rural 





he has executed a contract for the supply of locomotives 
to _— = pnts Ca: we 9s of - form of 
tender, with specifications an wings, ma: obtained 
from the General Direction der Belgarischen Staats- 
bahnen, Zimmer No. 81, Sofia, on payment of 30 francs 
(24s.) per set. A copy of the specification (in German), 
together with form of tender ge may be seen 
by locomotive builders in the United Kingdom at the 

r Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C. 

Rowmania: H.M. Obargé d’Affaires at Bucharest 
reports that a Bill has been introduced into the Chamber 
of Deputies authorising the Roumanian Government to 
raise an in loan of 50, 000 francs yn el 

ools. The il of 
Ministers has a ved an extraordinary credit of 
405,000,000 lei (14, 200,000%. ), to be over a period 
of five years, for the completion of railways already under 
construction the improvement of existing lines, the 
construction of 1600 km. (about 994 miles) of new line, 
the erection of a bridge across the Danube, and also for 
the construction of the Baicoi-Ploesti-Con>tantza pipe-line 


fove page 731 of the Board.of Trade Journal, of March 27). 
he principal new railway projected is the Craiova- 
Caracal-Bu t line, with a double track, to be con- 


structed at an estimated cost of 60,000,000 lei (2,400,0002. ). 
The Lieferuwngs-Anzeiger, Vienna, of April 27, states that 
a group of Roumanian sugar works have jointly ane to 
erect a sugar factory at a cost of 6, lei (240,000V.). 
The site for the new factory has not yet chosen, but it 
will be somewhere *, ae ae _of the a, The 
machinery necessary for equipment e factory 
will, according to the Anczeiger, have to be purchased 
from abroad. The Lieferwngs-Anzeiger, Vienna, of 
May 1 announces that plans are being prepared for the 
erection of a large central passenger-station on the Dim- 
bovitza quay at the end of the Boulevard Elisabeth, 
Bucharest. The cost of the station is estimated at 
25,000,000 lei (1,000,000/.). It is expected that work will 
be commenced in the course of the summer. 

Brazil: The Diario Official, of April 12, publishes 
(1) a Decree (No. 10,158) approvin e final plans and 
estimate of 557,480 milreis (about 37,000/.) in connection 
with the alterations to be effected on a section of the 
Parand Railway—viz., from Morretes to Antonina; (2) a 
Decree (No. 10,159 ma gee Ay plans and estimate of 
2,698,000 milreis (about 180, .) for relaying the perma- 
nent way and renewing the rails on the Paranagua-Curityba 
section of the Sic Paulo-Rio Grande Railway. 

Portuguese East Africa : With reference to the notice 
on page 388 of the Bourd of Trade Journal of November 
21, 1912, relative to a proposed railway between Mozam- 
bique and Nyasaland, the Diario do , Lisbon, of 
April 25, publishes a decree authorising the Portuguese 
Government, on the representations of the Ministry of 
the Colonies, to proceed departmentally with the drawing 
up of plans for the railway in question, and also for its 
subsequent construction and working. 








PowER IN Mysore.—Arrangements have been made 
for the reconstruction of a large dam at Kanuambadi on 
the Cauvery, with a view to incruasing the power avail- 


f | able at Cauvery Falls during the dry months of the year. 


eements have _ wey into with the p. olar 
mining companies, under which the companies will pay 
an leben cunt for power supplied as a contribution 
towards the cost of construction of the dam and gene- 
rating plant. The increment will amount to about 2/. per 
horse-power per year for a period of ten years, so that for 
ten years after the present supply has been protected and 
additional power made pot on my the companies will pay 
12/. per horse-power per year, instead of 10/. as o- 
sent. The design for the dam shows a length of 6, 
with 2600 ft. of waste weir, or a total length of 8900ft. 
The height of the dam will be 124 ft. above the river bed. 
The maximum water level will be 118 ft., giving a storage 
aie | of 41,500,000,000 cubic feet ; but as the irrigation 
canal sluices will start at 60 ft. above the siver bed a 
volume of 4,400,000,000 cubic feet impounded below this 
level will remain unutilised. The net available storage will 
thus be 37,100,000,000 cubic feet. This will it of an 
additional 8000 horse-power being gene’ at Sivasa- 
mudram (Cauvery Falls), making a total of 20,000 horse- 
power. 


n ente 





THe Granp Trunk Raitway.—In the second half of 
last year maintenance of way and works upon the Grand 
Trunk Railway of Canada involved an outlay of 604,843/., 
as compared with 581,729/. in the corresponding period 
of 1911, showing an increase of 23,1141. On the other 
hand, maintenance of equipment cost 752,853/., against 
792,6601., showing a decrease of 39,8071. Working 
expenses showed a general increase of 223,811/. in the 
= half-year. The chief growth occurred under the 

eadi of “ conducti rtation,” which cost 
1.648, 8730., as omen with 1,415,843/., showing an 
advance of 233,030/. During the past half-year two 

ines were sold and four engines were scrapped, three 
“* Pacific” type passenger engines were built at the com- 
pany’s works, and nineteen “‘ Pacific” type passenger 
engines were purchased and brought into use. Four 
first-class and ten baggage cars were built in the com- 
de py aman’ x cars, 238 refri cars, and 

tank cars were purchased at the cost of revenue. The 
length of line upon the system at the close of last 
was 5676 miles—namely, roadway, properly so > 
3545 miles; second track, 711 — a and sidings, 1420 
miles. During the past half-year 29,610 tons of new 
rails were laid in the track, 31,061 tons of ially 
worn rails were laid on branch lines and sidings, and 
1,685,000 new ties and 143,310 cubic yards of ballast 
were distributed. 
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ELECTRICAL APPARATUS. 


6275/12. 8. G. Brown, London. Tel phy. (2 Figs.) 
March 13, 1912.—This invention relates to te phy, Lat y 
jcular reference to telegraphic 7 apparatus, the chief 
object being to eliminate or reduce the effects of steady or slowly- 
varying currents occurring in transmission from one relay to 
another, and yet enable signals of comparatively long duration 
to be correctly reproduced. . Soueiies to the present invention, 
pan yO pA py sour A * the one ~y: » bo 
quickly changing are able pass from one relay to the 
other practically unaffected as regards their character or size, 
whilst on the other d or slowly-varying currents, 
arising from causes not due to the signals themselves, are elimi- 
nated or shut off so that they do not traverse the second relay. 
Fig.. 1 illustrates, partly in perspective and partly by diagram, 
one arrangement and connection of parts in ce with 
thisinvention. Fig. 2 represents part of a recorded message and 
the effect of the local correction in preventing distortion of the 
record. A represents the receiving end of a cable, A! the receiv- 
ing condenser, and B the nded coil of a receiving instrument. 
The oscillations of the coil B are transmitted by a fibre to a 
ivoted arm O carrying a number of thermo-junctions located 
tween two flames O02, C?.. These thermo-junctions being very 
sensitive to the heat of the flames C2 serve asarelay. Dis the 
suspended coil of a second relay E, which is of the drum type. 
It is found that if the local currents from the first relay, such as 
the thermo relay illustrated, are transmitted direct to the sus- 
pended coil D belonging to the second relay, the proper reproduc- 









































Fig. 2. a! 
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tion of the line currents may be hampered by steady or slowly-vary- 
ing currents originating in the local circuit of the first reley. 
Hence means for eliminating or shutting off such currents are 


interposed. In the drawings a transformer F is shown for ti is 
purpose. The interposition of.the transformer or a condenser 
will effectively shut off from the coil Dany steady or slowly- 
varying currents emanating from the thermo-junctions, but 
they may cause currents corresponding to als of long duration 
to fall off rapidly, as shown, for example, by the dot line X 
in Fig. 2. In order to obviate this defect, means are provided to 
influence the “long duration” currents in the manner repre- 

ly by the dotted line Y in Fig. 2, the result 
being that the current strengtb is properly maintained as repre- 
sented by the full line Z of Fig. 2. The means of correction 
adopted consist of a coil D! associated with the coil D so as to move 
therewith, and connected electrically with the local circuit of 
the drum relay E, and a combination of resistances 7, r}, and 
inductances J, l! in the circuit of the coil D!. Instead of resist- 
ances and inductances a suitable combination of resistances and 
capacities might be employed. By suitably ejecting these 
resistances and inductances, or resistances and capacities, the 
time sate of rise in stren; of the local correction current, that 
is to say the current in the coil D!, is made sufficiently quick to 
compensate for the charging effect not only of the condenser or 
transformer between the primary relay and the sending.on —_ 
but also for the effect of the recei condenser A! as , 
where such a condenser at the receiving end of the line or cable 
is used. (Accepted February 26, 1913.) 

23,341/12. Siemens~- Schuckertwerke G.m.b.H., 
Berlin, Germany. §; of Electric 
Motors. {1 .] October 13, 1911.—This invention has refer- 
ence to the regulation of the of electric motors. For the 
pu of enabling the working of electric machinery to be 
reliably controlled, it is desirable to have an arrangement in which 
the speed of the motor is directly dependent on, and corresponds 


exactly to, the position of the controlling handle. In a speed- 

iliary citers are emplo LA ine tee os pone ens 
aux: ex: are ed, one ng an approx’ ly 
constant and its separately excited field tery J adjustable 
by means of the controller handle, whilst the other is driven at a 
to that of the motor to be ted. These 
two exciters are in tion to each other in an 
auxiliary circuit containing the exciting winding of the generator, 
or a part of such winding. g is the variable-voltage generator 
which supplies the motor m, and w is the ordinary exciting 
winding of this dynamo. A! and h? are the two auxiliary excit- 
ing machines which are arranged to —— each other, and are 
in the same auxiliary circuit as the windingw. Of these auxiliary 
machines, h2 is the one which is driven by the working motor m, 
so that it always hasa proportional to that of the latter. 
The other auxiliary machine /! can be coupled with the control- 
ling dynamo, but, preferably, it is provided with its own driving 
motor running at a constant speed, in order that it may be 
independent of the speed of the —— g, which, for example, 
in the case of an Ilgner installation, varies within certain limite. 
The working motor m, and the auxiliary machine h2, have their 
res} jive fields /, f2 as far as ible under constant excitation, 
whilst the stren of the fiel of the constant auxiliary 
machine h! can be adjusted as desired by the controlling rheostat 


i 
hig FT 


arrangement 8. The variable-vol generator g may have, in 
addition to the exciting winding fed by the auxiliary current 
circuit, a self-excited or an extraneously-fed exciting pence | e 
The auxiliary machine A! is suitably provided with a compoundin; 
winding c. e action of the arrangement is as follows :—Throug’ 
the extraneous excitation of the machine h! a potential is induced 
in the auxiliary circuit which (through the winding w) excites 
the variable-voltage generator, which, in turn, applies pressure 
to the motor m. motor m, and with it the auxiliary 
dynamo A2, will therefore rotate at a certain speed. The lower 
the speed of the motor, however, the greater will be the difference 
in the potentials of the two op auxiliary dynamos h!, h2, 
and hence the ter will be the excitation of the winding w of 
the controlling dynamo. The current strength in the aux: 
circuit is reduced with the increasing speed of the motor m until 
it attains a value which corresponds exactly to that particular 
field strength of the winding w which is necessary for producing 
the proper voltage in the generator g. The motor m, therefore, 
has a constant tendency to take a speed corresponding to the 
adjustment of the handle of the controlling arrangement s. For 
the Bg om of counteracting the effect of the ohmic resistance 
in the auxiliary machine circuit, it is desirable to provide the 
auxiliary machine A! with a compounding winding c. It is 
possible to reduce considerably the steady current in the auxiliary 
machine circuit by further providing the variable-voltage gene- 
rator g with the shunt winding ¢. (Sealed April 17, 1913.) 


GUNS AND EXPLOSIVES. 


1478/12. Vickers, Limited, Wes . (Deutsche 
Waffen und Munitionsfabriken, Berlin, Germany.) Automatic 
Guns. (2 Figs.) January 18, 1912.—This invention relates to 
automatic guns, and has for its chief object to provide an ae 
ment of the firing-pin spring and the safety sear or catch, which 
enables the spring to be r replaced without necessi- 
tating the removal of any other part except the safety sear or 
catch and without employing special tools. According to this 
invention, the firing-pin spring is eg between a stop on the 
firing-pin and a movable member which is so constructed that by 
its co-operation with the safety sear or catch it normally retains 
the latter in engagement with its notch in the firing-pin. dis the 
firing-pin having a notch e for the reception of the safety sear or 
catch f, which, as is not nusual, is retained in engagement there- 
with by the firing-pin spring ; m is the connecting-rod operated 
by the crank in the manner well known in Maxim guns, and 
n is the cocking-arm or tumbler with which the rod co-operates 
to cock the firing-pin ; o is the sear that engages with a shoulder 
on the cocking-arm or tumbler to retain the firing-pin cocked, 





the sear being controlled by a spring plunger. The spiral spring 
serving to move the firing-pin @ forward bears at one end 

the cs k on the —— and at the other end it the 
head I of the guide-rod 2}, the head / having an inclined rear face, 
which is pressed by the spring against a correspondingly inclined 
surface on a downward projection of the safety sear or catch /. 
The spring and the guide-rod 2 are inserted the rear, and the 
safety sear or catch is then placed in ition with its downward 
projection bearing against the inclined surface of the head J, and 
the pin pis then to retain the sear or catch in position ; 
conversely, when it is desired to remove.the and guide-rod, 
the pin p of the safety sear or catch f is removed, and the latter 
ean then be taken out of its ition in the lock to allow the 
spring and guide-rod to be wi wn. In Fig. 1 the lock is shown 
in the fired condition, with the cocking-arm or tumbler n freed from 
the sear o, and the firing-pin d driven forward by its spring, the 
safety sear or catch f ha been previ: ~ aye Bf the 
connecting-rod m. In Fig. 2 the lock is shown in the cocked con- 





dition, with the cocking-arm or tumbler n held ‘by the sear o, 





and the projection of the safety sear with the 
of the autres — 


g-pin. (Accepted February 26, 1 
MINING, METALLURGY, & METAL-WOREING, 


19,287/12. L. Gonnet, Lyons, France. Ele 
Furnaces. (2 Figs.) March 15, 1912.—This invention consists 
in improvements in, and relating to, electric furnaces for melting 
me’ and extracting metals from their ores. It is of the ty 
having horizontal] electrodes, and is essentially characterised 
the suppression of the sole, or hearth, which, in the majority of 
known for this purpose, serves both as an electrode and 
as a receptacle or receptacles for the products resulting trom 
the fusion and decomposition, in contact with the electric arc, of 
minerals, scrap iron, and other. substances. As known, such fur. 
naces have great inconveniences for the removal of the products 
or by reason of the stoppage of the furnace which is necessary for 
this { These inconveniences are overcome by the 
present invention, av example of construction of which js 
shown in the drawing. In the drawing, a designates a furnace. 
open or closed, of which the upper part } is flat or conical. ¢, ¢' 
designate the electrodes carried by holders d, d!. These holders 





are cooled by a current of water circulating through a serpentine 
coil. On one of them is fastened a steel screw /, supported bya 
bracket or support g ; the advancement of the screw is produced 
by the rotation of a wheel A operated by hand or by a relay 
electro-motor governed by a special voltmeter, for the purpose of 
maintaining constant the distance between the heads of the 
electrodes c, cl. These latter into the furnace thro 

stuffing-boxes lined with an insulator assuring tightness. The 
charging of the furnace is done continuously. The substances 
introduced through a feed one or strainer j fall on a gratingk 
made of separate dismountable and interchangeable parts placed 
alongside one another, and formed with trunconical orifices 
which retain the small particles until they fuse. Outlet of the 
gases of decomposition is effected by a chimney, and the sur- 
veillance of the furnace can be eff by means of one or more 
= openings situated at its upper part. (Sealed April 17, 

13. 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


sn genze. R. Copeland, Walisend-on- e. Metal- 
lic: Packing. [3 Figs.) November 6, 1912.—This invention 
relates to metallic packing for piston and like rods, of the type 
in which the coe ey formed in sections and held together 
by springs which press them against the rod to be packed, are 
dleposed in or between stuffing-box rings, and in which the fluid 
pressure forces the packing-rings axially towards one end of the 
stuffing-box and laterally st the rod. According to this 
invention, the applicant provides between the packing rings and 
the adjoining stuffing-box rings, plain, solid, or continuous rings, 
which are a good or easy fit on the rod, and on the adjacent faces 
of the stuffing-box sings, the applicant also provides raised or 
projecting bearing surfaces of lesser width or external diameter 
than the plain rings, and on or against which the plain rings bear 
and make good joints. Referring to the drawings, a is the 
stuffing-box, b the rod passing therethrowgh, and c are the packing- 
rings arranged in chambers d formed by rings e assembled in the 
stuffing-box a, the packing-rings c being made in segments held 
together by _-shaped clamping or connecting-pieces / arranged 
at the junctions of the segments, and connected together by 


W, 





springs g, which press the segments and the horizontal compo- 
nents of the pieces f against the rod, all as usual. The stuffing- 
box rings e are of |_-section, and the inner or lower faces 
of their horizontal flanges or members are provided with raised 
or projecting annular seats against which the clamping or con- 
necting-pieces f take a narrow central bearing. The outer oF 
upper faces of the horizontal flanges or member of the stuffing: 
box rings are furnished with slightly raised bearing surfaces 
between which and the packing rings enclosed in the adjoining 
stuffing-box rings, solid or continuous rings k are arranged. Any 
lateral ag! or movement of the rod will cause relative movement 
between the rings k and the whole of the raised surfaces on the 
ringsc, and any wear on the latter will take place over the whole 
thereof, whereby ‘‘dishing ” of the horizontal members or flanges 
of the stuffing-box rings will be prevented, and “dishing can 
only occur on the lower faces of the rings k, which are cheaply 
renewable. rther, as there is no movement between the 

king-rings c and the rings k, there will be no wear on t 
lower faces of the packing-rings or the upper faces of the rings ®; 
and, as the segments of the — -rings are wholly sup “ 
or bear st the rings k, there will be no tendency of the seg. 
ments to tilt, owing to the pressure on the upper faces. (Accept 
February 19, 1913.) 
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THE PANAMA CANAL.—No. II. 
CoNTROL- VALVES FOR THE Locks. 


Ix a previous article* we gave a description of 
the lock structures on the Panama Canal, and of 
several of the methods adopted in the building of 
these large works. The description then given also 
referred te the culvert arrangements made for fill- 
ingand emptying the locks. In the lock-walls, both 
centre and side, there are large longitudinal cul- 
yerts, each having a cross-sectional area of 254 
sq. ft., those in the side walls being circular for 
most of their length, and having a diameter of 
18 ft., while that in the centre wall is of rather 
different cross-section, with a semicircular arch and 
fat flocr. Below the lock-floor there are lateral 
culverts of elliptical cross-section. These are set 
from 32 ft. to 36 ft. apart, and are coupled alter- 
nately to the centre and side longitudinals. A 
sketch plan showing this arrangement for a typical 
lock is given in Fig. 30, herewith, while Figs. 31 
to 33 illustrate the lateral culverts and their con- 
nection with the longitudinals. Fig. 33 shows, on 
the left hand, the arrangement of lateral culverts 
where the locks rest on water-bearing strata, and 


Fig.31. 
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between the twin locks is also controlled at various 
corresponding points by service valves, and also by 
duplicate sets of valves at the upper and lower 
ends. All these are gate-valves. As the discharge 
from both sets of locks is led into the centre 
culvert, it is necessary to provide, in addition to 
the service valves controlling longitudinal flow, 
other valves controlling the lateral culverts con- 
necting with the main centre culvert, in order to 
prevent water from being drawn off from both of 
two twin locks through this culvert when it is 
desired only to withdraw it from one, or, con- 
versely, to fill both locks when it is desired to fill 
one only. For this purpose cylindrical valves are 
provided in the centre wall in the positions shown 
in Figs. 31 and 32. 

Various details of these valves are also given in 
Figs. 34 to 40, page 690, while in Fig. 41, page 691, 
may be seen the valve-casings being embedded in the 
mass-concrete work of the centre wall in progress 
at Miraflores. Fig. 34 shows the valve and casing 
in position in the throat of a lateral culvert, the 
discharge opening of which into the main culvert 
takes the form of a flat arch passage 13 ft. wide and 


4 ft. 6in. high. The throat of the lateral culvert! 


1 
3 
f 
Ss 


+ —— 941004814 

















SKETCH PLAN. 
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The total weight of the moving parts of each valve 
is 7600 lb. in air. The contract price for all parts 
except the operating gear was 2115 dols. per valve. 

As these valves cannot be raised to the surface for 
repairs, &c., through a well of any kind, the parts 
have been made so that they may be removed into 
the main culvert, if necessary. From the main 
culvert they can be removed by means of an open- 
ing, normally closed by a bulkhead, into the lock 
itself, whence they can be hoisted to the surface. 
It will be seen to the left of Fig. 35 that there are 
legs or distance-pieces, 2 ft. 14 in. high, between 
the bell-mouth and the housing. The joint be- 
tween these legs and the housing has a taper of 
} in. to the foot, so that on knocking out the bolts 
the legs may be easily withdrawn. The housing 
proper may then be dropped, leaving the cap sus- 
pended in the concrete above. The housing and 
valve are not too deep to pass through the passage 
to the central culvert, into which they may then be 
moved, as already mentioned. 

On delivery one of these valves was tested at the 
Pedro Miguel locks for leakage from the inside. A 
temporary bulkhead was constructed across the 
lateral culvert 3 ft. below the valve-seat, the valve 
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the floor was thickened to 13 ft.: on the right- 
hand is shown the arrangement adopted on sound 
impervious rock, the sane in this case being 
placed in trenches 13 ft. wide and 10 ft. deep, cut 
in the rock, the lock-floor being only 3 ft. thick. 

_ Thesystem of guard and intermediate gates shown 
in Fig. 30, and adopted practically throughout the 
locks, has involved a rather complicated system of 
valves. In fact, there are provided for control 
and regulation about 91 sets of large gate valves 
and 120 cylindrical valves on the canal locks, in 
addition to valves for smaller auxiliary equalising 
culverts. It will be possible to use various com- 
binations of gates so as to give five different 
lengths of lock, in order to avoid using the full 
length of lock for short vessels, and so econo- 
mise water. The arrangements further allow of 
water from one lock being let into the correspond- 
ing twin lock, if desired. The provision is on 
such a scale that, as stated in our previous article, 
it will usually only be necessary to regulate the 
water by the side culverts. The valves in the 
centre culvert will only be employed for the last 
few minutes of filling, in order to expedite the 
operation. It is reckoned that the area of the side 
culverts is sufficient to enable the full-length 


chamber to be filled in fifteen minutes. 
e culverts in the side walls are controlled at 
© upper intake by guard-valves, and at various 
pomts along their length by service valves, the 
number of such valves 
arrangement. 


ing arranged to suit the 
The culvert in the centre wall 





* See page 622 ante. 


SECTION 8.8. 


is 6 ft. 6 in. in diameter. The valve and casing 
are shown in section in Fig. 35, and in plan in 
Fig. 36. The valve is of the cylindrical equilib- 
rium type. It is housed in a casing consisting of 
two parts. The lower forms the mouth and pro- 
vides one seat for the valve, while the upper forms 
the housing and provides the second seat necessary. 
The two are connected by wide fins and bolted to 
flanges. These valves have to be tight against 
pressure in both directions. The lower seat is 
illustrated in Fig. 39, while Figs. 37 and 38 show 
the upper seal in detail, the seals being made by 
leather rings. The leather is prepared by treat- 
ment with a mixture of neatsfoot oil and paraffin, 
in which it is allowed to soak for 72 hours, when it 
becomes soft ‘and pliable. This condition is essen- 
tial, or the leather may actually suspend the valve 
and prevent it from settling properly on the bottom 
seating. The valves are of cast iron. Originally 
it was intended to make the movable parts and 
casings of cast steel, but the thin and large-diameter 
castings presented some difficulty. To obtain tight 
valves with cast steel would have entailed a good 
deal of expense. Cast iron was found more suit- 
able and was ultimately adopted. Their total lift 
is 3ft. lin. They are operated by means of a 
rising stem, which above the casing consists of a 
pipe 6 in. in diameter, in 16-ft. lengths. This 
is carried up through a 10}-in. lap-welded iron 
pipe. In the valve chamber the stem is reduced 
to a rod 4 in. in diameter, while the length fitted 
into the valve itself is 3 in. in diameter, with a 
shoulder 7 in. in diameter above the valve, and 
a lock-nut (Fig. 40) fitting on to its lower extremity. 





placed in position, and, together with the 10}-in. 
valve-stem casing-pipe extending to the top of the 
lock structure, filled with water; a head of 65 ft. 
was thus secured. Asa result of such tests,which 
showed the necessity of great flexibility in the 
seal, the segmental plates holding down the leather 
seals were bevelled off, and the seal thereby 
improved. Leakage under a head of 60 ft. was 
found to be 0.014 cub. ft. per second. These 
valves will not be operated normally under high 
heads, but must be tight under all possible heads. 
They are located on a higher level than many of 
the gate-valves, and are therefore under slightly 
lower pressures. They are operated by the gear 
shown in Figs. 53 to 55, page 693, which we 
describe below. 

The service-valves and guard-valves are, as 
already noted, of the gate type. The “cop ay 
consist of three gates, the service valves of two. 
The control-valves at the upper and lower ends of 
the central wall culvert consist each of two sets of 
three gates on either side of the wall. There are 
altogether about 194 separate gates. In Fig. 42, 
page 691, a view is given of one of the intakes at 
the upper end of the side wall at the Miraflores 
Locks. In Fig. 43, on the same page, one set of the 
culvert openings of the central wall culvert at Gatun 
is shown, a similar set being on the other side of the 
wall. These valves have three gates each. The 
service valves, situated at various points in the 
length of the various culverts, are formed of two 
standard gates, having clear openings 18 ft. by 8 ft., 
separated by a coulaal wher 4ft. 3in. thick. Details 





of these valves and their settings are shown in Figs. 
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44 to 49, page 692. The maximum water pressure 
on these valves is about 314 short tons at rest. The 
operating pressure may reach 281 short tons in the 
case of the lower valves. The working lift is 18 ft. 
The total weight of all the moving parts of each 
gate is about 22,5001lb. They will work under a 
head of 60 ft., and are required to keep tight under a 
head of 80 ft. They are built of nickel-steel rolled 
sections and of steel castings. The frame of the 
gate, shown in Figs. 44 and 46, is composed, for 
the two sides and top, of 20-in. I-section of 80 lb. 
weight, the bottom member being a steel casting, 
of which a section is given in Fig. 49. The over- 
all measurements of the gate are 18 ft. 10 in. by 
10 ft. 7 in. There are four horizontal 20-in. by 
80-lb. I-beams running across the gate. Fig. 44 
shows one of the first valves with only three, but 
the framing was subsequently strengthened, and 
the standard adopted has four horizontals. Inside 
the I-section verticals, and distant from them by 
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The valve - housing is shown in vertical and 
horizontal cross-section also in these two figures. 
It consists of iron castings embedded in the con- 
crete, and providing the necessary roller-path 
at the back, and shroudings infront. Fig. 45 is 
a cross-section in the well above the valve into 
which it is raised. The well extends to the top of 
the wall, so that the valves may be withdrawn for 
repair. The seals are shown in Figs. 47 to 49. 
In the Stoney gates, as used, for instance, in the 
Assouan Dam, water leakage down the side is 
prevented by a staunching-rod, suspended in the 
corner between the valve and the shrouding or 
jamb, and kept in position by the water pressure. 
n the Panama gates the staunching-rod is replaced 
by the bronze seal shown in Fig. 47, consisting of a 


vertical rubbing-strip carried by a flexible connec- | 


tion to the valve itself; A suitable bearing surface 
is provided on the: shrouding, and the pressure of 
the water forces the strip against the latter. 
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ON C.L.OF GUIDE 
(s002.6) 


1 ft. 1{ in., are other verticals extending between 
the heavy-section horizontals. These secondary 
verticals are of 10-in. by 21.8-lb. channel section. 
In the centre of the gate is another vertical of 
5-in. by 9-lb. channel section. The gate is faced 
with plating, there being ten dished }-in. panels, 
and filler-plates. of } in. thickness between the 
channel and J-section framing. Diagonal stiffeners 
extend across the back of the frame, and consist 
of 6-in. by }-in. plate, A heavy casting is fixed to 
one of the horizontal J-beams, to which is attached 
the valve stem, consisting of an 8-in. hollow shaft. 

On the outside of each side of the gate two 
rollers are fitted, the lower being 26 in. from the 
bottom of the gate, and the upper 17 in. from the top. 
They are to be seen in Figs. 44 and 46. At the 
back of the valve, from top to bottom, there are 
two roller-paths, the gates being on the Stoney 
roller-train principle. These roller-paths are fixed 
to the back of the outside I-beam verticals. The 
roller-path is 5}$ in. in width. The roller-frame 
taking the pressure on the valve is shown in Fig. 44, 
and rollers are also to be seen at the back of the 
valve in Fig. 46, 








The | 


head it was 1.56 cub. ft. per second ; and with g 
79-ft: head, 1.82 cub. ft. per second. 

The following figures were obtained in a test 
made with the full head of 79 ft. of water above 
the bottom of the valves :— 


Gate A. 
Ib. 


24,000 


Gate B. 
Ib. 


25,000 


Pull to lift gate, no water 
ressure ... nes a 
Wei ht of gate and one- 
half weight of roller- 
trains... a9 ag 
Friction of side seals, 
initial... rat 2. 
Friction of side seals due 
to water pressure eae 
Friction of side seals, 


23,000 
1,000 
4,170 

Aer ae vse, ween 

Water pressure against 

gate, calculated ... 651,000 


Water pressure against 
upper seal (lifting) 


23,000 
2,000 
4,170 
6,170 

651,000 


5,420 5,420 


SECTION A.A. 


upper seal is shown in Fig. 48 ; the lower is shown 
in Fig. 49, this joint being made on an inserted 
bearing of babbitt. The cost of a set of two valves, 
including housing, &c., but not the operating 
machinery or hollow stem, amounted to 12,300 dols. 

The first tests made on valves of this type were 
conducted to determine the static and rolling fric- 
tion. A concrete platform was constructed, and a 
valve laid horizontally on it and loaded with pig 
iron to a weight equivalent to the head of water 
under which the gate will operate: The force 
required to move the valve and to keep it in motion 
was measured by a dynamometer, and it was found 
that the pull required to start the valve was 0.0192 
of the load, and that required to keep it in motion 
0.0143 of the load. A set of two valves was subse- 
— installed in one of the valve-chambers at 

atun and tested under conditions approximating 
to service. The culvert was closed by a bulkhead, 
and the space between this and the valve, and that 
in the well above, filled with water. At the highest 
water-level the valves had a head on them rather 
greater than the greatest possible head, and con- 
siderably greater than the normal working head. 
The leakage under these conditions for the two 
gates combined was found to be as follows :—With 
a 28-ft. head above the bottom of the valve the 
leakage was 0.75 cub. ft. per second ; with a 48-ft. 
head it was 1.46 cub. ft. per second ; with a 53-ft. 





Gate A. Gate B. 
Ib. Ib. 
Dynamometer 
start 
Total 
initial... _ we 
Dynamometer pull, maxi- 
mum, during 12 in. 
travel... oie he 
Total friction, sliding and 


rolling... ad © 
Rolling friction, initial ... 


40,000 


force, 
45,420 


upward a 
42,920 
44,500 
22,420 
16,250 


41,500 


19,920 
14,750 
Coefficient of rollin 
friction : 0.0226 0.0231 
The combined friction resulting from the side- 
seals and roller-train averaged 21,170 Ib. for the 
valves tested. These valves were of an earlier 
pattern, and embodied certain features as regard 
housing on which the arrangements shown 1 
Fig. 46, page 692, are an improvement. The actual 
leakage and friction of the later valves in service 
are considered to be below the foregoing figures. 


VaLvVE-OPERATING MACHINERY. 


On page 693, in Figs. 50 to 55, we illustrate the 
machinery for operating the Stoney gate service 
valves, and also that for the cylindrical valves @ 
the centre wall. As we described the latter first, we 
will commence with their operating mechanism. It 
is shown in Figs. 53 to 55. It consists, briefly, of 
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Fie. 41. CyninpricaL VaLve CASINGS BEING SET IN CENTRAL WALL. 


Fic. 42. Sipe Cuivert_Intakes. Fic. 43. Crntrat Watt Outvert Iyrakzs. 


* motor which, by means of bevel-gears, drives a | and 55, andis prevented from turning by guidesin the 
vertical shaft screwed at the lower end, and en-|body-casting. Thescrew is suspended from a collar 
Aire with a nut on the hollow valve-stem. The |running on roller-bearings, and has a feather sliding 
ollow valve-stem is shown in Fig. 55. It rises|in aslot in a surrounding sleeve. On the outside 
through a stuffing-box, shown in section in Figs. 53 | of the latter is keyed a large bevel-wheel, gearing 


with a small pinion on the motor-shaft.. The motor 
is provided with a solenoid brake for bringing the 
machinery to rest when the current is cut off. The 
travel is controlled in either direction by a limit- 
switch. The maximum force to be exerted occurs 
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at the moment of opening, in breaking the seals. 
The valve closes without pressure being exerted. 
In case the limit-switch allows over-running in 
elosing, the screw rises out of the nut and slides 
up through the sleeve. There is a pipe-connection 
from the upper to the lower side of the valve-stem 
nut. The hollow stem contains lubricating oil, 
and when the screw runs down into the stem, this 
oil is displaced to the upper side of the nut, thus 
making lubrication practically automatic. The oil 
returns on the valve being lowered. The cylin- 
drical valves take ten seconds to open or close. The 
motor runs at 750 revolutions per minute on no 
load. The machinery for operating each cylindrical 
valve cost 861.51 dols., the motor not being 
included. The timit-switches cost from 50 dols. to 
60 dols. 

The machinery for the service gate valves is 
illustrated in Figs. 60 to 52. These valves are 
operated by power, but can be lowered by hand. 

hey take one minute to open or close. Each valve 
is housed in a well, which is separated from the 
machinery chamber above by a casting forming a 
water-tight bulkhead in which is arranged a 
stuffing-box for the valve-stem. The bottom of 
the machinery chamber is 30 ft. 44 in. below the 
lock coping. To the valve-stem is attached, at its 
upper end, a large crosshead, which is carried on 
two vertical revolving screws. These screws are 
suspended by double roller-bearings fixed to the 
sides of a pit forming part of the cotinine isiaes, 
and have guide-bearings at their lower extremities. 
They are operated through reducing-gear from a 
horizontal shaft driven through friction-coupling by 
a 3-phase, 220-volt, 25-cycle induction motor, rated 
at 50 horse-power at 500 revolutions per minute. 
As in the cylindrical valve gear, a solenoid brake 
is provided to bring the machinery up after 
cutting off the current. The crosshead has guide- 
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Bottom Valve 
Seal. 


rollers running on rails embedded in the sides of 
the pit. The nuts working on the screws are in 
spring housings on the crosshead. The friction- 
coupling and crosshead springs will prevent damage 
from over-travel in a downward direction, while 
there are chocks above the crosshead rollers to 
prevent over-travel upwards. Where there is 
need for it the arrangement shown in Fig. 51 is 
adopted, by which an intermediate bearing is pro- 
vided for the valve-spindle. The roller-trains 
are also moved by the crosshead on the valve- 
stem. The roller-frames are suspended by means 
of chains and pulleys. One end of the chain is 
attached to a spring suspension. From here it 

, as seen in Fig. 50, round a pulley on the 
Sed of the roller-frame suspension-rod. Thence 
it in succession over a pulley fixed to an 
upper bracket, down to one on the bulkhead on the 
pit-floor, and thence to the crosshead. The reduc- 
tion is such that the roller-frame moves and falls 
with the valve, but at half the speed of the latter. 


The chain-pulleys are also to be seen in Fig. 52. | 
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The gate-operating machines cost, exclusive of 
motor and limit-switch, 5789.43 dols. 

These valve machines are-arranged for local or 
remote contro]. Normally, control will be froma 
central station, in which there will be a control- 
board, which at Gatun will be 30 ft. long, showing 
the condition of all gates, valves, &. Control 
will be interlocking throughout, so that undesirable 
combinations of valves or gates will be impossible. 
Thus it will be impossible for an operator to run 
water past a lock through the main culvert instead 
of into it. Except by special procedure it will be 
impossible to have the two sets of cylindrical valves 
on one length of lock open at the same time, while 
the lock-gates will also be interlocked with the 
service valves. 

Owing to the severe climatic conditions under 
which electrical machinery will lave to operate on 
the canal, elaborate tests have been made in order 
to assure freedom from breakdown of insulation 
due to humidity or deterioration from heat. In 
order to investigate this matter thoroughly eight 
sample motors, of the kind it was proposed to use 
for the valve machines, were purchased, and after 
storage for two months on the canal were subjected 
to a steam test, being enclosed in a room in which 
the temperature was maintained for ten days at 
50 deg. Cent. by means of steam. A 2-in. steam- 
pipe ran down the centre of the room, into which 
steam was admitted, the temperature being mea- 
sured at fourteen different points, and regulated 
accordingly by the admission of air through open- 
ings 4 ft. above the floor. In this way conditions of 
heat and humidity were obtained, which it was 
expected would thoroughly test the motors. The 
normal working voltage is 220 on three-phase cur- 
rent. The motors were subjected to potential and 
insulation tests, the first being a test of 1500 volts for 
one minute, subsequent tests at 24-hour intervals 
being of 1000 volts for ten seconds. Insulation 
measurements were taken at 6 to 8 hours. The 
terminals of the motors were all coupled up to 4 
common bus-bar, and the frames connec 
a common ground. Complete insulation records 
were taken throughout the tests. After they 
had once broken down, the motors were tes 
separately. After the steam test, the motors 
were allowed to remain for ten days under the 
normal prevailing conditions of humidity and tem- 
perature, and those which did not recover were 
teken apart and examined. The possibility of 
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clearing faults on drying out was also investigated. | were taken. This was followed by allowing them 
. motors which survived the steam test were|to dry out. Other motors were subjected to the 

fo jected to immersion in water at 30 deg. Cent. | immersion test only. 

or five hours, during which time insulation records! The relative value cf the various types of insu- 
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+ lation was fairly defi- 
i nitely determined in 
these tests. Marks were 
| given for the various 
| tests passed. For in- 
.| stance, four points were 

' +4 given to a motor surviv- 
» 
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ing the test; three if 
one failed, but recovered 
without repair; two if 
the insulation could be 
repaired after failure ; 
: one if the motor re- 
» | covered after repair ; 
| and none if the motor 
failed to recover. The 
total points for: the dif- 
ferent makes of machines 
+ determined the relative 
value of the insulation 
used, and on this the 
award for the contract 
for the necessary motors 
for the valves was made. 
.| Similar tests, but not 
= on quite so elaborate a 
“ e, were made on 
sample limit-switches. 
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E.xctricAL PowER AT 
Dersy.—There is an in- 
creasing demand at Derby 
for electrical motor power, 
and this has necessitated 
——=-$ @ rearrangement of work- 

“* ing in the Corporation 
stations. New erating 
plant is to be laid down 
at a cost of 13,500/., and 
an application has been 
made to the Local Government Board for authority to 
raise this amount. The present gross municipal in- 
debtedness of Derby is 1,497,262/., and of this amount, 
114,323/. has already been raised for the purposes of the 
Corporation electricity undertaking. 











Meratiic PerManent-Way.—The foreign and colonial 
demand for metallic chairs and ~~ would appear to 
be gradually increasing. In the first four months of 
this year the exports were 47,073 tonr, as compared with 
36,322 tons and 29,018 tons in the corresponding periods 
of 1912and 1911. The exports to British India figured 
in these totals for 35,623 tons, 28,419 tons, and 24,709 tons 
respectively. The value of the exports to April 30, this 
year, was 300,540/., as com with 188,710/, and 
14%, 567/. 
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FAILURE OF A SPIRAL-GUIDED GAS- 
HOLDER IN STEEL TANK AT 
ILKESTON. 

(Concluded from page 594.) 

Usine the data contained in the drawings for the 
construction of the Ilkeston holder and tank, 
Professor F. K. Th. van Iterson,* of the Technical 
University, Delft, has calculated the stresses, 
under the conditions defined by the German 
standard specification. That clause, settled in 
1901, is as follows :—The statical computation of 
the guide-frame and the framework of the lifts, 
including the crown, shall be based on a maximum 
wind-pressure of 200 kg. per sq. m. (41 lb. per 
sq. ft.) on the surface ex squarely to the 
wind ; the surface ex being taken as 0.57 
times the whole area of the side plates to windward, 
and the wind pressure as acting horizontally ; and 
also upon a one-sided snow load of 40 kg. per 
sq. m. (8.2 lb. per sq. ft.) on the half of the crown 


Fig.43... 





wind and the suction on three-fourths of the surface 
must cause a bending moment in the edge of the 
tank. To calculate it we must make an assumption 
as to which part of the total wind pressure shown 
in Fig. 44 is taken up by the stiffened edge of 
the tank. The upper parts of the bell inflated 
with gas are deformed to a certain degree, and 
can then withstand the wind pressure for them- 
selves. It is the same with the walls of the tank 
stiffened up. by the internal pressure caused 
by the water. Only the parts of the structure 
which the stiff tank edge prevents from deformin 
bring the whole load of the wimd to that horizonta 
girder. The assumption that half the load of the 
wind pressure on the second lift, and a quarter of 
the load on the tank, are taken up by the tank 
edge, is not exaggerated. Several considerations 
will show that the charge in question is even more. 
Several experiments* have proved that the total 
load on a cylindrical surface is only 0.58 of the 


wind pressure on a plane surface of the same pro- ; 











(see Fig. 45). That we take the shearing stresses 
concentrated, instead of distributed on the sur. 
face, makes a very small difference in the re. 
sults. The bending moments in the ring which 
are held in equilibrium by the tangential and the 
radial forces can now be calculated by a semi- 
graphical, semi-analytical method. (See Professor 
J. Perry’s ‘‘ Applied Mechanics,” e 483, 1901, 
Art. 382, entitled ‘‘ Arch Ring Fixed at the Ends,”) 
The top girder of the tank is an arch of 360 deg., 
but has not its ends hinged. The ends are fixed to 
each other in the line of symmetry. When all the 
forces acting on the ring are known, the bending 
moments at ten points of one half of the ring, due 
to these external forces, may be calculated, and 
then the ring may be dealt with just as was done 
by Perry. e can write the products and make 
the summation in columns, as in page 483 of Perry, 
1901 edition ; but it is preferable to make diagrams 
with the factors as ordinates and abscissz, and obtain 
the products and summations by the planimeter, 























to leeward. The stresses in the gas-holder may be 
ascribed to two kinds of loads, which can be dealt 
with separately : (a) Those produced by the tiltin 
moment due to wind pressure and asymmetri 
snow load on the lifts ; and (b) those which result 
from immediate wind pressure on the parts of the 
holder that are next to the top edge of the tank. 
The calculation of the last-named will be given in 
the first place, because this can furnish an explana- 
tion of the disaster. When a cylindrical surface is in 
a current of air, it is usually assumed that only the 
side exposed to the wind is loaded, and that the 
normal pressure, according to Newton’s law, de- 
creases with sin? a, where a is the angle between 
the part of the surfare considered and the direction 
of the wind. This leads to a distribution of forces as 
in Fig. 41. But on the lee side of each obstacle in a 
stream of air arises a depression, and therefore a 
better assumption is that there is a suction at this 
side of the holder which equals the pressure at the 
wind side (Fig. 42). Both assumptions, however, 
are wrong, as ig 43 gives the distribution of wind 
ure on a cylindrical surface as experimentally 
etermined in ps et te a laboratory at Delft. 
Pressures are drawn at the outside of the circle, 


and suctions at the inside of it. The strong re 
acting in the middle of the side captend tthe 





* Journal of Gas-Lighting, page 26, vol. cxviii. 
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jection. Hence the total load on the tank edge (see 
Fig. 44) will only be 21.3 tons. Supposing the 
load to be distributed on the twenty guide-rollers, 
each roller taking up the wind pressure in its 
vicinity, we find the radial forces shown in Fig. 45. 
The shearing force of 21.3 tons must be transmitted 
to the bottom by shearing stresses in the strakes. 
The tank-plates only resist shearing stresses 
acting in the directions of the plates, and the dis- 
tribution of these shearing stresses is well known. 
Professor J. Perry’s ‘‘ Applied Mechanics,” page 461, 
1901, Art. 369, entitled ‘‘Shear Stress in Beams,” 
shows that the shearing stress at each point of the 
ring-shaped section of the tank is proportional to the 
area of section beyond that point, multiplied by the 
distance of its centre of gravity from the neutral 
axis. A simple calculation shows that this product 
follows the sine law, and the tangential roller 
pressures are zero at the line of symmetry and 
increase to their maxima at the ends of the neutral 
axis, as is indicated in Fig. 45. This enables 
us to calculate the tangential forces which we 
suppose to be also concentrated in the spots 
where the rollers are attached to the girder 





* See the experiments of J. O. V. Irminger, dealt with 
on 696, and ENGINEERING, vol. Ix., page 787; also 
T. Nielsen, ENGINEERING, vol. lxxvi., page 508; and Dr. 
T. E. Stanton, Proceedings of the Institution of Civil 
Engineers, vol. clvi., pages 78 to 139, 
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but this comes to the same result. The resulting 
bending moments in each section of the ring are 
shown in Fig. 46. The maximum momentum 
exists at the point to which the wind is blowing, 
and amounts to 1866 tons x inches. The moment 
of resistance of the section of the girder depends 
on which part of the vertical wall we consider a8 
belonging to the section. In Figs. 49 and 50 two 
sections are chosen, and the moments of resistance 
indicated. By dividing the bending moment by the 
moment of resistance we get the stresses. Hence, 
assuming a wind ure of 41 Ib. per sq. ft., the 
stresses were 1866 — 116 = 16.1, or 1866 + 104 = 
18 tons per sq. in. The edge of the tank was too 
weak to resist a heavy gale. 

On the day of January 8, 1912, there was a strong 
wind blowing just to the point where the fracture 
occurred, but this wind was not half so strong 8 
that taken in the calculations. A heavy gale only 
blew in the evening following the accident. Still, 
it is possible that the bursting of the tank was4 
co uence of the weakness of its edge. 

With members in tension, the ultimate strength 
of the material must be taken into account for the 
strength of the structure. In the case of the edge 
of the tank the maximum stress in the girder is the 
compression at the outer portion. Not the ulti- 
mate strength, but the yield-point of the parts 
under compression, is responsible for the break- 
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down of a structure. Long before the ultimate | vertical ones. Thus the tangential pressures can 
strength of the material is reached, the girder | be easily determined, and they are pointed out in 
crumples at the edge in the way which can be seen | the figure. All the horizontal, tangentially-directed 


on the left of the top of the photograph, Fig. 34, 
on page 593 ante. 


ost breakdowns of modern steel structures are | direction of the wind. 
caused by an insufficient factor of safety, not in | by radial thrusts on the roller-flanges. 


roller pressures give a resultant which will drive 
the floating bell to one side at right angles to the 


This is made impossible 
The radial 


to the ultimate strength of the steel, but to | pull and thrust on the rollers can be determiued 
the load which would give excessive deflection of | graphically. 


the compressed members. We must bear in mind 
that in angle-iron there may remain stresses not far 
from the yield-point caused by the cold bending. 

















































e total shearing force resulting from wind 


pressure on the floating structure is taken up by 
radial roller pressures. When all these forces are 
taken into consideration, the bending moments in 
the tank-top girder can be calculated in the manner 
mentioned above. We then find that the maximum 
momentum occurs at an angle of 90 deg. with the 
direction of the wind, but that it is much inferior 
to the bending moment calculated above, which 
was caused by the direct wind pressure on the 
parts of the structure near the tank edge. In 
the section at 0 deg., where the last-mentioned 
moment reaches its maximum, the momentum 
resulting from the tilting forces is zero. 


The most interesting part of the investigation of 


the forces acting in a gas-holder is that the thin 














| | nas x) | | 


These stresses, combined with the local ones brought |and flexible bell is able to resist the heaviest 


into the girder by the attachment of the rollers, 


gales. Let R (in Fig. 47) denote the radius of the 


by joints, &c., make it desirable to be a good deal | circle, p the internal pressure on the unit of length, 


on the safe side. 


of 41 Ib. per sq. ft. 


on the s A cross-section, such as shown /then it is well known that the circumferential 
in Fig. 51, would be necessary for a wind pressure | force acting in the ring is p R. 
rally appreciated that when, from any cause, the 


It is less gene- 


The disaster in question may not be prejudicial | ring is flattened in one part and protrudes at 


to the increasing use of spiral-guided gas-holders, 
a8 it cannot be imputed to a fault of the system. 
In fact, opizel-quidh 
than those with guide-framings, as is demon- 
strated by practice, and as can be Agee by theory. 
id 


The calculation for > yr i holders is less | Edition, 1906, Art. 274, investigati 
uncertain than that for the others, as a brief|in One Plane by Uniform Normal 
exposition of the forces acting on the different|M = 4p r* + constant. 
members of the structure will show. Fig. 52 gives|In the case that y is small com 
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#0 deg., the horizontal components are equal to the | and the bending moment is negative. At the point 


A the ring is not bent beyond its original curvature, 
only is its axis turned under a small inclination 
with its original position, and the bending moment 
is zero. This enables us to find the constant term 
of the equation of Professor Love, M = $ p(R + y) 
+ constant, for the case that the curvature of the 


unstrained beam is a circle. The condition is only: 
for y= 0; M= 0. Hence0 = 4 p R® + constant. 
Constant = —-$pR*. M=}p(R + y? —$pR* 


or M = pRy +4 py*. Where y is small com- 
pared to R the second term may be omitted. When 
pis the internal pressure instead of the external 
pressure, as assumed by Love, we get M = — pRy. 

A simple calculation shows that these moments 
are whally sufficient to prevent any dangerous 
deflection of the walls of the unstiffened side of 
large holders. The deflection of small holders of 
the spiral-guided type must, however, be consider- 
able, relatively as well as absolutely, before the 
straightening moment counteracts the wind load. 
In fact, with small holders, several feet of deflec- 
tion will occur; and this is the reason why at 
Ilkeston even a larger part of the total wind load 
than is taken into account might be brought to the 
horizontal girder. 

An important result of the theoretical investiga- 
tions is that the larger spiral-guided gas-holders 
are made the more pronounced are their advan- 
tages over those with guide-framing. The ques- 
tion having been asked how, in the case of a frame- 
guided holder, the wind pressure on the floating 
part is applied for calculating the a moments 
occurring in the top curb of the tank, there being 
no direct connection between the holder and the 
tank on the windward side, Professor van Iterson 
states that at the present moment this question is 
the most prominent in gas-holder calculations. 
It touches the weak point of most calculations, 
which, on the Continent, are added to the tenders 
for holders, and which are often made with the 
intention of showing the superiority of the tangen- 
tial to the radial arrangement of the rollers. ost 
calculations on holders with radial rollers are based 
on the false assumption that the cups and the 
bottom curb of the outer lift are inflexible circles, 
and that consequently there is no pressure on the 
rollers at the windward side. 

The inadequacy of this assumption may be shown 
by an experiment. On a board lies a hoop, the 
circumference of which is divided into equal parts, 
where nails are driven into the board, so that they 
almost touch the hoop. If a force P is applied at 
one point (Fig. 53), then immediately the hoop 
touches all the nails with forces equal to P. One 
might doubt whether all the forces are equal ; but 
that this is the only distribution by which the 
loaded points of the hoop remain on a circle can be 
demonstrated with a very flexible ring, and is also 
clear of itself. 

The correct manner in getting the roller pres- 
sures at holders with guide-framing is, for the case 
of a radial-guided holder, as follows :—Let Prax. 
be the largest wind pressure ; then the roller at 
this spot is the only one which leaves its rail, and 
if there was no wind pressure acting elsewhere, 
all the rollers would give a reaction equal to 
Pax. The wind pressure is assumed to act as con- 
centrated forces in the roller attachments. Let 
P,, P,, &c., denote the wind pressures concen- 
trated in the other rollers; then the resulting 
roller pressures due to immediate wind load on the 
floating bell are -P ; Press. -P 

Remembering the distribution of wind pressure 
on a cylinder (see ante and Fig. 43) ; then in the 
upper half of Fig. 54 the distribution is drawn on 
the su ition that the forces of the wind are 
located in the roller attachments. 

Fig. 55 gives the diagram by which the roller 
pressures are determined. The graphical calcula- 
tion is made by a force polygon, in just the same 
way and with the same approximation as in the 
ordinary way of po with a roof principal 
(Fig. 56). For this purpose the bottom curb is 
replaced by a linked chain, with hinges at the spots 
ofese the rollers are attached. For the construc- 
tion of the forces the chords are taken instead of 
the curved bars, similarly to what is dene in the 
right-hand half of Fig. 56. The results are shown 
in the lower half of Fig. 54, where it is seen that 
the differences of the succeeding radial pressures 
are the same whether there is a direct connection 
between tank and lift, or when there are only radial 
rollers. When there are only equal radial forces 
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moments which, during a heavy gale, occur in the 
top curb of a gas-holder tank, and which have to 
be provided for, are the same with a spiral-guided 
as with a frame guided holder. 

Mr. A. J. Sheeran having expressed a doubt as 
to the necessity for calculating the strength of the 
top curb of a gas-holder tank, when it is proved 
that a cylindrical wall of thin sheets is so well 
stiffened by a small internal pressure that it can 
withstand the heaviest gales, and pointing out 
that tanks having only a single angle curb would 
suffer severely under the foregoing calculation, 
Profees»r van [terson acknowledged the appropriate- 
ness of further elucidation, at the eame time saying 
that Mr. Sheeran might have addressed his attack 
on the calculation of the top curb to the designers 
of all the large Continental holders. He then pro- 
ceeded to explain why the wall of a cylindrical 
tank of such dimensions as a gas-holder tank, when 
flexible, or only stiffened by a strip or a single angle 
iron riveted to its edge, can resist the strongest 
wind pressure when filled with water. Experience 
shows, and it may be verified by calculation, that 
such a tank can be deflected several feet without 
damage to the sheets. When filled with water, a 
deflection of only a few inches gives rise to bend- 
ing moments that tend to restore the cylindrical 
shape. 

In the case represented by Figs. 57 and 58, on 
page 695, the bending moment in a point where 
the deflection is y, amounts to M = p R y, and 
’ this moment always acts in the direction opposing 
further deflection. This is the mathematical ex- 
pression for the fact thatan inflated cylinder resists 
deformation ; but it is quite clear that this resist- 
ing moment only comes into action after a certain 
detlection. 

When the top curb is stiffened by a horizontal 
girder (Fig. 59) the paradoxical phenomenon occurs, 
that the internal water pressure no longer aids in 
resisting the effect of unequal distribution of the 
wind pressure, but leaves it all to the girder ; and 
when the latter is too weak, it necessarily breaks. 

A plate girder is not bent like a test-bar, but when 
its strength is insufticient in a strong gale, it will be 
folded at one spot and ripped on a line of rivet- 
holes at another. A rentin the top curb will run 
straight down to the bottom of the tank, and even 
in mild steel of good quality such a ripped tear 
shows no contraction, and could therefore give 
the false impression that the material was brittle. 
This might have been the case with the Ilkeston 
tank. 

The foregoing mathematical inquiry of Professor 
van [terson is of great value, contirming, as it does 
in Fig. 43, the distribution of wind pressure upon 
a cylinder, set forth by Mr. J. O. V. Irminger, of 
Copenhagen, in 1899 (Fig. 10, opposite page 192, 
vol. ix., Transactions of the Institution of Gas 
Engineers). It is there shown that the pressure is 
0.57 pd (where d is diameter), and that of this 
total 28 per cent. is positive (pressure on wind 
side) and 72 per cent. is negative (suction on lee 
side). This positive pressure acts up to an angle 
of 35 deg. made by the direction of the wind, the 
rest being suction, with the maximum thereof at an 
angle of 70 deg. 

Mr. Irminger shows that his experiments agree 
with those of Professor S. P. Langley, and also 
with the formula of Lord Rayleigh (Scientific 
Papers, vol. i., page 291) in his theory of the resist- 
ance of fluids, when it is remembered that the 
formula is applicable to the pressure on the wind- 
ward side only, the pressure on the leeward side 
being neglected. 

Assuming the correctness of the theory as to the 
distribution of the wind pressure, there remains to 
be ascertained before it can be applied to the 
Ilkeston tank the intensity of the wind upon the day 
in question ; and, in view of Mr. Gibb’s evidence, also 
the highest wind pressure to which the structure had 
at any time been exposed. Professor Van Iterson 
says that the pressure would, on the fatal day, not 
have been one half as strong as that taken in his cal- 
culation—viz., 41 Ib. per sq. ft. ; and other general 
data would lead us to believe that it probably did not 
exceed 10 1b. per sq. ft. Nevertheless, in Professor 
van Iterson’s summary (written before the Home 
Office inquiry had taken place), he says :—‘*It would 
be — accidental that the tank should split pre- 
cisely at the spot to which the wind was blowing— 
just where the maximum bending moment occurs— 

ut without this heavy moment entering at all into 
the matter. 
accepted,” 





This possibility seems too small to ~ 
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DEfet Gyrostati et ses Applications. Par E. W., 
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ne de l’etat Belge. Brussels: Ramlot; 
Beranger, 1912. [Price 10 francs. ] 
THERE are not wanting signs that the gyroscope, 
after having been as a toy in many lecture 
experiments, and providing many exercises for the 
ingenuity of the skilled mathematician, is destined 
to play a large and important part in practical 
engineering in the near future. One of these signs 
is the more careful examination of the theory of the 
gyrostat, the removal of ornamental excrescences, 
and the presentation in a form that enables a 
practical man readily to apprehend the principles 
that explain its motion and account for its strange 
behaviour, placing him in a position to avail himself 
of the advantages it possesses. There are not 
wanting instances to prove that engineers have 
not always appreciated the extent to which they 
have, intentionally or otherwise, introduced the 
gyroscopic principle into their machines, some- 
times expecting an impossible result, and some- 
times overlooking what must inevitably be the 
co uences of certain combinations. When 
the Viper and the Cobra were lost, shortly after 
being fitted with turbines, our own columns 
were witness to the want of exact information 
on the part of trained technicians who had failed to 
grasp the true principle of the action of a rotating 
gyroscope. Bessemer’s attempt to overcome or 
compensate the rolling of a ship is a classical 
example of the misconstruction it is possible to place 
upon gyroscopic action. A study of M. Bogaert’s 
book should prevent the recurrence of similar 
errors, and it is, we take it, one great merit in the 
work before us, that the author addresses himself 
to practical engineers, to those who have to trans- 
late formule into design and construction, sweeping 
away what is unnecessary or confusing, and estab- 
lishing the main principles with decision and 
clearness. Any one who has mastered the theory 
of couples ought to be able to follow the reasoning, 
and benefit by the demonstrations, though, of 
course, a greater familiarity with mathematical 
methods in dynamical inquiries is of assistance. 
Mathematicians treating the problem as a parti- 
cular case of the motion of a solid round a fixed 
— have introduced into it much that is elegant, 
ut much that has proved a stumbling-block to 
technicians, who have come to believe that 
gyroscopic phenomena cannut be followed with- 
out the assistance of difficult analyses. As a 
rule the hypercritical methods of severe analysis 
have little bearing upon practical matters, and 
this is important when the principle is finding 
new and valuable applications. Fortunately, it is 
not necessary to define ‘‘force” to be able to make 
it available in the workshop, and though the 
effects of atomic energy may be demonstrable in the 
laboratory, the world goes on very well unham- 
pered by delicate and perplexing experiments. For 
the minute, the gyroscope, handled by Maxwell 
and Kelvin, has facilitated the interpretation of 
phenomena in magnetism and electricity, and has 
led to the formation of new hypotheses that have 
been amply confirmed. No one undervalues these 
services, least of all M. Bogaert, who makes some 
interesting comparisons between the gyrostatic 
effect and various electrical phenomena. But 
when the same instrument has to play a part in 
another theatre, and encounters a different class of 
problems, concerning it may be the behaviour of 
dynamos or aeroplanes, of projectiles or monorails, 
the treatment may well be adapted to meet dif- 
ferent requirements. In industry it is important 
to consider how best to counteract the effects that 
will be troublesome, and to utilise others that offer 
possible advantages. The author considers gyro- 
static effects from the point of view of their prac- 
tical application, and it is this aspect of a many- 
sided question that gives the book a decided 
value. In saying this we do not imply that the 
theoretical side-has been neglected, but simply as 
explaining the form and direction the discussion 
has taken. The general principles that govern the 
rotation of solids have been grouped with method 
and examined with care ; but the author has, in 
general, restricted himself to the use of methods 
with which engineers are familiar. It has been 
sometimes desirable and permissible to use approxi- 
mations. We say ‘‘ permissible ” because the author 
has defined the gyrostat, whose theory he is dis- 
cussing, in a way that excludes particular cases. 





He is considering a solid in which the angular 
velocity of rotation about the axis of revolution jg 
very great compared with other rotations to which 
the solid may be compelled to submit ; or, in other 
words, where the product of angular velocity 
the moment of inertia is very great compared wi 
the effect of external forces acting on the system, 
By limiting his inquiry, and explaining exactly how 
and why it is limited, he obtains satisfactory solu. 
tions, and contends, justifiably, that the solutions 
are sufficient, since they indicate certain practical 
results with definiteness. Those who have been 
accustomed to hear certain gyrostatic effects, 
easily produced on special apparatus, explained in 
an elementary manner, with the desire of sup- 
pressing all difficulties, will admit that the author's 
method has much to recommend it. By com. 
paring the approximate formule: obtained in special 
instances with those furnished by complete 
analysis, we have a measure of what has been 
neglected, and need never be led to form inexact 
notions of any complicated motion. To take one 
example, it is ludicrous and painful to hear the 
explanation frequently given of the familiar 
phenomenon of a spinning-top rising to a vertical 
position. When the aid of mathematical machinery 
is dispensed with, the information is slight, and 
the reasoning is often obscure when mathematics 
are invoked. ‘‘ Hurry up the precession and the 
body rises in opposition to gravity ” is true in fact, 
but it explains nothing ; yet this is often the only 
explanation vouchsafed. The author’s treatment 
here, as elsewhere, avoiding obscurity and prolixity, 
will be found informing and satisfactory. 

Naturally, greater interest attaches to the dis- 
cussion of those instruments in which the gyrostat 
enters as an essential part of the machine. Such 
an arrangement is that of the Anschutz gyro-com- 
pass, here described in such a way that the nature 
and origin of the couples that operate to restrict 
the oscillation of the axis about the meridian are 
very clearly explained. The errors to which the 
system is liable, and the method of correcting these 
errors, also deserve attention. In the last chapter, 
which deals mainly with the capacity of the gyrostat 
for damping oscillations and securing stability, a 
—— examination is made of the theory of the 
machinery by which Consul Schlick proposes to 
diminish the rolling of steamers. This is practi- 
cally the same problem which Bessemer attacked 
unsuccessfully, use he limited his gyrostat to 
one degree of freedom. Dr. Schlick, working on 
better-grounded principles, met with greater success, 
and the reason is not difficult to see. Numerical 
examples are given in the case of three ships to 
which his method has been applied. In the one, 
where the weight and dimensions of the gyrostat 
were greatest, the excursions of the needle that 
indicated the amount of roll were reduced in the 
— of 22:3. Possibly even better results 
ave been obtained since. Brennan’s monorail 
system is also submitted to thorough discussion. 
Unfortunately, it does not seem possible to deter- 
mine theoretically the dimensions and the weight 
of the gyrostat best adapted to secure stability. 
The necessary equations can only be solved by 
simplifications that would entirely vitiate the con- 
clusion. We have to content ourselves with the 
approximate, but satisfactory, result announced 
by Professor Perry, that, in passing from a wagon 
to one heavier, the weight and volume of the 
stabilising apparatus does not increase in the same 
proportion. 

he work concludes with a useful, and, as far as 

we can see, complete bibliography. 


The Petrology of the Sedimentary Rocks. Vol. II.: 4 
Description of the Sediments and their Metamorphic 
Derivatives. By F. H. Harton, Ph.D., and R. H. 
Rastatt, M.A. With an Appendix on the Systematic 
Examination of Loose Detrital Sediments by ‘I’. Crook, 
A.R.C.Se. (Dublin). London: George Allen and Co. 
Price 7s. 6d. net. ] 

E regret that we have not the whole of the 
authors’ scheme before us, but, to judge from the 
second. volume, apparently this work is an exten- 
sion of the well-known treatise by Dr. Hatch, 4 
work that has seen several editions. Here we 
have to do with only sedimentary and metamorphic 
rocks—probably igneous rocks have been treated 
in the first volume. The subject » = ~~ 
grown so rapidly in importance and interest wi 
the last fow one that subdivision is not only 
welcome, but necessary. Rudimentary introduc 
tion and complete survey are incompatible withip 
a moderate compass, and this work suffers at times 
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from unevenness in the amount of detail that has 
been introduced. At the outset, the writers are 
careful to intimate that the problem of denudation 
is outside their province, t it is not with the 
mode of action, but with the results of the pro- 
cesses, that they are concerned, though it must be 
admitted that in the first of the two parts into 
which the book is divided, it is often difficult to 
distinguish between denudation and deposition. 
The second part treats of the metamorphic deriva- 
tives of the sediments, and though exception might 
be taken to some of the terminology, the authors’ 
plan and scope of inquiry are clear enough. 

The arrangement of the facts and examples con- 
firm the view which, we think, is now generally held, 
that there is a remarkable lithological resemblance 
between contemporary formations in all parts of 
the world, the result of the operation of similar 
causes throughout the whole globe, producing the 
same types of sedimentary rocks during the same 

riod. On this ground we may question whether 
it is desirable to make so many subdivisions, lest 
these should be thought to imply varieties of 
structure, and destroy the sense of individual 
entity. On the other hand, such divisions as frag- 
mental, chemical, and organic deposits are quite 
satisfactory; these are common to the whole surface, 
and do not suggest local agents. With fragmental 
deposits the authors follow the usual course of 
description by size, distinctions which all can 
follow, though it may be impossible to attach 
definite measurement to each. Chemical deposits 
present, in some instances, greater difficulties than 
the authors have allowed to appear. These greater 
difficulties in the way of explanation have called 
forth greater ingenuity to decipher the riddles, and 
one is not appreciated without the other. The salt 
deposits at Stassfurt offer a case in point. We 
doubt if anyone, with no other information than is 
supplied in this book, would recognise the im- 
portant services rendered by Van’t Hoff and his 
pupils, who have applied with such complete suc- 
cees chemical theory and research to investigate 
the character and order of the changes that took 
lace in the waters of an ancient land-locked sea, 
holding in solution a variety of different salts. The 
successful investigation of the conditions necessary 
for equilibrium in a solution approaching solidifica- 
tion is a triumph deserving of emphasis. 

In discussing the kinds of metamorphism the 
authors have adopted a ‘* geologic basis.” Object- 
ing to ‘‘ thermal metamorphism,” they use the term 
“contact” to — the changes that arise from 
the intrusion of large masses of igneous rock at a 
high temperature ; to the change wrought by the 
burying of sediment in regions of high temperature 
and pressure, the term ‘‘ regional metamorphism ” 
is given; for the effect of atmospheric changes 
“weathering” is necessarily retained and, finally, 
“cementation” and ‘‘ metasomatism” are terms 
reserved to express the alterations produced 
below the ground water-level. The nomenclature 
is not very important, though depth below surface 
may not be the safest indication for locating the 
theatre of particular processes. As might be 
expected, when one of the authors has written so 
much on the minerals of South Africa, ore deposits 
are discussed at some length ; but though in par- 
ticular instances interesting references are made 
to certain deposits, as, for example, the mesozoic 
beds of Yorkshire that have been worked for iron 
ore, it is not very clearly intimated whether ores 
are considered ‘‘ academically”—that is, as the 
minute grains which petrographers trace with such 
meticulous care in rocks, or ‘*‘ commercially” that 
is capable of economic working. To engineers the 
point is one of considerable importance. It would be 
of some advantage to be able to say whether these 
eminent authorities consider ‘‘ weathering” and 

ed processes are necessary to the production of 
the iron ore of commerce, or whether direct igneous 
intrusion has given rise to known deposits of 
economic value. The question is one that is closely 
connected with the quantity of iron ore available 
for smelting purposes in the future. It is not 
impossible that magmatic segregation may produce 
huge, deep-seated masses of titaniferous magnetite, 

m which, no doubt, iron in large quantities 
could be obtained, but in a condition valueless to 
the ironmaster, because the ore has not passed 

ugh the changes the superficial beds have 
undergone. The authors seem to suggest that 
decomposition and secondary changes are necessary 
for the production of a smelting ore. Such ores 
‘re evidently limited in depth, for water carrying 














the necessary oxygen and carbon dioxide in solu- 
tion cannot percolate far below the surface. If, 
however, the ore bodies of commerce are segrega- 
tions from deep-seated igneous rocks, there is no 
need to fear limitation in point of depth, and the 
anxiety occasioned by the disappearance of much 
of the richest ores, and those most easily mined, 
would prove groundless. On this point, however, 
geologists appear to be cautious, or, rather, to 
exhibit signs of disagreement. 

Mr. Crook’s contribution describing the modern 
methods of separation and determination of the 
minerals occurring in sands, clays, and soils, with 
short descriptions of the minerals themselves, very 
materially enhances the value of the book. 





The Mechanical Engineering of Collicries. By T. Camp- 
BELL Furers. Supplementary Volume (to Vols. I. 
and II.). London: The Colliery Guardian Company, 
Limited. March, 1913. 

Tus supplementary volume is divided into four 

chapters, which are respectively headed ‘‘ Ventilat- 

ing-Fans,” ‘‘Coal-Cutting and Conveying Machi- 
nery,” ‘* General,” and ‘*‘ Addenda.” The chapter 
entitled ‘‘General ” deals with engineering work- 
shops, explosives stores, brick works, brick-making 
machinery, briquette plant, ambulance and rescue- 
stations, ambulance carriages, the Fleuss, Draeger, 
‘*Weg,” ‘‘ Aerolith,” ‘‘Meco,” and Tissot apparatus, 
and training galleries ; while that which is devoted 
to ‘* Addenda” comprises improved detaching- 
hooks, Barker’s sinking-hook, cage junction-plat- 
forms, Blair’s haulage-bogie, sprinkling apparatus, 
regulation of boiler feed-water, steam-turbines, 
heat accumulators, condensing plant, compressed- 


|air locomotives, ‘‘ Sentinel” air-compressor and 


internal-combustion locomotives. It is difficult to 
understand why these two chapters were not com- 
bined under one title. 

The book will be welcomed by practical men, 
for it describes, more or less successfully, almost 
everything within its scope with very good illus- 
trations, without any tiresome profundity, and 
with no ‘‘ mathematical nonsense.” But at times 
it offers explanations which, instead of enlighten- 
ing the reader, only involve him in difficulties. 
For example: ‘‘ The volume of air passing through 
a fan depends upon the velocity and area, and 
varies very considerably in different types of fans. 
It is easily seen, however, that for a given volume 
of air, the air must pass more quickly ages a 
small fan than a large one, because the cubical 
capacity is much less, though the peripheral speed 
may be the same.” In other cases a problem 
is stated, and then, instead of being solved, the 
matter first put forward as a question is repeated in 
an affirmative manner. For instance, ‘‘ Why is it 
that a steam-turbine will, as a rule, give more 
economical results in steam consumption than an 
ordinary reciprocating steam-engine? The answer 
to such a question is that the construction and 
working of the turbine lends itself better to the 
utilisation of the heat energy contained in the steam 
than the ordinary steam-engine does.” A reader 
may be excused a display of irritation at such an 
explanation, the more so when it is remembered 
that an intelligible account of the economical ad- 
vantages of the turbine might have been written in 
the same number of words. Punch does not, as 
a rule, criticise the ‘‘ bulls” of technical litera- 
ture, or he would find a rich harvest in the volume 
before us. Thus: ‘The first steam-turbine was 
introduced by the Hon. (now Sir) C. A. Parsons in 
1884 for the purpose of generating electricity, and 
is at the present day fitted to some of the largest 
liners and war vessels for ship propulsion.” What 
a marvellous little turbine that was, to be sure ! 

Mr. Futers has not the gift of clear exposition, 
and often his choice of words is not only inelegant, 
but also irritating. The main value of the book 
lies in the illustrations, for although the engravings 
are poor in quality, they are in — cases repro- 
ductions of actual drawings, and enable an engineer 
to understand the mechanism to which they refer. 
A book which contains real working drawings is 
always useful to many people, even if the letter- 
press be indefinite, and the deficiencies of the latter 
may usually be made good by a reference to the 
illustrations. 
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South Wales Institute of Engineers. Contents of Proceedings, 
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a Cardiff: The Institute, Park-place. [Price 
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The Textile Inetitute Journal. Autumn Meting, 1912. 
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Farringdon-street, E.C. [Price 2/.] 











Execrric Lock System ror Mingrs’ Cacrs.—Acci- 
dents ~~ | occurred in mines from cages starting 
too soon, with a view to preventing such an occurrence, 
Messrs. Siemens and Halske have introduced an auto- 
matic electric lock system at the Rheinpreussen Colliery 
in Rhenish Prussia. It been the practice there for 
the engineman at the surface to stop the winding engine 
when two signals are given, and to start it when one 
signal is given. It has, however, sometimes happened 
that men have endeavoured to enter or leave the cage 
after the = had been despatched. The device due 
to Messrs. Siemens and Halske resembles the ordinary 
safety-lift appliance, which makes it im ible to start 
the cage so long as any door is open. There are further 
additional devices which light or extinguish lamps, and 
others which cut out the weal safety circuit. e lock 
circuit is a shunt to the main lighting circuit of 220 volte 
direct current, and comprises a relay in series with the 
door contacts. The lock magnet is fitted with a water- 
proof casing: its armature operates the lock-lever and 
also the knife-switches of the lamps, one of which is next 
to each door. These lamps are on a circuit of their own ; 
they burn only when a door is open, and go out when 
the doors are closed ; at that moment the engineer above 
sees the si “‘free,” but as long as any door is open, 
his signal lamp informs him that he must not wind. Ars 
the same a is used for raising coal, there is another 
circuit by which this safety mechanism may be cut out ; 
this is worked by hand switches at the different levels. 
If a man wants to ascend with the cage, he has to open 
the special switch first; then the lock system is auto- 
matically restored. The circuits and the arrangement of 
the lock magnet are very simple ; illustrated particulars 
of the apparatus will be found in the description which 
Terbeck published in Gliick Auf of Apnl 12. The 
mechanism has all the good points of the ordinary auto- 
matic safety lift. If anything should go wrong working 
is stopped. 
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SPANISH TRANSATLANTIC LINER 
“INFANTA ISABEL DE BORBON.” 
(Ooncluded from page 602.) 

Tue propelling machinery is on the usual three-screw 
combination system, consisting of two sets of triple- 
expansion engines placed at the sides of the engine- 
room, and working in conjunction with a low-pressure 
turbine in the centre. The reciprocating engines and 
the turbine each drive one propeller. The arrangement 
brings the wing propellers well within the contour of 
the hull. A key plan of the arrangement is given in 
Fig. 9, while the general arrangements of the boiler 
installation is shown in Figs. 10 to 13, on this page, 
and of the reciprocating machinery and sekeuet 
turbine in Figs. 14 to 22, on the two-page plate. 
These illustrations are so complete that it is not 
necessary to enter into details in describing the 
machinery. 

The reciprocating engines are illustrated mpeoiey 
in Figs. 23 and 24, on the opposite page, which shows 
the arrangement of cylinders, all of which have piston- 
valves. The diameters of the cylinders are 28 in., 
43 in. , and 66 in., and the stroke 45 in. 

The turbine is illustrated in Figs. 25 to 28, on page 
702. It will be seen that the turbine has 36 rows 
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INDUSTRIAL NOTES. 

AccoRDING to the Board of Trade Labour Gazette, 
which appeared on May 16, the state of the labour 
market in April was as follows :— 

Employment during the month was very good, espe- 
cially in coal-mining, engineering, and shipbuilding. 
There was a seasonal advance in the building, brick- 
making, and wood- working industries, and some 
improvement in the printing trades. On the other 
hand, employment at iron and steel works showed a 
slight decline from the previous high level, while the 
tin-plate trade continued to be affected by adverse 
conditions. On the whole, textiles showed no marked 
change. 

It was reported by the Labour Exchanges that there 
was oa continuance of the large demand for workmen 
of all classes in the shipbuilding trades, and that in the 
engineering and building trades there was @ scarcity 
of labour in some districts, while painters were in 
general demand. In the case of women, the demand 
exceeded the supply in the cotton, woollen, worsted, 
linen, and clothing trades, and in laundry work. 
There was also a scarcity of women in the Birmingham 
jewellery trade. The upward movement, in wages 
continued. Employment in all the principal industries, 
except tin-plate, showed an improvement as com- 

red with a year ago, when the country was suffering 
rom the effects of the great coal dispute. 

Trade unions with a net membership of 912,046 
reported 15,719 (or 1.7 per cent.) of their members as 
unemployed at the end of i 1913, compared with 
1.9 per cent. at the end of March, 1913, and 3.6 at 
the end of April, 1912. 

The percentage of ‘‘insured” workpoople unem- 
ployed fell from 3.5 at the end of March to 2.8 at the 
a0 of April, the decrease being mainly accounted for 
by an improvement in the building trades. 

Returns from firms employing 424,015 workpeople 
in tha week ended April 26, 1913, showed an increase 
of 0.2 per cent. in the number of workpeople employed, 
and of 0.4 per cent. in the amount of wages paid, 
compared with a month ago. Compared with a year 
ago there was an increase of 0.8 per cent. in the 
number of workpeople employed, and of 5.1 in the 
amount of wages paid. 

The changes in rates of wages taking effect in April 
affected 502,000 workpeople, aud resulted in a net in- 
crease of nearly 24,900/. per week. The most: important 
changes were net increases affecting 417,000 coal- 
miners in Cumberland, the Midlands, Yorkshire, 
Lancashire, North Wales, Bristol and Somerset ; 
17,000 ironstone miners, limestone quarrymen, and 
blastfurnacemen in Cleveland and Durham; 20,000 
ironworkers in the Midlands ; 8250 blastfurnacemen 
and iron and steel workers in South Wales and 
Monmouthshire ; and 10,800 wool-combers in Bradford 
and district. 

The number of disputes beginning in April was 153, 
and the number of na hams ved in all disputes 
in progress during the month was 80,110, as compared 
with 41,983 in March, 1913, and 1,045,499 in April, 
1912, when about 1,000,000 workpeople were involved 
in the national col strike. The estimated number of 
working days lost by disputes during the month 
amounted to 588,400, as compared with 446,000 in 
March, 1913, and 7,087,300 in April, 1912, of which 
6,684,000 were due to the coal strike. 

Disputes dealt with during the month included 
music-hall artistes throughout the United Kingdom ; 
building trade operatives at Sheffield, Halifax, Wigan, 
Southampton, Ciao and Dundee ; boot and shoo 
operatives at Leicester and in the east of Scotland ; 
steel workers in the west of Scotland ; and dockers, 
carters, &c., at Galway. Under the railway concilia- 
tion scheme several appointments of chairmen of Rail- 
way Conciliation Boards were made, and an interpre- 
tation was giver by the Board of Trade in a matter of 
classification. 

The total number of workpeople on the general 
register of the Board of Trade abour exchanges at 
April 18, 1913, for the 276 exchanges which were 
open at the beginning of April, 1912, was 83,354—a 
decrease of 15,958 compared with a month ago, and of 
2978 compared with a year ago. Comparisons with 
last year are affected by the fact that unemployed 
workmen lodging unemployment books are now borne 
on the registers, 

The weekly number of vacancies notified to the 
same 276 exchanges during the five weeks ended 
April 18, 1913, was 19,055, and the weekly number 
of vacancies filled was 13,927. The correspondin 
weekly averages for the four weeks ended March 14, 
1913, and for the four weeks ended Apri! 26, 1912, 
are, in the case of notifications of vacancies, 19,621 
and 14,986, and in the case of vacancies filled 14,155 
and 11,361 respectively. 


The Steam-Engine Makers’ Society have recently 


issued their eighty-eighth annual report, for the year | 
This report shows that the society continued | 


1912, 
to make good progress, a marked feature of the year 
being its freedom from labour disputes as compared 


S/are really no good 





with 1911, exception, of course, being made of the 
t coal strike in the early part of last year. 
ouching on what is, no doubt, ming @ source 
of danger to some trade-unions— Syndicalism—the 
report says: ‘‘ We are glad, indeed, to leave what 
is ing @ serious menace to organised labour, and 
our only object is to bring the position clearly before 
our members, as Syndicalism and the advocates of 
sabotage—which latter is a fancy word for crime and 
robbery—may yet bring many a good os that 
stands for trade-unionism upon the rocks of destruc- 
tion, bearing in mind that anarchy and reaction 
are twin brothers, whatever the expounders of the 
new, or rather, an old doctrine in a new suit may 
say to the con .” A strong advocacy is made 
for an eight-hour day, which it is contended ‘‘ should 
be obtainable by legislative action on the same lines 
as the many other enactments governing and control- 
ling our factory system of industry.” This object, it 
is thought, should be the one on which the workers 
should concentrate their energy, and it should be the 
Labour Party’s chief ambition to have a law embody- 
ing it made for the whole nation. This may appear to 
some people ———— simple of attainment, but 
it will undoubtedly be found that it is practically 
impossible of attainment. No doubt the eight-hour 
day could be extended very much more than it is at 
present, but as to its ever being universal that is quite 
another thing. The change will come to a — extent, 
no doubt, but it will come very slowly, ucing by 
degrees the length of the labour-day. We do not 
think it can ever be universal. 

During the year 1912 employment with the members 
of the Steam- Engine Makers’ Society was exceptionally 
good, the proportion of unemployed during any month 
seldom being more than | per cent., except during the 
month of March, when the great coal strike was 
upsetting the trade of the country, at which time the 
number of unemployed went up from 114 to 825. 
August and November were the best months of the 
year, the returns then showin ‘. 73 and 77 members 
out of employment respectively. This was little more 
than 0.5 per cent. on the total membership. 

The finances of the society have also been in a 
flourishing condition, though the high-water mark of 
1907 was not reached. At that time the value of the 
capital per member stood at the highest point in the 
history of the society—namely, 7/. 18s. 6d., with a 
capital of 98,722/., and a membership of 12,452. The 
same standard is, however, now being approached, 
and the year 1911 was closed with a capital of 
102,383/., or a value per member of 7/. 2s. 7d. At the 
close of 1912 the capital stood at 115,877/., represent- 
ing @ gross value per member of 7/. 9s. The 
income for last year showed an increase of 26771. 
over 1911, in which year the actual income was 
15,7971. In spite of the increase in membership, the 
expenditure for the year was only 6229/., compared 
with an average for the years 1909, 1910, and 1911 of 
uo less than 11,4001. 


The April report of the United Society of Boiler- 
makers and Steel Shipbuilders shows that there was 
an increase in membership, during the month, of 393 
as compared with the figures for March. There was, 
however, @ decrease in membership due to death and 
other causes, which amounted to 194; the net in- 
crease, therefore, being 199. The total membership 
is now over 62,000. The expenses for the month of 
April amounted to 8055/. 14s. 6d., compared with 
10,1212. 7s. 9d. in March—a decrease for April ot 
20651. 13s. 3d. 

A suggestion is made in the report regarding lost time, 
a subject that has caused a good deal of dissatisfaction 
among the employers. Strong statements have been 
made by the masters regarding the amount of loss 
sustained by bad timekeeping, and the union execu- 
tives claim that only a very small part of these state- 
ments can be substantiated, and that the greater part 
of the total time lost is due to causes that ‘‘ could be 
removed by joint arrangement with us in the various 
districts.” There might, perhaps, be some small ex- 

nse incurred, which would fall upon the employers, 

ut the union officials maintain that this would be 
more than counterbalanced by steadier work and in- 
creased output, and they charge the employers who 
are most loud in their complaints with indifference to 
the well-meant overtures of the union in this direc- 
tion. The officials acknowledge that there is a certain 
small percentage—below 5 per cent., they say—of 
their members who require firm treatment and who 
to the union, the employers, or 
themselves ; but the officials are of opinion that, with 
the co-operation of the employers, these delinquents 
could be got rid of and the average timekeeping be 
much improved thereby. 


The annual report of the Ship-Constructors and Ship- 
wrights’ Association for 1912 has recently ap " 
and shows that the anticipations congue at the end 
of the previous year were fulfilled, and that remark- 
able prosperity continued during the year. So far as 
the Restiniee was concerned, there were, with one 





exception, no differences causing any serious stop 
of work in any of the respective ports. Throughout 
the federated ares there were considerable changes in 
wages, this area comprising the Clyde, Tyne, Tees, 
Wear, Barrow, Hull, Aberdeen, Birkenhead, Leith 
and Dundee districts. An advance of ls. a week on 
time (or 3d. per hour where payment is made by 
the hour), and 5 per cent. on piece rates, wag 
arranged to take effect on August 19 throughout 
this area. At Southampton, Lytham, and Wyven. 
hoe advances of ls. a week were also obtained 
while at Garston Is. 6d. a week was secured ; 2s, m4 
week at Preston and Fleetwood; 2s. 3d. at Cowes: 
and 3s. on day-work repair rates at Cardiff and 
Swansea, with a substantial advance on piece-work 
rates. The drillers at Bristol received an advance 
of 2s. 6d. a week on day rates, and at Liverpool 
an advance of 2s. a week on repair was arranged, 
making the wages 47s. a week. In this advance 
Manchester, Ellesmere Port, and the repair department 
of Cammell Laird’s at Birkenhead were included. 
The income for the year was the largest on record, 
being 69,536/. 3s. 64d., or 2400/. over the income for 
1911. The outlay forthe year was 18491. more than in 
1911, the total sum being 45,581/. 15s. 114d. This shows 
@ gain to the reserve funds of 23,954/. 7s. 7d., making 
a total up to December 31, 1912, of 126,456/. 3s. 94d., 
being an average of 4/. 16s. 54d. per member. This 
total is, however, nearly 20,000/. less than it stood at 
in 1907, before the differences of 1908 occurred. The 
income is chiefly derived from contributions, which in 
the year 1912 amounted to 49,000/. 0s. 2d., the highest 
yet reached. The membership at the beginning of 
1912 stood at 22,901, and during the year there 
were admitted 5277, while through J eath, resignation, 
and other causes 1955 left, bringing the membership 
at the end of 1912 to 26,223 in 152 branches. 


The reply of the Admiralty to the demands of the 
dockyard men does not appear to have given satisfac. 
tion to the workers, and at Plymouth on Saturday last 
a meeting of the Devonport and Plymouth district of 
the pose hein Society of Engineers was held, in 
order to consider this reply. The meeting was 
attended by about 6000 delegates, and voting was by 
ballot. The decision come to was that the delegates 
could not accept Mr. Macnamara’s reply as a full 
acknowledgment of their claims, and that they are in 
favour of continuing to refuse to work overtime in the 
dockyards. They are also in favour of a conference of 
the engineering trades only, instead of a joint con- 
ference of all the dockyard trades, in order to decide 
on some definite line of action. The increases in wages 
that were approved by the Lords Commissioners of 
the Admiralty were as follow :—Shipwrights, increase 
approved per week on standard trade rate, 2s. for 
hired men and Is. 6d. a week for established men, 
making the new rates per week 38s. and 36s. 
respectively. In the engineering trades, increase 
per head 2s. for hired men and Is. 6d. for established 
men, or 38s. and 36s. per week respectively. A 
limited number of workmen will continue to be 
allowed up to 40s. a week. The weekly increase 
for labourers is to be ls., or a wage of 23s. per week, 
except at Haulbowline, where it will be 22s. a week. 
This minimum rate of 23s. a week (22s. at Haulbow- 


line) is to be regarded as a probationary rate ; and 
men rated as skilled lebourers will not be kept at 


this rate for more than twelve months. All men who 
have already been @ year or more on 23s. (22s. at 
Haulbowline) will be increased to 24s. (23s. at Haul- 
bowline) as from June 1 next. Joiners will have 1s. 6d. 
increase per week on standard trade rates, the weekly 
wages being 36s. for hired men, and 34s. 6d. for 
established men ; for plumbers the wages will be the 
same as for the joiners; sail-makers will have an 
increase of ls. 6d. per week on standard trade rates, 
or 32s. 6d. for hired men, and 3ls. for established 
men ; riggers will receive an increase of Is. on stan- 
dard rates per week, or a wage of 30s. 6d. per 
week for hired men, and 29s. for established men 
per week. The minimum trade rates are to re- 
main as at present for smiths, but the rates of 
38s. for hi men and 36s. for established men 
are in future to be regarded as within the scale of 
normal rates of pay, and will consequently be appli- 
eable to a somewhat larger number of mechanics of 
this trade than at present. Hired messengers will 
have an increase of 1s. per week on minimum rate, OF 
a wage per week of 26s. 6d. inclusive of a regular 
allowance to cover ordinary extra attendance. Rope- 
makers will have an increase of 1s. on maximum of 
normal scale, 1s. on maximum of special rates. The 
maximum normal rates per week for hired men will be 
3ls. 6d. and 30s. for established men, with maximum 
special rates of 33s. 6d. for hired men and 32s. for 
established men. 

For electrical station staffs the rates are to be, as at 
resent, for seven days a week, and will be 3 
ollows :—Station supervisors, ‘‘ B” class, an increase 
of 3s. 6d. a week, or a weekly wage for hired scale of 
from 45s. 6d. to 52s. 6d. a week. Mechanic drivers 
and dynamo attendants an increase of 2s. 4d. per week 
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on minimum, or a minimum weekly wage for hired 
men of 44s. 4d.; for assistant drivers and dynamo 
attendants an increase of ls. 2d. per week on scale, 
or a weekly wage for hired scale of from 29s. 2d. to 
333. 10d. Switchboard attendants will receive an 
increase of 1s. 2d. on scale per week, or a wage of 
from 36s. 2d. to 39s. 8d. for hired scale; leading 
stokers will receive an increase of 1s. 2d. on scale, or 
a weekly —— of from 33s. 10d. to 37s. 4d. on hired 
scale, while the increase for stokers will be 1s. 2d. on 
scale, and a weekly wage of from 26s. 10d. to 33s. 10d. 
for hired scale. The foregoing increases are applic- 
able to employees in all departments of the dockyards 
and naval establishments in England and Wales— 
outside the London area—and at Haulbowline. 





As a guide to officials and members of trade 
unions as to the procedure that must in future be 
followed by unions wishing to take part in political 
work, there has recently been issued from the central 
office of the ro ne | of Friendly Societies detailed 
instructions prepa: by the Chief Registrar. The 
rocedure Bee, to the use of trade-union funds 
. the furtherance of political objects within the 
meaning of the Trade Union Act of this year. This 
Act is, of course, the outcome of the Osborne judg- 
ment, and enables a trade union to apply money to 
the furtherance of political objects if, as indicated by 
a secret ballot, the majority of the members approve 
of such a course. The payments for such objects 
must, however, be made out of a separate fund 
maintained for the purpose, and it is provided, 
for the protection of the minority, that any member 
who gives notice that he does not wish to contribute 
towards the political fund cannot be required to do 
so, and membership of a union is not to be made 
dependent on contribution. 
the memorandum of instructions now issued it 
is stated by the Chief Registrar that, in order to be 
effective, the resolution _— the furtherance 
of political objects must by a majority 
of the members voting in the ballot. Moreover, 
the Chief Registrar says :—‘‘This ballot must be 
conducted in accordance with rules of the union 
approved by me, and I cannot approve of any 
such rules unless I am satisfied that every member 
has an equal right, and, if reasonably possible, a fair 


opportunity of voting, and that the secrecy of the | 7, 


ballot is properly secured.” Rules for the ballot 
have been prepared, but’ may, under special cir- 
cumstances, be modified. Rules dealing with the 
political fund are also issued, and may modified 
with the Chief Registrar’s approval. In case the 
furtherance of political objects within the meaning 
of the Act dalla be favoured by the ballot, the union 
rules can be altered accordingly, and any dissentient 
member may at any time after this has been done 
give written notice in a special form of his objection to 
contribute to the political fund. The political objects 
on which the ballot is taken must be explained on 
the paper. Three scrutineers are to count the votes, 
and they must not be members of the executive or 
branch committee. 





On Saturday last, at a mass meeting of Durham 
miners held at West Stanley, Durham, the follow- 
ing resolutions were passed :—‘‘ That this meeting of 
delegates representing fifty-one lodges of the Durham 
Miners’ Association, after twelve months’ experi- 
ence of the rates and rules of the minimum wage, 
registers its protest against the same, bearing in 
mind that Sir R. Romer thought 7d. a day was 
8 reasonable margin between the minimum rates 
and the county average, that this margin has now 
increased to 1s, 57d., and that even so men are 
continually robbed of their minimum w This 
Conference pledges itself to fight strenuously for the 
drastic amendment of these rates and conditions.” It 
is expected that more conferences will be held on this 
subject in different parts of the county. 





The movement to secure a general eight-hour day 
me serious among the members of the Cum- 
berland Winding Enginemen and Boiler Firemen’s 
Association, for by an overwhelming majority the men 
have decided to Rand in notices, in order to secure 
the shorter day. The winding enginemen have already 
shorter shifts, but the boiler firemen and haulers, 
fan and the electric enginemen, have a 12-hour 
day, an 8-hour day being, a short while ago, refused 
oo the owners. It is expected that work will be 
8 


on June 3. 





On Saturday last the enginemen and firemen at 
Heywood had their wages advanced by 2s. a week, 

it is said that in many other Lan ire towns the 
enginemen and firemen intend demanding a similar 
rate. An advance is also to be given to the cabinet- 


makers of Rochdale and other Lancashire towns, the 
advance to be from 36s. to 388. a week. The working 
hours are also to be reduced in six months from 53 to 


What is known as the ‘‘ Non-Unionist Strike” in 
South Wales came to an end at the close of last week, 
work being resumed at the Rhondda Collieries of 
Messrs. Davis and Sons, Limited, where the non- 
unionists had been particularly reluctant to join the 
Federation. By the end of last week it was reported 
that in the Taylorstown and Ferndale Collieries 
all the non-unionists there had pledged themselves to 
membership. The indemnity cost of the strike to the 
associated owners is said to amount to over 20,0000. 
With the close of the non-unionist strike the coal-fields 
of South Wales are, it is said, in a very ful state, 
and the only important matter before the Conciliation 
Board that met at Cardiff on Monday last was that of 
the period of individual notice to terminate contracts, 
which had been upset by recent legal rulings. Both 
sides that from May 26 a fourteen days’ notice 
to terminate contracts should prevail. 





A lock-out is feared in the shipbuilding industry 
due to unrest among the men who “hold up ” for the 
riveters. These men threaten to strike on their own 
account unless their demands are conceded. If they 
do, there is a chance that the employers may lock- 
out all the other members of the Boi er-Makers and 
Shipbuilders’ Society. In this way many shipyard 
troubles might be brought to a head. we are 
dealing with this subject in another part of the paper, 
however, we will not refer to it further here. 





At the Northumberland miners’ annual council 
meeting on Monday last the Syndicalist motion affirm- 
ing the desirability of organising all grades of labour 
so as to be able to adopt a simultaneous strike as the 
only means of gaining the advantages required for the 
workmen was defeated by 42 votes to 19. 





The strike on the Hull ferry steamers has come to 
an end, pending negotiations in London as to terms. 





GERMAN PIG-IRON PRODUCTION. 

THE production of pis iron in Germany continues to 
increase, and during the first three months of the present 
year it reached an aggregate of 4,730,415 tons against 
4,168,770 tons for the corresponding period last year. 
is represents an increase of 13 per cent., and should 
the production go on at the same rate, the aggregate 
German oe production of the present year should 
reach 20,000,000 tons, or more than one-fourth of the 
world’s total production of pig iron. The Germans point 
with some satisfaction to the fact that Germany’s ar 
duction of pig iron, which, in the year 1901, for the first 
time, that of Great Britain; and which, since 1903, 
has left the English output further and further behind, ere 
long may boast a total double that of her rival. _ 

The following table shows the production of pig iron 
of the three leading countries in this manufacture at the 
end of the last four decades :— 





— | Germany. England. United States. World. 
tons tons tons tons 
1870. 1,390,000 6,060,000 1,690,000 12,100,000 
1880..| 2,730,000 7,880,000 3,890,000 18,300,000 
1890. | 4,560,000 8,030,000 | 9,350,000 27,500,000 
1900..' 8,520,000 9,000,000 14,010,000 | 40,200, 
1910..| 14,790,000 10,880,000 27,740,000 | 65,800,000 
The percentage for the different countries is as under:— 
j | te Per- 
centage of the 
- —: — — Three Countries 
in the World’s 
Production. 
1870. . 1L5 50.1 14.0 75.6 
1880.. 14.9 43.1 21.3 79.3 
1890..! 16.6 29.2 34.0 79.8 
1900... 21.2 22.4 34.9 78.5 
1910.. 22.5 15.8 42.2 80.5 








These figures illustrate very plainly the tremendous 
changes in the uction of pig iron the last four decades 
have wrought, both absolutely and as regards the relative 
position of the three leading countries, whilst these 
changes, strangely enough, have but slightly affected the 
te n of the three countries’ production 
as t that of the world. — 

though all the different iron-producing districts in 
Germany show a very material increase in their output of 
pig iron, the increase varies greatly for the various locali- 
ties; putting the fi 


res of ne for the different 
districts at 100 for the year 1900, the corresponding figure 
for 1912 is for 
Rhineland- Westphalia ves << — 
Si land, Lahn district, and Hessen- 
assau pane ee aad ei on aa 
Silesia ... aks et ae aa so 
Central and East Prussia... ... .. 20 
Bavaria, Wurtemberg, and Thuringia ... 218 


Saar district, Lorraine, and Luxemburg... 230 
ming , for the entire German Zollgebiet, an average 
of 212.5. 


The following table shows the wth or decrease in 
the production of various kinds of pig iron during the 





51 per week. 


present century :— 
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' 
Foundry | Bessemer Thomas (Steel, && Puddle 
Pig. Pig. Pig. 
tons tons tons tons | tons 
1900 1,487,900 495,800 4,826,500 1,612,700 
1904 1,865,600 392,700 6,390,000 636,400 | 819,200 
1905 1,905,700 425,200 7,114,900 714,300 | 827,500 
1906 | 2,108,700 482,700 8,088, 943,600 | 854,500 
1907 | 2,259,400 471,400 8,494,200 | 1,034,600 786,100 
1908 | 2,254,700 361,500 7,627,200 934,900 | 635, 
1909 | 2,49',900 412,100 8,261,500 | 1,009,800 | 652,300 
1910 | 2,965,800 471,400 9,339,000 | 1,372,200 | 644,900 
1911 | 3,063,500 374,500 9,851,100 | 1,733,300 | 511,800 
1912 3,338,800 388,800 11,398,000 | 2,201,500 525,400 





Putting the separate figures of production for the year 
1900 at 100, the corresponding figures for 1912 will be : 
Foundry pig iron, 224; Bessemer pig iron, 79; Thomas 
pig iron, ; steel, &c., pig iron, and puddle pig, 169. 
Keeping the latter two kinds separate, and limiting the 
comparison to the period 1904, the year when the steel 
union was form the figure for puddle pig iron has 


receded to 64, whilst that of steel has risen to Puddle 
and Bessemer iron are the only two specialities which 
are on the downward move in a marked contrast to the 


rest. 

A specially rapid growth is evidenced in the manufac- 
ture of electro-steel, as will pet from the appended 
figures :—1908, 19,500 tons; , 17,700 tons; 1910, 

200 tons; 1911, 60,600 tons; 1912, 74,200 tons. As 
regards the production of the different kinds of pig iron 
in the different districts, the Nether Rhine and Westphalia 
district is very much to the fore in the matter of Bessemer 
pee, as also as regards foundry and Thomas, 

ides steel pig, less so in the matter of puddle iron. 
The Saar district, Lorraine and Luxemburg particularly 
se ge iron for the Thomas process ond ent use ; 
ilesia goes in for puddle iron and iron for steel manu- 
facture, as do the Siegerland and Lahn district and 
Hessen-Nassau, whilst Central and Eastern Prussia 
make iron for foundry purposes and steel manufac- 
ture a leading feature. 





Tue MANncHEsTER UNiversity.—We are informed that 
Mr. Edward Sandeman, M. Inst. C.E., has been ap- 
pointed Associate Professor of sginenring at the Man- 
chester University. Mr. ieman will lecture on 
** Water Supply and Irrigation.” 





Tue ‘‘ Monrror ” Corrucatep Suir.—Orders for two 
more vessels of this class have been placed by British 
owners with Messrs. Osbourne, Graham and Co., Sunder- 
land, and for the engines with the North-Eastern i 

ngineering Company, Limited, Sunderland. This will 
bring the number of Monitors in service up to me. 
The six earlier vessels continue to give satisfaction. e 
described the system in our issue of October 18 last, and 
stated its advantages as disclosed by the results in service 
of the earlier 4“ when compared with vessels of the 
same dimensions, but of ordinary shell-plating. 


Tue Coprer Market.—Messrs. James Lewis and Son 
in their report dated the 16th inst., state that after sell- 
~ 2 67/. for cash on the Ist of the month, Standard 

vance to 70/. on the 13th, the war in the Balkans bei 
concluded and the American statistics being conside 
favourable. In the absence of speculative buying, 
fell on the 15th to 68/. 12s. 6d., and the closing quotations 
on the 16th were 69/. 5s. cash and 69/. 1s. 3d. three months 
prompt. Sales for the fortnight amounted to about 
18, tons. American refiners having sold electrolytic 
freely, both for home consumption and export, at 154 and 
~ cents per pound and at 72/. 10s. per ton c.i.f. for 
delivery over the next two months, advanced their 
— to i cuts and 73. 10s.; but this had checked 

usiness. ith the large home deliveries and ship- 
ments of the past two months, manufacturers in the 
United States and also in Europe must have fully 
anticipated their requirements for some time to come. 
American refiners’ returns ae a daily production 
and import for April of 2014 tons against 1962 tons 
in . “* Deliveries destined for export” were 38,346 
tons (the Custom House ee being only 33,024 tons) 
—— 34,687 tons in h. ome consumption 
showed an increase of 702 tons in April over March. 
Tho decrease in stocks during the month was therefore 
stated to be 12,822 tons. O to the unsettled condi- 
tions in Northern Mexico, and closing of the railroad, 
the Greene-Cananca Company had 3500 tons (2000 Ib. 
of blister copper awaiting shipment early in March an 
were producing 65 tons daily. For the same reason the 
production of the Miami pany was affected. This 
accounts for the small increase in the American refiners’ 
roduction during April. The production of the Chino 

mpany for the first half of last year was 3780 tons 
(2000 1b}, and for the second half 10,561 tons. American 
shipments for the past fortnight were advised as 21,096 
tons. United States production and imports during the 
past four months, as given in the refiners’ returns, had 
increased 26,553 tons over the same period of 1912. 
Imports into Europe from other countries than the United 
States had increased 7709 tons. se these amount 
to 34,262 tons, or a total increase of production at the 
rate of 102,786 tons per annum. United States consump- 
tion for the same period had increased 10,739 tons. That 
of foreign copper in Europe had decreased 19,675 tons, 
ing a total decrease in American and E con- 
sumption of 8936 tons. In the four months nerican 
and European stocks decreased 7950 tons, whereas 
last year they decreased 20,803 tons. This year, how- 
ever, the quantity afloat from the United States to 
Europe on May 1 was about 15,000 tons more than on 
that date in 1912. 
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THE PARSONS EXHAUST-STEAM TURBINE IN THE “INFANTA ISABEL DE BORBON” 
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HYDRO - ELECTRIC PLANT AT 
WORCESTER. 


THE comparatively little which has been done in 
this country in the way of utilising ee for 
the generation of electricity gives a special interest 
to any work in that direction which has been carried 
out, and we have pleasure in drawing attention to 
the illustrations on pages 703 and 706, which show the 
new water-turbine unit recently installed at the 
Powick power-station of the Corporation of Wor- 
cester. The installation of this new turbine has 
entirely transformed the station, and has doubled its 
hydro-electric output, a result which suggests that 
there are perhaps other places in this country where 
modern hydro-elestric machinery might advantageously 
be employed. Although the general configuration of 
the more densely populated parts of the British Isles 
is not favourable to the utilisation of water-power on 
a large scale, there are probably many rivers capable 
of supplying power on a moderate scale if the problem 
of dealing with them is faced in the light of modern 
methods. 

The Powick power-station, which was first put into 
service in 1894, is built on the River Teme, a tributary 
of the Severn, and is situated about two miles from 
Worcester. Its original equipment consisted of four 
open-flume vertical-shaft turbine units of very low 
speed, each of which was geared to a horizontal shaft, 
from which alternators were driven by ropes. The 
total normal capacity of the alternators was about 
330 kw. The station was originally built to work 
from a water-head of 10 ft., but owing to silting on 





the tail-race side the working head was never more 
than 9 ft. at the time when it was decided to instal the 
new plant. The head was reduced below 9 ft. when | 
all the sets were working, and as a result the maximum | 
output which could be obtained was 140 kw. The | 
plant worked very inefficiently owing to the backwater 

and the heavy mechanical losses, so that the over-all 


| origina 











° 


efficiency was not more than from 33 per cent. to 40 
per cent. 

Some time ago Mr. C. M. Shaw, the City Electrical 
Engineer, recommended the Corporation to transform 
the station by installing a modern ene 
turbo-generator in one of the existing flumes, and 
dredging the river below the works, so that the head 
would be increased to 13 ft. or 14 ft. Permission to 
carry out this work was obtained, and the plant shown 
in our illustrations was installed and put into com- 
mission in October of last year. Before deciding on 
the new plant several different arrangements were 
considered in detail, and the respective advantages of 
a vertical turbine coupled direct to a generator, a 
similar machine geared to a horizontal shaft generator, 
and a horizontal turbine with a belt-driven generator, 
were studied. It was finally decided to instal a vertical 
triple turbine direct-coupled to a generator, since, 
siibengh this arrangement was the most expensive, it 
gave the best efficiency combined with the smallest de- 
mands on attendance, upkeep, and repairs. The com- 
bined efficiency of the new set was Ao ree as 704 
per cent., which is twice that obtained with the old sets. 

The turbine is designed to deal with a normal water- 
flow of 20,000 cub. ft. a minute at 9} ft. head, which 
corresponds to 285 brake horse-power. In view, how- 
ever, of the fact that the river may be dredged later, 
when the head could be inc: to 13 ft., which 
would allow the turbine to develop 450 brake horse- 

wer, its runners have been designed for an average 

ead of 11 ft., and the mechanical strength of all parts 
has been based on a maximum output of 450 brake 
horse-power. The speed of the turbine is 125 revolu- 
tions - minute, which is high compared to the 
machines, one of which, of 120 brake horse- 

power, ran only at 67 revolutions per minute. The 
ent of the plant is well shown in Figs. 1 to 5. 

The relative positions of the three wheels of the 
turbine can be seen from Fig. 1. The two lower 
wheels discharge through a common casing ard con- 
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Fig. 27. 


















































crete pit, while the top wheel discharges upwards 
into a 180 deg. bend and plate suction-tube. It is 
intended that the two lower wheels shail be used alone 
when the water-flow is moderate, the upper one mean- 
time running idle with closed aa. When 
water is scarce, the top wheel only will be used. The 
discharge-tube from the upper wheel can be seen in 
Fig. 6, which is an outside view of the station. It 
should be said that in times of flood the tail-water 
level rises to such a height that no working head is 
available, and the plant cannot be run at all. 

The turbine runners are of the mixed-flow type, and 
are made from close-grained cast iron, with forged- 
steel plate-blades fused in. The guide-wheels are of 
the movable-vane type, the vanes swivelling on steel 
pins, and being linked to a cast-steel regulating: 
ring running on hardened-bronze rollers. he vanes 
and links are bronze bushed. The arrangement of the 
vanes and regulating-ring can be seen in Fig. 8. It 
will also be seen from this figure that the ide-wheels 
are constructed with end rings and solid cast cross- 
stays, the number of stays being equal to the number 
of wicket vanes. This construction gives a guide- 
wheel in the form of a squirrel-cage of great strength 
and rigidity. In order that either the two lower 
wheels or the upper wheel may be used independently, 
depending on the state of the water supply as ¢x- 

lained above, two separate control-shafts are fitted 
or the vanes. One of these shafts controls the 
regulating-rings of the two lower wheels, and the other 
that of the upper wheel. Either the vanes of the two 
lower wheels, or those of the upper. may be locked in 
the shut position and disconnected from the governing- 
‘ e arrangement of the two control-shafts can 
Sas in Figs. l and 8. The air-valve fixed to the 
top of the suction-bend, which can be seen in Fig. 1, 
is for the purpose of destroying the vacuum in this 
bend in order to reduce the lea losses when the 
lower wheels only are working. 
The turbine-shaft is made in two lengths and runs 
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450-B.H.P. WATER-TURBINE AT THE POWICK POWER-STATION, WORCESTER. 


CONSTRUCTED BY MESSRS. BOVING AND ©C©O., LIMITED, ENGINEERS, LONDON. 






Fig. 2. 
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in three bearings. One of the bearings is a white- | seat situated in an oil-bath. Arrangements are made 
metal-lined immersed bearing, combined with a| to cool the oil by water circulation, but it has not 


lin 
tightening-box of the labyri 

heer The other ide 
wae. Connection between 


and generator, which 


type. It is grease- | been found necessary to employ these arrangements in 
are lignum vite | practice. Under normal working conditions (at 94-ft. 

: e turbine and gene- | water head), the load on the step-bearing is relieved 

‘shafts is made by a rigid coupling of the split- | to the extent of about 6 tons by the full 

retype. The weight of the revolving parts of the 

amounts to 11 tons, is | runners which discharge upwards. In the case of the 


water pres- 
sure acting upwards on the discs of the two turbine 


taken by a step-bearing carried by the upper gene- | middle runner, which should apparently give a large 


tator-spider, and having a white-metal-lined spherical downward pressure, arrangements are 


e by means 










— eee eae 





of holes in the wheel disc to counteract the down- 
ward tendency. This practically balances the runner. 
The automatic governor is shown in Fig. 7. It is 
mounted on the ——— floor, and is driven by a 
belt running in a horizontal plane, as shown in Figs. 1 
and 2. It is of the oil-pressure type, and is entirely 
self-contained, with a rotary oil-pump and spring 
ndulum mounted on the vertical shaft, which is belt 
riven from the main turbine shaft. The pendulum 
controls the motion of a differential piston servo-motor 
through a relay valve with overtaking gear, the latter 
being compensated so that the steady speed is the same 
for The piston of the servo-motor acts, by 
means of a crank, on a vertical shaft, which is con- 
nected to the two regulating shafts. The governor is 
adjusted for a closing time of 1.2 seconds. The 
arrangement of the various parts of the governor will 
be followed from Fig. 7. The rotary pump and driving 
for the spring pendulum can be seen at the left- 
et side, as also the speed-indicator with which the 
governor is fitted. The servo-motor cylinder, with 
the relay valye mounted on top of it, can be seen at 
the right-hand side. The upper cylindrical part of the 
governor is the oil-tank, which is fitted with gauges, 
as shown. 
The alternator and exciter are shown in Fig. 9. The 
alternator has a normal capacity of 250 kw., and is 
capable of carrying a 20 cent. overload for two 





hours. It is of the revolving field type, the rotor 
heing of cast steel and weighing 5 tons. The shaft is 
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guided in two oil-lubricated, white-metal-lined adjust- 
able bearings. The machine gives two-phase current at 
* 50 periods and 2200 volts. The exciter, as will be seen, 
is of the vertical shaft type, and is driven by belt 
from the main shaft. It runs on ball-bearings, and 
has an output of 12kw. at 550 revolutions per minute. 
The com Tote hydro-electric plant was supplied by 
Messrs. Boving and Co., Limited, of 94, Union-court, 
Old Broad-street, E.C.; the turbine, governor, and 
step-bearing being manufactured at their Kristine- 
hame Works in Sweden. The electrical machinery 
was constructed by the British Westinghouse Electric 
and Manufacturing Company, of Trafford Park, Man- 
chester, who acted as sub-contractors. 





Tue Tata Hypro-E.ecrric Powsr Suppity Company. 
—In reference to the paragraph which appears on 
654 ante, relating to apparatus to be supplied to 
textile and flour-mills in the Bombay district, which are 
to derive their power from the mains of the above com- 
ny, we now learn that the total number of motors will 
207, ranging in size from 50 to 500 brake horse-power, 
and that the total number of transformers will Se 64, 
of which 22 will be of 500 k.v.a., 14 of 600 k.v.a., 21 of 
700 k.v.a., and 7 of 900 k.v.a. The transformer will be 
of the three-phase oil-immersed self-cooled ad and will 
step down from 6000 volts to 2000 volts. © motors 
will work on to 2000-volt circuit, and will be controlled 
by iron-clad switch-pillars and liquid starters. The 
motors will be of the protected slip-ring = As 
stated in our previous paragraph, the whole of the above 
aman will be supplied by the British Westinghouse 
ompany. 


Contracts.— The Paterson Engineering Com > 
Limited, Amberley House, Norfolk-street, Strand, wae 
inform us that they have secured the contract for the 
installation of Paterson rapid mechanical filters for a 
4,000,000 ion daily capacity at the Clydebank Water 
Works.—Messrs. Ed. Bennis and Co., Limited, 28, Vic- 
toria-street, Westminster, S.W., have recently booked 
orders for twenty-two of their high-tem ture smokeless 
and gritless coking stokers for three French mines and 
steel works, one of which (for eighteen machines) is a third 
repeat order ; also a repeat order for two of their sprinkler 
stokersfora fourth Frenchcompany.— Weareinformed that 
the completion of the delivery of an order for forty-two 
Warner trucks for the Kobe Tramways by the ‘‘ Mand G’ 
Truck and Engineering Company, Limited, St. John’s 
House, Minories, E., makes forty-two systems — 
which the Warner axle has been fitted to date, including 
no less than ten lines in the United States. The first 
British railway r-coach fitted by the same firm 
for the Warner International and Overseas Engineering 
Company, Limited, has just been completed and success- 
fully run for Whitsuntide traffic. 


Sir W. G. ARMSTRONG, WHITWORTH AND Co,, Limrrep. 
—There are 10,704 holders of ordinary shares in this coin- 
pony, the average holding working out at about 3000. 

When the company was converted intoa limited com 
thirty years since there were 468 shareholders, and the 
average holding was 4070/. In addition to the 10,704 
ordinary shareholders there are 2036 holders of preference 
shares, 2662 holders of debenture stock, and 3027 deposi- 
tors among the company’s employees, so that altogether 
there are now 18,429 persons directly interested in the 
undertaking. In connection with the company’s new ship- 
yard at Walker, which is to be known as the Armstrong 
yard, it may be noted that the Malaya, which is to be 
presented to the Navy by the Federated Malay States, 
will be laid down there early in June. At the start, how- 
ever, work will be carried on under some disadvantage, as 
although the berth assigned to the shipis ready, the shops 
are far from being completed, in spite of vi us efforts 
made to finish them, © Elswick shipyard is at present 
fully ocoupied, and is likely to remain so for some time. 
The question of aerial navigation is receiving the careful 
attention of the The company is already building 
aeroplane engines, and the directors pose, as soon as 


the necessary ments are completed, to construct 
both covuplines and diate eich. 


Royat Soorery or Arts: ALBERT MEDAL OF THE 
Roya. Soorery or Arts.—At their meeting on Monday, 
the 19th inst., the Council of the Royal Society of Arts 

the following resolution :—‘‘On the occasion of 
the fiftieth award of the Albert Medal of the Royal 
pry of Arts, the Council of the Society desire to 
offer the medal to H.M. —y | sore for nine years 
President, and now — of the iety, in respectful 
recognition of His jesty’s untiring efforts to make 
himself personallyacqtainted with the social and economic 
condition of the various parts of his Dominions, and 
to promote the epee of arts, manufactures, and com- 
merce in the United Kingdom, and per ce the 
British Empire.” The Albert Medal i i 
1862 as a memorial of H.R.H. the Prince Consort, who 
had been President of the Society for eighteen years. It 
is awarded annually for ‘‘distinguished merit in 
moting arts, manufactures, or commerce.” In 1 it 
was awarded to Queen Victoria on the occasion of her 
Jubilee, and in 1901 to King Edward VII., when, on his 
accession to throne, he relinquished the Presidency 
of the Society of Arts, which he had held for thirty-eight 
years. It is hoped that His e will receive the 
medal from the hands of H.R.H. Duke of Con- 
nenght, the President of the Society, after his return from 

many. 





ROYAL METEOROLOGICAL SOCIETY. 


Tue first afternoon meeting of the present session was 
held at the Society’s rooms, 70, Victoria-street, Westmin- 
ster, S.W., on Wednesday, the 21st inst.. Mr. C. J. P. 
Cave, President, in the chair. 

Mr. E. Gold read a paper on the ‘‘Determination of the 
Radiation of the Air from Meteorological Observations,” in 
which the theory of the cooling of the air during the night 
hours was developed and applied to observations made near 
the earth’s surface and 130 ft. above it, in order to obtain 
an estimate of the radiating power of the atmosphere. The 
results obtained show that even on calm clear nights, 
when the air at the higher level is warmer than that near 
the surface, the cooling of the air is affected by convec- 
tion, and the observations available do not suffice for the 
determination of the correction to the value of the 
radiating power necessary on this account. 

Mr. 8. OP Russell read a paper on ‘‘ Results of Monthly 
and Hourly Cloud-Form Frequencies at Epsom, 1903- 
1910.” He had been able to make hourly records of the 
varieties of cloud observed each day throughout the 
eight years, and these he has grouped under fifteen forms 
of cloud. The total number of individual records approxi- 
mate to 100,000. The cumulus cloud yielded the greatest 
number of daily values (1622), the stratus coming next 
(1155). The upper clouds, which include the cirrus, cirro- 
stratus, and cirro-macula, show a marked prevalence 
during the summer with minima during the winter. 
Morning and evening maxima, with a mid-day decline, 
are common to all these varieties. The intermediate 
clouds, which include cirro-cumulus, alto-stratus, alto- 
cumulus, and cumulo-stratus, are also more prevalent in 
the summer than in the winter. The lower forms, which 
include strato-cumulus, nimbus, fracto-nimbus, fracto- 
cumulus, stratus, and fog, attain their maxima in the 
winter months, their minimum frequency being in the 
summer. The clouds of diurnal ascending currents, 
cumulus and cumulo-nimbus, are independent of any 
seasonal variation in hourly frequency, the maxima at 
noon and 3 p.m. respectively taking place at these hours 
in every month of the year. 





Tue Late Mr. JAMES WaLKER.—We regret to have 
to record the death, at the age of seventy-three, of Mr. 
James Walker, the founder and chairman of the firm of 
Messrs. James Walker and Co., Limited, Lion Works, 
Garford-street, Poplar, London, E., which occurred at 
his residence (Leytonstone) on Thursday, the 8th inst. 
The management of the company will be conducted, as 
heretofore, under the direction of Mr. Geo H. Cook, 
the mi ing director, and the death of Mr. Walker will 
not occasion any change whatever in the organisation of 
the business. 


Tue InstiTuTIon oF EecrricaL ENGINEERS. —A 
party of 150 members and ladies left Victoria by eo 
train on Tuesday morning for a joint meeting of the 
Institution of Electrical Engineers and of the Société 
Internationale des Electriciens, to be held at the Con- 
servatoire des Arts et Métiers at Paris. Mr. W. Duddell, 
F.R.S., President of the Institution of Electrical Engi- 


Y | neers, was the leader of the party, and M. Daniel Berthelot, 


President of the Société Internationale, took the chair at 
the meeti alternating with M. Marcel Deprez and 
Mr. Duddell. We have already published an outline of 
the me. The discussions and papers concern 
malay Glpctele railway traction and long-distance power 
transmission ; further there are to be lectures on vapour- 
tube lamps, on time signals by radiotelegraphy, and on 
mechanical devices of telephone exchanges. Visits 
inspection to notable electric-power statione and the 
men ete station on the Eiffel Tower have been 
arranged, in addition to places of general interest. The 
arrangements have been made by Mr. P. F. Rowell, 
Secretary of the Institution of Electrical Engineers, and 
M. M. J. Grossehn, on behalf of the Inteznational Society. 


Tue British Enoinggrs’ AssociaTION.—Since the 
meeting at Sheffield of this Association, which formed 
the subject of the leading article in our issue of the 2nd 
inst. 605 ante), similar gatherings have been held 
ab chester and Newcastle-on-Tyne, in order to 
explain to manufacturers the aims of the Association. 
As a result of these meetings the membership has in- 
creased from 108 to 150 members, the capital of the 
firms now concerned being 60 millions sterling. In New- 
castle twelve firms have joined. There are, however, 
1200 engineering firms eligible in this country, and it is 
felt that if 600 could~be interested, no power, as Mr. 
R. 8. Lloyd said at the Newcastle meeting, could with- 
stand the strength of the Association. The Foreign 
Office and the Consuls, and every one else would be com- 
— to listen, and the consequence would be that when 

nancial schemes, railway schemes, bour schemes, and 
contracts for ips came along, the views of the Asso- 
ciation would due weight. The fourth provincial 
meeting of the iation will be held at Birming- 
ham at the Grand Hotel on Thursday, May 29, at 
5.30 p.m. The ident of the Association, Mr. Douglas 
Vickers, will take the chair, and will introduce Captain 
T. C. Fitz Hugh, M.V.O., the recently-appointed Com- 
missioner of the Association in Peking. The chair will 
be supported by influential members of the Council and 
other authorities in Chinese matters, and the subjects 
dealt with will be of vital importance to British engi- 
neers. ees firms who wish to be th 
occasion should apply to the secretary of the British 
Engineers’ Association, Caxton House, Westminster, 
London, 8. W. 


t on that | and 





NOTES FROM THE NORTH. 
Glasgow Pig-Ivon Market. sone ee 
-Iron Market.— Y morni 

price of Cleveland cash warrants again showed an eh. 
in the pig-iron market, but dealings were limited to 2009 
tons at 104d. eleven days, and 69s, 11d. and 69s. 10}¢, 
four days. Closing sellers quo’ 70s. cash, 62s. 3d. one 
month, and 61s. 9d. three months. In the afternoon there 
was no change in the tone of the market, and 1000 tons of 
Cleveland warrants were done at 70s. cash, with sellers over 
at that figure, and at 61s.8d. three months. There were no 
quotations of any kind for the month position. On Friday 
morning the market opened with the cash position 
little easier, but closed firm. The turnover consisted of 
2000 tons of Cleveland warrants at 69s. 6d. ¢ 
seven days, 62s. 6d. one month, and 61s. 64, 
months, with closing sellers at 70s. O}d. cash, 62s, 5}d, 
one month, and 61s. 8d. three months. The afternoon 
session was quietly steady, and the business was limited 
to 1000 tons of Cleveland warrants at 70s. cash, and 
69s. 9d. eleven days. At the close sellers’ quotations were 
called 70s. 04d. cash, 62s. 6d. one month, and 61s, 74d, 
three months. On Monday morning the market was 
again steady, but only 2500 tons of Cleveland warrants 
were put through at 70s. cash and 6ls. 44d. three 
months. At the close the only quotations given were 
for the three months ition, 61s. 5d. buyers, and 
61s. 6d. sellers. In the afternoon the turnover was 1500 
tons of Cleveland warrants at 70s. cash, with sellers over 
at that figure, and at 62s. one month, and 61s. 5d. three 
months. Cash hematite was quoted at 78s. 6d. sellers, 
but there were no buyers’ quotations. On Tuesday 
morning Cleveland warrants were ir lar, and 1000 
tons were dealt in at 69s. 104d. cash. The closing quota- 
tions were 693. 74d. cash, 62s. 5d. one month, and 6\s, 5d, 
three months sellers. In the afternoon business was 
again small, and consisted of 1500 tons of Cleveland war- 
rants at 69s. 54d. cash, and 61s. 4d. August 6. At the 
close sellers named 69s. 9d. cash, 62s. 6d. one month, and 
61s. 6d. three months. When the market opened to-day 
(Wednesday) Cleveland warrants were firm, but the close 
was weak. The dealings amounted to 1500 tons at 
69s. 6d. cash, and 68s. five days, with buyers over at 685, 
cash, and 60s. 6d. three months, but there were no cash 
sellers. For the month position sellers named 62s., while 
for three months the figure was 61s. The afternoon 
session was quiet, and only 1000 tons of Cleveland 
warrants were done at 60s. 104d. and 61s. three months, 
and closing sellers quoted 69s. 6d. cash, 61s. 104d. one 
month, and 61s. 3d. three months. 


of Ammonia.—Little change has taken place 
in the sulphate of ammonia market during the past 
week, and on a moderate inquiry the price has remained 
steady. The current quotation is 13/. 5s. per ton for 
prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—Nothing of importance has occurred 
in the Scotch steel trade since last report, and conditions 
are practically without change. New business for the 
home market is almost non-existent, while for export 
orders the cutting is so keen that the margin is at or 
near vanishing point, and even with this the makers on 
the Continent are securing the bulk of the business. 
Buying generally is of a very limited nature, as con- 
sumers are quite sure that prices will fall shortly, and 
they expect that something of that nature will be the 
outcome of the meeting of the Steel-Makers’ Asso- 
ciation in London on Friday. Of course, some of the 
works are fairly well supplied with specifications at 
the moment, but there are others where this is not 
the case. Then the prospect of a strike on the Clyde 


of | is rather a disconcerting factor just now. In the 


sheet trade business is only fair, although makers are 

ing to hold their end up very well indeed. Some 
of the foreign buyers who particularly prefer Scotch 
steel have recently forwarded some respectable 
inquiries for miscellaneous stuff, and deliveries against 
existing contracts are good 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade is far from flourishing at the present time, 
and great difficulty is being experienced in keeping the 
works employed. Continental makers are picking up most 
of the orders at what seem to be ridiculous prices, with 
result that local makers require to be lookers-on in the 
meantime. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
continues to be well occupied at present, and a steady 
output is general. Prices show no change over the week, 

the following are the current market quotations for 
makers’ (No. 1) iron :—Clyde, 79s. 6d.; Calder, Summer- 
lee, and loan, 80s. ; errie, 80s. 6d. (all shi 
at G w) ; ro (at Ardrossan), Sls. ; Shotts 
(at Leith), 80s. ; and Carron (at Grangemouth), 81s. 








GueEnt EXHIBITION: INTERNATIONAL CONGRESS OF 
ConsuLTiInc EncIngERS.—We are informed that a0 
International Congress of Consulting Engineers and 
Referees is to be held at Ghent from July 19 to 22 next. 
The question of the formation of associations of consult 
ing engineers, the degree of autonomy of such sssocis: 
tions, and the status of consulting engineers, W: 
considered in detail, as also will be, among other points, * 
scheme for the formation of an International Federation 
of Consulting Engineers’ Associations ; financial matters 
and technical ts covering specifications, arbitration 
cases and a) , are also to be entered into. Particulars 
Congress membership forms can be obtained from 
M. le Secrétaire, Congrds International des Ingénieurs 
Conseils et Ingénieurs-Experts, 18, Rue Marie-Thérese, 
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NOTES FROM SOUTH YORKSHIRE. 
a. Lynyg 
balt High-Speed Steel.—The patenting a Conti- 
Sener fom of what is claimed to bea new high-speed 
steel. containing cobalt, has aroused considerable interest 
in Sheffield, and there is somé speculation as to how 
local manufacturers of ea steel will be affected. 
In the first place it may stated, upon very reliable 
authority, that high-speed steel made with cobalt is 
nothing new. For some time now Sheffield manufac- 
turers have been using this alloy, and there are advan- 
connected with it. These, however, are limited, 
for, if any considerable percentage of cobalt be —say 
from 10 to 15—the price of steel is raised by somethi 
like 401. a ton. Local , this so-called ‘“‘new” stee 
js not regarded as affording ground for a spe: at all, 
for it simply means the addition of more or less cobalt to 
the other constituents of the steel mixture. The intro- 
duction of cobalt may represent an effort, on the part of 
foreign competitors, to capture some of Sheffield’s high- 
-steel trade, but it is not likely the manufacturers 
here, who have been using cobalt, will consent to pay 
royalties for continuing to make use of it, unless the 
tent contains features not yet understood. One inter- 
esting and very comforting fact which the advertising of 
this Continental steel has brought to light is that the ex- 
perimental steel chemists in Sheffield are. fully alive to 
every development as much to the foreasever. In 
the Applied Science Department of the University experi- 
ments have been p ing for some time in the use of 
cobalt in steel-making, and the possibilities of the idea 
fully exploited. 


South Yorkshire Coal Trade.—Matters have not moved 
much further in the local coal market. The position is 
sti!l strong, with prices firmly held, and nosign at present 
of reductions, The holidays threw the pits in arrears 
with deliveries, and the big call on manufacturing account 
has kept them busy ever since. Practically all their out- 
put is going away, and very little stock is accumulating. 
There is some uneasiness just now with regard to the 
attitude of the miners, who appear to be making a very 
determined stand on the non-union question in York- 
shire. If trouble should come along, ieries and 
their customers would find themselves in an unenviable 

ition. House coal remains about the same, and the 
inferior qualities are being eagerly taken for industrial 
pu: . Quotations :—Best branch hand-picked, 14s. 6d. 
to lbs. 6d. ; fe veg yng Silkstone, 13s. to 14s.; Derby- 
shire best brights, 12s. to 13s.; Derbyshire house, 10s. 6d 
to lls. 6d.; large nuts, 10s. 6d. to 11s. 6d.; small nuts, 
9s, to 10s.; Yorkshire hards, 11s. to 12s.; rough slacks, 
Sa te Se ees ee 6d. to 8s.; smalls, 
4s, 6d. to 


Tron and Steel.—The deadlock in the iron market 
remains, — the end of the present situation does 
not appear to far distant. There have been a few 
trifling price decreases, but makers generally have held 
the key of the position, and since consumers will soon 
obliged to contract, it seems they will succeed in obtaining 
pretty good prices. Derbyshire iron has shown a further 
weakening tendency, whereas Lincolnshire sorts have kept 
frm. The bar-iron works are busy, but new orders are 
falling off, and consumers are looking forward to price 
concessions. There is a scarcity of Swedish iron, and 
high rates are asked on contract renewals. Prices of 
soft basic billets have been reduced to meet cheap 
foreign competition, but quotations for the better grades 
are firmly held. Prospects for the next few months 
are excellent in most branches of the local trade. Both 
home and export demands are large im extent, and in 
the majority of cases firms’ resources are fully taxed. 
An increasing use is being made of automatic labour- 
saving machinery, ially in those trades where the 
scarcity of skilled workmen is most keenly felt. There 
is heavy tonnage in hand of armament work for war- 
ships now building in home dockyards. Another South 
American railway order has come into the district, and 
further contracts from Irish railways. The stove grate 
trade is not doing as well as is to be expected at this 
time of the year, and the Manufacturers’ Association is at 
} soar with the merchants on the subject of prices and 

scoun ts. 





British STANDARD SPECIFICATION FOR CopPrER TUBES 
AND THEIR ScrEw TuHREADS.—Under this title, No. 61 
of the Specification issued by the er Standards 
Committee has recently appeared. It relates to copper 
tubes, i for domestic and similar work, intended 
for hot and cold water and low-pressure steam. It is 
published for the Committee y Messrs. Crosby Lock- 
wood and Son, 7, Stationers’ Hall-court, Ludgate-hill, 
E.C., and 5, Broadway, Westminster, 8.W., and may be 
purchased from any bookseller or direct from the offices 
of the Committee, 28, Victoria-street, Westminster, 
8.W., price 2s. 6d. net. 





Fourt INTERNATIONAL CONGRESS FOR THE HYGIENE 
4ND SaLuBRITY OF DweLLIncs.—This Congress will be 
at Antwerp from August 31 to September 7. It will 

a nina four sections, dealing with (a) the Hygiene of 
igrants ; (b) Colonial Hygiene ; (c) Hygiene of Ports 
= Ships ; (d) the Develo t of Towns, from the 
ygienic Point of View. e expropriation, on account 
thi lubrity, will be studied as a special question, and 
18 point will be further gone into at the Tenth Inter- 
Congress of Cheap Dwelli which is to meet 

ty Hague on September 8 and following days. The 
Congress for the Hygiene and Salubrity of Dwellings 
was held at Paris in 1904; the second was held in 1906 at 
*neva ; and the third was held at Dresden in connection 


.|day this month an addition of Cleveland pi 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLesBRouGcH, Wednesday. 

The Cleveland Iron Trade.—There is very little busi- 
ness passing in Cleveland pig iron just now, and in the 
absence of transactions quotations are difficult to fix. 
The warrant struggle between the bulls and the bears 
continues, and causes fluctuations, to the detriment of 
general trade, in makers’ iron. Some traders, however, 
profess to see the end of the areal in view, and a 
general opinion vails that when the squeeze is over 
Cleveland pig will settle down at some 3s. or 4s. below 
current quotation. With such v, b 
naturally hold back. No. 3 g.m.b. Cleveland pig is put 
at 67s. f.o.b., but many second hands would at below 
that No. 1 is offered freely at 69s. No.4 foundry 
is 66s.; No. 4 forge, 64s.; and mottled and white iron 
each 63s. 6d. All the foregoing quotations are for early 
delivery. There is little passing in East Coast hematite 
pig iron, and though supply for early requirements is still 
inadequate, values show a tendency to ease. Nos. 1, 2, 
and 3 are quoted at 81s. for this month’s delivery. June 
business is possible at a trifle below that re, and for 
delivery over periods in the second half of year there 
are sellers at 80s. 6d. Middlesbrough warrants have this 
week been up to 69s. 6d. cash buyers, and down to 68s., and 
to night (Wednesday), the closing quotation is 68s. 10}d. 
cash e oy with sellers at 69s. 6d. Quietness charac- 
terises the foreign ore trade. Market rates are still based 


but might be shaded. Coke shows little change. L« 
consumption is heavy, and average blast-furnace kinds 
are 24s. 6d. to 25s., delivered at Tees-side works. 


Shi; and Stocks of Pig Iron.—Shipments of pig 
iron from the Tees are falling short of expectation, the 
explanation being that iron is being sent into store and 
conv into warrants in mce to cionns it, 
because for the time being, owing to the squeeze, the cash 
price of warrants is considerably above current rates for 
makers’ Cleveland pig iron. Todate this month the total 
shipments of pig from the Tees are returned at 57,884 
tons, or an average of 3405 tons per working-day. To the 
same date last month the a showed a daily average 
of 4335 tons, the total despatches reaching 73,696 tons, 
and for the co ding part of May a year ago the 
clearances amounted to 74,724 tons, or an ave 
of 4395 tons per working-day. ; 
pig iron are now steadily accumulating. 


Stocks of Cleveland 


to the 
warrant stores has been recorded, and the stock there now 
stands at 235,060 tons, or 21,140 tons more than at the 
beginning of the month. 


Manufactured Iron and Steel.—Orders for manufactured 
iron and steel are scarce, and in certain branches there is 
keen competition to secure work that has to be given out. 
One or two such contracts, which are said to be large, may 
be placed on Tees-side. At the time of writing market 
quotations are unaltered, but reductions in quotations for 
some descriptions are anticipated. market rates 
stand :—Common iron bars, 82. 15s.; best 91. 2s. 6d. ; 
best best bars, 9/. 10s. ; packing iron, 6/. 15s.; iron ship- 
plates, 81. to 82. 2s. 6d.; iron shi 82. 15s.; iron ship- 
rivets, 9. 10s.; iron boiler-pla’ } 
— , 8l.; steel bars ey | 81. 10s.; steel ship-plates, 

5s. ; i es, 71. 178. 6d.; steel boiler- 

91. 5s.; steel strip, 8/.; steel hoops, 8/. to 87. 2s. 6d.; si 
joists, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 15s. ; light 
iron rails, 7J. to 7/. 5s.; heavy steel rails, 
61. 15s.; steel railway sleepers, 7/. 10s.; and iron and steel 
oem nen corrugated sheets stand at 12/. 15s. to 13/.— 

ects less the usual 4 per cent. f.o.b., railway material net, 
- all other descriptions less the customary 24 per cent. 

iscount. 





Basoock AND WiLcox Borters.—An attractive album 
of illustrations of ships fitted with their ype of boiler has 
been issued by Messrs. Babcock and Wilcox, Limited, 
Oriel House, Farringdon-street, H.C. The illustrations, 
which are excellent in quality, include a large number 
of battleships and other vessels for the British, American, 
Italian, and other navies, as well as mercantile vessels 
of all classes. Some interesting statistics of the aggre- 
gate number of boilers of this make in use are also 

iven, and from these we learn that a total number of 
feo2 boilers have been fitted in 149 naval vessels, the 
collective horse-power of these boilers being 2,066,691. 
In the mercantile marine 258 vessels have been fitted 
with 542 boilers, ting 411,479 horse-power. The 
total number of boilers installed in 407 vessels of all 
ty is therefore 2144, and their collective horse-power 
is 2,478,170. These figures are corrected up to June, 1912. 





Tue Roya Sanitary Instrrurs, Lonpon.—The annual 
report of this Institute, which has just been issued, 
shows a satisfactory development in the Institute’s 
work, both in England and other parts of the Empire. 
A ae tendd boo bath Ge ip Dew Mond 
and the total members and associates on the roll 
amount to 4257. An epitome of the three years’ 
work since the Institute was established in its new 
premises in Buckingham Palace-road is appended to the 
report, and shows that the change of premises was in 
every way satisfactory. Not only has the Institute 
increased more rapidly, but the attendance at its lectures 
of members, students, and the general public indicates 
that the present situation is a convenient one. The 
cial aspect is equally satisfactory ; the Institute has paid 
for the new buildings out of the accumulated fund. the 
has more than overtaken the 





with the Dresden Hygiene Exhibition. 


; Increased expenses involved by the larger buildings. 





growth in the income 


in view, buyers | 21s. 9d. 


on 20s. 6d. ex-ship Tees for Rubio of 50 per cent. quality, | ha 


On every | 638,7 


les, 
tes, 8/. 17s. 6d. ; steel bars | Rail 


61. 12s. 6d. to | h: 


finan-| in these two sister vessels. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The coal trade has been scarcely so firm, 
buyers ay | that with an increase in the output 
likely to result from a restarting of the Ferndale and 

lorstown idle Dn and an improved production in 
other collieries, the extreme prices recently current will 
not be maintained. Smalls are also net so firmly held, 
the best qualities being obtainable at slightly under 15s. 

r ton, while descriptions are also the turn lower. 

ere has been little yr in household coal, patent 
fuel, or coke. The best Admiralty steam coal has 
made 22s, to 22s. 6d.; ies, 2is. 3d. to 


13s. 9d. to 14s. 6d. per ton 
been quoted at 19s. to 20s.; good 
to 188.; No. 3 Rhondda large at 18s. 6d. to 


q 3d. : and No. 2 smalls, 
Patent fuel has been quoted at 
pecial foundry coke has made 32s. 


has been quoted at . per ton, upon a basis 
of 50 per cent. of iron, and including freight, 
insurance, &c., to Oardiff or Nene epnainiaes 

Pembroke.—Preparations are being made for layin 
down a light cruiser at Pembroke: the ship will be 
the old Arethusa class, and will be 430 ft. long. She will 

ve a displacement of 3700 tons; she will be tected 
by 4-in. armour, and will carry 6-in, Rend Sention guns. 

er turbine-propelling machinery is to be of the Brown- 
Curtis Or, ont she is expected to have a speed of 
30 knots. il fuel only will be used. 

Merthyr Traction and Lighting.—The report of the 
Merthyr Electric Traction — | Lighting Company, 
Limited, for 1912 states that the capital ex iture 
during the year upon light railways and the electric 
supply undertaking was 11,1281. @ revenue from all 
sources amounted to 21,204/., as compared with 20,716/. 
for the preceding year. The ex for the year were 
12,420/., as compared with 11, . The gross recei 
from the electric supply section of the undertaking 
amounted to 10,135/., and the working expenses to 3854/. 
The receipts for 1912 exceeded those for 1911 by 939/., 


rage | while the working, cayenne increased 3401. The total 
80 


number of units or lighting and power pu was 
increase of over 12 per cent. e 
receipts derived from the working of the light cilloer 
undertaking amounted to 10,853/.—a decrease of 552U., 
and the working expenres were 6508/.—an increase of 55i. 

A Railway Veteran.—Mr. H. Aldridge has just com- 
pleted fifty years’ service with the Great Western Rail- 
way Company. Mr. Aldridge had much to do with the 
laying out of the great goods dépét at Newtown. The 
area of this: dépdt has been ate extended durin 
recent years in order to cope with the Cevelopment o' 
Cardiff as a railway s centre. Since 1884 the goods 
traffic dealt with at iff (exclusive of coil and coke for 
shipment) has been more than trebled, while the general 
traf c, mene chiefly of  - goods destined for the 
city of Cardiff alone, and y the Great Western 
Railway Company’s own teams, is now nearly five 
times as great. © more striking illustration of the 
development of Cardiff within the last twenty yeare could 
be found. The goodsand mineral traffic of Mr. Aldridge’s 
district has also nearly doubled since 1891. He has under 
is supervision 101 stations, at which traffic is 
handled, and a clerical staff of 200, as well as nearly 600 
uniformed men. 





‘*TELEFUNKEN ZerrTunG.”—The issue No. 11 of the 
second year of publication of this German journal, pub- 
lished by the German Wireless T' hy Company, 
Berlin, contains a biographic sketch of the late Dr. Siaby, 
and articles on several wireless telegraph stations 
distributed in various countries. 





‘* INFLUENCE OF SULPHUR ON THE STaBILiTy or IRon 
CARBIDE IN THE PRESENCE OF Sinicon”: Errata.— 
We have received from Mr. W. H. Hatfield, M. Met., 
Sheffield, a corrected copy of this paper, which we pub- 
lished in our issue of y 16. From this we see that 
**No. 2” in line 51 of the third column of page 683 ante 
should be “ S,,” and that the words ‘‘ maintained for 
24 hours at 1050 deg. Cent. and seemened,” under Figs. 1 
and 2, on page 684, should be deleted. 


SUBMARINES FOR THE AUSTRALIAN Navy.—The first of 
the two submarine boats that are being built by Messrs. 
Vickers, Limited, for his Majesty’s Australian Navy was 
launched on the 22nd inst..from the naval construction 
works of the firm at Barrow-in-Furness. These two 
vessels resemble those of the ‘“*E” class, of which so 
many have been built by Messrs. Vickers for the Imperial 
yy but the Australian boats will be designated 
- ’s,” the one to be launched to-day being ‘‘ A E 1.” 
These vessels have a length of 176 ft., with a beam of 
22 ft. 6 in., the displacement when submerged being 
about 800 tons. The propelling machinery consists of 
two sets of the Vickers heavy-oil engines, each capable 
of developing over 800 brake-horse-power, which, accord- 
ing to the design, ee a surface —s of 15 knots, a 
rate which, we understand, has considerably 
exceeded in the corresponding vessels of the Imperial 
Navy already tried, and will no doubt also be exceeded 
t y These boats are armed, as 
well as fitted with a number of tubes for launchin 
the latest itehead 2l-in. torpedoes. The cosend 
vessel for the Australian Navy is in an advanced state, 











and will be launched at an early date. 
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WAGES, WORKING HOURS, AND 
ESTABLISHMENT CHARGES. 


Tue labour situation at the present moment, 
particularly in the shipbuilding and engineering 
industries, is one of extreme gravity. It arises 
almost entirely from the fact that the demand for 
workers is unprecedented, and that the supply 
falls far short of the requirements. This is due 
in part to the great volume of work in progress, 
and in part also to the fact that the number of 
apprentices permissible in the respective trades is 
inadequate, on a reasonable actuarial estimate, to 
meet the natural wastage, associated as this is with 
extensive emigration of tradesmen in recent years, 

rticularly to Canada and the United States. 

nto this latter question, however, we do not pro- 
to enter ; but obviously it must be faced sooner 
rather than later, with due regard always to the 
possibilities of idleness during recurrent periods of 
depression, when there may not be the same demand 
for tradesmen. The outstanding fact is that the 
extraordinary activity in the works, creating 
unusual demand for labour, has brought into play 
the inexorable law in economics, that conditions of 
labour, and notably wages, are determined by 
supply and demand. But in this case the supply 
has been artificially curtailed by the action of the 
unions and by the men working short time, and 
while it is only in accordance with the dominant 
‘msg in life that each should do the best for 
imself, there are considerations associated with 
the interests of the community which in the long 
run are sure to assert themselves. 

In the shipbuilding trade there have been three 
successive increases in wages, each equal to 5 per 
cent., and now there are strained relations 
between the employers’ federation and the col- 
lective councils of the trade unions, owing to 
a demand for another 5 per cent. increase. The 
situation is further complicated by the sharp 
difference of opinion between the holders-on and 
the riveters engaged in ship-work. The practice 
has hitherto been for the former to be paid 9d. 
for each 2s. earned by the two riveters jointly, but 
now they demand that their quota should be in- 
creased to 103d. This is an internal affair, and 
ought to be considered apart from the general 
question. There are many who sympathise with 
the holders-on, as the training and physical effort re- 
quired in their work are not less than those involved 
on the part of the riveters. The latter, however, 
think that the extra remuneration demanded by 
the holders-on should be added to the remunera- 
tion of the squad, the burden thus falling entirely 
upon the employer. To this end they demand 
an addition of 2} per cent. in addition to the 5 per 
cent. asked by all the trades. Curiously enough, 
when a ballot was taken of the trade-unionists in 
this particular trade, only 10 per cent. of the 
members voted, and the majority for the enforce- 
ment of the demand was made up by the holders-on. 
These latter now threaten to strike on their own 











account, and it seems ible, in view of the situa- 
tion, that the whole of the shipyard workers may, 
as a consequence, be locked out. 

It cannot be too strongly enforced that, notwith- 
standing the great volume of work in the ship- 
building yards, the a are determined on 
this occasion to stand firm. They are absolutely 
unanimous in this decision, and in this they are 
acting reasonably, and with due regard to the situa- 
tion, which has become untenable. There are 
elements in favour of a stoppage appealing to each 


lectures pov- The men have had a good time ; they have 


m earning high wages, and may now be weary- 
ing for a holiday at the expense of their union funds. 
The ———_ have increasing difficulty in getting 
material. They have experienced also a weayj 
tension in maintaining amicable relationship’ with 
the men, because of the tem mental condition 
due to the prosperity of their employees. Ship- 
owners, again, are holding back contracts in con- 
sequence of the increase in the cost of material, 
labour, and charges due to recent legislation. Prices 
quoted are now abnormally high, and owners might 
— approve a stoppage, although some might 
grumble at the delay in the delivery of ships for 
which instalments have been paid. The owners 
have to remember always that the present boom 
in freights cannot continue; indications, indeed, 
point to a reduction. The experience of some few 

ears ago makes them pause now, and rightly so. 
en there was difficulty in making a protit during 
the period of depression in the transport trade, 
owing to the high cost of ships built amid the pre- 
ceding shipbuilding boom. ere is consequently 
now a dearth of new orders. A cessation of work, 
it would therefore seem, might satisfy all concerned 
in the trade, and, because of this, the situation 
from the national point of view is exceedingly grave. 

On the other hand, a sto in trade must 
have serious effects for all the interests involved, 
and particularly for the general community. We 
may assume that the worker is perfectly satisfied 
to have his holiday at the expense of the accumu- 
lated funds of his unions, and-we will not refer 
to the wastage from this point of view. There is, 
however, the consideration that an immense volume 
of capital will be idle, while there is risk of foreign 
clients becoming restive under the delay in obtaining 
delivery of their ships, and of future orders going 
abroad, and thereby establishing a new connection, 
to our detriment, since such relations once formed 
are not always easy to break. While workers are 
sure of their remuneration, capital has not been so 
sure of its merited reward, and, as a consequence, 
the nation has not profited by the recent activity 
in the trade as much as it ought to have done. 
The balance-sheets of many of the public companies 
engaged in the industry show that in the past year 
there has been relatively little profit earned, and it 
must not be forgotten that the loss is widely dis- 
tributed amongst many who cannot afford to suffer. 
Indeed, some of the shipbuilding companies are in 
an embarrassed condition financially, and a stop- 
page of work might involve serious difficulties. 

e strike clause renders employers immune 
from difficulties with their clients, but there still 
remains the broad question, always neglected by 
the worker, as to the relationship between produc- 
tion and establishment charges. In the modern 
factory success can only be attained, from the 
standpoint of economy, when inevitable charges 
are distributed over the maximum volume of out- 
put. These charges include adequate remunera- 
tion on the capital involved in mechanical ap- 
pliances, land charges or rent, taxes, the salaries 
of the staff of designers and others, the expenses of 
branch offices, &., which must remain constant 
practically irrespective of variation in the normal 
output-volume or value. If, as has been the prac- 
tice in the past two years, the men work only 36 
or 40 hours, instead of 52 hours, per week, a serious 
loss is involved, because the product of 40 hours 
has to bear the establishment charges which 
otherwise would be distributed over the output 
of 52 hours’ work. Even prime movers have to be 
run for 52 hours, eating up fuel without remunera- 
tive work being done, unless machines are engaged 
for the full period. If, therefore, the full 52 hours 
were worked by all men, there would be greater 

sibility of a satisfactory profit being earned. 

is, again, points the way to the greater possi- 
bility of a higher rate of remuneration for the 
workers. Past experience has suggested that, in 
the case of at least a certain class of workers, an 
increase in the rate of wage, instead of stimulating 





708 


ENGINEERING. 


[May 23, 1913. 





the men to greater constancy in the works, and 
therefore to accumulate a better reserve in the 
household bank-book for times of depression, has 
tended rather to a reduction of the hours worked, 
the sum of the weekly wage remaining the same. 
It would be easy to produce facts in support of 
this. There is no conceivable justification for the 

rocedure. The amount of physical effort required 
or 45 hours’ labour at a given sum of wage is not 
greater than for the same period of work at a higher 
rate of wage, so that the oft-repeated contention 
for greater leisure, because of more arduous labour, 
is not justified in such case. This fatigue argument 
appeals to the sentimentalist, but is not supported 
by experience. 

It may be that some ill-advised foremen are 
inclined to oppose increases or contend for reduction 
in rates because the sum of the weekly wage may 
seem high when the full 52 hours are worked con- 
scientiously and consistently ; but the wise industrial 
economist knows that what is most desiderated in the 
interests of financial success is continuity of work, 
and that the worker who, by remaining at his job 
52 hours per week, earns 4/. is much more profitable 
than he who, by working 39 hours, only earns 31. 
The aim should therefore be to encourage regularity 
of work, and we are persuaded that some solution 
of the present discontent might be evolved were 
there certainty that if the higher rate of wage were 
conceded, full time would be worked by all the men. 
This phase of the question is seldom considered by 
the men, and we have offered general observations 
on the subject, although these are more or less 
truisms, in the hope that, whatever the issue of the 
next two weeks may be, there will be, on the part 
of the workers, a fuller recognition of their duty to 
‘* put in” the maximum of time within the working 
week. It is, perhaps, too much to expect a great 
reform from the standpoint of prudent provision for 
the future. Education is doing much, and will yet: 
do more, but no opportunity should be negl of 
urging the time-honoured injunction to ‘‘ make hay 
while the sun shines.” The workmen of the country 
had never a better opportunity of accumulating a 
household banking reserve than that of the present 
moment, and it is to be hoped that they will, even 
in their own interests, take full advantage of the 


page activity by working full time, even if they 
ail to gain another increase in wage. 





THE CADEBY MAIN COLLIERY 
EXPLOSION. 

On July 9 of last year a disastrous explosion, 
which resulted in the loss of 88 lives, occurred at 
the Cadeby Main Colliery, near Doncaster. The 
catastrophe was characterised by some peculiar 
circumstances and conditions, which are very 
clearly set forth by Mr. R. A. 8. Redmayne, C.B., 
in the instructive report* recently published by the 
Home Office. 

The two shafts of the colliery are sunk to the 
Barnsley Bed, the only seam worked, the depth 
being 763 ft. from the surface level. The seam 
has here the following characteristics :— 


ft. in. ft. in, 
Dirt (bag dart) 
irt irt 
Coal a si 
Coal (top softs) a 
Coal (bottom hards) 
Coal (bottom softs) ... 


Total ... 


The floor is fireclay or shale. Of the total depth, 
6 ft. 6 in. was the depth usually got. Before reach- 
ing the Barnsley bed, the shafts pass through a 2-ft. 
2-in. seam of coal, which is situated about 49 ft. above 
the seam worked. The presence of this unworked 
seam is considered by the inspector to have had an 
important bearing o1 the cause of the explosion. 
The Barnsley bed is a y seam, but is not, 
on the whole, subject to blowers and sudden irrup- 
tions of gas ; on the other hand, however, it is parti- 
cularly liable to spontaneous combustion. This 
was primarily responsible for the disaster, and the 
knowledge of the liability in question was also, it 
would seem, a contributory cause to the number of 
fatalities. 

It would seem that gob (goaf) fires had 
occurred on several occasions prior to the accident, 
and there had, in fact, been a small explosion of 
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gas in the pit in January, 1912, and on several 
subsequent occasions there had been evidence of 
heating in the area involved, and instructions had 
been given by the management for immediate steps 
to be taken to eliminate danger. The plan devised 
for this by Mr. W. H. Chambers, the managin 

director, is stated by the inspector to have been wel 
conceived, but in the execution of it the vg sy 
thinks that certain departures were made by the 
mine manager for reasons which could not be 
ascertained, as that gentleman was one of the 
victims of the catastrophe. Mr. Chambers’s idea 
was to stop off the access of air to the area affected, 
and subsequently to stop up the return current 
from this region. Apparently, however, the second 
om of the p mme was carried out before the 
t portion = pom effectively completed. 

Whilst this work was in progress, the men who 
were mining coal were not withdrawn, for the 
reason that spontaneous combustion was liable to 
occur were the face left unworked for even a few 
days, and the continuance of the men at work was 
mainly responsible for the large death roll. 

There were, as a matter of fact, three successive 
explosions, and had it not been that these were con- 
fined to a limited region of the mine, the con- 
sequences might have been even more serious 
than they actually were. This localisation of the 
disaster is attributed by the inspector mainly to 
the state of the ways below ground. The dust 
covering these was in large proportion of incom- 
bustible matter, in part due to the special charac- 
ter of the mine itself, and in part to the care taken 
to shut off the tips, screens, &c., at bank in such 
a way that dust from them should not be carried 
back into the mine with the air sent down for 
ventilation purposes. 

The first explosion, which caused the loss of thirty- 
one lives, occurred between 1 and 2 o’clock on the 
morning of Tuesday, July 9 last. On the matter 
being reported, the ‘‘ deputy ” organised a search- 
party, and, findivg one dead body, sent for further 
assistance. This was obtained, and steps were taken 
to get out the corpses. Breathing — was 
provided, but the air was found to so good 
that word was sent back that it would not be 
required, and it was accordingly discarded by all 
but one man. The exploration of the district was 
in progress, and suitatle arrangements were being 
made at the bank, when a second explosion occurred 
at about 11 o’clock, and but three of the rescue 

rty were recovered alive. Still another explosion, 
ortunately unaccompanied by further loss of life, 
occurred at 3 a.m. on the next morning. 

To render the pit safe it was decided to shut off 
the area affected, and, on the suggestion of Mr. 
Chambers, to pump into it inert gases, which would 

ually extinguish the fire. At the same time 
it was arranged that the work of exploration 
should be carried on beyond the stoppings, by men 
equipped with the breathing apparatus, access 
being gained by an iron door built into the stopping. 
The plan of filling the danger zone with inert gases 
is considered by the inspector as constituting a very 
valuable suggestion, and Mr. Chambers proposes 
to lay permanent pipes for this p ong the 
roadways, and these will be immediately available 
should the necessity again arise. 

In giving his conclusions as to the origin of the ex- 
plosion, Mr. Redmayne expresses the opinion that it 
arose from a fire which broke out some years ago and 
had never been completely eradicated. As already 
mentioned, the area affected by the explosion was 
not extensive, the blast dying out from lack of fuel, 
— to the fact that the dust on the roadways con- 
sisted in one case of as much as 80.81 per cent. of 
ash, and in another case of about 48.31 per cent. of 
ash. The second explosion may, he thinks, have 
arisen from an accumulation of gas after the first 
explosion, and this accumulation ignited at the fire. 
Its force was much ter than that of the first. The 
death roll was, in his view, greatly augmented by 
the endeavour to bring out the dead bodies, in con- 
formity with a strong public opinion very general 
in colliery districts. Such an attempt is, 4“ con- 
siders, very likely to result in a second explosion, 
but he adds that great moral courage is needed to 
prohibit it. 

Whilst the accident was not, in Mr. Redmayne’s 
opinion, in any way due toa contravention of the 

oal-Mines Act, he holds that until the original fire 
was under control the work of coal-mining should 
have ceased, and he does not consider that the risk 
of spontaneous combustion at the coal face was a suffi- 
ciently good reason for the course actually adopted. 





== 


THE HUMPHREY INTERNAL-COMBDs. 
TION PUMP AND SOME PROPOSED 
DEVELOPMENTS. 


Tue success of the installation of Humphrey 
aes at Chingford will, in the opinion of mos 
people, be held as sufficient proof of the suitability 
of this type of water-lifter for use in cases in which 
large volumes of water are to be raised against a 
moderate head. Indeed, the very adequacy of the 
pumps here has probably been the effective cause of 
various unfounded rumours as to troubles and diffi- 
culties encountered in operating the plant. Visitors 
interested in other forms of pump are naturally 
and, to a large degree legitimately, on the look-out 
for evidence of such possible disadvantages and 
drawbacks as may be inherent in a competitive 
system ; but the operation of putting two and two 
together does not always give a sum in excess of four, 
seductive as the attempt invariably is. Because iron 
stains can be seen on the sides of the spillway at 
Chingford, it does not necessarily follow that a few 
days’ use of the pumps has led to serious internal 
corrosion of the pump-chamber ; nor does the fact 
that workmen are seen engaged in altering the ten- 
sion of the springs of the water-inlet valves neces- 
sarily imply that the seats of the latter have 
been ruined by a few days’ work. Rumours of this 
kind have, however, got into circulation, though in 
bothcases the exercise of a little common-sense would 
have shown the obvious inaccuracy of the deduc- 
tions made from very incomplete and insignificant 
data. Asa matter of fact, the iron stains on the 
spillway were as prominent before the starting up 
of the Humphrey pumps as they are now. J 
Bryan, the chief engineer to the Water Board, 
informs us that the stains have been caused by a 
deposit from water pumped from the ballast by 
small electrically-driven centrifugals. This water 
is highly charged with iron, which it deposits on 
standing. If the rust had come from the pumps 
themselves then, a fortiori, the experimental 
plant at Dudley Port must have been corroded 
through years since, but actually the cylinder there 
shows no si of corrosion. Inlet-valve wear is 
also negligible, it being a feature of the Hun- 
af pump that when these close the effective 
ead above them is extremely small. This 
was, in fact, the very reason why it was con- 
sidered advisable to stiffen a little the springs 
controlling them, and thus make them shut a 
little more rapidly. Valves are not novelties in 
engineering practice, and, in conditions correspond- 
ing to those at Chingford, are known to work 
well and with little wear, so that, as already 
pointed out, the exercise of no excessive degree of 
engineering intelligence should have sufficed to 
stifle in their birth these rumours of excessive 
wear, and an authoritative denial could have 
been obtained at once on application to those 
responsible. 
his recent lectures at the Royal Institution 
Mr. Humphrey has given us a sketch of a number 
of the newer developments of his principle which are 
being investigated, and which offer a prospect of 
the pump being used for other purposes than the 
lifting of water under moderate heads. It is of 
interest to note in this connection that on an 
experimental pump practically the same efficiency 
has been obtained with a high-lift as with the 
original form, whilst one of the Continental licensees 
has devised a very ingenious arrangement by which 
the pump can operate against a head of only 
14 metres and yet maintain a good compression 
ressure. 

One method, described by Mr. Humphrey in 
his lecture, of rendering the compression indepen- 
dent of the head is illustrated diagrammatically 
in Fig. 1. Here the chamber on the left repre- 
sents the combustion-chamber of the pump. In 
this case the water-inlet valves are provided near 
the delivery end of the pipe, as shown at A. 
The chamber B isan air vessel from which the 
water may be delivered against a high head. A 
valve © closes the end of the delivery pipe. On 
the out stroke this valve is raised by the motion of 
the water, some of which thus escapes into the air 
vessel. On the return stroke this valve, following 
the motion of the water, closes the delivery end 
of the play-pipe, and is finally brought quietly to rest 
by thedash-pot shown at D. The water in the play- 
pipe, having, however, already acquired momentum, 
still moves backward, and a fresh supply of water 
then enters at the inlet valve. By suitably adjust- 
ing the motion of the cut-off valve C any desired 








J8- 
ED 


rey 
Oat 
ity 
ich 


the 
of 
ffi- 
ors 
lly 
ut 


ive 
wo 
ar, 
on 
ew 


act 
n- 


ve 


in 
Id 


Baqwe "see? 


—@ 


@eeeoo eS FT Seat aay fan 


ee ll 


pe, ctl ere a i Me ee ee, al 





May 23, 1913.] 


ENGINEERING. 





709 





roportion of the energy of the out stroke can be 
Philised in compressing the new charge. 

A eso | pump may also be arranged so as 
to have a com ; 8 } f 
play-pipe, as illustrated diagrammatically in Fig. 2, 
where the delivery valves are placed in the region 


ustion-chamber at each end of the | 
| touched on by Mr. Humphrey in his lectures were 
| certain modifications which have been made to in- 


| energy expended in the working stroke is obtained 
| from the heavy oil, which enters from the atomiser 
| with this blast of high-pressure air. 


Perhaps the most interesting of the matters 


of the pipe where the pressure is most constant. | crease the number of cycles —— per second. 


When an explosion occurs in chamber A, and the 
column of liquid is accelerated, the distribution of 
pressure along the play-pipe is represented by the 
sloping line C D. At the first delivery box, the 
pressure is then represented by h, and so long as 
this is higher than the back pressure, water will 
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pass the delivery valves. As the point of delivery 
approaches nearer and nearer to the combustion- 
chamber so may the pressure of delivery be 
increased, and on these lines a pump has been con- 
structed in America to pump against a head of 
300 ft., part of which is suction lift. 

It has generally been known for some time that 
the Humphrey pump had been built to work with 
heavy oils using an externally-heated carburettor, 
and in his lecture Mr. Humphrey described another 
arrangement, which is illustrated in Fig 3. Here an 
auxiliary chamber 2 is arranged to one side of the 
ordinary combustion-chamber 1. A small charge of 
gas and air is fired in chamber No. 1. This drives 
water into chamber 2, and the momentum of this 
fluid is used to force air under high preasure through 
an atomiser 14, and thence through the valve 5 into 
the already burning gases. In this way most of the 





Referring back to Fig. 1, it will be seen that, with 
the arrangement there illustrated, the water in the 
play-pipe is never changed. Its sele use is by its 
momentum to provide for the reciprocations re- 
quired in the combustion-chamber. It can therefore 
be replaced by a mass of metal as indicated in Fig. 4, 
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a device which in certain cases has considerable 
advantage. In the first place, for the same inertia 
the bulk is reduced to one-seventh of that needed 
with water, and, secondly, higher rates of acceleration 
and retardation become ible. With the ordinary 
type of pump it is found that if the deceleration on 
the return stroke is greater than 32 ft. per second, 
water is liable to be sprayed from the surface of the 
water into the combustion-chamber, the thermal 
efficiency being thereby reduced. By using a solid 
piston this limit to the rate of re tion is elimi- 
nated, and the rate of reciprocation can be greatly 
increased. There is then, moreover, no necessity for 
making the play-pipe horizontal, and it may be 
arranged vertically, as indicated diagrammatically in 
Fig. 5. With an experimental pump of this 
the rate of reciprocation has been increased to 1 
cycles per minute. Various modifications of this 
form of pump were described by Mr. Humphrey in 
his lectures. The solid piston may, for example, 
be made in three diameters, as represented in Fig. 6. 
Here the return stroke is obtained by the pressure 
water acting on the end of the smallest plunger, 
and Mr. Humphrey, moreover, pro to use a 
modification of this solid piston type for ship pro- 
pulsion. In that case there would be two plungers 
moving in opposite directions, so that inertia 
forces would be self-balanced. The water delivered 
by the pump would be employed to drive turbines, 
which in turn would actuate screw propellers. The 
commercial success of this plan will depend, of 
course, upon the fuel economy realisable per thrust 
horse-power, and it is here that the higher efficiency 
of the Humphrey cycle, as compared with that of the 
Otto engine, should prove its value. Mr. Humphrey 
gave the curves reproduced in Fig. 7 as fairly repre- 
senting the probable practical efficiencies of the two 
cycles, and the gain he achieves by utilising the 
toe of the diagram. 

Another interesting adaptation of the pump 





described was its use as an air-com r, remark- 
able both for efficiency and Rexibility, The 
arrangement adopted is represented in Fig. 8. 
Here the combustion-chamber is represented by A, 
and differs from that ordinarily used merely in 
being fitted with the ‘ rejected - charge” valve 
shown at r. The compression end is shown on the 
ight at C, whilst D, as before, denotes the play-pipe. 
The working of the compressor is as follows :— 
As the water-level rises in C it closes the escape- 
valve s, which is arranged at the lower end of a 
vertical pipe g, which communicates direct with the 
atmosphere. The level at which this pipe is fixed 
determines the amount of air trapped and com- 
— and also the limit of pressure attained. 

ising past s, the water column compresses the 
entrapped air, and when the delivery pressure is 
attained the valve h opens, and air passes to the 
reservoir. When the water column reaches g this 
valve is closed, and the cushion entrapped above its 
level is further compressed, finally bringing the 
water column to rest. On the return stroke, 
the spring-loaded suction-valve if opens when the 
pressure in the chamber e falls a little below 
that of the atmosphere, and a fresh charge of 
air is admitted. At the combustion-chamber end, 
this return stroke compresses a cushion in the 
usual way, and a second out stroke is made in con- 
sequence. This second out stroke is nearly as long 
as the first, and hence much too large a charge of 
air or gas enters the chamber. On the second 
return stroke, however, the excess passes by the 
‘* rejected-ch ” valve into a reservoir x, where 
it is stored under a small pressure. Hence the 
charge which remains, and is finally exploded in 
the combustion-chamber, is only that trapped above 
the level of r. 





THE JAPANESE BATTLE-CRUISER 
“ KONGO.” 

Tue trials of the Japanese battle-cruiser Kongo 
were invested with wide interest because of the 
great offensive, defensive, and tactical qualities 
embodied in her design. These considerably excel 
those of the British battle-cruisers now in service, 
but it is fair to state that since the Kongo was laid 
down advance has been made, in British and other 
foreign ships, in oftensive and defensive qualities, 
but at the expense of s . These vessels, however, 
will not be in service for some considerable time, so 
that the Kongo will, in the meantime, have the dis- 
tinction of 0, to most powerful ship of her class 
in service. The Kongo was designed and constructed 
complete for war by Messrs. Vickers, Limited, 
and so satisfied with the design were the naval 
authorities in Japan that they decided to build 
from the same plans three more ships in Japan— 
the Hiyei, at the Imperial Dock , Yokosuka, 
the Kirishima, at the Mitsu Bishi Works, Nagasaki, 
and the Haruna, at the Kawasaki Yard, Kobe. The 
machinery for the first of these three has also been 
constructed by Messrs. Vickers, and she is now in 
an advanced state of construction, having been laid 
down on November 4, 1911; the others were laid 
down in March of the following year. 

The Kongo has a len over all of 704 ft., a 
beam of 92 ft., and at 27 ft. 6 in. draught displaces 
27,500 tons. She is therefore ay ay the same 
length as the Princess Royal, but has 34 ft. more 
beam, and the displacement is 1000 tons greater, 
due to the greater Aghtin qualities laid down by the 
Japanese authorities. e Japanese ships mount 
eight 14-in. guns, as com with an equal 
number of 13.5-in. guns in the British ship ; 
although the guns for repelling torpedo attack 
are equal in number (16), they are of 6-in. bore in 
the Japanese — as compared with 4-in. in the 
British ships. e Kongo also carries sixteen 
smaller guns, of which twelve are of 3-in. bore, 
mounted two on each gun-hood over the 14-in. pun 
barbettes and two on each broadside on the fore 
quarter. The Kongo has double the number of 
submerged torpedo-tubes fitted in British ships, and, 
as in these, they are designed to fire 2l-in. White- 
head torpedoes. Generally the broadside armour 
corresponds to that in the Princess Royal, but, 
owing to the introduction of armoured bulkheads 
below the water line, a greater weight has been 
absorbed for protection in the Japanese ship. 

The trials of the Kongo were of the most search- 
ing nature, conforming with the standard require- 
ments of the Imperial Japanese Government. 
These, in several respects, are more comprehen- 
sive than those of the British warships, notably 
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WORKS, BARROW-IN-FURNESS. 








in the testing of the armament. In respect to| 


steaming trials, the main trials corresponded to,on each side of the centre line, have impulse- 


those of the British service, but a greater 
number of manceuvring trials were specified. It 
may be said at once that, notwithstanding the 
severity of the tests, the results were in every 
instance uniformly successful ; indeed, it would be 
difficult to recall a case where there was similar 
lack of untoward incident throughout the whole 
trials. These extended over sixteen days, and 
were carried out with remarkable precision in 
respect of programme dates. 

The Kongo left Barrow-in-Furness on April 20, 
and proceeded to Belfast, where she entered the 
large dry dock there for an examination of the 
outer shell and under-water fittings, renewal of 
zine fittings, cleaning and painting of the hall, 
testing of gun-sights, and alignment of torpedo- 
tubes. &c. On the completion of this work the 
vessel was undocked on April 26, and was moored 
alongside the jetty, where a large supply of coal 
was taken on board. On April 29 the vessel 
proceeded to the Clyde, carrying out on the way a 
preliminary trial of the main and auxiliary machi- 
nery. Anchor and capstan trials were immediately 
commenced and completed and the ship trimmed to 
the required draught for the series of progressive 
speed trials. The ship was manned by a Japanese 
crew and engine and boiler-room complement. A 
full head of steam was easily maintained throughout 
all the trials, and nore agree during the full- 
power run. Indeed, the stoking throughout the 
whole of the trials was worthy of high commenda- 
tion. 

The progressive trials were commenced on 
April 30, and included runs of four hours’ duration 
at about 10, 134, and 17 knots. At each of these 
powers four runs were made on the measured mile 
at Skelmorlie. The next trial, on the 1st inst., was 
four runs over the measured mile at about 214 knots 
speed. On the 4th inst. the vessel proceeded on a 
thirty-hours’ trial, during the first eight hours of 
which a mean power of about 58,000 shaft horse- 
power was developed, and during the remaining 
twenty-two hours over 40,000 shaft horse-power, the 
vessel being run over the measured mile at both 
powers. The rate maintained at the latter power 
was about 26 knots. The coal used was care- 
fully weighed, and water-tanks were erected 
aft, as shown in the view of the ship on this 

ge, in order that the water passed to the 

ilers might be carefully measured. It may be 
said that the turbines, which are of the Parsons 
type, with the high-pressure machine on the outer 











and the low-pressure machine on the inner shafts 


wheels constructed of nickel steel, according to 
the Vickers process, at the forward end of each 
turbine. There are four rows of rotating blades 
with corresponding guide-vanes, and the nozzles are 
arranged in such away that a high initial pressure 
may be maintained when the turbines are work- 
ing at reduced power, as the supply of steam 
may be shut off from one or more of such nozzle 
groups. Following the impulse blades are the usual 
stages of reaction blading, seven in number in the 
ahead turbines ; there are two short stages of reac- 
tion blading behind the impulse wheels on the 
astern turbines. This arrangement of turbines 
proved exceptionally satisfactory as regards steam 
consumption. The full - power trial of eight 
hours’ duration was carried out successfully on 
the 8th inst., in stormy weather, a gale blowing 
most of the time. The designed power and speed 
were exceeded. Some suggestion of the great 
speed developed is afforded by the photograph 
reproduced on this page. On the day following 
the full-power trials tests were made of the steering 
gear, and of the turbine change-valves, &c., for 
manceuvring at different speeds and in different 
ways. Circling trials were also carried out at 
different speeds, varying from full to lowest s z 
while tests were made going astern with all the 
boilers lighted, and with one half and one-fourth 
in use. These trials proved that the vessel was 
excellent in every respect as regards manceuvring 
qualities, comparing most favourably with the 
British battle-cruisers of the same class, both of 
which—the Lion and the Princess Royal—had 
their machinery from the Vickers works, while the 
Princess Royal was entirely constructed by the 
firm. 

The gun trials commenced on the 14th inst. and 
were concluded early on the 15th. The programme 
began with the firing of 250 rounds from each of 
the four Vickers automatic guns, followed by four 
rounds from each of the 3-in. guns, and by four 
rounds, in some cases five rounds, from each of the 
6-in. guns. The guns in all cases were tried at 
various degrees of elevation up to the maximum, 





and were trained at different points fore and abaft 
the beam. The length of recoil, as well as the 
chamber pressure, was taken in each case. At the 
conclusion of this individual firing a salvo was 
delivered from the eight 6-in. guns on the port side 
of the ship, the vessel meanwhile steaming at 12 
knots. This was, of course, effected by electric 
contact from the conning-tower, and a remarkable | 





feature was the absolute simultaneity of the 
discharge. 

It was decided to test the 14-in. guns in the 
morning, when there was less haze on the water 
owing to the direction of the wind prevailing at 
the time. The vessel therefore anchored off Ailsa 
Craig during the night, getting under way at 
3 o’clock in the morning and beginning the pro- 
gramme of trials at 40’clock. The 14-in. guns were 
the first of their calibre fired on board ship. The 
gun-mountings are of the Vickers hydraulic type, 
but have electric gear for use in the event of the 
hydraulic system in any way failing. In addition, too, 
there is a small hydraulic installation for working 
the guns when they have to be cleaned ; but this 
gear also will serve, instead of manual work, for 
manceuvring the guns in the event of the main 
supply of power, either hydraulic or electric, giving 
out. Another feature of the installation is the 
application for the first time of the Janney- Williams 
gear, which proved most reliable and exact in 
controlling the turret movement, creeping motion 
or great speed being achieved with equal facility 
and precision. A programme of ten rounds per 
turret was arranged fur at degrees of elevation 
ranging from maximum depression to maximum 
elevation, and at angles of from 90 deg. forward to 
70 deg. abaft the beam. In some cases the hydraulic 
elevating and training gear was used, in others the 
electric. The ‘ throw-off” was observed at each 
round by means of the training-indicator on the 
barbette. The length of the recoil and the pressure 
developed in the chambers were carefully recorded. 

As in all modern ships, the guns in the second 
turret from the bow are at a higher elevation, 
while the guns in the third turret, which fire aft, 
are ata higher level than those in the fourth turret 
firing aft. The effect of the blast, and especially on 
gun-sights within the turret in front, was carefully 
observed when the higher elevated guns were fired. 
The photograph reproduced shows thé relation of 
the 3-in. guns on the gun-hoods to the 14-in. guns 
above them. These 3-in. guns may be connected 


_to the main gun-mountings and elevate and rotate 


with them ; but they are arranged to work sepa- 
rately for repelling torpedo-boat attack. On the 
trials of the 14-in. guns these 3-in. guns were 
retained in position, so as to ascertain the effect of 
the blast upon them ; but, in this as in other re- 
spects, the results were perfectly satisfactory. 
Several of the guns were fired in pairs, but the 
most crucial test was the firing of the whole of 
the 14-in. guns and of all of the 6-in. guns on the 
starboard beam, making sixteen guns in all. The 
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firing was again from the conning-tower, and was 
absolutely instantaneous. It was remarkable that 
the cascades thrown up by the first contact with 
the sea of the 100-lb. shot from the 6-in. guns 
were almost simultaneous, suggesting a remarkable 
uniformity in the trajectory of the guns. The 
second contact with the water in the case of these 
shots coincided with the first contact of the 14-in. 
shot, so that it was not then possible to distinguish 
between the 100-Ib. and 1400-lb. shots. The salvo 
represented a discharge of something over 8 tons 
of metal, with a collective muzzle energy of about 
600,000 foot-tons. The effect on the ship was 
scarcely perceptible, so far as inclination was con- 
cerned. No F aemaan was done to the ship’s struc- 
ture, the only damage being to some of the 
lifeboats, the side-planking of which was sprung. 
The performance was thus in every way an un- 
qualified success, and after the gun-trials the ship 
roceeded to the anchorage at Greenock, whence 
she left for Barrow-in-Furness on the following 
day, the torpedo trials being carried out on the 
way. The vessel will now be completed for com- 
mission. 

The ship was in command of Captain Nakano, 
and all the trials were conducted in the presence 
of Captain Kenji Ide, I.J.N., who has been Naval 
Attaché in this country for Japan for a considerable 
time, and Captain Baron K. Abo, I.J.N., who will 
succeed Captain Ide on his return to Japan this 
summer. 





HEAT-ACCUMULATORS. 


In the early days of power-station practice the 
“peak” in the load curve was considerably more 
pronounced than it usually is nowadays, when many 
stations have secured a fairly good load factor. 
Amongst other schemes for dealing with those 
peaks was that of Mr. Druitt Halpin, who intro- 
duced his thermal storage tanks, which were large 
reservoirs containing water in which heat was 
stored during the times of light load and utilised at 
the peak. In the attempt to adapt exhaust-steam 
turbines to work in conjunction with winding- 
engines and rolling-mills, a problem exactly the 
inverse of the foregoing presented itself. Here 
the peak was in the supply of steam available, whilst 
the demand for it made by the exhaust turbine 
was practically constant. As is well known, the 
difficulty was again overcome by the use of thermal 
storage tanks, the use of which, in this connection, 
was due to Professor Rateau. A paper showing 
very clearly the conditions which render the use of 
such accumulators necessary, and describing some 
of the latest patterns, was read by Mr. A. Alison 
before the Junior Institution of Engineers on 
Wednesday last. In this paper the author pointed 
out the great waste of energy which arose from the 
general use of non-condensing steam-engines for 
winding purposes, rolling-mills, and thelike. Under 
average conditions almost as much energy is recover- 
able from the exhaust of a non-condensing engine as 
is developed in the cylinders of the latter, but till 
the introduction of the exhaust-steam turbine this 
energy was practically wholly wasted. 

To illustrate the intermittency of the supply, 
which is all that, in some cases, is available for such 
a turbine, the author gave a set of diagrams illus- 
trating the ordinary working cycle of a winding- 
engine. In this case the first five revolutions, 
lasting 20 seconds, were made with complete 
admission of the steam in order to get a rapid 
acceleration of the load, and the maximum rate of 
discharge to the turbine amounted during this period 
to 105,000 lb. per hour. During the succeeding 
30 seconds the engine made 24 revolutions, the cut- 
off varying from 0.45 down to 0.2 of the stroke. 
Steam was then entirely shut off, and the engine 
brought to rest by the brakes, 5 seconds being re- 
quired for this. Following this, the engine stood 
still for 30 seconds before commencing the next 
wind. As illustrating the large amounts of ene 
available in exhaust steam, the author stated that 
the quantity of steam thus available from the ex- 
haust of winding-engines averaged 20,000 Ib. to 
30,000 Ib. per hour; from cogging-mill engines, 
15,000 lb. to 20,000 Ib. per hour could be reckoned 
on ; rail-mill engines would yield a supply of from 
25,000 lb. to 30,000 Ib. ; and plate-mill engines from 
40,000 lb. to 60,000 Ib. per hour. So successful 
have been the means employed to utilise this 
steam, previously wasted, that 400,000 brake horse- 
power are, he stated, now recovered. Mr. Alison 
gave the following table, showing the steam con- 





sumption of exhaust-steam turbines per electrical 
horse-power, under different conditions :— 


j ; 
Absolute | Vacuum at | Consump- 
Type of Condenser. Pressure of Turbine tion per 
| Admission. Outlet. |E.H.P. Hour 


Ib. per sq. in} in. Ib. 
Surface condenser .. os 29. 27.5 20.5 
es a oy st”) ae | 27.5 26.5 
" ra oi - 7.1 | 27.5 36.4 
Jet condenser 29.4 | 23.6 
ne a Soi 2 31.8 
” 7.1 26 47.5 

| 
Ejector condenser .. 2.4 | 246 | 265 
eo ue _ af 6/3 | 24.6 | 36.4 
ae ae * i 

| 


The weight of water required in the accumulator 
is, the author states, given by the relation 


W = 0.027 W, 8, 


where W, denotes the total steam consumption of 
the turbine in pounds per hour, and S the duration 
in seconds of the stoppage of the reciprocating 
engines. 

Where there are a number of engines working 
intermittently, Mr. Alison remarks that it is often 
advantageous to connect up all the exhausts to the 
same set of accumulators. As giving an idea of 
the size of plant required, the author states that 
an accumulator with a shell 11 ft. 6 in. in diameter 
and 45 ft. long should be capable of supplying 
steam at the rate of 70,000 lb. for a period of one 
minute. The usual fall of temperature allowed in 
the accumulator during the period of evaporation 
is, he states, 10 deg. Fahr. 

Oil in the accumulator, even in minute quantity, 
has, Mr. Alison states, a marked retarding action 
on the regenerative process, and to eliminate it as 
far as possible a separator should be fitted on the 

ipe-line between the accumulator and the engine. 
Buch traces of oil as still pass over into the accumu- 
lator ultimately form a scum on the surface of the 
water, and in the original designs this had to 
be skimmed off at intervals. In the Rateau 
Morison -accumulator, Mr. Alison states, a device 
is fitted which renders this unnecessary, the steam 
itself being caused to blow the oil into a special 
collecting chamber. 





PETROL AND ALCOHOL INTERNAL- 
COMBUSTION ENGINES. 

As our columns have lately shown, there is now 
an active search for a cheaper fuel for motor-cars 
than petrol. Benzol is being used, and also paraffin, 
while years ago, as soon almostas the motor-car had 
shown its value, the use of alcohol appeared to have 
offered a solution. That alcohol could be burned in 
motors was proved by various investigations con- 
ducted on the Continent and also in the United 
States rather than here, where the alcohol manufac- 
ture is of secondary importance. But the alcohol 
motor did not advance, and the average engineer 
turns to petrol when he wants a motor for pro- 
pelling vehicles. Yet the merits of alcohol as fuel 
are worth inquiring into. 

Both fuels offer advantages, and it would be 
difficult to state adequate reasons for a decided 
preference for the one or the other. The heating 
value of alcohol per unit weight is about 0.6 
of the heating value of petrol, the heat of the 
uncondensed water vapour being in both cases de- 
ducted from the calorimeter figure observed. On 
the other hand, petrol or gasoline requires twice 
the weight of air for its complete combustion that 
alcohol demands, because petrol is a hydrocarbon, 
and alcohol a hydrated organic compound contain- 
ing oxygen. But the heating value of equal 
volumes of an explosive mixture of either gasoline 
or alcohol, mixed with sufficient air for complete 
combustion, is the same—about 80. British thermal 
units per cub. ft. Again, petrol can only be com- 
pressed to 70 lb. per sq. in. in a 15-horse-power 
4-cycle engine, while the alcohol mixture stands 
under the same conditions 180 lb. per sq. in. 
without danger of pre-ignition, and these maxi- 
mum pressures are, on the whole, the most eco- 
nomical as to fuel consumption. Types of engines 
designed for the one fuel are, within limits, adapt- 
able to the other ; alcohol fired in a petrol engine 
at 70 lb. compression will yield 10 per cent. more 
power than petrol; at 180 lb. even 30 per cent. 
more. In the latter case the explosion pressure might 
rise to 700 lb. per sq. in., and the ordinary petrol- 
engine would not stand that pressure with safety. 





In both styles of engines the thermal efficiency rises 
with the compression, and because higher com- 
pression is admissible with alcohol, the thermal 
efticiency of the alcohol-engine is about 0.40 against 
0.28 in the case of the asiet oie As 
cleanliness, alcohol is certainly preferable, as it 
does not give even a bluish exhaust when the engine 
is properly managed, and the odour of denatured 
alcohol is not so nauseous as that of petrol. 
Storage and transport of both fuels are subject to 
restrictions ; but alcohol is safer, because it has a 
flash-point of about 55 deg. Fahr. (denatured), whilst 
the flash-point of petrol lies below 0.deg. Fahr. 
There remains the paramount question of cost. So 
far alcohol is the more expensive material, though 
the costs of the two liquids vary considerably in 
different countries with the customs and excise 
regulations. At present an alcohol-fed internal- 
combustion engine of ordinary construction will 
be more expensive to run than a petrol-engine; 
but this condition of affairs is not necessarily 
permanent. The price of a chemical product like 
spirit is largely a question of demand. The actual 
chief raw materials for spirit are plants which con- 
tain either sugar or starch, both of which, directly 
or indirectly, yield spirit by fermentation ; most 
of the Continental spirit is potato spirit, and 
the cultivation of the potato may pay on soils on 
which grain would not thrive. Petrol is one of the 
constituents, or a mixture of some constituents, of 
natural petroleum. Many of the famous old oil- 
fields have already given out, and others threaten to 
do so. New fields are, of course, being discovered. 
But the price of petrol is more likely to rise than 
to fall, and though by the time that natural petro- 
leum is becoming exhausted, chemists may have 
learnt to make artificial petrol, benzene, . lubri- 
cating oils, &c., those problems are in a far less 
advanced state than those connected with the manu- 
facture of spirit from various materials. We shall 
revert to this feature again. In any case, the two 
fuels might be used in healthy competition. To 
quote an almost stale argument, the advance of 
electricity has not killed the industry, but has 
stimulated it ; and if the alcohol-engine will work, 
it may well advance without injuring the petrol- 
engine, which itself has taken so amazing a develop- 
ment. 
A very valuable contribution to the question of 
the possibilities of the alcohol-engine has been 
written by Mr. R. M. Strong and Mr. Lauson 
Stone in Bulletin No. 43 of the United States 
Bureau of Mines.* The title is ‘‘Com tive Fuel 
Values of Gasoline and Denatu Alcohol in 
Internal-Combustion Engines.” The long series 
of tests, numbering over 2000, were conducted with 
five different engines at the official fuel-testing 
lants at St. Louis, Missouri, and Norfolk, Virginia. 
ese plants formerly belonged to the United 
States Geological Survey, but have recently been 
transferred to the Technologic Branch of the Bureau 
of Mines. The authors were assisted by many engi- 
neers and chemists ; and the Bulletin, an octavo 
volume of 243 pages, has considerable general 
interest, apart from the comparative study of petrol 
and alcohol as engine fuels. The experiments must 
have taken many months ; yet a good many problems 
will, of course, require further investigation. A 
general summary in favour of the one or the other 
fuel is not offered, but the investigation has been 
carried out in a thorough manner, and a good case 
has certainly been made out for the alcohol-engine. 
The petrol, or gasoline, used for the research is 
described as the product of a fractional distillation 
of petroleum up to a temperature of 300 deg. Fahr. 
(150 deg. Cent.). The average analysis of twelve 
samples yielded 14.84 per cent. of hydrogen and 
84.65 per cent. of carbon, which would roughly cor- 
respond to the formula ©, H,, ; this is the formula 
of hexane ; but it will, of course, be understood 
that the petrol used was not hexane, but a mixture 
—and not by any means always the same mixture— 
of many hydrocarbons. The denatured alcohol 
contained 12.68 per cent. of hydrogen, 47.04 of car- 
bon, and 40.24 of oxygen. This was the average of 
twentysamples, and it would very roughly correspond 
to the formula for ethyl alcohol, C,.H,O. Asa matter 
of fact, alcohol in the United States is denatured 
by the addition of wood (methyl) alcohol (10 per 
cent.), benzene (0.5 per cent.), and other ingre- 
dients, and all the alcohols used contained some- 
thing like 10 per cbnt. of water. On an average 
* Published at the United States Government Printing 
Office at Washington. 
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1 1b. of gasoline uired 14.96 lb. of air for its 
complete theoretical combustion, and 1 Ib. of 
alcohol required 8.13 lb. of air. The densities of the 
materials were 0.725 line) and 0.8199 (alco- 
hol); the heating ues 19,612 B.Th.U. and 
10,512 B.Th.U.; these are the ‘‘low” heating 
values obtained by deducting from the “‘ high” value 
observed in the Mahler calorimeter, 20,448 (gaso- 
line) and 11,616 (alcohol), the latent heat of the 
water carried away by the steam resulting from the 
combustion of the hydrogen. The ‘‘low” values 
were used for all the calculations. The heating 
values of 1 cub. ft. of explosive mixture were, as 
stated, found to be about 80 B.Th.U. in both cases; 
the rate of propagation of the explosion in the 
mixture was not determined ; according to Sorel, 
the maximum rates would be 1.1 metre per second 
in line and 1.04 in alcohol mixtures. 

he engines used in the tests were two Otto 
gasoline-engines, one Nash gasoline-engine, and 
one Otto and one Nash alcohol engine ; sometimes 
the same engine was tried with both fuels. The 
two Otto gasoline-engines were alike in all respects, 
being of the single-cylinder, horizontal, four-cycle 
type, rated at 16 brake horse-power, with a normal 
speed of 260 revolutions. The cylinders, cylinder- 
heads, and exhaust-valve casings were water-cooled; 
the carburettor was built as part of the cylinder- 
head, and the fuel was atomised by the air taken in 
during the suction stroke and then mixed with it ; 
the inlet and exhaust valves were of the conical-seat 
poppet type, and the governing on the hit-and- 
miss method was by a third poppet valve. 
compression was varied by varying the length of 
the connecting-rod. Each engine was supplied with 
its own fuel-pump, driven from the engine. The 
testing appliances comprised rope brake, continuous 
rg we indicators, thermometers (one in 
the inlet-valve housing), and a thermo-couple in 
the exhaust-pipe. 

The two 10-horse-power Nash engines were single 
cylinder, vertical, four-cycle motors, and alike in 
most features, except that the clearance volume of 
the alcohol-engine was made smaller than that of 
the gasoline engine. They differed from the Otto 
engines. The carburettor was of the aspirator 
type, having two constant-level overflow reservoirs, 
one for fuel, the other for water, needle valves 
(also used in the Otto engines) admitting sprays of 
water and fuel; to make the water measurable, 
the carburettor was connected with a pump. In 
some tests special double-cone carburettors were 
used. The centrifugal governor, attached to the 
fly-wheel, near the hub, did not give complete 
satisfaction. The alcohol Otto engine resembled 
the other two Otto engines, as to size, power, con- 
struction, &c., but it had a carburettor similar to 
that of the Nash engines, being of the constant- 
level, overflow, suction-lift type. Full particulars 
of all the engines and the ——— testing appli- 
ances will be found in the Bulletin, and my he ed 
account of the procedure is given. 

As regards the mechanical efficiency, the fluid 
friction—i.e., the friction of the gases in the - 
ages during intake and exhaust—-would probably be 
fairly constant with the hit-and-miss governing 
of the Otto petrol-engines, but would vary in the 
Nash engines, where two different carburettors and 
air-valves were used, the setting of which would 
throttle the charge. In the Otto alcohol-engine 
the carburettor was in many tests adjusted for re- 
duced loads ; greater economy was thereby realised ; 
but the effect of load on the efficiency of the engine 
could not then be determined. The engines were 
always run for long periods, until constant condi- 
tions had been obtained ; if the conditions did not 
prove satisfactory, special fuel-consumption deter- 
minations were made before and after a series of 
tests. The mechanical efficiencies were deduced in 
two ways : from the indicated horse-power and the 
brake horse-power, aiid from the Frictional and 
the brake horse-power ; the two Nash engines, 
though identical except as to compression, did not: 

as to average friction loss. 

We turn to the results obtained. The quality of 
the mixture, the ratio of fuel to air, affected the 
completeness of the combustion and the rate of 
propagation of the explosion ; the quality depended 
upon the setting of the needle valve, but there was 
no definite relation between the graduation of the 
index dials of different valves and their openings 
A continuous analysis of the exhaust would have 
given valuable information about these features; that 
is a difficult matter, however, and indirect methods 
were resorted to. It was found that calculations 


*|heat at constant volume. 





should rather be based on mixtures by weight than 
by volume, and that gasoline mixtures were ex- 
plosive and gave normal runs within the range 
1.4 to 0.5 of the theoretical, and alcohol mixtures 
within 1.3 to 0.7 of the theoretical ; in both cases 
best results were, on the whole, obtained with a 
mixture containing 1.25 of the theoretically neces- 
sary air supply. The time of the ignition was 
varied from 36 deg. in advance of dead centre to 
15 deg. after dead centre; the effect on the fuel 
economy was, with both fuels, that the quantity 
of fuel used decreased as the time of ignition 
was advanced to some point considerably earlier 
than dead centre, beyond which the fuel con- 
sumption increased ; compression, speed, and load 
have, of course, likewise to be considered in this 
connection. The current and potential of the make- 
and-break spark had no appreciable effect on the 
rate of burning and the Reneal efficiency, pro- 
vided they were sufliciently high to prevent mis- 


nw 

en the temperature of the jacket water was 
the only variable of moment, the fuel consump- 
tions and efficiencies of the individual engines 
using either fuel were nearly constant, and so far 
as the tests went, the influence of the water-jacket 
could be neglected, as long as pre-ignition was pre- 
vented and normal operation was maintained. 
This held for the different t; of engines, and 
the authors incline to the belief, without at all 
wishing to generalise, that the influence of the 
water-jacket temperature is rather secondary than 


The | direct, 


As regards the speed, the tests proved that the 
fuel economy increased in both cases with the speed, 
the increase of the thermal efficiency more than 
counteracting the diminution of the mechanical 
efficiency ; the gain in efficiency was only 2 per 
cent., however, with the speed rising from 200 to 
300 revolutions per minute. 

In the load tests, the ‘‘ best fuel economy ” for 
each load, and ‘‘the poorest fuel economy” for each 
load, were determined; in the rest economy 
test the mixture contained as much fuel as could 
burn with the engine running properly at the 
respective load. e ‘‘normal economy tests” 
also given represent arbitrary intermediate efficien- 
cies approximating to results expected in practice. 
The tables summarising these tests cover seventy 
pages of the bulletin. All the resulting economy- 
oad curves came out very similar to one another, 
regardless of the type of engine, the method of 
governing, and of the fuel used ; preheating the air 
also made no difference in the character of the very 
regular curves. In every case the fuel consumed 
per brake horse-power per hour fell off slightly 
as the load was decreased to 85 per cent. of 
the maximum ; on further reducing the load, the 
relative fuel consumption incr The 85 per 
cent. load, therefore, was the most economical for all 
the engines and for both fuels. The lowest petrol 
—— per brake horse-power per hour 
was 0.6 lb. for the Otto and the Nash engines; 
the three engines behaved alike at higher loads, but 
deviated more as to their economics at lower loads. 
The alcohol-engines consumed about 1 lb. of de- 
natured alcohol at best economy (as just explained), 
and the general trend of the curves was the same, 
as hasalready been stated. The compression pres- 
sure was in these instances 70 lb. per sq. in., and 
the one Otto petrol-engine behaved like the alcohol- 
engines when fed with this fuel. When in the 
Otto alcohol-engine compression was pushed up 
to 180 Ib., the alcohol consumption fell to 0.7 Ib. 
Comparative tests with the Nash engines, for \- 
line and for alcohol, fed with alcohol and in. 
did not prove so consistent, owing probably to a 
lack of stability in their governing. Preheating 
the air to 250 deg. Fahr. was not found advan- 
tageous for full loads; the maximum load the 
engine would take was, indeed, reduced to 85 per 
cent. At lower loads, however, preheating was to 
a slight degree advantageous. 

The compression tests are also important. Ac- 
cording to text-books on thermodynamics, the 
thermal efficiency E of the ideal air-engine is 


E=1- (F \F where P, and P, are the inieial 


and compression pressures, and r is the ratio of 
the epesie heat at constant yw to the specific 
e theoretical value 


of the power exponent 1 for an air-engine is | PO 
r 


0.29. The teste yielded for this exponent the 





value 0.17 with gasoline fuel and 0.19 with alcohol 
fuel ; these values are averages of the results of 
selected examples. Almost all the tests conducted 
with the four types of engines showed that an 
increase in the thermal efficiency was obtained by 
increasing the compression ; but the compression 
was not carried beyond 100 lb. per sq. in. with 
gasoline, or beyond 200 lb. with alcohol. Since 
the denatured alcohol showed a greater effi- 
ciency at all compressions, it must be considered 
the more ideal fuel, and that indicates probably 
that the r, specific heat, of the gas or gas mixture 
resulting from the explosion of the alcohol must 
be greater than that resulting from the explosion 
of gasoline. For this reason, as well as for 
others, an analytical study of the exhaust gases 
would certainly have been desirable. 

We finally come to the tests made with mix. 
tures of the two fuels, petrol and alcohol, with 
one another and with water and other ingredients, 
These tests were by no means fanciful, of course, 
but they were not carried sufficiently far. In 
the first instance, alcohol free of water would 
always be too expensive as a motor fuel ; we want 
to know how far we can go in admitting dilutions, 
Secondly, the alcohol has to be denatured, and 
the possible effects of the denaturants have to be 
examined. Thirdly, it should be investigated 
whether mixtures of the two fuels might not partake 
of the advantages of both fuels and eliminate the 
disadvantages of either. Alcohol-engines bear high 
compressions, but they are difficult to start ; petrol- 
engines cannot stand high compressions, they are 
easy to start, but, owing to the rapid propagation 
of the combustion, somewhat jerky in their action. 
To a certain extent the two fuels might thus 
supplement one another. On the other hand, a 
mixing of readily and of slowly evaporating fuels 
might introduce disturbing factors, and too much 
water must, of course, not be added, because it 
has all to be removed as steam, so that latent heat 
is wasted. Again, gasoline is not directly miscible 
with either water or with alcohol. 

To overcome this last-mentioned difficulty, a 
special carburettor provided with two separate reser- 
voirs and spray-nozzles was used. The tests of fuel 
mixtures were made with the two Nash engines, 
although the experimenters did not consider these 
engines, and’ especially the alcohol engine, wholly 
suitable. In the gasoline-engine tests the alcohol 
percentage was raised from 0 to 100 per cent. ; the 
total fuel consumption ranged from the best 
obtainable with alcohol alone to the best obtainable 
with gasoline alone, and definite conclusions as to 
thermal efficiency could not be drawn. In the second 
series the Nash alcohol engine was used, up to 30.6 

r cent. of gasoline being added to the alcohol. 

is time the compression pressure (which never 
exceeded 78 Ib. in the first series) could be raised to 
130 lb. per sq. in.; but the fuel consumption was not 
decreased thereby. As regards mixtures of gasoline 
and water (Nash gasoline-engine), up to 50 per cent. 
of water was added. The Bulletin states that 
there was no gain in efficiency. It seems more to 
the point to say that the gasoline consumption per 
brake horse-power per hour varied very slightly 
only, and not ina sufficiently regular a manner to 
enable any conclusions to be drawn, whilst the brake 
horse-power kept steady between 9.2 and 9.4. 
When in a second series (Nash alcohol-engine) 
only enough water was added to gasoline to prevent 
pre-ignition at compressions up to 130 lb., no gain 
was realised either. The report questions the 
results, but draws attention to one feature—that 
less cooling water was required when water was 
added to the gasoline. - 

The dilution of the denatured alcohol (also Nash 
engines) by water proved detrimental. It natur- 
ally decreased the capacity of the engine, and 
54.6 per cent. of water (by weight) reduced the 
efficiency from 28.4 to 19 per cent. The difficulty 
of starting the engine was also more noticeable, 
though not much, whilst the reduction of the 
amount of cooling water required was quite 
striking; when 50 per cent. of water had been 
added to the alcohol, cooling water was hardly 
wanted at all. The chief point of interest is that 
the dilution of denatured alcohol with 10 or 15 per 
cent. of water does not impair the efficiency of the 


— 
ese features require further elucidation, and 
we regret that the Bulletin does not emphasise this 
int. There is another point, reference to which 
we miss altogether in the Bulletin. Nothing 's 
said of erosion. The experiments, or a preliminary 
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series, began in 1909, and though we do not know 
how long the engines described have been under 
examination, some observations on erosion will 
probably have been made. Whena British Treasury 
Committee took evidence on *‘ Industrial Alcohol ” 
in 1905, several experts consulted accentuated the 

int that the use of wood alcohol as a denaturant 
corroded the cylinders and valves so badly that 
alcohol motors would have to be given up, a 
9700 were then said to be in use in Germany, mainly 
in connection with agriculture. Acetone, another 
denaturant, was considered to be even more danger- 
ous, as it would directly yield acetic acid on combus- 
tion. According to Langridge’s experiments of 1903, 
rapid compression at 250 deg. nt. would alone 
suffice to convert the same denaturants into acetic 
acid, formaldehyde, and other objectionable pro- 
ducts. Those statements and fears were exaggerated. 
Acetic acid, it would appear, is only formed when 
combustion occurs at low temperatures. At higher 
temperatures and with complete combustion, carbon 
dioxide is the chief product. The trouble would be 
obviated in any case by the common practice of 
starting alcohol-engines on petrol. rosion by 
sulphurous or sulphuric acid, due to the contami- 
nation of the denaturants with sulphur, was also 
feared ; that might occur with impure petrol as 
well, however. ‘The common denaturants for spirit 
used in Germany are methyl alcohol, benzene, and 
pyridine bases, and the erosion troubles are not 
serious. As regards recent German experiments 
onalcohol motors, we add the following notes, which 
we owe to Professor Delbriick, of the Institut fiir 
Gihrungsgewerbe und Starkefabrikation, of Berlin. 
This institute for fermentation and starch manu- 
facture has been extensively experimenting, and 
finds that the common denatured spirit (containing 
four volumes of methylated spirits and one volume 
of pyridine bases) may be burnt in motors without 
any trouble ; there is no corrosion ; the efficiency 
of the alcohol-motors exceeds that of the petrol- 
motor by from 30 to 35 per cent. On the other 
hand, the heat content of the alcohol is smaller 
than that of petrol, and this feature touches auto- 
mobiles in particular. They therefore tried highly- 
carburised alcoho], and found a mixture of 50 parts 
(by volume) of denatured alcohol, 25 parts’ of 
benzine, and 25 parts of pure benzene particularly 
suitable. 

Germany still leads in the manufacture and ap- 
plication of alcohol motors. But they are mostly 
for stationary plants, and the predicted develop- 
ment has not come. It is ely a financial 
problem, exclusively so, according to the just 
quoted Institut, the prices of ag and benzene 
having temporarily been lower than that of spirit. 
Alcohol for industrial purposes used to be duty- 
free in Germany ; that exemption was largely cur- 
tailed, and common denatured spirit is not cheap 
now; nor is it elsewhere on the Continent, for 
similar reasons. In Germany and Russia potatoes 
are the chief raw materials for spirit distilleries. 
In France it is the beetroot molasses ; if the beet- 
sugar culture should take hold in England, that 
will probably become the chief raw material here. 
Elsewhere plenty of other raw materials are at 
disposal. fi tropical countries various fruits, 
sweet potatoes, sugar-cane, sugar-corn, palm in- 
florescences, and agaves might be utilised ; in tem- 
perate latitudes, grain, sawdust, and peat. There 
is no doubt that a real demand for cheap alcohol 
could be satisfied. 








NOTES. 
Tue Fremere Mines. 

Mivinc engineers all over the globe will hear 
with regret that the famous old silver and lead 
mines at Freiberg, in Saxony, are finally to be 
closed this September. The Mining Academy 
of Freiberg only dates from 1765, and though 
this academy is not itself to be closed, so many 
mining engineers have received their training, or 
part of their training, over there, and gained 
practical experience down in the mines, that they 
will be sorry to learn that the working of the mines 
18 to be discontinued after 800 years of continuous 
activity. The Government of the kingdom of 
Saxony has not taken this decision without good 
teason. The mines simply do not pay any more, 
and operations have, in fact, for nearly twenty 
years been carried on at a loss for the purpose of 
preventing a calamity in the poor Freiberg dis- 
trict, where 3000 men and their families de- 
pended, in 1884, upon the mines for their bread. It 





is not that the mines have actually given out. But 
the decrease in the price of silver, and the increased 
difficulty of mining at ter depth, have killed the 
profits. Considering that the total silver which the 
mines have yielded would alone represent a value of 
some 45 million pounds at present prices, the 
Freiberg mines have not done badly. old chronicles 
have much to say of the fabulous wealth of Mark- 
grave Otto the Rich, of the House of Wettin (the 
reigning Saxon Dynasty, the oldest in Europe), 
who started the mines in 1168, and founded 
the town of Freiberg, and of his successor, Henry 
the Illustrious, who lived about 1220. Some of 
the later Markgraves and Electors followed the 
unfortunate tendency of German Princes to divide 
their dominions among their sons ; but the adminis- 
tration of the Freiberg mines always remained 
in common. In the past century the water supply 
for the mines caused very heavy expenditure. "The 
water had to be brought a long way and to be dis- 
c again through conduits 100 km. in length. 
In the year 1884 sixty different pits were being 
worked & the State and by private concerns.. In 
1886 the Saxon Government bought all the pro- 
prietors out, more in the interests of the mining 
yng than in the hope of realising a revenue. 

fact, in the ten years 1897 to 1 the State 
had to incur a loss of nearly one million pounds to 
keep the mines going. Of late two shafts have 
alone been worked, the Himmelsfahrt and Him- 
melsfiirst. But in spite of those ‘‘ heavenly” 
names, the fate of the mines is sealed; it was 
sealed in 1903 already, when it was resolved not 
to continue the working for more than ten years. 
But it is hoped that for educational purposes one 
shaft will be kept going. There is the Mining 
Academy, the Bergakademie, and, further, a 
Bergschule ; and, since there are smelting works 
near Freiberg, which draw their ores also from 
America and Australia, the closing of the historical 
mines does not signify the ruin of the minin 
industry of the district, though it will involve | 
hardship. 

Tue Ripgat-Evans CHLOROMETER. 


The use of chlorine as a sterilising agent has 
taken a new development of late, and the ordinary 
bleaching 
original field, in addition to sodium hypochlorite and 
to electrolytic bleach, which consists essentially of 
the same hypochlorite or of magnesium hypochlorite. 
The application of chloride of lime as bleaching 
powder is very old. Recently artificial silk works 
have found out that it is advantageous to add a 
little electrolytic bleach to their water to sterilise 
it, just as textile finishers prevent the growth of 
algze, which would stain the fabric, by these means. 
The treatment of sewage effluent and of potable 
water by chlorine has found favour especially in the 
United States and in the Colonies, where simple 
processes are desirable. As regards the sterilisa- 
tion of potable water, any excess of chlorine has 
carefully to be avoided, of course ; chlorine has a 
very unpleasant taste and odour, and though it 
does not attack the lungs as badly as is sometimes 
assumed, the prejudice against it is not unjusti- 
fied. In other cases an excess of chlorine, if not 
likewise injurious, is certainly wasteful, whilst the 
sterilisation will remain defective when an in- 
sufficient supply of chlorine is being provided. A 
simple ——— is therefore needed to indicate 


how much chlorine is actually available—that is to 
say, present in the free state or as hypochlorite, 
which will readily attack impurities and bacteria. 


Chlorine in the combined state as chloride has no 
disinfecting value, of course, and the old-fashioned 
name ‘‘chloride of lime” is objectionable, because 
the compound is really a hypochlorite. Such an 
apparatus has now been put on the market by 

essrs. Siemens Brothers and Co., of Woolwich. 
It is the chlorometer of Dr. Samuel Rideal and 
Mr. Evans, who have long been working in. this 
field. The instrument comprises a small cylinder 
of copper, through which a branch current of the 
water to be examined is passed ; the instrument 
determines the rate of flow, and shows the amount 
of available chlorine. The latter is read directly 
in parts of chlorine per 10 million parte of water. 
The copper cylinder is part of an electrolytic couple 
consisting of a cop tube 3.5 cm. high, 4 mm. 
internal diameter, and an axial rod of platinum ; 
binding screws are attached to the copper and 
the platinum, in order to join the cell to a 
current-meter ; a battery is not needed. A plug 
has to be inserted into one of the terminals 


wder has found application outside its | ¢ 





to close the circuit. The cylinder is provided 
with two side tubes, one near the bottom, the 
other near the top; insulated sleeves fit over 
these side tubes, which are both provided with 
taps. The water enters below and leaves above. 

en the rate of flow has been ascertained, the 
upper tap is closed ; it is opened only for taking a 
reading, which does not occupy more than a minute. 
If desired, the water can always be allowed to circu- 
late through the apparatus ; from 2 to 4 gallons 
of water would be required per hour in that case. 
The apparatusdoes not depend upon the conductivity 
of the water under test; the conductivity would, 
of course, be influenced by any salts like sodium 
chloride and sulphate present, which are useless as 
disinfectants. The principle of the measurement is 
that the free available chlorine acts as a depolariser. 
We mentioned already that there is no source of 
external current. @ apparatus represents a 
voltaic couple, in which a current flows and hydro- 
gen is generated as soon asthe circuit is closed. If 
the tube consisted of zinc, there would be a lively 
generation of hydrogen. As the tube is made of 
copper, the generation of hydrogen is slow and 
imperceptible, and it would soon stop if the water 
did not contain free chlorine. is chlorine 
combines with the hy en liberated on the 
platinum, and depolarises it, thus reducing the 
resistance of the circuit and allowing the current 
to flow again. Being a depolarising cell, the 
apparatus could likewise be utilised for the 
determination of other oxidising agents, like potas- 
sium permanganate, ozone, &c., and if any of these 
substances were present—which is not likely with 
disinfection by chlorine—ib would be impossible to 
say at once to which agent the depolarisation were 
due. For water disinfection by chlorine, the 
apparatus need not be calibrated for higher concen- 
trations than five parts per million, that is, fifty 
divisions on the scale mentioned. The copper is 
slowly attached and dissolved ; but the tube will 
last several years, and can easily be renewed finally. 








Tur ANNUAL DINNER OF THE ACETYLENE AND WELD- 
ING ASSOCIATION.—The annual dinner of this Associa- 
tion, which was very well wy) on Tuesday 
evening last, the 20th inst., at the Café Monico, Piccadilly 
ircus, the newly-appointed president, Mr. E. W. Sprott, 
being in the chair vacated by Mr. K.S. Murray. This 
Association ap) to be in a flourishing condition, 
having greatly increased its membership during the last 
year, and widened very considerably its sphere of 
influence. Dr. Clay, of the Northern Polytechnic, in 
proposing the toast of ‘‘ The Association,” spoke of a trip 

e recently made to the Continent in order to see 
what was new in connection with the acetylene industry, 
and he had found an acetylene welding department at 
Cologne. The note sounded more clearly than any other 
by the various speakers who followed was that more good 
technical instruction was required, properly-trained men 
being very necessary, one speaker maintaining that the 
reason why acetylene welding had not been more exten- 
sively taken = was because of the lack of this training ; 
and he thought the efforts made by Dr, Clay at the 
Northern Polytechnic were in the right direction. The 
evening passed off very pleasantly. 


PeTrRoLeumM CaARBURETTOR.—There has recently been 
constructed by the Standard Petroleum Carburettor 
are Company, Limited, Bridge Chambers, 171, Queen 

ictoria-street, London, E.C., a special form of carbu- 
rettor, by means of which petroleum or paraffin can very 
efficiently be used as fuel in motor-vehicles, the arrange- 
ment being such that the oil can be used either alone or 
in conjunction with petrol, the change-over from one to 
the other being effected in a very simple manner by 
means of a three-way cock. The paraffin atomiser is of 
the ordinary float type, with some special internal modifi- 
cation, and the oil is drawn into the ine by suction 
through a vaporiser in which there isa coiled pipe through 
which the exhaust gases pass. From the vaporiser t 
mixture passes to a three-way cock and thence to 
the motor. The three-way cock is also connected to a 
petrol carburettor, so that either paraffin or petrol can be 
used as desired, or a varying mixture of both can be sup- 
plied to the engine. The lever which actuates the three- 
way cock is brought up beside the driver, and the change 
over from one fuel to the other can be made in a moment. 
The motor is started on petrol, and can in a very short 
time be turned on to paraffin. The shortest time in which 
the change to ffin has been made, commencing with 
the engine cold, was, we understand, 1 minute 36 
The appliance has, we are informed, eon A undergone 
the 1000-miles trial of the Royal Automobile Club with 
complete success, and we ourselves have had the oppor- 
speared i eek sung eqeiaetoolth ean Wales o> tenn 
a to work very sa y, ing no trace 
changes 





smoke from the exhaust at any time. Frequent 
from paraffin to petrol were also very quickly 
made while running. The car on which we saw 
apparatus tested was one of 20 horse-power, and, fitted 
with the carburettor in question, it would, we were in- 
formed, run just under 34 miles on 1 gallon of paraffin 
and about 27 miles on 1 gallon of 
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‘POINTS IN THE DESIGN OF FERRO- 
CONCRETE ARCHES.” 
To THe Eprrog oF ENGINEERING. 

Siz,—In reply to Mr. Booth’s remarks on the above, 
in your issue of May 9, page 645, may I point out the 
following :— 

Referring to the design in question, the object of the 
cantilever was to get as much load as possible on the 
battered piles. If this load had been applied otherwise, 
the battered piles would not have had the full benefit of 
the load ; and had they been placed at “‘ A ” (see Fig. 25, 
in your issue of April 25, page 556, reproduced herewith), 
so as to get the dead-load straight on them (as Mr. Booth 
7“ te), the load taken by them would only have been 

rd to the tive bending moment on the 
cantilever due to this dead-load, Mr. Booth is quite right 
in assuming that the effect of this on the arch, it been 
transmitted through the abutment, would have been a 
weakening of the rib, inasmuch as it would uce an 
additi negative haunch moment and a positive crown 
moment-—i.¢., a downward deflection at the crown, at the 
same time reducing the thrust. 

The bending moment from the cantilever could not, 
however, be transmitted to the arch, as this would have 


With 





ledge impose limits to the application of clear thinking. 
We can only safely say of inhnity in time or space, “I 
te ‘hong dent, W. Preidel, has 
1 © your corres ent, W. Preide some 
such idea as this in bis told when he desires to limit 
writers to the finite in time and spece. This corre- 
spondent also makes the statement, which perhaps ex- 
resses “‘Fact’s” opinion as well: ‘‘There can be no 
ridge between the finite and infinite, neither in time nor 
in space,” but it seems to me this statement can only 
remain unchallenged on the understanding that there is 
no gap requiring to be bridged over, for finite time or 
8 can caais be i ined to increase or decrease con- 
tinuously until it becomes what we understand by the 
terms “infinitely large” and ‘‘ infinitely small.” 


Yours truly, 
May 20, 1913. 8. G. 


To THE Eprror or ENGINEERING. 

S1r,—The subject raised for discussion by ‘‘A Thinker” 
in your issue of the 18th ult. has something in common 
with the Mediterranean, as most things worth knowing 
about it were known to the ancients. 

Some months ago I had occasion to consult the Physics 
of Aristotle to find out where he made the statement, 
attributed to him by Galileo and later writers, that a 
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required an abutment free to turn as a fulcrum. If the 
movement of the abutment is restrained, the cantilever 
moment will be taken up by the abutment itself before it 
reaches the rib. In the case in point the abutment was 
a rigid mass that could not possibly turn on account of 
the piles, and the cantilever moment would simply be 
taken by an increase or decrease in the compression stress 
of the piles, resulting in an infinitesimal mov t of 
the abutment that could not possibly have any practical 
effect. 





Yours faithfully, 
R. N. Srroyer. 
Archangel Steel and Concrete Works, Archangel 
Wharf, New Cross, London, 8.E., May 19, 1913. 





TIME AND SPACE. 
To THe Eprror or ENGINEERING. 

S1r,—I should like to suggest as an improvement on 
the definitions of time and space given and quoted by 
your correspondents the following :—Time and space are 
those undefinable entities in which all motion takes place, 
and without which it is inconceivable that any motion (or 
change) could take place. With regard to space, motion 
is reversible; with respect to time, it is irreversible. 


When considered apart from measurements, no limit or | gra 


end to either is imaginable ; this is ye by calling 
one infinite and the other eternal. Similarly, no limit can 
be possible to numbers or divisions, but we can alter 
these at will within certain physical boundaries, while 
space, time, and many other things are absolutely 
beyond our individual or corporate control. The problem 
of the number of stars and the problem of the nature of 
space are entirely distinct ones, and must no more be 
confused than the dimensions of a boat with the area or 
salinity of the ocean on which it steams. 


Yours truly, 
Derby, May 17, 1913. E. D. 


HEARN. 
To THe Epiror or ENGINEERING. 

Srtr,—On reading ‘* Fact’s”’ first letter I certainly con- 
cluded that he was a dogmatist, and I wrote, perhaps 
more strongly than was necessary, to protest against the 
introduction of assertions that seemed likely to confuse 
an already sufficiently difficult subject. However, as it 
ap from a second letter that he is an agnostic, any 
diferences in our views are probably more apparent than 
real, due, as he rightly says, to the fact that ‘* words are 
very inadequate means of expressing ideas about matters 
which are not concrete.” 

Time in its most eral sense has, for me, no begin- 
ning or end. I find no reason to believe that at some 
definite point in the past there was a sudden beginni 
of time—or, in other words, a sudden appearance o 
matter in motion. Neither can I find any reason for 
believing that at some definite point in the future there 
will be a sudden disappearance of matter in motion. So 
that while any two events must be separated by a measur- 
able period, time in its entirety is, to me, immeasurable. 

Now it is quite possible that ‘‘ Fact” finds reason to 
believe quite differently to this, but just as in my case I 
do not claim that my view is ayo because, in 
“A Thinker’s” words, ‘‘ I don’t know,” so I hold ‘‘ Fact” 
would not be entitled to claim correctness for his view. 
Hence my remark of ‘‘ Fact’s” first letter. 

Similarly with space ; — any two portions of 
matter in 1t must be se ted by a measurable distance 
at any given moment, I see no reason to doubt that they 
might move continuously away from one another for ever, 
or, in other words, that space is immeasurable in extent ; 
but, in, ‘‘I don't know” that this view is correct. 

" hinker” says, ‘‘ clear thinking helps one to realise 
the limitatiens of knowl .” He might, with equal 
truth, reverse this, and say that the limitations of know- 








2-lb. weight fell twice as fast as a 1-lb. weight. The 
reference was said to be Book IV., Cap. VITI., Sec. VIII. 
Finding both the original Greek and the Latin literal 
translation obscurely worded, I went to the British Museum 
and turned up the mine edition of the collected works 
of Aristotle’s greatest commentator, St. Thomas Aquinas. 
There I found the passage and the meaning of it, and 
copied the headings of the first fifteen lections of the 
fourth book. They begin with :—(1) ‘‘It pertains to 
natural philosophy to determine concerning localit 
(locus). Arguments to prove that locality has existence.” 
(2) “‘ Six arguments to prove what locality is not”... 
(9) ‘‘It pertains to natural philosophy to determine con- 
cerning vacuity (vacuum). Opinions and arguments of 
those affirming and denying that vacuity has existence” 
> oe (11) “Kx parte motus ostenditur non esse vacuum sepa- 
ratum” ... (15) ** Disputatur an tempus sit et utrum 
sit idem nuno in toto tempore.” 

Lection 11 contains the passage which I sought. Need- 
less to say, Aristotle never said anything so foolish as that 
which has been foisted on to him. @ motion which 
he terms motus naturalis is precisely and technically 
translated into the language of modern ballistics by the 
expression ‘‘ terminal velocity,” reached when the retar- 
dation of the resisting medium equals the acceleration of 
vity. 

The next lections (of which I have not the headings by 
me) go on to discuss with the acumen which might be 
expected of the greatest of the ancients, and with the 
clarity of intellectual vision of the greatest of the much- 
abused scholastics, what duration (tempus) is and is not, 
and its attributes, and constitute the mine whence 
Berkeley and Kant quarried many of their most subtle 
distinctions. 

Your obedient servant, 
J. H. Harpcoastxe, Captain (late), R.A. 
27, Cranbrook-road, Bristol, May 21, 1913. 





QUESTIONABLE ADVERTISING. 
To THE Eprror oF ENGINEERING. 

Sir,—A new commercial terror has arisen that may 
have far-reaching co uences—I refer to the new system 
of advertising ind in by many manufacturers and 
factors in announcing their trade productions in the 
of half-penny, penny, and weekly newspapers. Publicity 
is an excellent thing, and the seller of useful commodities 
who hides his whereabouts under the proverbial bushel 
wants shaking up. Manufacturers are a national asset, 
and so are traders; but if a firm wishes to act the 
dual réle, many complex polteme arise, which may have 
most disastrous results. e daily newspaper is read by 
the general public, who are supplied by the trade. If a 
maker wishes to supply the general public direct him- 
self, why should he ask the trade and professional men to 
support him? Nor is this all. There is a comic side to 
this new system of publicity hysteria. For the maker of 
ponderous boilers to be sandwiched between petticoats 
and frills, for steel bars to be neighbours to f t scents, 
for steam-engines to be puffing between hobble skirtsand 
men’s neckties, are a medley, exceptionally humorous, 
even if ‘ey And it may prove grim humour 
to many. hat does the clubman, the local belle, the 
boarding-house keeper, the cook, and the general slavey, 
who read the half-penny and penny newspapers, want to 
know of iron and steel productions? Let the cobbler 
stick to his last. Let the daily newspa stick to 
general merchandise as interests general public. 

Paper for paper, the advertisement columns of the 
trade paper are better edited than the advertisement 
columns of many daily papers. What would the profes- 
sional man and engineer think if he saw in his trade 
journal advertisements of hams, stockings, whiskey, boots, 
and the general necessaries of life? Trade papers are not 





poachers as a rule, but maintain the dignity and su 

the industry they represent. With thes 1 new polar ay 
general publicity, the names and addresses and trade 
secrets are being poured into the eyes and ears of the 
general market. Such imprudent procedure disorganises 
the trade, causes unfair competition; and legitimate 
traders and professional men cannot utilise such articles 
that are played football with by the general public. If 
a maker wants to do a direct retail trade, let him do it; 
but he must not expect the trade and the profession to 
ee him. These wonderful - expansion - of - trade. 
schemes-ail-over-the-universe at so many pounds per 
inch may suit hysterical markets ; but snetale are made 
of sterner stuff. 


London, W. 


Your obedient servant, 
BUYER AND SHIPprr. 





CENTRIFUGAL PUMP DESIGN. 
To THE EpiTor oF ENGINEERING. 
Str,—The question raised by Professor Chatley on the 
theory of turbines and centrifugal P gan in his letter 
published in your issue of April 25, 609, is one 
which puzzles all students of hydraulics on first approach- 
ing the subject, and is caused by what I consider to be an 
erroneous method of proving that the work done per 
pound of water is equal to the difference between the 
products of the velocity of wheel and whirl at inlet and 
outlet respectively. he usual method is to treat the 
problem as one in linear momentum, assuming the water 
to have its momentum changed at the inlet and outlet 
tips of the blades. This is a proof on an assump- 
tion which cannot be evenly approximately true. But 
Professor Chatley is quite wrong when he argues from 
this that the basic formula is wrong, as he would readily 
see if he dealt with it as a problem, not in linear, but in 
r momentum. 

Yours truly, 

Bradford, May 19, 1913. W. M. Wat.ace. 





SEMI-STEEL. 
To THE EpiTor oF ENGINEERING. 

Srr,—I notice in your edition of March 21 last, page 390, 
which edition only arrived this mail, due to the condition 
of affairs obtaining in this country, that in describing 
Messrs. Bagshaw and OCo.’s concrete-mixer, you state 
that the mixing-drum is made from a mixture of 
‘*semi-steel.” Now, especially in this country’s mining 
industry, we are continually encountering this material, 
used for tube mill-heads and shoes and dies for stamp 
batteries (it is also known here under the name of “ ferro- 
steel”), and it would be a great assistance to many to 
know what is meant by this name. 

It appears to me that a casting is either steel or iron, 
and that it cannot well be made of an admixture of these 
two materials, since the moment that steel is melted up 
in the cupola with pig or scrap iron, the result, as far as 
a goes, is cast iron pure and simple. 

he composition of the semi or ferro-steel seems to 
be wrapt in mpeg, except to those interested in the 
sale and manufacture of it, and even they find great 
difficulty in explaining it, their explanations being soon 
fined down to, ‘‘It’s a sort of a kind of . . .” and there 
they seem to stop short. As far as I have been able to 
discover in conversation with metallurgists here, ferro- 
steel is probably a species of vanadium-iron alloy, and has 
no claim whatever to the name of steel. This is further 
carried out by fractures that I have seen of this material, 
which do not appear in the least like a fracture of cast 
steel, but merely of cast iron. 

Perhaps some of your readers can throw some light on 
this matter, which will assuredly be of interest to many 
engineers in this country and elsewhere. : ; 
' hanking you in anticipation of your publishing this 
etter, 

T am, Sir, yours faithfully, 
J. J. Rurrer Lawrence, A.M.I. Mech. E. 

Mexico, April 18, 1913. 





Tuer Japanese Navy.—The Japanese Government has 
ordered three ironclads of the Fuso type. They are each 
to have a displacement of 31,300 tons, and they are to 
steam at the rate of 22 knots. Two of the new ironclads 
are to be constructed in private Japanese yards, while 
the third will be built in the Government arsenal at 
Yokosuka. 


Tue Junior InsTiTUTION oF ENGINEERS.—On the 
twenty-ninth anniversary of the foundation of the Junior 
Institution of Engineers, Monday, June 30, 1913, at the 
Institution of Electrical Engineers, Victoria Embank- 
ment, the second Gustave Canet lecture will be delivered 
by Dr. Dugald Clerk, F.R.S., who has chosen as his sub- 
ject ‘*The Working Fluid of Internal - Combustion 

ngines.” The late M. Gustave Canet (Past-President 
of the Institution of Civil Engineers of France) was 
President of the Junior Institution of Engineers in 
1907-8, his death occurring at the close of his term of 
office. In accordance with a wish he had expressed, 
Madame Canet, MM. Paui and Albert Canet, and their 
families, ted a sum of money to the Institution 
to provide a gold medal, in commemoration of his presi- 
dency. This gold medal is awarded quedrensially to an 
officer or member of the Institution invited by the 
Council to deliver a lecture on a subject of importance 
to the engineering and scientific world. The first award 
was made in 1908, the lecture on ‘“‘The Engineering of 
Ordnance,” being delivered by Lieutenant (now Sir) A. 
Trevor Dawson, R.N., M. Inst. C.E., M.I. Mech. E. 
(President of the Institution 1912-13), who will preside on 
the occasion of Dr. Dugald Clerk’s lecture. 
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AUTOMATIC TURN-OVER 


MESSRS. STOTHERT AND PITT, LTD., ENGINEERS, BATH. 


CONSTRUCTED BY 


Fie. 3. 


Tar turn-over skip which we illustrate above has 
been recently patented by Messrs. Stothert and Pitt, 
Limited, Bath, and some novel features. 
It can be automatically discharged, and also re-set 
by simply lifting and lowering it with the crane- 

t Our illustrations show four views of the 
appliance, from which its action will be understood. 

of the essential points of the arrangement is 
that the trunnion of the skip is placed out of the 
centre, as may be seen by our illustrations, and this 
gives ~ decided pressure of the pawl against the 
ratchet. When loaded the skip swings plumb, because 
~ mle takes an inclined position to the left, as in 

ig. 1. 

The bias referred to makes the skip secure when 

g Swung from a crane, and does away with all the 
automatic catches which have been previously tried. 
The skip is first placed in an upright position; it is 
then filled and lifted by the crane, and moved into the 
required place, a ing as shown in Fig. 1. It is 
then lowered to the ground, and the bale is allowed 
to fall over to the side to which it is inclined. This 
carries the pawl down the ratchet out of action, and 

bale eventually reaches the position shown in Fig. 2, 
‘nd nearly horizontal. On lifting again the pawl 
engages with another tooth of the ratchet, and the 








SKIP. 


Fic. 4, 


whole skip is turned over and the contents are dis- 
charged. When this has taken place the skip is in 
the position shown in Fig. 3. It is then brought back 
to the place of re-filling and is lowered to the ground, 
the bale again falling over till it reaches the position 
seen in Fig. 4, after which, when the bale is again 
raised, the skip will automatically re-set itself for fill- 
ing, as in Fig. 1. The pawl is quite automatic in ite 
action and requires no attention whatever. The two 
catches on the upper edge of the skip are provided 
for convenience in holding the bale upright while 
filling. They are made double, so as to be used from 
either side. When the skip is lifted they release 
automatically. It has been found that when the skip 
is discharged rapidly it has often sufficient inertia to 
re-set itself without the bale being lowered, as in Fig. 4. 





Lieut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Order made 
by the Light Railway Commissioners :—Harrington and 
Lowca Light Railway Order, 1913, authorising the acqui- 


sition, reconstruction and working for t 
as a light railway under the a Railways Act, 1896, of 
an existing mineral railway from the Harrington col- 


lieries at Lowca to in the county of Cumber- 
land. 





THE LYNTON PRESSED-STEEL BAND- 
TYRE WHEEL. 


Tue introduction of mechanically-propelled vehicles 
of the heavy types soon showed that a metal wheel 
was necessary to withstand the shocks and to transmit 
the propelling force to the chassis. Cast-steel wheels 
have up to the present been very widely adopted, and 
the manufacture of these wheels, both as regards 
material and design, during the last few years has 
been greatly improved. But manufacturers of motor 
vehicles are endeavouring to eliminate cast material 
from their chassis wherever wrought material can be 
introduced with advantage. To this end the Lynton 
Wheel and Tyre Syndicate, of Longford Bridge, 
Warrington, are introducing an hydraulically pressed- 
steel wheel made throughout from wrought steel, and 
offering the simplest ae quickest facilities for tyre re- 

lacement when necessary. The wheels are made 
suitable for single and double-tread tyres, in various 
diameters, and can be adopted to any type of vehicle. 
The principal features are as follow :— 

A is the tyre, which is vulcanised to the special 
T-section steel band marked B. C,C are sectional 
felloes, made from wood, fibre, metal, rubber, or any 
other suitable material. D, D are the side steel 
pressings forming the body of the wheel, and are 











secured to the hub-flanges E and F. It will be noticed 
that one flange E is cast with the hub, while the 
other is driven by a feather-key, so that both members 
transmit the drive. There is a plate running in 4 
groove in the central nut G. It is obvious that by 
screwing up the central nut the two discs are forced 
together under the wedge-shaped felloes with such 
pressure as thoroughly to secure the tyre ; it is impos- 
sible for the tyre-band to become detached. When a 
tyre requires replacing, by unscrewing the central nut 
G, the * ages running in its groove acts as a ‘‘ drawer” 
until the nut is clear of the end of the thread, when 
the disc and its flange can be drawn over the key, and 
the band and tyre can be removed. 

These wheels are to be manufactured in all strengths, 
and for use with steel tyres as well as rubber. It will 
be possible to change from rubber tyres to steel tyres, 
in accordance with the load and character of the road 
over which the vehicle has to work, or, when it is 
necessary to adopt a trailer, by fitting a little larger- 
size felloes, the same wheel will take a steel tyre. 

Another advantage to be derived from this type of 
wheel is that the largest size of band-tyres can be 
mounted without the use of any special tools, such as 
presses, &o. The special T-section band upon which 
the tyres are mounted is rolled from the solid, the 
side members being pressed from steel blanks. 





Frencu Raitways.—Theav of line worked 
last year upon the Paris and Orleans Railway was 4667 
miles. The revenue acquired was 12,040, . in round 
figures, while the working expenses of the year were 
6,760,0001. The receipts expanded to the extent of 
780,000/., while the increase in the working expenses was 
something less than 360,000/., so that the net revenue 
was more by 420,000/. The ratio of the working expenses 
to the traffic receipts in 1912 was 56.06 cent., a8 com- 
pared with 56.80 per cent. in 1911. the increase in 
the receipts last year, 185,600/. was derived from gers 
and 447,800/. from goods. The increase in the was 
7.16 per cent. as compared with 1911, and an30 per cent. 
as compared with 1901. The results achie by the 
company last year were satisfactory, but they a have 
been still better if the council of administration had 
not had to provide for a new pension law, and also if it had 
not made wages concessions to meet the higher cost of 
living. The company’s coal ——— -¥~ has now reached 
nearly 200,000 tons per annum. In addition to their 
wages, the company’s emplo received last year 
bonuses to the extent of 11011,600., equivalent to an 





addition of nearly one-third to their wages. 
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STUDIES IN THE COLD FLOW OF STEEL.* 
By Percy Lonemurr, M.Met. (Wortley, Sheffield). 
A paper dealing with some aspects of wire-drawin| 

was presented at the last meeting of this Institute, an 

the present —_ represents further work in the same 
direction. Owing to the complexity of the -—-~ in- 
duced by cold flow, results can only be presented after re- 
ae confirmation. Possibly no other field of metal- 
urgical research stands in such need of repeated con- 
firmation as that of studies in cold flow. A good 
illustration of this lies in the generally accepted view, 
that the density of metals is increased by cold work. 

Thus Bruntont has shown that :— ; 

“Tt is — to increase the specific gravity of steel 
to 7.998 from 7.768 by cold work, and when it hes 
this point and is again subjected to a crushing action 
by pulling through a die, it actually gets lighter, show- 
ing that it is impossible by this means to make it more 


jense. 

In 1904 Kahlbaum showed a loss of density in pla- 
—_ due to drawing, and one set of results are as 
‘ollows :— 


Rolled and forged rod, 3 millimetres diameter... 
Wire, cold-drawn to 1 millimetre... ae oe 
annealed three minutes at a white heat ... 
cold-drawn to 0.7 millimetre a °$ 
annealed three minutes at a white heat ... 
cold-drawn to 0.4 millimetre sui ms 
annealed three minutes at a white heat ... 


Goerens{ quotes various authorities, and shows that 
**more recent experimental evidence supports the view 
that the density of cold-worked metals is increased by 
yea is, by the change into the soft con- 

ition,” 

With steels the initial difficult; 
peated confirmation, and although this may be due to 
varying errors in determination, there is still a range of 
variation due to sources outside those of experimental 
error in method. 

The work done in this section has not proved conclu- 
sive, and no definite rule has been found. Various 
classes of steel of varying carbon content have been tested 
at different stages of drawing, from 5-gauge rod to 
25-gauge wire, and in the absence of overdrawing there is 
an apparent Leesa a to decrease in specific gravity as 
the wire is diminished in size by drawing. Further, the 
increase in maximum stress values due to cold work is 
not necessarily associated with a rise in specific gravity. 
However, this aspect of the subject requires far more in- 
vestigation before definite statements can be made. 


A 
A series of steels have been drawn by successive re- 
ductions of 0.001 in. from rod to fine-gauge wire. The 
original rods were annealed, but no heat treatments were 
oo during drawing. The analyses of three of the 
steels are : 


lies in obtaining re- 


oie 
\Steel No. 1. Steel No. 2. Steel No, 3. 





Per Cent. 
0.10 | 
0.89 
0.06 
0.103 
0.307 


Per Cent. | Per Cent. 
0.48 0.89 


0.78 
0.07 
0.035 
0.046 


Carbon % 
Manganese .. 
Silicon 
Sulphur 
Phosphorus .. 





After annealing in the rod these steels were drawn 
down by successive reductions of 0.001 in. until they 
would not admit of further cold flow. Details of Nos. 1 
and 2 have been previously published by the author,§ but 
taking the three steels together the effect of cold work 
in successive small increments may be summarised as 
follows :— 

Tensile Tests. 


Condition. 


‘Total Re- 
duction in 
Maximum | 

Stress, Tons 
per Square 

Inch. 
Reduction 
of Area 
per Cent. 





Annealed rod, 0.201 in... 
Wire, 0.072 in. .. eel 
~~ ae .. se 
Annealed rod, 0.214 in. .. 
Wire, 0.072 in. .. .. 

» O<.056in, .. 
Annealed rod, 0,212 in. 
Wire, 0.072 in. .. 


2S 
td 


15 





‘i 3.24 

As the 0.89 per cent. carbon steel (No. 3) could not be 
drawn beyond 0.072 or 1:)-gauge without heat treatment, 
the corresponding values for Nos. 1 and 2 are included. 
This comparison table is of considerable interest; for 
example, a steel containing 0.1 per cent. sulphur and 0.3 
per cent. phosphorus by cold flow alone, admits of an 
initial maximum stress value of about 36 tons 
sq. in. being raised to the high value of 112 tons. is 
class of steel is largely used in the form of drawn bars or 
wire for use in automatic lathes for the rapid production 
of machine details. Although so largely used, and in 
om oe read before the Iron and Steel Institute on 

ay 1. 

+ Journal of the Tron and Steel Institute, 1906, No. IT. 
} Zbid., 1911, No. ITT. 

§ Journal of the Iron and Steel Institute, 1912, No. II; 
ENGINEERING, October 11, 1912. 





TABLE I.—Tests or Wirz Drawn in Successive Stages rrom A Composite Incor (Page 718). 





piers { 
GavuGe or Wirt. | 

recess) 7 
Taken Off, 


oo. Remarks in Drawing. 


Before After 
Drawing. | Drawing. 


Maximum 
Stress, 
Tons per 
Sq. In. | 


Tensite Tests. 





Elongation | Reduction State of Wire in Process, 


per Cent. on) of Area 
2 In. per Cent. 








~ 
&2 


Level ended 


” 
Level ended 


Level ended 41 


” 


Pulled out 0.001 in. | 


” ” 


0.001 ;; 
Pulled out 0.0005 in. 
0.0005 


oh eel cell all well lh aol aed 
CBINAGSeSKOOCNIAOo 


| 


adaamanaaannencan 


SSRSs 


wr 

oO 

22 

© es esc Sf 22S SSP 


$3! 88! 365! Ss! 88! ga! | 


Pulled out 0.0005 in. 
Level ended 


33.30 
46. 
50. 
25.00 
| 
ss 45. 

| 9B 


Hot rolled. 
Annealed, cleaned, and blued. 
After drawing first hole. 
es a second hole. 
70.00 | Annealed, cleaned, and blued. 
58.58 | After drawing third hole. 
= a fourth hole. 
| Annealed, cleaned, and blued, 
| After drawing fifth hole. 
Scam a sixth hole. 
Annealed, cleaned, and blued. 
After drawing seventh hole. 
lL. Pes eighth hole. 
| oo pa ninth hole. 
| Annealed, cleaned, and blued. 
After drawing tenth hole. 
= e eleventh hole. 
| Annealed, cleaned, and blued. 
| | After drawing twelfth hole. 
_ » thirteenth hoie. 


52.25 


42.04 
41.64 


0 
50 





50 
50 
00 
00 





TABLE II.—Tzsts or Wire Drawn tn Successive STaGes FROM A Composite INGor (Page 719). 


aa 
G2 G2 


_ 27 
0. Level ended 41 
0.032 * H 

0.015 e | 
0.015 ” 


Sosa 
QAaa2Q 
3! | 


~ 


34.50 
-75 | 
-00 
48.50 
50.50 
39.50 


Hot rolled. 

Annealed, cleaned, and blued, 
After drawing first hole. 
second hole. 
third hole. 
fourth hole, 


38.00 
56.50 
33.62 


23.50 | 

31.25 | 
6.75 
5.60 ° ” ” 
3.00 } od ” ” 
2.15 | . 9 99 


IIl.—Tests or Wirz Drawn In Successive Staces FrroM A Composite Incor (Page 719). 


0.086 Level ended 
0.082 = 
0.025 - 


0.024 Level ended 


OW OnE 
Qa 


hte) 
2Q2aQ 


~ 
3 
ie) 


Level ended 
Pulled out 0.002 in. 


Pulled out 0.0018 in. 
Re 0. 
0.0005 ,, | 


oe 
~_ 
Q 





| Hot rolled. 
After drawing first hole. 

~ second hole. 

io - third hole. 
Annealed, cleaned, and blued. 
After drawing fourth hole. 

os ~ fifth hole. 

a. > sixth hole. 
Annealed, cleaned, and blued. 
After drawing seventh hole. 

ne i eighth hole. 

- me ninth hole. 
Annealed, cleaned, and blued. 
After drawing tenth hole. 
eleventh hole. 
twelfth hole. 


oR ore 8 
s 


S ge 30 on See oo Bonen, 
SSSESESSRSSSS 


= 


go go 
2s 


” ” 


IV.—Tegsts or Wirz Drawn IN Successive Stages From A Composite Incot (Page 719). 


Level ended 


» 


Pulled out 0.0005 in. 
» Oe » 
aa 0.001 ,, 
“a 0.001 ,, 


ee et et 
aCnwawere On 
ARQAAee! 


RAQQAVOOOlQ 


loetkautiantiond 
NOG Osta 


| 


| 30. 
4l. 
47. 
53.20 
61. 
66.00 
71. 
76. 


| Hot rolled. 

After drawing first hole. 
second hole. 
third hole. 
fourth hole. 
fifth hole. 
sixth hole. 
seventh hole. 


25 
00 
65 


ripe B 
3S 


SSRSSSSE 


Fas 
75 


00 
70 


Pars 





spite of the admirable flow illustrated here, the steel is 
not safe as resistance to suddenly applied loads. 

Steel No. 2, which is normal as regards analysis and 
contains 0.48 per cent. carbon, has its stress value raised 
by cold work from about 43.5 to 100 tons per square inch. 

Steel No. 3 shows a nearly corresponding increase, and 
it is an interesting fact to note that the final effect of cold 
work, as judged by tensile tests, does not materially 
differ in the case of three steels very dissimilar in com- 
position. Intermediate effects are shown in Figs. 1, 2, 
and 3, e 717. Taking Fig. 1 first, the maximum 
stress values of the three steels are shown at each stage 
of cold drawing. The chief interest lies in the fact that 
no real breaking-down point is indicated in any of the 
steels. Fig, 2, whilst more erratic than Fig. 1, still 
shows that, as far as reduction of area after fracture by 
tension is concerned, there is still no sudden ing- 
down point. With maximum stress values the incre- 
ments fall on a more or less ually inclined line. and 
@ very similar remark is applicable to the comparatively 
steady decreasing values in reduction of area after the 
fracture. 

These features are not shown in Fig. 3, for the elonga- 
tion after fracture rapidly falls, and then becomes almost 
steady, irrespective of further cold work. It will be 
noted that with each steel after passing a certain point 
a nearly straight line follows, and, further, the three 
steels do not give widely dissimilar values. 

It should be noted that the fo: ing do not represent 
commercial conditions of drawing, the reductions per pass 
are slight, and the results obtained represent the effect 
of flow in successively small stages. 


II. 


Steel No. 1 shows that the presence of appreciable per- 
centages of sulphur and phosphorus do not retard flow. 
The effects of various elements have been examined, but 
for the present it will suffice to give an illustration from 
eon — drawn —., commercial my 

icon, when present in a 8 in ranges v ng from 
traces to 2.5 per cent., does not santertally’ ot t flow, 
providing annealing and cleaning conditions are suitably 
modified. The following steel contains, in addition to 
silicon, an appreciable amount of aluminium :— 


Steel No. 4. 
Pe 
Carbon... 
Manganese 
Sulphe 
ulphur... 
Phosphorus 
Aluminium 


The flow effects as judged by tensile tests at each stage 
of commercial drawing are shown in the following 
table :— 

Steel No. 4. 


Tensile Tests. 


Tons per | 


Sq. In. 


Elongation | 


State of Wire in 
Process. 


2 
aS _ 
; 1s 
Off. Inch. 
Maximum > 
Stress, 
per Cent. 
on 2 In. 
Area — 


Decimals Taken 
of 


Reduction 





Rod. As annealed. 
Cleaned and blued. 

After first hole. 
|As annealed. 
60.00 |After second hole. 
50.69 After third hole. 
54.43 |As annealed. 
29.41 |After fourth hole. 
22.32 (After fifth hole. 
76.66 |As annealed. 
67.60 |After sixth hole. 
61.20 |After seventh hole. 
80.00 |As annealed. 
53.33 | After eighth hole. 
58.83 After ninth hole. 


go 
~~ 
a 





oSe 
83s 





be Bon 


w 


SUULLSEReewace o | Betore. 
BSISeISElesle | | Atter. 
PO PO pw wm ON BO 


sesssssssz 


levelling up at each annealing stage is worthy of 
note, and in the stages indicated drawing may be readily 
carried down to 34 gauge. Wires of this composition 
possess a higher permeability for magnetism than pure 


commercial iron. 
Electrical resistivity is also increased by the presence 
a fact of value in stifling ew | 


The 


of silicon ~y a, - . : 
currents, and consequent loss o wer to the magnet. 
typical resistivity value of steel No. 4in 5-gauge rolled rod 
is 40 michroms per cub. cm. This value is slightly in- 
creased by cold work, and the finished wire will vary from 
43 to 45 microhms specific resistivity. 


ITI. 


Rn commercial Bo pect mp oat ating pan 
the steels emplo in carbon from s to 

1.6 per pos The higher ranges are usually limited to 
crucible steels, and according to carbon contents the 
drawn wire is fashioned into dental or surgical instru- 
ments, hand or machine sewing needles, sensitive springs, 
| fine tools, &c. The properties required in the wire are 
ease of machining, allowing ready manipulation into ~ 
|form. The properties required in the finished ai 
| are essentially those imparted by the presence of car 
'—that is, keen cutting edges, penetration, spring 4m 
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elasticity in the tempered condition. These features give 
rise to an important difference in drawing practice, in 
that crucible steels are always drawn by comparatively 
light draughts and with frequent annealings. This results 
in comparatively low tensile values being reached during 
the drawing stages. A further point arises from the fact 
that steels containing appreciable free cementite must, of 
necessity, be worked down in easy stages. This will 
referred to later ; for the present it is well to note that 
with high-carbon crucible steels two features demanding 


re :— 
= The avoidance of superficial oxidation. 
9, The avoidance of a precipitation of free carbon. 
Surface oxidation of carbon, as shown in Fig. 4, 
718, is important, for under these conditions it is 
obvious that the requisite surface hardness will not follow 
uenching. On the other hand, when cementite has been 
lecomposed into free carbon and ferrite, as illustrated in 


Fig. 1. 





TONS PER SQUARE INCH 


Fig.2 


REQUCTION OF AREA 


Fig.2. 


ELONGATION 


Fig. 5, the wires will not go through later automatic pro- 
cesses with regularity. For example, in needle-pointin, 
those wire-lengths containing graphite wear down wit 
great rapidity as compared with | free from 
hite. Hence, on assembling, variation in length is 

‘ound, and the short lengths are invariably graphitic. 

A series of crucible carbon steels were prepared and 
~ through the usual wire-drawing processes applicable 
or this class of steel. The analyses are :— 





Steel Nos. 
5. 6. cc) * 9. 10. 
p.c. p.c. p.c. p.c. p.c. p.c. 
Carbon .. 0.10 0.26 0.75 1.07 1.22 1.47 
Manganese | 0.11 | 0.25 | O21 | 0.24 | 031 | 0.31 
Silicon ..! 0.056 | 0.041 0.408 | 0.115 | 0.061 | 0.061 
Sulphur ..| 0.023 | 0,022 | 0.620 | 0.019 0.023. 0.023 
Phosphorus 0.026 | 0.024 0.019 | 0.022 | 0.019 | 0.019 








An examination of the tensile results obtained during | jt 


bo various operations illustrates the effect of compara- 

vely steady flow on a series of ascending carbon steels. 
hese results may be summarised as in the table in the 

third column of this page. 

wi rom 0.75 per cent. carbon onwards the maximum stress 
ues do not differ materially from those of the rods as 








rolled ; however, the comparison should be made against 
the annealed rods, and the difference is then more marked. 
In the high-carbon ranges the greater number of twists 
in the finished wire is nobeworthy. 
IV. 
The general structural effect of flow on steels containing 


be | free ferrite is shown in Fig. 6, and the most noteworthy 


feature is the lengthening of the ferrite crystals in the 
direction of the flow. To a certain extent pearlite 
accommodates itself to the movement of ferrite, and both 
constituents are mobile within the limits of cold flow as 
shown in wire-drawing. 
The exhaustive researches of Beilby show that the 
lished — as specimen » | a in ele Me 
a Se a state in which it the 
mobility of a liquid.” 
The skin of a drawn wire—t.e., that portion which has 


DIAMETER IN INCHES 


DIAMETER IN INCHES 





DIAMETER IN INCHES 





been in actual contact with the ‘‘ bearing” of the wortle 

late—exhibits certain evidences of polishing action. 
Sonn a very close study of this surface effect the author 
reaches the conclusion that the analogy with the mobility 
of a liquid cannot be sustained. There is certainly room 
for wider and more detailed investigation ; but so far as 
the work has been carried as skin and core 
effects, the conclusion reached is that the initial crystal- 
line entity is never lost by cold work. So far as a fairly 


- | extensive experience goes, the perfectly vitreous or non- 


crystalline form has not yet been reached by cold work in 
the form of drawing or rolling. : ape 

Up to acertain point the microscopical examination of 
cold-worked sections is satisfactory, but beyond this point 
it completely breaks down. This aspect has been well 
expressed by Ewing in the May lecture before the Insti- 
tute of Metals, 1912 [ENGINEERING, May 17, 1912] :— 

‘* We want to know what are the ultimate particles of 
which a metal is composed, how these particles are 
arranged, and why they so : themselves. To these 
uestions the microscope is unable to give us anything 
like a complete answer; and when we attempt to pene- 
trate beyond the region in which we can accept it as a 





* A summary of these researches is found in ‘‘ The 
Hard and Soft States in Metals” (Journal of the Insti- 
tute of Metals, 1911, No. 2); Encrngerine, May 17, 1912. 





guide, we do so only by the help of such light as may be 
Saveatved by the eye of the scientific et he . 
Tests of Steels Nos. 5, 6, 7, 8, 9, and 10. 


| 




















3 . 
88 | RE | 8 7 
3 as < = 
s o>) Se 
Condition. fa aS §§ &+ Sa 
> | sa 3 3 | rig g 
g|é a4 i Ee E F 
* | 
@ 
= Ss Re 5 = 3 z | ze & 
Rolled rod. -- 23.0 38.0 7333 | 35 
Annealed rod 0.10 21.0 43.75 81.6 | 39 
25-gauge wire _ 46,23 3.9 — | 24 
Rolled rod. — 81.0 33.85 57.57 | 17 
Annealed rod 0.26 24.0 36.9 72.8 | 37 
25-gauge wire ..| — 46. 3.9 _ 42 
Rolled rod | = 50.5 16.7 36.8 | 6 
Annealed rod ..| 0.75} 35.0 25.9 59.7 | 2 
25-gauge wire ..| — 52.14 4.8 — | 32 
Rolled rod |- 62.73 9.85 48 | 3 
Annealed rod ..| 1.07 39.75 25.0 51.73 20 
25-gauge wire... 60.0 5.0 30 
Rolled rod ee - 53.78 13.9 14.8 | 5 
Annealed rod ..| 1.22 41.0 15.2 61.78 16 
25-gauge wire... 60.0 6.0 _ 32 
Rolled rod Pm | 56.4 4.15 | 148 2 
Annealed rod ..| 1.47 | 41.75 10.75 | 148 8 
25-gauge wire —. | 60.0 7.6 ~ 22 





| ' i ' \ 


Ignoring for the moment ultimate structures, and limit- 
ing the discussion to microscopically visual crystalline 
effects, the first feature of interest lies in the readjust- 
ment of structure at each annealing. Although heat 
treatment heals the effect of cold work, it must be noted 
that the crystals do not regain their original size, and 
that in spite of the frequent annealings there is a steady 
“fining” of the structure as the wire decreases in 
diameter. 

The crucible steels Nos. 5 to 10 have been closely 
examined at each stage of drawing and annealing, and the 
following notes are condensed from this examination and 
from the examination of other series. S No. 5, carbon 
0.10 per cent., presents in the annealed rod the usual 
structure characteristic of ferrite, but by the process of 
flow the crystals are not only compacted and elongated, 
but also becomes much finer. Figs. 7, 8, and 9 illustrate 
this; the effect of annealing the 20-gauge wire, Fig. 7, is 
shown in Fig. 8, and the complete rearrangement of 
structure is evidenced. The dark areas in this photo- 
micrograph are due to lighting effects. Further flow 
again elongates the ferrite, as shown in Fig. 9. 

Steel No. 6, carbon 0.26 per cent., represents a mild 

litic steel, and the photomicrographs on page 718 
ulustrate the flow of pearlite. Fig. 10 represents the 
drawn wire in 17-gauge, and the rearrangement due to 
annealing is shown in ig: 11. The eighth yom J gives 
the structure shown in Fig. 12, and this is typical of all 
drawn mild carbon steels. 

Steels with ascending carbon do not offer points of 
material difference until free cementite appears. Both 
pearlite and ferrite flow freely through the dies, but it is 
questionable whether cementite yields at all. The grains 
of cementite may be found under certain conditions with 
their longest axis in the direction of drawing, but the 
grain itself is not elongated by cold work. On page 718 
three photomi aphs of steel No. 10, carbon 1.47 per 
cent., are re uced, and in each case the nodu 
character of the cementite is noteworthy. Fig. 13 gives 
the structure of the 23-gauge wire—i.¢., after the twelfth 
drawing—and the annealing effect is shown in Fig. 14, 
Fig. 15 represents the finished wire of 25-gauge—i.c., 
after the thirteenth drawing. 

his confirms features already noted—namely, that 
high-carbon wires are utilised solely for their ability to 

e an intense hardness after oe When high 
tensile strength is uired, this is reached by suitable 
manipulation in cold working rather than by high-carbon 
contents. v 


Successful flow in steel demands an initially sound and 
uniform hot-rolled section. tion is dealt with 
later ; but apart from this the effects of pipe, blow-holes, 
and porosity from the steelmaker’s s — and of 
laps, bursts, and surface decarburisation, due to rolli 
operations, are factors of importance in the uction o 
sound wire. Pipe is easily detected, but the results of 
blow-holes are often fine streaks in the wire only found by 
microscopical examination. 

‘ —— at at a .~ + defect one Toe 
etec' and co with, but the ce of laps or 
bursts in ‘‘ cracked ” wire often ade to ¢ extensive work 
before the source can be found. In general, cracked wire 
may be a result of unsound steel ; lap in rolling, by which 
a portion of the surface is turned over upon itself; or a 
burst, by which is understood a surface crack due to the 
section or to red-short steel. A lap is yp | tial 
to the surface of the wire, and often shows decarburisa- 
tion, due to rolling in the surface. A good example 
of this is found in Fig. 16, page 719. A burst is often 
found running at right angles to the surface or slightly 
curved, as in Fig. 17, and is not usually ‘burised. 

The crack sometimes occurs for a comparative short 
length along the wire, and in such cases is all the more 
difficult to detect. The fine cracks, which are not visible 
by ordi means, can sometimes be revealed by allow- 
ing the bright-drawn wire to stand for a few days in a 
warm room. The cleaning acids secreted in a crack 

ually come out, and up in a series of small 
rown stains along the length of the wire. Of course, 
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l test for cracked wire is by alternate 
the crack is o up. 


the best 
torsion, w 

One other feature of vital importance to wire-drawers 
is the section of the hot-rolled rod. If an oval rod be 
drawn into round wire, it is obvious that two sides of 
the wire are subjected to excessive work ; and unless the 
drawing be carefully done, with frequent annealing, 

and unsatisfactory wire will result. This is 
particularly evident when the wire is subjected to a 
torsion test, since the material does not absorb the torsion 
stress uniformly, and there is a strong tendency for the 
"Oe may my Gon be caused b: kin, b 
upping in wire may be ca y overworking or by 
cael cores. Overwork may take the form of too 
great reduction at one drawing, or, on the otber hand, 
too many reductions without the intervention of anneal- 
~ 2 The effect is that of internal rupture, and this, 
when examined on a longitudinal section, is shown to take 
the form of more or less <-sh fissures, the point of 
the < being in the centre of the wire, and pvinting 
towards the direction of the flow. The result of this 
internal fissuring is that, after drawing, the slightest 
bend applied to the wire gives a characteristic cup-and- 
cone fracture. A typical cupped structure is shown in 
Fig. 18. Overworking, or its equivalent, ineffective 
annealing, may be the source of this phenomena. 

In the case of steels 1, 2, and 3, comparatively high 
reductions of area in drawing have been shown without 
sensible deterioration of the wire. It has also been shown 
that with high-carbon steels comparatively light draughts 
and frequent annealings are essential. Therefore, whilst 
in the case of a steel containing no free cementite la: 
reductions are permissible, these reductions must 
applied in successive s otherwise the core of the 
wire will be shattered. ith steel No. 1 the initial 
reduction of area from a tensile test-piece of the annealed 
rod was 67.82 per cent , whereas the rod, by successively 
light drawings, was reduced to good wire of 0.024 in. 
diameter. This is equivalent to « total reduction of area 
in drawing of 98.7 Fad cent., leaving the wire still in 
condition, and, subject to a heat-treatment, capable of 
“ gree ter 6 ap by Lew pe 3 " 

ith suitably proporti uctions per pass the rate 
of flow from the surface skin to the centre is fairly uni- 
form ; therefore between each stage of drawing the wire 
has a sufficient interval of time to accommodate itself to 
the new physical conditions acquired. However, when a 
heavy reduction is attempted at one pass, the outer skin 
flows at a far quicker rate than the central core. The 
result is that the slowly-flowing centre has of very neces- 
sity to fracture in order to meet the conditions of the 
rapidly-flowing exterior. These fractures start at a point 
im the centre and travel towards, but do not always 
reach, the surface. The inclination of the line of fracture 
on either side of the central starting point is influenced 
by the fact that the wire is flowing fo , and this 
maven turns the fracture through an angle approach- 
ing eg. 

During the passage through the wortle these fractures 
do not necessarily reach the surface, for the reason that 
the zone of external flow is at an equal rate for a certain 
distance towards the centre of the wire. Therefore, in- 
ternal fractures usually end owing to the rapidity of flow 
at the point where the difference in rate between the 
centre and outside first begins to show. 

A further possible source of cupping lies in the contour 
of the drawing hole. That portion of the hole in the 
wortle-plate known as the ‘‘ bearing” has been investi- 
gated, and results will be published later. For the 
poane it will suffice to state that the contour of this 

ng has a very decisive effect on flow. Taking an 
extreme case, if the bearing be of unsuitable form, one 
of two things must happen when the wire is drawn 
through it :— 

(a) Internal fracture, or 

(6) The bearing will be destroyed. 

In other wo either the wire or the wortle-plate 
must yield. If the former, cuppy wire follows, and if the 
latter, then the hole is “pulled out,” and the resulting 
= is not —— - . 

upping arising from segrega centres has been 
studied in man — of bm any .-y “natural . 
segregation. ese studies to the preparation o 
artificiall ted centres by which an ted 
effect could be obtained for the purpose of inv tion. 

Mild-steel billets, 33 in. by 3} in., were drilled through 
thecentre bya hole 1 in. indiameter. Accurately-turned 
bars of entirely dissimilar steel were fitted into these 
holes, and the composite billet rolled down into 5-gau 
rod for later wire-drawing. Welding was completed by 
the hot rolling, and no unsound junctions were detected 
by microscopical examination. ‘T'wo instances—first, of 
carbon, and, secondly, of sulphur and phosphorus—will 
serve for illustration. In the case of artificial carbon 
segregation the analyses of exterior and centre are :— 








1-In. Diameter 
3}-in. by 3}-in. Central Core 
Mild-Steel Billets. Crucible Steel. 





per cent, 
0.15 
0.32 
0.025 
0.024 


0,027 0.025 


> first treatment, that of ordinary drawing, was as 
Ws :— 
The hot-rolled rod was cleaned, coated, and blued, and 


then drawn two holes to 9- wire. This wire was 
then annealed at about 700 deg. Cent., cleaned, coated, 


and blued, and drawn two further holes to 13-gauge. | 





Annealed at about 650 deg. Cent., treated as before, and | considerable interest in view of the composite character 
drawn two holes to17-gauge. Annealed at about 600deg. | of the steel. Judged by the tensile tests the 1 per cent. 


Cent., &c. 


, and drawn three holes to 20-gauge. Annealed | carbon centre and 0.15 per cent. carbon 


exterior have 


at about 600 deg. Cent., &c., and drawn two holes to 23- | simultaneously “flowed,” and no sign of rupture or dis. 


Fie. 4.—Maynified 76 diameters. 


Fic. 5.—Total carbon, 1.10 per cent. ; 


Fic, 6.—Magnified 65 diameter 


graphite, 0.45 per cent. Magnified 


120 diameters. 


Street No. 5. 0.10 per Cent. Carson. 


Fie. 7.—Eighth hole. 20 G = 0.036 in. 
Magnified 100 diameters. 


Fig. 8.—Fifth annealing. 20 G=0.036 in. 
Magnified 100 diameters. \ 


Fie. 9.—Eleventh hole. 25 G=0.020 in. 
Magnified 100 diameters, 


LONGITUDINAL SECTIONS. 


Street No. 6. 0.26 per Cent. CaRBon. 


be Ge 


Fie 10.—Sixth hole. 17 G=0.056 in. 
Magnified 100 diameters. 


Sreet No. 10. 


_ le. 23G=0.025 in. Fre. 14.—Tenth annealing. 23 G=0.025 in. 
Fie. 13.—Twelfth hole. Maguified 100 dissncters 


Magnified 100 diameters. 


Fie. 11.—Fourth annealing. 
Magnified 100 diameters. 


1.47 per Cent. CARBON. 


Fie. 12.—Eighth hole. 20 G=0.036 in. 


17 G=0.056 in. 
Magnified 100 diameters. 


Fie. 15.—Thirteenth hole, 25 G=0.020 in, 
Magnified 100 diameters. 


LONGITUDINAL SECTIONS. 


Finally annealed at about 600 di 
as ore, and drawn two holes to fin 


tensile ties ab each stage of drawi 
shown in Table T.. page 716, and these values are o' 


. Cent., treated | union is evidenced. It m 
ed wire at 25-| equal flow of two dissimilar steels a posse Ts 


ust be remembered that this 
lies strictly t 


| the drawing conditions stated. Under want ec ah 


ng are | a total reduction of area, by drawing, 
f very | has been obtained. 
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] features of this composite steel possess | examination supports the tensile result in showing no | 
a full section of the rod is reproduced in | sign of cupping. 

this it will be noted that th 
kept its round form during rollir 

f the junction between the mil wir 
hown in Fig. 20, which represents a §artifi 


A variation in the drawing conditions gives v 

into rod. A different results. The second set of tests were those of | 
to destruction, and here : 
segregate is strongly evidenced. In drawing, | 
f the rod. Many longitudinal and | the rod was annealed, cleaned, and strongly coated to | 


exterior and drawi the character of the | 


the hard centre is 8 
transverse section 0 






Fie. 17.—Magnified 11 diameters. Fie. 18.—Magnified 6 diametera. 





9 G=144in. Longi- 
Magnified 63 diamet«re. 


Fie. 21.—Annealed wire. 


Fie. 20.—Rod = 0.212 in. 
Magnified 63 diameters. 


Fie. 19.—Transverse section. 
Magnified 5 diameters. 





. 24.—Wire as drawn. 
Magnified 63 diameters. 


Fie. 23.—Wire as drawn. 


Longitudinal section. Magnified 63 dia. Magnified 63 diameters. 





Fie. 27.—Wire as drawn. 
0.116 in. Magnified 63 diameters. 


Fie. 26.—Wire as drawn. 
Magnified 14 diameters. 


LONGITUDINAL SECTIONS. 


Fie. 25.—Rod =0.212 in. 





transverse sections have been examined, and throughout , take it four or five holes, and then blued. The first hole 
A | was drawn 7-gauge, then another to 9-gauge, and be 
is shown | this the reduction was equivalent to one size per hc 
are | In this way 11-gauge was reached, but it was impossible 
to draw the wire beyond this. Table II., 
the tensile tests at each stage t 
breakdown between the third and fourth hole is a note- 
worthy example of the influence of a hard centre under 
the conditions of drawing without interve 
At the same time it is worth noting that 


roved equal to that of Fig. 20. 
the 9-gauge wire as anneal 1 
Three structures of the finer-gauge wire 
reproduced. Fig. 22 gives a junction in the 17-ga 
Fig. 23 shows the full width of 
wire as drawn; and Fig. 24 


segregate in the 23-gauge I 
shows the same effect in the finished wire drawn to 25 


"esos 





mare. ete gs. 
Under the conditions of drawing stated, microscopical June 5, at 7.30, 





to 10-gauge no serious manifestation of the segregate is 
evidenced. The structural features of this series also 
differ from the first, and are well summarised in Figs. 25 
to 28, where Fig. 25 shows a longitudinal section of the 
rod with the segregate unfissured. Fig. 26 shows the 
beginning of cupping, and a higher magnification of one 
of the cups is shown in Fig. 27. Here again the micro- 





Fie. 28.—Rod=0.212 in. Magnified 63 diameters. 


scopical examination supports the tensile values, and the 
influence of a hard core under the stated conditions of 
drawing is clearly shown. 

A similar size of billet to the foregoing was drilled and 
fitted with a 1l-in. diameter turned bar, the analysis of 
outside and centre being :— 





1-In. Diameter 
3}-In. by 3}-In. 
on | Mild-Steel Billet. | Central Core. 
Crucible Steel. 
per cent per cent. 
Carbon .. = - 0.14 0.16 
Manganese oe - 0.30 0.82 
Silicon .. me os] 0.028 0.030 
sulphur .. oe | 0.028 0.080 
Phosphorus... | 0.025 0.097 


The hot-rolled rod was annealed, cleaned, coated, and 
blued, and then drawn three holes to 11-gauge ; again 
annealed, &c., and drawn three holes to 17-gauge; an- 
nealed, &c., and drawn three holes to 214-gauge, and 
after a further annealing, &c., drawn three holes to 
25-gauge. 

he tensile values obtained at each stage of drawing 
are given in Table III.. page716. From these values it 
will be noted that the sulphur and phosphorus segregate 
yields or flows more readily than the carbon segregate. 

The micrographic features of this series are not so 
interesting as those of the previous series; but careful 
examination demonstrated the welding to be complete. 

As in the carbon segregate the second set of tests 
represent drawing down as far as possible without the 
intervention of heat-treatment. The rod was annealed, 
cleaned, coated, blued, and drawn down, as shown in 
Table 1V. The failure cf the coat retarded further 
drawings more than the fact of the segregated centre. 
The values shown in Table IV. are of great interest, and 
as against carbon segregation it will be noted that no 
breaking-down point is shown up to 18 gauge. 

The carbon segregate is distinctly richer than the 
sulphur and phosphorus segregate. At the same time it 
is of great interest to note that with a com tively 
rich sulphur and phosphorus core no difficulty has 
awe experienced in flow, and that cupping has not deve- 
oped. 

he author’s most cordial thanks are due to Mr. T. 
Swinden, M.Met., and to Mr. P. Leather. He also 
acknowledges with pleasure the interest of Mesers. 8. 
Fox and Co., Limited, in the progress of these investi- 
gations. 








Tue InstiTuTION Oy Mininc Encinerrs.—The fifty- 
eighth general meeting of the members of this Institution 
will be held in London on Thursday, June 5, at 11 a.m., 
in the rooms of the Geological Society, Burli House, 
Piccadilly, W., when the following papers will be read or 
taken as read :—(1) ‘* Recent Methods of the Application 
of Stone-Dust in Mines,” by Mr. W. E. Garforth LL.D., 
M. Inst. O.E. (2) “* The Re-Opening of Norton Colliery 
with Self-Contained Breathing Apparatus after an 
Explosion,” by Mr. J. R. L. Allott. (3)‘*The Heat 
Produced in the Slow Oxidation of Coal at Ordinary 
ge ey by Mr. F. E. E. Lamplough and Miss 
M. Hill, of Cambridge University. (4) “ Insulated and 
Bare Copper and Aluminium Cables for the Transmission 
of Electrical Energy, with Special Reference to Mining 
Work,” by Mr..B. Welbourn. The following papers, 


which have already ap in the Transactions, will be 
open for discussion :—(a) ‘‘ Recent Legislation in Relation 
to Land and Mines,” by Mr. Ale: er Smith, M. Inst, 
C.E. (b) “‘The Bellevue Explosions, Alberta, Oanada : 
An Account of, and Subsequent Investigation Concerning, 
Three Explosions Produced by Sparks from Falls of 
Roof,” by Mr. John T. Stirling, H.M. Inspector of 
Mines, Alberta, Canada, and Professor John Cadman, 
D.Sc. Arrangements have been made for visits to the 
Chingford Reservoir of the Metropolitan Water Board, 
and the Beckton Works of the Gas Light and Coke 
ar wy on Friday, June 6. The Institution dinner 
will eld at the Waldorf Hotel on the evening of 
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FOREIGN ENGINEERING PROJECTS. 
WE give malow 6 few doe oe fy ign engi 
neering projects, taken from Board of Trade Journal. 
Further’ information concerning these 
obtained from the Commercial In 
Board of Trade, 73, Basinghall-street, London, E.C. 

Bulgaria: H.M. Legation at Sofia reports that the 
Directorate-General of Bulgarian Railways and Ports 
intends to contract, by private arrangement after compe- 
tition, for the supply and erection of a turntable of 
18.05 m. (about 59 ft.) in diameter. The approximate 
cost of the contract is put at 27,000 francs (1080/.). 
manufacturer who has not previously supplied turntables 
to the Bulgarian State Railways must send with his 
tender a declaration by the authorities of a railway that 
he has executed a contract for the supply of turntables 
to them to their satisfaction. Sealed tenders, marked 
‘* Offre pour la fourniture d’une plaque tournante,” will 
be received, up to June 12, at the “* Section de |’ Entretien, 
Direction Générale des Chemins de fer de |’Etat 
Bulgare,” Sofia, whence copies of the cahiers des charges 
may be obtained on application. : 

Italy : The Gazzetta Ufficiale, Rome, notifies that tenders 
are invited, and will be opened on June 3 at the offices of 
the Italian State Railways, Rome, for the construction 
of two sections from Airole to the southern frontier of the 
Ventimiglia-Cuneo lines. The upset price is put at 
6,788,000 lire (about 271,520/.). The Gazzetta also states 
that tenders will be opened on June 3 at the offices of 
the Italian State Railways, Rome, for the construction 
of a 4-mile section of the direct line from Rome to 
Naples. The upset price is put at 2,406,000 lire (about 
96,2400. ). Although the foregoing contracts will doubt- 
less be awarded to Italian firms, nevertheless there may 
be openings for manufacturers in the United Kingdom to 
supply some of the materials required. 
: orocco ; With reference to the call for tenders for the 

carrying out of improvements at the port of Rabat, it is 
notified that the Acting British Consul-General at Tan- 
gier has now forwarded copies of the plans of the proposed 
works, which are estimated to cost 29,388/. Tenders will 
be received by M. le Président du Comité Spécial des 
Travaux Publics, Dar En-Niaba, Tangier, up to 11 a m. 
on June 16. 

Cuba: The Bulletin Commercial, Brussels, notifies, on 
the authority of the Belgian Legation at Havana, that a 
company domiciled in the United States has arranged to 
reclaim a large tract ot marsh land, called the Cienaga 
de Zapata, situated on the south of the Island of 
Cuba. It appears that 150,000 hectares (about 375,000 
acres) are capable of being drained. The company has 
a nominal capital of 2,000,000 dols. (about 411, .), half 
of which amount has been subscribed. The concession is 
for six con and the company will become the owners 
of the land reclaimed. , 

Argentine ic: The Boletin Oficial publishes a 
decree authorising the Central Argentine Railway Com- 

ny to construct a 94-mile section of railway from 
eeusio to Punta del Agua, which must be completed 
within twelve months. 

Brazil; With reference to the harbour improvements 
at the port of Corumba, State of Matto Grosso, the 
Diario Oficial of April 19 notifies that the contract has 
been awarded to Senhores Euripedes Coelho de Magal- 
hades and Eugenio Horacio Mario Meanda. The contract 
price amounts to 1,504,085 milreis (about 100,300/.). 

Uruguay: The Diario Oficial, Montevideo, publishes a 
Bill, under the terms of which Sefior Francisco Piria is 
empowered to extend as far as Pan de Aziicar, a distance 
of nearly four miles, the railway for which he obtained a 
concession in 1907 when building a harbour at Puerto 
del Inglés. 


Tenders are about to be invited in this country for 
plant to be used in connection with the Tamar Harbour 
works in Northern Tasmania. The object of these works 
is to provide accommodation for the largest steamers 
trading between this country and Tasmania. The ship- 

ing tonnage of the State has increased over 100 per cent. 
in the last ten years. 


rojects can be 
ch, 





Tue German Navy.—The new submarines built for 
the German Navy are to be supplied with guns after the 
English system. The smallest of these guns will be fixed 
in the hull, and will be submerged with them. The 
larger guns will be fitted 7 the system adopted in the 
British submarines D 3 and D 8. 


Tuer Enainz-Room Herozs MEmoriaL.—A meeting of 
the committee of the Engine-Room Heroes Memorial was 
held in Liverpool on Wednesday evening, the 14th inst., 
under the chairmanship of Mr. Arthur J. Maginnis, who 
initiated the movement and has so far carried it out with 
great success. The City Council has unanimously allo- 
cated a site on the north side of the floating roadway, a 
short distance from the bank of the river. This is one 
of the most prominent sites in Liverpool, and is in full 
view of all passing to and from the ocean liners when at 
the landing-stage ; it is aiso in full view of all travellers by 
the ferries and the Overhead Railway, and the committee 
have gratefully accepted the offer of the Corporation, and 
have decided to ap a well-known sculptor, who 
will be invited to submit a design fora suitable memorial. 
The committee will decide upon further action after they 
have consid: the design in question. It is intended 
that this memorial shall not only tuate the heroism 
of the engine-room heroes on the Titanic, but similar acts 
of daring on the sea. The subscription list to date 
amounts to about 5000/., but it is expected that this sum 
will be augmented when the various collecting books out 
Le . parts of the world have reached the treusurer’s 

ands. 


A | interest to the many able men now wor 





SCIENTIFIC INSTRUMENTS; THEIR DE- 
SIGN AND USE IN AERONAUTICS.* 
Being the first Wilbur Wright Memorial Lecture. 

By Horace Darwin, M.A., F.R.S. 


‘*The chief cause of failure in operation is the ill 
determination and measurement of the forces and 
actions of bodies.”—FRanois Bacon. 

I HAVE been asked to give the first Wilbur Wright 
Memorial Lecture. I feel this an honour and a responsi- 
bility, and I hope that what I shall ved may be of some 

ing at the science 
of aeronautics. 

No memorial lecture is required to make us all admire 
the character of the man, his brilliant engineering work, 
the scientific method by which he obtained his results. 
Each step forward was secured by careful reasoning 
based on former trials; each step was tested separately ; 
all available data were used. An account of the method 
and results of his original experiments has not yet been 
published, and would be of extreme interest. May I 
express a hope, which I know you will share, that when 
the ap’ pee time comes it ma published ? 

All Wilbur Wright’s work was done in the closest co- 
operation with his brother Orville. We do not know how 
much each did, and we do not want to know; Orville 
probably says that Wilbur did most, and it is equally 
probable that Wilbur would have said that Orville did 
most. We, at any rate, know that they together did a 
very great piece of work. 

atural and Artificial Flight and Locomotion.—The 
Wright brothers made careful observation of the flight 
of birds, and found their observations valuable. It is 
interesting to consider the resemblance and differences of 
the manufactured aeroplane and the living bird. The 
resemblance may be any the result of copying the bird, 
or it may be that similar designs have been arrived at 
inde ently by birdsand men. The wings of both are 
roughly the same shape—of wide span, and narrow in the 
direction in which the bird flies; both have concave 
wings with thick leading edges. In many aeroplanes 
hollow spars are used, like bones and like the quills of the 
feathers of birds. We copy plants also in this respect, 
for they, too, have learnt the economy of material in the 
use of hollow spars. The bodies of airships are similar in 
shape to the ies of swimming animals, with the 
greatest width towards the head. The bodies of birds 
are of similar form. 

These resemblances are remarkable, but there are great 
differences. The Wright brothers found no biplane bird 
to copy and did not flap their — No flying animal 
uses @ continuously rotating propeller to drive him for- 
ward on soaring wings, and it is, perhaps, hardly too 
much to say that if birds only knew how, they would 
now copy the Wright brothers. Muscular action and the 
circulation of the blood, however, putsupreme difficulties 
in the way of the development of the continuous rotation 
of a partof an animal. Cranks and connecting-rods, as 
well as rotating valves to allow the circulation of the 
blood, would be required. No animal has succeeded in 
developing wheels instead of legs, although their develop- 
ment might have enabled him to run about with less 
consumption of fuel, anyhow in a country with good 
m ym roads. There is a beetle who has made use of 
something in the nature of a wheel. He collects his food 
(manore) and soe Oioene it into a ball larger than 
himself, and then rolls it along to a convenient place, 
buries it, and lives on it at his leisure. This is nota 
wheel, but it has many of the advantages of a wheel, and 
we may consider this beetle as the pioneer transport 
engineer. 

@ development of the power of flight in birds has 
been so slow that we cannot realise the time taken or 
form the roughest estimate in years ; but the perfection 
of these adaptations and the beauty of their skill, 
strength, and movement must strike anyone who has ever 
watched their flight. Some less advanced animals have 
only learnt to glide, and are now in the same stage of 
development as the Wrights were a few years ago. 
Perhaps these gliders developed more slowly, or perhaps 
only began to learn the art many ages after birds had 
learnt to fly. A few plants also have developed wings 
to their seeds, so that they can glide away to more suit- 
able places for germination and growth. 

The evolution of those remarkable fiying animals, the 
Wright brothers, enormously more rapid 
because it has not depended on the method of trial and 
error, and because each trial did not correspond with 
the lifetime of an individual. But the difference is even 
more far-reaching, since the material on which they 
worked was knowledge, or, in other words, the experience 
of mankind handed down from one generation to the 
next. And more important still, their mental powers 
enabled them to test the accuracy of this knowledge and 
to increase its amount. It is interesting to note that in 
the opinion of biologists, birds, bats, es and insects 
all learnt to fly independently; inheritance from a 
common stock played no part in their development. 
There are no | flying animals now, and the 
_ majority in existence are extremely small. These 
acts would lead us to expect difficulty in making a very 
large aeroplane, and theoretical considerations confirm 
this view. — 

_The ostrich, the est existing bird, standing & ft. 
high, has no power of flight ; nor had the moa of New 

(now extinct), standing 12 ft. high. It is prob- 
able, however, that both had flying ancestors. The only 
vertebrate animals which developed flight during fossil 
times were Pterodactyls. The largest of these had a body 
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a little larger than a swan, and a span of wings of 

22 ft. This is less than the smallest aeroplane, but large 
compared to an albatross, the span of whose wings is over 
11 ft., probably exceeding that of any other bird. The 
whole family of Pterodactyls have long ago become 
extinct. 

On the other hand, there is a very small spider who 
makes a kind of flying-machine out of the simplest mate. 
rials. In the autumn he desires to see, and as he is 
very small, a land journey would be slow and difficult, 
He selects a calm and sunny day, on which we should 
expect to find local upward currents of air ; he climbs to 
the tip of a blade of grass, and spins a thread which ig 
blown out by the wind, and at the right time he lets go, 
and is carried away by the wind, he knows not where, 
This clearly could not be done bya large animal. But we 
had better not attempt to copy flying animals too 
closely. We shall learn nothing from the spider’s success 
in aeronautical engineering. ould it not also be just ag 
great a mistake to try and fly with flapping wings as it 
would be to propel a ship by a flapping tail like a fish, or 
to make a motor-bus trot about the streets on four legs ? 
I think it would, but my ancestor, Erasmus Darwin 
thought differently. In 1781 he wrote :— ; 


Soon shall thy arm, Unconquer’d Steam! afar 
Drag the slow , of drive the rapid car ; 
Or, on wide waving wings expanded bear 
The flying chariot through the fields of air. 


A few years ago I did not believe that we should see the 
essential part of his forecast about flying fulfilled, and I 
may be just as wrong about the waving win 

The Design of Scientific Instruments.The subject of 
my lecture to-night is ‘*Scientific Instruments”—their 
use in connection with flying—and some general considera- 
tions with to their design. The Wilbur Wright 
Memorial Lecture will be ie annually, and I believe 
the most useful results will be obtained if the lecturer is 
allowed considerable latitude in the choice of a subject, 
All I ask is to be allowed to speak on a subject at which 
I have worked for many years. 

Instruments Used in Aeroplanes.—It is important to 
realise beforehand the difficulties of using instruments 
on aeroplanes during flight, and the errors that may be 
introduced in the readin The aeroplane shakes, it 
does not remain level, and is subject to acceleration in 
all directions. The instrument should be so designed as 
not to be affected by any of these disturbances. A ver- 
tical acceleration has the same effect as a change in the 
amount of the downward pull due to gravity, the tiltin 
of the aeroplane changes the direction of the downwar 
pull, with regard to the instrument. A lateral or longi- 
tudinal acceleration has the effect of both altering the 
direction and amount of gravity. But vibration isa 
greater difficulty still. The hand of an instrument may 
move so much and so rapidly that it is difficult to esti- 
mate the mean reading on the scale, and sometimes it is 
— impossible to do so; amd this may happen when 
the quantity which is indicated by the position of the 
hand only varies slowly and by small amounts. 

Consider a part of an instrument that can rotate about 
a vertical axis, and suppose that its centre of gravity is 
not on the axis, then a sudden lateral movement of 
the whole instrument will tend to rotate the part 
relatively to the instrument, the side-ways force will 
act at the axis, and the resistance cf this force due 
to inertia will act at the centre of gravity of the part. 
The further the centre of gravity is from the axis 
the ter this tendency to rotate; the tendency will 
also greater the greater the mass of the moving part. 
To make this en the centre of gravity should 
be as nearly as possible on the axis, and the weight 
should be small. If, however, the part is made very 
light, it may bend and vibrate in itself from the forces 
acting on it from its inertia. In fact; the part should be 
balanced, light and stiff. Good balancing and lightness 
also reduce the tendency to movement due to tilting or 
want of level in the instrument ; if the axis is no longer 
vertical, the centre of gravity will try to get to the lowest 
point, and the piece will tend to turn. 

In a compass as ordinarily made, the condition of 
balance cannot be fulfilled. @ magnet rests on as 
point and is horizontal, and its centre of gravity is below 
the steel point. The force on the North Pole acts in 8 
downward direction towards the north, and the force on 
the South Pole in an upward direction towards the south, 
and the magnet is made to rest in a horizontal position 
by arranging that the centre of gravity of the magnet is 
between its south end and its centre. It is below and to 
one side of the point about which rotation takes place. 
Hence a sideways movement must start it swinging 
(Fig. 1). The magnet and card in aeroplane and ship 
compasses are usually surrounded by a liquid, and then 
any vibration which may be caused by its want of balance 
is rapidly reduced. 

It is important that instruments on aeroplanes should 
be damped, using the word to damp in the sense of “‘to 
dull” or “tto abate the motion of.” This damping 
specially im nt if it should happen that the rate of 
vibration of the whole instrument should agree with the 
natural rate of vibration of the moving part. When this 
happens with an undamped instrument, the vibration 18 
excessive. Damping is also important in cases where 
the fluctuations in the quantity to be measured are rapid; 
it may then be difficult to read the instrument, and 
excursions of the hand may indicate a much 
amount of variation of the quantity than really takes 
place. If the mean reading is required, the instrument 
must be damped, and the damping should be of a parti- 
cular kind, which we will now consider. : 

The essential features of satisfactory damping are that 
no force should be applied to the moving part whilst it 1s 





at rest, but that as soon as it moves a force should act 
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posing the movement. Friction at the joints does 
amp the instrument, but does not fulfil these conditions, 
andisbad. The force should be small when the move- 
ment is slow, and it should increase when the movement 
becomes more rapid. The most usual method is to 
immerse the moving part, or a paddle fixed to it, ina 
liquid more or less viscous, or the paddle can be replaced 
by a fan in the air. Another method is to damp by 
the movement of a copper plate between the poles of a 
t. If a Pitot tube is used, the flow of air through 

the connecting tube damps the instrument. , 
Mr. A. iock has pointed out that, in order to obtain 
a true mean reading with an instrument, the damping 
force should be proportional to the velocity of movement 
of its index. hen the damping force varies as the 
square of the velocity there may be no error, or there may 
bea considerable error. We will take DT nae mf case. 
Suppose that the yee to be measu remains at 80 
for second, and then suddenly increases to 140, and 
remains at that amount for 7; second, and then it goes 
back to 80, and remains at that amount for * second ; 
and that this rapid oscillation goes on indefinitely. 


F 


5 Fig.i. 
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Suppose, also, that the instrument is damped by a force 
which varies as the square of the velocity of the index, 
and that it isso much damped that the hand ap to 
remain at rest. The reading of the instrument will be 92, 
and the true mean in reality is 100, so that we have an 
error amounting to 8 per cent., by no means a small error. 
The diagram, Fig. 2, gives the supposed variations of the 
quantity as it would be wheat on a moving sheet of 
paper, and gives the true mean and the instrument 


reading. 

Tn the magnetic method of damping, the force varies 
as the velocity, and the true mean is obtained. With 
liquid and air damping, the force varies as the square of 
the velocity, unless the movement is extremely slow, 
when it varies nearly as the velocity. 

Speed of Aeroplanes.—The 38) of the aeroplane 
through the air is usually given by reading the position 
of some form of index on a scale graduated in miles per 

. A Pitot tube and a manometer are often used. 
The principle of the Pitot tube is very simple, Fig.3. If 
open end of a tube faces the wind, the air wants to 
pass down the tube ; and if the tube is closed at the other 
end, the air pressure is increased in the tube, and this 
increase of pressure is a remarkably accurate means of 
measuring the velocity of the wind. This method is 
sed in Dines’s anemometer, and for measuring the velo- 
city of the airin the wind channel at the National Physical 
ratory. In 1903 Dr. Stanton a paper before 
the Institution of Civil Engineers (Proceedings of the 
Institution of Civil Engineers, vol. clvi., page 78) proving 
accuracy of this method of measuring air velocity. 
. Glazebrook tells me that improvements have recently 
made which give even more satisfactory results. 
The delicate measurement of the air pressure necessary 
for the most refined work is made by the tilting water- 
designed by Professor A. P. Chattock and Mr. 

- D. Fry. This is a laboratory instrument of the highest 

of precision, and is far too delicate and accurate to 
beused on a flying-machine. It is a difference of pressure 
teat has to be measured—the increase of pressure 
i the tube, above the air pressure outside—and a second 
tube transmits this pressure (the static pressure) to the 
manometer. It is found by yea that changes 
m the size of the opening of the Pitot tube, or the thick- 
ness of the tube, or the bevelling of its edge, make little 
oF no difference in the pressure. With static open- 
ig it is different, and its design is important. In the 








design now adopted at the National Physical Laborato 
the pressure obtained is almost exactly what we shoul 
expect from theoretical considerations. This is an 
advan simplification, and this form of Pitot tube 
should used for all the most refined measurements. 
But the static tube can be so made that it will give a 
pressure below the true static pressure, and the Royal 
Aircraft Factory have made use of this, and have in- 
creased the manometer readinge by 20 per cent. in order 
to give a more open scale. 

e tubes transmitting the pressure can be carried a 
considerable distance to allow the manometer to be 
placed in a convenient oo for reading ; this is often 
of great importance. If it is found advisable to have a 
large amount of damping in the manometer, it is best to 
have long tubes of large diameter. This gives the 
correct form of damping. Short tubes of s diameter 
will on the same amount of damping, but in this case 
the damping force will vary as the square of the velocity 
i and the reading will not necessarily 
or the same reason it is inadvisable 


of the air in the tu 
be the true mean. 


to cause damping by throttling the passage of the air by ! 
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closing a valve, or by means of letting it pass through a 
—_ = in a plate. m . 

a Pitot tube speed-meter gives the correct speed 
when flying near the ground level, it will not be correct 
when flying at a great altitude. The error is caused by 
the change in the density of the air. As you mount the 
air becomes less dense, because the atmospheric pressure 
is reduced, and more dense because the temperature 


falls. 

In the following table the actual speed is assumed in 
all cases to be 100 miles per hour. The temperatures 
given in the last column are taken on the usual assump- 
tion that there is a fall of 1 deg. Fahr. for every 300 ft. 
rise above the earth’s surface. 











peed Speed Readin 
Height. hs ood Tem 9 Assumed 
, Constant. sis Aig Temperature. 
| 
a | | deg. F. 
o | 100.0 100.0 50 
1000s 98.3 98.6 47 
3000 } 96.5 97.1 43 
3000 | 94.7 95.7 40 
4000 | 93.0 94.3 37 
5000 | 91.3 | 92.9 33 


| 
| 


These corrections were made in the air-speed measure- 
ments at the Miltary Aeroplane trials in 1912, when 
obtaining the gliding angles of the various competing 
aeroplanes. ails 

The simplest form of manometer is a U-tube containing 
a liquid (see Fig. 3). The difference of the level of the 
liquid is then a measure of the difference of the air pres- 
sure in the two tubes. For use on an aeroplane this has 
two drawbacks : the scale is not open enough to read the 
speed easily and accurately, and tilting of the aeroplane 
causes an error. Mr. Short, of the Royal Aircraft Fac- 
tory, has designed a manometer which overcomes both 
these objections. It is in effect a U-tube manometer, and 
he uses two liquids of different densities and which do not 
mix, and thus obtains a more open scale (Fig. 4). One 
tube is placed inside the other, and this overcomes the 
chief error due to the tilting of the aeroplane, leaving 
only a small secondary error of no importance. If the 
manometer is placed 10 deg. out of the vertical, this 
secondary error will make the reading be 101.4 miles per 
hour instead of 100. Fig. 5 is another form of mano- 
meter designed by Mr. Short, using one liquid, and still 
eliminating the chief error due to tilting of aero- 
plane. If the aeroplane has an upward or downward 
acceleration or is changing its di there is an error. 

An aeroplane flying at 100 miles per hour in a circle of 
1400 ft. radius will make one complete turn in one minute, 
and the banking of 26 deg. will prevent eide-slip. In this 








case the manometer connected to the Pitot tube will 
read 94.5 miles per hour instead of 100, the correct 
speed. If the vertical acceleration is one-tenth gravity 
or 3.2 ft. per second, the manometer will read 5 per cent. 
too low or too high, according as the acceleration is 
downwards or upwards. These errors due to vertical 
acceleration or flying in a circle are not large, and they 
will be the same in any manometer in which the air pres- 
sure is balanced by the attraction of vity on a liquid 
or a weight. If a spring is used, these errors do not 
exist. If a Pitot tube is fixed to the tips of the —- of 
an aeroplane and it is flying in a circle, the speed of the 
outer wing tip is greater than the speed of the inner 
wing tip. If these Pitot tubes are joined together by a 
tube there will be a greater ure at one end of the 
tube than at the other, and at first sight we should expect 
that there would be a flow of air through the tube from 
the outer to the inner wing tip. But this is not the 
case, because the aeroplane is moving in a circle and 
there will be centrifugal force acting on the air in the 
tube, and this will tend to make it flow ontwards 
and will exactly balance the tendency of the air to 
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AIR SPEED INDICATOR 
flow inwards due to the excess pressure in the Pitot 
tube on the outer wing tip, and there will be no flow 
through the tube. If there is a side-slip, this statement 
is only approximately true; but if there is sufficient 
banking to prevent side-slip, it is true. If both a Pitot 
and static tube are fixed at the tip of one a and are 
connected to a manometer at the centre, its ing will 
give the velocity of the wing tip. The centrifugal force 
in this case will act equally on the air in both tubes, and 
as the manometer measures their difference of the pres- 
sures, the centrifugal force will produce no effect on the 
reading. When flying in a circle, the velocity of this 
wing tip is not the velocity of the centre of the machine. 
This difference is usually not jarge, but if it is thought 
advisable that the manometer shou —L og the velocity at 
the centre, two Pitot tubes can be used, one at each wing 
tip, and both be connected to the manometer, the static 
tubes also both being connected. The manometer will 
then give the mean of the speeds of the wing tips—that 
is, the velocity at the centre. This is done for accurate 
speed measurements at the Royal Aircraft Factory. 
Yaw-Meter.—The word ‘‘ yaw ” is here used in the sense 
of ‘‘to bend or deviate from a straight course.” But the 
name does not accurately describe what the instrument 
measures. If the air is at rest, it measures the angle that 
the direction of movement of the aeroplane makes with 
its keel, or how nearly it is moving in the direction of its 
length. Side-slip is thus measured by it. If we con- 
sider the aeroplane at rest and the air blowing against 
it, it measures how nearly the direction of the wind is 
head on. If an eddy in the moving air meets the aero- 
plane, the direction of the wind will change and this 
will be indicated. A wind-vane carried by an airship or 
aeroplane would also show how nearly the movement 


was head on in the same —— as the yaw-meter. But the 
wind-vane would be difficult to read when dina 
position free from eddies in the air éaused by the air- 


craft itself. With the yaw-meter the dial and hand can 
be placed in a convenient place for observation. 

Two Pitot tubes are made like the letter Y (see Fig. 5) 
with the openings at the tops of the two arms. If the 
wind blows symmetrically to the two tubes, the re 
will be equal in both. But if the direction of the wind 
changes, it will meet the opening at the end of one tube 
more nearly in the direction in which the tube is pointing, 
and the pressure will be increased. The opposite will take 

lace in the other Pitot tube, and the pressure in it will 
Ge diminished. The pressure from these two Pitot tubes 
is taken by two pipes to the indicating apparatus, which 
can be at any convenient distance away. Each tube is 
connected to a circular box, the top of which is an air-tight 
flexible diaphragm which can move outwards, A is 
connected to each diaphragm, and these rods are pushed 
outwards by the air re. 

The hand indicating the angle of yaw—that is, the 
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angle at which the air meets the Y Pitot tube—is pivoted 


about the point O, and is continued to P. At this point | read 


it is connected to the two rods from the diaphrs 
by a ussty-eaoving jotet. If one rod pushes with a 
greater force than the other, the hand is moved over to one 
side, and it will come to rest when O P is in the direction 
of the resultant of the forces with which the two rods 
are pushed outwards, and when it is in equilibrium the 
hand will show on the scale the angle of yaw. If the 
of the aeroplane increases, the hand will not move, 
because the air pressure, and consequently the pushing 
forces in the two rods, will both be increased in the same 


a \ Fig. 5. 
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ratio. The same instrument can.be connected to a wind- 
vane which moves the Y Pitot tubesso as to face the wind. 
The tubes are arranged to show if the wind has an 
upward or downward tendency, and the angle between 
the direction of the wind and a horizontal plane is 
measured. 

Ascending Speed.—I have made an instrument for indi- 
pe ge speed with which an aeroplane or airship rises 
or fi It is roughly made, and at present is only in 
the experimental stage of development, and it will 
require remodelling in order to reduce its size and make 
it more convenient. I will, however, give a short 
description of it, as it may be of some interest. 

A clock is arranged to move a valve at equal intervals 
of time. The valve first connects a vessel to the open 
air; it then closes, and the air in the vessel is at the 
same pressure as the air outside. After a short time, 
during which we will suppose that the outside air pres- 
sure has fallen owing to the aircraft rising, the valve is 
again moved so that the vessel is connected to the indi- 
cating apparatus. This apparatus measures the excess of 
pressure of the air in the vessel over the air outside, and 
gives the change of barometric pressure during the short 
time between the last two movements of the valve—that 
is, it measures the amount of rise in a fixed time, or the 
vertical speed. It does not give the speed at each 
instant, but the average speed during a short interval 
which terminated a few seconds previously. The indica- 
tion is a little late, and in order to reduce this lateness as 
much a two vessels are used, which are opened 
and cl and connected up alternately to the indicating 
ap) tus. 

irection and —Two of the instruments we have 
considered—the Pitot tube page nes and the com 
—give us the direction and the velocity of the aeroplane 
through the air ; but unless we know the speed and direc- 
tion of the wind, we do not know the real directiou of 
flight or the speed over the ground. These instruments 
give valuable results, but we want to know the direction 
the head of the omens should point in order to get to 
a definite and the speed over the ground as well as 
through the air. I see no satisfac solution of this 
problem, and will not discuss the question, except to sug- 
gest that someone here present solves it during the coming 
year. 

The Principle of Geometrical ign.—We have now 
discussed some of the difficulties both in designing and 
using instruments on aerop! We will now consider 
the general principles of design, and I shall give examples, 
—_ these have no connection with aeronautics. 

I 1 quote some remarks made by Clerk Maxwell, 
which should be axioms for those who design and make 
scientific instruments. He wrote, under the heading of 
‘*General Principles of the Construction of Apparatus,” 
oi cThere are ho hich 

‘There are certain primary requisites, however, whi 
are common to all instruments, and which therefore are 
to be carefully considered in designing or selecting them. 
The fundamental principle is, that the construction of 
the instrument should be adapted to the use that is to be 
made of it, and, in particular, that the parts intended to 
be fixed should not be liable to become displaced ; that 
those which ought to be movable should not stick fast ; 
that parts which have to be observed should not be 
covered up or kept in the dark ; and that pieces intended 
to have a definite form should not be disfigured b 
ing, straining, or wearing.” 

As an instrument maker, I know the difficulty of 
fulfilling these conditions, and as users of instruments, 
we all know what our feelings are when a movable part 


* See “‘ Handbook of the Special Loan Collection of 
— Apparatus in 1876.” Introduction by Clerk 
axwell, 





of an instrument sticks fast, and'a scale is difficult to 


Later he says :— 
‘*Each solid piece of an instrument is intended to be 
either fixed or movable, and to have a certain definite 
It is acted on by its own weight, and other 
forces, but it ought not to be subjected to unnecessary 
stresses, for these not only diminish its strength, but 
(what for scientific purposes may be much more injurious) 
they — its figare, and may, by their ——_ 
changes during the course of an experimen uce 
disturbance or confusion in the observations we have to 


make. 

‘*We have, therefore, to consider the methods of 

ieving the pieces of an instrument from unnecessary 
stra*3, of securing for the fixed parts a determinate 
position, and of ensuring that the movable parts shall 
move freely, yet without shake. 

‘This we may do by attending to the well-known fact 
in kinematics—‘ A rigid body has six degrees of freedom.’ 

‘* In instruments which are exposed to roug oa it 
may sometimes be advi to secure .a piece from 
becoming loose, even at the risk of straining and jamming 
it ; but m apparatus for accurate work it is essential that 
the bearings of every piece should be properly defined, 
both in number and in position.” 

These isations cover a much wider field than the 
construction of scientific a tus, and in many respects 
apply to all moving machinery ; and —~ in which 
is principle is carried out may be called geometrical 
designs. three-le table is a geometrical desi 
and a four-legged table is not. A four-legged table either 
rocks on two or bends so that all legs touch the floor, 
and the amount of bending and the pressure of each foot 
on the floor depends on the stiffness of the table and the 
evenness of the floor. Every time an ordinary chair is 
= in @ new position, it takes a new shape. A sur- 
‘ace plate is a familiar example of the importance of 
three an and nearly all scientific instruments rest 
on three feet. The am Sy oe table with all its feet 
touching the floor has some freedom of movement ; it can 
slide in a north and south direction and in an east and 
west direction, and it can rotate about a vertical axis. If 
two of its feet only touched the floor, it would have greater 

om of motion, as in addition it could rock about these 
two feet, and its freedom would be still further increased 
if only one foot touched the floor. To completely fix it 
more must be done. If all the feet touch the floor and 
one foot be pressed against the wall of the room, that 
foot can no longer move at right angles to the wall, but 
it ean slide along the wall, and the table can rotate about 
a vertical axis. If that foot is pressed into the corner 
of the room, all sliding of that foot is prevented and the 
table can — rotate, and this is prevented by pressing 
one ef the other feet against one of the walls. ese six 
points of contact, three on the floor and three on the 
walls, prevent all movement, and this definiteness of 
position could not be given with less than six points of 
contact. If we want tu prevent an object from moving 
in any direction, it is best to put a fixed stop with its 
surface square to the direction of movement ; this gives 
the least pressure against the stop. It causes the 
least shift of position due to dust lodging between the 
foot and the stop. In the case of the table this best 
condition has been fulfilled. If only one of the feet 
is moved away from the flat surface against which 
it was pressing, it will seen that this movement 
is perpendieular to that surface. Another example of 
geometrical design is the method of oupporting the trun- 
nions of a transit telescope in two V-shaped bearings, 
giving four points of contact. This allows rotation about 
the axis of the cylinders forming the trunnions, and also 
longitudinal motion along the axis of the cylinder, and a 
fifth point of contact is required to ge this last 
moment. A sixth point of contact would be required to 
prevent rotation—the only remaining motion possible. 

Each case has to be worked cut according to the move- 
ments required in the piece of mechanism which is being 
designed. When I speak of points of contact, in reality 
the contact must be between two surfaces, the area 
depending on the hardness of the material, the forces 
between them, and the amount of wear that will take 
place. . If the three-legged table had pointed feet, it would 
run into the floor. In many cases also the contact between 
the surfaces has to be ensured by pressure from a spring. 


(To be continued.) 





Our Ratts Aproap.—April put a better aspect upon 
this year’s British rail exports, the shipments for the month 
having been 46,081 tons, as compared with 24,582 tons in 
April, 1912, and 27,016 tons in April, 1911. The aggre- 
gate exports to April 30 this year were 157,517 tons, as 
compared with 150,523 tons, and 144,004 tons in the corre- 
ons periods of 1912, and 1911. mtina imported 

ritish rails in the first four months of this year to the 
extent of 16,435 tons, as compared with 13,897 tons and 
22,345 tons respectively. The colonial demand moved on 
as follows in the first four months of the last three years:— 


Colonial Group. 1913, 1912. 


Tons. Tons. 
British South Africa 


19,178 15,551 
British India .. = 45,187 47,863 
Australia . 


es 45,578 45,172 
New Zealand .. 


9,980 6,991 
. 270 228 
It will be observed that the Antipodean demand for 
British rails has been well maintained of late. The move- 
ment of British rails to Canada is extremely small ; this 
is expl by the encouragement extended by the 
Dominion Government to Canadian metallurgical indus- 
ty J yc Aa proximity of Canada to the United States 





CATALOGUES. 


, Mectrical Measuring Instruments. —An abridged price. 
list of ammeters and voltmeters of the moving-iron and 
moving-coil iypes. has issued by Siemens 
Brothers and Oo., Limited, of Woolwich, Kent. The 
instruments are contained in circular cases, and are 
suitable for switchboard use. 

Condenser-Tubes. — The Yorkshire Copper Works, 
Limited, of Leeds, have issued a pamphlet showing the 
results of comparative tests of condenser-tubes made with 
their “‘ Bemal” metal, and other tubes of the Admiralty 
composition, or of 70/30 brass. The experiments extended 
over a period of sixty-four weeks, with the result that the 
** Bemal ” tubes were still perfectly good, whilst the com. 
peting tubes had suffered very extensive corrosion. 


Electric-Motor Controllers.—Mr. George Ellison, Vie. 
toria Works, Warstone-lane, Birmingham, has issued a 
ape giving eanee of fgg ed controllers of 

e drum or use on cranes, hoists, &c. Among 
other Sead eke of the design it is mentioned that 
in these controllers ample space has been allowed for 
connecting up, and the terminals are also conveniently 
arranged to permit of easy wiring. 

Concrete-Block Press.—A four-page circular, relati 
the “‘ Bijoli” press for making concrete blocks for braid. 
ing construction, has reached us from Messrs. Shirtliff 
Brothers, of Hampton Hill, Middlesex. The circular 
points out the advantages of concrete-block construction, 
and illustrates and briefly describes the press. The latter 
is of the toggle-lever type, the toggle mechanism being 
operated by a right and left-handed screw driven by 
belt. It is capable of exerting a pressure of from 60 to 
70 tons, and can turn out blocks at the rate of two a 
minute. 


Pipes and Accessories.—A useful catalogue of — 
pipes and accessories for steam-pipe lines has 
recently issued by Messrs. Aiton and Co., of Derby. The 
catalogue gives dimensions and prices of cast-iron and 
wrought-steel pipes, tees, elbows, bends, &c., and of 
accessories, such as expansion bends, steam. separators, 
exhaust heads, brackets, sugars slings, &c. Full r- 
ticulars are also ineluded of automatic exhaust relief 
valves, foot-valves and strainers, steam-heating nozzles, 
and steam-traps of the bucket type; tables showing the 
rate of flow of steam and water in pi of various 
diameters are also given. ll the articles listed are 
manufactured by the firm at their Derby works. 


Forced-Draught Furnaces and Mechanical Stokers.—We 
have received from Messrs. Meldrums, Limited, of Tim- 
perley, near Manchester, a pamphlet dealing with their 
well-known forced-draught furnaces for boilers, brewing 
vessels, metallurgical furnaces, kilns, &c. The pamphlet 
points out the advantages of forced draught for steam 
raising, and then describes the company’s system, in which, 
it will be remembered, the air for combustion is forced 
into a closed ash-pit by means of a few steam-jet blowers. 
It is claimed that, by its use, low-grade fuels can be burnt 
smokelessly, and the output of the boiler considerably 
in A special type of furnace with silent blowers 
for use where the sound of steam-jets would be objection- 
able, is also mentioned. These furnaces, it is stated, can 
be used in chemical and similar works to destroy offen- 
sive fumes arising from certain manufacturing processes. 
The fumes are led into the air-conduit, and forced through 
the fires with the air for combustion, all nuisance being 
avoided in this way. We have also received from this 
firm a circular relating to their ‘‘ Koker ” and *‘ Sprinkler” 
stokers for boiler furnaces ; both types can be used with 
either forced, induced, or natural draught. 


Pulleys.—A very useful catalogue of wrought-iron belt- 
pee has recently been issued by Messrs. Douglas, 

wson and Co., of Birstall, Leeds, who specialise in the 
manufacture of these D ome and can supply them inall 
sizes between 8 in. and 20 ft. in diameter. After pointing 
out their advantages, among which lightness, strength, 
and true running properties are specially mentioned, the 
catalogue gives a detailed specification of the standard 
pattern, and quotes prices for arene ranging from 12 in. 
to 10 ft. in diameter. Full particulars, with prices, are 
also given for the firm’s “ Stanchion ” pulleys, which are 
designed for exceptionally heavy work. In these ag 4 
acom tively large cole, or ‘‘ palm,” is forged on the 
end of each arm, and this collar is machined to fit the 
rim exactly, whether the latter is crowned or not. 
rim is secured to the arm by means of four rivets through 
the collar, and it is claimed that this form of attachment 
will not work loose under the most trying conditions; 
9 og are quoted for ‘‘ Stanchion” pulleys from 2 ft. to 

0 ft. in diameter. The catalogue, which is well printed, 

and altogether a very pies og production, contains all 
information likely to be required by home and foreign 
buyers, including weights and shipping freights 
passenger-train rates to the srincipnt British towns. It 
also contains a carefully prepared and conveniently 
arranged telegraph code, which will doubtless be of great 
assistance for the transmission of urgent orders ; the firm 
claim to have special facilities for this class of business. 





CoaL 1N THE Urnat.—The 
Ural moved on as follows in t 
inclusive :— 


oduction of coal in the 
“4 iomil ended with 1912 


Poods. Poods. 
29,981,922 be .. 47,825,045 
31,632,758 et fy ee 
cpr 28 
a 47, ; 8 

1907 .. .. . 43,475,704 1912 .. -» 47,503,209 
The output will be seen to have, upon the whole, im 
creased appreciably during the ten years. There sré 
62 poods in a ton. 
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ELECTRICAL APPARATUS. 


4187/12. The British Thomson-Houston Company, 
Limited, London. (J. K. Noeggerath, New York, U.S.A.) 

o-Electric (1 Fig.) February 19, 1912. 
—The so-called homopolar machines have long been known ; 
they have not, however, attained any tical or industrial 
importance, owing to the fact that it has only been possible to 
obtain very small voltages with them. To overcome this draw- 
back such machines have to be driven at very high speeds. It is 
also desirable to connect a number of conductors in series to 
increase the voltage still more. This invention consists in em- 
loying concentric cylindrical conductors such as have hitherto 
Ge proposed, and constructing the said conductors so that 
all the parts on which the collector-rings are carried will be 
of the same, or approximately the same, diameter. In the 
drawing, which represents a longitudinal section of the machine, 
the cylindrical armature is marked 1, and the collector-rings 2. 
The brushes of the Sane provided for by means of 
apertures formed in the yoke. The excitation of the magnetic 
circuit is produced by the coils 6. The armature 1, which is 
here assumed to be solid, but which might equally well be 
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hollow, carries in the middle the specially-mounted cylindrical 
conductor 3, which is separated from the armature by insulation. 
As shown, the middle part of the conductor 3 is preferably of 
ef diameter, and approaches as closely as possible to the 
middle annular part of the yoke that surrounds it. On each side 
of the conductor 3 a set of collector brushes is mounted. A set 
of collector brushes is also provided at each side of the remainder 
of the armature, and as the electromotive force is induced in the 
same direction as in the middle conductor, the two conductors 
can be connected in series by means of the sets of collector-rings 
shown. It is advantageous to make all the parts carrying 
collector-rings of the same diameter. The middle of the armature 
body 1 can be given a smaller diameter than its ends, and the 
middle conductor 3, which is then divided, can be arranged over 
it. It is, however, Foe to give the armature a a smaller 
diameter at one end or both ends as shown in the drawing, and to 
provide them with ial bushes. In this case the cylindrical 
conductor 3 and also the bushes 5 are constructed as undivided 
rings, — can be arranged on the armature body. (Sealed 

‘ay 8, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


7083/12. Sunbeam Motor-Car Com , Limited, 
and 8. S. Guy, Wolverhampton. Indloating sssege 
larities in ‘Wheels. [5 Figs.) March 22, 1912.—This 
invention relates to machines for indicating irregularities in od 
and bevel-gear wheels and the like, of the type which comprises 
a base and a yielding table, one gear member being carried Ayo 
base and rotating in mesh with the other gear member, which is 
mounted on the table, irregularities causing the table to yield or 
vibrate, which is indicated by means of an index-hand or needle. 
The object of this invention is to enable such machines to 

larities, such as by tracing on a card, and to enable the 
position of such eo to be easily located from an inspec- 
tion of the card. is is effected by pivoting to the base a lever 
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ke may be of bell-crank form, one end of which engages and 
moved by the vibrating table, whilst the other operates a 
recording device. For instance, the end of the lever may carry a 
Le or pencil moving over a card. This pen or pencil traces the 
ns on an enlarged scale upon a card mounted upon a drum 
connected by gearing with one of the gear members being 
tested. In the construction shown, there is mounted upon the 
spindle to which the crown wheel B, which is under test, is attached 
4 belt-pulley C, which drives by means of a belt round a 
-pulley Eto a pulley F on the drum G. The oe 

on by a spring to take up the slack of the t. 
upon which the crown bevel- wheel is mounted is 
to rotate, but not to move endwise, in bearing- 
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on the table M. The drum receives a card of some well- 
known type. For instance, this card may be divided into 
squares, the longitudinal divisions representing gear-teeth, 

the vertical ones the irregularities of the same, say in thousandths 
ofaninch. The lever H, which is pivoted at K to the stationary 
base L, is of very unequal proportions, so that the movements of 
the table M are considerably multiplied, and the pen or cil N 
carried at one end of the lever caused to move through a com- 
any large arc. Tne shorter end of the lever en an 
adjustable set-pin O carried by the vibrating table M. In opera- 
tion, the crown-wheel B of the bevel-gearing is secured to the 
shaft, and the bevel-pinion P, which is also under test, is caused 
to mesh with it in the ordinary manner, and is rotated at any 
esired speed from some outside source. If the -wheels are 
perfect, there will be no tendency for them to move in relation 
to one another otherwise than rotatively. If, however, there are 
irregularities, there will be a tendency for the wheels to move 
axially, with the consequence that the crown-wheel B, the spindle 
upon which it is mounted, and the table, will move — Such 
axial movement causes the set-pin O to actuate the lever H 
moving the pencil N over the drum G. (Sealed April 10, 1918.) 


3853/12. E. Smith and S8. E. Saunders, East Cowes. 
Flexible uplings. (4 Figs.) February 15, 1912.— 
This invention relates to improvements in flexible couplings for 
shafts of the kind comprising a socket member fixed to one shaft 
and a ball member adapted to be fixed to, or formed upon, the 
other shaft, the two members being placed in operative connec- 
tion by means of aseries of pins inserved between the two parts 
of the socket member, and engaging with slots in the ball 
member. According to this invention, cylindrical pins are intro- 
duced between the two parts of the socket member before the 
latter are connected, | or studs being provided on the pins 
for preventing them from slipping. a@ indicates the socket 
member of the coupling, b the ball member, and a1, b! the shafts 
to which the members are respectively fixed. The socket member 
ais formed in two parts, the division being on a line through 
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the centre of the socket in a plane at right angles to the axis of 
the shaft, the two parts oy F rovided with flanges c designed 
to be conn together by bolts. Between the two flanges are 
formed recesses, into which pins /, which, as shown, are of cylin- 
drical shape, are inserted, the inner ends of the pins projecting 
into the interior of the socket. Each of these pins / has a lug or 
stud upon it designed to engage in a corresponding hole in one 
of the flanges c,so that when the pins are p in position 
between the flanges, and the latter are clamped together, the pins 
J cannot move outwards. The ball member 4 in the socket is 
provided] with a series of slots or grooves i, with which the pins 
J engage, so that motion ye aap to one part of the coupling 
will be tranemitted to the other part, the slote allowing of any 
slight movement which may take place between the two shafts 
owing to the latter not being in true alignment. (Accepted 
February 19, 1913.) 


MINING, METALLURGY, & METAL-WORKING. 


4947/12. Mavor and Coulson, Limited, and 8. M. 
Mavor, Glasgow. Coal-Cutters. [4 Figs.) february 28, 
1912.—This invention relates to cutter-bar and cutter-chain 
machines and relates to machines of the type in which the motor 
is mounted on the body of the machine and the cutter-bar 
arranged to extend from a head rotatable relatively to the body, 
and the object of the invention is to effect improvements in or con- 
nected therewith, permitting the cutter-bar in under-cutting, or in 
over-cutting, to be turned laterally through a complete circle. In 
machines constructed according to this invention, in order to carry 
the cutter-bar so that it may be turned laterally through a complete 
circle and pass the body of the machine, the rotary head, 
which the cutter-bar extends, which under normal conditions is 
arranged to turn about a vertical axis, is increased in its vertical 
dimensions to such an extent that the cutter-bar, in the case of a 
machine for use in under-cutting, is ed to turn under the 
body of the machine, and in case of a machine for over-cut , to 
turn over the body of the machine. In the construction illus- 
trated of a machine for use in under-cutting, the body A thereof 


Fig. Lg 





is provided with a fixed head part B of normal vertical dimensions, 
in comparison with those commonly comprised in construc- 
tion of machines of the eral characterin question, which 
is mounted a rotary O, from which the cutter-bar D extends, 
of increased vertical dimensions in comparison with 


oil is carri 
from | until it reaches the 





together when assembled. As an example of a modification, the 
fixed head may be provided with more than one lateral circular 
flange B!, and the ro head formed with annular channels to 
correspond. An example of a further modification is illustrated 
in Fig. 1, in which case the upper part of the rotary head C is 
formed with a lateral flange B*, and the base of the fixed head is 
formed with an annular channel to embrace it. (Sealed 
April 17, 1918.) 


MOTOR ROAD VEHICLES. 


1886/12, The Wolseley Tool and Motor-Car Com- 

, Limited, and A. A. 

7 (3 Figs.) January 24, 1912.—This in- 
vention relates to improvements in the type of sprip nsion 
for vehicles which is described and claii in Patent Bpeci tion 
No. 16,879, of 1911, and consists mainly in the means whereby the 
principle which is embodied in the prior specification is ied to 
systems of spring suspension previously used. Descri the 
invention in general terms, the means which ensure a quicker 
periodicity between an axle and the body of a vehicle under rolling 
movements than under simply vertical movements of the body in 
relation to the axle, or a quicker periodicity under rolling rela- 
tively to the periodicity simply under vertical movements than 
is obtainable with ordinary means of spring suspension, in which 
the periodicity under rolling is dependent in any given case on the 
periodicity under vertical movements, comprise a pair of arms 
which are rigid with and project from the ends vely of a 
transverse member nding to that descri! in the said 
former specification, and are connected to the spring systems for 
the opposite ends of the axle, the arms yielding together under 
shocks due to vertical vibration only, which occur simultaneously 
at both ends of the axle, and allowing free play vy pe the 
entire spring suspension of such axle, but cutting out, in — 
of such axle only, a portion of the ng suspension under vibra- 
tions due to rolling, and thereby stiffening the nsion against 


rolling. A is a — side-spring, which is connected at 
e axle B. 


about its middle with t A corresponding spring is 





ee | connected with the axle at the other side of the vehicle. 
One end of each of these springs, ly fo end, is 
connected with the frame © of vehicle in any convenient 
manner, and the other ends of the springs are conn respec- 
tively with the lower ends of inver C-springs, such as D, 
conveniently through the medium of the links, such asd. Eisa 
transverse shaft or bar carried in bearings which are rigid with the 
frame C, and corresponds to the transverse member described in 
Specification No. 16,879, of 1911. Rigid with the ends respec- 
tively of this transverse shaft are arms, such as el, and the 
outer ends of these arms are connected r ively through the 
medium of links, such as f, with the ends of the springs A which 
connect with the C-springs. Under vibrations which are im- 
parted to both ends of the axle B simultaneously the arms e! 
yield together and allow free action of both the elliptic sprin 
and both the C-springs ; but under a rolling action of the body 
in relation to the axle the tendency is for one of the arms ¢! to 
turn in one direction and the other to turn in the other direction, 
with the result that there is little or no movement of the arms, 
and the ends of the C-springs are « quently substantially 
stationary in relation to the frame or body, and the yielding of 
the spring pension is fined entirely to the pol A. It 
will thus be seen that while both the springs A and both the 
C-prings D are effective under vert vibrations which are 
transmitted to both ends of the axle B simultaneously, only the 
semi-elliptic eprings A are effective under tendencies of the 
vehicles to roll. (Sealed April 17, 1913.) 


22,369/12. Etablissements Lyonnais Rochet- 
neider, Lyons, Motor Road Vehicles. 
(2 Figs.) December 21, 1911.—The invention relates to improve- 
mente in brakes for motor vehicles wherein the variable resistance 
of an oil-pump comprising gear-wheels actuated by the movement 
of the carriage is utilised to provide the braking means. In 
motor-cars provided with pinion change-gear it is con- 
be mang for Lene nd a+ ae utilise one or =P — of the 
nions appe' to the ong to p. 
~ Vy --—F- : in —* ape brake =e — riven 
vehicles com i intermeshing gear-wheels in operative con- 
nection with rotary parte of the vehicle, the gear-wheels being 
enclosed in a casing closely fitting round the same, the casing 
being provided with an inlet for f oil into the casing to the 
gear-wheels, and with an outlet for allowing the flow of the oil 
out of the casing, means being provided for partially or entirely 
stopping the outflow of oil from the . The motor-shaft 1 
drives the intermediate shaft 8 by means of 2 and 3, or 
4and 5, or 6 and 7, said intermediate shaft 8 driving the recei 
or driven shaft 11 by means of a pair of -wheels 9 and 10. The 
motor-shaft 1 can also drive the receiving-shaft 11 by means of 
clutch member 12, adapted to be engaged with clutch member 13. 











In the latter case the gear-wheels 9 and 10 do not transmit any 
pes, but continue to rotate. These gear-wheels, which remain 
gear and always rotate with the movement of the vehicle under 
Sassiiotenbe, fer tabs purpens, tho grarenting ts emrambed on 
e. For purpose, the gear Bo 
t it fite closely around the said two wheels 9 and 10, as shown 
in the drawings. In the thickness of metal forming the wall of 
the casing an oil channel 14 is provided, which serves as an inlet 
or suction conduit (the gear-wheels rotating in the directions 
indicated by the arrows shown in Fig. 2). A second channel 16, 
closable by a cock 16, serves as the outlet or return conduit. The 
ied round the casing by the rotation of the wheels 

A, whence it can only escape th: 
acme cater la . On yee opt ye the wheels 
ve & space ich cannot ex y suction through 
the channel 14. The oil thus sucked ‘op turne with the two 
wheels and returns to A. If the cock 16 is wide open, the oil 
will flow —- without offering other resistance than that 
caused by its friction against the walls of the channelling. If, 
however, the cock 16 is closed more or less, a greater or less 
resistance will be opposed to the flow of oil, the re of the 
oil will increase more or less, and this pressure be opposed to 
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the movement of the gears, and consequently of the vehicle. 
The resistance increases in a ee as the cock plug is turned 
towards the closed position. ( ed May 1, 1913.) 


PUMPS. 


4158/12. eselischaft Bro Boveri and 
Cie., Bad itzerland. Internal-Combustion 
Pum {1 Fig.) May 16, 1911.—This invention relates to 
internal-combustion pumps or compressors working on the two- 
stroke cycle. The present invention consists in a method of ra- 
tion and means therefor in which the water column returns both 
into the main and auxiliary chamber, compression taking place 
in the main chamber by the returning main water column about 
the time of or after the closing of the exhaust-valve. In the form 
illustrated, a main cylinder a is provided with an extension b of 
great diameter, communica with a bend c and delivery-pipe d 
on one side and a suction-valve cylinder ¢ on the other. The 
construction also includes a separate gas-pumping cylinder /. 
An additional part or valve-chamber g is provided to the cylinder 
J carrying a gas-cock, inlet valve, automatic valve, and water- 
controlled valve k. The chamber g communicates with a ring 
perforated for the escape of gas and arranged in the dome-shape 
end of thecylinder a. The cylinder and extension carry scaveng- 
ing valves m and n and an exhaust-valve o. Water-valves are 
provided in the cylindere. The normal level of the water at 
suction is shown at I, the lowest level reached inside the cylinder 
at I I, and the level corresponding to atmospheric pressure at I II. 
The operation is as follows :--In the spherical end of the combus- 
tion cylinder there is present acompressed mixture of air and gas, 
which is ignited by an ignition device. Explosion takes place and 
the water contained in the pump cylinder is driven through the 
pipes c and d into the high-level tank. The amount of mixture is so 
determined that the ex ing gas has reached atmospheric pres- 
sure when the water level isat I11. The kinetic energy given to 
the water column causes the water to continue to move in the 
direction of the delivery-pipe. The suction level of the water is 
approximately that shown at I. When the water level in the 
pump cylinder falls below the level J, water from outside flows into 
the pump through the valves in the cylinder e, until the ree te | 
column of water comes to rest. When the level III is attain 

on the explosion stroke, the gases have come to atmospheric pres- 
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sure, the exhaust-valve o opens by its own weight and scavenging 
air, if necessary under slight pressure, enters or is forced in through 
the scavenging-air valves m and n and thecylinder a is freed from 
substantially all the exhaust gases. At the same time the level 
of water in the separate gas- ap 5 yon J falls and the water 
therein flows ds the pipe d. e suction caused thereby 
in the cylinder / allows gas to enter through the inlet-valve. The 
water-controlled valve k opens owing to its own weight, the auto- 
matic valve being closed. The amount of gas drawn in can be 
lated by means of a cock or valve located in front of the 
inlet valve. The gas is unable to find its way into the — 
cylinder from the bottom since the bend ¢ is always full of liquid. 
When the liquid column in cand d ns to swing back, the balanced 
scavenging valves m and 7 close. e last traces of the exhaust 
also the air in the bare expelled the still 
nm exhaust-valve o, the closure of the exhaust-valve taking 
only when the returning water column passes beyond the 
edge below the exhaust-valve. During this time, however, the 
water column in the separate gas-pump cylinder f has risen and 
transferred most of the gas contained therein into ——— 
end of the expansion space, the inlet valve having cl u 
the action of its g and the automatic valve opened 
the thereto ‘rom the pump cylinder. Since the is 
generally lighter than the ‘air or traces of combustion products 
remaining within the space a, it will have a tendency to 
the top rather than to descend towards th 
valve. Owing to the thorough scav: q 


be mixed with substantially air, 80 
mixture will result. To silcin innmnetiots 


mixture of gas and air, the former should enter the expan- 
sion space in fine streams and at high speed. When the 
column in the cylinder f reaches the valve & it will close the same. 
The remainder of the trapped in the cylinder / serves as a 
cushion to take u still unabsorbed kinetic energy of the 
column of water in. When the exhaust and scavenging 
valves are closed, compression of the mixture within the cylinder a 
commences, and when it ha: attained a sufficient intensity paar 
takes place in known manner and a new cycle ensues. (Sealed 
May 8, 1913.) 


RAILWAYS AND TRAMWAYS. 
4264/12. E. M. Munro and The R. E. T. Construc- 
tion Com: 


pany, limites. London. ess Electric 
Traction. (3 ) February 20, 1912.—This invention relates 
to the sockets or bases of trolley-poles for e traction 
systems, and has reference to systems in which railless 
vehicles deriving their power from ov conductors are 
employed. In a system it is important to allow the vehicle 
to vary its position relatively to the conductors without danger of 
disengaging the contact shoes or other collectors, and to prevent 
undue side strain being set up between the conductor and the 
collector. panne gd to this invention, instead of employing 
springs to control the ition of the rotable of the 
socket, a cam or inclined surface is used acting in conjunction 
with a friction roller or the like, The cam be into 
contact with the roller either by the weight of the trolley-arm 








and head or by the action of a ng. Ais a tubular socket 

vided at its upper extremity with friction rollers B supported 

lugs A}. On these friction rollers rest inclined or cam surfaces 
C! formed on a rotable head C. This head C is fitted with a 
tubular stem D, which extends down within the tube or socket A. 
roller-bearings being provided at E and E!, so that the stem D 
may rotate and move up and down within the tube A. Aspring F, 
in come is placed between a channel or ball-race adjustably 
secured to the bottom of the stem D and a fixed internal collar G 
within the tube A. This spring therefore tends to keep the cam 
surfaces Ol down in contact with the friction-rollers B. 
Within the tubular stem D is a spring H acting between a fixed 
internal collar H! and the lower end of a central rod or tie J. The 
upper extremity of this rod engages with the hooked end of a 
socket K, which receives the lower end of the trolley-arm. This 
rod J, spring H, and socket K are of the usual construction, the 





function of the spring H being to keep the upper extremity of 
the trolley-arm , 80 that the collector is brought into contact 
with the overhead conductor. Attached to the rotable head C is 
a light cover or petticoat, which serves to t the cam sur- 
faces and friction-rollers from the weather. e deepest portions 
of the cam surfaces C! are shown as resting upon the friction- 
rollers B, this being the normal position when the axis of the 
trolley-arm lies parallel with the longitudinal centre line of the 
vehicle, as when the vehicle is running directly beneath the over- 
head conductor. Should the vehicle turn out from thie position, 
the head C is rotated, and the inclined cam surfaces C! are 
brought into en ment with the friction-rollers and tend to 
rotate the head C and the trolley-arm still further in the direction 
in which they have moved—that is to say, the head, owing to the 
action of the cam surfaces, is turned in such a direction as to 
lessen or prevent side strain between the overhead conductor 
and the collector. (Sealed May 8, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 

2890/12. E. Hollingworth, Hyde. Steam-Super- 
heaters. (2 figs.) February 5, 1912.—This invention ies 
to that type of superheater in which two boxes or headers, 
arranged One above or on top of the other, and having tubes 
communicating with them at the top, bottom, or one side, are 
employed, has for its object to provide an arrangement 
whereby the amount of tube surface directly exposed to the 
heated gases in comparison to the size of downtake is greatly 
increased, and also the ting and di ting of such tubes 
is greatly facilitated. The invention consists in arranging the 
tubes on both sides of the boxes or headers in groups situated at 
distances apart, the groups on the one side of the boxes or headers 
being 0; te to the spaces between the groups on the other side 
of the xes or headers; moreover, the invention consists in 
securing each group of tubes to the hox or header by means of 











flanges fixed to the ends of each of the tubes. The tubes ¢ are 
arranged on both sides of the two boxes @ and b, each of which 
is provided with the usual connections ¢c andd. The group of 
tubes are aT expanded in loose flanges which are secured 
4 ge one a b ar meene RF nag and nuts, screws, or the 

2. group may o! approximate] -shaped 
tubes ¢, two of which are secured, at a short Gtanse toate to 
the upper part of flange g and to the lower part of flange h, and 
the remaining one of which is secured, ite the space 
between the two first-named tubes, to the lower part of the 
flange g and to the upper part of the flange h. The flange g is 
aguuvell ti the tp box or Snadiet o.. anu Ue Mange A te the tothe 
box or header b. A suitable number of the groups are fixed to 
one side of the boxes a and } at a distance of one group apart, 
and a suitable number at the other side to correspond with the 
spaces left by the first- group. (Sealed May 1, 1913.) 

47 The Stir Boiler Com . Limited, 
and G. Lon Water - Tube 


nally thereof. The present invention consists in the arrange. 
ment of an imperforate longitudinal diaphragm or partition in 
the lower water-drum adjacent to that nearest to the furnace 
grate, or in such other lower drum as may be most efficient 
according to the design of boiler in which it is employed, in such 
manner that when in operative position it pletely intersects 
the said drum along a line, on opposite sides of which the tubes 
of the central k are connec’ to the said drum. A, B, and 
© denote the upper steam and water-drums and D, F, and PF 
denote the lower water-drums. In the drum E is fitted an 
imperforate partition or diaphragm G, which is so arranged as to 
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cause the water flowing from the drum F to travel upwards 
through the tubes connecting the rear water-space ¢ in the 
drum E with the drum B, and downwards through the tubes con- 
necting the drum B with the front water-space e! in the drum E, 
thence into the drum D, instead of flowing in known manner 
direct from the drum F to the drum D. This diaphragm G, in 
lieu of being made flat, may be made curved, and may be hinged 
so as to hang clear of the manhole and permit the drum to be 
inspected on both sides. A baffle (not shown) may be arranged 
in the central bank of tubes to form an extended path for the hot 
gases. (Sealed May 8, 1913.) 


TEXTILE MACHINERY. 


J. He and Sons, Limited, and 
J. F. , Manchester. Gravity Spindles. 
{11 Figs.] December 9, 1912.—This invention relates to improve- 
ments in gravity spindles for ring-spinning and doubling frames 
of the type described in the Specification of Letters Patent 
No. 15,813, of 1912. The invention consists in the combination, 
ith an oil-cup for each spindle, of a feed consisting of 
a trough formed with sections to supply any desired number of 
spindles, and vided with couplings at the pokers. a desig- 
nates the le rail, b some of the gravity spindles, c the spind 
wharves, the combined bolster lids and spindle-retaining 
catches, e the bolsters, f, f! the oil-cupe, A the nuts for fixing the 
bolsters in the spindle-rail, i the rings, j the ring rail, and k one 
of the lifting poiere. The above parts are substantially known 
constructions in the t of gravity spindle to which the inven- 
tion relates. _ Mild steel or wrought iron is used throughout the 
construction of the spindle, and each bolster e recessed internally 
to obtain a reservoir for oil. Grooves are formed in the bolaters 
to allow of the circulation of oil, these grooves being in addi- 
tion to the ordinary groove for the reception of the usual spring 
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on the inner tube. Each oil-cup has at least two holes to allow 
the oil to circulate freely into whatever position the oil-cup may be 
screwed into its bolster e. The feed-trough o is formed, preferably, 
of channelled wrought iron or mild steel, with two or more grooves 
or channels, and of any suitable length, preferably long enough to 
go between a pair of lifting-pokers k. The feed-trough is covered, 
and is drilled at suitable intervals to receive the bolsters ¢ for 
the spindles}, an oil-tight joint being made by lead-washers or 
other suitable packing both above and below the feed trough on 
each bolster. e ends of the trough sections are connected yd 
special channel curved coupling-pieces g. The grooves or channe 

in these coupling-pieces are covered by a cover similar to — 
employed for the feed-trough. The coupling is also provided "i 

a plug-valve r with a passage which can be turned so 4s t© rH 





don. 
(2 Figs.) February 26, 1912.—This in re! 
to water-tube boilers of the type comprising a plurality of 
upper steam and water-drums and one or more lower water- 
drums connected together by vertical, or approximately ver- 
tical, tubes, one of the lower drums being separated into com- 
partments by an imperforate partition arranged longitudi- 


one -section from the other. The oil-cups ae 
the feed troughs 0, and the couplings g, are supplied with oil by 
removing one of the spindles and pouring oil into the b oo 
until it reaches any desired level, as shown by the sight-indica 





8 (see Fig. 1), which is connected to one of the feed-trough sections 
0 ane through the spindle rail a. (Sealed May 1, 1918) 
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HE GRAND CENTRAL RAILWAY 
STATION, NEW YORK. 


Tae New York Central Lines is the only railroad 
system having western connections that operate both 
freight and passenger trains direct to Manhattan 
Island, on which New York City is situated. These 
lines come from the west along the Lakes by way of 
Buffalo, and along the Mohawk and Hudson River 
valleys, on what is popularly known as the ‘‘ Water- 
Level Route.” Trains enter New York City over 
four tracks on the New York Central and Hudson 
River Railroad, which skirts the east bank of the 
Hudson River, and over the two-track line to 
Chatham, known as the Harlem Division (125 miles 
from New York). The New York, New Haven, 
and Hartford Railroad joins the Harlem Branch at 
Woodlawn Junction (12 miles from New York). 

The railway’s freight line follows the east bank 
of the Hudson River to the southerly part of the 
city, but the passenger traffic is diverted at Spuy- 
ten Duyvil and joins the four-track Harlem Divi- 
sion line at Mott Haven Junction, from which 
point a four-track viaduct and tunnel are built to 
connect with the Grand Central Station in Forty- 
Second-street. Both the New York Central and 
the New York, New Haven, and Hartford Railroads 
use this as their New York terminal. 

The first station built by the New York and 
Harlem Railroad (now a part of the New York 
Central system), in 1832, was located down-town at 
apoint about 3 miles south of the present Grand 
Central Station. With the tide of population and 
traffic it moved further north, or up-town, to the 
site of the present Madison-square Garden. This 
station was shared jointly with the New Haven 
Company, passengers being hauled north of this 
point by steam,” and south by horse-cars until 1857, 
when the use of steam was discontinued south of 
Forty-Second-street. 

The traffic soon outgrew the Twenty-Sixth-street 
station, and in 1871 the original Grand Central Station 
on Forty-Second-street was built. In 1900 this 
station was enlarged to accommodate about 60,000 
passengers daily, the number of tracks was increased 
and three storeys added to the building. It soon 
after became evident, however, that a radical recon- 
struction was necessary to meet the ever-increasing 
traffic requirements. In 1903 legislative action was 
taken directing the complete abandonment of the 
use of the steam locomotive in Park-avenue, south 
of the Harlem River, within a period of five years, 
terminating July 1, 1908, and in the same year the 
railroad company and the city authorities agreed 
upon radical changes at the terminal, which were 
= only with the adoption of electric traction. 

‘he most important of these changes is the depres- 
sion of the whole terminal, so as to permit the 
extension of highways over the tracks from Forty- 
Fifth-street_ to Fifty-Sixth-street inclusive, thus 
joing two sections of the city hitherto separated 
for three-quarters of a mile by railway yards and 
structures, and the continuation of Park-avenue so 
as to make it, by means of a high-level crossing at 
Forty-Second-street, a continuous north and south 
thoroughfare. 

Design of New Terminal.—The design of the 
new terminal presented a problem of no small 
magnitude. T'wice the railroad company had been 
compelled to move its terminals northward, and it 
was very desirable that the strategic position of the 
terminal in the heart of the city should be main- 
tained, so that the heavy passenger traflic might 
be brought right into the centre of New York City. 
In designing the new Grand Central Terminal 
careful consideration had also to be given not only 
Yo the actual car and train requirements at the 
Present day, but also to their probable future 
increase, and to the necessary facilities for unload- 
ing mail, express and baggage, together with the 
adjuncts for cleaning, stocking, and preparing 
*quipment for the return journey. Some idea of 

© growth of traffic in recent years may be obtained 

m the diagram, Fig. 1, herewith, while in Fig. 2 
‘re given curves of the daily fluctuation in traffic. 
ing solution of these problems is shown in the 
tons on Plates XLI., XLII., XLIII., and 
+ wn It will be noted from these drawings that 

© new lay-out provides two levels of tracks, 
omnting practically to superposed stations. The 
ines on ¢he lower level join those of the upper level 
some distance from the station itself, by means of 
our approach tracks, of which two, for in-bound 
pre have grades of 3 per cent., and two, for out- 

trains, have grades of 2.7 per cent. The 


plans of the two levels are given in Figs. 5 and 7, 
Plate XLII., while cross-sections at various points 
of the approach are shown in Figs. 8 to 11, Plates 
XLII. and XLIII. Underneath the lower level 
of tracks three transverse subways are provided 
for the transfer of mail, baggage and express, {c., 
and for piping across the yard, one being shown in 
the section, Fiz. 13, Plate X LITT. 

Above the upper level of the tracks are carried 
the cross-town streets, while there is one longitu- 
dinal avenue in the centre. This will be clear on 
reference to Figs. 8 to 16, and also Fig.4, Plate X LI. 
The longitudinal avenue, at Forty-Fifth-street, is 
diverted to the east and west around the new ter- 
minal building, the easterly leg being reserved as 
a private way for baggage and mail teaming. The 
westerly branch joins Vanderbilt-avenue on the 
level, together with an elevated roadway adjacent 
to the terminal building, by which vehicular traffic 
is maintained over Forty - Second - street. This 
elevated road slopes gradually to the normal street 
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level, and rejoins Park-avenue at Fortieth-street. 
These roads are shown in Figs. 3 and 4, Plate XLI., 
and Figs. 14 to 16, Plate X.LIIT. 

The buildings consist of the terminal building 
proper; a post office and oftice building, in which is 
also located the American Express Company; 4 
sub-station for transforming the high-tension alter- 
nating current to 660-volt direct traction current, 
and low-voltage direct current for the operation of 
signals ; a heating and lighting plant; a battery- 
house for storage batteries to supply traction and 
signal current, in case of failure of the sub-station 
or during extreme loads ; a building for the Adams 
Express Company ; and the Merchants and Manu- 
facturers’ Exchange Building. The remaining build- 
ing areas (Fig. 4) between streets over the station 
yard and approach will be taken up as satisfactory 
arrangements are made. In fact, some buildings, not 
mentioned above, are already under construction. 

The Terminal Bwilding.—The Terminal Building 
proper, of which a general idea may be obtained 
from Fig. 3, Plate XLI., and in the sections, 
Figs. 13 to 16, Plate XLIII., extends from Forty- 
Second-street to Forty-Fifth-street in an up and 
down-town direction, and from Depew-place to 
Vanderbilt-avenue in a cross town direction. Its 
front elevation is shown in Fig. 15. It covers a 
space on the street level 301 ft. wide and 722 ft. 
long. Below the street level the station is 745 ft. 





" 











long and 455 ft. wide. In this building are located 








the waiting-rooms, concourses, baggage-rooms, and 
other facilities of travel. 

The principal room is the main out-bound or 
express concourse. This is shown in section in 
Figs. 13 and 14, while an interior view is reproduced 
in Figs. 17 and 18, Plate XLIV. This hall is 272 ft. 
long, 120 ft. wide, and 125 ft. high. In style itis 
dignified and simple. It is finished in Botticino 
marble. On the concourse, the floor of which is 8 ft. 
below street level, are located the ticket-oftices, 
information bureaux, parcel-room, baggage-checking 
booth, and all the usual facilities that the American 
traveller demands. These are arranged so that the 
movement of the traveller is progressive, the ticket- 
window coming first, the Pullman window next, the 
baggage-office third, and so on. There are no 
unnecessary steps, passengers proceeding directly 
from the concourse to the express-train platforms, 
on the upper of the two track levels (Fig. 5), by 
ramps, the concourse being several feet above the 
level of the train platforms. The waiting-room, 
shown to the left of the concourse in Fig. 14, and 
the interior of which may be seen in Fig. 19, 
Plate XLIV., lies between the concourse and Forty- 
Second-street, and is strictly what its name implies 
—i.e., @ waiting-room only, and not a waiting-room 
and concourse combined, as is often the case in 
American railway stations. The station is well 
arranged for the convenience of passengers. Ample 
toilet accommodation is provided on the various 
levels. One of the ladies’ rooms is illustrated in 
Fig. 21, page 727. 

The concourse serving the suburban traffic (Figs. 6, 
14, and 16) is located directly beneath the express 
concourse just referred to, and is similar to it in size 
excepting as to height. The area on the suburban 
level under the main waiting-room is used for a 
restaurant. The suburban concourse communicates 
with the lower level platforms serving the suburban 
trains, and 25 ft. 6 in. below the level of the 
express train platforms. One of the unique features 
of the terminal is the use, wherever possible, of 
ramps or inclined ways instead of stairways. All 
the levels used by passengers are connected by 
ramps, which vary in steepness from 6 to 11 per 
cent. The suburban and through traffic are sepa- 
rated, as are also the incoming and outgoing, so 
that passengers on any one ramp will all be moving 
in one direction. One of the ramps is shown in 
Fig. 20, Plate XLITV. The particular example 
illustrated leads to the suburban level concourse. 

Provision has been made in the arrangement for 
the Grand Central Terminal to have direct sub- 
surface connections with the Interboro’ Subway, 
Hudson and Manhattan (McAdoo) tubes to Jersey 
City, Belmont Tunnel to Long Island, and the 
Lexington-avenue Subway, so that the station will 
be readily accessible from all parts of the city. 
In deciding on the various levels of the terminal 
the main concourse floor was arranged on a level 
with the mezzanine, or ticket-office, floor of the 
existing Interboro’ Subway, as it was estimated that 
about 80 per cent. of the people arriving at and 
departing from the terminal used the subway to 
complete their journey. 

The Arrival Station. —The arrival station is 
located on the west side of Vanderbilt-avenue (Figs. 
7 and 13), between Forty-Third-street and Forty- 
Fourth-street. Incoming passengers may go to the 
street, to the subways, or take a cab without cross- 
ing the path of an outbound passenger, thus elimi- 
nating a constant source of confusion. The incom- 
ing station is fitted with a waiting-room of ample 

roportions located over the express level Foc 
Pe estrian communication between the incoming 
and outgoing stations is made by means of a 
passage-way below Vanderbilt-avenue. 

Suburban Track Level.—The arrangement of 
tracks and platforms for suburban traffic is indicated 
in Fig. 7. Fig. 6 shows a plan of the suburban 
concourse, from which ramps lead to the plat- 
forms below. The suburban station and yard is at 
a depth of about 46 ft. below the street-level. It 
covers 33 acres, and has 144 miles of track, of which 
2} serve platforms. The lay-out consists of seven- 
teen station tracks against platforms, two of which 
are reserved for baggage, and five additional tracks 
west of the station tracks, which will be used for 
turning equipment when the future connection 
(shown on the easterly side) is completed. The 
storage yardsare to the north of the station tracks. 

The station track construction is of creosoted 
yellow-pine blocks placed in concrete, the running 
rail being fastened to the wooden block by means 
of screw-spikes. This type of track is expensive as 
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to first cost, but low in maintenance, and is easily | 


kept clean. Guard-rails are used throughout. In 
order to accomplish this the switch-point is of the 
recessed type—that is, a housing is placed over 
the point, the former also acting as a guard-rail. 
Spiral curves are used through the loop tracks and 
turnouts. The running and guard-rails, frogs, and 
switches of the loops are all of manganese steel. 

The storage and running tracks have ballasted 
track with 100-lb. rails. The width of platforms 
varies from 14.33 ft. to 26 ft. The passenger 
platforms are 4 ft. above the top of the rail, and 
the baggage platforms 4 ft. 3 in. Under some of 
the platforms arrangements are made for piping 
and electric conduits. The platforms are of 
reinforced concrete. The steel columns support- 
ing the viaducts and buildings are protected by 
encasing them in a concrete pier for a height 
of 7 ft. above the top of the rail where adjacent 
to a running track, and 4 ft. 6 in. above the top of 
the rail where adjacent to a station or storage 
track. Above the protection pier the columns and 
girders are fire-proofed by using concrete placed 
on wire cloth. 

Terminal Subways.—There are three transverse 
subways (see Figs. 13 and 14): one at Forty-Third- 
street, for pipes and mail-conveyors and baggage 
trucking ; one at Forty-Fifth-street, for trucking 
baggage, and containing quarters also for storage 
and cleaning, together with a space for pipes ; and 
a pipe subway just north of Forty-Eighth-street. 
On the westerly side of the terminal a longitudinal 
pipe subway connects with the three transverse 
subways. On the easterly side the pipes are carried 
in a gallery above and east of the trucking platform 
and connecting with the three transverse subways. 
The two longitudinal subways are shown in Fig. 8. 

Eapress Track Level.—The arrangement of tracks 
and p atforms on the express traffic level is indicated 
in Fig. 5. On this level there are forty - two 
tracks at the south end. Tracks Nos. 1 to 4 are 
running tracks; Nos. 5 to 9, inclusive, are for 
storage poapeees 3 Nos. 10, 11, and 13 for the 
American Express Company; Nos. 14 and 15 for 
United States mail ; Nos. 21 to 23 and 30 to 32 
are for baggage ; and the remainder for ger 
service. Incoming trains use principally tracks 
Nos. 38 and 42, so that passengers arrive at 
the incoming station. The type of track used 
on the express level is similar to that on the 
suburban. The express level station and yard is 
23 ft. below the street level, and covers 45 acres, 
containing nearly 19 miles of track, of which a 
length of about 5 miles is alongside platforms. The 
area covered is greater than that occupied by the 
suburban level, so that a portion of the express 
level tracks rest on rock, while those over the sub- 
urban level are supported by a concrete floor resting 
on steel columns and girders, as will be described 
later. 

Street-Level Arrangement.—Park-avenue and the 
transverse streets, Forty -Fifth-streetto Fifty-Sixth- 
street inclusive (see Figs. 4, 5, 7, and the various 
cross-sections), together with portions of Forty- 
Third-street and Forty-Fourth-street, are carried on 
steel columns, some of which rest on the suburban 
stat‘on roof stee!-work, and some on solid rock (see 
Fig. 8); these columns oo. a floor system of 
stringers and girders, which in turn carry the con- 
crete floors. Most of the viaducts carry city gas 
and water pipes and electric conduits. The total 
length of viaduct thus formed, of which a good idea 
may be obtained in Fig. 4, amounts to nearly 2 miles. 
The cross-town viaducts have a width of 30 ft., 
with two 15-ft. side-walks, while Park-avenue, 
as shown me 8, 9, 10, and 12, has a width of 
140 ft. The viaducts are paved with sheet and block 
asphalt. By providing private driveways for mail, 
baggage, express, and cab service, the new termina 
eliminates the vehicular congestion of the old ter- 
minal. By extending Park-avenue to connect, by 
means of Forty-Fifth-street and the elevated road- 
way, in to the continuation of Park-avenue at 
Fortieth-street, a new north and south thorough- 
fare is provided for the city, which is urgently 
needed. As this elevated road is, on the down-town 
side of the terminal, the heavy east and west vehicle 
and car traffic on Forty - Second-street will cross 
under it, as indicated in Fig. 14. From the level 
on which it is at the terminal building, this road 
slopes gradually down to street level. 

ructural Steel- Work.—From Fig. 8 it will 
be seen that, outside the limits of the suburban 
level, 


viaducts mns have their 
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footing in the ground of the main-yard level. The 
steel structure supporting the roof over the sub- 
urban station-yard is designed not only to carry the 
main-yard tracks, but also to support the columns 
of the cross-street viaducts, Park-avenue extension, 
and future buildings east of Park-avenue; buildings 
erected on the west side will be supported by 
independent columns. The arrangement of the 


tracks is necessarily different in the two levels, and 
the lay-out of columns in the planes of the two 
levels varies. This results in some of the columns, 
carrying the structures over the main yard, being 
supported on girders in the suburban station roof. 
As the track lay-out was of paramount importance, 
=? in the steel design was necessarily sacri- 


The suburban station roof was designed for the 
following loading on each track :—T'wo 142-ton 
Consolidation engines, followed or preceded by a 
uniform train-load of 4500 Ib. per lineal ft., or a 
special loading of 120,000 lb. equally distributed 
on two driving-axles spaced 7 ft. centre to centre, 
and followed by a uniform train-load of 4500 lb. 
per lineal ft., commencing 5 ft. from the axle. In 
calculating the dead-loads, the weights of concrete, 
ballast, and steel were assumed at 140, 120 and 
490 lb. per cubic foot respectively. The average 
Seohteid per square foot in the roof construction 
is about 450 lb. The allowable unit stresses in 
pounds per square inch used in proportioning the 
structure for the above-mentioned loads from the 
cross-street viaducts and Park-avenue extension 
were as follow :—Unit tension for live-load stress, 
10,000 lb. ; for dead-load stress, 20,000 Ib. 

For pins, bolts, and rivets the allowable bearing 
stress was taken as 14 times the allowed tensile 
stress. The shear on pins, bolts, and rivets, and the 
net section of girder-webs, was not to exceed three- 
fourths of the allowed tensile stress. Unit stresses, 
as above, were for shop rivets. For rivets driven 
in the field the stresses allowed were 80 per cent. 
of the above. All girder connections were figured 
20 per cent. in excess of those requirements. The 
allowable bearing pressure of steel on concrete for 
live load was taken as 250 lb. per sq. in., and for 
the dead load 500 Ib. per sq. in. 

The building laws of the City of New York have 
been followed in proportioning the structures for 
the support of loads from columns carrying build- 
ings. The floor-loads from these proposed future 
buildings average about 1800 lb. per sq. ft., over 
the area of the suburban station roof to be covered, 
and the average load from building walls is 
about 45,000 lb. per lineal foot of the building wall. 
Two types of construction are used in the steel 
design of the suburban roof. These may be desig- 
nated as transverse and longitudinal, corresponding 
to the direction of the girder forming the direct 
support of the main-level track. In general, the 
longitudinal construction has been used south of 
Forty-Eighth-street, and the transverse construc- 
tion north. South of Forty-Kighth-street the 
columns in both levels are located on transverse 
lines normal to the axis of the yard and spaced 
20 ft. apart, except at the cross-streets, where the 
spacing varies to conform to the spacing of the 
viaduct columns and their location relative to the 
adjacent outside line of building columns. The 
span of the longitudinal beams is thus determined, 
as they frame into the heavy transverse girders 
on the transverse column lines. They are spaced 
4 ft. 6 in. to 6 ft. centre to centre, and are 30 in. 
or 36 in. deep, of the ordinary plate-girder design, 
or of Bethlehem I-beams. In the former case they 
have g-in. webs, with flanges of two 6-in. by 4-in. 
or 6-in. by 6-in. angles. In most cases the girder 
frames into the column shaft. All the steel con- 


struction is fire-proofed. The columns rest on 


1} grillage footings set in solid rock, except in a few 


instances in Park-avenue, where the rock dipped so 
low that caissons had to be sunk. 

The continuous concrete floor, capable of sup- 
porting a rail-load at any point, does not make it 
necessary that the stringer lay-out should c.nform to 
the track lay-out. The stringers are all set parallel 
to the longitudinal axis of the yard, and where the 
tracks are also of this alignment, as they are in 
most of the work, the stringers are placed prac- 
tically under the rails. Skew connections have 
been avoided for most of the construction. Most 
of the connections of stringers to transverse girders 
are square, as are also those between the trans- 
verse girder and columns. The main yard is on a 
de in both a longitudinal and transverse direc- 


tion. All stringers and girders are set level, the 





roof construction being stepped by panels to fo 
the grades. Uniform anion on the top rd 
concrete floor are obtained by varying the thickness 
of the concrete over the tops of the girders. 

In most cases where the building columns are to 
be supported on the transverse girders, it has been 
necessary to provide twin girders on the trans. 
verse lines, as the loads to be carried are of such 
magnitude as to preclude the use of a single 
girder. These twin girders are spaced 4 ft. to 5 ft, 
centre to centre, and are of both single-web ang 
box types. A heavy I-beam grillage resting on 
the tops of the paired girders is used for equal 
distribution of the building column load. The 
maximum bending moment for each of the twin 
girders is 8,400,000 ft.-lb., and the maximum end 
shear 704,000 lb. The heaviest load from a building 
column, to be supported on the transverse girders, 
is about 1,800,000 lb. The heavy girders spanning 
the suburban level tracks necessitate a considerable 
depth of roof, the distance, from the top of the rail 
in the main level track to the under side of the fire. 
proofing on the transverse girders, varying from 
8 ft. to10ft. North of Forty-Eighth-street the dis. 
tances between the express and suburban tracks 
decrease, with a corresponding decrease in the depth 
of the roof, which, at Fiftieth-street, becomes 
4ft.6in. In this latter type the concrete arches 
are carried directly by transverse plate girders, 
spaced 3 ft. Gin. to 4 ft. 6 in. centre to centre, 4 ft, 
back to back of angles, and spanning from 20 ft. 
to 45 ft. These girders are of the ordinary single. 
web design. 

Along the easterly and westerly sides of the 
suburban station the ends of the transverse girders 
rest on the concrete retaining-wall. Continuous 
longitudinal steel bents, composed of box girders 
framing into columns, form the intermediate 
supports of the transverse beams, the ends of 
which rest on the tops of the longitudinal girders, 
These bents are skewed with the longitudinal axis, 
except at the centre, necessarily converging toward 
the north to conform to the track lay-out. The 
bottom of the transverse beams determines the 
under clearance of the roof, as the longitudinal 
girders are between the tracks outside of the 
clearance. The longitudinal girders are of the box 
type, having a depth of from 4 ft. to 5 ft. on an 
average span of 18 ft., with a maximum of 20 ft. 
On account of the skewing of the column lines, 
the longitudinal girders have skewed end con- 
nections, the columns being set parallel with 
the longitudinal axis of the yard, to conform to 
the design of future building columns which are to 
be supported on them. The entire suburban roof 
is supported on heavy riveted columns of rect- 
angular cross-section, built up of plates and angles. 

Where crossovers in tracks occur it is necessary 
to omit the columns to provide track clearance, 
and to allow this the side roofs in Park-avenue are 
supported in some cases by longitudinal girders 
up to 130 ft. in length, and between Fifty-Sixth- 
street and Fifty-Seventh-street by two riveted 
trusses 150 ft. long, 10 ft. high, and 26.5 ft. centre 
to centre of trusses. 

Drainage and Piping.—By a low-level sewer, 
shown in Figs. 5 and 8, in Forty-Sixth-street, 
connecting the terminal with the river, the entire 
area of the station and yards is drained by gravity, 
with the exception of the three subways, for 
which sumps have been built, the water being 
lifted from them to the sewer by electrically- 
operated centrifugal pumps. Track drainage 's 

rovided by means of catch-basins placed in the 
Palast or concrete, as the case may be. The 
entire yard is piped for supplying hot and cold 
water, steam, compressed air, and vacuum clean- 
ing connections accessible to every car. 
masters’ offices, rest - rooms for employees, and 
toilets are placed in convenient places about the 
terminal. A complete fire - protection system 8 
installed on both levels, with hose-reel connections 
(nearly 300 in all) at frequent intervals, and a fire- 
alarm system provided with 125 boxes connecting 
through a central point, from which the City Fire 
Department may be called, if required, to assist 
the station fire brigade. In addition to having 
a duplicate lighting supply, 10 per cent. of all the 
lights are carried on an independent system, so that 
the station should never be left in total darkness. 

Construction —At the beginning of the construc 
tion operations for the improvement of the Grand 
Central Terminal in 1903, the approach to the 
Terminal at Forty-Second-street, New York, wa 
through the four-track masonry tunnel in Park- 
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avenue, the southerly limit of which was at Fifty- 
Sixth-street. Thence to Forty-Ninth-street the 
track ascended about 17 ft. in an open cut and 
entered an open yard, remaining at the street-level 
to the station. The yard had an irregular area 
about two city blocks in width at the widest part, 
and seven blocks in length, and covered 23 acres 
with its 11.3 miles of tracks, together with the 
various buildings used for passenger, freight, 
express, and storage purposes. 

e preliminary work in the reconstruction opera- 
tions consisted chiefly in removing and shifting city 
sewers, gas and water mains, and building others in 
their stead ; in removing the buildings on the site 


‘of the yard extension, and some of the old trans- 


verse bridges, and establishing some of them in 
new positions, and in relocating and readjusting 
much of the switch and signal plant. It was 
estimated that about 25 miles of pipes and sewers 
had to be removed or replaced, and about 10 miles 
of this work..was accomplished before general 
excavation was commenced in the yard. 

About September 1, 1903, excavation on the west 





of great quantities of additional material, very skilful 
planning and arrangement of the work was natu- 
rally required. The total excavation amounted 
to 3,096,750 cubic .yards, of which about two 
million wasrock. The material excavated has been 
used for widening the road-bed along the Hudson 
River, and on the Harlem divisien for additional 
tracks. For most of the work the usual methods of 
steam-shovels and trains were adopted ; for some 
of the cross-streets, however, it became necessary to 
adopt other means in order to complete the work 
by the opening dates demanded by the City of New 
York. In some of these cases the excavated material 
was raised by hoists to storage-bins on the street- 
level, from which the débris was loaded on wagons 
and carted away. 

The length of old station first dealt with was 
about 600 ft., and consisted of wrought-iron arches, 
the material for which was imported from England 
and erected in 1870. These arches had a span of 
200 ft. from centre to centre of pins, with a clear 
distance of 85 ft. from the top of the platform to 
the underside of the arch. At the bottom the ends 
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side of Park-avenue was commenced, alongside’the 
wall of the old tunnel between Fiftieth-street and 
Fifty-Seventh-street. This excavation was carried 
down at first only to the bottom of the tunnel, and 
two new tracks were laid in the excavated area and 
connected at both ends to the adjacent existing 
tracks. The building of the new westerly side 
walls involved the under-pinning of adjacent 
buildings. As the excavation here and on the 
easterly side of Park-avenue extended across the 
entire width of Park-avenue, from building line to 
building line, the side-walks were carried over the 
excavation on temporary wooden trestles. 

In 1904 work was commenced on the excavation 
of the east side of Park-avenue from Fiftieth-street 
to Fifty-Seventh-street, where a trench wide enough 
for three new tracks was carried down to final grade. 

is excavation was in rock, dipping so steeply 
towards the west that it was necessary to build a 
heavy retaining-wall, outside and independent of 
the new tunnel wall, and to provide new footings 
for most of the buildings at a depth of 4 ft. below 
sub-grade of tracks. The walls of the old tunnel 


Were partly removed, its roof entirely removed, and | 
steel columns to carry the trusses were erected by | 
derricks and temporarily braced. The trusses were | 


then erected on temporary timbers supported by the 
old tunnel walls, the truss members being assembled 
by @ stiff-leg derrick moving on top of the old 
tunnel. The largest single item involved has been 
the excavation, which has been conducted under very 
unusual conditions. Through all the reconstruction 
Period traffic has not been interrupted. For many 
years the yard had been congested, and as the ex- 
savation necessitated the removal, over the tracks, 
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of the arches were tied together under the tracks 
with 3-in. rods. The distance from centre to centre 
of arches, longitudinally, was 20 ft. 34 in. About 
1350 tons of wrought iron, 350 tons of cast iron, 
90,000 sq. ft. of corrugated iron roofing, 60,000 
sq. ft. of glass, and 530,000 bricks were removed 
in cars during this operation, without interference 
with the regular business. 

To accomplish this a traveller was erected, the 
outline of which conformed to the general contour 
of the train-shed, spanning all platforms, with heavy 
floors extending the entire width of the shed. Sup- 
ports for the traveller rested on the five interme- 
diate platforms, and were carried on wheels running 
on 100-lb. rails. The load on each platform, includ- 
ing the weight of two of the train-shed trusses, was 
200 tons. The traveller contained 370,000 ft. of 
lumber, 65 tons of bolts and washers, and 33 tons 
of plates and castings. It had a length of 65 ft., 
which permitted blocking up two of the shed 
trusses on it at the same time. It was equipped 
with six stiff-leg derricks, which were operated by 
two engines. The south face was boarded over, 
forming a false end for the train-shed as the 
traveller moved south. As fast as it was moved 
south it was followed up with temporary wooden 
canopies. After blocking up a pair of trusses and 
removing the roofing, each truss was cut into eight 
sections by hack-saws and by knocking off the 
rivet-heads at the joints. Derricks then placed 
these sections on the traveller platforms ; all this 
work was done during the day. The night gang 
loaded the material from the platform into cars 

laced on the passenger tracks under the traveller. 
The traveller was moved by means of two 15-ton 


jacks placed on each platform. The work was done 


. units of 40 ft., and it required at first about 


5 hours, but later about 2 hours, to move the 
traveller this distance. 

The removal of the north portal was a most 
delicate operation, on account of the necessity of 
cutting away all connections between the portal 
and the train-shed before the work of demolishing 
could begin. For this work the traveller was 
constructed with beams projecting 5 ft. beyond the 
face, which were pushed through the window 
openings or oon openings cut in the metal 
sheathing. The entire portal was then lashed to the 
traveller, and the removal thus safely accomplished. 
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In his preface the editor states that ‘‘ the growing 
recognition by the oversea Dominions of their 
responsibility in relation to Imperial defence is 
probably the most noteworthy feature of the year,” 
and it is therefore appropriate that one of the 
chapters in this year’s ‘‘Annual ” should be devoted 
to the subject of the ‘‘ Dominions and Imperial 
Defence,” and should be by Viscount Hythe himself. 
He has made this a special study, and his contribu- 
tion is thoroughly statesmanlike. His view is that 
if the resources of the whole Empire are to be drawn 
upon for common defence—‘‘and they must be if 
the Empire is to stand”—it is certain that every 
Dominion which bears its share of Imperial burdens 
is entitled to a voice in the control of the Imperial 
expenditure and Imperial policy. This doctrine 
lies at the very root of our naval policy. Lord 
Hythe has no difficulty in establishing the desir- 
ability of the Empire participating collectively in 
naval defence, and the impracticability, for the 
present, of independent navies being built in 
the respective Dominions, because the develop- 
ment. of resources for the construction of battle- 
ships and battle-cruiscrs and the building up of a 
- of skilful men, apart altogether from the 
difficulty of getting trained officers and crews 
together, renders it impossible for such indepen- 
dent units to be constructed in the Colonies within 
reasonable time and at reasonable cost. To begin 
with, yards should be established capable of 
building destroyers and lighter craft and of repair- 
ing ships on the station. But, apart from these con- 
-iderations, the conclusion seems inevitable that the 
naval defence of the Empire can be more efliciently 
providid for by one Imperial navy under single 
control than by a number of independent navies 
under the control of their respective Dominion- 
owners. The maintenance of unity, Lord Hythe con- 
tinues to urge, depends upon the recognition of the 
right of every part of the Empire which is capable 
of self-government to manage its own internal affairs 
in its own way, as well as the right toa constitu- 
tional voice in the control of Imperial expenditure 
and the direction of Imperial policy, provided it 
bears its share of Imperial burdens. The first 
right is easily conceded ; the second involves the 
raising of Imperial revenue and the constitutional 
representation of the Dominions in the councils of 
the Empire. The raising of revenue is a difficult 
problem, but it can —— be regarded as insuper- 
able. Certainly good would accrue if an Imperial 
Parliament could be created in substitution for 
our so-called Imperial Parliament, which is so 
overloaded with attention required for petty 
local affairs. As Lord Hythe points out, one 
election may turn on a great Imperial issue, 
another on a purely domestic question, such as 
licensing or education ; yet the Government which 
goes into power on such varied issues is concerned 
with the most vital Imperial interests. Local 
affairs should be delegated to local liaments, as 
is the case in Canada and Australia. Lord Hythe 
is justified in his view that progress is being made, 
and his contribution will certainly assist towards 
this end, which is most desirable in the interests of 
Imperial defence. 

The first chapter in the ‘‘ Annual,” dealing with 
the progress of the British Navy, is contributed by 
Mr. Alex. Richardson, and is comprehensive. Some 
interesting figures are given regarding the number 
of man-hours required to build ttleships in order 
to support the contention that two years is too short 











a period for the completion of the — and more 
powerful ships of the present day. e battleship 
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of fifteen years ago, having a length of 390 ft. and 
a displacement tonnage of 12,950 tons, involved 
in the construction of the ship 5,273,368 man- 
hours ; at 52 hours per week and 50 weeks per 
annum this required, for the hull alone, the employ- 
ment for two years of over 2000 workmen. The 
first Dreadnoughts required 5,489,863 man-hours, 
and the Iron Duke class, of 580 ft. in length and 
25,000 tons displacement, involved 7,200,000 
man-hours, or sean 2800 men for two years. 
Only about 2000 men can be engaged on a ship 
without getting in each other’s way. The corre- 
sponding figures for the construction of propelling 
machinery are equally interesting. The reciprocat- 
ing engines of the battleship of fifteen years ago, 
of 13,500 horse-power, required 1,789,000 man- 
hours, while the turbine machinery of to-day, of 
more than double the power, requires 1,850,000 
man-hours. The small increase is explained by the 
fact that whereas in the case of reciprocating 
engines only some 55 per cent. of the cost was for 
material, the remaining 45 per cent. being for 
labour, the material for turbines, much of it 
machined ready to hand, notably the cage 
absorbs 72 per cent. of the total cost, leaving only 
28 per cent. for labour. In the case of the hull 
there has not been the same advance in the cost 
for material, the proportion thus absorbed having 
increased from 46} per cent. to 54 per cent., leaving 
for labour x! per cent. and 46 per cent. of the 
total cost of the hull respectively of fifteen years 
ago and now. The twin gun-mountings for five 
barbettes in each ship require 21 to 24 months to 
complete, and in connection with armour-plate it 
is pointed out that from the casting of the ingot to 
the completion of each plate ready for shipping 
three months are required. These figures seem to 
establish the view that two years is too short a 

riod to allow for the completion of a ship of the 
ine ; although this is the contract date, it is in 
nearly all cases exceeded. 

Mr. John Leyland reviews the progress of the 
year in each of the foreign navies. Probably no 
writer is more cognisant of what is going on in 
foreign countries, and his review of foreign work is 
com ‘lete and accurate. The progress in France is 
particularly t, as there has been a reorganisa- 
tion and redistribution of the naval forces. New 
construction has advanced more rapidly, an aviation 
service has been created, and a serious and sus- 
tained effort has been made to arrive at a solution 
of the serious problem of explosive propellants. 
It is not possible, however, to indicate the details 
in all cases, but in this connection special com- 
mendation must be made of the broad-minded 
treatment of the subject of the German Naval Law, 
in a separate chapter, by the same writer. In 
previous ‘‘ Naval Annuals” he has written on this 
subject, and on this occasion deals with the 
** spirit of the German Naval Law ” with a sympathy 
which, we feel sure, will encourage the development 
of kindly relations between the two nations. A 
better understanding can be nurtured by fuller in- 
formation, and it is satisfactory also to have in the 
** Annual” this year a further contribution on the 
German Navy. Captain Von Kiihlwetter, of the 
German Navy, deals with the personnel, giving much 
information on training and other matters. There 
are a couple of sentences which we would wish to 
extract, as they bear on the social distinction in 
the engineering class which has been the subject 
of frequent animadversion in connection with our 
own Navy. Captain Kiihlwetter is a strong advo- 
cate for prolonged practical training for engineers, 
and points out that not only the social strata from 
which engineers are drawn, but the scheme of 
training, differs from that of the other officers of 
the Navy. Continuing, the Captain states : ‘‘ This 
fact has been, however, proved to be of no import- 
ance from the Service point of view, and it does 
not interfere with ei‘her living or working together 
on board ship, which is indeed the main point. 
Our old engineer officers have acquitted themselves 
splendidly in every sense, and we ascribe this to a 
great extent to their training, which has demanded 
a very long and thorough practical experience of 
machinery work, with a very thorough selection of 
the fittest from out the ‘ele engine-room per- 
sonnel. Thus the engineer serves from the bottom 
upwards, and it was only his professional ability 
that lifted him from the ranks of the personnel.” 

The situation as naval engineering is 
dealt with in a chapter ‘‘On the Comparison of 
Different Types of Warship Machinery,” by Mr. 
Alex. Richardson. As regards steam-turbine in- 


stallations, it is pointed out that in three or four 
years the weight of machinery, including all 
necessary auxiliaries, has been reduced from 
140 to 100 lb. per shaft horse-power, in light 
cruisers from 100 to 55 or 60 lb., and in torpedo- 
boat destroyers from 50 Ib. to 32 lb. or 341b. The 
consumption on the basis of oil has been reduced 
to about 1 lb. per shaft horse-power per hour, 
while the space occupied has been reduced to 
0.2 sq. ft. per shaft horse-power developed. By 
the ne of gearing these results may be im- 
proved upon. The oil-fuel consumption may be 
reduced to 0.7 lb. per shaft horse-power at full 
power, and will be considerably less at cruising 
8 8 with a practicable degree of superheat. The 
possibilities of the Féttinger gear are also dealt 
with. In this case, however, the design submitted 
to the writer of the article anticipated a speed of 
1100 revolutions for the turbines, reduced, by the 
transmitter, to 220 revolutions of the propeller, 
while the degree of superheat was about 160 deg. 
Fahr., with a boiler pressure of 250 1b. Two light 
German cruisers work with this degree of super- 
heat, but the turbine speed is high. As compared 
with existing installations, there isa saving of about 
800 tons in the total installation for the battleshi 
due to the main machinery. Less space is occupied, 
partly because the transmitter serves the purpose 
of astern turbines, and the consumption at full speed 
is estimated at 0.92 lb. per hour per shaft horse- 
power, and at half fowalt 1.5 lb. As regards oil 
machinery for a corresponding ship, the data suggest 
that, while the weight of the machinery would be 
greater than boilers, turbines, and auxiliaries, 
there would be a saving in oil-fuel consumption. 
On the same basis—namely, for propelling machi- 
nery of 75,000 horse-power with the same radius of 
action—there is possible a reduction of between 
1400 and 1500 tons in the weight of machinery and 
fuel combined as compared with an ordinary turbine 
installation. With the same weight of machinery, 
there is possible an increase of 50 per cent. in the 
radius of action at full speed and of 80 per cent. at 
half s . The reduction in cubical space esti- 
mai is equal to from 18 to 22 per cent. As 
——— cost, the oil-engined battleship would prob- 
ably be higher, but to a very slight extent. The 
writer of the article, however, impresses on the 
reader the fact that the proposals are necessarily 
speculative, and this is supported by some results 
given of successive ivquiries of Continental makers 
for weights of oil-engines suitable for light craft. 
At the beginning of 1911 inquiries for an instal- 
lation of light, high-speed machinery brought 
a propoenl involving a weight of 35 lb. per 
brake horse-power. This by the autumn had 
increased to nearly 50 lb., whereas at the 
beginning of this year the estimate was 65 lb., 
the only cause apparent being the insistence on 
the part of possible clients of a satisfactory measure 
of reliability. The latest estimate by leading 
builders of high-speed Diesel engines on the 
Continent is 120 lb. per brake horse-power. It 
would seem from the result of such inquiries that 
Diesel engines suitable for destroyers would 
involve a weight of from 90 lb. to 100 lb. per 
brake horse-power, or three times that of turbines 
and oil-fired boilers insome of the latest successful 
destroyers. Thus in a destroyer where the horse- 
wer is 22,000, the weight of the machinery, 
instead of being only about 300 tons, would be over 
1000 tons, with the result that the displacement of 
the ship would be enormously increased, and a 
speed of 32 knots made practically impossible. 
Another interesting chapter is by Admiral Sir 
Reginald Custance, who elaborates with character- 
istic courage, but not with complete cogency, the 
arguments he put forward at the last meeting 
of the Institution of Naval Architects in criticism of 
the existing tendencies in battleship design in 
practically every country. Sir Reginald’s study of 
the history of naval actions convinces him that the 
main idea is to disarm rather than destroy the 
enemy. He contends that at the probable ranges 
of battle the whole of the armour now fitted to 
battleships is perforable. As the ship carries 
upwards of 5000 tons of armour, it is not un- 
reasonable, in his view, to ask whether it is quite 
certain that full value is derived, alike in the 
fighting qualities of the ship and in the money 
spent upon it. He would not have armour 
thicker than is required to keep out either splinters 
from bursting shell or projectiles from the secon- 
dary guns. Part of the saving thus effected, he 





thinks, might well be devoted to increasing the 


number of guns, in view of the large number of 
misses in real warfare. He mentions that, in the 
Russo-Japanese war, 100 hits from the 12-in. and 
other guns in use, even by the Japanese, were 
required to put a ship-of-the-line out of action, 
which gives some idea of the number of rounds 
requisite to ensure victory. He advocates also 4 
moderate policy in connection with the calibre of 
the guns, and considers the fourteen 12-in. cuns of 
the Rio de Janiero, in association with the ten 6-in, 
guns, superior to the ten 14-in. guns with eight 
6-in. guns in the Almirante Cochrane. There jg 
a contribution also by Commander E. Hamilton 
Currey, R.N., on the “ Mid-Scotland Canal,” but we 
are inclined to agree with Lord Hythe’s expression 
in the preface that ‘‘any possible strategic advan- 
— would hardly seem to justify the cost of the 
scheme.” Commander C. N. Robinson, R.N., com- 
pletes his suggestive review of the Turco-Italian war. 
For the first time the airship and aeroplane find 
complete recognition in the ‘‘ Annual.” There is 
an article on the progress of naval aeronautics, 
which is unsigned, but is undoubtedly the work of 
one in close contact with airship construction, and 
fully conversant with all that is going on in the 
different countries. He deals with the various 
steps in the building up of air-fleets in the various 
countries. As to the strength of these fleets, the 
British Navy has four mine-laying and scouting 
airships, of the semi-rigid type, while two are 
building, the Parseval, the largest, being capable 
of carrying a load of 7500 lb., and of maintaining 
a speed of 42 miles per hour, with two Maybach 
motors of a total of 370 horse-power. This ship 
has a length of 295 ft., a diameter of 49 ft., with a 
displacement of 8.5 tons. It equals, with very few 
exceptions, the mine-laying and scouting airships 
of the German Navy ; but it falls short of several of 
their battle-airships, of which Germany owns nine, 
all still efficient, and in addition there are six ships 
in progress of construction, two of the latter being 
of br tons displacement. Germany has in addition 
eighteen mine-laying and scouting airships. The 
aybach motor seems to be largely preferred for 
the German battle-airships, and, as a rule, they are 
from 150 to 170 brake horse-power, three of them 
being fitted to each ship. France comes next in 
point of size of air-fleet. They have one battle- 
airship of 14.3 tons displacement, but this ship has 
not yet done trials, and, owing to her small lifting 
capacity, is reported ‘‘of doubtful utility.” Of 
mine-laying and scouting airships ranging in use- 
ful load up to 6500 lb., France has 19 in use, the 
displacement of these ranging up to 9 tons; in 
addition they have 12 under order ; some of these 
range in displacement up to 20 tons. Italy has a 
battle-airship, which is ‘‘ believed to be a failure,” 
and, in addition, eight mine-laying and scouting 
airships, ranging up to 9000 Ib. useful load. Russia 
has 12 mine-laying and scouting airships. ‘ 
As s the comparative strength of ships, 
Lord Hythe again gives his carefully - prepared 
tables, which are regarded as thoroughly unbiassed 
in their estimate of the relative powers of existing 
fleets, as well as the probable situation a year or 
two hence, when the vessels in progress are com- 
pleted. He very properly deprecates the promin- 
ence given to the ‘‘German menace,” and urges 
his fellow countrymen ‘‘to consider the growth of 
the German Navy from the point of view of 4 
German patriot.” He points out the dangers of 
the concentration of our Fleet and the weakening 
of our position in the Mediterranean. As to the 
comparative strength of modern battleships, he 
ives a table as follows, which includes the two 
rd Nelsons, six French Dantons, two Russian 
Imperator Pavel I. type, and the Japanese Aki and 
Satsuma, as well as the battleships and battle- 
cruisers carrying eight or more gun of 11-in. calibre 
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Taking all ships, Lord Hythe works out the 
position at present as shown in the table on the 
next page. “ 
The armour and ordnance section of the ‘‘A noual 
has again been compiled by Commander Robinson, 
who, in reviewing progress, states that there 8 
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Effective Fighting Ships Built and Building. 
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4 t 36 to be built 1912-17. 
British firms engaged in the production of gunnery 
specialities and improvements in war material, and 
in the maintenance, by their assistance and enter- 
prise, of the position of this country in the van of 
progress in spite of keen competition every- 
where.” Many of the improvements are re- 
viewed, although the necessity for official secrecy 
ludes a more detailed record such as would 
otherwise be written. It is not possible here 
even to summarise the information given, but 
reference may be made to the interesting review 
of recent developments in sights, which have so 
greatly added to the accuracy of fire. Nearly 
every Power seems to be adopting larger calibre 
The Italians, even in triple turrets, are 
fitting 14-in. guns in the case of the Dandalo and 
Morosini, and 15-in. guns in the ships to be laid 
down this year. The Austrians will probably 
adopt 13.4-in. guns in their triple turrets for the 
new ships. No information is available as to the 
heavy guns of the German battleships and battle- 
cruisers now in progress, although more than one 
Continental report has credited these ships with 
l5-in. guns; but this statement must be taken 
with some reserve. The Americans will continue to 
adopt twelve 14-in. guns ; France, twelve 13.4-in. 
guns in quadruple turrets; Russia, 14-in. guns, 
but there is no information as to the number. 
Already the triple gun-turret is being largely 
favoured, as has been pointed out in ENGINEERING, 
and in the French ships to be begun during 1913 
four 13.4-in. guns will be placed in each of three 
turrets, disposed on the centre line of the ship. In 
the Italian ships now in progress, as in the American 
ships under construction, two of the turrets will 
mount three guns and two will have twin guns, all 
on the centre line ; but, in the ships to be laid down, 
Italy is expected to mount nine or twelve 15-in. 
guns, all in triple turrets. This practice has also 
been adopted in the American ship Pennsylvania, 
which will have four barbettes, each with three 
guns, making twelve in all. The progress in 
armour, propellants, and in lighter guns, notably 
for arming and attacking air-craft, are very com- 
pletely dealt with ; but we have already outrun 
the limits of space for a review, and we can only 
conclude with the statement that the ‘‘ Annual” 
this year maintains its high standard, alike for the 
accuracy and the completeness of its contents. 
The tabular statements are comprehensive ; eleva- 
tions and plans of the latest ships are given, as 
well as their dimensions, and many official memo- 
randa are reproduced, applicable not only to our 
own, but to all the principal navies of the world. 
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COST-ESTIMATING AND RATE-FIXING 
IN THE GENERAL SHOP. 
(Concluded from page 657.) 
VI.—Examptes oF MetHops or Propvuction. 


Havine shown a practical example of obtaining 
the times for the performance of the various opera- 
tions, we can proceed a stage further with the work 
of fixing rates and study a few methods of pro- 
duction, upon which will depend the ultimate cost 
of the articles manufactured. 

A large percentage of articles permit of only one 
method of production. Leaving these out of the 
question, there are still a large number for which 
it is possible to find not only two, but sometimes 
three, or even four, alternative methods of manufac- 
ture. Moreover, very often the cheapest method 
is not the most convenient, considering the plant 
available. 
The two methods which are mostly in conflict with 
each other are machining from stock versus forgi 
and machining. Here there are certain genera 
principles which must be borne in mind: while 
some may dispute the advantages claimed for forged 
steel—such as that a more even quality of material is 

roduced, and in consequence stock is improved by 
forging—it is better —— to forge those articles 
subjected to severe shock or strain. 

is leaves us a large number of articles where 

the cheapest method of production is uncertain, 
until the wages for alternative modes have been 
totalled up, and the incidental expenditure added in 
proportion. In making these comparisons the cost 
of fuel for forge or furnace, and the machine rates 
for steam or drop-hammers and machines, must be 
allowed for; also the cost of the special tools re- 
quired should be spread pro rata over the number 
of articles to be manufactured. The amount of 
material used should be carefully noted, as almost 
invariably the machinist wastes more when machin- 
ing from stock than the combined amount wasted 
by forger and machinist when the article is forged, 
this fact being a gain on the forging side of the 
account. 
In many cases articles to be machined have some 
portion of the outline or section, which is part of 
a circle, the centre for the radius of which is some 
distance outside the dimensions of the article itself. 
Sometimes it will be found possible to machine 
this portion of the article in the form of a cylinder 
or ring consisting of a number of the articles, 
afterwards cutting them to the required dimensions 


: J. Lebégue ! 


—gun-metal—is shown in Figs. 6, 7,and8. Enough 
of these articles were required, so that, when ‘the 
cylinders were cut, only a small number of the 
pieces were wasted, each cylinder making only one 
more than the number required on the order. 
the waste had been too great, only a portion of a 
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cylinder need have been cast, and this method 
would still have been cheaper than single castings. 


width. 


presents very few difficulties if approached in the 
3 manner ; seeing that the centre of the radius 

f the circular portion is not within the article, the 
question arises as to whether it would be best to 
forge single articles, and have very little scrap to 


hatched as scrap. 

















remove any internal stresses set up by forging and 
the removal of surplus mateo by machining, 
afterwards being finish turned. The next opera- 
tion was to cut the outline of the articles at the 
band-saw, the pieces being afterwards finished at 
the milling-machine. 
The production of the article—0.5 carbon steel— 
shown in Figs. 13 and 14 does not appear at first 
glance to be an roblem. After some con- 
sideration, in view of the number required, it 
was decided to forge a cylinder of suitable dimen- 








at the band-saw or milling-machine. An example 


sions from which to turn rings of the section shown 





After turning the cylinders, these were sawn at the 
band-saw, the articles afterwards being milled to 


The article—steel—shown in Figs. 9 and 10 


waste, or forge a disc from which six articles may 
be cut, as shown in Fig. 11, and have the portion 
The decision arrived at after 
consultation was to make a circular forging of the 
section shown at Fig. 12; this was roughed out 
to within 0.05 in. of the size, then annealed to 
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at A, Fig. 16, the portion at B, Fig. 15, being | 
turned to suit the radius required. The next 
operation was to set the ring on the circular table 
at the milling-machine, and use a gang-mill to cut 
away the material shown by the lines C, C, Fig. 17. 
The operation of turning the round stud was per- 
formed at the drilling-machine, using a jig to keep | 
the hollow milling-tool in the correct relative posi- 

tion with the parts already finished. This com- 





















































of 0.001 in. The whole of the section was first 


| roughed to within 0.03 in., afterwards being finished 


bright all over, except the circular portion, which 
was subsequently bored at the lathe. The bars were 
next sawn into lengths, and the faces E milled to 
width as at T, Fig. 20, the nipple G being at the 
same time reduced to a square section, and after- 
wards being turned at the lathe. The time per 
article for each operation was : planing, 2.5 hours ; 


‘sawing, 0.3 hour ; milling, 0.7 hour ; turning, 0.25 


hour ; total time, 3.75 hours. 

The article shown by Figs. 21 and 22 presented 
an interesting problem. It was to be made from a 
high-grade tool steel, and, as will be seen, the 
outline does not lend itself to treatment by conven- 
tional methods ; to save the cost of making special 





tools, it was decided to plane the section at A from 
bar. There was no suitable rectangular section in 


The following examples do not present any 
difficulties when tackled in the right manner ; they 
are quoted here to show how a job can be mapped 
out from the drawing and the various operations 
arranged in their proper sequence. 

Figs 23 and 24 illustrate an article made from 
0.3 carbon steel, and is produced in the followij 
manner :—The material supplied is rolled fiat bar, 
6.75 in. by 1.75 in. in section, 10 ft. in length; each 
length will make twenty pieces. 

The bars are first secured in the machine vices 
attached to the planer table, as shown in Figs. 25 
to 27, four bars in each pair of vices being divided 
by the packing B into two pairs, so that two tools 
can be used in each tool-box, thus four tools can be 
operated at once. The edges are rough-machined 
in this manner, one heavy and one light cuf for 
each, reducing the bars to a width of 6.5 in. 
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pleted the work done in ring form; the pieces 
were then sawn apart, and handed to the fitting 
section for completion, by rounding the ends D 
and E. 

Leaving the turning section, there are many 
articles which can be machined from rolled stock 
of forged bars. In cases where the specification 
stipulates for forged steel, this condition can be 
fulfilled by forging the square or rectangular bar 
from round stock, as it is evident that a considerable 
amount of hammering must take place to produce 
square from round. 

Taking, for example, the article shown by 
Figs. 18 and 19, the conditions of manufacture 
require that it shall be 0.5 carbon steel forged ; to 
comply with this, two bars, 7 ft. in length, were 
ek to the section shown by the dotted lines 
F, F, Fig. 19, from 9 in. round ; these bars were 
left unannealed, which made the material very 
hard and difficult to machine. The faces A, B, C, D 
were required to be machined to within a plus limit 


store, the nearest possible size being 2 in. round ; 
four bars of this, 3 ft. long, were annealed, the 
ends ground, and handed to the planer with a plate- 

uge of the section, and a female gauge split up 
into four sections, so that each part could be gauged 
before going on with the next part of the operation. 
The bars were, as is usual, roughed to within 
0.03 in. of the finished size, using two tools, planing 
two bars at the same time, the bars being afterwards 
finished one at a time. The whole of the work 
was done without any special tools being made, the 
various tools used forming part of the planer’s kit. 
The time for planing the four bars, 3 ft. long, of 
the section required, was 96 hours, or 240 pieces at 
24 minutes per piece. The bars were next sawn to 
the length required at the milling-machine, the 
outline being completed by drilling two holes at B, 
and milling away the portion indicated by the 
dotted lines. 

Many articles may be machined direct from 





stock, especially when the band-saw is available. 


VICE 


MACHINE VICE 


TABLE STOP 


After the edges are planed, the bars are secured 
to the table of the planer, as shown in Figs. 3 
and 29, the first of these figures being an end view 
with the tools ready for cutting. The pieces C, © 
are stops fitted into the slots in the table ; D, D are 
triangular wedge-pieces, two faces of which are at 
right angles to each other ; E is a wedge-piece form- 
ing the complement of the angles on D, D, £0 that 
when E is pulled down by the bolt F, it, with the 
wedges D, D, forces the work against the stops ©, ¢, 
holding the two bars securely as in a vice. The 
outer pair of bars’ are held in a similar manner 4 
shown ; the plates G, G and wedges H, H forcing 
the bars against the stops C,C. There are four 

irs of stops C, C, four sets of wedge-pieces D, 
D and E, while the outer bars each have four 
wedge-pieces H and plates and bolts G, G. 

When all is ready for tightening the bolts, the 
bars, which are only approximately straight, and 
do not lay closely to the table all along their 





length, are packed at the hollow places with 
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wedges or strips so as to increase the number of | bar O, also firmly secured to the table, is used for 
hearing surfaces ; the result being that the bars | taking the thrust of the wedges which are neces- 
rest on & series of points, the hollow spaces | sary to keep the pieces against the bar N. The 
between which are rendered as short as possible | bolts P, P are next x a through holes in the 


by the packing. If this 
the bolts tightened to 


sking be carefully done, | block Q, the holes J, J, and holes in Q', and 
old the works securely | tightened sufficiently to bring all the faces 


ether; 


and two cuts taken with an ordinary roughing- | the wedges are next driven in, the bolts R, R in Q 
tool, it will be found that, although the amount of | are securely tightened, the bolts P, P are given a 
material removed has varied from 0.02 in. to/| final adjustment, and, last of all, the block Q! is 
0.25 in., the result will be a fairly flat surface ; on | firmly secured. If this series of operations has been 
turning this face down on to the table very little | carefully carried out, it will be found that all forty 

king will be required—not more than 0 Ol in. ; | pieces are touching the table, of which we can assure 
the second side will need only one rough cut, and | ourselves bya tap with the hand-hammer. The pieces 
after this has been taken the bolts should be | are now planed to the required outline M, from a 


dacked, to allow the bars to assume a different | copy not shown. 


In practice no difficulty was 


ition—caused by removing the material un-| experienced in machining them, there being prac- 
equally along the length and width—and, if neces- | tically no variation in the whole of the 1700 pieces, 
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all being within the plus limit allowed of 0.005 in. 


nal planing operation is finish-machining 


to thickness as at 8. 
LA are fixed on the planing-machine at one time, as 
< shown in Figs. 34 to 36. To ensure being set 
correctly the pieces are forced against the bar T— 


U| 





or this purpose twenty bars 


Fig.3. Fig 
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sary, should be packed again. A light cut—depth, | which is checked into the pony egg driving 


0.01 in. ; feed, 0.5 in.—should now be taken on| wedges between the bar 


’ and the pieces to be 


this side, afterwards turning the bars over, to repeat | machined, care being taken that the edge L is at 
the operation on the side first roughed out. The| right angles to T. In the roughing operations two 

should now be of the required section, 6.5 in. |tools are used where possible, and one tool for 
by1.45 in. The time for the four bars = 80 pieces, | finishing. Each side is completed at one setting, 


848 hours, an average of 36 minutes per piece. 


the side marked U first, the small piece at V being 


The bars are next cut at the band-saw into! left the same height to take the pressure of the cut 
short lengths, the size and shape shown at Fig. 30;| when machining the second side; afterwards the 


the two holes at J (Fig. 23) rough drilled, 1.25 in. 
im diameter—to allow plenty of room for the 


ieces are turned over, and the side W finish-planed. 
oth sides are finished bright to within a plus 


Lin. bolts which are to secure the pieces to the} limit of 0.001 in. The total time-cost for each article 


machines for further operations—after the final| to this stage is 4.5 hours 
ing being bored to 1.5 in. in diameter, the size | and 0.16 hour drilling ; to 
The subsequent operations on the pieces do not 


required in the finished article. The end K and 


laning, 1 hour sawing, 
, 5.66 hours. 


@ L are next finished bright at the planing-|come within the scope of this article, there being 


machine. 
the outline at M, which is performed in the follow- 


The next planing operation is to finish | but one method of performing the majority of them. 
Some articles can be machined from bar, which 


eo manner :—The pieces are laid forty in number | at the first consideration might appear to be the 

. * time on the planer-table, with the outline M/| most expensive method. For the article shown in 

an as shown at Figs. 32 and 33, the finished | Figs. 37 and 38—steel—the material is first drawn 
K being placed against the bar N, which is|from store as rectan 

hecked into one of the slots in the table. The section, 8 ft. long. 





lar bars, 5 in. by 3.5 in. in 
e first operation is to plane 


the bars to a width of 4.5 in., and a thickness of 
3.25 in. ; second operation, to saw to lengths of 
7.25 in.; third operation, bore for slotting ; fourth 
operation, slotting ; fifth operation, planing on jig, 
as shown in Figs. 39 to 41. at one time forming the 
two ends, as shown at X, Fig. 38, in two operations. 
The time-cost for the planing operations was 2 hours; 
sawing, 0.33 hour. 


VII.—Conc.usion. 


We may now summarise the advantages of such 
a branch—as described in the first portion of this 
article—forming a part of the general establishment. 
The centralisation, as it were, of all the information 
necessary for the manufacture of the products of 
the concern gives a consistency and continuity to 
the policy of the management ; this ensures that 
any information, relative to estimates, orders, or 
work in hand, which may at any time be asked for, 
can be supplied with a minimum of trouble, in a 
very short space of time. 

The methods of operating on the various com- 
ponents, proposed when estimating, would, gene- 
rally speaking, be carried out when setting the 
piece-rates for production, except in cases where a 
number greater or less than that estimated for is 
to be manufactured. 

When the que-tion of design is being considered, 
in relation to the productive cost of any article, 
the technical group of the branch can be consulted; 
this will be a valuable aid to the designer, when 
uncertain as to the difference in cost of two or more 
methods of construction ; if this is at all difficult 
to ascertain by inspection, the difference can be 
obtained accurately by detailed analysis, as de- 
scribed in the previous section on estimating. 

With such a branch all estimates are considered 
from the basis point of view: first, the material 
is estimated, not an approximation or guess, but 
detailed measurements and weights are given ; this 
prevents any mistake or misunderstanding occurring 
in this important matter. The material estimated is 
the amount required to produce the article, a far 
different amount to the finished weight of the latter, 
which may, in some extreme cases, be only 5 per 
cent, of the gross weight required for — 
the forging, &c. In the wages section, the opera- 
tions, being analysed—as described—in detail, the 
net time-cost of all production can be ascertained. 
The examination of the whole of the work to be 
performed, by a group of competent men, each an 
expert in his own particular field of operations, and 
the discussion by them of the various methods of 
production, gives definite value to their work ; 
which is much to be preferred to any approxima- 
tion, by however able a theorist. 

One important advantage gained is that if, on a 
certain class of work, the estimates should be in 
excess of those sent in by other concerns, the 
causes of this may be traced, and, if possible, 
remedied. 

The introduction of a body of men, practically 
in constant consultation, will, by their control of 

iece-rates and influence on methods of production, 

almost equivalent to the establishment of a 
board of productive economy. This will help to 
bring the manufacturing end of the concern to a 
very high standard in regard to economic methods 
of production. 

here will be no ‘‘low-wages-cost”’ fallacy, 
the gross cost of production by the respective 
methods being carefully considered in doubtful 
cases. Low wages-cost does not always meap 
economic production, the tools and appliances 
necessary sometimes raising the cost to a prohibi 
tive rate. As, however, the time factor is oftep 
an important item, the relative gain in that respect, 
with the correspondingly enhanced cost, can be 
studied, and an answer given to the query, ‘‘ Is it 
worth the money ?” 

The separating of all indirect expenditure into 
its various elements, and its apportionment in a 
definite relation to wages-costs, gives better results 
than any rule-of-thumb procedure. The incidence 
of the various charges laid down by the commercial 
side of the concern, even if not correct, will at 
least ensure that each item manufactured bears a 
proportion sufficient in the aggregate to cover the 
upkeep of the factory. 

The management of the concern, confident in 
the ability of such branch to give an accurate 
estimate of the cost of the work on any prospec- 
tive contract, will not hesitate to tender at the 





ice for which the work can be carried out in the 
omntey irrespective of the estimated costs of other 
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concerns. There will be little chance of the 
concern losing on a contract, the estimates pro- 
vided being as near actual cost as it is possible to 
arrive at from drawings and specifications. 

The cost of all these advantages should, of course, 
not be lost sight of ; the establishment of a cost- 
estimating and rate-fixing branch should be carefully 
considered from the expense point of view versus the 
probable gain. Concerns in a large way of business 
find that it is possible to run such a branch on a 
proportionately large scale without unduly increas- 
ing their establishment charges. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS: PARIS MEETING. 


Tue Institution of Electrical Engineers spent 
last week in a very pleasant way at Paris by invi- 
tation of the Société Internationale des Electri- 
ciens to a joint meeting which lasted from May 21 
to 24. About 150 members and their ladies left 
for Paris on Tuesday, May 20, or before that day, 
and some stayed longer than the meeting. 

It was the first time for many years that the 
Institution has gone abroad, and though many 
old members, who had taken the lead on former 
occasions, were sadly missed both on the British 
and French side, the younger generation will 
probably support further suggestions of a renewal 
of visits abroad, such as were paid to Switzerland, 
Germany, and Northern Italy in earlier years. 
In 1906 the foreign electrical engineers came over 
to England, and the special invitation to the joint 
ae ay | which has just been held was offered last 
winter by Mr. J. Grosselin on behalf of the Société 
Internationale. 

Paris can easily provide an attractive and instruc- 
tive programme to suit visitors of all interests, in 
the electric not less than in other fields, and 
members were well tired every evening, although 
things had been made comfortably easy for them. 
The success of such a joint meeting must not be 
judged merely by the attendance at the discussions 
of the papers presented, which was not always 
good, nor even by the attendances at the various 
inspections of works and installations, where cer- 
tainly quite as many visitors appeared as had been 
expected. Special interests, of course, take mem- 
bers to special places. The programme was fully 
carried out, and if members had better studied 
their little green hand-books, they might have 
saved pene. many a question as to the way 
in which to find the various sights and demon- 
strations. 

The discussions were held in the Conservatoire des 
Arts et Métiers, under the presidency of the Presi- 
dents of the two societies, Mr. Daniel Berthelot, 
son of the late Marcelin Berthelot, and Mr. W. 
Duddell ; Mr. Marcel Deprez was prevented from 
taking the chair on the second day of the meeting. 
The two secretaries, chiefly responsible for the 
arrangements, were Mr. L. Joly and Mr. P. F. 
Rowell. The British programme contained a full 
list of the members participating in the Confer- 
ence ; the English papers and translations of the 
French papers were in the hands of the mem- 
bers before the meeting. The French originals, 
which one would have liked to study and to keep 
for reference, were not available, however, and the 
French programme did not give a list of the partici- 
pants. Speakers were requested to send in copies 
of their remarks to Mr, Joly for the preparation 
of the procés verbaux. These copies might have 
been left in the office of the meeting in the Hotel 
Continental, which was always open for the con- 
venience of members; but this was not done, 
nor were members offered descriptive notes at all 
the places they visited. French was the official 
language, and members speaking in English pre- 
faced their remarks by an apology. 

The proceedings were opened on Wednesday 
morning, some twenty minutes after the appointed 
hour—9 a.m.—by Mr. Daniel Berthelot, in a brief 
speech. He welcomed the visitors, gave an out- 
line of the programme, announced that the six 
papers concerning ‘‘ Electric Traction” on that 
morning’s programme would be discussed together, 
and called upon the Secretary, Mr. Joly, to read 
abstracts of these pa which were in type, at 
least in English. his reading did not occupy 
more than ten minutes, and it was much to > 
regretted that these excellent abstracts, the joint 
work of the authors and the Secretary, were not 
in type and available for distribution. The first of 








these papers was on high-tension continuous-cur- 
rent traction, a subject to which also several other 
authors referred, and which was further discussed 
in connection with a paper by Mr. Highfield on 
Thursday, when Mr. M. Leblanc brought up the 
question of three-phase current traction again. This 
general discussion was resumed on Friday, and thus 
the three mornings were all devoted to one con- 
tinued discussion on electric traction, while the 
fourth day dealt with other matters. 

We give below brief réswmés of the various 
papers, some of which were of much importance, 
oat worthy of close study, before noticing the 
discussion. We hope to publish most of these 
papers, either in extenso or in full abstracts. 


HicH-Trension Continvous-CurRRENT TRACTION. 
In this first paper, Mr. L. Gratzmuller, of Paris, 


dealt more particularly with the generation of the | P 


current, the overhead conductor, the motors and 
their accessory apparatus, the control, and the 
safety of the system and the protection of the staff ; 
he then proceeded to a description of some recent 
installations and to a summary of his arguments. 
As regards generation, he considered, for long 
tracks, three-phase current the obvious solution, 
both for hydraulic and for steam-power ; the best 
frequency would be 25, when rotary converters 
were to be used in sub-stations, which was generally 
advisable ; the mercury converter, by means of 
which alternating currents of any frequency could 
be rectified at nearly unit efficiency, seemed to 
have a great future. In asynchronous motors, 
which were alone used for traction, the torque was 
at any moment proportional to the rotor current and 
to the flux calculated in a direction at right angles to 
the axis of the main flux of the rotor, the flux in the 
direction of the rotor not taking any part in the 
production of the torque. To compensate this 
idle, harmful flux, compensating armature windings 
and auxiliary poles were used. In asynchronous 
motors this compensation took place automatically. 
In three-phase machines the ampere-turns of the 
various coils producing the flux were not at every 
moment in phase with the total flux, because they 
had components more or less neutralising each other, 
and Mr. Gratzmuller showed at some length that 
the same torque might be obtained in normal 
working, with the same internal diameter, the 
same length of iron and the same weight of copper 
in the windings, whether the motor be wound for 
continuous current or for three-phase induction. 
Having discussed the distribution of the com- 
pensating winding, Mr. Gratzmuller referred to 
the weights of enclosed, semi-enclosed, and loco- 
motive motors, to the controllers, and to other 
points. 

Passing to existing installations, he noticed those 
of the Compagnie Générale de Creil (French 
Siemens-Schuckert system), which had fourteen 
installations working in 1912 (some since 1906), 
the pressures in the overhead lines ranging from 
1000 to 2000 volts, and the motors working at 
1000 and 1200 volts. Only one of these linea was 
in France (Maiziéres-Ste. Marie); they had there 
three 55-ton locomotives, the four motors of each 
being grouped in pairs across 2000 volts ; the motors 
were for 160 horse-power, and the trains weighed 
from 200 to 300 tons. The Westinghouse Company 
had also taken up continuous-current traction, and 
details were given of fifteen Baldwin- Westinghouse 
locomotives for the Southern Pacific Railway, on 
which two motors were coupled in series across 1200 
or 1500 volts ; the auxiliary control circuit for the 
electro-pneumatic valves of the contact devices, the 
eletric lighting, and the compressors were worked 
by the dynamotors of the firm. Similar dynamotors 
were used by the Compagnie Frangaise Thomson- 
Houston (the General Electric Company of America), 
which had numerous continuous-current installa- 
tions in Italy (four) and the United States (seven- 
teen), but none yet on French railways. The 
Compagnie Electroméchanique made Alioth and 
Brown-Boveri apparatus - some particulars of four 
installations (Switzerland, Bavaria, and Holland) 
were given. 

Concluding, Mr. Gratzmuller pointed out that 
the term ‘‘ high-tension continuous-current trac- 
tion” had at different times been applied to dif- 
ferent tensions which had risen from 500 to 3000 
volts. The advan' of the continuous current 
were the large starting torque, the quality of the 
commutation, and the Tight coaches ; the disadvan- 
tages were the exposed high-tension rotors, the 
use of a commutator, and the necessary control 





of large currents; most firms had taken UP cop. 
tinuous high-tension current. In an appendix 
Mr. Gratzmuller referred to the Macfarlane-Burge 
system. 

Srneie-Puase TRaction. 


In his paper on ‘“‘ Single-Phase Traction,” Mr. 
Marius Latour, of the General Electric Company 
of Schenectady, Paris, dealt chiefly with motor 
—— and his own share in solving them, 

welling first on general mechanical features, he 
pointed out that crank-drives might be fitted with 
dummy axles (Thomson-Houston), or not be fitted 
with them (Westinghouse, Oerlikon). It was 
advantageous that springs could be used with single. 
phase motors ; the motor did not rotate at a con. 
stant speed throughout a whole cycle, but had an 
oscillatory movement, which might be utilised for 
roducing a leading wattless electromotive force 
in the armature ; so far this had not been done in 
locomotives. Overhead conductors could be sys. 

nded in simple catenary as long as the speed 

id not exceed 80 km. per hour ; the double cate. 
nary (one supporting wire suspended by the other) 
had more flexibility than the suspension in triangle 
from two parallel supporting-wires. Standards 
were often spaced 100 metres apart; the Compagnie 
du Midi had, however, insisted on having “‘anti- 
oscillation ” standards in the middle of each span, 
and, to avoid this expense, spans of 70 metres 
were advisable. 

Passing, next, to motors, Mr. Latour mentioned 
first the simple repulsion motor (Brown-Boveri); 
in this, owing to the current produced in the short- 
circuited coil by its rotation, a transverse field was 
produced, which, interacting with the main field, 
gave a synchronously rotating field, ensuring satis- 
factory commutation at thatspeed. At speeds above 
synchronism, however, the transverse field in- 
creased, and the commutation became worse than 
with the series motor. The compensated repul- 
sion motor (A.E.G.)—the name was due to Mr. 
Latour—worked at approximately unit power 
factor because commutator motors with short- 
circuited brushes had no inductance at synchro- 
nous speed, and negative inductance above that 
speed. Mr. Latour proceeded to consider his 
own series motors and elliptical-field motors, in 
the latter of which a short-circuit was established 
between a point of the exciting winding anda 

int of the transformer, and a local strengthen- 
ing of the field was also applied. He then dis- 
cussed these four types of motors with reference 
to contact surface (the contact area of the brushes 
on the commutator), motor-weight, frequency, «&. 
The efficiency of the repulsion motor remained in 
principle identical with that of a single-phase alter- 
nator of the same frequency, whatever that fre- 
quency, whilst the efficiency of the series motor 
tended at lower frequencies towards that of 4 
direct-current generator. Thus there was an appre- 
ciable difference in the efficiencies of the two types 
at the usual frequency of 15. 


THe ELecrRiFication SCHEMES OF THE CHEMIN 
DE Fer pu Mip1. 


In a paper ‘‘On the Electrification Schemes of 
the Chemin de Fer du Midi,” Mr. Jullian, of the 
Chemin de Fer de l’Etat, dwelt on the difficulties 
of electrification. The questions were largely 
financial, though there was no general agreement 
as to the electric system to be adopted, and little 
experience was available. The Midi Railway had 
been occupied with these problems since 1902, 
when the concession for the development of the 
line Villefranche- Vernet to Bourg-Madame in the 
Western Pyrenees had been offered by the State. 
Under the special conditions there prevailing, com- 

rising very steep gradients and sharp curves, the 
State had borne the expense for the hydraulic 
installations and the transmission lines. These 
conditions had repeated themselves when, in 197, 
the State offered a concession for lines in the 
Central Pyrenees, feeding the Toulouse- Bayonne 
Railway. “Mr. Jullian explained the special fes- 
tures of the situation, and outlined the scheme 
for single-phase current working at 16 per 
and 12,000 volts. This choice, it had to be remem- 
bered, had been made in 1907, and the 16 periods 
had been adopted as best suited for commutator- 
series motors. Current was to be genera 
6000 volts, and distributed at 60,000 volts. Mr. 
Jullian then described the electrical equipment of 
the track, the generating stations and sub-stations, 
and the rolling-stock. We may refer our readers 
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toa descriptive illustrated article which we pub- 
lished eighteen months ago.* 


Tue Paris Susursan LInEs. 


Mr. A. N. Mazen, Engineer-in-Chief of the State 
Railways, electrical department, presented a paper 
“On the Electrification of the State Railway : the 
Paris Suburban Lines.” The State Railway, for- 
merly the Ouest lines, he pointed out, served a 
considerable portion of suburban Paris through the 
three termini at St. Lazare, the Invalides, and 
Montparnasse. The Lazare was the most im- 

rtant, and only the Liverpool-street traftic of 
a could be compared to it. In 1910, 1440 
trains were leaving and entering Paris every 
94 hours, or an average of one train per minute. 
The traffic was constantly growing at the rate of 
nearly 4 per cent. per year. The average speed was 
low, 25 km., and the locomotives weighed a little 
more than a quarter of the whole load propelled. 
An increase in the steam traction was almost out 
of question owing to the trouble with the locomo- 
tives (shunting, watering and coaling) and the 
signalling. In future the trains would have to 
run indifferently either forward or backward. 
The electric service promised increased capacity ; 
48,000 people had lately been brought up from 
Versailles per hour in six electric coaches, when 
the Presidential election took place. A steam line 
could not deal with more than 100 trains per 
day in each direction, an electric line would take 
350 trains. The new trains were to be of two 
classes, as already customary in Paris, and would 
consist of one coach each during the slack hours 
and of more coaches during the busy time. 
As regards the system, the three-wire, with an 
overhead wire and a third rail as conductors and the 
rails as returns, worked successfully on the Nord- 
Sud in Paris, and there was no electrolytic trouble. 
Three-phase systems were used in the Simplon and 
Mont Cenis tunnels. Both these systems were, how- 
ever, exceedingly complicated at junctions and cross- 
ings; the three-phase, moreover, did not lend itself 
to rapid acceleration. The other systems used two 
conductors, one of which generally was the track-rail. 
The chief systems of this class were the single-phase 
and the continuous-current systems. The latter, 
with 500 or 700 volts, wanted a heavy steel conductor 
above the road-level ; the coaches were lighter, the 
acceleration was more rapid, lightning protection 
was easier, but the stationary installations were 
more expensive, than with single-phase traction. 
As regards electrolysis, they had had no difficulties 
with the continuous system between Versailles and 
the Invalides by taking care to keep the gravel 
always below the rails. All the Paris city lines— 
the Métropolitain Nord-Sud, Orléans (Orsay), Etat 
(Versailles-Invalides) were already worked on the 
continuous-current system. An important advan- 
tage of the electrification would be that the dis- 
tribution of electric energy to all the suburbs 
would take place under the most economical con- 
ditions. 

Raitway E.LectriricaTion ProsLeMs IN THE 

Unrtrep States. 


This paper, by Mr. H. Parodi, of the Chemin 
de Fer d Orléans, reviewed the special features of 
the electric traction problems in countries like the 
United States and the Colonies, where the railways 
have to open up and to create traffic. We repro- 
duce it in full on page 752 of this issue. 


Petrrot-Exectric Motor VEHICLES. 


A paper by Mr. J. B. G. Damoiseau, of Paris, 
on “*Petrol-Electric Motor Vehicles,” was hardly 
referred to in the discussion ; an abstract of it will 
appear in a future issue. 


Discussion on Exrctric TRACTION. 


The discussion on these six rs was opened 
by Mr. Mazen. He pointed out that the traftic 
fluctuated in Paris in the ratio of 1 : 8 during the 
course of a day. They were now introducing cars 
23 metres long, to travel at from 35 km. to 80 km. 
per hour, and to take rather steep gradients. 

Mr. Roger Smith, electric engineer to the Great 
Western Railway, accentuated the great value of the 
paper by Parodi, who had very ably reviewed the 

ctual position of the suburban, main line, and hilly 
district trafic under the peculiar conditions pre- 
wailing in the United States, which entirely differed 
tom those elsewhere. The problems were no longer 





* See Encingerine, vol. xcii., page 857. 





technical, but merely financial. For suburban 


work the third-rail continuous current had proved | paral 


best, both in Europe and America. For hilly 
districts, Parodi showed, there was a critical 
gradient at which electric traction would become 
equal to steam traction ; for higher gradients the 
former would be preferable. The exact angle of 
that gradient had not been settled yet. In spite 
of what three-phase working had achieved in Italy 
and elsewhere, Mr. Roger Smith thought that con- 
tinuous-current or single-phase working would be 
best suited for mountain railways and mineral 
trains. Outside the electric suburban traffic, 
mineral traffic was, perhaps, the most interesting, 
and the energy problems had not been entirely 
solved yet. The North-Eastern Railway Company 
were now experimenting at Middlesbrough. As 
regards main-line traffic, Parodi gave curves show- 
ing the output and pull of steam and electric 
locomotives for high speeds. Mr. Roger Smith 
had added to these curves dynamometer diagrams 
concerning the Great Western 4-6-0 locomotive 
which hauled a non-stop train between London 
and Plymouth at an average speed of 54 miles 
per hour ; the train weighed 405 tons (28 per cent. 
of that being the locomotive weight) ; the horse- 
power on the draw-bar was 730 (at the maximum 
8 of 70 miles), and that corresponded to Parodi’s 
theoretical 1000 horse-power. There was no elec- 
tric locomotive built yet for 1000 horse-power, 
however. In England the strength of the draw- 
bar was the limiting question. There were half-a- 
million traders’ wagons over which the railways had 
no control ; these wagons represented an expendi- 
ture of 65,000,000/. ; in their draw-bars the pull 
was limited to 12 tons. Those wagons could not be 
got rid of, and that would prevent their reaping 
(in England) the advantages which America and, to 
a certain extent, Continental Europe derived from 
employing locomotives of high powers. 

Mr. Robert Hammond commented on Mr. 
Jullian’s paper, which would be still more valuable 
if Mr. Jullian would give some figures of economy, 
cost of installation and maintenance, 

Mr. A. C. Bochet, of Paris, considered that, in 
certain respects, the steam-railway service had been 

rfected to such an extent that it could hardly be 
improved. If anything were to be achieved, it would 
be by the use of the internal-combustion engine, as 
suggested by Mr. Damoiseau. In other fields—on 
board ship, in docks—electricity offered the highest 
facilities. The speaker also referred to the regene- 
ration of electric energy on railway ients. 

On Thursday morning Mr. D. Berthelot again 
took the chair in the absence of Mr. Marcel Deprez, 
and called on Mr. J. 8. Highfield. 


Tue TRANSMISSION OF ELECTRICAL ENERGY BY 
Continuous CURRENT ON THE Sertes System. 


In presenting his paper of the above title, Mr. 
Highfield remarked that it wasthe third paper on this 
subject he had contributed to the Institution (see 
ENGINEERING, June 14, 1912, and March 15, 1907). 
There was no real rivalry between the continuous- 
current series and the alternating-current parallel 
system. All current distribution became econo- 
mically inferior to coal transport when a certain 
distance was exceeded ; and beyond 150 miles, 
distribution by high-tension subterranean cable 
seemed alone possible on the direct-current system. 
Wherever feasible he would himself use the alter- 
nating-current system ; but in special cases the 
Thury system offered advantages, and if his appa- 
ratus had not broken down quite recently, he 
would have communicated some results on cable- 
insulation testing at 300,000 volts. Having briefl 
described the Thury constant-current series instal. 
lation in the western area of the Metropolitan 
Electric Supply Company, Mr. Highfield in his 
paper ed to general considerations and costs 
of long-distance transmission on his system. By 
adding new generating stations conveniently situated 
with regard to the sub-stations, increased demand 
could be met as at La Chaux-de-Fonds, and recently 
at Moutier-Lyon ; there was no trouble as with 

liel working ; the motor speed could be regu- 
fated byshifting the brushes; capacity and inductance 
of the line did not cause disturbance. At present 
underground alternating-current cables could not be 
worked with more than 25,000 volts, and with 25 
periods the capacity disturbances wereserious. On 
overhead lines much higher pressures could, of 
course, be tolerated; but three-phase lines were very 
expensive, as he showed in detail by tables. The 
earth return could be used on continuous-current 





lines as a permanent conductor—when two single 
lel lines would replace four—or as a stand-by; 
this had been done in London, and the Board of 
Trade and the Post Office permitted the use of earth 
in case of break-down. An earth of not more than 
1 ohm could easily be made ; particulars of under- 
ground lines were given, comparing 50,000 and 
100,000 volts direct current, and 20,000 volts three- 
phase. 

The disadvantages of the high-tension direct-cur- 
rent system, chiefly relating to the power-stations, 
were the following. The maximum pressure admis- 
sible per generator was 5000 or 6000 volts ; at 200 
amperes that meant maximum units of 12,000 kw. 
or 15,000 kw. At Moutiers-Lyon 4000-horse- 
power turbines coupled with two double machines 
gave 150 ampere at 18,280 volts, and the maximum 
pressure so far attained had been 75,000 volts. 
The groups were more cumbrous than with alter- 
nating-current units, but there were no static trans- 
formers, and fewer auxili apparatus. With 
high-speed turbines the double helical of 
Parsons gave complete satisfaction. et the 
power would cost more than with alternating-current 
generators, especially for very large units. More 
energy was also lost in the line with constant-cur- 
rent distribution than with constant-pressure sys- 
tems ; the loss never represented more than a smal! 
fraction of the power transmitted, however. The 
cost of sub-stations was, perhaps, the same in the 
two cases, but the Thury plant would be more 
———— than an alternating-current station having 
only static transformers. Switch-gear and switch- 
ing operation were very simple ; the operation of 
several stations in series was easier than when in 
parallel; the uniform section of the cable _per- 
mitted an increase in load, supplied at first ) 
one point, and afterwards provided for at other 
suitable points by other stations, without adding 
to the cable system; and the = regulation of 
the motors was very efficient. Mr. Highfield thought 
the system—which Mr. Thury had worked out 
almost single - handed—was the only one to be 
recommended for underground supply (of, say, 
7000 kw.) at great distances (100 miles) at various 
points in scattered districts. 

Mr. Highfield added an interesting observation 
as to pn They had sunk a well, 7 ft. in diameter, 
for an earth required to carry 120 am . At 
35 ft. depth they had struck the rock. The plates 
had been fixed, but a of 100 am 
quite sto speech on the (earthed) telephones of 
the “iste They had then drilled 8 ft. deeper, 
and got over the trouble by these simple means. 

An abstract of the paper in French having been 
read by Mr. Grosselin, Mr. Thury, of Geneva, said 
that he wished at once to explain that he shared 
Mr. Highfield’s opinion as to the limitations of this 
— but he also believed in its advantages in 
the proper fields, such as mine operation, ventila- 
tion fan-driving, &c. Accentuating several of the 

ints discussed in Mr. Highfeld’s paper—Mr. 

ighfield himself had said very littlek—Mr. Thury 
stated that in Brazil the contractors had refused to 
take the responsibility for the cables. But the 
recent cables of Berthoud-Borel (specimens of equal 
size, for 150,000 volts continuous and 40,000 volts 
three-phase, were on the lecture-table) would stand 
300,000 volts continuous current with only 6 mm. of 
insulation, as had been demonstrated by the makers 
and by experiments made in Germany as well. 
The disadvantages of the system were obvious 
enough. They might want t times as many 
units as in other stations. But they were raisin 
the current intensity of their machines to 200 
amperes, and the accessory apparatus, which were 
now put in oil, were few and simple ; Mr. Highfield 
had particularly studied this part. As to electro- 
lytic corrosion, they had not had any difficulties 
with a 50,000-volt cable which had been in opera- 
tion for seven years. Of course, the cables must 
not contain moisture ; there was no merit of their 
system in this, it was due to the cables which were 
so perfect now. Mr. Highfield added that they had 
used earth returns for four months without disturb- 
ing the track signalling on the Great Western Rail- 
way. Mr. Thury later remarked that at Lausanne 
the earth currents should, according to ordinary 
views, have destroyed the iron ped a a in two 
months ; but the pipes had become with iron 
oxide, and the likelihood of corrosion was really 
not so serious as imagined, since they did not allow 
any current of noteworthy density to escape, as 
tramways did. 

Mr. Boissonas, of Lyon, referred to some of the 
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troubles they had had in 
Lyons with their electric 
supply of the tramways 
and water works; they 
had nine separate sta- 
tions, three on the Thury 
continuous-current sys- 
tem, and six on the three- \ 
phase system at 45,000 \ 
volts, the primary power N 
being largely hydraulic. “\N 
They had had no difi- 1 se 
culty in running the sub- N ait 
stations in lel. 

Mr, J. F. C. Snell, of London, remarked 
that the keynote of Mr. Highfield’s paper was 
the fairness of his comparison between the 
continuous system, to which Highdeld had 
faithfully adhered, and the three-phxve system. 
His (Mr. Snell’s) opinion was that complica- 
tions were avoided by the Thury system in 
the transmission at the expense of complica- 
tions in the generating stations. The small 
size of the units would prevent application for 
London with power-stations situated at the 
coal-fields, or half-way between London and the 
coal-fields. Accepting Highfield’s figure, he 
had calculated t transmission over 100 
miles would, supposing the cost for transport- 
ing the coal to be saved, only constitute a 
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saving in the fuel bill of 0.029 penny per unit, 
and that small figure might further dwindle, he was 
afraid. Would Mr. Highfield have taken up this 
system if in England they had not had prohibition 
of overhead lines as in some parts abroad? All the 
same, the development of the installation in the 
West of London would certainly be watched with 
great interest. 

Mr. K. Edgecumbe inquired whether with two 
lines in llel and earth return, as recommended 
by Mr. Highfield, the whole plant would not have 
to be shut down to trace the one faulty line in 
accidents ; he could not see any advantage in the 
impossibility of using automatic cut-outs, which 
might easily be introduced. Mr. Thury, replying, 
did not r ise any difficulty, provided they had 
several parallel lines, of which one remained avail- 
able ; the principle of the system was to have the 
current constant ; and cut-outs were not ew 
sible on several parallel lines. Mr. F. C. Raphael 
also inquired how the motors in series systems 
would behave when a fault developed in a single- 
line cable; so far as he could see, the automatic 
regulator in the station would continue to maintain 
the constancy of the current sent to the line, no 
matter how large the proportion of the current 
leaking away, and the result would be an enormous 
drop in pressure at the sub-stations and consumer»’ 
connections. Mr. Thury answered that only one or 
two serious cases had occurred in his plants ; in the 
one instance lightning had smashed a pole which 
had remained psomvene from the line, arcing at 
the bottom ; but no serious damage had been done. 

Mr. Roger Smith drew attention to an over- 
looked point. There was a strip of land by the 
side of every railway ; the strip belonged to the 
company, telegraph and signal-posts were erected 
on it, and it might be utili for transmission 
and traction lines; but three-phase systems re- 
quired at least a strip 3 metres in width. The 
width would do for transmission on the Thury 
system, with sub-stations; whether the current 
was finally to be transformed, did not matter. The 
small-unit difliculty was real; but the Highfield 
mot: r-generators for 1200 kw. were just what 
was wanted for railway goods transit. If earth 
returns could be used, series transmission offered 
undoubted advantages. He did not fear any inter- 
ference with railway appliances ; at Hanwell expe- 
riments had been made by Highfield, and they, on 
the railway, had not known anything about the 
experiments, although they had ontied telephones 
and automatic signalling. The underground cable 
was further unassailable by the suffragette, and the 
extreme simplicity of the working was testified to 
by the neat appearance of the gardens along the 
line, to which the men had time to attend. 

Mr. P. M. Jenkin emphasised other points 
scarcely alluded to so far. The cables of the 
Thury system were all of one section. In ordi- 
nary distribution plants they began with electrify- 
ing one section, and when they wished to enlarge, 
the cables were no longer big enough. As regards 
switch- gear, he began to feel that they would 
finally have to give up switch-gear ; it was becom- 
ing too difficult to cut out thousands of kilowatts. 
Asa rule the whole switch-gear had to be altered as 
the station grew ; in the series system they would 
stick to the same gear. 


Tures-PHase CuRRENT TRANSMISSION. 


Mr. Maurice Leblanc, of the Société Anonyme 
Westinghouse, Paris, communicated a paper on 
‘** Long - Distance Transmission by Three-Phase 
Currents.” The paper was not in type, not even 
in abstract ; its reading occupied fully an hour, and 
no discussion followed. It dealt with a great 
variety of points and a mass of detail, incapable 
of being briefly explained. Among other things it 
advocated four-pole alternators ; American cut-outs, 
protective devices, and !ightning-arresters, as recom- 
mended by E. F. Creighton and F. R. Shavor last 
year in the American Institute of Electrical Engi- 
neers ; hollow and steel conductors ; bell and cup 
insulators, in which the gap consisted of two punched 
metal ‘‘hats” turned face to face ; electrolytic(alumi- 
nium) rectifiers, and a great many other features. 


Exectric Traction. 


The general discussion on electric traction was 
resumed on Friday under the chairmanship of Mr. 
Duddell. 

Mr. Marius Latour was the first speaker. His 
contribution was really a long paper Tost available 
in any form), on single-phase traction in particular, 





dealing in the first part with subjects already 
touched upon in his printed paper, which we have 
preesmerte: gp and with the difficulties of the starting- 
torque, and further with various points as to 
disturbances caused by single-phase traction in 
telegraph and telephone lines. A discussion of these 
latter features had been announced in the printed 
paper, but had not taken place. The difficulty, the 
speaker said, was to guard not against the ordinary 
current waves, which were sinusoidal, but against 
the higher harmonics, and the radical remedy would 
be to remove the telegraph and telephone lines. 
Mr. Latour also entered into the question of fre- 
quency, 15 or 25, at some length. 

Mr. L. Gratzmuller followed also with a long 
communication. We have already noticed his 

per on ‘ High-Tension Continuous - Current 

raction.”” On Friday he advocated single-phase 
currents, in which field he was an active and 
original worker some years ago. A good deal of 
what he said referred to this work of the year 1903 
and later years, when he had recommended single- 
= traction by a system in which he made use of 
requency-changers consisting of auto-transformers 
with rotating brushes working on small commu- 
tators, for the purpose of securing initial high torque. 
The primary and secondary windings of the auto- 
transformers were arranged on a rotating cylindrical 
drum, driven from the car-axle by gearing, the 
motor being synchronous with the supply-current 
frequency. At one time, he said, he had also 
suggested the use of polyphase motors with short- 
circuited rotors without slip - rings, the supply 
being single-phase. This conversion of single-phase 
into polyphase currents he now abandoned, because 
single phase motors had so much improved. He 
suggested that the frequency problems might be 
studied graphically with the aid of the character- 
istics, and dwelt on the recuperation of current 
energy. Several motors might be placed on a 
locomotive to limit the supplementary apparatus. 
The modern single-phase motor was very adaptable 
for traction at all speeds. He repeatedly appealed 
to Mr. Latour, with whom he believed Si mnself 
to be in accord, but who challenged several state- 
ments. Mr. Parodi also criticised Mr. Gratzmuller. 

Mr. Giroussi, of the State Telegraph Depart- 
ment, referred to the disturbance question raised 
by several speakers. The disturbance of French 
telegraph lines, where earth returns were in use, 
was very serious. To overcome it, an opposing 
electromotive force might be applied, as proposed 
in America. But it was better to act on the 
apparatus than to attempt to protect the line, and 
this could be done by making use of the fact that 
the working current was continuous and the disturb- 
ing current alternating. Condensers might be 
utilised for producing this protection. His own 
device, to which Mr. Latour had referred, and which 
had given satisfaction at Bordeaux and else- 
where, was to provide the receiver with two equal 
differential windings joined in such a way that 
the effects of a current flowing through both 
of them would be neutralised. One of these 
windings was in series with a capacity and a 
self-induction, the other with a resistance equal to 
that of the inductive coil. The limits of freyuency 
within which this device would leave the receiver 
unaffected were fairly wide. Metallic telephone 
circuits were less liable to suffer than telegraph 
lines; but the operators had to be, and were, 

rotected against static shocks by not bringing the 
ines themselves into the offices, but mounting 
them on transformers which were also advantageous 
in other ways; the lines could further be earthed by 
a capacity in resonance with the disturbing foree. 
The electrolytic trouble by continuous currents was 
more grave ; but on the line Invalides- Versailles it 
had, as Mr. Mazen had oT been completely 
averted by keeping the ballast 2 cm. below the top 
of the sleeper. 

Mr. L. Esbran, of the Société Westinghouse, 
made a few critical remarks on Mr. Parodi’s paper, 
leaving further comments to be communicated in 
writing, as the hour for adjournment had already 
—— He pointed out that Parodi seemed to 
ose sight of the fact that a railway plant had to 
be -jud as a whole, and that the distribution, 
adopted by Parodi, of three classes—suburban, 
main line, and mountain railways—did not pro- 

rly suit the branches of large railways, which 

longed neither to the first nor to the second- 


* See Bulletin Soc. Internat. des Electriciens, June, 
1912, No. 16. 


class. The example which Parodi had chosen for 
comparison, the Atlantic City and the New York. 
New Haven lines, laboured under this drawback ; 
the former was a suburban line, the latter more 
main line. That was important to remember as to 
the cost of installation and maintenance. Ag 
regards the general point raised, the totality of the 
plant, he stated that the ratio of energy generated 
in kilowatts to kilowatts supplied by the sub. 
stations, reached, on the Atlantic City Railway, the 
high figure 0.722 to 0.816; on many railroads that 
ratio would become too low for continuous-current 
working. Mr. Esbran also referred to the weight 
question, to mountain railways, &c , and asked the 
audience to remember that continuous-current trac. 
tion was the outcome of long experience, whilst 
most single-phase experience had been gained with 
motors not of modern perfection. We shall publish 
an abstract of Mr. Esbran’s communication in a 
future issue. 

Mr. W. Slingo, chief engineer to the British Post 
Office, dwelt at some length on the disturbance 
question, which was a serious problem for his 
department. They could not but view the growth 
of electric power distribution with some anxiety. 
With their high-speed automatic transmitters 
(Wheatstone) the disturbance by the upper harmo- 
nics became much more formidable than with slow- 
speed apparatus. Audition in telephones would not 
suffer by circuits of 25 periods, if it were not for the 
harmonics, and he was not reassured by Mr. High- 
field’s experiments, which might be interpreted into 
the statement that the telegraph engineer might be 
satisfied with the surface, if the railways went down 
deep enough with their earth. He had had the 
1 sheets partly removed from cables, and had 
measured currents of many amperes in the gaps, 
and the observer could see how the loads on the 
railway line went up and down. In one experi- 
ment he had had a telegraph circuit about 20 ft. 
away from a power conductor at 7000 volts; the 
currents induced in the telegraph circuit were of 
500 volts. By running a wire between the con- 
ductor and the line, the induced pressure was 
reduced to 50 volts ; the wire had thus acted as a 
screen. On the other side of the conductor a tele- 
- loop was erected on poles; that loop answered, 

ut one of the telephone wires happened to drop, 
and it set fire to the dry grass on the ground. 

Mr. Mazen briefly summed up the discussion 
which he had opened. Many points had been 
raised. ee - ase motors required much space 
and weight. he chief question was perhaps 
this :—France was now being divided into a net- 
work of power circuits, the panels having sides, 
say, of 15 km. or 20 km. The long-distance 
power-transmission would best be by a 
currents, he thought; the sub-stations should be 
placed in the corners of the panels, and distribu- 
tion from them might be by continuous current ; 
but there was room for all the systems. 

In closing the discussion and thanking the 
speakers, Mr. Duddell cautioned his audience not 
to make too light of the disturbances ; he referred 
to the notorious case of the Deptford power- 
station, the earthing of which at 80 periods had 
caused extraordinary earth currents and magnetic 
and meteorological disturbances, not alone in 
England. 

(To be continued.) 





1000-HORSE-POWER FOUR-CYLINDER 
‘* PREMIER ” GAS-ENGINE. 

Ovr illustrations on pages 734 and 735 show & 
1000-horse-power four-cylinder single-acting horizontal 
gas-engine manufactured by the Premier Gas-Engine 
Company, Limited, of Sandiacre, near Nottingham. 
The engine is of the firm’s positive scavenger type, 
and typifies a class of engine which they build in 
sizes ranging from 600 to 1000 brake horse-power. 
This range refers, of course, to multi-cylinder engines, 
as the Premier Company build single-cylinder positive 
scavenger engines of much smaller output than 600 
horse-power. The ‘‘ Premier” positive scavenger gas- 
engine works on the Otto cycle, but has an additional 
special feature imposed on that cycle in the form of 
an arrangement by which the products of combustion 
are expelled, on the fourth stroke, by a charge of 
pure air forced through the clearance space vt the 
working cylinder from an auxiliary cylinder, which 
is mounted in tandem with the working cylinder. 
The arrangement clearly has advantages over the 
ordinary Otto cycle either with poor or rich gas. 
With poor gas of the blast-furnace or producer type, 





a ter output and more uniferm working can 
be obtained if the charge is mixed with cool and pure 
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air which can support combustion, than if it is mixed 
with heated and contaminated air. With rich gas, 
of the coke-oven or oil type, there is added to this 
advantage the reduced liability of pre-ignition and 
back-firing which necessarily follows. 

Before drawing attention to the special features of 
the 1000-horse-power engine which we illustrate, it 
will be well to trace through the cycle on which it 
works. This cycle is, of course, common to all 
“Premier” positive scavenger engines. Referring to 
Fig. 1, which shows a longitudinal section through one 
of the units of the four-cylinder engine, it will be seen 
that the piston is of the differential type, and works 
in'two cylinders. The rear and smaller one forms the 
working cylinder, the front and larger the scavenging 
sir-cylindér. If it be assumed in the first instance that 
the engine, as shown in Fig. 1, is just commenting its 
suction stroke, then the admission-valve a will be 
open and the exhaust-valve } nearly closed. The gas- 
valve c will be closed, but will open after the piston 
has moved a small distance on the suction stroke. The 
air supply enters the engine from the chamber d, and 
passes through the light lift-valve ¢, and, as the piston 
moves forward, flows into both the auxiliary and 
working cylinders, as indicated by the arrows in 
Fig. 1. In its travel to the working cylinder it flows 
through the passage f and so through to ports g and 
the open admis ion-valve a. Gas at the same time 
enters the working cylinder from the trunk h, which 
is carried across the four cylinders of the engine, 
and can be seen in all the figures. The gas passes 
from the trunk h to the chamber j, from whence it 
passes through the annular gas-valve c to the cylinder, 
mixing on the way with the air entering through the 

rts gy. Towards the end of the stroke the gas- 
valve c is closed, and shortly thereafter the admission- 
valve a also. 

On the return stroke of the piston, the mixture of 
gas and air is compressed into the clearance space of 
the working cylinder in the usual way, the maximum 
pressure reached being from 100 Ib. to 180 Ib. per 
sq. in., depending on the quality of gas being used. 
The charge of air trapped in the auxiliary cylinder 
is also compressed, the clearance spaces being so 
arranged that the pressure rises only to about 5 lb. 
above atmosphere. Just before the end of the 
compression stroke the mixture in the working 
cylinder is fired and the third stroke is made, the 
exhaust-valve ) opening towards the end of the 
stroke, so that the pressure in the working cylinder 
falls nearly to that of atmosphere. During this 
stroke the air in the auxiliary cylinder expands to 
atmosphere pressure again. In the early part of 
the fourth stroke the products of combustion are 
expelled by the piston of the working cylinder in the 
usual way, but when the piston has made about three- 
quarters of its travel, the admission-valve a is opened 
and the air which is compressed in the auxiliary 
cylinder flows through the passage f and the — g 
into the working cylinder, and so sweeps out the pro- 
ducts of combustion through the exhaust-valve. A 
considerable excess of air is supplied by the auxiliary 
cylinder, so that the clearance space of the working 
cylinder is well cleared out and is left filled with pure 
and comparatively cool air. The passage of the 
scavenging air over the valves and internal surfaces 
does much to cool them, with the result that engines 
of this type are very free from ——- and pre- 
mature ignition troubles. It is thus possible to work 
with a higher compression than in non-scavenger 
engines, Before concluding the description of the 
cycle it should be said that the exhaust-valve remains 
open until after the crank has passed the dead centre 
in order that the pressure in the working cylinder may 
fall to that of atmosphere. 

The operating mechanism of the valves will be 
followed from Fig. 1, in conjunction with Figs. 2 
and 5. As will be seen, the shaft & carries two cams 
for each cylinder. One of these operates the exhaust- 
valve, as clearly shown in Fig. 1, while the other 
operates both the admission and gas-valves through 
slink and rocking-lever. As was stated above, the 
gas-valve c is of the annular type, the spindle of the 
sdmission-valve passing through it, as shown in Fig. 1. 
The movement of the admission-valve spindle operates 

valves, As shown in Fig. 1, this spindle is 
fitted with a collar above the gas-valve, while there 
8aspring betwen the gas and edesiaien-vabwen, The 
collar is so placed that the first part of the downward 
movement of the spindle opens the admission-valve 
only, but as this movement continues the collar comes 
i contact with the gas-valve, and opens that also. 
It will be seen from Fig. 1 that the lower part of the 
gs-valve is fitted with a ring, which is so placed that 
a the gas-valve opens this ring tends to block the 
ports y, through which the air supply enters. The 
result of this arrangement is that when the gas-valve 
is closed large ports are obtained for the admission of 
Scavenging air, but when the gas-valve is open 

© ports are partly choked, so that a proper pro- 
Portion is maintained between the gas and air formin 


charge. It will be seen from Figs. 2 to 5 that the 
‘am-shaft ; is driven from the rola 


shaft through a 


side shaft and two worm-gears. 
work in oil-baths. 

The governing of the engine is carried out entirely 
on the throttle. As will be seen, the governor is driven 
direct from the crank-shaft. It is of the spring- 
loaded type, and is fitted with ball-bearings. It acts 
on the throttle through a link mechanism, which can 
best be seen in Figs. 4 and 5. The throttle-valve 
can be clearly seen in Fig. 4. It is mounted above 
and in the centre of the gas-trunk / and is connected 
up toa a which is shown at / in Figs. 2 and 
3, and can be clearly seen in both Figs. 4and 5. This 
stop-valve has an operating handle carried down to 
the back end of the two centre cylinders in such a 

ition that it can be easily operated by a man who 
is Tim Se engine. This handle can be seen in 
Fig. 5. cylinder of the engine is fitted with a 
double ignition. This is shown in Figs. 2and 5. One 
ignition is by magneto, as shown at nin Fig. 2, the 
magneto being driven by an eccentric on the cam- 
shaft. The other ignition, shown at p in Fig. 2, is 
operated from a battery or a direct-current supply. 
he gear consists of a rod operated by a cam. 
The cam has a small projection, similar to that on 
the fuel valve-cam of a Diesel engine. The rod con- 
nects up to one of the sparking points, and the two 
sparking points are normally open. When the cam- 
projection comes round, the sparking points are closed 
and opened again in a small fraction of a revolution 
of the engine. The result of the arrangement is that 
current is saved, and the sparking points are not 
unnecessarily heated. Before leaving the ignition, 
it should be said that each cylinder is provided with 
two ignition-chambers, the two plugs for the two 
ignitions being situated in different chambers. The 
chambers are connected to the cylinder by short pas- 
sages through slots in a shut-off valve, which is shown 
at q in Fig. 1. By turning the valve, either one or 
both of the chambers can be put in communication with 
the cylinder, or either or both can be shutoff. This 
arrangement allows a plug to be withdrawn and the 
points cleaned without the engine being stopped or 
its load reduced. 

The engine is fitted with a compressed-air #.arting 
arrangement for the two centre cylinders. The dis- 
tributing pipe for the comp air can be seen 
fixed to the back of the cylinders in Figs. 2 and 5. 
Air is admitted to this pipe from a slide - valve 
working in the valve-chest shown at m in Fig. 2, 
and which can clearly be seen in Fig. 5. The valve is 
operated by a cam on the main cam-shaft, and admits 
and shuts off air at the proper times in the cycle. 
Check-valves are fitted to the cylinder-heads, and the 
arrangement of one of them is shown at, in Fig. 1. 
These valves can be lifted by means of an external 
gear, and then act as relief-valves for use when the 
engine is being barred round. As will be seen from 
Fig. 1, the piston and exhaust-valve are water- 
jacketed, as well as the cylinder, the connection to 
the cylinder being made ugh the rocking-pipe s. 
It has been the practice of the Premier Company to 
water-jacket the pistons and exhaust-valves of their 
large engines since 1897. A further point to which 
attention may be drawn in connection with Fig. 1 is 
that the large auxiliary cylinder and its piston act as 
& most effective crosshead arrangement for the engine, 
and that the gudgeon-pin works in a comparatively 
low temperature. The large auxiliary Tt allows 
& gudgeon-pin with large bearings to be fitted, and full 
advantage ~ been taken of this possibility. 

The lubrication of the engine is by pump through- 
out. For the main bearings and crank-pin bearings 
& pump is fitted to the bed-plate, and driven from the 
side shaft of the engine. It can be seen below the 
governor in Fig. 4. This pump draws from an oil- 
tank fixed below it, and delivers through a visible 
feed to the various oil-boxes, which can be seen in 
Fig. 4. The supply to each bearing can be separately 
adjusted. The oil, after passing through the bearings, 
drains down from the crank-pit to the oil-tank through 
astrainer. The lubrication of the pistons, gudgeon- 
pins, and exhaust-valves is from the pumps fixed at 
the side of the engine and above the side shaft. They 
can be clearly seen in Figs. 4 and 5. There is a 
separate pump for each part, and oil is fed into the 
suction side of the pumps through a visible drop 
arrangement. The rate of feed once set is constant. 


The worm-gears 








Great YarmoutH Water Suppiy.—On Friday, the 
28rd inst., two steel tubes, 100 ft. long. were sunk in the 
bed of the Thurne at Potter Heigham, Norfolk, as part 
development of the main services of the Great Yarmouth 
Water Works Company. The company has an intake at 
Horning, and a subsidiary reservoir at esby in course 
of construction. The works at Potter Heigham, which 
were commenced late in March, were of some magnitude, 
as the river had to be dammed, a trench over 12 ft. deep 
excavated in its bed for the reception of the tubes, and 
cofferdams made on either side. A single tube would 
have been sufficient at t, but it was dee 


& | prudent when the work was in hand to lay a duplicate 


set of mains. The pipes are of }-in. steel, connected with 





flanges, and riveted and bolted. 





MACHINE FOR HEAVY BORING, 
DRILLING, AND TAPPING. 


THE machine we illustrate on pages 738 and 739 has 
been designed and constructed by Messrs. Loudon 
Brothers, Limited, Clyde Engineering Works, John- 
stone, for dealing with the heaviest dame of boring, 
drilling, tapping, studding and milling work, and it 
has been arranged with a view of turning out work at 
the highest cutting speeds and in the most economical 
fashion. 

As will be seen from - ye Fig. 1, which 
is a perspective view reprodu rom a photograph, 
the Bed is made with wide bearing cuvhon oa ie 
strongly ribbed with box-bars, and has facings on the 
front to which the worktable is bolted ; this work- 
table may also be seen in Fig. 1. It is provided with 
squared-cored holes and T slots, which run lel to 
the bed. These slots are planed from the solid, and the 
bed has lines marked on it at right angles to the axis of 
the spindle, which facilitate the setting of the work. 
The column is of strong box-section and is provided 
with three bearing surfaces to the saddle. It is well 
stiffened inside with ribs to prevent twist. 

The saddle, which is shown in detail in Figs. 14 to 
22, page 739, is counterbalanced, and both it and the 
column are fitted with power-traverse for quick ad- 
justment in either direction by means of an inde- 
pendent shaft carried at the back of the bed. This 
shaft is reversible and is controlied by a clutch at the 
foot of the column, the arrangement being shown in 
detail in Figs. 9 and 10. Hand motion is also pro- 
vided to both the saddle and the column for use when 
fine adjustments are necessary. These motions are 
carried up to a platform attached to the saddle, the 
platform being clearly shown in Fig. 1. 

The main spindle is of 0.45 carbon steel 4 in. in 
diameter, und and fitted into a tube which runs 
in adjustable gun-metal-capped bearings. It has a 
self-acting feed through rack and pinion, and can be 
adjusted yo by a cross-handle, or slowly by hand- 
wheel for facing purposes ; the arrangement may be 
seen in Figs. 14, 15, 16, 17, and 20, page 739. The 

indle is driven by a vertical shaft through reversing 
clutch and steel bevel-wheels on to a horizontal shaft 
running in capped bearings, on which are carried two 
sets of gear, so that the change of speed from drilling 
or tapping to boring can be effected very quickly. 
When the machine is required for boring or millin 
large diameters an extra set of ing is rovided: 
driving on to a large spur-wheel, which is keyed on 
the tube on the outside of the saddle. Six variations 
of speed are supplied for boring and drilling, the feeds 
being positive, automatic, and reversible. 

The machine is driven by mewns of a variable-speed 
motor, or by a belt through a four-speed cone and 
gearing a large range of speeds being thereby obtained. 

ll the gearing is machine-cut, and all the dangerous 
parte of the machine are well protected. The machines 
are complete with countershaft when required, and all 
the necessary spanners and handles are carried on a 
rack fixed to the bed of the machine. —— milling- 
heads and boring-stays can be supplied when , 

These machines are made in six different sizes, 
having — ranging from 3 in. in diameter to 
6 in. in diameter, and from an approximate weight of 
124 to 23 tons, the length of f in the smallest size 
being 3 ft. and in the largest 5 ft. 





PrRsonAL.— Arrangements have been completed for the 
continuance of the old-established business of John 
Musgrave and Sons, Limited, by a new company with a 
cash capital of 80,0001., which was registered on 
March 12, 1913. This new company, in addition to 
acquiring the assets of the old company, has purchased 
the good will and patterns of the of Messrs. 
J. and E. Wood, engineers, of Bolton, and Mr. Henry 
Wood will act as a director.—The British Ceresit Water- 
proofing Company, Limited, have removed to lar, 
offices, their address now being 100, Victoria-street, S.W. 





INCORPORATED MUNICIPAL ELECTRICAL ASSOCIATION. — 
The eighteenth annual convention of this Association is 
to be held in London from Tuesday, June 17, to Satur- 
day, June 21. The headquarters of the Council will be 
the Hotel Cecil. The meetings will be held at the Insti- 
tution of Electrical Engineers, Victoria Embankment, 
where on June 17 the Convention will be opened at 10 
a.m. by the President of the said Institution, Mr. W. 
Duddell, F.R.S. An address will then be delivered by 
Mr. C. E. C. Shawfield, late chief electrical engineer to 
the Corporation of Wolverhampton, and a ig Hd will be 
read by Dr. 8S. Z. de Ferranti on ‘‘ Prime Movers for 
Electric Power.” On Thursday, June 19, the meeting 
will be held at the Empire Theatre, Kingston-on-Thames, 
when a paper on “Air Filtration” will be read by Mr. 
J. Christie, Chief Electrical Engineer, Brighton, and on 
“ Electrical Vehicles” by Messrs. W. H. L. Watson and 
R. J. Mitchell. A council meeting and the annual 

meeting will be held on Friday, June 20, at the 
nstitution of Electrical Engineers. A number of in- 


med | teresting visits and excursions in London and the 


environs have for. Application should be 


addressed to the Secretary of the Association, Mr. C 
McArthur Butler, F.C.1,8., 28, Bedford-square, W.C. 
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MACHINE FOR HEAVY BORING, DRILLING, TAPPING, AND MILLING. 


CONSTRUCTED BY MESSRS. LOUDON BROTHERS, LIMITED, ENGINEERS, JOHNSTONE. 
(For Description, see Page 737.) 
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DETAILS OF MACHINE FOR HEAVY BORING, DRILLING, TAPPING, AND MILLING. 
CONSTRUCTED BY MESSRS. LOUDON BROTHERS, LIMITED, ENGINEERS, JOHNSTONE. 
(For Description, see Page 737.) 
"al Fig. 8. 
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ARMOUR- PLATE ROLLING-MILL AT 
BEARDMORE’S WORKS, GLASGOW. 


THE armour-plate mill illustrated on page 742 has 
recently been fitted at the Parkhead Works, Glasgow, 
of Messrs. William Beardmore and Co., Limited, as 
part of that reconstructional and replacement work 
which must be carried on continuously if establish- 
ments, especially those engaged on o ce, armour, 
or naval shipbuilding, are to be kept up to modern 
requirements. The mill was detanel and constructed 
by Messrs. Davy Brothers, Limited, Park Iron Works, 
Sheffield, to roll armour-plates of the largest dimen- 
sions. The main rolls are hollow forgings of nickel 
steel, and measure on the barrel 15 ft. long by 49in. in 
diameter. The live rollers on each side of the mill 
are solid forgings, rough machined on the body, and 
designed to convey an ingot or slab of 100 tons weight. 
They are driven by two 60-horse-power electric motors 
with series-parallel control through two reductions of 
spur gearing, then by mitre-wheels ; ail the gearing is 
of steel and machine cut. 

The main rolls, which have a lift of 45 in., are 
driven by a two-cylinder horizontal engine through 
two reductions of gearing. The engine cylinders are 
42 in. in diameter by 5 ft. stroke, and the steam pres- 
sure is 120 lb. per sq. in. On the crank-shaft is a 
double helical Fg Soe eighteen teeth, of 74 in. 

itch and 23 in. broad, gearing into a wheel having 
orty-five teeth. On the same shaft as the latter is a 
straight - toothed spur pinion having twenty - one 
teeth, of 74 in. pitch and 40 in. broad, gearing into a 
wheel, which has sixty-two teeth, keyed to the shaft 
which drives the mill. This second reduction of 
gearing is machine-cut, and the wheel weighs 35 tons. 

Armour ingots are first reduced in thickness and 
cut to a length at a 12,000-ton forging-press, and the 
slabs are brought to the armour-mill furnace for 
re-heating preparatory to being rolled. These furnaces, 
two in number, are gas-fired, and have movable 
hearths, in which the A are charged by an overhead 
crane. The equipment of the Parkhead Forge for 
armour production is, in every ages, of a capacity 
and quality, as regards rapid and efficient work, corre- 
sponding to the mill now illustrated. 








Fe cane or H.M.S. a soe, Te ’ ay, ew and 
lasgow Engineering and Iron Shipbuilding Company, 
Limited, Govan, launched on the 22nd inst. M.S. 
Midge, torpedo-boat destroyer, the second to be launched 
of three destroyers in course of construction by this 
company for the British Navy. The dimensions of the 
Midge are 260 ft. in length between perpendiculars by 
27 ft. in breadth, She is fitted with Parsons turbines to 
develop 25,000 shaft horse-power, and has water-tube 
oil-fired boilers of the Yarrow type, constructed by the 
builders. Her armament consists of three 4-in. guns and 
two torpedo-tubes. These destroyers are of the Acasta 
class, which represent an important development in 
destroyer construction, and are expected to attain a very 


high spved. 


British AcC&TYLENE AND WELDING AssocIATION.— 
The aunual general meeting of this Association was held 
on Tuesday, the 20th inst., at the Westminster Palace 
Hotel, when the retiring President, Mr. K. 8. Murray, 
read a report of the work of the Association during the 
past year. In this, he stated that the twelve months 
that had elapsed since the last annual general meeting 
had not been by any means the least eventful in the 
history of the Association. The Association stood in a 
stronger position to-day than it had ever previously 
occupied, and was now better able to render assistance 
directly and indirectly to the acetylene we tae The 
total membership had more than doubled ye © year, 
and it was not unreasonable to anticipate t before 
long the Association would carve its way into a position 
of importance as an independent and representative 
organisation, valuable not only to the acetylene trade 
itself, but to those trades in which to-day acetylene 
played such a useful part. The by-lawshad been modified 
so as toenlarge the scope of the iation, and to cover 
the welding and metal-cutting processes which had in 
recent years become so helpful to the acetylene industry. 
Under the auspices of the Association, welding classes 
have been started at the Northern Polytechnic. Day 
and evening classes in practical welding were held there 
under a thoroughly competent instructor, and a course of 
lectures was also given on the subject by a member of 
the teaching staff of the Institute. The classes had 
proved most successful. Profiting by the experience 

ained in connection with the classes at the Northe-n 
Polytechnic, the Association had adopted a method by 
which they could help in the formation and working of 
such classes in technical schools in Birmingham, oo 


LARGEST VESSEL FOR NIPPON YUSEN 
KAISHA. 


ALTHOUGH the Japanese have not yet faced the con- 
struction of a ship of the size uf the Aquitania, they are 
evidently making sufficient progress in aw agar to 
justify the expectation that in a comparatively short time 
they will be able to compete successfully in ships of 
large sizes. At the beginning of last month, the largest 
vessel yet built for Japan’s premier steamship com- 

ny—the Nippon Yusen Kaisha—was launched at 
Tategami, Bageast, from the works of the Mitsu Bishi 
Dockyard and Engine Works. She will be fitted with 
a combination of reciprocating and turbine engines, and 
will be the first Japanese vessel so engined. As already 
mentioned, the Katori Maru is the largest Nippon Yusen 
Kaisha vessel afloat, and also the largest ship yet built in 
Japan, with the exception of the T.K.K. trans-Pacific 
liners and warships, and it will be interesting to give a 
few particulars regarding her. She has been built for the 
Nippon Yusen Kaisha’s European service, and is designed 
for passenger and freight traffic. She is double-bottomed 
throughout and is divided by eight bulkheads, She has 
been built under the supervision of the surveyors of 
Lloyd’s ister of Shipping, by whom she will be classed 
100 Al, and according to Japanese Government require- 
ments. Her dimensions, &c., are as follow :— 


Length ... ae See es aia 490 ft. 
Breadth iis see oa sos a vas 
Depth ove ope 364 ” 
Draught (maximum) 28 ft. 11 in. 
Gross tonage ... 10,600 tons. 


Displacement... ... ..  ... 19,500 ,, 
| aco ened ne ; ae sad 


10,000 
16} knots. 


She will be fitted with six cylindrical boilers and a com- 
bination of Parsons’ turbine and reciprocating engines, 
and she will have three screws. Wireless telegraphy, 
er We oy - disinfecting and refrigerating appara- 
tus, -. of the latest design and construction, will be 
supplied. 

ectricity will be used throughout for lighting pur- 
pores and electric fans will be provided on a generous 
scale for the comfort of passengers. There will be 
accommodation for 112 first class, 56 second-class, 10 
special third -class, and 178 steerage passengers. Dining, 
smoking, and lounge saloons will be in accordance with 
the most modern ideas, special saloon accommodation 
will be provided for children, and a swimming-tank wi 
be among the provisions made for recreation. Fourteen 
life-boats—more than sufficient to accommodate all the 

mgers and crew—are to becarried. The construction 
of ships of this s‘ze and class in Japan is not only an 
indication of the progress which the Japanese have made 
in shipbuilding, but also a warning to the shipbuilders of 
the West that they are likely to have competition from 
the shipbuilders of the Kast. 








New Asyium at CoLtcHester —O wing to the cour'e-y of 
the authorities and of Mr. W. U. C, Hawtayne, M.I.E.E. 
9, Queen-street-place, London, E.C., the consulting engi- 
neer for the engineering and electrical plant, we recentiy 
had the opportunity afforded us of visiting the lai 
new asylum for the county of Essex, which has recently 
been completed some little way outside the town of Col- 
chester. This asylum is probably the most up-to-date 
establishment of the kind now to be found in the king- 
dom, both in the matter of general outfit and engineer- 
oe, and is fitted up for the reception of 
patients. The heating and hot-water supply for 
the laundries, &c., is furnished by calorifiers fed by 
steam at a pressure of 120 1b. per sq. in. at the boilers, 
but lowered to 5 lb. per sq. in. by means of reducing- 
valves. There are five boilers of the ‘* Economic ” 
type, constructed by Messrs. Davey, Paxman and Co., 
Limited, of Colchester, each 14 ft. long and 8 ft. 6 in. in 
diameter. The steam used in the electricity-supply 
engines is taken from the main steam-pipe at convenient 
points, and the exhaust steam from the engines, at a 
pressure of about 5 lb. per sq. in., is carried to the 
calorifiers, where it — joins and augments the direct 
supply previously referred to. In this way the umount 
of fuel actually required for the engines is very small, 
a large proportion of the heat being returned into the 
heating-pipes to the calorifiers, and the electric lighting 
of the asylum is therefore done very economically. The 
engine-room is a building 51 ft. long by 36 ft. high, the 
walls being lined with white glazed bricks. The electric 
lant consists of vertical engines made by Messrs. 
.. Paxman and Co., Limited, of Colchester, which 
are direct coupled to dynamos built by the British 
Thomson-Houston Company, Limited, of Rugby, two of 
which are of 100-kw. size, and there is a third set made 
up of a similar engine coupled to two dynamos, each 
of 50-kw. size, to form a steam-balancer. All the 
dynamos run at a speed of 450 revolutions per minute, 
larger ones being compounded, and giving 313 
peres at 47 volts, while the ler ones give 313 








Liverpool, Manchester, Leeds, Newcastle, Glasgow, 
It was suggested that each school should become a local 
centre, not only for instructing welding students, but 
also for the investigation of many interesting points 
which were always cropping up in connection with oxy- 
acetylene welding, and for reading and discussing 
pers under the auspices of the Association. The sub- 
ect of oxy-acetylene welding schools had undoubtedly 
n the chief work of the Council during the past year ; 
a great amount of work had also been done in other 
Seeeiene. Mr. Ernest wif My y ng = Presi- 
ent for the present year; Mr. 1. G. jen, vlce-presi- 
dent ; and Mr. H. E. } Ad treasurer. 





amperes at 235 volts. There is also a rotor-balancer, by 
the same makers as the dynamos. It consists of two 
machines, each of 15 kw. size. There is at present no 
battery, but provision has been made for one. The main 
swi consists of a number of marble slabs carried 
on-an iron frame let into one of the end-walls of the 
engine-room, the back of the switchboard being accessible 
from a room behind it, admission to which is under lock 
and key. In the engine-room there is an over 
travelling crane, by Messrs. Herbert, Morris and Bastert. 
The wiring system and the whole of the work is very 
complete. 


will | 60s. 14d 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened quietly, and dealings were limited 
to two lots of Cleveland warrants at 698.-6d. cash. At 
the close there were no sellers, but the other quota. 
tions were 61s. 3d. one month and 61s. three months, 
In the afternoon 2500 tons of Cleveland warrants were 
done at 60s. 9d. June 2 and three months. Closing 
sellers named 71s. cash and 60s. 9d. three months, 
with buyers at 69s. 6d. and 60s. 74d. respectively, 
There were no quotations for the month position, 
The market was somewhat easier on Friday morn. 
ing, but the turnover only amounted to 2500 tons 
of Cleveland warrants at 70s. cash, with sellers over, 61s, 
thirteen days, and 59s. 104d. three months, with buyers 
over at that figure; but sellers named 60s. For the 
month position buyers offered 61s. 104d., but there were 
no sellers. The afternoon session was stronger, and 1500 
tons of Cleveland warrants were pu by “bears” 
at 70s. 6d. cash, and closing sellers quoted 71s. cash, and 
60s. 1d. three months. On Monday morning Cleveland war. 
rants opened well, but fell off a little later. The business 
amounted to 3500 tons at from 70s. 6d. to 703. cash, 60s. 3d, 
July 23, and 59s. 104d. three months, with sellers over at 
70s. 14d. cash, and 60s. three months. In the afternoon 
there were no transactions, but sellers of Cleveland 
warrants quoted firmer prices, 703. 6d. cash, 60s. 104d. 
one month, and 60s. 3d. three months. On Tuesdsy 
morning cash iron was dearer, and a fair business, 
amounting to 5500 tons of Cleveland warrants, was put 
through at 70s. 6d. cash, 60s. 9d. twenty and twenty-four 
days, and at 60s. 2d. three months. At the close the 
only sellers’ quotations were 61s. one month, and 60s. 2d. 
three months. No dealing of any kind took place in the 
afternoon, but the closing quotations were irregular, with 
sellers quoting 71s. 6d. cash, 60s. 9d. one month, and 
60s. 6d. three months. When the market opened to-day 
(Wednesday) there was little doing, and Cleveland war. 
rants were inclined to be easier. © turnover consisted 
of 1000 tons at 60s. 6d. one month, and 60s. 3d. three 
months, and closing sellers quoted 70s. 6d. cash, 60s. 9d. 
one month, and 60s. 34d. three months. In the afternoona 
changed feeling came over the market, when the closing cash 
quotations for Cleveland warrants differed to the extent 
of 6s. 9d. Dealings were limited to 1000 tons at 60s. 9d. 
sixteen days, and 60s. 3d. three months, and at the close 
sellers quoted 69s. 3d. cash, 61s. one month, and 60s. 44d. 
three months, and buyers offered 62s. 6d., 60s. 6d. and 
. respectively. 

Sulphate of Ammonia.—The easier tone in sulphate of 
ammonia still continues, and the demand is less active. 
The price to-day is no better than from 13/. 5s. to 
13/. 3s. 9d. per ton for prompt lots, Glasgow or Leith. 


Scotch Stcel Trade.—No change of any kind has taken 
place in the Scotch steel industry during the past week, 
and a dull state prevails. Consumers are not placing 
orders except for their more immediate requirements, 
and in most cases these are only for small lots. All over 
the output of heavy material against contract is very 
good and producers are managing to keep their mills run- 
ning steadily, but forward inquiries are extremely limited. 
Black-sheet makers are well employed on heavy gauges, 
but there is a poor demand for thin gauges. Structural 
steel makers have, in most cases, quite a lot of work on 
hand, both for near and forward delivery. At last week’s 
meeting in London of the Steelmakers’ Association it was 

to leave prices alone in the meantime, which 
decision was influenced by the present heavy charges for 
on-cost and raw material. rices are therefore un- 
changed, except where no official quotations prevail, and 
in such cases the cutting to secure business is as keen as 
ever. Export inquiries are only fair, and the bulk of 
them are mostly for light material. 


Malleable-Iron Trade.—The malleable-iron makers of 
the West of Scotland report no improvement in condi- 
tions, and the position is, if anything, a degree worse 
over the week. This is due to the very severe foreign 
competition which at present existe. Other two works 
of the Scottish Iron and Steel Company, Limited, have 
been closed—namely, Clifton Iron Works and Coatbridge 
Iron Works, and some of the others are on short time. 


Scotch Pig-Iron Trade.—The demand for Scotch pg 
iron has not been so good of late, owing to the unsett 
state of trade in general, but contracts are taking up 
= a goodly tonnage. Some storing has been done 

uring the past few days, the. total this week amounting 
to nearly 3000 tons. e number of furnaces in blast 18 
now eighty-seven. Quotations are easier, the following 
being the market prices for makers’ (No. 1) iron:— 
Clyde, 79s.; Calder, 79s. 6d. ; Gartsherrie, Summerlee, 
and Langloan (all shipped at Glasgow), 80s. ; Glengarnock 
at Ardrossan), 80s.; Shotts (at Leith), 79s. 6d.; and 

n (at Grangemouth), 81s. 

Shipbuilding.— An order for a single- screw cross- 
Channel passenger and cargo-steamer has been placed 
with the Ailsa Shipbuilding Company, Limited, Troon, 
by the Laird Line, Limited, Glasgow. 





Visit OF ENGINEERING SOCIETIES TO THE CHINGFORD 
ResErvorr.—On Saturday, May 24, a large party assem- 
bled at the new Chingford sedis and Pumping 
Station of the Metropolitan Water Board, on the occasion 
of a combined visit Ay _——_ sociotion—the, Tastisate 

ine Engineers, t unior Institution of Engineers 
and the Association of Engineers-in-Charge. The chief 
objects of interest were the five large Humphrey pumps. 
The visitors were favoured with the oe of Mr. H. A. 
Humphrey, who, in the course of the afternoon, gave & 
brief description of the installation. 
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NOTES FROM a YORKSHIRE. 


HEFFIELD, Wednesday. 

The late Colonel ‘toddart.—The death of Colonel Sir 
Charles J. Stoddart, which took place at his home in 
Rotherham in the early hours of last Saturday morning, 
will be sincerely mourned throughout the industrial com- 
munity of Yorkshire and the North Midlands, and is 
very deeply felt in Rotherham. Although not a native 
of that town, having been born in London, Sir Charles 
identified himself with the affairs of the borough, and 
what he has done for Rotherham would take a long 
time in the telling. In industry he was t known 
as the managing director of the Parkgate Iron and 
Steel Company, with which he had been associated all his 
life. He saw the firm por from a comparatively small 
business into one of the best-known concerns in the 
country, and was very proud of the share it took in 
making industrial history. It was at the Parkgate Iron 
Works that the first armour-plates were ever rolled. Sir 
Charles Stoddart was instrumental in the firm’s taking 
up, With conspicuous success, the manufacture of steel. 
In addition to his interests in the Parkgate sy he 
became associated with the Dalmellington Iron Com 

y, the Staveley Coal and Iron Company, and the 
i werth Colliery. He was also one of the founders 
of the Wagon Finance Corporation. He was four times 
Mayor of Rotherham, and the first freeman of the 
borough. Colonel Stoddart was a man of abundant 
energy and diversified interests. He obtained his 
coloneley in the 2nd Volunteer Battalion of the York 
and Lancaster Regiment; was a Justice of the Peace ; 
and at one time took an active part in politics. At the 
annual meeting of the Parkgate Company to-day in 
Sheffield a highly appreciative tribute was paid to his 
memory by the chairman, Mr. C. Markham. 


South Yorkshire Coal Trade.—Summer conditions may 
now be said to dominate the house-coal market, and 
prices have shown slight decreases. At the same time, 
although the demand has slackened, pits have practically 
nostocks, and so far as inferior qualities of house-coal are 
concerned, are not likely to accumulate any while the 
demand on industrial account remains at its present 
level. A strike of carters in the city has held up a lot 
of coal at the depéts, and a number of the local works 
have had to go short of their normal supplies. The steam- 
coal position is a very good one, with prices firm. The 

uotation for Yorkshire hards has advanced about 1s. 

re is more coke to ad, and, consequently, the 
market is somewhat weaker. Slacksare in good demand, 
and advanced prices are being asked on contract renewals. 
Coking smalls are firm. Quotations :—Best branch hand- 
icked, 14s. to 15s. ; Barnsley best Silkstone, 12s. to 13s. ; 

byshire best —. 11s. 6d. to 12s. 6d. ; Derbyshire 
house, 10s. 6d. to lls. 6d.; best large nuts, 10s. 6d. to 
lis, 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 12s. 
to 18s.; Derbyshire hards, 11s. to 12s.; rough slacks, 
deg « 6d.; seconds, 6s. 6d. to 8s.; smalls, 
4s, 6d. to 


Tron and Steel.—There does not appear much prospect 
of renewed activity in the iron market for the next few 
weeks, but the end of the half-year should see new con- 
tracts fixed up, particularly as consumers have held off 
the market for so long. Hematite producers still 

ine to make concessions to any material amount, and 
the Lincolnshire common-iron makers are equally firm. In 
the delivery of raw materials there is a marked improve- 
ment, and users are no longer asked to wait months before 
their orders can be executed. Trade prosperity appears 
to be as great as ever, and, at any rate, Goeshest the 


summer there is not likely to be any check upon] gal 


activity. Local firms, too, have become more accustomed 
to the present conditions of pressure, and have been able 
to effect a considerable speeding up in dealing with the 
work in hand. A big tonnage of armour-plate for the 
Clyde yards is being dealt with by the local 5 
Mninsey contracts are also keeping them busy. ore 
orders are to hand from Indian and South-American 
railways, and they include a big consignment, upon which 
ten firms are working, for delivery in a few months’ 
time. The high-speed and all the other special branches 
of steel are flourishing, and there is an enormous con- 
sumption of alloys, causing the supply of these to be 
very much sought for. 





Tar Concrete Insti1TvTE.—The fourth annual general 
meeting of this Institute was held on Thursday, the 
22nd inst., Mr. E. P. Wells, J.P., President, occupying 
thechair. The report of the Council was unanimously 
carried, and the elections resulted in the following being 

members of Council: Messrs. Osborn ills, 

E. J. Lovegrove, Frederick Purton, H. J. ta 

The chairman then presented the Institute Medal ; this 

8 awarded annually for the best r read in the 

— session, and it was consieed | y Mr. Edwin O. 

on behalf of Mr. Richard L. Humphrey, for his 
Paper entitled ‘* Fire-proofing.” 





Tarp INTERNATIONAL CONGRESS OF REFRIGERATION. 
—A | soweny has been issued giving the particulars of 
this Congress, which is to be held at Chicago in Septem- 
bernext. It will be divided into six sections, dealing 
with : (a) Liquified gas and units; (b) the design, con- 

tion, operation, and method of testing refri ting 
machinery and insulating materials; (c) the application 
of refrigeration to foods; (d) the use of refrigerating 
tus in the industrial arts; (e) refrigeration in 

Way and si ip transportation ; (f) questions 
relating to legislation and administration. The Secretary- 
is Mr. J. F, Nickerson, 431, So. Dearborn-street, 
. The first was held in-Paris in 1908, 
and the second in Vienna in 1910. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The ‘‘ squeeze ” in Middles- 
brough warrants, which has so seriously hampered for 
some time past genuine business in makers’ pig iron, is 
believed to be practically at an end, and with its dis- 
appearance traders are confident of a resumption of 
legitimate activity in business. To-night (Wednesday) 
the closing quotations of Middlesbrough warrants were 
62s. 6d. cash buyers, and 69s. 3d. cash sellers. Not for 
many years, if ever, has there been so wide a difference 
in buyers’ and sellers’ cash prices of warrants. No. 3 
g-m.b. Cleveland pig is quoted 65s. f.o.b.; No. 1 has 
settled to 66s. 6d.; No. 4 foundry has become 63s. 9d.; No. 4 
forge, 63s. ; and mottled and white iron, each 62s. 6d.—all 
for early =, Probably forward contracts could be 
made ata little below the foregoing quotations. In the 
East Coast hematite branch of the staple industry quiet- 
ness prevails, but there is little iron available for early 
delivery, and the price of mixed numbers stands at 81s. 
For forward delivery, however, 80s. 6d., and perhaps less, 


-| would beaccepted. There is very little passing in foreign 


ore, and prices are unaltered on a basis of 20s. 6d. ex-ship 
Tees for Rubio of 50 per cent. quality. Imports of 
foreign ore to the Tees to date this month reach just over 
200,000 tons. Freights Bilbao-Middlesbrough are in the 
neighbourhood of 5s. 44d. Coke keeps in fairly good 
request. 1 consumption is heavy, and spot lots of 
medium blast-furnace quality realise 24s. 6d. delivered at 
Tees-side works, but forward contracts have been made at 
22s. 6d. Foundry coke is 27s. to 28s. f.o.b., and gas-house 
coke 17s. 6d. to 18s, 

Shipments and Stocks of Pig Iron.—The shipments of 
pig iron from the Tees fall short of expectations, due to 
the fact that Cleveland pig has been going into the 
warrant stores to meet speculative commitments instead 
of being despatched by sea to meet the needs of genuine 
customers. At the time of writing (Wednesday evening) 
the total losdings of pig to date this month are officially 
returned at 77,644 tons, as compared with 91,141 tons to 
the same date last month, and 98,543 tons for the corre- 
sponding part of May last year. The stock of Cleveland 

ig iron in the public warrant stores now stands at 

41,385 ons, 27,465 tons having been added since the 
beginning of the month. 


Manufactured Iron and Steel.—Though orders are 
still rather scarce, there is more inquiry for finished 
iron and steel, and in one branch a substantial por- 
tion of a large contract pag, Se placed on Tees-side. 
The North-Eastern Steel mpany, Middlesbrough, 
have booked an order for 7000 tons of steel rails for 
West Australia, and the same firm have divided with 
Messrs. Bolckow, Vaughan and Co., Middlesbrough, an 
order for 10,000 tons of rails for the London and South- 
Western Railway Company, to be used in connection 
with the electrification scheme. Spree pm for all 
descriptions of manufactured iron and steel are steady. 
The following are the principal market rates :—Common 
iron bars, 8l. 15s. ; best bars, 9/. 2s. 6d. ; best best bars, 
91. 10s. ; packing iron, 6/. 15s. ; iron ship-plates, 8/. to 
81, 2s. 6d.; iron ship-angles, 8/. 15s.; iron ship-rivets, 
91. 10s.; iron boiler-plates, 8/. 17s. 6d. ; steel bars (basic), 
81.; steel bars (Siemens), 8/. 10s.; steel ship-plates, 8/. 5s.; 
steel ship-angles, 7/. 17s. 6d.; steel boiler-plates, 91. 5s.; 
steel strip, 8/. ; steel hoops, 8/. to 8/, 2s. 6d. ; steel joists, 
71. 7s. 6d. ; cast-iron railway chairs, 4/. 15s.; light iron 
rails, 71. to 7/. 5s.; heavy steel rails, 6/. 12s. 6d. to 
61. 15s.; steel railway sleepers, 7/. 10s.; and iron and steel 

vanised corrugated sheets, 12/. 15s. to 13/.—sheets less 
4 per cent. f.o.b., railway material net, and all other 
descriptions less the customary 24 per cent. discount. 





Contracts.— Messrs. Ed. Bennis and Co. have sent us 
a list of recent orders received by them for 108 of their 
various stokers complete, man ing repeat orders, in- 
cluding ten Bennis stokers and self-cleaning courant 
air furnaces for the Bedwas Navigation lliery, 
Limited, and twelve for the Carlton Main Colliery 
Company, Limited, Frickley. They have also received 
orders for a number of conveyors, elevators, &c. 





SoutH Wass Coat anp Iron Companiss, 1913.—The 
Business Statistics Company, Limited, 12, James-strezt, 
Cardiff, have issued, at the price of 1s. net, a small 

mphlet on the South Wales coal and iron companies. 

he phlet gives the names of the directors, the 
capital, the last balance. sheet, and the highest and lowest 
prices of shares during each year for the last fourteen 


lis, | years. 


Diese. Encine Buitpinc.—The new works, now in 
course of erection at Ipswich by the Diesel Engine Com- 
y, have advanced considerably towards completion. 
The steel framework between Hadleigh-road and the 
Gipping is expected to be finished in about a month, and 
the equipment of the various shops will then com- 
aaah When the works are brought into o; tion in 
August they will employ about 200 men, but the number 
is ex to be ually increased. New housing 
accommodation is being pushed forward by Parkington 
and Son, Limited, on d between Bramford-road and 
Norwich-road. The erecting and testing shops are in 
Hadleigh-road. They will have four bays, and their roof 
will be 40 ft. high. The machine-shops and the foundry 


have « larger number of bays, which will be served by 
an electric travelling-crane. Between the offices and the 
Great Eastern Railway is a water-tower, built of rein- 
forced concrete, the tank being capable of holding 20,000 
gallons of water; the supply is obtained from a well 





250 ft. deep. 


NOTES FROM THE SOUTH-WEST. 


if.—The steam-coal trade has, upon the whole, 
ruled quiet; but with outputs under the maximum, 
colliery owners anticipate some difficulty in meeting 
the demand for large descriptions. Buyers have been 
making efforts to obtain lower rates, but collier 
owners hold firmly for all classes of large. Smalls 
have been tending downwards, there having been 
only a moderate inquiry, while supplies have increased. 
Household coal has shown little change. The best Ad- 
miralty large steam coal has made 22s. to 22s. 6d.; best 
omnlies ualitier, 2s, Sd. to 21s. 9d.; other secondary 
qualities, 6d. to 21s.; best bunker smalls, 14s. 34. to 
14s. 6d.; and cargo smalls, 13s. to 13s, 6d. per ton. The 
best household coal has brought 19s. to 20s.; good house- 
hold ditto. 17s. to 18s.; No. 3 Rhondda large, 18s. 6d. to 
19s.; and smalls, 15s. 6d. to 16s. 6d. per ton. No. 2 
Rhondda large has realised 16s. 6d. to 17s. ; and No. 2 
smalls, 12s. 6d. to 13s. per ton. Special foundry coke 
has been quoted at 32s. to 32s. 6d.; good foundry coke at 
29s. to 31s.; and furnace ditto, at 25s. to 27s. 6d. per ton. 
As regards iron ore, Rubio has made 20s. to 20s. 6d. per 
ton, u a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Welsh Companies.— Dividends are proposed as follow 
for the year ended March 31, 1913 :—Bute Shipbuilding, 
Engineeering, and Dry Dock Company, Limited, 6 per 
cent. per annum upon the ordinary > mnt Tredegar Dry 
Dock and Wharf Company, Limited, debenture interest 
and one year’s arrears of dividend u the ference 
shares ; and Channel Dry Docks and Pontoon Company, 
Limited, 8 per cent. per annum upon the ordinary shares. 
This last-mentioned dividend shows an increase of 1 per 
cent. as compared with former years. 


Powell Duffryn Coal.—The Powell Duffryn Coal Com- 
pany has repeated its 20 per cent. distribution for another 
year. The distribution made upon the company’s shares 
during the ten years ended with 1912 inclusive were :— 
1903, 1904, 1905, and 1906, 7 per cent. per annum; 1907 
and 1908, 20 per cent. per annum ; 1909, 15 per cent. per 
annum; and 1910, 1911, and 1912, 20 per cent. per 
annum. The last ten years’ profits amounted to upwards 
of 2,500,000. A general reserve fund of 800,000/. has 
also been formed. 


South Wules Engincers.—Mr. W. F. Atkinson, superin- 
tendent inspector of mines, has been elected President of 
the South Wales Institute of Engineers for the balance of 
the current year, a vacancy in the presidency having 
occurred through the death of Professor Elliott. A grant 
of 1007. has been made by the Institute to the family of 
the professor. At the last meeting of the Institute a er 
on “‘ Underground Conveying, Indicating Possible Im- 
oy Developments in South Wales,” was contributed 

y Mr. S. Mavor. Mr. Mavor said face-conveyors might 
be roughly grouped as, first, full-len conveyors, which 
extend along the whole face and discharge at one end ; 
secondly, traveller-conveyors, which disch to a loading 
road at or near the centre of the face; and thirdly, car- 
eage-cenveyens, which discharge to a loading road at one 
end of the face, or to a loading road at the centre of the 
face, or to two roads at the respective ends of the face. 
Mr. W. Stewart said that in South Wales the thicker 
seams were now being exhausted, and colliery owners 
would have to deal with the thinner seams. They would 
have, therefore, to consider seriously the adoption of 
coal-cutting machines as well as conveyors. urther 
discussion was adjourned. 


Dowlais.—The Dowlais works have been generally 
busy. The rail-sleeper press and the rail bank of the Goat 
Mill have shown considerable activity, and overtime has 
been worked in despatching rails, metallic sleepers, &c. 
The Big Mill has turned out a large quantity of short 
light rails for colliery sidings, fish plates, &c. 


Welsh Steel Rails.—An order has been given out by 
the London and South-Western Railway Company for 
10,000 tons of 100 Ib. steel rails to be used in connection 
with its electrification works. Messrs. Guest, Keen, and 
Nettlefold have also obtained an order for 5000 tons of 
steel rails for the Madras and Southern Mahratta Rail- 
way. The same firm has further obtained an order for 
6100 tons of steel rails for the Federated Malay States. 





Tue Merric Systim.—The_ Standards Department of 
the Board of Trade have decided to make the metric 
carat of 200 milligrammes, and its necessary multiples 
and submultiples, standard weights in the United King- 
dom. The order giving effect to this decision will pro 
ably be issued before the end of the year. 





Ruston, Procror anp Co., Limrrep.—The goodwill 
item in the accounts of this company, which originally 
stood at 82,693/., has been entirely written off out of 
profits. Plant and machinery s in the books at the 
close of March, 1912, at 153,638/.; this was reduced at 
the close of March, 1913, to/139,4(2/., by an allocation 
for depreciation; on the other hand, it was increased 
again to 158,895/, by a further outlay of 19,493/. made 
during the past year. Land and buildings stood in the 
books at the close of March, 1912, at 246,453/., written 
down for depreciation to 242,698/. at the close of March, 
1913, and increased again to 251,845/. by further expendi- 
ture made in 1912 to 1913. Loose tools stood in the books 
at the close of March this year at 42,4€6/., and stock-in- 
trade at Lincoln and abroad at 570,058/.. The company 
has formed a reserve and dividend equalisation account 
of 126,679/., 25,0002. having been added. during the past 





financial year. 
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THE GRAND CENTRAL RAILWAY STATION; 
AND HUDSON RIVER RAILROAD, NEW YORK. 
(For Description, see Page 725.) 
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Fic. 3. GENERAL ARRANGEMENT OF SratTion BUILDINGS AND AppROACH FROM SOUTH SIDE. 











































NGemMeNtT NortH OF STATION, SHOWING Park AVENUE AND Cross-Town STREETS OVER Sration YARD. 
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THE GRAND CENTRAL RAILWAY STATION; NEW YORK CENTRAL 
AND HUDSON RIVER RAILROAD, NEW YORK. 


(For Description, see Page 725.) 
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NOTICES OF MEETINGS. 


Tus Roéntesn Socisry. —Tuesday, . 4 ay at Kin s College, 
Strand, W.C., at 8.15 p.m. $ flexion of 
x Rays,” by Professor 0. G. Barkla, Re “ Experiments on 
the Reflexion of X Rays,” by Dr. R. W. A. Salmond. 

Tue IxstiTvTion OF MINING ENGINEERS.—Thursday, June 5, at 
llam., aes meeting in the Rooms of the Geological Society, 
Burlington House, Piccadilly, W. The a ay Dr. W. E. 
Garforth, will open the onan ouey e following papers 
will be read, or taken as — , a, Methods of the 
Application ‘of Stone - Sy in Mines,” by W. E. Garforth, 
LU.D., M. Inst. C.E. 2 “* The BeCocins of Norton Colliery 
with Self - ee Breathing . aa after an Explo- 
sion,” by Mr. R. L. Allott Heat Produced in the 
Slow Odlanise of Coal at ~~ Temperatures,” by Mr. F. E. 
E. Lamplough and Miss M. Hill, of Cambridge University. 4. 
‘Insulated and Bare Copper and Aluminium Cables for the 
Transmission of Electrical Energy, with Special Reference to 
Mining Work,” ", Mr. B. Welbourn. The f followin papers, 
which have .? the Transactions, will be 

slation in Relation to Land 
and Mines,” by Mr. pe mith, M. Inst. C.E. (b) “The 
Bellevue Explosions, Alberta, Canada : "An Account of, and Sub- 
sequent Investigation ‘poi 7 Explosions Produced b 
Sparks from Falls of Roof,” Mr. John T. Stirling, H. 
Hy gg te Mines, Alberta, ‘wa and Professor John Cadman, 
D.Sc. Friday, June 6, alternative excursions — Excursion No. 1 
(limited to fifty) to the on No. 2 Reservoir of the Metropolitan 
Water Board, or Excursion 2 to the Beckton Works of the 
Gas Light and Coke Compan 

Tus RoraL imeereveen €s oF Yon Brirain.—Friday, June 6, at 

9 pe. ~ et-w. discourse will be delivered by Mr. Francis 

M. The subject is ‘‘ Reflection and Refraction 

ot “Tit as Concealing and Revealing Factors in Sub-Aquatic 
” Afternoon lectures next week at 3 o’clock. Monday, June 2, 
Cectuniae William Bateson, M.A., D.Sc., F.R.S., Fullerian Profes- 
sor of Physiology, on “The Heredity of Sex and Some te 
red (Lecture I.). Tuesday, June 3, Professor T. B. Wood, 
-, on.** Recent Advances in the Production and Utilisation of 
Wheat in England” (Lecture III.). Wednesday, June 4, Pro- 
fessor William Bateson, M.A., D.Sc., F.R.S., F erian Professor 
of Physiology, on “The Heredity of Sex and Some Cognate 
Problems” (Lecture IL). Thursday, June 6, Professor William J. 
Pope, M.A., LL.D., F.R.S., on “ nt Chemical Advances : (3) 
The Structure of Crystals.” Saturday, June 7, Professor E. Ruther- 
ford, D.Sc., LL.D., F.R.8., on “ Radioactivity : (3) The Radio- 
active State of the Earth and Atmosphere” (The be dene Lectures), 
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EGYPT. 


Tuat Egypt is the gift of the Nile is a classical 
commonplace, and the very direct connection 
between the irrigation engineer and the prosperity 
of the country always lends a special interest to 
the reports of His Majesty’s agent in that country. 
Matters of direct engineering interest, however, 
bulk less largely in the White tear just issued to 
Parliament than in some previous issues. Great 
engineering schemes, such as the Assouan Dam, 
must, in the nature of things, be relatively rare ; 
but the construction of a gigantic work of 
this character invariably involves, subsequently 
to its completion, the carrying out of an immense 
number of subsidiaries, which, though less striking 
to the imagination, are indispensable, and may 
in the aggregate be very costly. Egypt's rescue 
from bankruptcy had its basis in the borrowing 
of more money, which was so carefully expended, 
under Lord Cromer’s régime, in remunerative 
public works, that she would now have little diffi- 
culty in raising much more were it required. As 
a matter of fact, however, it appears from Lord 
Kitchener’s report that the public indebtedness is 
not being increased, the many works necessary to 
the development of "the agricultural wealth of the 
——. being financed out of revenue, a total of 

siitem sterling having been thus ex- 

«ty on railways and other public works. Lord 

itchener draws attention to the danger which 
is involved in the fact that the prosperity of the 
country depends essentially on the success of a 
single crop—viz., the cotton crop. For many years 
the continued increase in the amount raised and 
exported was counterbalanced by a steady reduc- 
tion in the price of the commodity. Of late years| y 
cotton has risen in value, but it is far from satis- 
factory that the revenue of the country should be 
too closely related to the market. price of a single 


1} product, and one, ——- which is subject to 


attack by various insect pests 
In this connection it is interesting to note once 


75 
757 | #gain that civilisation is becoming more and more 


dependent on the work of two classes of pro- 
7 | fessional men—the engineer and the biologist—and, 

as in times past, the engineer has taken priority of 
his colleague. Modern methods of cree ner 
contaminated waters dates, for instance, the 
installation of sand filters at Chelsea by Mr. James 
Simpson eighty-four years ago. Meant merely to 
remove turbidity, the filters in reality effected very 








much more. In the great epidemic of cholera in 


Hamburg a few years ago, the neighbouring, indeed 
contiguous, town of Altona escaped tically 
unscathed owing to the fact that its ts public water 
supplies were through Simpson’s sand 
filters, whilst Hamburg, drawing its supplies from 
the same source, but further up stream, and thus 
from water initially less contaminated, was ravaged 
by the disease, owing to the fact that its city engi- 
neers had not yet learnt from the biologist the true 
intrinsic value of the filtration process. Here the 
engineer made a lucky hit ; but blows in the dark do 
not often strike home, and the main credit for the 
marvellous results achieved in abolishing sickness 
from Panama could never have been realised without 
the knowledge as to modes of infection and dis- 
semination acquired by the patient industry of 
many biologists and the insight of a few. In the 
case of Egypt's principal resource, the engineer can 
provide water for the raising of the crop; but t is 
to the biologist that the grower must look {c: 
protecting it against the boll worm and the cotton 
worm, as well as for improvement in the varieties 
of cotton grown. 

The Khedive laid the last stone of the heightened 
Assouan dam on December 23 last, and the reser- 
voir has since been completely filled. The storage 
has been increased from 980 million cubic metres of 
water to 2420 million cubic metres. Lord Kitchener 
takes the occasion of the completion of this impor- 
tant work for a review of the general position of 
the country in respect to irrigation and to the dis- 
tribution of the increased volume thus stored. The 
summer demand is now met in three ways: by 
water drawn from the river itself; by a supply 
from the dam ; and by constructin two temporary 
dams annually on the two branches of the Nile 
near its mouth. The supply, which can be derived 
directly from the river, varies considerably from 
year to year. In a mean year the smallest flow 
amounts to about 450 cubic metres per second ; 
but in a year of extremely low Nile it may be as 
little as two-thirds of this. The dam, however, 
impounds the same quantity year by year, but the 
distribution of the water stored is varied in accord- 
ance with the state of the river. In an average 
year the Assouan supply is distributed over a period 
of 100 days, but in a very low year the supply 
would be sent out at a lower rate, and prolonged 
over 130 days. The enlargement of the reservoir 
will make it possible to increase the area of cul- 
tivable land by one-seventh. At present it appears 
that the water is not always used to the best 
advantage, the fellah being so anxious to secure 
a full supply of water that he is inclined to over- 
— to the consequent damage of his crop ; and 
7 more carefully controlling his operations, Lord 

itchener estimates that a further increase of about 
5 per cent. may be made in the land irrigated in a 
normal year. 

It being desirable to extend the area under 
—— irrigation, a remodelling of the canals 

eading from the Esneh barrage is to be under- 
taken, and large pumping installations are also to 
be installed to the same end. 

As matters stand, Lord Kitchener concludes 
that supplies sufficient for the greatly extended 
area now under cultivation are assured, and that 
there will also be sufficient for such extensions as 
are probable in the Delta during the next fifteen 
years, except, perhaps, in the event of a very low 
summer Nile. Fresh works will, however, be 
necessary if the area under perennial irrigation in 
Upper Egypt is to be increased, and, partly for 
this reason, it is pro to construct a new dam 
across the White Nile near its junction with the 
Blue Nile. This dam will be situated about 40 
miles from Khartoum, and its construction would 
seem to be a matter of some urgency . For some 
years there has been a cycle of re ov low Niles, 
so that abnormally high ones ma Aare yon a in 
the near future. .An abnormal Nile fi would, 
however, do very serious damage as matters new 
stand, and this is the main reason for the construc- 
tion of the proposed new dam. This will serve to 
cut off the supply derived from the White Nile 
during the floods, and the water thus impounded 
can be sent on in the following summer. 

It appears that considerable discrepancies have 
been found in the flow of the river as determined 
from current-meters, and as deduced from the 
calculated discharge of the sluices in the Assouan 
Dam. The meters pe to give readi too 
high by a considerable percentage. The Survey 
Department has made a careful examination of these 
discrepancies,{ and finds that the error may be as 
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much as 20 per cent. in flood time, and from 10 to 
15 per cent. when the river is low. 

ere is, of course, a considerable waste of 
energy at the sluice discharges, and it is proposed 
to use this for operating an electro - chemical 
power-station which will be able to supply much 
of the manure needed by the agricultural industry. 
This proposal has a special interest in that one of 
the objections originally raised against the con- 
struction of the dam was that the impounding of 
the water would lead to a deposit behind the wall 
of fertilising slime carried in suspension, without 
which, it was urged, the land under cultivation 
would soon be exhausted. 

The Nile has been the great highway of Egypt 
from the remotest past, but of recent years much 
traffic has been diverted from it to the railways. 
For example, the earnings of the Nile Navigation 
in the Soudan fell last year some 12,0001. below 
the estimate, owing to traffic preferring the rail to 
the river. This fact affords an interesting commen- 
tary on the agitation which is being fostered in this 
country for the development of waterways. It is 
noteworthy in this connection that our advocates of 
canals, though many of them are wealthy, control- 
ling great financial interests, are not prepared to 
venture their own resources in the development of 
internal waterways. The history of the Man- 
chester Ship Canal has converted them most 
effectually to the convenient view, from their 
standpoint, that the construction and operation of 
canals is a matter for the State, or, in other words, 
that as the canal proposals are financially unsound, 
the only chance of getting them constructed is to 
transfer the loss from private parties to the com- 
munity as a whole. 

Egypt has an excellent natural waterway and 
a considerable railway mileage, but from Lord 
Kitchener’s report it would appear that in the 
future a considerable expenditure on the con- 
struction and maintenance of roads will prove 
remunerative, and a new one, suitable for mecha- 
nically-propelled vehicles, has just been constructed, 
affording communication between Alexandria and 
Cairo and Cairo and Helwan. The construction of 
the agricultural roads also necessary has been 
handed over to the Provincial Councils, 

With respect to education, Lord Kitchencr 
remarks that in the secondary courses of study a 
preference is now shown for scientific studies in 
place of the literary type formerly in favour. This 
will, of course, be regretted by those who demand 
that the aim of education should not be utilitarian. 
On examination, however, this plea generally turns 
out to be a demand by schoolmasters and literary 
men that the type of secondary education provided 
shall be such as to have a direct utilitarian value 
for them and others engaged in allied pursuits, but 
for no one else. One of the troubles met with in 
Egypt, as elsewhere, is that Government employ- 
ment has been looked upon as almost the sole aim 
of education. Under the new conditions Lord 
Kitchener hopes young men will understand that 
there are other outlets for their energies. 





THE SECRET OF THE PERMANENT 
MAGNET. 

Tue Friday evening lecture at the Royal Insti- 
tution last week was delivered by Professor S. P. 
Thompson, F.R.S,, who had chosen as his subject 
‘* The Secret of the et.” In a series of pre- 
liminary experiments the lecturer demonstrated 
some of the characteristic properties of magnets, 
giving evidence that the act of magnetisation was 
accompanied by a rearrangement of the molecules 
of the bar magnetised, as was indicated by the bar 
giving at this instant an audible click, accompanied 
by a minute extension in length. The properties of 
permanent magnets had, he said, received special 
consideration in England during the period 1750-61, 
and artificial magnets made in England of English 
steel became famous all over Europe. Gradually, 
however, further discoveries were made, and some 
of the best ent magnets now produced were 
made ab , and of foreign steel. It was Sir James 
Ewing, the lecturer proceeded, who had laid the 
foundation of our 
properties required in the steel from which perma- 
nent magnets were to be made by his work on the 
—S hysteresis loop. 

he determination of this loop for many different 
kinds of steel had been made, he stated, some six- 
teen or seventeen years ago by Madame Curie. 


t knowledge as to the | bei 





typical hysteresis loop was, he said, shown in Fig. 1. | giving 


Here it would be seen that with a magnetising 
force equal to O F the magnetism went up to F A. 
On then taking off the magnetising current the 
magnetisation fell to RO. This figure then repre- 
sented the residual magnetisation. The coercive 
force or fixidity of the magnet was represented by 
the force required to completely demagnetise the 
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Fig.3. UNHARDENED & HARDENED TUNGSTEN STEEL 
(Mue. CURIE). 
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metal again—that was to say, it was measured by 
the distance OC. In the case of low-carbon steels 
this fixidity was very small, the hysteresis leop 

sing V narrow, as was very well shown in 
Fig. 2, due to Madame Curie. With high-carbon 
steels the loop was much wider, and such steels 
were thus much better adapted for use as per- 
manent magnets, as was evident from the same 
figure. Some of the alloy steels were still better, 





A a steel containing 54 per cent. of tungsten 


excellent results, as shown in the case 
of the Allevard steel, of which the properties 
were represented in Fig. 3. Alloying steel with 
vanadium, molybdenum, nickel, or chromium, also 
improved its suitability for use in permanent 
magnets. Heat treatment was also very important. 
In one of Madame Curie’s experiments, for example, 
quenching the steel from a bright cherry red 
increased the fixidity from 25 to 75, the remanent 
magnetism being little reduced. With good magnet 
steels the value of this remanent magnetism, repre- 
sented by O R in Fig. 1, lay between 600 and 400, 
whilst the corresponding figure for loadstone was 
about 360. The ‘‘ fixidity” (OC in Fig. 1) in the 
case of a good steel might reach 85. The ideal 
magnet steel, which he thought would be produced 
some day, would have a value of 1000 for the 
remanent magnetism, and of 100 for the fixidity. 

The above figures applied, the lecturer continued, 
only to steel in pieces very long as compared with 
their diameter. A short magnet tended to demag- 
netise itself, and very short bars would retain no 
magnetism, or, as Kelvin had put it, ‘‘ Short bits of 
stuff have no magnetic memory.” The effect of 
length on the tixidity was shown by Fig. 4, where 
the demagnetising force was plotted against the 
ratio of length to diameter. When this ratio 
reached 500, there was, it would be seen, prac- 
tically no demagnetisation 

The characteristics of a magnet of any length 
could, he continued, be deduced from those of a 
very long magnet by a graphic method due to 
Professor Ascoli, of Rome. Thus, referring to 
Fig. 5, if C P R denoted part of the hysteresis 
loop for an infinitely long magnet, the proper- 
ties of a shorter magnet could be found by setting 
off from O the line O P at an angle tothe vertical 
such that tan P O R was equal to the coefticient of 
demagnetisation. Taking the point P, where this 
inclined line cut the curve, the magnetism retained 
was represented by the height P D, and the fixidity 
by the distance CD. As the shape of the hysteresis 
curve differed for different steels, one steel might be 
the best for use in short magnets, and another 
kind the best for very long ones. Most of the 
special properties of magnets, the speaker con- 
tinued, found their explanation in a beautiful theory 
due to Ewing, and could be illustrated by models 
built up of aggregates of little compass-needles. 

In tempering steel to make permanent magnets, 
the fore, pore Fry the speaker said, be heated 
above its recalescence point before being quenched, 
and good magnet steels showed, when examined in 
the microscope, a very fine grain. After magnetising 
the magnet should undergo a process of ageing by 

rolonged heating in boiling water or steam. The 
t form fora horse-shoe magnet was with the legs 
not parallel, but coming close together at the poles. 
A still better form, theoretically, was represented 
in Fig. 6, where the poles were parallel to each 
other and splayed out as illustrated. 








THE RATING AND LIFE OF TUNGSTEN- 
FILAMENT LAMPS. 

THe metallic-filament lamp has built up such 4 
position for itself in the electrical industry that 
one is perhaps, at times, apt to forget that the 
date of its commercial introduction goes back only 
a few years. How brief the period since that in- 
troduction is well illustrated by the fact that the 
existing British Standard Specification for incan- 
descent lamps is concerned only with carbon lamps, 
although it was published as recently as November, 
1906. With a view to bringing the specification 
more nearly in consonance with the requirements 
of practice, the Engineering Standards Committee 
has decided to revise it ; or, rather, has decided to 
prepare a new specification dealing with both 
carbon and tungsten - filament lamps. In order 
that the Sub-Committee in charge of the particular 
work may have all the data possible before it, a series 
of experiments on the rating and life of tungsten 
lamps has been carried out at the National 
Physical Laboratory. An account of these experl- 
ments and the results they have given are con- 
tained in a report* recently published. ; 

The experiments were solely concerned with 
modern tungsten-filament lamps, such as are on the 
open market to-day, and the report is divided into 
two parts, the first dealing with rating, and the 


* Re of Experiments on Tungsten-Filament ‘low- 
Sane out by the National Physical Laboratory. 
: Published for the i Standards Com- 

mittee by Crosby Lockwood and Son. ce 21s. net.] 
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second with life. The object of the rating teste was 
to determine the degree of uniformity existing in 
individual lamps composing batches of given normal 
ratings. Eight hundred lamps in all were tested, 
comprising examples from eight different makers. 
The lamps were obtained in batches of about twenty- 
five ina delivery, and were furnished by the courtesy 
of the corporation engineers of several large towns 
and of the Inspector of Royal Engineers Stores. 
The lamps ranged from 13 to 100 watts. It may 
be said at once that, apart from the products of a 
single maker, there appears to be considerable 
variation from nominal rating in tungsten lam 
at present on the market. The lamps of the single 
maker which exhibited greater consistency were 
all supplied to a Government department. 

The results given by the whole of the lamps are 
presented in a series of thirty-eight target diagrams 
in the report. It is not necessary, however, that we 
should reproduce any of these diagrams. It is 
sufficient that we should indicate the relation which 
the test figures of the lamps bore to the percentage 
limits in which they might fairly have been expected 
to fall. One of the sets of limits considered in the 
report is that at present current for carbon 
lamps, and laid down in the British Standard Speci- 
fication for carbon lamps, already referred to. The 
limits in the case are +124 per cent. for candle- 
power and + 8 per cent. for watts. A second set 
of limits considered was that which has been put 
forward by some of the British lamp-makers in a 
suggested draft specification. It is on the 
official specification at present in use in the United 
States. The limits are + 20 per cent. for watts 
and + 10 percent. for watts per candle-power. In 
all thirty-eight batches of lamps were tested, the 
number in a batch varying from ten to twenty-five, 
and the average being twenty-one. A batch of 
lamps was treated as coming within the percentage 
limits when not more that two lamps out of twenty 
to twenty-five fell outside. Of the thirty-eight 
batches, fifteen complied with the Engineering 
Standards Committee’s percentage limits, and fifteen 
with the makers’ proposed percentage limits. In 
no case, however, were the figures for the batches 
falling within the two sets of limits the same. 
In the case of two makes, none of the batches 
complied with either set of limits. When the limits 
of watts only were considered, and the maker’s limits 
were taken, as has been pro , as + 20 per cent. 
for lamps of 30 watts and 200 volts, and 20 watts 
and 100 volts, and + 15 per cent. for all higher 
ratings, the results showed that 30 out of the 38 
batches came within the makers’ limits, and oaly 
18 within the Engineering Standards limits of 
+ 8 per cent. 

The life tests were, perhaps, more interesting 
than the rating tests. They were carried out on 
160 lamps, which were purchased in the open 
market. The total of 160 is not large, but the 
carrying out of life tests is naturally an operation 
requiring much time, and it was not feasible to 
work on a more extensive scale. The lamps were 
confined to four ratings—viz., 25 watts, 105 volts ; 
32 watts, 220 volts; 55 watts, 105 volts ; 60 watts, 
220 volts. Four Jamps of each of these ratings of 
seven separate makers were tested. The basis of 
the life tests was the American specification and 
the makers’ suggested specification. which both re- 
quire that the test life shall be 1000 hours. By 
test life is meant the number of hours each lamp 
burns until the candle-power has decreased to 80 
per cent. of its initial value, or until the lamp breaks, 
if within that period. It is clear that the life of a 
lamp on this basis will be a function of the watts 
per candle at which it isrun. Previous experience 
at the National Physical Laboratory showed that a 
fall of candle-power at the rate of 20 per cent. per 
1000 hours corresponded, with good lamps, to an 
efliciency of between 1.1 and 1.2 watts per candle. 
It was accordingly decided to conduct the principal 
life test at 1.2 watts per candle—that is to say, the 
voltage which caused each lamp to burn initially at 
1.2 watts per candle was found, and the lamp was 
run at that voltage throughout ite life. The results 
Justified the procedure, as the average result gave 
between 19 per cent. and 20 per cent. fall of candle- 
power after 1000 hours. It should be noted, how- 
ever, that the rated voltage of many of the lamps 
gave lower efficiencies than 1.2 watts per candle, 
So that, in a sense, the test was severe. It is 
clear, however, that for comparative purposes it 
Was necessary to run all lamps at similar efficiencies, 
and in any case a life specification, based on an 
efliciency of 1.2 watte per candle, would obviously 





be favourable to a maker who rated his lamps at 
1.3 or 1.4 watts per candle. 

The result of the tests was that of the 220-volt 
lamps 714 per cent. broke before 1000 hours were 
reached, and of the 105-volt lamps 32 per cent. 
similarly failed to burn for 1000 hours. The 
average length of life for the broken 220-volt lamps 
was 441 hours, and for the 105-volt, 540 hours. 
The average percentage candle - power drop after 
1000 hours of the lamps which burnt 1000 hours 
was 19.1 per cent. for the 220-volt lamps, and 19.6 
per cent. for the 105-volt lamps. As the report 
points out, the percentage of lamps which failed to 
burn for 1009 hours was so great that some doubt 
may be felt as to the accuracy with which the rate 
of candle-power drop found can be taken as repre- 
senting the average rate of drop of all the lamps. 
An examination of the curves for the lamps which 
broke suggests, however, that the rate of drop of 
the survivors may be taken as a fair approxima- 
tion to that of the victims. 

As stated above, it is clear that the life of a 
lamp will be a function of the watts per candle at 
which it is run, As the watts per candle are 
reduced, the candle drop after 1000 hours will 
increase. In order to obtain some knowledge of 
the ratio between these two factors a number of 
extra lamps, all by the same maker, were obtained, 
and tests were made at different efticiencies. The 
lamps were run at 1.1, 1.05, and 1.0 watts per 
a The figures at 1.2 watts per candle for the 
lamps were already available, the lamps being of 
the same capacity as those employed in the main 
life tests. We have not space to give all the figures 
which were obtained as a result of these compara- 
tive tests, but taking the highest efficiency, 1.0 
watts per candle, the following comparative figures 
are of interest. 


| Per Cent. De- | Per Cent. Drop 


Rating. |Watts per! crease in Watts |in Oandle-Power 





Candle. | During Life of After 1000 

1000 Hours. Hours. 
220 volte 55 watts. | 2 | 2.8 | 17.2 
220 ,, a een 1.0 | 13.0 76.0 
m . Bw .| 2s | 6.0 16.7 
TP. or WB” wo esl 1.0 | All lamps broke early in life. 
105 ,, 55 - a 3.2 | 25.0 
10 —C («zg «=25H—‘«sys“ 10 | 6.4 55.0 
a . Be’ mw «(Nel 1.2 2.4 9.3 
oe ee 1.0 9.5 37.0 


It is clear that the large candle-power drop 
shown in the fourth column for the higher efficiency 
is partly due to the large falls in watts shown in 
the third column. A change of 5 per cent. in watts 
corresponds to a = of about 12 per cent. in 
candle-power. It should be said that the figures 
in the table can be regarded only as approximate, 
since in some cases they were obtained by extra- 
polation from a life of 600 or 700 hours. Further, 
the drops shown at the intermediate efficiencies of 
1.1 and 1.05 watts were not always consistent with 
the figures given, showing that the batches of lam 
were not always of uniform quality. None the 
less, the results show generally the great fall in 
candle-power which takes place at the higher 
efficiencies. Generally it may be said that a change 
in watts from 1.2 to 1.1 means practically double 
the rate of fall of candle-power. The results of a 
change from 1.2 to 1.0 are more irregular, and 
while in some ratings it little more than doubles 
the fall in candle-power, in others it more than 
quadruples it. It may be taken as a general rule 
that, in the neighbourhood of 1.2 watts per candle, 
a variation of 0.05 watt per candle will lengthen 
or shorten the life by about 25 per cent. 

There is one more point in the report to which 
we would like to refer. This has reference to the 
proposed new specification. In the American 
specification the test life is defined as ‘the 
number of hours each lamp burns until the 
candle-power has decreased to 80 per cent. of its 
initial value, or until the lamp breaks if within 
this period.” It is pointed out that this definition 
introduces a very arbitrary and undesirable con- 
dition, if a certain number of lamps from a batch 
burn out before 1000 hours. As an example, a 
rating of lamp is considered which will run at 1.15 
watts per candle for 1000 hours before the candle- 
power drops to 80 per cent., and it is assumed 
that one lamp in four of such a consignment is 
liable to fracture before 1000 hours is reached, 
If the consignment consists of 100 lamps, and 
four are selected at random for the life test, the 
chances are 1 to 5 that these four lamps will include 





two which will not run for 1000 hours. This 
means that if four sets of lamps are successively 
selected, one selection in every five will contain 
two lamps which will fracture. Unless the batches 
of lamps are to be liable to arbitrary rejection a 
specification should take account of this i 
bility. If the average life is taken, and out of a 
batch of four lamps one fails in 200 hours and 
another at 800, then the remaining two must run 
for 1500 hours before their candle-power drops to 
80 per cent. In order that these two lamps may 
do this, however, the maker must lower the effi- 
ciency of the whole consignment from 1.15 watts to 
1,2 watts, although this will probably have but an 
inappreciable effect in lengthening the life of the 
broken lamps. The procedure is obviously objec- 
tionable, and has an additional disadvantage in 
that the test period must be 1500 hours instead 
of 1000—i.e., nine weeks instead of six. 

The report considers the breakages should be 
{rested separately from candle-power drop. It 
suggests that a specification should state that the 
average fall in candle-power of the lamps which 
reach 1000 hours at a certain efficiency should not 
exceed 20 per cent , and that of all the test lamps 
the average number of burning hours should not 
be less than a given amount. This amount would 
be different for each rating—say, 850 hours for 100- 
volt 50-watt lamps, and 750 hours for high-voltage 
50-watt lamps. This would enable one lamp out 
of four to burn out at the beginning of a test, pro- 
vided the other three ran for 1000 hours. The 
advantages of the arrangement would be that the 
rated efficiencies of Jamps would not have to be 
lowered in order to make up the average test -life, 
and the life test would not have to exceed 1000 
hours. On the above basis the burning hours of 
the lamps tested were as follows :— 


220 volts 55 watts ee -_ ... 577 hours. 
-- ae ws wt es a, A 
16 , 06 ,, . 89 ,, 


The report considers that these = may be 
taken as fairly representative of present-day 
lamps, although the figures for the 2%20-volt 5b5- 
watt lamps is surprising and may be anomalous. 
The lamps of some makers would probably show, on 
the average, better results than those given. 





RAYS OF POSITIVE ELECTRICITY. 

On the afternoon of Thursday, the 22nd inst., 
Sir J. J. Thomson, O.M., F.R.S., delivered the 
Bakerian lecture to the Royal Society, choosing 
as his subject ‘‘ Rays of Positive Electricity.” 

In openin his discourse, he said that these rays 
of positive electricity were discovered in 1896 by 
Goldstein, to whom occurred the idea of trying the 
effect, on the discharge through a Crookes tube, of a 
cathode having holes in it. He found that through 
these holes passed streams of light which produced 
phosphorescence where they struck the glass beyond 
the cathode. We now know that these rays are 
able to affect a photographic plate. From the asso- 
ciation of these rays with the channels pierced in the 
cathode they were called ‘‘ kanalstrahlen”’ by their 
discoverer, and this name had continued in use 
up to recent years. The true nature of the rays 
was not known until 1898, when Wien found that 
they were deflected by a very strong magnetic field. 
This Goldstein had failed to detect, though he 
had tried the effect of fields which were ample to 
change the direction of the cathode rays. Making 
use of very strong magnetic and electric fields, Wien 
found that the deflection produced was in such a 
direction as to indicate that the kanalstrahlen con- 
sisted of itively-charged particles. The small 
amount of this deflection showed, moreover, that 
these particles were much more massive than those 
constituting the cathode stream, and, in fact, it 
appeared from Wien’s determinations that their 
mass was comparable with that of ordinary atoms 
and molecules. 

These positive rays, Sir Joseph proceeded, were 
much more complicated in structure than were the 
cathode rays. : he — consisted of one kind of 

icle only, but the itive rays, of a t 
am of different winds of particles. fonts 
method was therefore needed for the sorting out 
of these different kinds. To do this, advantage 
was taken of the action of electric and magnetic 
forces on the discharge. The stream of icles, 
after passing through a fine hole, was, in fact, sub- 
j to the action of electric and magnetic forces 
acting at right angles to the direction of motion, 
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The electric force, in the speaker’s experiments, 
was disposed so as to give to the particles a de- 
flection in a horizontal direction, and this deflection 
was inversely proportional to the kinetic energy of 
the particle, being given by the relation :— 
e 

ss A. (1) 
where e denoted the charge carried by the particle, 
m its mass, v its velocity, and A a constant depend- 
ing upon the dimensions of the tube and the strength 
of the field. 

If every particle had the same velocity this 
electric field would of itself suffice to separate out 
the different kinds. The particles, however, dif- 
fered not merely in mass, but also in their velocity, 
so that a heavy mass with a small velocity would 
be deflected to the same point as a light mass 
moving with a high velocity. To get a complete 
separation of the particles it was therefore neces- 
sary to apply a magnetic field also to the stream. 
This was also arranged with its lines of force hori- 
zontal. It therefore pushed up the charged and 
moving particles vertically, since the effect on such 
particles of a magnetic field was at right angles to 
the direction of the field as well as to the line of 
motion. 

This vertical deflection was given by the rela- 
tion :— 


z= 


e £. 2 2. a 
mv 


y= 


where B was again a constant depending on the 
strength of the field and the dimensions of the appa- 
ratus. This simultaneous action of the magnetic 
and electric forces effected a complete separation of 
the particles, no two of which would strike on the 
same point of the photographic plate exposed to 
them, unless v was the same for both, and also 


the ratio ° the same. 
m 


From the equations (1) and (2) it resulted that 
each curve traced on this plate by the impinging 
rays was given by the relation :— 

e , B 
m A 


y= , 


y’ was proportional 


so that for a given value of “ 
m 


to x, or, in other words, the curve was parabolic. 

A set of curves thus obtained was, he said, 
represented in Fig. 1. Some, it would be seen, 
were quite strongly developed, whilst others were 
not so distinct. In Fig. 1 the gas in the tube was 
carbon monoxide. The outermost of the strongly- 
marked curves was produced by the atom of carbon, 
that next to it by the oxygen atom, whilst the still 
lower curve showed the presence of carbon dioxide. 
The innermost curve of all was due to the mercury 
vapour which remained in the tube after the process 
of exhaustion. A close examination showed faintly 
the presence of other gases. On the side of the 
vertical opposite to the main curves were to be 
seen other curves in which the deflection had been 
in the opposite direction, and these indicated the 
presence of particles carrying a negative charge. 

It would be seen that the parabolas were not 
complete, but started off at a vertical line some 
little distance from the prime vertical, and they 
thus consisted of short arcs only, and not of com- 
plete parabolas. In Fig. 2 the parabolic character 
of the curves was better shown, the curves being 
due to mercury vapour, which gave parabolas 
coming much nearer to the vertical axis than other 
elements did. 

The apparatus used is shown in Fig. 3, the 
perforated cathode being towards the left. The 
‘inlet’ face of this (on the left) was of alumi- 
nium, and the remainder of soft iron. Through the 
axis of this cathode passed a tube of very fine 
bore, and about 6 cm. long. The diameter of 
bore used had varied in different experiments 
from ,;4 mm. up to 4 mm., and it was n 
that this tube should be exceedingly straight. 
It was found, moreover, that the position (in 
the discharge tube) of the face of the cathode 
was a point of importance. It should project 
just inside the tube, but not too far in. e 
electric field was established between the two 
plates, which formed also the poles 
producing the magnetic field. Whe ressure in the 
Po of the —— where the fields were estab- 

ished must very much less than it was in the 
discharge-tube proper. Hence the narrow tube 
must be fine enough and long enough to make it 
possible to maintain this pressure difference. The 





high vacuum needed on the right-hand side of the 
apparatus was secured by means of charcoal con- 
tained in a branch which could be.dipped into 
liquid air. 

ithin the last few days he had, he said, tried 
the Gaede molecular air-pump for this purpose, but 
found it did not give as good results as the liquid- 
air method ; a combination of the two was, however, 
— to the use of liquid air alone. 

e very low pressure insisted on above was, he 
added, necessary to secure parabolic curves on the 
photographic plate. If the pressure were too high, 
merely straight lines were obtained. The soft iron 
extension to the cathode was necessary, as other- 
wise the stray magnetic field would act on particles 
traversing the fine tube and deflect them so as to 
touch the sides of the latter. 

He wished, he continued, to call attention to 
the presence on the slides of two kinds of curves. A 
close examination of. Fig. 4 would show not only 
parabolas, but also straight lines. These latter were 
of importance, and unless the pressure in the tuhe 





some little distance from this line. This distance 


was proportional to : » Or, in other words, 
mv 
it was inversely proportional to the kinetic energy 
of the particle. The greater this energy the closer 
would the particle come to the axis of y. The 
greatest value this energy could have was that due 
to a fall, of the charge carried, through the whole 
potential difference of the discharge-tube. If the 
particle had two charges in this tube, it would 
acquire twice the kinetic energy, and if it then 
lost one charge before entering the electric and 
magnetic fields, it would strike the plate only half 
as far from the axis of y as if it had never had more 
than one charge. The curve appropriate to a single 
charge was thus prolonged by a tail, as was shown in 
Fig. 6. When the gas in the tube was oxygen the 
strongest line visible was that due to the oxygen 
atoms, and this was extended into a beak or tail 
similar to that visible in Fig. 6, the presence of 
which proved that the corresponding particles had 


was very low, they were all that could be obtained, | originally carried two charges. Some of the oxy- 


the parabolas disappearing. 


(348978) 


certain particles travelling down the tube lost their 
charges, whilst other particles gained a charge whilst 
travelling through the two fields. The deflection of 
such particles was thus not the whole possible de- 
flection, but that due to the action of the fields 
during a very short space. 

Two kinds of straight lines thus. resulted, one 
being due to particles which gained a charge whilst 
traversing this region, and others to particles which 
lost charges. These could be distinguished one 
from the other by making the magnetic field extend 
beyond the electric. 

n that case particles which gained a charge after 
passing in this region would, the electric field being 
absent, merely be thrown up vertically, tracing a 
straight line, so that the complete curve obtained 
was then as indicated in the left-hand portion 
of Fig. 5. If, on the other hand, it lost a charge 
in this region, it would not get its full magnetic 
deflection, and a curve similar to that to the right 
of the curve already referred to would be ob- 
tained, which had also a straight vertical por- 
ae but at the distant instead of at the near 
end. 

It was, Sir Joseph proceeded, important to note 
that the shape of the parabola depended only on 


€ and would be the same for a particle of mass 16 


of the magnet | m 


carrying a charge 2 as for one of mass 8 carrying a 
unit charge. At first sight it might seem difficult 
to distinguish between the two, but there were ways 
by which they could be differentiated. 

As already mentioned, the .parabolas did not 
extend right up to the axis of y, but terminated at 





They arose because! gen atoms succeeded in retaining the two charges 


Fig. 5. Fig. 6. 
throughout, and these were represented on the 
plate by a separate and higher curve, which did 
not therefore denote the presence of a new ele- 
ment. Mercury, the lecturer continued, was 
capable of carrying as many as eight charges. 
Hence the kinetic energy acquired in the dis- 
charge-tube might be eight times as great as if it 
carried a single charge only, and the mercury curve 
therefore approached the axis of y to within one- 
eighth the distance, which corresponded to singly- 
charged carriers. Curves for mercury, correspond- 
ing to two, three, four, five, six, seven, and eight 
charges, had, in fact, been observed. Whenever 
an element was capable of taking additional charges, 
its primary curve always approached within an 
abnormal distance of the axis of 1, being prolonged, 
as already explained. 

On studying the parabolas traced on the plate, 
he had found that they could all be divided up into 
five types—viz., atoms carrying one charge, mole- 
cules with one charge, atoms with more than one 
charge, atoms taking a negative deflection, and, 
finally (in two instances only), molecules taking 4 
negative deflection. The relative intensity of t ae 
parabolas due to atoms and molecules respectively 
could be made to vary by slight changes in the 
pressure and other conditions of the experiment. 

It appeared therefore that the charged atoms and 
the charged molecules arose in different ways. The 
charged molecule was produced by a negative par- 
ticle being torn out from it, but the charged atoms 
were the result of collisions with the positive rays. 
Only two elements had so far been found incapable 
of carrying more than one charge. These were 
hydrogen, and, secondly, a new body with an atomic 
weight equal to3. Every other kind of atom could 
earry more than one charge, but there was apparently 
noconnection between the valencyand other chemical 
properties of an element and the number of charges 
it could carry as a positive ray, this being app® 
rently solely a matter of the atomic weight. Krypton 
had been found with up to five charges, argon UP 
to three, and neon and most other elements up to 
two. Hence there was, as stated, no connection 
between this property and the valency of the atom, 
nor did it depend upon whether the atom was 
electro-positive or electro-negative. 

Multiply-charged molecules had not been found, 
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though one case was, perhaps, doubtful. This was 
nitrogen, but the mass of the molecule of nitrogen 
was so near to the atomic weight of the aluminium 
used as the cathode that the latter might be respon- 
sible for the curve observed. 

Only a few kinds of atoms could apparently pick 
upa negative charge in the apparatus. These were 
hydrogen, carbon, oxygen, chlorine, and sulphur. 
Atoms of nitrogen, helium, neon, argon, krypton, 
Hg., or of any of the inert gases, had never been 
found on the negative side. The picking up of a 
negative charge was an indication that a very strong 
electric field existed round the atom. At the outset 
the particle had a positive charge, in virtue of which 
it acquired an enormous velocity. It then got 
neutralised, but still rushing on at an enormous 
speed, picked up a negative charge. The s 
attained was as high as one-twelfth that of light, 
and for the atom to pick up and hold on toa 
negative charge in these circumstances there must 
be a very intense electric field around it. 

As stated, there appeared to be two exceptions 
to the law that atoms only were to be found or the 
negative side of the plates. Carbon, if obtained 
from certain compounds in which two atoms of it 
were bonded together, as they were in acetylene 
and ethylene, did a as a molecule carrying a 
negative charge. This was evidence that the two 
atoms were very strongly held together, though 
highly unsaturated, and that there was an intense 
electric field around them. If.the carbon was not 
obtained from compounds of this kind, the molecule 
did not pick up negative charges. The second case 
was that of oxygen. Here also, if liberated from a 
certain class of compounds, the molecule could pick 
up a negative charge, and it would seem that in 
this instance also the oxygen molecule was again 
unsaturated. 

Considered as a means of chemical analysis the 
positive rays had the advantage that each curve 
recorded represented a definite type of molecule, 
so that if the charge carried were known, the mass 
of each kind of molecule in the tube could be 
measured from the photograph, which thus consti- 
tuted a complete catalogue of what was present. 
This method of analysis was therefore convenient 
for many purposes. The amount of material needed 
was very small, ;}, cubic centimetre being ample. 

As conpared with spectrum analysis, it had the 
advantage of being more definite, since each line 
gave at once the miss of the particle producing it. 
Spectroscopy would be greatly simplified if from 
each wave-length measurement we could deduce at 
once the mass of the particle in which it originated. 
He had, Professor Thomson continued, made no 
attempt to push the method to the limit of sensi- 
tiveness, but with the apparatus used by him it was 
easy to detect the helium and the neun in 1 cubic 
centimetre of air, and he thought that this sensi- 
tiveness might, perhaps, be increased 1000 times. 

Of the photographic plates used so far, the most 
satisfactory had been *‘ Imperial Sovereign.” The 
action of the positive rays was different to that of 
light, or of the ep rays, the effect being due 
to impact merely, and not to penetration. Hence 
the greater part of the thickness of the film was not 
used at all. 

The ideal plates for the purpose would be Schu- 
mann plates, but these were not obtainable com- 
mercially. They had tried to make them at 
Cambridge, but though very great sensitiveness 
was achieved the plates were streaky. If this defect 
could be avoided, Schumann plates would be very 
suitable, as they contained a very large amount of 
silver in a very thin layer. 

He had ayplied the positive-ray system of 
analysis to residues from liquid air furnished him 
by Sir James Dewar. That portion containing the 
heavier constituents of the air proved to contain no 
unknown element. In the case of the sample con- 
taining the lighter constituents, however, two were 
found, one with an atomic weight of 22, or two more 
than that of neon. This line was, moreover, clearly 
distinguishable in the carefully purified sample of 
neon used by Watson in his atomic weight deter- 
minations, and was also found in a sample given 
him by M. Claude, of Paris, and here also appeared 
& line corresponding to an element with atomic 
weight equal to 3. It appeared, therefore, that 
ordinary neon was really a mixture of two elements 
—one with atomic weight 20 and the other with 
an atomic weight of 22. There was much less of 
the heavier constituent present than of the other. 
He had also examined the gases in a tube sub- 
,ected for over ten years to the action of radium 





bromide sealed up in it. In these the neon line 
was strong, and the traces of argon appeared to be 
rather stronger than he would have expected from 
the amount of air in the tube. 

Another application of the method was to the 
analysis of the gases liberated when metals were 
bombarded by the cathode rays. These proved 
always to contain helium, an element with atomic 
weight of 3, and sometimes also neon. The positive 
ray method was, he remarked, more sensitive in 
detecting the lighter than the heavier gases, since 
the lighter penetrated the photographic plate more 
deeply. In examining the gas liberated from metals 
under this bombardment, the element with an 
apparent atomic weight of 3 was always found in 
addition to others. If the bombardment were 


peed | continued long enough, the supply ceased. 


The speaker had attemp to drive out com- 
letely these occluded gases by mere heating, and 
in one experiment boiled away two-thirds of 
a mass Of lead without putting a term to the libera- 
tion of the gas. Quite lately, however, he had suc- 
ceeded in driving out by means of heat all the gases 
occluded in copper. The copper in question was in 
the form of gauze made from exceedingly fine wire. 
This was heated for a week in a quartz tube, in 
which a vacuum was maintained, and at the end of 
that time, bombardment by the cathode rays gave 
rise to no liberation of gas. A control sample not 
treated gave out, on the other hand, a considerable 
amount. The ‘‘3” line was bee A evident in the 
case of the gases liberated from platinum, and, as 
shown in Fig. 1, the line was by no means a faint 
one, being more in evidence than the neon and 
helium lines recorded on tho same plate. Fuzed 
lithium chloride also gave an abundant supply 
of the gas, but in this case it could be got rid 
of by repeatedly dissolving and re-evaporating the 
salt. The gas was also very evident, as an impurity, 
in the oxygen from ordinary cylinders, strong 
lines of “3” and helium being obtained, and the 
two were also present in Cambridge water. 

He had tried to discover some of the charac- 
teristic properties of this new element. It appeared 
to be inert in a modified sense of the term. It 
could be kept for weeks over mercury with but very 
slight loss. It was not changed when sparked for a 
long time with oxygen. He had passed it over 
sodium without consequent absorption, and found 
that it was not dissipated by hot sodium vapour. 
It was not destroyed by being passed over red-hot 
oxide of copper and then over potash. If sparked 
in a bulb with mercury vapour, however, it dis- 
appeared, and apparently red-hot metallic copper 
had also some slight effect. 

It did not appear possible that the gas was really 
carbon carrying four charges. He had, in fact, 
tested many compounds of carbon, such as CO, CO,, 
CCl,, obiogene gas, CS,, CN and others, and found 
no trace of ‘‘3.” On the other hand, it could hardly 
be tri atomichydrogen, as inthiscaseitcould scarcely 
have withstood sparking with oxygen or passage over 
hot oxide of copper, or be able to remain at high 
temperature for a prolonged period without — 

Mendeleef had predicted an element with this 
atomic weight, but the characteristics of his 
sup element were those of a ‘‘super”’ fluorine, 
whilst ‘‘3,”! as found by the speaker, had properties 
more analogous to those of the inert gases, though 
less Pome marked. If it were connected with 
Mendeleef’s predicted element, it might, perhaps, 
be a compound of this with hydrogen, in which case 
its real atomic weight would be 2. In this case, 
however, one would expect to get on the plates also 
negative lines. Hence he was inclined to think, on 
the whole, that the body in question really was an 
element. 





GLASGOW MEETING OF THE INSTI- 
TUTION OF NAVAL ARCHITECTS. 
WHILE the social functions and visits to works 

will form a prominent feature of the programme 

of the Summer Meeting of the Institution of 

Naval Architects in Glasgow, June 23 to 27, 

we are glad to note that the programme of papers 

constitutes, as it should do on all such occasions, 
the most important element. A notable feature in 
these papers is that they will be concerned almost 
exclusively with the problems associated with 
merchant shipbuilding, and that they will be more 
of a spuetienl than of a purely scientific character. 

Proceedin in with the reception at the new 

building of the nstitution of Engineers and Ship- 

builders in Scotland on Monday evening, the 23rd 





prox., and on Tuesday morning the members will be 
received in the same building by the chairman of 
the General Reception Committee, the Right Hon. 
Lord Inverclyde, who, by heredity and practical 
work, is so closely identified with shipbuilding. 
The President of the Institution of Engineers and 
Shipbuilders, Mr. E. Hall Brown, will deliver an 
address of welcome, which will be acknowledged 
by the Most Hon. the Marquis of Bristol, Presi- 
dent of the Institution of Naval Architects. 
Thereafter two papers will be read, one by Mr. 
L. Peskett, the naval architect of the Cunard 
Line, and the other by Mr. P. A. Hillhouse, 
B.Sc., of the Fairfield Company, both papers 
dealing with problems associated with the design 
of merchant ships from the shipowner and pas- 
senger’s point of view. No doubt many of the 
points which have been. under close discussion 
recently by commissions and technical institutions 
will be brought forward for consideration. In the 
afternoon of this day alternative visits have been 
arranged to three works—namely, to those of 
Messrs. Weir, of Cathcart, to the steel works of 
Messrs. Colville, and the Lanarkshire Company, at 
Motherwell; or to the machine-tool. works of 
Messrs. John Lang and Sons, and Messrs. Thomas 
Shanks and Co., at Johnstone. The Lord Provost 
of Glasgow will receive the members in the evening 
in the City Chambers. 

On Wednesday there will be two meetings in the 
forenoon—one in the Rankine Hall of the Institu- 
tion of ineers and Shipbuilders, and the other 
in the naval architecture lecture-room of G w 
University. At the former Dr. Thearle, chief ship- 
surveyor of Lloyd’s istry, will deal with metal- 
lurgical problems associated with shipbuilding, and 
Mr. G. ¢ Baker and Mr. J. L. Kent will give the 
results of some of the very valuable ‘work which 
has been done recently at the William Froude 
Tank at the National Physical Laboratory at Ted- 
dington, while Professor A. H. Gibson, D.Sc., and 
Mr, J. Hannay Thompson will read the third 
paper. At the other meeting, at the University, 
the three papers down for reading are by Mr. A. 
Cannon, Me Lloyd Woollard, and Professor L. 
Giimbel. These will be of a scientific character. 
In the afternoon of this day the alternative visits 
are to Messrs. Babcock and Wilcox’s Boiler Works 
at Renfrew, to the large electric power-station of 
the City of Glasgow, and to the Albion Motor-Car 
Works and the Singer’s Sewing-Machine Works. 
The dinner given in honour of the Institution’s visit 
will be held in the evening. 

Thursday is to be devoted entirely to a trip 
down the River Clyde, a visit being made to the 
new Allan liver Alsatian, now being fitted out 
in Messrs. Beardmore’s works at Dalmuir, while 
the objective of the — be Brodick Castle, 
the residence of the Most Hon. the Marquis 
and Marchioness of Graham, who are to receive 
the members. In the evening there will be a ball 
at St. Andrew’s Hall, when the members will be 
received by Lord Inverclyde. On Friday, again, 
there will be a meeting for the reading and 
discussion of papers. These deal mostly with the 
interposition of gearing and transmission . 
including electric motors as well as wl mony 
between the turbine or oil-engine and the propeller- 
shaft. The names of the authors—Dr. John Inglis, 
Mr. Harold E. Yarrow, Mr. I. Knudsen, Mr. John 
Reid, and Mr. H. A. Mavor—guarantee that data 
will be given on which to base a comprehensive 
discussion, and it is to be er that this will be 
worthy of the occasion and of the practical nature 
of the papers promised. On the afternoon of 
Friday there will be a reception in the largest of 
the Anchor liners trading from the Clyde, and, 
alternatively, a trip to Loch Lomond. is pro- 

ramme, it will be seen, is a verg satisfactory 

lend of business and pleasure, and there is no 
doubt that all the arrangements, which are in the 
hands of the Reception Committee in Glasgow and 
of the Secretary of the Institution, Mr. R. W. 
Dana, will conduce to a satisfactory session. 





Coat aT Hampurc.—The imports of British coal at 
Hamburg, in April, amounted to 477,285 tons, as com- 
with 204,875 tons in the correspondi riod of 

912. In the four months ended with April 30, this year, 
the imports were 1,495,738 tons, as com with 
861,120 tons. In these latter totals Northumberland and 


Durham coal figured for 792,186 tons, as compared with 
456,892 tons; Yorkshire, Derbyshire, &c., coal, for 
215,594 tons, as compared with 98,018 tons; Scotch coal, 
for 453,545 tons, as compared with 293,993 tons; and 
Welsh coal, for 34,463 tons, as compared with 11,768 tons, 
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THE LATE MR. CHARLES CONNELL. 


WE regret to have to record the death of Mr. 
Charles Connell, head of the shipbuilding firm of 
Messrs. Charles Connell and Co., Scotetoun, which 
took place at his residence in Glasgow somewhat 
suddenly on Friday evening, the 23rd inst. Mr. 
Connell underwent an operation on Tuesday of last 
week in a nursing home, but did not recover, his 
death occurring, as above stated, somewhat sud- 
enly on Friday evening. Mr. Connell was born on 
‘hristmas Day, 1853, and was thus in his sixtieth 

ear. He served his apprenticeship in the ship- 
uilding works founded earlier by his father, passing 
through all the departments, and for three years 
occupied the position of head draughtsman, after 
which he spent three years in the outside de- 
partment. a the death of his father he took over 
the complete control of the works. For twenty-nine 
years he had thus been at the head of an establish- 
ment which has done very useful work in the build- 
ing of cargo ships and vessels of the intermediate 
type. Of great practical knowledge, and endowed 
with a remarkable d of common-sense, he pre- 
ferred in the conduct of his works to confine himself 
to the building of theee types of ship, and achieved 
a uniform success, the ships in all cases being notable 
in respect to economy of cargo-carriage per ton- 
mile, the standard to & met in such vessels. Con- 
sistent with the policy of concentrating attention on 
cne department duties, he refrained from entering 
upon the construction of propelling machinery, pre- 
ferriug that this should be done in other factories 
devoted to such work. The consequence was that, 
while liberal in the application of labour-economising 
machinery, he limited capital commitments, and thus, 
even in times of depression, the works were always 
busy, the production of tonnage placing the works 
always near the top of the firms for each year. 

Mr. Connell devoted himself almost exclusively to the 
management of his yard at Scotstoun, on the Clyde ; 
but, at the same time, he recognised his obligations 
to organisations designed for the well being of the in- 
dustry. He thus took an active part in the work of the 
Clyde Shipbuilders’ Association and served a term in 
the President’s chair. He was also on the Executive 
Board of the Shipbuilding Employers’ Federation, and 
in such a capacity his tact was invaluable at confer- 
ences with trade unions. He was also for a time a 
member of Lloyd’s Committee, representing the In- 
stitution of Engineers and Shipbuilders in Scotland. 
He was a member also of the Institution of Naval 
Architects, but he took little part in the conduct of 
the affairs of technical societies. He is survived by a 
widow, one son (who was associated with him in the 
management of the works) and two daughters. 





INDUSTRIAL NOTES. 

From the fifty-fifth quarterly report of the General 
Federation of Trade Unions we gather that during the 
quarter ended March last there was a distinct dimi- 
nution in the number of disputes. Some steps were 
taken during the quarter with regard to an increased 
labour representation on the Port of London Authority. 
More equal representation is advocated. It is stated 
that although the Port of London Authority controls 
the lives of many thousands of men and women, these 
workers are represented by two persons out of a total 
of twenty-nine, and it is pointed out that the great 
respect for the rights of property which is so strongly 
implanted in the British mind should be extended to 
labour, for labour is the only kind of capital 
by the majority of the workers, a fact sometimes lost 
sight of, theretore labour should be better represented 
on public and semi-public bodies. 

the total income for the quarter amounted to 
23,558/. 15s., and the expenditure to 27,046/. 18s., an 
excess of expenditure over income of 3488/. 3°. Con- 
tributions represented 20,243/. 12s. 5d. of the total 
income, the remaining 3315/, 23. 7d. being derived 
from interest and dividends, Poole mortgage repaid, 
and loan insurance section, now repaid ; and in the ex- 
penditure 25,905/. 8s. 9d. was represented by benefits. 


The Shipbuilders’ Employers’ Federation and the 
representatives of the ler-Makers’ Society held a 
conference at Carlisle, on Tuesday last, in order to 
consider the modified demand for a special advance of 
2} per cent. on behalf of the holders-up, The confer- 
ence was a long one, occupying about 6 hours, and 
although no definite decision was arrived at, the tone 
at the meéting was understood to be friendly, so much 
20, in fact, that notices were not ae Se by the 
men’s representatives as was e they might 
have been if satisfactory replies nal aes been Mn 
It was agreed by both ies that the question must 
have further consideration given to it, another con- 
ference was to take owe in a fortnight’s time, 
the place of meeting bei inburgh. By the time 
this next meeting takes p the result of the ballot 
will be known regarding the power to be given to the 
executive to order a cessation of work on the question 





of @ general advance of 5 per cent. in w put 
forward by the shipyard trades working under the 
National Agreement. There were signs at the con- 
ference held at Carlisle, last Tuesday, that an 
amicable settlement was desired, and the outlook at 
present seems hopeful. 


On Saturday last the skilled and ordinary labourers 
employed in the Chatham Dockyard held an indigna- 
tion meeting to protest against the Admiralty’s reply 
to their petition for an advance in wages. The increases 
granted were said to be paltry, and a reconsideration 
of the subject was demanded. Mr. Maenamara came 
in for his share of censure, fur it was said that when 
he visited the dockyards what he told the men was 
sympathetic and generous, while in the reply he had 

iven them officially he was unjust. The same voice 
oes not, of course, always sound the same on different 
occasions, even when discussing the same subject. 


The non-unionist miners are now to be attacked in 
the Haydock Colliery district, for so it was decided by 
the Lancashire and Cheshire Miners’ Federation, at a 
meeting held at Salford on Saturday evening last, the 
following Thursday being the time when notices were 
to be tendered, at any rate at Colonel Blundell’s 
mines. Other colliery-owners will, it is expected, 
also have notices served upon them. If the non- 
unionists decline to join the Federation, strikes will, 
it is said, be commenced. 


The Associated Society of Locomotive Engineers 
and Firemen appear to # strongly cpposed to the 
roposed amalgamation with the National Union of 

ailwaymen, if we are to judge by the result ofa 
meeting held at Leeds on Saturday last. The follow- 
ing resolution was carried by fifty-four votes to four:— 
‘** After reviewing the splendid results accruing from 
our efforts during the national railway strike, and in 
regard to the Richardson case on the Midland Rail- 
way, whereby through a system of co-operation we 
any took our stand without losing the principle 
which is the foundation of true trade-unionism— 
namely, the right to express an opinion and assist 
without coercion—and seeing the increased member- 
ship of our trade-union since the fusion of the other 
trade-unions, we feel that any action in the direction 
of balloting our members on the question of fusion or 
amalgamation is uncalled for.” ith regard to the 
eight-hour day, it is felt that it is particularly 
needed by locomotive men. 


According to the Manchester Guardian, there is a 
probability of a strike affecting about 3500 steel- 
workers employed by the Steel Company of Scotland, 
the men being sno: Be of the British Steel-Smelters’ 
Union. A dispute arose on account of a man being 
dismissed from the Blochain Works at Glasgow for 
— negligence. It waz protested by his fellow- 
workers that the man was not at fault, and he was 
allowed to return to work, though he was not allowed 
to return to his old work; but was, it is alleged, 
degraded from a “first hand” to a ‘‘second hand,” 
an eo agg principle being (according to the men) 
at stake. A strike was therefore unanimously declared 
for, and it is expected that other works belonging to 
the same company will be affected. In case a strike 
is decided upon, it will, of course, be necessary to 
give a fortnight’s notice. 


What may practically be looked upon as a general 
lock-out by the woollen manufacturers of the Yeadon 
and races | district of Yorkshire has taken place, 
all the mills being closed down last Friday, the 
23rd inst., as a protest against the strike of about 70 
dyere, finishers, and weavers. A standard scale of 
rates had been demanded by the strikers, but this was 
~ py by the masters as unreasonable, and the 
mills of five firms were closed down. It is feared that 
the struggle may be a long one. An increase of 
1s. 2d. a week had been offered by the employers to 
those men receiving less than 25s. a week, but no 
offer was made to the dvers, who were regarded 
as unskilled workmen. The men protested that 
the offer would mean 18s. a week for work which 
in other areas is paid for at 24s. to 268.a week. The 
trouble appears to have arisen largely on account of 
this comparison with the wages of other districts, and 
there seems to be a determination on the part of the 
men not to return to work until there is an increase 
all round. It is, moreover, stated that the weavers 
have had no advance since 1895. 


About 500 joiners have struck work at Messrs. 
Workman and@ Clark’s shipyard, Belfast, owing to the 
demarcation dispute. The Belfast yards have of late 
been fairly free of serious disputes, and this one is, of 
course, among the men themselves, and will be dealt 
with by the officials of the unions interested. The 
Belfast employers are not members of the Shipbuild- 
ing Employers’ Federation, and the agreements under 
which the men ne for a term of years, the 
wages being in A 





There are still from 12,000 to 14,000 workers on 
strike in the Birmingham district owing to various 
disputes. The bulk of those on strike are connected 
with tube makers. They are intent on bringing out 
the men at Wolverhampton and Wednesfield. A crowd 
of men tried a few days ago to rush the works of Messrs, 
Stewart and Lloyd, but were prevented by the police, 
On Tuesday last about 350 more men joined the 
strikers at the Willenhall lock-making works. 


The North-Eastern Conciliation Board has before 
it the consideration of demands by the men of the 
North-Eastern Railway, in which all grades are con. 
cerned. An eight-hour day for all the men is asked 
for, and with regard to wages an advance of 2s. 
week for all employees receiving less than 30s. a week 
is put forward ; also the abolition of all piece-work, 
tonnage, and bonus systems in the goods yards and 
the a departments. There are also other 
demands. The National Union of Railwaymen is not 
actively concerned with the dispute, because the pro- 
gramme was framed before the fusion of the unions. 


There was a scarcity of labour at all the Whitsun- 
tide hiring fairs in Cumberland, owing partly, it is 
said, to emigration to Canada and other places, man 
farmers being consequently left without their fuil 
number of hands. As a result the farmers say that 
they will economise in labour by ploughing less. This 
will not be a difficult matter, because they can increase 
the period of grass crops in the rotation list from two 
to five years. Although by this means the farms may 
be worked with less labour, the land will produce less 
and carry less stock. ‘The farmers will, it is said, 
also be more dependent on concentrated food stuffs, 
According to the 7'imes, in addition to the emigration 
of young unmarried men to Canada there is a constant 
flow of married men to the towns and pit villages. The 
unmarried men are well-fed and lodged at the farms, 
and have money to spend, whereas the married men 
have, owing to the scarcity of cottages, frequently to 
live apart from their wives and families, and have 
therefore great difficulty in living within their means. 
They therefore leave the land for the pits, quarries, 
&c., and also for the towns. In consequence of all 
this the number of children attending the country 
schools has decreased from 34,750 in 1906 to 31,500 in 
1912—a drop of —y | 10 per cent. It is thought by 
many farmers that the old system under which the 
men live in the farmhouses has had its day, and 
ought to be supplemented by the provision of cheap 


cottages. 


Trouble has broken out in Sheffield with the carters, 
who are demanding a minimum wage of 27s. for a 
week of 54 hours. The United Carters’ Associa- 
tion has, it is understood, received the promise 
of the National Union of Railwaymen, who have 
unanimously pledged themselves to assist the carters 
legitimately by not impeding their efforts in any way. 
The National Union of Railwaymen, moreover, pledge 
themselves that, in case any railwayman is victimised 
by the companies for adhering to this resolution, the 
men will ‘‘take prompt action in the matter.” The 
Bradford carters are also giving trouble, and there 
has been street rioting. 


According to the report of the international secre- 
tary of the trade unions central office, the number of 
members in the nineteen different countries, which are 
connected with the said central office, was as under 
for the year 1911 :— 


German é 
England... a 
United States ... 
France ... a 
Austria ... 
Holland ... 
Belgium... 
Denmark 
Sweden ... 
Switzerland 
Hungary 
Norway ... 


Spain... 
inland ... 
Roumania 
Servia . 
Kroatia-Slavonia : 
Bosnia-Herzegovina ... - He 
This, compared with the previous year, means an 
aggregate increase of about 1,500,000 members, the 
test increase coming from England and the United 
tates, with 570,000 members in each country. In 
Germany there were some 200,000 fewer than the 
siege ear. In Italy, Belgium, Sweden, Switzer- 
d, Fin ,» and Roumania there was a decrease in 
the number of members. Of the aggregate of the 
different nations’ members, 6,900,995 were attached 
to the national centres. 


The wi paid 
industry show a ma 


3,051,002 
3,010,346 
2,282,361 


aa last year in the Ruhr mining 
terial increase compared with those 
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of the preceding year. The ave annual earnings 
rose from 1446 marks to 1586 marks, an increase of 
180 marks, or about 10 per cent. The miner proper, the 
hewer, who represents about one-half of the hands, has 
even an increase of 47 pfennigs (54d. ) on his shift earn- 
ings, and 192 marks on his earnings on the year. For the 
ober underground workmen the figures were respec- 
tively 21 pfennigs (24d. ) and 89 marks, and for the adult 
hands above ground 18 pfennigs (2d.) and 89 marks. 
The above increase, compared with the wages of the last 
quarter of 1911, on which the men before the strike 
asked for an advance of 15 per cent., represents a rise of 
8.8 per cent. In connection with the annual wages, it 
should be borne in mind that the strike in March caused 
a decrease per hand of some 30 marks, and that the 
wagon famine in the autumn also had an unfavourable 
influence ou the question of pay. In spite of these 
adverse circumstances, the annual earnings of 1586 
marks per hand was 24 marks higher than the figure 
for the last great boom year (1907), with its average of 
321 shifts against 315 for 1912. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 14. 

Ar last keen competition for forward delivery of 
pig iron has developed, resulting in sales of over 
100,000 tons during the past week throughout the 
country. It is hoped among makers that, if this heavy 
buying movement should continue a while, prices 
will harden. Present quotations are close to cost. All 
mills are now catching up—that is, they are deliver- 
ing products faster than they are booking new orders. 
They have reduced the volume of business by some 
2,000,000 tons. Inquiries for about 10,000 cars are 
now pending, excluding the inquiry from the Boston 
and Maine Railway for 6000, which is being held up on 
account of legislative attacks on the management of 
its mother corporation. The rush of small orders for 
building-steel continues in lots around 1000 tons each. 
Orders for locomotives for the past week were 267. 
Total structural business for the week, 37,150 tons. 
The tone of the market is still strong, and an active 
summer’s business is generally anticipated. The wide- 
spread efforts of legislatures and investigating com- 
mittees to establish more effective control over rail- 
roads is causing much apprehension as to future rail- 
road building. Representatives of over fifty systems 
are meeting, with a view to harmonious action in an 
effort to secure permission from the Inter-State Com- 
merce Commission to allow an advance of 6 or 7 per 
cent. The situation constitutes a temporary disturbing 
action, as there seems to be an impression that the 
request to advance rates will not be favourably con- 
sidered. The Senate is taking hold of its end of the 
tariff question, and from present appearances there 
will be no public hearings, for the reason that any 
amendments suggested as a result of such hearings 
_ not receive affirmative action by the Lower 

ouse, 





STEAM TRIALS OF H.MLS. ‘‘ AJAX.” 
TuE two features which stand out prominently in 
connection with the results of the steam trials of 
H.M.S. Ajax are the precision with which the expec- 
tations of design have been realised, and the abso- 
lute absence of untoward incident in connection with 
the working of the machinery. This last feature 
is one which has steadily been forcing itself into 
prominence. In the old days of the reciprocating 
engine there was much uncertainty ar d frequent t reak- 
downs and delays, due in part to heated bearings, 
and now the turbine has proved itself much more 
reliable ucder all conditions, and therefore a very 
serviceable instrument of war. A long programme 
for the trial of the Ajax had been prepared with 
more than usual definiteness, and that actually car- 
ried out did not vary by hours from that originally 
laid down, although the vessel was away from 
the builders’ works for more than three weeks. The 
trials were very comprehensive, and in all respects 
the results were most satisfactory. The most pro- 
Minent trials were one of thirty hours’ duration 
at two-thirds power and one of eight hours’ dura- 
tion at full power. An interesting feature during 
the thirty hours’ trial was the ascertainment of the 
tfect of changes in the vacuum in the main condenser, 
which will enable the Admiralty to formulate definite 
opinions on a moot point in connection with turbine 
performances. 
consumption and water consumption records 
Were taken during all the triale, and the data thus 
arrived at, which have now been analysed, show 
that the steam pressure in the boilers was 214 Ib. 
per sq. in., with a mean vacuum of 27.92 in. in 
condenser, the barometric reading averaging 
\29 in. With the turbines running at an average 
of 289 revolutions the shaft horse - power was 
19,830, the qoneungtieh of coal being 1.79 Ib. 
On the eight hours’ full-power trial steam was easily 
Maintained in the boilers, and the vacuum was 
%.5 in, the barometric reading being 30 in. 


The average revolutions of the four shafts were 330, 
and the shaft horse-power was just over 28,000. 
The average speed on the four runs on the measured 
mile was over 21 knots, while the maximum was 
21.6 knots. The coal consumption was 1.69 Ib. per 
shaft horse-power per hour. Following > ay this trial 
there was a run in order to ascertain the full capa- 
city of the boilers and turbines, and the performance 
was completely satisfactory. 

The machinery consists of Parsons turbines, arranged 
in two sets and driving four shafts and propellers. 
Each set is made up of a high-pressure ahead and a high- 
pressure astern turbine arranged on a wing shaft, and 
a low-pressure ahead and low-pressure astern turbine 
arranged on an inner shaft. The high-pressure astern 
turbines are separate from the high-pressure ahead 
turbines, but each low-pressure ahead turbine has a 
low-pressure astern turbine incorporated within its 
casing. There are eighteen boilers of the Babcock 
and Wilcox type. ese are of the usual design, 
and are constructed for burning coal only or coal and 
oil together. There are two main condensers fitted to 
deal with the steam from the turbines. These are of 
the ‘‘ Uniflux ” type, which is now almost universally 
adopted in turbine-driven vessels. 

e Ajax was built and engined by the Scotts’ 
Shipbuilding and my ngs | Company, Limited, and 
at the conclusion of the trials returned to their works 
at Greenock to be completed for commission. 





AUSTRALIAN RAILWAY GAUGE. 
To THE EpiTor oF ENGINEERING. 

Si1r,—Subjoined are some reasons why the findings, as 
reported in the Press, of the Board, convened by the 
Federal authorities to deal with the question of a 
uniform gauge for Australia, should not be accepted as 
conclusive. 

The Federal authorities have been openly antagonistic 
to any gauge other than the 4 ft. 84 in., and before 
assenting to the appointment of a Board —- its 
finding by arranging for the trans-continental line to 
proceed on that gauge. 

The Board is composed wholly of State and Federal 
officials who cannot possibly be considered independent 
of the political policies for the time being of the several 
States and departments. The members of the Board are 
pa. | wae specialists in construction, but no inquiry 
could be considered even approximately exhaustive unless 
specialists in locomotive running and traffic practice, and 
in the economics of developmental and commercial 
management were also fully represented. 

The Board had not power to take evidence outside the 
departments. It did not endeavour to elicit the opinion, 
based upon a larger experience of more intense conditions, 
of the world’s i leaders in railway administra- 
tion. It is clear, however, from the wording of one of the 
resolutions that the Board was cognisant of the fact that 
such independent opinion is diametrically opposed to its 
own views. The chief function entrusted to the Board 
was to determine the yes _~ + the two rival 
gauges, not as regards the present y, but as respects 
the infinitely ter future also. 

It is said that the first resolution submitted on the 
first day was an affirmation of the sop J of merit of the 
4-ft. 8}-in. gauge of New South Wales and the 5-ft. 3-in. 
gauge of Victoria and South Australia. The reports 
show that such a resolution was carried—a member dis- 
senting—at an early stage. Thus the Board assumed as 
a guiding premise the matter which it was constituted 
to try and determine as a conclusion. , 

The Board then poornaie®. as constructional engi- 
neers, to estimate the relative constructional cost of 
conversion—the immediate, but the lesser, issue. As 
to those costs. It is estimated by the Board that the 
cost of conversion of all Australian lines to the 5-ft. 34-in. 
gauge would be 51,659,000/.; that the conversion to 
4 ft. 8 in. would be 37,164,000/.; and that in the 
latter case there would be no expenditure in New South 
Wales, whilst in the former case the cost would be 
19,319, 0002. 

Practically the whole of the rolling-stock—rails and 
sleepers, and many of the bridges of Queensland, South 
Australia, and Western Australia’s 3-ft. 6-in. systems— 
would be abandoned ultimately, whichever of the two 
wider gauges were adopted ; and the conversion cost, in 
either case, is practically identical, These conversion 
costs constitute the greater proportion of this estimated 
50,000,000. That implies immediate and complete con- 
version. But there is an alternative—+.c. the continuance 
of the greater proportion of the narrow-gauge lines, as 
feeders to the trunk system until their usefulness and 
life have been exhausted. Then a great part of the esti- 
mated cost at once vanishes. 

Clearly the large sum of 19,000,000/. may have in- 
fluenced a majority finding in the direction of present 
expediency rather than ultimate efficiency and ry A 
But if that figure is not substantially accurate, then t! 
only justification for the decision in favour of a narrow 
gauge vanishes also. ‘ 

First, | it be remembered - + cuttings, > 
ments, and a great proportion of the t works 
do not require alteration ; also that om and sleepers are 
still utilisable, also that the ter proportion of the 
rolling stock is convertible, and that the remainder has a 
market value. Notwithstanding this, the cost of alteri 
the New South Wales line, as stated by the Board, 
exceeds 5000/. per mile, nearly one-half of the total cost 
of the New South Wales lines built and equi under 





the old extravagant conditions—twice the cost of the New 


South Wales recent mileage ; about twice the original 
cost price of the whole of the rolling-stock and locomo- 
tives. 

In the absence of conclusive evidence to the contrary 
the following alternatives may be considered :— 


(a) That the estimate supplied by a State has been 
found to force adhesion to the gauges used by that State, 
and favoured and used by the Federal department. 

(6) That the estimate is on the basis of that for the 
narrow-gauge States—i.e., complete rebuilding and re- 
equipment at the general cost. 

(c) That the cost of great c and improvements, 
which are not a consequence of change of gauge, which 
must ultimately be expected, which could be concurrently 
effected, has been incloded. 


Clearly a further equity: completely independent and 
far more widely extended, should precede any decision 
involving not — A the expenditure of fifty millions (were 
that sum actually in question), but also the railway 
efficiency for the whole of Australia. 


Tam, &c., 
Melbourne, April 22, 1913. Jas. ALex. Smiru. 





“THE PRACTICAL STRENGTH OF 
STRUCTURES.” 
To Tae Eprror oF ENGINEERING. 

Sin,—I have read with great interest your excellent 
article on the above in your issue of May 16, page 674, 
and greatly appreciate your views as regards the too 
mathematical treatment of practical engineering problems. 
The relative value of the ounce of practice and the ton of 
theory holds good as usual, and particularly so in the 
cases you mention—viz., the statically indeterminate 
structures calling for more elaborate calculation. It has 
nearly always been my experience that, as regards the 
treatment of these lems, engineers are inclined to go 
to the extremes of either ignoring the indeterminate 
elements altogether, or else lose themselves in intricate 
calculations of secondary stresses that are of little practi- 
cal value. That neither of these attitudes is correct goes 
without saying, and I should like to be allowed to em- 
phasise your point: that the ineer responsible for 
structural designs should be capable of dealing with the 
question of the indeterminate stresses that may, and do, 
occur in monolithic structures, but should at the same 
time not lose sight of what is essential in practice and 
what is not. 

If your space will permit of it, I should like to amplify 
your remarks as regards the treatment of indeterminate 
structures in ferro-concrete, as this material is slightly 
different in its properties to other homogeneous mate- 
rials. Being composed of two entirely different elements 
—concrete, the compression member, and steel, the ten- 
sion member—it must be remembered that ferro-concrete 
is only capable of withstanding tension, shear or hendios. 
if it.1s made to do it by the introduction of suitab! 
reinforcement. A section of, say, 9-in. by 9-in. concrete 
will stand thrust without any reinforcement, but hardly 
any tension, shear or bending ; it will stand bending in 
one direction if steel is introduced in the tension side, or 
in both directions, or all the way round, if sufficient rein- 
forcement is put in to cater for all the tension stresses. 
A corresponding steel section, on the other hand, will 
stand not only compression, but tension, shear, torsion, 
and bending, without any doctoring, in virtue of the true 
homogeneous character of the material. 

The remarks on the examples given (a beam mono- 
lithic with its ee columns) are therefore very 
true indeed for s structure, and it is only reasonable 
to expect that the stiff and monolithic structure should 
be stronger than the hin one. That this is so is also 
borne out by calculating the actual stresses ; for, although 
the columns do get certain bending moments, the beam is 
relieved of its bending moments in the same proportion. 
If the columns cannot take these bending moments, all 
that happens is that they deflect, and the beam, not 
being restrained sufficiently by them, is relieved propor- 
tionately less. Still, as long as the columns do resist 
bending, the beam gets the benefit of this resistance, 
and if the columns cannot take bending at all, the 
— behaves as if it were simply supported with free 
ends. 

Now, this also = to ferro-concrete, word for word, 
but whereas the behaviour of the steel columns, their 
ability to resist the bending moments, issimply a function 
of their cross section, this is not so with ferro-con- 
crete columns. If they are not reinforced for bending 
they will not stand any bending, but will crack on the 
tension side. These cracks may not be dan us at all, 
but they are certainly unsightly, so that with a view to 
avoid oracks the columns should be so reinforced as to 
be able to take the bending moments incurred by tbe 
monolithic connection with the beam. For this reason 
alone I contend that such cases should be calculated with 
due regard to the stresses set up by the stiff connection 
(the term ‘‘ secondary stresses” seems yy Ae meme 
as, for instance, the bending moment in the column is 
just as primary as the bending moment in the beam, and 
varies directly with it), And when it is remembered 
that in the same proportion that the column is strength- 
ened so as to take bending moments, so the beam can be 
relieved of its reinforcement, it would appear that a 
better and more even distribution of stresses, scantlings, 
and reinforcement can be obtained by duly considering 
the more uniform distribution of bending moments in 
the stiff system. 

While heartily agreeing with your views as regards the 
treatment of perfectly homogeneous materials, I should 
therefore like to put in a word for a conscientious in- 
vestigation of the secondary stresses in indeterminate 





systems, as far as ferro-concrete is concerned, on the plea 
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that this material, being comparatively new, has yet to 
make converts of a good many engineers, and this is not 
facilitated by exhibiting a structure full of cracks, which, 
although they may be —_ harmless, always frighten 
the novice. I think that in this respect 1 am only 
voicing the opinion of every conscientious engineer that 
has the welfare and development of the ferro-concrete 
pres at heart, and, in conclusion, would express my 
grateful appreciation of the interest your paper is display- 
ing in this important branch of engineer: ng. 
Yours faithfully. 
Archangel Steel and Co Ww. Raft . 
tee mcrete Works, Arc’ 6. 
Wharf, New Cross, London, S.E., May 23, 1913. 





TIME AND SPACE. 
To THE Epiror or ENGINEERING. 

Sir,—I omitted to mention last week how I got the 
long-sought reference to ‘ Aristotle’s , which 
neither Galileo nor the University of Pisa troubled 
themselves to verify, or else to understand, before engag- 
ing in their acrimonious dispute. 

found it in the preface of Mr. Lones’s new book on 
** Aristotle’s Natural History,” where he says that the 
passage does not appear to bear its full traditional 


meaning. 
Yours a, 
J. H. Harpoastie, 
27, Cranbrook-road, Bristol, May 28, 1913. 





“THE MATHEMATICIAN AND THE 
ENGINEER,” 
To THe Epiror or ENGINEERING. 

Str,—I feel honoured that you should, in your issue of 
May 9, 1913, 639, make my remark in Nature the | 
occasion of a leading article, with much of which I can 
heartily and I hope you will be able to find room 
for a few lines in which I may explain more exactly my 
view of the appropriate relation between the engineer and 
the mathematician. 

Ido not consider the mathematician to be capable of | 
solving engineering problems, and I do not underestimate 
the modern engineer’s command of mathematics ; but I 
do think the combined range of mathematics and engi- | 
neering to be so great that one individual can rarely claim 
expertness in both subjects. I conceive it possible that 
the engineer, in working at some engineering problem, 
may find its solution dependent on a mathematical pro- 
blem for the solution of which he finds his mathematical 
outfit inadequate. I suggest that in these circumstances 
he should do what any man of intelligence does when he | 
runs up against a iblem outside his own range and | 
within the range of another expert—I suggest that he 
should consult the other expert. | 

The engineer must, of course, supply the mathematician | 
with all necessary data; it is an unwise mathematician | 
who will undertake to gather for himself the engineerin 
data for the mathematical problem. Nor must the engi- 
neer blindly accept the mathematician’s result ; he must 
check it by suitable experiment. I regret to learn that 
you, Sir (if I rightly understand your leading article), 
would have nothing to do with the mathematician’s 
solution of the mathematical problem, but would have the 
engineer carry out only such experiments as his own 
knowledge suggests, without the guidance that a mathe- 
matical solution might provide. It is just such experi- 
menting that I venture to say is highly wasteful as 
compared with the smaller number of better directed 
experiments that could be based on a mathematical 
investigation. 

Let me take a particular problem—that of aeroplane 
stability. In addition to all the engineering questions 
involved, there is one definitely mathematical, the answer 
to which would real i ce to the aeroplane 
designer, Itis no slur on the engineer to say that his 
mathematical outfit is here inadequate, for that is equally 
true of the outfit of the majority of fessed mathe- 
maticians. My idea is that when the engineer has 
designed the aeroplane he should, before sinking money 
in its construction, submit his design to a suitable mathe- 
matical expert (there are one or two in or and 
ask for a report ou its stability. Uahepplly. the time for 
this has passed. The problem has nm in the main 
solved, and solved on purely experimental lines. Just 
think, if another method had been adopted, how many 
useless aeroplanes might have been left unbuilt, and how 
many lives of brave airmen might have been saved. 


Yours truly, 
May 27, 1913. Davip B. Marr. 


iAgast from certain mathematically-trained engineers 
actually engaged in aeroplane construction or operation, 
does our correspondent really believe that there is a o— 
mathematician in the country who could give a ly 
reliable report on the stability of a qeupenal aeroplane ? 
If he does, we believe he is under a very serious illusion. 
The mathematical theory of small oscillations deals merely 
with the simplest aspect of the problem. It is highly 
desirable, no doubt, that this aspect should receive 
adequate treatment by the mathematician, but his results 
must be applied b; ineer, who knows the other 

iderations involved. @ most serious difficulties 
—= the ——- IE ge ee where 
stability may be u y “‘side-slipping,” -designed 
warping devices Tor the wings, = the like. To deal 
with the mathematician must have first-hand 
knowledge of the construction and operation of the 
machine ; in other words, he must himself become an 


aeroplane engineer. 
Undoubtedly many so-called engineers have wasted 








thousands in futile experiments, such as _perpetual-motion 
machines ; but engineers as a class must not be judged by 


these any more than professional mathematicians by 
circle-squaring cranks. The engineer is becoming more 
and more capable of acting as his own mathematician, 
and we believe that in this lies the true line of advance, 
and we can conceive of no ease in which a firm in 
operations involving the expenditure of thousands of 
pounds, could get from a mathematician for a 5/. fee 
information which they could not have obtained still 
more effectively from.a well-trained engineer, and by the 
construction, if n , of a few inexpensive models. 
Nature, in fact, is capable of solving her own differential 
equations more accurately than the mathematician can 
ever hope to do, and it is this inherent lack of accuracy 
in the work of the mathematician that in general unfits 


him for dealing directly with practical problems.—Ep. E.]}| >¢ 





“SCIENTIFIC INSTRUMENTS ; THEIR DE- 
SIGN AND USE IN AERONAUTICS,” 
To THe Eprron oF ENGINEERING. 

S1r,—I have just read with great interest Mr. Darwin’s 
Wilbur Wright lecture in your current number. Some 
years ago I designed a micro-manometer of the type 
referred to, and I enclose a reprint of the description that 
was accepted by the Royal Society, which you may think 
of sufficient interest to insert. 


I took out a patent for this instrument—No. 26,351, of | possi 


1905 (expired)—and in the specification you will find 
mentioned the form designed by Mr. Short as one of the 
modifications covered among others. I also su ted 
the use of a number of Pitot tubes in connection with one 
manometer, which method is, I believe, now in use at the 
National Physical Laboratory. The one-fiuid gauge 
described could be made cine sensitive, far exceed- 





the limbs and the connecting tube—this is engrentnatel 10: 
the example shown ; also to some extent on fluid enployed in 
the uge, and the fluid used should depend on the intended 
applleat on and on the degree of sensitiveness desired. 

e length of the index bubble C should be a ximately equal 
to the distance between the centres of the limbs A, A; it will 
then be found that the gauge is practically indifferent to changes 
of position or level, as the effect of the air bubble (while in the 
lower horizontal tube) will counteract the effect due to any 
change of level of the limbs A and A; it is, of course, not ible 
to exactly ope ye amy for this, as the length of the bubble wilj 
vary slightly with the temperature and the barometric pressure, 
Any tendency to error in the a these two last- 
mentioned causes can be obviated by observing both ends of the 
index bubble ; but, as it is not necessary to very minutely 
owing to the multiplying effect, this source of error can generally 


neglected. 

It is not advisable to employ a larger bore for the tube B than 
2 mm., and 1} mm. is preferable, as the surface tension is ip. 
sufficient (with most fluids) to paves fluid from passing the air 
bubble in larger bores; the limit to the smallness of the bore 
depends on the viscosity of the fluid and the rapidity of readings 
desired. For the same reasons, it is not ticable to use pure 
water as the working fluid, as, owing to its high surface tension, 
the zero point is very indefinite. 

The ter cannot say definitely what is the limit of sensitive. 
ness that can be reached ; this depends on the resistance offered 
by the surface tension and viscosity of the fluid to the motion of 
the index bubble, making its movements very slow, so that, in 
returning to zero, it may take five minutes or more with a very 
sensitive form, using alcohol. To reduce this effect as much ag 

ble it is necessary to use either alcohol or ether (and perhaps 
pentane) for the most delicate results. 

The air bubble acts practically as a piston, and no fluid can be 
seen path pnw it at a normal rate of movement, but fluid can 
be ca to pass in a thin film if the bubble is forced to move 
rapidiy. There seems to be a critical speed—for each size of 
bore and fluid—above which the surface tension is unable to over. 
come _ adhesion of the fluid, to the walls of the tube, quickly 
encug’ 
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Ratio: approximately 10 : 1 diameter of bores. 


A design for a sensitive pressure gauge, or micro-manometer. Anti-eva; 
should be connected in series with each side of the ga 


with volatile fluids ; one 


A Woulff’s bottle with three necks would be a convenient substitute. 


used also in case of hygroscopic fluid in gauge. 


ing any reasonable uirements. I once obtained a 
reading with a Pitot tube of the draught from a candle 
flame ; quite a large movement of the index was obtained 
by waggling an inch or two of rubber tube attached to 
the gauge. The compensation could be made very exact, 
so that the readings were unaffected by any shaking or 
motion, unless the motion was an oscillation, tending to 
rotate the mass of fluid on an imaginary pivot between 
the gauge tubes. The damping was considerable, and 
the zero creep not noticeable, except if the rate of motion 
of the fluid was above a certain speed. I was not able to 
continue experiments with this gauge on account of 
ill-health, so cannot say whether it would have been of 
any use for practical work. The use of an air bubble as 
an index made the manipulation difficult if it should be 
accidentally expelled, as to obtain compensation it had to 
be a certain length; also there was a tendency for it 
to be absorbed by the fluid in time, but probably these 
difficulties were surmountable. 

I also tried several two-fluid gauges, but did not con- 
tinue the use of them, as there was a good deal of trouble 
in getting two fluids which would work well together 
without one sticking to the glass more than the other, 
and thus getting left in the index tube in patches. An 
excellent fluid for use in the single-fluid type is xylol, 
which works very cleanly, and does not evaporate ily, 
and does not creep like paraffin, nor is it hygroscopic like 
alcohol. 

I remain, = faithfully, 
ERTRAND J. P. ROBERTS. 
Naboth, Gerrard’s Cross, May 23, 1913. 


On a Compensated Micro-Manometer.* 
By Bertrand J. P. Roperts. 


(Communicated by Sir Jonn I. Tuornyorort, F.R.S. 
Received August 14; read November 8, 1906.) 


The above sketch shows a form of fluid-pressure gauge or micro- 
manometer intended for use as an anemometer, and for the indi- 
cation and measurement of small pressures. t 

The two limbs A and A of a (J-tube are connected by a tube of 
finer bore B, and this tube B contains an index bubble—prefer- 
ably of air, C, the bends at E form a trap, to prevent the acci- 
dental loss of the bubble. The small separate is an arran, 
ment for preventing loss by evaporation in the case of volatile 
fluids ; it does not need description. The sensitiveness of the 
gauge obviously depends on the ratio between the bores of 


* Reprinted from the Proceedings of the Royal Society, 
“+ The feature ia which thi differs 
eature in which this arrangement differs from 
Sir W. Siemens’s bathymeter is the compensation. 





rative attachment for use 
—only one shown. 
should be 


Cal. chlor. tube 


In connection with this, I have noticed an interesting effect, 
showing well the rapidity of the motion of fluid in the centre of 
—* and the almost stationary condition of the layer next the 
sides. 

If a small bore—say 2 mm.—tube, similar to the gauge described 
above, and containing an air bubble, filled with uncoloured 
alcohol, be taken, and some coloured alcohol is added to one limb, 
then the air bubble moves at the average velocity of the fluid, but 
the coloured alcohol entering the tube will be seen to be drawn, 
or rather pushed, out in a long conical point, moving much more 
rapidly than the bubble, and eventually overtaking it and turnin 
over; the fluid at the sides will be still quite uncoloured un 
mixed by diffusion. To a certain extent, the effect is reversible, 
and the cone of coloured alcohol can be drawn back without 
mixing very much. ‘ 

The device shown for preventing evsporation should be in 
duplicate, one to each limb ; only one is shown, as an example. 





Russtan GOVERNMENT VickERS’ Gun Factory.—Ata 
meeting of the Council of Ministers, which took place on 
the 27th inst. at St. Petersburg, it was unanimously 
decided to give the contract for the new gun factory in 
Russia to the group of bankers associated with Messrs. 


Vickers, Limited. 


Royat Navat Reserve.—The Admiralty announce 
that officers of the Royal Naval Reserve who are desirous 
of serving afloat during the forthcoming naval mancuvres 
should apply as early as possible to the Admiral Com- 
manding Coast Guard and Reserves. The period of 
service will be approximately July 14 to August 8. 


Tue Nortu-East Coast INsTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Upwards of two months ago the 
Council of this Institution decided, after much delibera- 
tion, to form an Aeronautical Committee, it being con- 
sidered that the study of aeronautics might tere of 
ously be coupled with that of engineering and shi build- 
ing. At the same time negotiations were en “ 
with the North-Eastern Aero Club, with the result that 
this body has now become absorbed in the Institution. 
The committee is largely re ntative of the club 
was, and the names are as follow :—Hon. Sir Charles A. 
Parsons (chairman), Messrs. J. Duncan Hodgson, J. H. 
Holmes, J. Cusworth, C. 8. Vesey Brown, rr 
Henry Stroud, Colonel R. Saxon ite, Messrs. Ger: 
Stoney, J. Mitchell Moncrieff, A. H. Law, and C. lan 
Bu The objects of this committee, among others, 
will be to arrange meetings for the discussion of aero 
nautical questions, and generally to promote the study of 
such among the members of the Institution, 
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THE THULE HIGH-SPEED CRANK-GEARED 


A. WALBER AND ©CO., 


CONSTRUCTED BY MESSRS. W. 


SHAPING-MACHINE. 
ENGINEERS, LONDON. 





























Fic. 1. 25-In. Macutrne Bett-Driven sy Means or Cone PULLEY. Fic. 2. 


























Fie, 3. Taste Trvtep Sipeways. 

We illustrate above two types of the Thule high- 
speed a shaping-machines, which have been 
constructed by Messrs. W. A. Walber and Co., 38, 
Victoria-street, Westminster, S.W. They are of very 
substantial construction, and are fitted with modern 
appliances, Fig. 1 being a 25-in. machine, belt-driven 
by means of a cone pulley, through which changes of 
speed are obtained, while Fig. 2 represents a 20-in. 
machine, fitted with gear-box and single plain pulley, 
the pulley being on the far side of the machine. Some 
details of different parts may be seen in Figs. 3 and 4. 
The machines have been designed on substantial lines 
for taking heavy cuts at high speeds. 

As will be seen by our illustrations, the body is 
strongly built, and has overhung ram bearings both 
at the back and the front as a means of additional 
support ; the base is very wide, and extends well 
out in front of the column part—a point of considerable 
importance from where rigidity is essential. The ram 
has also received careful consideration with a view to 
strength and stiffness when heavy cuts are taken. It 
is driven by @ positive-erank motion, and in the case 
of Fig. 1 the link is driven from the cone-pulley shaft 
by steel pinion through single or double gearing, 
the change from single to double gear being effected 

y & lever at the rear of the machine away from the 
driving-belt. The ram has a quick return motion, and 
the length of stroke and the position of the ram can 

quickly changed while the machine is running, this 

ing done from the front of the machine. In order 
gee slipping at the end of the stroke a self- 
loc cing _—- is fitted to the stroke-changing 
device. The index denoting the length of the stroke 
ean be plainly seen by the operator on the slide at the 
side of the ram, as shown in the illustrations. 
In the machine fitted with gear-box (see Fig. 2) all 
© gears are case-hardened and run in an oil-bath. 


Fie. 4. Tittinc-Tor to TaBLe. 


Four or eight speeds can be obtained, and the change 
from one gear to the other can be manipulated with 
great rapidity by means of a lever which operates 4 
powerful sliding key, and brings the various trains 
into mesh. The single-pulley drive is operated by 
friction clutch of the latest pattern, and can be instan- 
taneously started or stopped at any point of the 
traverse of the ram by a hand-lever within easy reach 
of the operator. 

The table is of the box form, with ample work- 
ing surfaces. The top and the sides are provided 
with slots. It is also grooved on one side for hold- 
ing round stock. The table is bolted to a slotted 
apron, and can be removed so as to leave the apron 
clear for large work. On all sizes of the machine 
the cross-table is exceptionally long, and it is 
so arranged that the feed can operate at either 
end of the cut, and can be quickly stopped or 
reversed. All the feed screws are provided with 
micrometer graduations. The elevator screw for the 
cross rail works in a telescopic sleeve in order to avoid 
the cutting of holes in the floor. The support for the 
table is adjustable, and the table itself slides on & 
roller-bearing, the thrust and support always being 
central below the cut, and the Tester removed as 
much as possible out of the way of chips and dirt. 
The machine can be arranged with revolving table, 
as shown in Fig. 3, which is particularly useful for die 
work of a complicated nature, and its use in conjunc- 
tion with the swivel-base vice enables work to be 
held at any compound angle. This vice, which may 
also be seen in Fig. 3, is of the heavy planer pattern, 
having steel-faced jaws, and is provided with a swivel 
| graduated base, The thrust of the screw is taken b 
a %-in. steel nut, which relieves the frame. f 
desired, the back jaw can be fitted with a taper grip, 
and the vice can also be used on the sides as well as 








20-In. MacHINnE witH GeaR-Box anp Sineie Pian PuLiey. 


on the top of the table. A tilting-top to the table 
can also be supplied, as shown in Fig. 4, if desired, 
so made that it will fit all sizes of table. 

A concave attachment can be fitted to the machine 
and can be operated with the ram in any position. 
By means of this, by varying the position of the down- 
slide concave surface, different radii can be shaped. 
An automatic down-feed can also be fitted to all sizes 
of the machine. 

Back gears are furnished on the 25-in. machine, 
and on other sizes also if required. They are operated 
by a lever at the rear of the machine away from the 
belt, the gear-wheels being located inside the column, 
where they are protected ew dirt and chips. 





Tue Iranian Navy.—The launch has just taken — 
at ~~ of the Italian torpedo-boat destroyer Audace. 
The destroyer, which has a displacement of 700 tons, is 
253? ft. long by 25 ft. beam; she will carry five guns 
and two torpedo tubes, and is to steam at the rate of 
34 knots. e launch has just taken place at Venice of 
the submarine Nautilus, which is to have a surface speed 
of 14 knots and an immersion speed of 9 knots. 





Express Passencer Locomorive, Paris - Lyons- 
MEDITERRANEAN RaiLtway.—In our article on page 666 
ante we stated that this engine had been constructed to 
the designs of Mr. L. Maréchal, the chief mechanical 
engineer of the railway company. Mr. Maréchal informs 
us that the engine was designed by his predecessor, Mr. 
E. Chabal, and that he simply completed it by the addi- 
tion of the superheater. 





Tue Virerttze Montacne Company.—The gross profit 
realised last year by the Vieille Montagne Company was 
374,500/., reduced by interest charges, general expenses 
of administration, &c., to 313,002/., and increased the 
balances brought forward from 1911 to 314,379. Of this 
314,3791., 59,0002. was carried to the statutory reserve, 
29,500/. was divided among the directors and heads of the 
staff, 225,000/. was paid out in dividends, and 879/. was 
carried forward to 1913. Last year’s dividend was at the 
rate of 2/. per tenth share. e council of administra- 
tion is endeavouring to maintain the we oe tools 
and works in an efficient condition. t Angleur 
(Belgium) it has completed the reconstruction of the third 
series of reduction furnaces. At Tilff (Belgium) the 
rolling-mill, one of the oldest of the company, will be 
soon entirely renewed. At Baelen Wezel (Belgium) 
works for the desulphuration of blendes and the produc- 
tion of sulphuric acid are being completed. Ab 
Ammeberg (Sweden) an old mineral washery, which had 
been in operation for 50 years, has been replaced by new 
works. At Borbeck (Germany) a new group of reduction 
furnaces, fitted with gas appliances, is in course of com- 
pletion, and a foundry and roasting works are also bei 
completed at Viviez (France). he company produ 
last year 107,526 tons of zinc, compared with 108,568 tons 
in 1911. 
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RAILWAY ELECTRIFICATION PROBLEMS 
IN THE UNITED STATES.* 
By H. Paropt. 

In this paper it is to consider the various 
aspects of the problem of railway electrification in the 
United States in those cases where the substitution of 
electric traction for steam traction appears to be justified 
by considerations of safety or economy. 3 . 

In discussing the various systems of electric traction 
the author will disregard all considerations which are too 
theoretical, or too biased ; his reason for doing so is that 
those particular questions have been treated very fully 
in the technical Press of recent years. He confine 
his remarks to what has been done and the results 
obtained from electrification. He does not propose to 
attempt any description of the installations that 
have so far carried out in America, as full parti- 
culars of these have already appeared in numerous 
publications in France and other countries. Particular 
attention, however, will be paid to ascertaining the 
financial and other results of the electrifications. The 
investigation is accordingly divided into three sections : 
(1) suburban lines ; (2) main line services ; and (3) moun- 


tain railways. : j 
In order to understand the results which electric trac- 
tion can uce, it is necessary first of all to point out 
the principal characteristics of the steam railway services 
in the United States, as electrical engineers are little 
acquainted with these; and it is then Ee to con- 
sider as far as possible the essential differences which 
appear to exist between American and European methods 
of working, as well as the different conditions of traffic. 

Railways have p in a very different manner 
in America from what they have on the continent of 
Europe. In Europe the method of transport has to 
adapt itself to the exigencies of the existing civilisation 
and to the traffic, which has already become settled in 
direction. In the United States, on the contrary, the 
railway has preceded colonisation, and has to a certain 
extent created its own traffic sey developing the 
districts which it traverses. h mode of uction 
is localised in a district the nature of which allows it to 
proceed with the minimum of effort and to its maxi- 
mum extent. This concentration of production has been 
favoured by the railway companies, which, owing to an 
appropriate o isation and to the establishment of pro- 
tective tariffs, have allowed scope for the extension of 
economic consumption of the products of the land, at the 
same time as they have directed the traffic thus created 
on to their lines. This co-operation of producers, carriers, 
and public authorities has made it possible for the 
Americans, for the last thirty years or so, to develop 
agriculture to an enormous ~~? This a a 
even surpassed in speed and amount by the presen 
industrial activity. The Federal Government has very 
effectively encouraged railway development by granting 
concessions of lines on perpetual lease, and by very im- 
portant grants of land alongside the railway tracks. 

Table I. shows the rate at which the United States 
railway traffic has increased ; an approximate indication 
being given by the railway receipts. A com of 
the population, of the le: of the lines which have been 
constructed, and of the total annual revenue for the 
French and American railway systems, throws much 
light on this remarkable increase. 


Taste I. 








United States. 


Approxi- 


Total 
Year. | Popula- | Length 
tion. of Rail- i 

ways | Millions 

| lof Francs 





| 


| m. | 
1871 39,918,112) 86,000 
1880 50,155,788) 150,000 
1890 | 62,622,250) 265, 
1900 | 75,568,685 315,000 
1910 | 90,000,000! 400,000 


0.568 
0.911 
0.990 
1.297 
1.500 


23,783 | 
33,550 | 





| 40,438 


* Including the State Railway. 
The American companies have accordingly to make 
provision for a traffic which increases at a mean annual 
rate of about 10 cent., whilst the ey 
increase in Europe isonly about 2 percent. In Table II. 
some statistics are given in regard to the results of the 


Taste II. 
—_- | United | » Ger- 
States. France. many. 
Length of the systems in kilometres..| 400,000 40,488 65,731 
Area in square kilometres , a 536,408 540,596 
r passenger-kilo- 
Satara in [nee a ee 8.65 2.4 
contmnes per ton-kilometre..| 2.67 4.27 | 4.41 
sore ban passenger ..| 54 38.6 23.11 
in kilometres (per ton 06 «| 400 1389 112 
Average load per train in tons.. es 345 146 112 
Ratio of working expenses to re- 
ceipts .. ae per cent. 66 60 67 


Ave 


general characteristics of the American service and 
bar a mee on their essential differences com 
wi juropean practice. 

It is noticed at once that the difference of 6 to7 per 
cent. occurring between the relation between working 
expenses and receipts of the German and American 
F snsaagned and that of the French system is more apparent 
than real. For example, the American companies in- 
clude in their ipo! expenses items which would be 
included by the French companies as initial expenditure. 
Also, the systems having been granted to the American 
companies in perpetuity, and the German railways being 
worked by the State, the financial charges in these 
two countries are different from those arising out of 
the inane — — nase, since A. ip 
large part of the initial expenditure must id off by 
means of a sinking fund within a commmentiicelay short 
period. These initial rope according to official 
statistics, amount to 194,000 francs per kilometre in the 
United States, to 370,000 francs in Germany, and to 
468,000 francs in France. In England they total as much 
as 694,000 francs. 

Let us now see what are the methods of working 
whereby the American somgeny is enabled to guarantee 
the economical transport of merchandise at a cost (2.57 
centimes) which is about half the cost in Europe, an 
which justifies the fixing of the average tariff for ana yo 
transport at almost double (6.1 centimes) the French or 
German rates. A cheap service can be provid 
in the United States, owing to the importance and the 
—— of the — which consists of ma transport of 
a large quantity of heavy goods over very long distances. 

The spranent dusived from traffic accounts for 
70 7 cent. of the total revenue of the railways (only 
55. per cent. in France), and for certain companies, like 
the Pennsylvania Railway, it reaches 95,000 francs per 
kilometre of line. Grain trains, coal trains, and mineral 
trains frequently traverse distances of 1000 km. to 
1500 km., and the ave’ distance of transport of 1 ton 
of merchandise is upwards of 400 km. in America, whilst 
in Europe it hai y exceeds 140 km. The mean load of 
a train is particularly high in the United States. Whilst 
in France the 10-ton goods truck is, in the author’s opinion, 
perfectly adapted for the short-distance traffic which 
to be catered for, the average capacity of American trucks 
has gradually increased ; it does, in fact, attain 44 tons 
for goods trucks on the Pennsylvania Railway, and 33 tons 
on the average for goods trucks on all the American 
systems. 

The American type of central automatic coupling, 
wherein the buffer and linking apparatus are combin 
and of which the strength (130 tons) is far higher than 
that of the European t of coupling (30 to 55 tons), 
allows a continuous brake for goods trains weighing 
between 2000 and 4000 tons to be used, and even to attain 
by means of special electro-pneumatic brakes and friction 
buffers a weight of 6000 tons. 

The general use of trucks having bogies combined with 
a central coupling without lateral buffers allows the 
number of handlings between the sender and the con- 
signee to be reduced to a minimum; the ms can 

, by sidings with curves of very s radius, 
irect to the warehouses or goods yards near the points of 
departure and arrival. Further, the grouping of centres 
of production and consumption makes it ible to 
avoid sortings to a great extent, which in the case of 
European retail trade are a source of considerable expense. 
_ Both the technical arrangements and the local condi- 
tions ensure the speeding up of the slow transit which has 
come to regarded as the standard, not only from a 
technical, but also from an economic, point of view. On 
the Pennsylvania Railway Company’s lines the average 
slow train carries 600 tons of merchandise; the train, 
including the locomotive, weighs about 1000 tons, and the 
cest of transport barely amounts to 0.008 franc per ton- 
kilometre carried. 

In the fast traffic, the revenue from which works out 
at 22 per cent. ef the total revenue of the system (43 per 
cent. in France), a single class only is provided, the 
charge for which almost corresponds with that of the 
first class in France.* All es A anes mounted on bogies 
and supplied with automatic couplings have a through- 
communication corridor. They are, generally speaking, 
more comfortable than carriages in Europe, and this 
difference is particularly noticeable between carriages 
de luxe in France and the Pullman car. The carriages 
of the latter company, at any rate in the case of the 
important expresses, are mounted on two three-axle 
bogies, similar to those employed by the Compagnie 
d’Orléans for its express trains, and these ensure a smooth- 
ness of running particularly appreciated on long journeys. 
The weight = seat, which is 800 kg. for ordinary car- 
riages, and 1000 kg. to 1200 kg. for carri constructed 
entirely of steel, is much higher than that of French 
rolling-stock, where it is only on the average of the order 
of 300 kg., and of 500 kg. to 600 kg. in modern corridor 
carriages.+ This difference in the weight of rolling-stock 
seems completely to justify the difference which exists 
between the cost of transport per passenger-kilometre ; 
and if the passenger trains are noticeably heavier than in 
Europe, no working economy results from this fact, as 
the number of passengers carried per train is about the 
same in the two countries, 

The fast and slow services are maintained on the rail- 
ways, so far as the method of traction is concerned, 





* Including the State Railway. 


working during 1910 of the American, French, and 
German systems, and these throw some light upon the 





* Paper read at the Joint Meeting of the Institution 
of Electrical ineers and the Société Internationale 
des Electriciens, Paris, May 21 to 24, 1913. 





* Additional charges for the use of special carriages, 
such as sleeping-cars, dining-cars, Pullman cars, &c., as 
well as for the conveyance of luggage, are generally 
received by companies other than the railway company. 

+ The first-class corridor carriages with a three-axle 
bogie of the Compagnie d’Orléans running to Bordeaux 
have a tare weight of about 988 kg. per seat. 


has | and reference should here be m: 





almost exclusively by means of steam locomotives. The 
t most frequently used for the expresses are the 
“ Atlantic” and the “Pacific,” and for slower trains the 
“Consolidation,” ‘‘ Mikado,” and Mallet types. 

We shall have occasion at a later stage to indicate more 
exactly the characteristics of these engines, by compari. 
son with electric locomotives. It is — sufficient to 
remember that on account of the very low price of fuel 
(which for the year 1910 works out at 10.4 francs per ton 
of coal, when in ae this ranges from 20 to 25 francs 
per ton) the expense of coal is relatively much less impor. 
tant in the United States than it is on the Continent, 
It should also be remarked that steam locomotive engi- 
neers attach much more importance to building powerful 
ye than to build engines which will work economi- 

y, and the reduction in the cost of fuel only interests 
them when it allows them to obtain an increase of trac. 
tive power. 

Services.—As we have just shown, the rail- 
ways work their trains exclusively by steam locomotives, 
the power of which is constantly tine increased so as to 
allow of additional load ; the number of trains is there- 
fore reduced to a minimum in order to reduce the working 
expenses as much as possible, and it is the weight of the 
trains which is increased or diminished so as to cope with 


d | the requirements of the traffic. 


_ Tramways and urban railways, on the contrary, use 
eiectric traction almost exclusively, and employ motor- 


ed | cars in small numbers during normal hours, and in large 


numbers during busy hours. For the electrification of 
the suburban services the railway companies tend more 
and more to avail themselves of the advantageous 
splitting-up of motive power provided by electric trac- 
tion, and to apply to their passenger traffic the principles 
of tramway operation. These two very different methods 
of cama bows tramway working can be summarised by 
stating that the first is a low-frequency system for trains 
of variable weight, and that the second is a high-frequency 
oo for trains of constant weight. Obviously between 
these two limits are the systems in which both the fre- 
quency and weight of the trains are varied. 

The method of working tramways and urban railways 
has been evolved almost entirely in the United States, 
i n u e to American industry, 
which by improving the system of controlling the motors 
from a distance has made practicable this new method of 
working, of which the proper domain appears to be 
electric traction. From the point of view of improved 
passenger traffic, this method has given results as valu- 
ableas those shown for goods traffic on the United States 


, | railways. 


_ A study of German railway and tramway statistics 
induced M. Mattersdorf to formulate, ten years ago, a 
law of proportionality between the total traffic on all the 
transport systems provided in an urban area and the 
square of the population served ; this law is confirmed 
by the continued increase in the tramway and urban rail- 
way receipts in the large towns of the United States. 
In the diagram (Fig. 1) are shown the total receipts of 


f 


(3491.4) Logarithm of Population. 


the companies as a function of the population, on 4 
om ng scale, and it is seen that the curves for about 
fifteen big American towns are approximately rectilinear 
and lel to the line represented by— 

log. (receipts) = 2 log. (population). 

This explains the marvellous development of tramway 
and urban railway lines in America, where in certain 
towns the population has doubled in less than ten years. 
Hence it appears certain that the application of the 
methods of tramway working to po bie eallwars of a 
rapidly growing town would allow the railways to benefit 
largely from the increased traffic produced, which would 
by preference direct itself upon them. “e 

In 1907, the last year for which complete statistics are 
available for all the tramway companies, more than 
900 companies were working electrically nearly 55,000 km. 
of track. The total annual revenue of all these systems 
was 1.96 thousands of millions of francs in 1907, and for 
New York alone it reached 1.5 thousands of millions in 
1910. The same year the revenue from the passenger 
service of the steam railway systems of the United 
States, 400,000 km. of route being in operation, was only 
about 3 thousands of millions of francs. ; 

Table IIT. gives a general idea of the working con- 
ditions of the tramways, as well as for the passenger 
service of a certain number of American railways 
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have recently carried out important electrifications. Of 
the above 55,000 km. of electric tramway route, 98 per 
cent. are operated by continuous current and about 2 per 
cent. by = 2 current. From the actual results 
obtained with electric tramways the author is going to 
try and determine the probable economic conditions for 
the electrical operation of suburban railway lines using 
continuous current or single-phase current. 


Taste IIT. 

















2 dale 
Ss .|3 
2 | = ie oF ae 
| > | 2s HE BES | Ee 
| Ba | #2 (|S8si >| Bta 
gs | = |gekles | 3 
&=| ¢@ pe 2s | gas 
= . } 
Length in) route ..| 55,000 | 382,000 | 8,260 | 5,760| 6, 
km. track .-| — | 650,000; — _ i ae 
Initial expenses per km. | 


in francs owe 
Passenger receipts 
(1907) in thousands of | | 


millions of francs ..| 1.96 | 29 | — fe | — 
Re- )) passengers } 
ceipts | (1910) | — 3,230 | 135 | 160| 170 
in mil- { goods (1910) _ 9,900 | 156 | 305 585 
lions J total... ..| — | 14,800 | 375 | 635! 900 
Approxi- ) passengers; — | 8,500 |48,000/37,500 33,000 
mate re- | is ..| — | 26,000 |48,000|54,000| 95,000 
ceipts per J total |. 40,000; 37,000; — | — | — 
km. in frs. 


| | | 
Receipts per passenger | } 

centimes| 24.1 — _ |— — = 
Receipts per passenger- 
km. ee 


| i 
centimes| — | 61 | 5.48 | 5.62 | 6.25 

Average number of pas-' | | 
sengers per carriage — — | 25/163 | 15.9 


Ratio of working ex- 
penses to receipts, per | 
cent. .. -- about, 60 66 | C6 61 63 
Expenditure in france 

per vehicle-km. . | 0.50 0.265 0.45 | 0.24 | 0.275 
Re- = vehicle-km.| 0.85 | 0.400 | — | — | — 
ceipts | per passenger-| | | | 

in | carriage and! - | 

| 0.665 | 1.78 | 0.78 | 0.775 


francs) per km. | 
carriages .. «=| 70,016¢ | 47,085 | 2,628) 2,437| 2,301 
G 


2 
a 


Number of passenger- 
Number of wagon: 18,625 | 2,243,236 {39,619 74,934| 148,535 





* These figures are only concerned with lines worked directly ; 
the New York Central and Pennsylvannia systems comprise 
respectively 34,000 km. and 26,000 km. of track. 

+ Including 68,874 motor-cars and 117 electric locomotives. 


Capital Expenditure.—The capital cost of a railway 
differs very widely from that of a tramway, and this is 
due, as has been said above, to the entirely exceptional 


Taste 1V.—Cost of the Continuous-Current Installation 
from Camden to Atlantic City. 


| 
Total Cost |FTOPOr: 





| Power :—Number 
| and Cos in Francs. tion per 
| | Cent. 





Central Station:— | 
Equipment .. --| 8000 kw. at 410 fr. | 3,300,000 | 
per kw. 
Buildings, founda- | 25.2 
| 


tions, land, fuel 


pot nd a _ . 1,820,090 | 
Feeders .. o> ..|113 km. at 11,000 fr., 1,240,000 _ 
Sub-Stations :— | 
Buildings .. 17,000 kw. at 126 fr. 370.000 \37 4 
Equipment .. per kw. | (2,150,000 2 
Working Conductor:— | 
Third rail .. ..|213 km. at 13,750 fr.' 2,930,000 = 
Trolley wire ..| 32 kin. at 13,000 fr. 415,000 | — 


Rolling-Stock :-- | 

93 motor-cars (wood)| 
of 43.5 tons ..| 98km. at 63,000 fr. | 5,800,000 

15 ditto (steel) of 47.5) 


Railbonds .. .. (245 km. at 2,140 fr.| 526,000 | 


| 37.4 








| 

| 

tons (480 horse-| | 

power) .. ..| 15 km.at100,000 fr. | 1,500,000 | 

Shops .. a on] — 240,000 
| 100.0 

| 


Totals .. wel _ 20,300,000 | 


conditions under which railways in the United States 
were constructed. The tramway companies which have 

mn formed, and are working under normal conditions 
analogous to those of the European companies, have a 
capital (about 336,000 francs per kilometre) almost double 
that of the railways. 

At the same time electrification notably increases the 
first cost, especially for railways. It can be stuted that 
the corresponding cost lies between 100,000 francs and 
200,000 francs per kilometre of single track. : 

As an_ example, the author gives an analysis in 
Table IV. of the cost incurred by the Pennsylvania 
Railway for the installation of the continuous-current 
line from Camden to Atlantic City (West Jersey and 
Seashore Railway). The cost per kilometre of single 
track comes to about 100,000 francs. 

Owing to the absence of exact mga of the initial 
cost of American railways actually working with single- 
phase current, only the estimated cost for single- 
working on the lines entering Boston is set out in Table V. 
This was published in the report of the Board of the New 
York, New Haven, and Hartford Railwa: Company of 
November 15, 1910. The estimated cost sae out accord- 





ingly at 227,000 francs per kilometre of single track, 

including trailers, and 190,000 francs without trailers. 

_ The cost of electrification varies considerably for each 
and without wishing to draw any comparisons in 

regard to these different tables, other than that the 

initial cost of the lines is necessarily higher with single- 
® current than with continuous current, the author 





TABLE V.—Estimatep Cost or Sincig-PHase EvxcrriFicaTION OF THE Lings RUNNING INTO Boston 
(New York, New Haven, anp Hartrorp Ratway). 





Cost per Item. Per- 
— Size of Installation. 2. Total in Francs. | eont 
Central station 60,000 kw. 515 =| ~—- 81,000,000 ~=|—«aASss 
cat 25 km. at 4 tracks 128,000 
Transmission line and overhead worki a Wee 4. eso00 || 
smission line and over working con- a 0 
ductor oe a 7: a ~ sé 179 2 miscellaneous 12,000 19,800,000 | 18 
—_ | | 
743 226,000 } 
Terminus and repair-shop.. .. .... _ ae 9,600,000 4 | 
Light passenger locomotives * ie a 113 206,000 28,800,000 } 
Heavy passenger locomotives .. .. .. 49 232,000 11,600,000 | s6 
Motor-cars & De a me = si 282 154,000 36,800,000 } . 
Trailers .. ie ea Se ca -_ oe 377 68,500 26,700,000 
Rolling-stock spares. . - a és ws - ~_ 3,270,000 
Block system .. _ om * at on _ —_ 9,000,000 5.3 
Totals “~ bd ‘a * ea 743 kim. _ 168,000,000 100 


will merely state that the expense of electrification may | ences that exist in the conditions under which the current 
reach 200,000 francs per kilometre of single track. is generated. 

From the point of view of working expenses, complete| From this it may be inferred that the cost per car- 
particulars are already obtainable in the case of the | kilometre on the tramways, which is 0.5 franc for con- 
continuous-current installations carried out during the | tinuous current (see Table III.), should come to 0.59 to 
last few years on various railways. The companies | 0.60 franc for single-phase current, as a result of the 
which have carried out their electrification with single- | greater cost of repairs and maintenance. All the other 
phase current are much more reticent in supplying par- | working conditions are supposed to be the same. The 
ticulars ; but some idea can be given as to the cost of | differences between these systems of traction as applied 
each system by cusaining the statistics published each | to railways should be much greater, judging by the 
year by the Inter-State Commerce Commission and by | general working results of the New York electrified 
the Public Service Commissions of the different States. | suburban lines running into the Great Central terminus. 

In Table VI. are indicated the general results of work- | The total annual cost, given in detail in Tables VIII. 
ing with continuous current on the line from Camden to | and IX., comes to 2,891,436 francs for the New York 
Atlantic City (West Jersey and Seashore Railway). Central Railway, and to 4,521,267 francs for the New York, 


Tasix VI.—Working Results. |New Haven, and Hartford Railway for the year 1911. 


|The number of tractors in service in 1911 was 47, of 
| 2000 horse-power, and 137 motor-cars, of 400 horse-power, 


— | 1910. 1909, 1908. 1907. | for the New York Central Railway ; and 47 locomotives 
| | a —n—=== | of 1000 horse-power and four motor-cars of 600 horse- 
ow ——S | power for the New York, New Haven, and Hartford 
kw.-hours 23,312,5C0 23,551,200 22,887,600 21,118,800 | Railway. The number of trains per day was, at the end 


| of 1912, about 400 (including shunting) for the New York 
| Central, and 200 for the New York, New Haven, and 
| Hartford Railway. In the absence of official particulars 


Energy supplied by 
the sub - stations 
kw.-hours 71,972,300 _ _ _ 


Efficiency of the trans- . | of the traffic on these two railway systems it is, un- 
ye a Oe 0.784 0.738 0.722 | fortunately, impossible to determine the cost per car- 
Oost ye 12.60 = Oe ~s kilometre, which would have been of considerable interest. 


From the number and importance of the electrical in- 
stallations which have been completed in America, all 
of which are working satisfactorily, it is evident that the 
problem of the electrification of subur ilway lines 

ives rise to no technical difficulty, and that it has 

me almost exclusively financial and economic in its 
nature. It is proposed next to examine in a general and 
necessarily approximate way the relation that must exist 
between the traffic and the expenses in order that 


Cost per kw.-hour at 
the power-station 
centimes) 2.8 2.8 | 806 3.5 
Consumption of fuel 
perkw.-bour kg.| 1.47 150 | 1.52 1.67 
Annual number of 
car-kilometres (3.5) | 
carriages per train), 7,350,000 6,600,000 - _ 
Total net cost per car- 
kilometre—_elec-| 


tricity—in francs..| 0.58 0.60 | 0.65 _ electrification may be remunerative. 

Total net cost per car-| . 
kilometre—steam— | | | TasLe VIII.—Summary of the Working Expenses of the 
infrancs .. = .., 080 | — | 0.71 _ Electrical Lines of the New York Central and Hudson 


( 


” : isis River Railwags. . 
Similar results are obtained on the other lines. Notable Continuous & tearm Z 
differences exist between one system and another, for the | 

| 1908 | 1909, 1910. 1911. 


cost car-kilometre comes to 0.75 franc_on the Long = 
Toland Railway, and to 0.40 franc on the Pennsylvania “ah hal” tr a 
Railway (New York lines). These discrepancies are | Upkeep of the! P vest rel ‘ , 
easily explained by the different operating conditions, | electric  trans-| 
and also ov a — methods of generating and Roy — 1,119,872.65| 325,768.40! 447,735.85 611,637.50 
utilising the electrical energy. pkeep 0 e 

The system of traction in particular playe an important Rage a 236,323.20, 161,298.40) 262,480.05 223,561.60 
part in determining the net cost, and, in this respect, the | ‘motor-cars .. 174,574.70, 100,667.05, 97,870.00 98,880.65 


author has found interesting and instructive comparisons | Upkeep of the 
between the working of continuous and alternating-| power-stations  174,574.70| 100,667.05) 143,546.25 183,891.50 
current lines in the statistics which the tramway com- | Electricians— 
panies supply each year to the Public Service Com-| Drivers... 1,001,221.80 937,856.20, 851,217.75 670,722.05 
missions of the various States. A correct comparison | Po wer - station 
can be made for tramways which have employed since | pieSvical cadens 
their construction a single system of traction, since the | ‘pought from out- 
accounts of all such undertakings are drawn up in an} side Ss mn 
absolutely uniform manner in accordance with a scheme 
prepared by the Federal Government and the Govern- 
— of 3 a States. le at : 

ve en three systems ope with continuous 
current, and shall refer to them as C), Cy, Cs, also three —. “ 
single-phase tramways, which I shall call A), Ag, A;, for! mission... .. 309,406.85 18,622.40 681,334.70' 529,965.90 
which the conditions of traffic and working are a’ Upkeep of the ; 
lutely , oe — and ko Table Ves have set ~~ the a “ 143,479.00 1,322,025.60| 726,062.45, 847,901.15 
cost, oned per car-kilometre, of the repair and main- > 
need of oe ee a the working conductors, Upnewp ef the S05,7OR 70, ITE,TERSS) 214,00095 
also the eost of running the sub-stations. e table wer-stations | 105,695.60  298,261.60| 189,303.70) 153,485.45 
contains particulars of the number of workmen—per car thectriel 
in service—en in the depots and sub-stations.| Drivers... .. 
These latter details have not been taken from the official | Power station 


648,359.25 639,593.95 1,068,552.90 1,198,116.60 


12,787.45) 11,850.15) 10,413.30 10,868.25 


* 
Totals .. 3,367,713.75 2,277,700.80|2,881,816.70 %,891,436.60 
Single-Phase Current. 


164,413.75 


299,266.50 745,956.90) 780,738.50 819,246.55 





654,621.65 1,217,573.30 1,184,891.40 1,225,586.76 





statistics. L .. . APSR 
Electrical energy 
Tasie VII. | bought from ou:- 
(Gost per Car- Number of Persons per Car | side os .., 205,927.90 907,908.95) 500,997.15' 780,667.90 
Systems. — in . ten > —— and Sub- | = 
es. tations (froin the | ‘ ne 
Cc; 7.80 1.5 “ | TasLe [X.—Summary of the Working Expenses of the 
Co gét se 7.80 1.7 Electrical Lines of the New York, New Haven and 
C; oo ee 8.27 1.6 Hartford Railway. 
: — —- Continuous Current. 1911. 
Average oe 7.95 1.6 Fr. 
A) - s 17.1 2.4 Upkeep of the electric transmissio “i 93,934.20 
Ao ee ea 16.5 3.4 FA bo locomotives .. oe ae 132,427.10 
As > oa 20.3 3.4 é a motor-cars .. & ea 2,399.90 
— — “ ~ power-stations be ae 94,662.15 
Average .. 17.6 3.06 Electricians—drivers .. és os o 360,271.30 
"6 “ ; . Power-station wages .. - ww ' 436,627.30 
Diievence 17.6 ans 9.65 contimes per car k@ometre. Mioctrienl energy bought trom rutside ‘08 95 
We have intentionally omitted any comparison of the at ms 
cost of electrical energy, on account of the great differ- | Genes se"; 1,198,845.25 
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The initial cost of the electric lines, which has been 
set out above as 200,000 francs per kilometre for a single 
track, is of the same order of magnitude as the ae 
capital of the companies per kilometre of line (194,00 
francs). That is to say, that if electrification were uni- 
versal, it would actually represent an increase in capital 
of about 100 per cent. ; but this cost could be provided 
for by a sinking fund spread over ninety-nine years, in 
accordance with the usual practice in the United States, 
and as the lines are conceded to the American companies 
in etuity, consequently at a very low annual charge 

It will be admitted then that the revenue per kilo- 
metre of single track is encumbered in the case of elec- 
trification by a charge of 10,000 francs, corresponding 
with the rate of interest and repayment at 5 per cent. on 
the capital of 200,000 francs. Under these conditions, 
if 

1. The net cost per car-kilometre is 0.6 franc (0.5 franc 
for tramways) ; : 

The average cost of transport x4 passenger-kilo- 
metre is 0.06 franc (0.0621 franc is the average for all 
railway systems) ; : p 

3. The total annual number of car-kilometres per kilo- 
metre of line be represented by N (average traffic per 
kilometre) ; 

4. The average number of ngers per car be repre- 
sented by f (ave density} : 
then the alate Deaeean the traffic and the annual 
revenue will be as follows for a ratio of working expenses 
to receipts of 60 per cent. :— 


60 
0.60 N + 10,000 = 0.06 N f io" 
The relative values of N aud fare shown in Table X. 
Taser X. 


— 


Average Value of N. — 0.06 Nf. 


Number 
of 
Passengers 
per Oar 
(Density /). 


| Average Daily Annual Receipts 
Number of per Kilometre 
Journeys per in Francs for 
Kilometre. Single Track. 


Number of 
Journeys 
of the Cars 
per Annum. 


570 
228 
142 
104 
} 81 
| 
The receipts per kilometre and the average number of 
passengers per car on the three railway systems serving 
New York are as in Table XI. 


Tasie XI. 





Average 
yerage pe Average 
| Receipts per eek | Number of 
Kilometre kilometre in 
in Francs. “Francs. | 





New York, New Haven 
and Hartford... es 

New York Central.. 

Pennsylvania Railway 


0.0562 
0.0625 


A comparison of the receipts calculated from the above 
formula and the actual average receipts per kilometre of 
line on the three systems under consideration shows 
that the passenger traffic of the New York, New Haven, 
and Hartford Railway, which is quite exceptional, would 
almost justify a general electrification of the lines of that 
company. For the New York Central Railway and the 
Pennsylvania Railway the electrification should 
restricted to those lines where the average traffic per car 
is sufficient. But it should be mentioned here that a 
systematic adaptation of the method of working tram- 
ways to suburban railways is of such a nature as to pro- 
duce a notable increase in the mean traffic per car, and 
consequently electrification can be justified even in those 
cases where the mere substitution of electric locomotives 
for steam locomotives might appear to be financially 
unsound. ; 

It has just been shown that the electrification of 
suburban lines leads to, without always necessitating it, 
the use of a new method of working. It is also interesting 
to examine in detail the case of the New York suburban 
area, where only partial use has been made of the method 
in question, and to take account of the reasons which 
have caused the present arrangements to be adopted. 
The suburban lines of the New York Central Railway 
supplied with continuous current are worked by means 
of motor-car trains of variable composition, while, on the 
other hand. the lines of the New York, New Haven, and 
Hartford Railway suppliec with single-phase current are 
worked solely by means of ordinary trains hauled by 
electric locomotives. In these two systems the electric 
locomotives shunt, as well as haul, the main-line trains 
over all the electrified sections. 

The Pennsylvania Railroad uses electric locomotives 
almost exclusively for bauling trains out of New York 
City. The immense works carried out by this company, 
such as the tunnels under Hudson River and a terminal 
station in the centre of New York, had as its object the 


connecting of the Jersey lines with those of Long Island | P®T 


by crossing Manhattan Island, and of allowing large 
trains from Philadelphia and Washington to depart from 
the very centre of New York City. 

Before examining the technical reasons which have 
perhaps caused the retention of old methods of working 
in the case of single-phase current, it should be 
mentioned that the use of electric traction on the under- 





TABLE XII 


ition 


Weight of 
ion Tracto: 


rs in 
Tons. 


| Com 


Name of System. of 


Total Lin a 
of Train in 


Horse- Power 
per Ton of 
Train. 


Horse- 
Power of 
Tractors. 


Seating 


|Weight er 
Capacity. Seat.” 


Tons. 





48 per motor- | 
car of 480h.p. 7 
3 trailers (2 motors) J 
8 cars 
1 locomotive } 
8 trailers 


New York Central 108 per loco- 
motive of 
2000 h.p. 

79 per motor- 


3 cars ) 
car of 600 h. p. { 
/ 


1 motor-car 
New York, New Haven, and } 2 trailers 
Hartford i ae oy {i cars 


(4 motors) 

102 per loco- 
motive of; 
J} 1000 h.p. 


8 cars ‘ 
5 = 


L locomotive 
6 trailers 


kg.* 


518 670 





608 


228 


375 456 


* The Americans, who are, moreover, the true inventors of tramways and urbau railways, wherein busy hours the number 
of passengers standing is usually greater than that of the passengers sitting, are unwilling to allow on their railways a 


systematic overcrowding of 


ngers, even in the case of suburban trains, and as their scale of charges is relative) 


high (almost double those of French railways), there is no need for them to revert to this crude method of obtaining 


remunerative working. 


. Bion J. Arnold published in 1906 and 1907 a remarkable report on the improvements which could be carried out in 
the service of the New York Subway, where he was, I believe, the first to study the whole of the arrangements 


available for ene 
traction, together wit 


the carrying capacity of a railway. 
the cars of the American type, having plenty of room between the seats, so as to facilitate th: 


In his report Mr. Arnold shows that the use of electric 


movement of passengers, allows 30,000 to 40,000 passengers per hour to be carried on a single track. The analysis of 
Mr. Arnold shows implicitly, moreover, that the carrying capacity per hour depends much more on the type 
of carriage than on the method of traction employed, and that the main factor in the increase of the capacity is 
merely a question of the systematic handling of passengers during busy hours. 


age lines entering New York has been insisted upon 
y the Government owing to an accident caused by 
signals being obscured by the smoke of steam locomotives. 
The electrification of the terminus has been effected in 
this case because it would allow the adoption of under- 
ground stations. The resulting increase in the traffic 
capacity of these lines and stations has been considered 
as a fortunate result of a decision brought about by 
totally different considerations. Thus the design of the 
installation m carried out so as to profit from all 
the working facilities obtained with electric traction. 

It is by using electric trains with their rapid accelera- 
tion and powerful brakes, and also the block system 
with i short sections, that it is hoped to obtain a 
service of 50 trains per hour and per track, which alone 
can give for the two double tracks entering the Great 
Central terminus a revenue-producing capacity worthy of 
the station. This station, with its 67 tracks of an aggre- 
gate length of 51 km., covers an area of 180,000sq. metres, 
and it can deal with 70,000 passengers per hour. 

All the trains entering New York from the. lines of the 
New York Central and Hudson River Railways, and 
from those of the New York, New Haven, and Hartford 
Railway, meet at the Great Central terminus. These 
trains pass through a four-way tunnel which opens out 
into two fan-shaped groups of platforms arranged in two 
storeys.* 

The up of tracks used for the suburban services 
forms the lower floor, and the main-line tracks the upper 
stage. The trains approach the lower platforms by four 
tracks on a gradient ; two of the tracks are allocated to 
the trains of the New York Central Company. and two 
are used by the trains of the New York, New Haven, and 
Hartford Company. 

These groups of tracks comprise :— 

A suburban group (lower stage), 25 tracks, of which 14 
are cul-de-sacs, 8 are arrival tracks looped with 3 de- 
parture tracks; 17 tracks are supplied with platforms, 
2 of which are reserved for luggage. Space is provided 
for the ultimate addition of five more tracks, to the west 
of the station. Main-line group (upper stage), 42 tracks, 
of which 35 are cul-de-sacs, 4 are arrival tracks looped 


be | with 3 departure tracks ; 6 tracks are reserved for luggage, 


2 for the postal service, 3 for the express companies, and 
5 for the temporary warehouse. 

The trains arriving at one side of the station can be 
taken to the departure platforms without any shunting, 
by means of large loops which are provided on eac 
storey, and which unite the two sides of the Great 
Central terminus. By this arrangement locomotive trac- 
tion will thus not reduce the capacity of the station, 
which will, as has been mentioned above, be limited 
solely by the number of trains that can enter on the four 
arriv: 

The railway termini of New York being marshalling 
stations, it is exceedingly easy to provide the requisite 
number of seats in the trains at each moment of the day, 
according to the number of passengers ; and the average 
density per car of thirty to forty travellers can be reached 
in practice with the ordinary method of working. 

s I have previously stated, the New York Central 
Company guarantee a suburban service by means of 
motor-cars, whilst the New York, New Haven, and Hart- 
ford Company employ almost exclusively locomotive trac- 
tion. The four horse-power single-phase motor-cars 
in service on this system only ensure a few trains a day. 
There is reason to believe that the use of single-phase 
motor-cars has not been extended on the lines of 
New York, New Haven, and Hartford Railway owing 
to the weight and high price of these tractors. In 
Table XII. is given, for the various compositions of the 
trains with motor-cars or locomotives of the two systems, 
the power per ton of the train, and the total dead-weight 
seat. 

It is seen that with motor-cars 6.8 horse-power per ton 
of train for continuous current, and only 3.5 horse-power 
for single-phase current, are available. The dead-weight 

* This station is shown on the Plates X LI to XLIV. 
in this number of ENGINEERING, and is described in the 
article appearing on page 725. 





a seat is 670 kg. for continuous current, and 750 kg. 
to) 


r single-phase current. 

Even by admitting that the cost of traction is exactly 
the same for the two systems, single-phase working will 
be more expensive than continuous-current working by 
reason of this extra weight. The service will certainly 
be inferior, owing to the insufficiency of power of the 
motor-cars, is lack of power, which has been observed 
in almost all the Amercan single-phase installations, is 
not solely the result of the use my a frequency of 25 periods, 
On the railway lines in the Bernese Alps—in the Litsch- 
berg Tunnel, for example—it was expected to obtain a 
passenger service by means of motor-cars using single- 
phase current at 15 periods, and of which the weight was 
to be kept to 55 tons, and which were to have been fitted 
with four 250-horse-power motors. When the equip- 
ments had been constructed, it was recognised as impos- 
sible to place four motors on the cars without exceeding 
the prescribed weight, and now these motor-cars have 
only half the horse-power originally intended. 

A similar instance could be given for locomotives: 
locomotives of the same total weight of the New York, 
New Haven, and Hartford Railway have a power only 
about half that of the New York Central locomotives, 
and their power is insufficient to guarantee the service 
for which they were intended. oreover, the cost of 
upkeep and repairs has risen considerably during the 
first years of their use. 

In Table XIII. is given the annual cost of the upkeep 
and repairs of the continuous-current locomotives of the 
New York Central Railway, and of the single-phase 
locomotives of the New York, New Haven, and Hartford 
Railway, deduced from the statistics published b 
Inter-State Commerce Commission (Chap. 32 o 
Statement of Expenses), 


TasLe XIII. 


the 
the 


Cost of Upkeep and 
Repairs per Loco- 
motive per Year. 


Number of 


, Total Annual 
Year. Locomotives. Coat. 





h. fr. 
New York Central (Locomotives of 2000 Horse-Power). 
1908 236,323 5,000 
1909 | 161,298 8,420 
1910 | | 262,480 5,550 
1911 | 223,561 4,750 
New York, New Haven, and Hartford (Locomotives of 
1000 Horse-Power). 
143,479 
1,322,025 
726,068 
847,901 


41 
41 
47 


1908 
1909 
1910 
1911 


32,000 
17,000 
18,000 


It will be seen that the cost of the upkeep of the 
single-phase locomotives, which amounted to 3200 francs 
per locomotive in 1909, was considerably reduced in 1910 
and 1911, owing to the use of two coupled Jocomotives 
for drawing heavy trains. e cost per locomotive- 
kilometre is shown in Table XIV. This has been deduced 


TasLE XIV.—Cost of Upkeep and Repairs per 
Locomotive- Kilometre. 


-— | 1909. 


1910. 


1911. 
fr. fr. fr. 


1912. 
New York, New Haven, fr. 
and Hartford (locomo-| 
tives of 1000 h.p.) aot. we 
New York Central (loco-| 
motives of 2000 h.p.) ... — — 


0.215 0.225 


ad 0.106 
Steam Locomotives. 
TT 


Whole of 


| ‘ New 
Electric Locomo- 
| tives of 2600 h.p. Pan 


Pennsylvania Ry. (1911).. 0.215 0.371 


for the New York, New Haven, ond “Hartford Railway 
from the preceding tables, for the New York Central 
Railway and for the Pennsylvania Railway from ‘he 
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tistics given by Messrs. Gibbs and Katte in papers 
ae wh the Railroad Club in New York in 1912 and 
1913. Mr. Gibbs also gave, for purposes of comparison, 
the cost of the whee cod repairs of steam locomotives 
on the Pennsylvania way. — 

Main-Line Services.—There exist scarcely any examples 
of the application of electric traction to the main lines of 
the United States railways; and the extension of the 
electrification of the suburban lines of the New York 
Central Railway to Albany, and of those of the New 
York, New Haven, and Hartford Railway to Boston, are 
still under consideration. But these schemes are exceed- 
ingly interesting, for they give a general idea of the inves- 
tigations being carried on in America on this important 
question. : ‘ 

The only two systems of traction actually considered 
in America to capable of giving satisfactory results 
in drawing heavy trains over considerable distances 
are the high-tension continuous-current system at 1200, 
1500, or 2400 volts, and the simple alternating-current 
system at 11,000 or 22,000 volts and a frequency of 25 
periods. Three-phase traction seems systematically ex- 
cluded in the United States, and its use only eppeare to 
be seriously considered in the case of lines with heavy 
gradients. With continuous current it is probable that 
the pressure will be-limited to 1200 volts, at least for the 
electrification considered by the New York Central Rail- 
way, so as to beable to retain without change the inverted 
third-rail conductor, which seems to be giving every 
satisfaction. ; , 

As regards ordinary alternating current, there is reason 
to believe that a method of supplying current will be 
adopted similar to the three-wire continuous current 
distribution by connecting the running rails to the centre 
of a transformer winding at 22,000 volts, of which the 
terminals would each be connected to one of the two 
overhead conductors serving adjacent lines. This arrange- 
ment will allow a reduction of the very considerable fall 
of pressure which occurs even in the case of single-phase 
distribution at 11,000 volts. tthe 

The crossing of these outer conductors, shown in Fig. 2, 
is for the purpose of producing to some extent automatic 














compensation of the electrostatic and electro-magnetic 
inductive effects on neighbouring telegraph and telephone 
wires. It has not been possible to avoid by any simple 
arrangement the very serious troubles experienced in the 
working of such wires, due to the presence in their neigh- 
bourhood of conductors carrying large high-tension single- 
ee currents ; and both in America and Germany it 

been necessary to replace the overhead network of 
telegraph and telepbone wires by underground cables 
near railway lines. The cost of this alteration has been 
entirely defrayed by the railway companies, and the cost of 
installing single-phase teetienbas thereby been increased 
to a considerable extent. 

Whatever system of traction be adopted, the ordinary 
method of working railways ought to be retained, and 
the trains should be drawn by as powerful, light, and 
fast a locomotive as possible. None of the secondary 
reasons which in the case of suburban trains operate in 
favour of electric traction should be considered in the 
present instance ; and it is only the respective advantages 
of steam-locomotive traction and electric locomotive trac- 
tion which must be taken into account. 

_ First of all, we must compare the actual conditions of 
introducing, and the functional characteristics of, steam 
and electric locomotives, so as to determine in what 
direction the investigations of manufacturers should tend. 
The introduction of superheating and the use of auto- 
matic stokers have brought to steam locomotives improve- 
ments far greater than those made in electric locomotives 
by the use of high pressure or of forced ventilation for 
the motors. Fig. 3 illustrates the relation between the 
; we and the continuous draw- pull which can be 

ined from modern ane electric locomotives and 
steam locomotives, and which are realised in Americaa 
practice with each ty In respect of power, weight, 
and first cost, the cieemtiige without doubt lies with 
steam -locomotives, 

The very powerful ‘‘ Pacific” and ‘‘ Atlantic” types of 
locomotive actually in use in America, which at a speed 
of 120 km. per hour can give continuously about 2600 
indicated horse-power and 1800 draw-bar horse-power, 
weigh only 143 tons, with 90 tons for adhesion. Their 
power can probably be still further increased by the use 
of grates of 7 to 8 sq. metres, which would not hand- 
fired, but which, provided with automatic stokers, would 
be able to burn 2500 kg. to 3000 kg. of coal per hour. On 
the locomotives of the Pennsylvania Railway eighty Craw- 
ford stokers are in use, and have burnt per hour, over a 
period of five consecutive hours, 2500 kg. of . contain- 
ing 10 per cent. of ash, when a strong stoker could hardly 
a by hand a rate of 1500 kg. to 2000 kg. of coal 

our. 

The electric locomotives of the Pennsylvania Railway, 
Weighing 150 tons, with 90 tons for adhesion, can only 
develop, at speeds of 100 km. to 110 km. per hour, 1300 

-power at the axles, and about 800 draw-bar horse- 
Power. The most recent express sin; peyeaee locomotives 
of the New York, New Haven, oat artford Railway, 
Weighing 92 tons, scarcely give at 90 km. per hour 700 
Ih ‘power at the axles and 400 draw-bar horse-power. 
tis necessary to notice that in the steam locomotives the 
Weight of the driving apparatus (cylinders, connecting- 
pistons, slide- valves, valve-gear, &c.) scarcely 





amounts to 10 tons for about a 2000-horse-power locomo- 
tive—-that is to say, 5 kg. per horse-power; whereas the 
weight of the totally-enclosed ventilated electric motors 
is | ong more than 12 kg. per horse-power. 

he electric locomotives, of which the arene | 
characteristics have been given, were really construc 
with a view to developing their maximum power at a 
speed of about 60 km. per hour, corresponding with a 
suburban service, which is their true field. In the United 
States there are no continuous-current or single-phase 
locomotives which are really very powerful at their 
maximum running speed, whereas we find very interest- 
ing examples in Europe of three-phase locomotives. The 
locomotives now in use in the Simplon Tunnel develop at 
70 km. per hour a draw-pull of kg. ; the new loco- 
motives which are under construction, however, will 
weigh 86 tons and will develop 3000 horse-power at this 
same speed of 70 km. per hour. The Italian State Rail- 
ways, also using three-phase equipment, have actually 


ordered ten locomotives able to develop 2000 to 2400/ been 


horse-power at 100 km. 
Fig.8. 
Electric Locomotives 
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Without leaving actual facts, to which Iam confining 
myself here, it may be noticed that, whilst the three-phase 
locomotives can develop their maximum power at a time 
when this power can be fully utilised—#.e., at fullspeed— 
continuous or single-phase locomotives—t.e., machines 
with a series characteristic—only develop their maximum 
power at as 50 or 60 per cent. of their maximum 
speed. My idea ie really as follows: whilst tractors 
having a series characteristic appear to me quite suitable 
for suburban service—i.e., for drawing com tively 
light trains at a high acceleration and at a low mean 
speed—those tractors with a shunt characteristic are like- 
wise perfectly adapted for main ‘ine working—i.¢., to 
drawing heavy trains at high speeds on long stretches of 
track where the gradients are small and where accelera- 
tion is only of secondary importance. i 

With the single-phase, and perhaps also with con- 
tinuous-current locomotives, it will be possible to reduce 
considerably the diminution of power as the speed in- 


creases ; and ibly motors will be obtainable capable 
of working, like the steam locomotive, at roximately 
constant power over a wide range of speed. e realisa- 


tion in practice of such a characteristic would be an 
important improvement, which would allow electric loco- 
motives to great flexibility of speed, whilst en- 
suring a valuable equalisation in the demand on the 
central stations. It will therefore be necessary for main- 
line traffic to obtain electric tractors having a very re- 
duced consumption of energy, since steam — mp give, 
from this point of view, exceedingly noteworthy results. 
In the latest superheated-steam locomotives built by the 
Pennsylvania Railway the consumption has been reduced 
per useful horse-power at the draw-bar to 1.2 kg. of coal 
and 7.5 kg. of steam—t.e., useful kilowatt-hour at the 
draw-bar of 1.63 kg. of and 10.2 kg. of steam. It is, 
of course, impossible to obtain in ordi running & 
result as economical as that just mentioned, which was 
obtained on test, but the difference is not, as a matter of 
fact, very considerable, owing to the steam locomotives 
having been designed for a particular service, which 
allows them to be worked almost continuously at their 
economical load. : : 
The continuous-current and ordinary alternating- 
current electric locomotives actually appear able to giv 
at any rate on the main-line services, almost as quod 
results as regards the amount of energy consumed in 
hauling the trains. The losses of energy in the trans- 
mission lines, the transformers, or the sub-stations, and 
in the locomotives themselves, are quite comparable ; in 
fact, they would be, as a matver of fact, a little less in the 








case of continuous current than in the case of single- 

hase current if the ee) te measured, as is only — . 

y the useful load (tons) hauled, at the draw-bar of the 
locomotives. From this point of view three-phase loco- 
motives would be far superior to the others, as their 
weight would be considerably less, being something like 
30 kg. per horse-power. The lightest single-phase loco- 
motives that have been built, at least in America, weigh 
more than 60 kg. horse-power. 

In the United States the question which is primarily 
occupying the manufacturers and the railway companies 
is, what method of drive to adopt for the motor axles ; 
the three American companies which have in service 
locomotives capable of hauling express trains—namely, 
the P lvania Railway, the New York Central, and 
the New York, New Haven, and Hartford ilway— 
have employed radically different methods—viz., con- 
necting-rods, a direct drive, and a drive through gear 
and a hollow shaft. These arrangements have frequent 
described in detail in the technical Press, and n 
toe : here. 4 It will suffice ee 
use 0} es for weight- ing purposes only, wit 
the object of ensuring stabil ity in running and easy 
negotiation of the curves, is an unfortunate necessity 
which it, ap to me, should be excluded at all costs. 

The obtaining of high-speed locomotives with total 
adhesion and as light as possible appears to me to be the 
vital problem of main-line traction. The New York 
Central Railway and the General Electric Company are 
actually experimenting with 2400-horse-power 600-1200- 
volt total-adhesion locomotives. The locomotive com- 
prises eight two-pole motors, each of 300 horse-power, 
~eenee by their field-magnets and with the armatures 
built direct on the axles. These motors, which will be 
coupled two in series in the case of a 1200-volt track, are 
similar as regards their arrangement and construction to 
the existing locomotives of the New York Central Rail- 
way, having a direct drive. The reduction of the polar 
arc, a large air-gap, and a strongly eaturated field, allow 
the motors to operate without sparking at all currents, 
and the driving-wheels to slip without inconvenience ; 
these wheels, moreover, are only loaded to about 12.5 tons 
per axle. This locomotive is articulated throughout, the 
ee body resting on two two-axle trucks, each fitted 
with a bogie. The total length is 13.9 metres, and the 
distance between buffers 16.825 metres. The manu- 
facturers hope, in spite of the very low height of the 
centre of gravity above the rails, to obtain satisfactory 
running without dangerous oscillations at high speeds. 
This arrangement of the motors, which is extremely 
useful from the point of view of repairs and maintenance, 
is, from a mechanical point of view, the exact opposite of 
that chosen by the Pennsylvania Railway. Only experi 
ence will show what is the relative importance 
advantages and disadvantages of each type. 

The Pennsylvania Railway has been making Sutas 
the last few years some exceedingly interesting tests wit 
a view to determine the best arrangement to adopt for 
driving electrically the axles of the powerful locomotives 
which they propose to build. The company to 
measure the lateral force to which the rails are subjected 
at the moment when heavy locomotives of various types 
are passing at various speeds. For this eee the 
running rails have been moun on specially pre 
chairs capable of displacement at right angles to the 
direction of the track, and in doing so bearing upon or 
pressing a point of hard steel on a fixed bloc er ten | 
an indicator of soft steel. If a lateral blow is produ 
on the rail, the point digs into the indicator, and the 
dimensions of the dent enable the amount of the shock to 
be determined. It is, in short, an application of Brinnel’s 
method on test planes of known ness. It is thus 
possible to plot a curve showing the lateral reactions of 
the locomotive wheels on the rails. 


Tasie XV. 


the 


Specification of Locomotives 
A, B, and ©. 
** Consoli- 
; Mallet. Electric. 
dation.’ 
00000 0000-0000 
Total weight in tons ‘ 172 226 160 
Adhesion weight in tons .. 88 140 160 
Weight per motor axle in 
tons.. 2s ee - 22 23.6 20 
Total length in metres .. 21.3 25.6 22.6 
Heating surface in square 
metres ee ow - 535 _ 
Maximum draw - bar pull| 
in kilogrammes .. " 83,000 | 88,000 


‘| 21,000 
In steam locomotives having a very high centre of 
gravity, and of which the axles are distributed in an 
unsymmetrical arrangement, the shocks are feeble and 
distributed in an irregular manner throughout the length 
of the track, the highest value corresponding with a 
steady force of about 2400 kg. With electric locomotives 
having a low centre of gravity the conditions are no 
longer the same, and it is proved that not only are the 
blows much more violent, but they are produced at a 
regular frequency, showing that resonance is present. 
With an experimental electric locomotive of the ‘‘gear- 
less” type the maximum blows corresponding with a 
steady force of 12,000 kg. in the case of locomotives with 
goer, were still dan 08, of the order of about 
kg. or 7000 n view of these purely experimental 
results the Pennsylvania Railway have decided toconstruct 
for lves, in their works at Altoona, locomotives 
with a very high centre of gravity, and to keep as much 
as possible to the method of drive employed in the steam 
locomotives of the t called “American.” These 
locomotives are formed in two parts, each part carrying 
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four driving-wheels and a ae ap bogie. The axles 
of the wheels are driven throug copenctingectn, cranks, 
and intermediate shafts by a 1000-horse-power motor. 

On test, the machines have given satisfactory results 
from the point of view of running, but always inferior to 
those of steam locomotives having the same arrangement 
of wheels. There is still a tendency for oscillatory 
movements to be formed, but the force of the maximum 
blow rarely exceeds 5000 kg. We thus see that in America, 
as in Europe, those railway companies who themselves 
make a study of electric locomotives seem to prefer the 
connecting-rod drive, which ves so satisfac for 
steam locomotives. The method of yoy the wheels 
through a hollow axle and .springs, used by the New 
York, New Haven, and Hartford Railway, appears to 
operate as satisfactorily as it has done on the French and 
Italian State Railways, where it has also been used: 
there is no reliable experience, however, as to the working 
of this method at high speeds and large powers, and we 
do not, therefore, know the cost of maintenance and 
repairs which it involves. I can only state that on all 
those systems where it has been adopted lengthy trials 
have been necessary. 

To sum up, it seems to me that the problem of the 
electrification of main lines can still not be considered, 
either in America or Europe, from an entirely financial or 
economic point of view. A large number of technical 
problems, which we have only outlined here, are still 
waiting a definite solution—perbaps, in the case of some 
e lems, on account of the multitude of solutions. 

{xperience will alone enable us to decide between them. 

Mountain Railways.—Numerous researches have been 
made in the United States with the view of applying 
electric traction to mountain railways, but I only know 
of a single completed installation. It must be borne in 
mind that such construction has only been adopted with 
the view of avoiding the dangers which steam traction 
presents in long tunnels. The installation in question is 
that of the Cascade Tunnel of the Great Northern Rail- 
way. Itis probable that other important electrifications 
of railways having steep gradients will be carried out 
shortly. The Southern Pacific Railway has just en- 
trusted the General Electric Company with the complete 
installation of electric traction on a long mountain line 
near Denver. On this line high-tension continuous- 
current locomotives will be used, whilst for the Cascade 
Tunnel a three-phase system was employed. 

The advantages offered by electric traction on mountain 
lines are of the same nature as those we have pointed out 
for suburban lines. The problems are very similar, since 
in both cases a large draw-bar pull must be obtained at 
a comparatively low speed ; but whilst the working of 
suburban lines seems to tend more and more towards 
motor-cars, the o tion of mountain lines calls for two 
or three locomotives in the case of long trains. 

The construction of locomotives of a low speed and 
large power no longer seems to offer any particular tech- 
nical difficulty, either with continuous-current, three- 
phase, or single-phase motors. Nevertheless, very im- 
portant applications have been carried out, both in 
America and in Europe, on the three-phase system. A 
large number of peg oe locomotives exist of a power 
equal or greater than 2000 horse-power ; the 2700 horse- 

wer locomotives which the Com ie des Alpes 
= — : having pe for _ Létsch be me will 

t rst single-phase locomotives at a uenc 
of 15 cycles % ie ae om @ mountain nit Ronny The 
wer developed by these asap ee or single-phase 
ocomotives is relatively high for their weight. The 100 
Italian three-phase locomotives, in which the weight 
is utilised for adherence, on service on the lines at Giovi 
and Modane, weigh only 60 tons for an output of 2000 
horse-power at the one-hour rating, and a speed of 45 km. 
per hour, which represents a weight of 30 kg. per horse- 
wer. h of the five single-phase locomotives for 
Ztschberg will apparently weigh 108 tons, of which 
90 tons is available for adherence, and give 2700 horse- 
wer at the one-hour rating, and 45 km. per hour—that 
is to say, they weigh 40 kg. per horse-power. The 
2000-horse-power American locomotives for the Cascade 
Tunnel are less powerful for their weight—viz., 50 kg. 
r horse-power. Ovss to their low speed—25 km. per 
our—their heavy weight—102 tons—is necessitated by 
considerations of acherence. 

I shall not refer xo the numerous current 
locomotives with total adhesion which have been con- 
stracted in America for shunting, and are capable of 
developing a large draw-bar pull, and which weigh only 
30 kg. to 40 kg. per horse-power. To sum up, we see that 
the construction of very powerful electric locomotives for 
mountain railways is not only possible, but that such loco- 
motives can use of the whole of their weight for 
adhesion (at any rate as rds continuous-current 
and three-phase locomotives). The electrification of a 
line having steep gradients thus seems, under these 
conditions, to be purely an :conomic and financial problem. 
It would, moreover, be very interesting to com from 
this point of view, the various systems of electric traction 
that are available. Unfortunately, we do not possess any 
exact figures of the financial results arising from actually 
electrified lines, as these have been in operation for so 
shorta time. In the absence of working results, we can 
only set out here the principal arguments put forward by 
American engineers in favour of the electrification of 
lines having steep gradients; the most interesting appear 
to me to be those relating to the increased capacity of 
a line, due to the use of electric locomotives, and those 
relating to the cost of working. 

Carrying Capacity of a Mountain Railway.—In order 
to show the effect that the system of eestien can have 
on the carrying capacity of the line, I propose to give 
res of which are taken from 
. de Muralt. A line witha 


ae 





a concrete example, the 
a recent investigation by 





gradient of 30 mm. metre is worked by a train having 
as great a weight afm the wale is hauled by 
steam locomotives or electric locomotives of various t 

of which the operating characteristics are shown in Fig. 5. 
The maximum ible load is calculated for each type 
of locomotive, train resistance being estimated from 
American experience, and in particular that of Mr. 
Hutchinson in connection with the Cascade Tunnel. 

I have taken for comparison the Mallet steam loco- 
motive of 226 tons weight, the ‘‘ Consolidation” steam 
locomotive of 172 tons, and an electrie locomotive having 
all its weight available for adhesion and comprising two 
tractors coupled together, giving an adhesion of 160 tons 
(Fig. 4). 

4. 
40000 


Cost per 100 Ton -Kitometres Hauled 


a 20 


Down Grade an MBlinetusperliave. 


(349/.€) 


An examination of the characteristics of the electric 
and steam locomotives shows that the great difference 
between the two systems always lies in the extent to 
which the weight of the locomotives can be utilised : 
whilst with electric traction the maximum draw-bar pull 
allowable with the given adhesion can be made use of up 
to a speed of about 35 km. per hour, with steam locomo- 
tives of the types considered the maximum "hea can only 
be maintained up to speeds of 6 km. and 12 km. per hour 
respectively. The critical speeds given by Mr. de Muralt 
appear to me to be low, and it is certain that with super- 
heating it is ible to obtain, especially with the 
** Mikado” or let @ocomotive, much higher powers 
than thoseshown in Fig. 4. In all cases thecurves of Mr. 
de Muralt have been exactly reproduced, because the 
increase of power brought about by recent improvements 
to steam locomotives appear to me to be counter ced 
by Re seater tee eaten So ++ See 
owing to leaning necessary, the frequent stoking 
the fires, and the necessity of replenishing the water and 
fuel supplies. Whatever view is taken, however, it must 
be admitted that a locometive yp tons 
develop about 5000 horse-power (1 horse-power per 





33 tons), and should be able to haul a load of 1100 tons at 
& speed of 32 km. per hour up a gradient of 30 mm. per 


metre. 

It should be noticed here that the Cascade Tunnel 
trains, weighing 2100 tons, are hauled 5 Bm electric 
locomotives, each of 102 tons weight, one being placed at 
the front and two at the back of the train; that is to 
say, each locomotive of 102 tons weight hauls a load of 
700 tons, the proportion between the weight of the loco. 
motive and the weight hauled being practically the same 
as in the example chosen. 

The curves in Fig. 5 show, as a function of the over-all 
speed, the og ! capacity in tons per kilometre of the 
line considered, the values being deduced from the curves 
of Fig. 4. An examination of these curves shows that 
with electric traction it would be possible in this special 
case to deal with a traffic two or three times greater 
than that possible with steam traction. 

Without wishing to give to these coefficients an im- 
portance which does not belong to them, it can be said 
that, in spite of the high price of electric locomotives 
(which for equal weights are about 50 per cent. more 
expensive than steam locomotives), the first cost to deal 
with a given traffic will probably be much less for electric 
traction than for steam traction. 

Working E-; .—The working expenses for steam 
locomotives on lines with heavy cmatliond are exceedingly 
high, owing to the very inefficient use made of the loco- 
motives, and also owing to their rapid depreciation. The 
staff is also inefficiently employed, and a large number 
of special workmen, mm as savsmnen? (one to each four 

ns in France), is required. 

working expenses increase rapidly as the gradient 
becomes steeper, and Fig. 6 shows fairly accurately for 
each gradient the cost of working per 100 ton-kilometres. 
This curve is taken from tests made, I believe, by the 
engineers of the General Electric Company on the 
Cascade Tunnel line, and described by Mr. Armstrong 
at a meeting of the American Institute of Electrical Engi- 
neers in 1907. 

I have intentionally omitted from the figure the scale 
of cost ; the absolute values depend too much on variable 
factors, and it is only the relative values that are interest- 
ing. But I may say that the tests which we have made 
on a few European lines have given results which agree 
with those shown in Fig. 6, in spite of the very different 
conditions which exist in France and in the United States 
as the cost of fueland labour. On theeame figure 
I have added for electric traction two curves giving, for 
two different values of the cost of electrical energy, the 
probable cost of working per 100 ton-kilometres. ese 
curves are not only interesting as is their general 
form, which indicates that, as the weight increases, the 
cost of steam traction rises much more rapidly than in 
the case of electric traction. The cost of maintenance 
and repairs to electric locomotives does not seem to be 
directly affected by the gradient—that is to say, by the 
draw-bar pull nth g There is thus a certain weight above 
which electrical working is much more economical than 
steam working; but whilst it is impossible to give a 
general idea of the value of this gradient, its existence is 
certain. 

In order to determine in practice the economy due to 
the use of electricity, other considerations must be brought 
to bear on the question, and all the consequences arising 
from a change in the system of traction must be taken 
into account. In conclusion, I shall draw attention to 
one of the most interesting co uences of electrification. 
After the electrification of the Giovi Tunnel, near Genoa, 
in Italy, a notable decrease in the cost of track main- 
tenance was noticed, due to a reduction in the wear 
of the running rails and the brake-gear. Three-phase 
working indeed allows, owing to the powerful braking 
provided by automatic regeneration, of the descent of 
the long gradients of 35 mm. per metre almost without 
the application of mechanical brakes. The saving in 
up-keep and repairs to the track- -particularly the down 
track—appears to be sufficient to pay for a considerable 
part of the initial cost of the electrification. 








Tue Cement InpustRY IN Swepen.—The large Skanska 
Cement Company, Limhaum, has just issued its report 
for last year, according to which its output during the 

ear amounted to 700,000 barrels and its sales to 695,547 
Is, of which about half, or 339,413 barrels, were 
exported. The price for cement in the international 
market was materially higher than during the preceding 
ear. The sale of the company’s output, as hitherto, 
ee been left in the hands of the Swedish Cement Sales 
Company. With the present year a new arrangement 
comes into force between the Swedish cement factories 
and the Swedish Cement Sales Company, according to 
which sales to the Baltic countries up to 1,440,000 
barrels, and four-fifths of the quantity in excess of this 
figure, shall be divided amongst the factories according to 
vious arrangement, whilst one-fifth of the excess will 
Pe divided among the smaller factortes. The Affiliated 
United Limestone Company pays a dividend of 40 per 
cent. and the Skanska Cement-Casting Company 5 per 
cent., whilst the Malmé-Limhaum Railway pays 10 
per cent. The Skanska Cement Company has taken 
over the working of the Hellekis Company and its capital 
for shares in the company. The amount held in reserve 
was 1,435,516 kr. at the tagianiog of 1912, and the profits 
on the year were 831,268 kr. A dividend of 125 kr. (71.) 

r share is proposed, the balance of the year’s profit, 
268 kr., to be added to the reserve fund. 





* In America, due to the use of a continuous brake and 
the system of pushing the trains by one or two extra 
locomotives at the back, the number of brakes- 
men required is much smaller than in Europe. 
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Ar the meeting held on Friday, May 16, 1913, at 
the Imperial College of Science, essor C. H. Lees, 
F.R.S., Vice-President, in the chair, a paper on 
“Some Experiments to Detect 8 Rays from Radium A,” 
by Dr. W. Makower and Dr. 8. Russ, was read by Dr. 
Russ. When an atom of radium A disintegrates an 
a particle is expelled which carries with it two positive 
atomic ¢ At the same time the radium B 
atom formed recoils with a single positive charge. 
To account for these facts it is necessary to — that 
three negative electrons are expelled during the process. 
If these are emitted with a high velocity, they should 
appear as f-rays capable of detection by the ionisation 
they produce or by their a action. On 
the hes hand, they might consist of a slowly-moving 
3 radiation which would escape detection by either of 
the above methods. The experiments, which were made 
by both methods in the hope of detecting f rays from 
radium A, failed to reveal any such radiation. 

A paper on “Dust Figures” was read by Dr. J. 
Robinson. 


The ripple formation in Kundt’s tube was first satis- 
factorily explained by W. Konig in 1891. His theory 
was based on the hydro-dynamical forces between two 

icles ina stream. All the known facts about these 
res fall into line with the theory. The distance apart 


of the ripples increases with the intensity of the sound, | 0 


and also from the ncde to the antinode there is a variation 
of the ripple pitch as required by the theory. 

Certain mea2urements on dust figures produced by an 
electric spark have shown that these figures also can be 
explained in a similar way to the Kundt’s tube figures. 
It was suggested by Cook some years ago that viscosity 
must be introduced in order to account for the formation of 
ripples. The author shows that it is possible to account 
for ripple formation without introducing viscous forces 
atall. These will undoubtedly pf some part, but more 
as a disturbance than as a help to the formation. In the 
case of the Kundt tube figures there is a variation of 
velocity of the air from a node to an antinode, which 
produces a variation in the forces, and this causes the 
powder to lose its uniformity of distribution and to form 
ripples. The necessary constraints for the ripples are 
forthcoming without the introduction of viscosity. 

A paper on “ Vibration Galvanometer Design” was 
read by Dr. Haworth. : 

1. The maximum amount of power available for vibrat- 
ing the moving system of a vibration galvanometer of the 
moving-coil type is V2/4R. As the frequency of the 
instrument is rai the losses increase rapidly, so it is 
an advantage to be able to increase the useful power 
input per unit voltage. To do this the resistance of the 
instrument must be dec . This can be done in a 
galvanometer of the Duddell type by Jeading the current 
in and out at the bottom bridge and short-circuiting the 
wires at the top bridge, and it results in a great increase 
of sensibility. A lower resistance also requires a lower 
flux density. . : 

2. Owing to the losses in the moving system increasing 
ata greater rate than the first power of the frequency, 
and that the frequency of the system increases ata slower 
rate than the reciprocal length of the string on account of 
the mass of the mirror, the flux density must be in 
as the frequency increases in order that the back electro- 
motive force of the moving system may always be half 
that of the applied P.D. As the losses are low at low 
frequency, and the mass of the mirror is not large, then, 
compared with the mass of the wire, the flux density 
required is moderate; but at high frequencies the flux 
density se is large. In order to obtain this result 
economically it is convenient to make the depth of the 
poles small compared with the maximum length of the 
wires. This gives a sufficient field for the long wires, 
and for short wires one is able to obtain the necessar 
flax density, because the total flux can still be put throug’ 
the moving system. 

_ 3. Acombination of 1 and 2 makes a very satisfactory 
instrument with a much flatter voltmeter-sensibility- 
frequency curve than obtained usually. 





Tae IncrgasepD InoN-Orng Export FROM SwWEDEN.— 
na recent number of this Journal reference was made to 
the proposal for an increase in the export of Swedish 
iron ore which the Government had introduced into 
the Legislature. As was expected, the measure has 
now been passed, having on the whole met with a most 
flattering reception. An addition was made to the 
original measure to the effect that the Luossavaara- 
Kirunavaara Company should undertake deep borings, 
80 as to ascertain the actual capacity of the ore deposits, 
and should for this pur expend 28,000/., which 
sum is to be refunded if the Swedish State, in the 
year 1932 or 1942, avails itself of its right to take over 
mines in question. The Minister of Finance stated 
that the question of increased production of iron within 
the country had been and was under consideration, but 
it had not been deemed expedient to deal with this 
matter in the contract. Plans are under consideration 
for the erection of iron works for the supply of the 
home requirements, and the Griingesberg mpany 
18 itself contemplating the erection of iron works at 
Oxelésund, with a very fair capacity. The Riksdag 
further voted a grant of 28,000/. for rolling-stock to 
Beet the increased ore traffic; a sum not exceeding 
36,000. for the regulation of the Lule River, so as to 
‘acrease the capacity of the Porjus State hydro-electric 
station (for the electrification of the Lapland Railway), 
sow in course of construction ; and . for increasing 


capacity of the electric- power transmission line 
Porjus-Gellivare-Kiruna. 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give belowa few data oomneraing Cig | colonial 
and foreign engineering jects, en from the Board 
of Trade Journal. Further information ing these 

rojects can be obtained from the Commercial Intelligence 
oe Board of Trade, 73, Basinghall-street, London, 
Canada: Reports have been received from H.M. Trade 
Commissioner for Canada and the Imperial Trade Corre- 
spondents at Quebec and Toronto notifying the formation, 
&c.,of companies, and the inception of enterprises, which 
may afford ee to manufacturers in the United 
Kingdom as follows :—A coal, railway, and power company 
contemplates large extensions to its power plant and the 
electrification of its colliery plant. company n 
formed in a town in Ontario, with a capital of 15,000,000 
dols. (about 3,083,400/.), for the purpose of producing, 
refining, and treating natural or artifical gas, petroleum, 

. A lumber and concrete ———- in Ontario is con- 
en seen | the purchase of the following new equip- 
ment : — 5-ton brick-making machine tile-making, 
machinery, cement and stone-screenings mixer, three 
5-horse-power and one 10 horse power electric-motors, a 
machine for making cement fence-posts, boilers, dynamos, 
and a oo. A company, with a capital of 
4,000,000 di (about 822,200/.) has been incorporated in 
ntario to carry on the business of a malting company. 
A town in Prince Edward Island is contemplating the 
purchase of a chemical fire-engine. A town in Ontario 
intends improving its drainage system, and will require 
sewer-pipes ; another town in Ontaria is about to pur- 
chase ft. of cast-iron pipes and fifteen hydrants. A 
company has been inco ted in Quebec Province, with a 
capital of 20,000 dols. (about 4100/.) to carry on the business 
of printers, engravers, lithogra; book-binders, &c. 
A firm of cement manufacturers in Ontario is contemplat- 
ing the purchase of additional machinery for its plant. 
A city in New Brunswick contemplates purchasing a 
combination gasoline a ge with pumps, chemical 
extinguisher, and hose A my has been 
formed in Quebec Province,with a capital of 99,000 dols. 
osc Sag goes ), to manufacture furniture, doors, sashes, 
mouldin 
a capital of 1,000,000 dols. (about 205,500/.), has been 
rey ye in Quebec Province to carry on the business 
of a light, heat, and power company, by means of natural 
or artificial gas. The authorities of a town in Alberta 
will probably shortly ask the sanction of the anon ers 
to an expenditure of 320,000 dols. (about 65, on 
additions to the municipal electric-power plant by means 
of gas-fired steam-turbines of 5000 kw. capacity. 
Note.—The names of the ee &c., to which the 
foregoing notices relate ma obtained by manufac- 
turers in the United Kington desirous of supplying 

lant, &c., on application to the Commercial In nce 

ranch of the rd of Trade. 

Australia: H.M. Trade Commissioner reports that 
tenders are invited by the Commonwealth Department 
of Trade and —— for the supply, delivery, = 
temporary erection (lor inspection and testing purposes), 
and maintenance for a specified ? acne of (1) an automatic 
flashing post-light for Fort Point, Port Darwin, and 
(2) an automatic light for erection on a steel tower 40 ft. 
high for Emery Point. The illuminant is to be dissolved 
acetylene in each case. Sealed tenders on the oy 
form, marked ‘‘Tender for Automatic Post Light for 
Fort Point,” or, as the case may be, will be received up 
to noon on July 1 by the Comptroller - General of 
Customs, Melbourne, from whom copies of the specifica- 
tions and forms of tender may be obtained. Tenderers 
may submit alternative designs if they so desire. Tenders 
must be accompanied by a deposit on the following 
scale :—2/. for tenders under 200/.; 5/. for tenders between 
200/. and 500/. ; 102. for tenders between 500/. and 1000/. ; 
and 1 per cent. of the amount of the offer for tenders 
over 1000/. ; maximum deposit, 500/. Local representa- 
tion 1s \ 

Sweden: The Post-och Inrikes Tidningar, Stockholm, 
states that the Swedish Legislature has a ved the 
proposal submitted by a special committee for the con- 
struction of a State railway from Karungi to Haparanda 
at a cost of 1,495,000 kronor (about 83,000/.), and also for 
a branch line from Boden at a cost of 172,000 kronor 
(about 9,500. ). 

Spain : The Gaceta de Madrid states that tenders are 
invited by the Ministry of Fomento, Madrid, and will be 
opened on August 16, for a concession for the construc- 
tion and working of a *‘ strategic” railway from Huelva to 
Ayamonte, passing by way of Gibraleén. A deposit of 
149,166 pesetas (about 5520/.) will be required to qualify 
any tender. An option on the concession is held by the 
Sociedad Espafiola de Ferrocarriles Secundarios. The 
cost of constructing the line is put at 14,916,625 
(about 552,000/.), on which amount a maximum of 5 
cent. interest will be guaranteed by the State. he 
rolling-stock required will consist of four locomotives, 
oat brake-vans, sixteen passenger coaches, and seventy- 
eight goods wagons. ‘ 

Staly (Sicily) : With reference to the call for tenders for 
constructing a breakwater at Palermo, H.M. Consul at 
that port reports that the contract has been awarded to 
an Italian tirm for the sum of 7,000,000 lire (280,000/.). 
The name and address of the successful contractor may be 
obtained by manufacturers and contractors in the United 
Kingdom from the Commercial Intelligence Branch of 
oulperia s HLM Legation at Sofa that tend 

Bulgaria: H.M. tion at reports that ers 
are invited by the Bulgarian Directorate-General of Rail- 
ways and Ports for the supply and delivery of twelve 

locomotives and tenders. Tenders will be received 





y the Kreis-Finanz-Verwaltung, Sofia, up to 3 p.m. on 


and other articles of wood. A company, with | th 


June 17. Tenderers must include with their tender an 
un to pay 5 per cent. of the value of the order 
should they fail to accept the contract within 15 days from 
its adjudication to them. A manufacturer who not 
a supplied locomotives to the Bulgarian State 

ilways must send with his tender a declaration by the 
authorities of a railway that he has executed a contract 
for the supply of locomotives to them to their satis- 
faction. 

Brazil: The Diario Oficial, Rio de Janeiro, publishes 
a decree earmarking a sum of 316,591 milreis (about 
21,1002.) for dredging the River Merity, in the State of 
Rio de Janeiro. The work will be carried out under the 
direction of the Public Works Department. The Diario 
contains decrees Nea gat | the 8 and estimate of 
4,468,717 milreis (about 298,000.) for the carrying out of 
important permanent-way alterations, as well as the 
erection of station and warehouse buildings on the 
Serrinba - Curityba section of the Parand Railway ; 
(2) approving the plans and estimate of 639,740 milreis 
(about 42,650/.) for the laying of the first section, 10 miles 
jong, of the projected Barreiros-SértAéozinho Colonial 
Railway, in the State of Pernambuco; (3) granting a 
three months’ extension for the reconstruction of the 
line between Serrinha and the 124th kilometre on the 
Parana spy 
_ Argentina : e Boletin Oficial, Buenos Aires, b- 
lishes a decree empowering Central A tine Rail. 
way Company to pre the necessary p for the 
construction of a 5}-mile section of line from a point on 
the Yocsima section to La Estanzuela quarries. The 
Boletin also contains a decree authorising the Buenos 
Aires Great Southern Railway Company to construct a 
4-mile section of the Olavarria—San Jacinto Railway. 





TrLecRAPH Economics.— The Eastern Extension, 
Australasia, and China how oy h Company, Limited, 
has entered into contracts wit e Telegraph Construc- 
tion and Maintenance Company Limited, for the manu- 
facture and laying of new cables between Colombo, 
Penang, Singapore, and Hong Kong. The object at 
which the company is aiming is the strengthening of the 
company’s cable capacity in the Extreme East. The 
first section of the new lines has just been completed, and 
e other sections are expected to be brought into work- 
ing early in 1914; an expenditure of 86,704/. has already 
been made. The outlay attending the maintenance of 
the Eastern Extension, Australasia, and China Telegraph 
Company’s cables during the second half of last year was 
19,7752. ; the value of the cable expended (after allowing 
for picked-up cable) was 5068/. Inthe second half of last 
year the Western Telegraph Company, Limited, ex- 
pended 46,2107. in cable maintenance ; the reserve fund 
was debited with 1274. for part of the cost of the partial 
renewal of the Bahia and Rio de Janeiro No. 1 cable. 
The Eastern Telegraph Company, Limited, has found 
it necessary to increase the ing capacity of its cables 
east of Suez ; and the directors have decided to carry out 
important renewals of the Sea and Aden and Bombay 
sections. An additional cable will be laid between Suez 
and Aden, and an application has been made for landing 
rights for a cable between Aden and Colombo to join a 
new cable from Colombo to Penang, lately laid by the 
Fastern Extension, Australasia, and China Telegraph 
eg ny A contract for the new lines contemplated 
ty the tern Telegraph Company has been let to the 

elegraph Construction and Maintenance Company, and 
cost instalments, amounting to 65,100/., have been c 
against the general reserve fund, which stood at the close 
of Jast year at 1,748,583/. The expenses attending the 
maintenance of the Eastern Telegraph Company's cables 
in the second half of last year (after allowing for charters 
and credits) was £0,657/. 


*‘JOURNAL OF THE BritisH Fire-Prevention Com- 
mitrrr, No. X., 1913.”—This publication, which has 
recently appeared, is one dealing with the work of a 
Special Commission formed by the British Fire-Preven- 
tion Committee, in order to visit Russia with the object 
of investigating the fire-protective services of that 
country, and very thoroughly the Commission appears 
to have done its work, the amount of information con- 
tained in the Journal being very great. The object 
of the Commission was, first, to attend the Interna- 
tional Fire Congress at St. Petersburg, and afterwards 
to obtain information regarding the fire-preventive 
measures and fire service in Russia. It appears that in 
Russia the fire service bas no recognised position, and 
is somewhat chaotic, the Government, as is the case 
in Great Britain and Ireland, giving little attention 
to the national fire service. e status of the fire- 
brigade officer is rather an inferior one, with some few 
exceptions, and the fessional service as a whole 
is directed by men of subordinate position. The posi- 
tion of the men also appears rally to be low, as 
the majority of the firemen are illiterate. The discipline 
is, however, said to be satisfactory. The report is divided 
into several sections after the introduction, which latter 
records the general impressions gained while in the 
ae. The different sections treat of fire-protection 
generally and fire losses, the St. Petersburg Fire Service, 
the water supply of St. Petersburg, suburban and 
private fire-brigades, the Municipal Fire-Service School, 
the Zarskoji lo district, the Moscow Fire Service, 
the water supply of oscow, t Warsaw Fire 
Brigade, the waver supply of Warsaw, and the Novoe 
Brudno Fire Brigade. ere is also an a dix, deal- 
ing with Finland and the Baltic Provinces. report is 
very well got up, well printed, and profusely illustrated 
with reproductions from photogray It has been com- 

iled by Mr. Edwin O. hs, F.R.S.Ed., and is pub- 
fished at the office of the Fire-Prevention Committee, 











8, Waterloo-place, Pall Mall, London, price 10s. 6d. 
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SCIENTIFIC INSTRUMENTS; THEIR DE- 
SIGN AND USE IN AERONAUTICS.* 
Being the first Wilbur Wright Memorial Lecture. 
By Horace Darwin, M.A., F.R.S. 
(Concluded from page 722.) 

Good Design and Bad Workmanship.—A most impor- 
tant consideration in a design is that the instru- 
ment shall still work well when the rubbing surfaces get 
worn or parts get bent, or if the workmanship is not 
good. I am not recommending bad workmanship ; the 
workmanship should be good, and so should the design. 
But I do mean that with perfect workmanship and a bad 
design you {may get jamming in the moving pieces and 
bending of pore which should not bend, and the results 
obtained will be liable to error and the working unsatis- 
factory. This consideration brings out most forcibly the 
advantage of geometrical designs, but also itis a valuable 
test of all designs. It is a long way from being the only 
test, but it is always well worth while to consider sepa- 
rately the effects of imperfect workmanship, or the bend- 
ing of each part and wearing of the rubbing surfaces. 
Take the case of wear in a wheelbarrow. The axle of the 








eo 
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wheel usually consists of two round iron pins running in 
holes in wooden rails forming the frame of the wheel- 
barrow, Fig. 6. Both the wood and the pins wear; the 
pin gets smaller but keeps circular, and wears its way 
into the wood and always fits it properly on the side 
where pressure is taken. The wheel will work perfectly 
till either the holes break out of the wood or the pin 
wears down very small and itself gives way. But some- 
times the axle is made differently : an iron rod is fixed to 
the two wooden rails and through a hole bored 
along the centro of the wheel, Fig. 7. ith use the iron 
rod wears on the under side, and does not remain circular, 
and the hole in the wheel gets larger; the result is 
increased friction and a loose and shaky ag 

I have here an instrument, as an example, the rocking 
microtome, which has been designed as far as possible on 
the geometrical method. It is used for cutting sections 
of animal tissue for microscopical examination. Sections 
thinner than 0.003 mm. or zy) in. are cut, and succeeding 
sections should not vary greatly in thickness. It is clear 
from this that the instrument must work with consider- 
able precision. The object is embedded in ffin-wax 
and moves up and down, the knife, an ordinary razor, 
being fixed. The rocking-arm holding the object to be 
cut is fed forward between each stroke. believe this 
instrument to be a good example of geometrical design. 
The following test was applied: The iron castings of which 
it is chiefly made were taken as they left the foundry 
and were put together with as little work as possible, and 
it at once cut good sections, and my expectations were 
realised by the results of this severe ordeal. I should 
add, however, that the screw and some other parts were 
difficult to make badly, and were of the usual form and 


It is essential that the rocking arm should rotate with 
reat precision about the same axis every time it rocks. 
This axis is of an unusual form, and Fig. 8 is from a 
photograph of a wooden model made to illustrate the 
design. Te is a modification of the Y bearings for trun- 
nions, it is very rigid, and as it is a knife-edge bearing it 
moves with very little friction. There are four knife- 
in line ; these rest on flat surfaces placed diagonally, 
have right angles cutting ed 

In cases where the rocking movement is small, and it 
is important to reduce the friction as much as possible, 
another modification ca be used with advantage. is 
is also shown by a pho ph of a wooden model 
(Figs. 9 and 10). ere a hard-steel knife is used, resting 
on four flat-steel faces, forming of round-steel rods, 
which rest in Y supports. In this construction each flat 
face supports a quarter of the load, and the centre of 
pressure acts approximately at the centre of each flat 
face. And this takes place even when the knife bends 
more with increased load on it. This arrangement can 
be ey oe made ; it will work well, and is an example 
of the before-mentioned test for good design. This test 
for good design is not the only test, and I will give an 
example to show how it may fail. Ball bearings are much 
used, and when once used for any purpose they continue 





* Delivered before the Aeronautical Society of Great 
Britain, Wednesday, May 21, 1913, 


to be used more and more ; this is the best test of a really 
mechanical device. All must admire their design, 
| but first-rate workmanship is essential ; in this must be 
| included the composition of the steel, the skill in harden- 
ing, as well as the accuracy of the figure of the working 
But a ball-bearing would be a better thing even 
| than it is at present if it did not require such fine work- 
manship. It requires careful mounting, and it is 
interesting to notice that the recent improvements in 
peisrpent: 4 reer: are in the direction of allowing it to 
— satisfactorily on shafting which may be considerably 
nt. 

The Advantage of Reversing the Parts of a Machine,— 
An improvement in the design of a machine can often be 
made by reversing the relative position of two parts of 
it, or the part that moved can be fixed, and the part that 
was fixed can be made to move. This reversal makes it 
possible to compare two or more methods, and it is then 
easy to see which is best. It is advantageous that ‘‘the 
survival of the fittest” should take place early in the 
life of the machine, and by this means, in fact, it takes 
place before the design is completed. 

In a cutting-teol it is a question whether the tool or 
the work should move : sometimes one is better and some- 
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times the other. In the wheelbarrow it is easy to see 
which is the better design, and if the designer delibe- 
rately considered whether the iron pins should turn in 
the wooden rails or whether the iron should be fixed, 
the bad design would never have been made. It is 
surprising how often this reversal is possible and advan- 
us, and how difficult it is to realise that it is possible. 

e are so familiar with a clock in which the frame and 
works remain at rest and the hands move, that it requires 
a considerable mental wrench to realise that it is ible, 
and in some cases better, that the clock itself should 
revolve, and the hour-hand remain at rest. But in 
recording apparatus it is usual to fix the clockwork in the 
rotating drum carrying the paper, and to prevent rota- 
tion of the hour-hand spindle. If the clock is at rest, as 
is usual with clocks, the axis must rotate ; but if the axis 
is fixed, -— reaed sed will be — —_ Another 
reversal © usual arrangement is the ‘‘Gnome ” engine, 
with its fixed crank and rotating cylinders. I will give 





one more example .of reversing the usual arrance 
In a lathe the tool is usually held rigidly, so as to with 
stand the downward force due to the cut. This force is 
equal to the upward force on the work, and the tool and 
the work are held together by the rigidity of the slide. 
rest, the bed, the headstock of the lathe, and the work 
Now in cutting the thread of a fine screw we find it an 
advan te carry the tool on a horizontal axis, so that 
the cutting point is free to move up and down, and then 
to prevent its downward movement by fixing a pro. 
jecting piece which rests on the top of the work (see 
ig. 11). ‘The downward force on the tool is carried to 
the work by the shortest chain of pieces. The result is 
the prevention of chatter, good work, and the cutting. 
edge remains sharp for a longer time. 

I have spoken as a manufacturer of scientific instry. 
ments, but my remarks apply equally, or even more, to 
the home-made, or rather 2 ees oh type of instru. 
ments. And it is with these that the test advances in 
knowledge have been made. If I could believe that what 
I have said would be any help to the makers of the wire, 
cork, and sealing-wax class of instruments, or to the 
orthodox instrument maker, I should be glad .o think | 
had done something to advance knowledge. 
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Wilbur Wright is honoured ia this country as he is by 
our friends and relations across the Atlantic, by our 
friends and neighbours across the Channel, and, indeed, 
by the whole world. 

A new chapter in the bistory of engineering has been 
begun. The first page has been written by the man 
whose name we honour to-night as the pioneer in aviation. 

He is gone, but his work will live for all time. 


British Locomotive Exports.— April wasa pretty good 
| month for the export locomotive trade, and the values 
| reached in the first four months of this year now show an 
| improvement as compared with the corresponding period 
of 1912. The value of the locomotives and parts of loco- 
| motives shipped in April was 184.812/., as compared with 
| 170,2212. in April, 1912, and 209,7812. in April, 1911. In 
| the four months ended April 30, this year, the exports 
|-were valued at 751,913/., as compared with 713,156/. in 
| the first four months of 1912, and 708,984/. in the first 
|four months of 1911. The exports to Argentina to 
April 30, this year, were valued at 172,587/., as compared 
with 143,8607. and 113,145/. respectively. Other South 
American countries also imported in the first four mon:hs 
| of this year to the value of 78,559/., as compared with 
65,3761. and 99,867/. respectively. The colonial demand 
was in the first four months of the last three years :— 


1913, 1911. 
£ > 
47,336 





Colonial Group. ve 
British South Africa. . 
British India .. 218,084 138,045 258,370 
Australia 108,135 140,121 38,046 

It will be seen that the colonial demand has improved 

this year as compared with the early months of 1912, but 

that it is still below the level reached in the corresponding 
period of 1911. The improvement observable in this 
year’s exports is accordingly mainly attributable to larger 
deliveries to Argentina and other parts of South America. 


£ 
124,196 21,453 





* INDUSTRIAL Puysics.—President Richard C. Maclaurin, 
of the Massachusetts Institute of Technology, Beston, 
U.S. A., announces the establishment of a course that will 
| be unique in educational institutions—namely, one in 
industrial physics. The new course is the outcome of & 
| demand that has been voiced by President Theodore N. 
| Vail, of the American Telephone and Telegraph Com- 
pany, who has said that more and more business firms 
tind it to their interests to undertake research in chem- 
| istry and physics, the direct relations of which to their 
specialties are not always obvious. When one considers 

e chemical problems of the day, it is evident that 
many of them are really in the field of physics. The 
suggested course differs from those hitherto instituted 
in physics in requiring a less extended study of pure 
and applied mathematics and a fuller consideration of 
applied physics both in the lecture-room and laboratory. 

ie study of applied optics, heat measurements, and 
electric measurements is greatly extended. Much time 
is devoted to theoretical and applied chemistry. A very 
considerable amount of instruction in mechanical and 
electrical engineering subjects is given, and electro- 
chemistry, pure and applied, and metallography, are like- 
wise included. Anexceptional equipment ot instruments 
and apparatus of precision is provided, so that a large 
amount of accurate work can bs done in these lines. 
The course as arranged is such that anyone taking it 
should a knowledge of physical investigation and 
methods of dealing with physical problems that will enable 
him to work intelligently with questions of this character 
which may arise in connection with processes in the arts. 
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CATALOGUES. 


Centrifugal Pumps.—A catalogue of centrifugal pumps 
has reached us from Messrs. Ruston, Proctor and Co., 
Limited, of Lincoln. This catalogue gives full particulars 
of pumps with delivery outlets ranging from 3 in. to 18 in. 
in diameter for total lifts up to 80ft. For higher lifts—up 
to 165 ft. —two pumps c >nnected ‘‘in series” are employed. 
They are mounted on the same bed-plate, and driven by 
a single pulley between them ; particulars are given of 
3-in. to 8-in. pumps arranged in this way. Small pumps 
in four sizes, ranging from 1-in. to 2h-in. delivery, are 
also listed ; rend are suitable for heads up to 100 ft. The 
catalogue, which is very nicely got up, illustrates all three 
types of pumps and various accessories, and also includes 
tables of pipe-friction and other data. 


Refuse - Destructors.—Messrs. Meldrums, Limited, of 
Timperley, near Manchester, have issued a circular re- 
lating to small refuse-destructora for use in hospitals, 
workhouses, and other institutions, and also for the dis- 
posal of trade waste. They are e in numerous sizes, 
with capacities ranging from 25 lb. to 4 ton of refuse per 
hour, and are capable of destroying very moist or even 
semi-liquid materials. Fo draught, supplied by a 
steam-jet or a small electric fan, is generally used in these 
plants, but small plants for domestic use are worked with 
natural draught, and the larger plants can be so 
if necessary. A small quantity of fuel is, of course, 
necessary to heat up the destructor on starting, but with 
forced draught coke-breeze, cinders, or even good-class 
refuse can be used for this purpose, so that the cost is 
very slight. The combustion of the refuse itself is usually 
sufficient to maintain the necessary high temperature 
without the use of any additional fuel. Among the leading 
features claimed for these destructors it is mentioned that 
they are strong and simple in construction, very durable, 
and occupy the minimum of space, and also that the refuse 
is destroyed with very little handling and at a very low 
cost. 


Grinding-Machines.—Mr. H. E. Jackson, of Church- 
gate, Leicester, who specialises in grinding-machinery for 
metal-workers, has sent us an illustrated catalogue of his 
productions. These include a universal grinder, twist- 
drill grinder, double-ended emery-wheel grinders, disc- 
grinders, wet tool-grinder, and polishing and buffing- 
machines. Th* universal grinding-machine illustrated is 
of asomewhat unusual design. In this machine the grind- 
ing-wheel spindle is mounted on top of a cylindrical 
column having an enlarged circular base. The work-table 
is carried by a cylindrical arm projecting at » + 
angles from a sleeve which slides on the column. y 
this arrangement the table can be set to any angle in 
the horizontal and vertical planes. To enable the 
table to be adjusted vertically, the column is screwed 
on its outer surface and fitted with a large nut, 
which is turned by hand, four handles being provided 
for the purpose; the table can, of course, be firmly 
clamped in any position. The machine is suitable for 
grinding all kinds of cutters, reamers, and other tools, 
as well as flat and cylindrical surfaces. It is claimed to 
be more universal, and to have a greater proportionate 
capacity than other machines. 


Extension Ladders.—From Mr. H. C. Slingsby, of 142, 
144, and 146, Old-street, E.C., we have received a 
catalogue of extension ladders and extension step-ladders. 
The special feature of these ladders is the use of a channel- 
steel liner to take the tensile stresses due to the bending 
moment, so that the section can be much lighter for a 
ecg strength than if it were com entirely of wood. 

h section of these ladders is of equal width, and 
each is parallel throughout its length. - Also the backs of 
the vertical members of one section are grooved, and the 
other section slides in these grooves, and is thus kept in 
correct alignment. Several other points of superiority 
over ordinary ladders, and other forms of extension 
ladders, are also referred to. To illustrate the great 
strength of the ladders some photographs are sanealionl 
showing them supporting heavy loads as beams. In one 
case a 9-ft. section, weighing 121b., and supported at each 
end only, is shown carrying nine men, having an - 
gate weight of 1200lb. Prices are stated for ers 
ranging from 10 ft. to 48 ft. long, and also for extension 
step-ladders. The latter can be used as two inde- 
pendent ladders, a single-extension ladder, a pair of 
steps, or a trestle. They are claimed to be light, strong, 
and durable, and to be suitable for either industrial or 
domestic use. 


Steam - Turbines.—From Messrs. Richardsons, West- 
garth and Co., Limited, of Hartlepool, we have received 
& pamphlet relating to steam-turbines constructed by 

em for stationary work. These turbines are of the 
combined impulse and reaction type, and are similar to 
those constructed by Messrs. Brown, Boveri and Co., of 

en, Switzerland. The pamphlet first points out the 
advantages of the impulse-reaction type, and then illus- 
trates and fully describes the construction of the tur- 
bines built by the firm. The performances of these 
turbines are also dealt with, and steam consumption 
curves for small, medium, and sizes are reprodu 
particulars are also given of back-pressure and 
by-pass turbines for use when steam is also required for 
ting purposes. The back-pressure turbines are suit- 
able for use when the quantity of heating steam required 
is large compared with that necessary for power produc- 
tion. bi are usually constructed without an impulse 
wheel, an _are arranged to exhaust directly into the 
ting mains. When the heating steam required is 
relatively small, it is better to employ the by-pass type. 
hese turbines have an im wheel, and, after ng 
part of the steam is tapped off into the oulieg 
system, while the remainder passes through the reaction 








ae of the turbine, and finally exhausts to a condenser. 
veral Continental installations of Brown-Boveri turbo- 
generators, ranging from 350 kw. to 21,000 kw. in capenlsy: 
are illustrated in the pamphlet, which is a very creditable 
production. 


Baling Press for Tins and Scrap Metal.—From Messrs. 
Shirtliff Brothers, of Hampton Hill, Middlesex, we have 
received a circular relating to the ‘‘ Bijoli” baling press 
for old tins, scrap metal, &c. The mechanism of the 
press consists of a system of levers composed of rolled- 
steel sections arranged on the toggle principle. The 
toggle-levers, which are drawn together by a system of 
ropes and pulleys operated by a winch, are hinged to the 
movable platen of the press, and are also connected 
together at this point by toothed quadrants. The 
tins, &c., are placed in a rectangular box with 
hinged sides composed of steel plates situated under 
the platen of the press. When the winch is started the 
platen descends and compresses the tins, &c., into a 
comparatively small bale, the contents of which are 
sufficiently interlocked to hold together without binding 
of any kind. In this form the refuse metal is easily 
transported and ee of. After the operation of 
pressing is completed the platen is returned to its initial 
position by balance-weights attached to the toggle-levers, 
the return motion being controlled by a brake on the 
winch. The latter can be operated by belt drive or by 
hand power. When mechanical power is a bale can 
be pressed in from 20 to 30 seconds, or, if hand-power only 
is used, the operation takes two men from 14 to 2 minutes. 
It is pointed out, among other ep t the initial 
cost of these presses is very low, and that they are easily 
installed, as no foundations are required; they can be 
made of any size or capacity, and for dealing with all 
kinds of materials. 


Oil. Engines. — Messrs. Petters, Limited, of Nautilus 
Works, Yeovil, have sent us copies of two of their latest 
catalogues of oil-engines. One of the catalogues deals 
with vertical engines of the ‘‘ semi-Diesel” type, operating 
on the two-stroke cycle and | any kind of crude or 
residual oil; some particulars of these engines will be 
found in our issue of December 13 last on page 817. The 
catalogue gives a general description and ification of 
the engines, and also includes the results of several tests. 
Prices and full particulars are given of eleven sizes, 
ranging from 8 to 150 horse-power, suitalle for electric 
lighting, pumping, and general industrial work. The 
consumption of Russian naphtha or Scotch shale-oil by 
these engines is guaranteed not to exceed half-a-pint per 
brake-horse-power hour at full load. The other catalogue 
deals with horizontal engines, working on the Otto cycle 
and ying paraffin, or other oils, as fuel. Tube ignition is 
employed on these engines, the tube being heated by the 
exhaust gases when the engine is running; it is stated 
that the tubes last many months or even years. Water 
injection has also been recently adopted, and by its aid the 
time of ignition can be regulated with great exactitude. It 
also ensures better combustion, and consequently cleaner 
and more economical working. These engines are made in 
twelve standard sizes, ranging from 14 to 50 horse-power, 
and prices and full particulars are given of each. The 
fuel consumption of medium-sized engines is given as 
0.75 pint per brake-horse-power hour at full-load ; it is, 
however, greater or less than this for smaller or larger 
engines respectively. Full particulars are also given in 
this catalogue of portable oil-engines, electric-light plants, 
and pumping sets, and of a series of stationary and 
portable-engines specially suitable for farm and estate 
work. The latter are known as ‘“‘ Handy-Man” oil- 
engines, and are made in six sizes, which range from 14 
to 10 horse-power. Both catalogues are very creditable 
publications, being well printed and illustrated, and 
giving all necessary information (including dimensions 
and shipping particulars), to enable engines to be selected 
for any duty in any part of the world. 


Pipe Joints.—From M. Léon Billé, of 37, Grande Rue, 
Nogent-sur-Marne (Seine), France, a circular relating to 
his patent joints for gas and water mains has reached us. 
The joint, which is suitable for use with cast iron or steel 
pipes, consists of two lead rings, one of which is of rectan- 

r section, 25 mm. wide and 7.5 mm. thick, and has a 
jeep groove in one of its edges extending for nearly the 
whole width of the ring, while the other ring is of a 
double-tapered section. When used with sponses. 
socket pipes the two lead rings are placed side by side on 
the male end of the pipe, and after the next pipe been 
placed in position, the grooved ring is moved along into 
thesocket, which it nearly fills. tapered ring is then 
driven into the groove with an ordinary hammer 
caulking tool, and this operation expands the grooved 
ring so that it completely fills the socket and makes a 
water-tight joint for practically the whole of its width, 
instead of near the outer end y, as is the case in an 
ordinary caulked lead joint. It should also be men- 
tioned that the socket illustrated is recessed in such 
. memes that ~ _ is held oa h.. it, while a 
ight movement of the spigot part of the pipe is per- 
maitted. The circular illustrates two forms of joints 
for welded-steel pipes, with plain ends, both joints 
being similar in principle to the one above mentioned. 
In one of these joints a double-socketed ring of rolled 
or forged steel is employed with two pairs of grooved 
tapered lead-rings in a manner which will be evident from 
the foregoing explanation. The other joint is made with 
a plain steel ring and a single lead ring of equal width 
grooved in two of its edges. The lead ring is first placed 
over the joint in Fe. and the steel ring slipped 
over it. Tapered lead rings are then driven into the 
grooves, as above described, forcing the lead into inti- 
mate contact with the pipe and with the inner surface of 
the joint ring. Among other advantages claimed for this 
system, it is mentioned that the joints are easily 





quickly made, are perfectly tight at the highest pressures, 
and that they allow longitudinal movement due to expan- 
sion and contraction to take A considerable 
economy is also stated to result from their use, especially 
in the case of steel pipe-lines. 


Suction- Gas Plants.—We have received from the 
Warwill Engineering Works, of Abertillery, Monmouth- 
shire, a pamphlet relating to their suction-gas producers. 
The pamphlet first compares the firm’s latest ype with an 
earlier design, pointing out several important distinctions, 
and explaining why the changes have been made; both 
plants are illustrated by means of reproductions from 
sectional drawings. The new type of plant is then des- 
cribed, and its special features are pointed out. Most 
noticeable among the latter are the absence of fire- 
brick lining from the generator, and the absence of coke 
from the scrubber. In this plant the generator consists 
of a tapering cast-iron liner, surrounded by a cylindrical 
shell, the intervening space being filled with water which 
keeps the liner cool, and also supplies the necessary 
steam. It is claimed that the water-jacket thus formed 
occupies less space than a fire-brick lining, and also a 
vents trouble due to the adherence of clinkers. 
scrubber, which as above-mentioned, contains no coke, 
consists of a series of shallow-water seals through which 
the gas is drawn into a wood- wool drying chamber, whence 
it passes to the engine. This type of scrubber, it is 
mentioned, gives a large gas-space, and another 
important advantage of being self-cleaning, so that it 
need not be opened up for very long periods. Both gene- 
rator and scrubber are made in short cast-iron sections, 
which are easy to transport and erect, and less liable to 
corrosion than steel plates. Two other features worth 
mentioning are a rotary coal-feeding device, and an 

ment for extracting the ashes and clinkers which 
rmits of continuous working even in the smallest sizes. 
e pamphlet gives an analyst’s report on some 
comparative trials made under exactly similar conditions 
with two plants, one being the firm’s earlier model, 
having a brick-lined generator and coke-scrubber, the 
other having a water-jacketed generator and cokeless 
scrubber, as above described. The latter type was found 
to produce a gas of higher calorific value, and the waste 
water was also found to be of a much better quality— 
sufficiently pure, in fact, to be discharged quite sa’ ely 
into any water-course. Copies of several testimoni: 
relating to plants ranging from 10 to 40 horse-power in 
capacity, were also issued with the pamphlet. 





Tue Sorence Museum, Sourn Kensineton. —In a 
recent Blue-Book issued by the Board of Education, 
containing reports for 1912 on the Geological Survey, the 
Geological Museum in Jermyn-street, the Science Museum 
at South Kensington, and the work of the Solar Physics 
Committee, it is stated that the library of the Science 
Museum contains a valuable collection of upwards of 
100,000 volumes of standard works on various branches of 
pure and applied science, with a series of periodical 

blications, including those of scientific societies and 

overnment De ments. Tickets for the use of the 
library are issued free to bond-fide students or investigators. 





Water ABSORPTION BY VULCANISED Fisre.—Red 
vulcanised fibre being one of the few, if not the only suit- 
able material for maung the pistons for the compressors 
for liquefying air, Mr. F. H. Parker, of the Woolwich 
Polytechnic, has made some experiments on the absorp- 
tion of water by this material, which would have to 
allowed for to prevent jamming. According to the 
Philosophical Magazine of February, 1913, page 210, he 
cut rectangular prisms out of sheets, 1.9 cm. or 1.35 cm. 
in thickness, placed the prisms in water for some days, 
and measured and weighed them again. @ specimens 
swelled most near the edges, so that measurements 
were not very reliable. The swelling was more rapid, 
but rather smaller, in warm water (60 deg. Cent.) 
in cold, and the final volume was considerably less than 
the initial volume plus the volume of water absorbed. 
The length and breadth increased little, the thickness 
considerably, evidently because strong pressure had been 
applied in making sheets out of the tinous mass. For 
the same reason the material would readily split in the 
plane of the sheet, but not at right angles to it, and 
- _— harder to cut across the long fibres than along 
the fibre. 


Tue German Navy.—A new German ironclad, which 
has just been launched at Stettin, has received the name 
of the Grosser Kurfurst. The launch was presided over by 
Prince Oscar, the fifth son of the Emperor William. The 
first German Dreadnoughts of the Nassau type had a 
displacement of 18,900 tons, and the time occupied in 
their construction was as follows :— Westfalen and Rhein- 
land, 37 months ; Posen, 38 months; Nassau, 40 months; 
the Nassau was built at the Wilhelmshaven arsenal. 
Four Dreadnoughts of the Heligoland type have a dis- 
placement of 25 800 tons each, and the time occupied in 
their building was :—Oldenburg, 36 months; Thuringen, 
37 months; Heligoland, 39 months; and Ostfriesland, 
40 months ; this last was built, like the Nassau, in the 
Wilhelmshaven arsenal. The most recent German 





and | Dreadnoughts—the Kaiser and the Friedrich der Grosse 


—have a displacement of 24,700 tons each, and they were 
each: built in 36 months. Three other ironclads of the 
same type—the Kaiserin, the Konig Albert, and the 
Prinz t Luitpold—still remain to be completed. It 
should be stated, in explanation of the longer period in 
which the latest German ironclads have been in hand, 
that considerable modifications were made in the original 


plans, especially as regards the re t of the 
ad originally proposed by A. yy a heavier 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
p CE where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, &c., 
fener 
obtained at the Patent Office, Sale 
pape pe Buildings, Chancery-lane, W.C., at 
The date of the advertisement of the nee of a Complete 
ification is, in each case, given after the abstract, unless the 
‘otent has been sealed, date of sealing is given. 
ae lw may, at any time within two months from the date of 
advertisement of the of a Complete Spe: ification, 
ive notice at the Patent O, j 


of opposition to the grant of a 
atent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 
5345/12. Hartmann and Braun Abtiongeeetinam, 
terna 


rmany. ting- 

March 2, 1911.—This inven- 
tion relates to improvements in metal vapour alternating-current 
rectifiers of the type wherein are employed vessels having metal 
walls in electrical connection with the cathode, and has for its 
object to overcome certain difficulties and disadvantages which 
are inherent to methods of construction hitherto known. Accord- 
ing to the present invention, the anodes a!—a” are arranged 
in the form of a circle or polygon in proximity to the metal wall 
of the vessel in such a manner that the central portion of the 
vessel is left free. It will be seen that this arrangement permits 
a greater number of anodes to be introduced as pared with 
the constructions hitherto known. By arranging the centre of 
gravity of the circularly arranged series of anodes so as to lie in 
the axisof the vessel, which coincides with the effective centre of 
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the cathode k, the anodes are rendered equidistant from the 
cathode, and hence all the vapour path becomes of nearly equal 
distance. The principal advantages inherent to this construction 
are as follows :—The mutual influence of the anodes, entailing 
risk of heating, short-circuits, and the like, is considerably re- 
duced ; the course of the vapour paths is more logical, seeing that 
the same are not hindered but are encouraged in their natural 
tendency to form acommon arc. Hence, anatural convergence of 
the vapour paths is obtained in place of the artifical and disadvantag- 
eous divergence incidental to the constructions hitherto employed. 
The increased danger of flashes occurring between the vessel-wall 
and the anodes, when arranged in proximity thereto, can be 
obviated by the insertion of a protecting shield. The protecting 
shield may also assume the form of a transverse wall y, dividing 
the s between the cathode and the anodes into two separate 
chambers, communicating by a central ——s o through which 
the various vapour currents pass. (Accepted March 12, 1913.) 


18,341/12. H. 8S. Hatfiel Brunswick, Germany, 
and Chamberlain and H Limited, Birming- 
ham. easuring Instruments, (2 Figs.) 
= 9, 1912.—This invention relates to electrodes for electro- 
lytic measuring instruments of that type which have solid elec- 
trodes at whicha gas is absorbed or liberated from a liquid 
electrolyte. In electrodes so employed, it is generally advan- 
tageous that the amount of immersion of the electrode in the 
electrolyte and, or, in the gas should vary as little as possible. 
According to this invention, the applicants effect this by making 
the electrode, or at least the active or contacting part of it, of 
the form of a line, as nearly as is mechanically possible. This 
line may run in any desired direction. Thus it may be bent into 
the form of a hoop or U, or square, or ring, or polygon, or it may 

t of a number of lines ge | or interlaced or otherwise. 
Further, in its relation to the liquid electrolyte and the gas 











employed, the gas, the electrolyte, and the electrode meet at 
the line which constitutes the active part of the electrode. 
Fig. 1showsa simple form of the invention. In this figure, 1 is 
the measuring tube of the meter and 2 the electrolyte therein. 
3 isa thimble of glass formed upon the inside of the measuring 
tube, which thimble is lined with platinised platinum or other 
suitable material to form the cathode. In the figure the size 
of the opening 5 is exaggerated, but in practice it is of such size 
that the surface tension of the liquid will prevent it from entermg 
into the internal space of the thimble. It will be seen, therefore, 
that the active part of the cathode consists of the edge of the 
thimble at the opening 5, that this edge always lies in a line of 
contact between the electrolyte and the body of evolved gas 
contained in the interior of the thimble, and that it is of ring- 

in the form illustrated. Thus the gas evolved at this edge, 
in line of contact between the ~ay and the body of 
the evolved gas, wil] at once diffuse into the body of gas, and will] 





neither go into supersaturation in the liquid nor appear in the 
form of bubbles. As the gas continues to diffuse into the interior 
of the thimble the volume of gas therein will increase, and from 
time to time a portion will be forced out, and will rise in the 
form of a bubble. It will be understood, however, that whilst 
the bubble is forming, as shown in the figure, the edge consti- 
tuting the effective t of the cathode still lies in the line of 
contact of the electrolyte and the gas. The form just described 
is unsuitable except for very small currents on account of the 
small area of the electrode in contact with the electrolyte. In 
order to increase this area the thimble 3 might be multiplied so 
as to form a honeycomb arrangement, each cell being lined with 
the platinised platinum or its equivalent. A preferred way of 
increasing the area, however, is to enlarge the internal space 
of the thimble 3, and to place across its mouth an electrode 4 
formed of platinised platinum, or its equivalent, for the purpose, 
in the form of gauze, or a grill, or a perforated plate or foil, or 
the equivalent thereof, the interstices or perforation being of 
such small size that the surface tension of the electrolyte prevents 
it from penetrating therethrough. This form is illustrated in 
Fig. 2. (Accepted March 19, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


17,489/12. A. G. Bloxam, London. (Firm Robert Bosch, 
Stuttgart, Germany). Internal- Combustion Engines. 
{4 Figs.) July 27, 1912.—The present invention relates to inter- 
rupting devices for the ignition of internal-combustion engines of 
the type in which the time of ignition is adjusted by a lever 
acting against a spring, which, when released, returns the inter- 
rupter to a predetermined position. According to the invention, 
the angular position of a stationary ——— placed inside a 
casing, within which an interrupter-lever revolves, is altered in 
order to adjust the time of ignition against the action of a spring, 
which, when released, returns the ring to a normal position, 
which may correspond to either an advanced or retarded ignition. 
The arr ts, ding to the invention, allow the stresses 
on the rod. connecting the driver's seat with the means for ad- 
vancing or retarding the ignition to act always in one direction. 
This p2rmits the a | which may even be replaced by a wire, to 
be made much lighter than if it were exposed to both tension and 
compression ; but as this feature is common to other previously- 
known devices of this kind, it is not now claimed as novel. The 





interrupter-casing B is secured to the front side of the cover A of 
the magnet. The cam-ring OC is arranged so as to be easily ad- 
justed within the casing B and a projection D, preferably acting 
also as a lubricating pipe, passes through a slot E in the circum- 
ference of the cam-ring, aud therefore Jimits the adjustment of 
the latter, which is operated in the usual manner by the adjust- 
ing lever F, shown dotted in the drawing. In the construction 
shown, one end of a watch-apring H is attached to a pin G, which 
is screwed in the interrupter-casing B. the other end of the spring 
engaging a knob secured to the wall of the cam-ring. The spring 
isso adjusted that it always tends to bring the cam-ring into 
the position shown in Fig. 1, and this position may, according to 
desire, correspond to either an advanced or retarded ignition. 
The action of the rod by means of which the driver adjusts the 
cam-ring can therefore be limited in the example shown to 
raising the adjusting-lever F. (Accepted March 19, 1913.) 


GUNS AND EXPLOSIVES. 


12,480/12. Sir W.G. fowstrens, Whitworth and Co., 
Limited, and J. Richardson, Newcastle-upon-Tyne. 
Sighting-Gear. (3 Figs.] May 25, 1912 —This invention relates 
to improvements in sighting-gear for gun-mountings, and is espe- 
cially applicable to guns to be used in casemates. It is found in 
sighting such guns that the sight-lines are obstructed by the sides 
of the embrasure before the gun has been trained to the maximum 
angle. The object of the invention is to provide sighting appa- 
ratus by means of which the full training angle can be obtained 
without the sight-lines becoming obstructed. According to this 
invention, the sighting apparatus on each side of the mounting 
consists of a cranked telescope having its eye-piece close to the 








cradle trunnion, whilst the object-glass is placed under the gun 
and near the vertical plane passing through the axis of the gun. 
By this arrangement, the eve-pieces can be located at a convenient 
height from the floor and distance from the gun to suit the 
sighters, whilst the lines of sight are laterally within the space 
occupied by the gun-muzzle, and are therefore clear of the sides 
of the embrasure. The drawings illustrate a gun mounted in a 
casemate fitted with sighting-gear made in accordance with this 
invention. ais a gun ted ina te b and having sight- 
bars c, to which are attached two cranked telescopes e The 
cranked tel Pp are ted one on each side of the gun a, 
the eye-pieces e being close to the cradle-trunnions /, whilst the 
object-g g are below the gun and within the space occupied 
by it, as is shown in Fig. 2. (Accepted March 19, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
27 P. udders- 


Brown, and F. J. H 
fie Chucks. [2 Figs.) November 27, 1912.—This invention 
has reference to chucks or work-holders of the type wherein a 











a contractible collet is forced by the endwise movement of a 
hollow sleeve against a conical surface which causes the collet to 
centre and grip the work spindle or other part, and the object of 
the invention is to provide a construction of chuck by means of 
which the work spindle can be accurately and quickly gripped in 
a most efficient manner, and as quickly release The invention 
consists in so constructing a chuck of this type that the gripping 
of the work-holder or other part is effected, as it were, in two 
stages, that is to say, a preliminary grip is first obtained, and 
afterwards by the operation of additional mechanism, the collet ig 
caused to grip the work spindle or other part very powerfully, 
Referring to the drawing, 1 represents a hollow chuck-spindle 
revolubly supported in a suitable housing or bracket 2 adapted 
to be secured to the work-table of the machine. One end of the 
hollow spindle 1 is provided, as usual, with a conical head 3, within 
which are p! a collet or series of collet segments 4, having 
their inner faces parallel to the longitudinal axis of the chuck 
and their outer faces inclined to correspond with the inclination of 
the interior surface of the head 3. The inner end or ends of the 
collet or collets is or are grooved or recessed annularly, and 
into the groove thus formed fits an annular flange on one end of a 
hollow sleeve 6, adapted to fit and to be slid longitudinally within 
the hollow spindle 1. The movement of the sleeve 6 within the 
spindle 1 towards the head 3 causes the collet or collets to be 
pressed against the internally-coned surface of the head, and thus 
to close and grip a work spindle or other article inserted in the 
chuck, and movement of the sleeve in the reverse direction causes 
the pressure of the collet or collets on the work spindle or other 
article to be removed. According to this invention, the end of 
the sleeve 6 —— to that engaging the collet or collets ig 
screwed internally, and into this screwed portion fits a sleeve 8 
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having fast thereon a hand-wheel 9. The end of the spindle 1 
opposite to that at which the head 3 is formed is provided with 
an externally-screwed portion on which works a hand-wheel 11, 
and with two slots 12, 12 through which extend the inner ends of 
levers 13, 13. Each of these levers is provided at its outer end 
with a freely revoluble runner adapted to engage and bear 
against the face of the rim of the hand-wheel 11, and the inner 
ends of the levers are adapted to engage and bear against 
a ring which rests against a shoulder on the adjusting sleeve 

Rounded surfaces at the outer ends of the slots form pivots 
for the levers 13,13. Rotation of the hand-wheel 9 in a direc- 
tion to withdraw the sleeve 8 from the sleeve 6 causes the 
ring on the sleeve 8 to bear against the ends of the levers 13, 18, 
the outer ends of which are thus pressed against the rim of the 
wheel ll. The sleeve 8 being thus prevented from moving out- 
wards, a longitudinal movement is given to the sleeve 6, and the 
collet or collets is or are pressed inwards to partially grip a work 
spindle or other article inserted into the bore of the sleeve 6. 
When the work spindle or the like has been thus inserted and 
partially gripped, the hand-wheel 11 is rotated in a direction to 
cause it to move outwardly on the screwed portion of the spindle 
1, The levers 13, 13 are thus caused to rock in their pivots and 
their inner ends press upon the ring on the sleeve 8 and conse- 
quently tend to slide the sleeve 8 and the sleeve 6 forwardly. By 
reason of the great leverage obtained by the levers 13, 13 the 
collets are caused to take a very powerful grip on the positioned 
and already partially-gripped work spindle. To release the work 
spindle, the hand-wheel 11 is first rotated to take off the pressure 
of the levers 13, 13, and the hand-wheel 9 afterwards operated to 
cause the sleeve 8 to draw the sleeve 6 inwards and thus with- 
draw the collet or collet segments from engagement with the 
coned interior of the head 3. (Accepted March 19, 1913.) 


MOTOR ROAD VEHICLES. 


omaee. The Austin Motor Compauy, Limited, 
and H. Austin, Birmingham. Motor-Car Doors. 
(6 Figs.] March 15, 1912.—It is usual to fit to the doors of motor- 
cars or other carriages movable lights in the form of glazed sashes 
which are — by dropping them down within the doors. The 
widths of these sashes, however, in relation to the widths of the 
doors, have heretofore been restricted by the necessity for con- 
structing theni so that in dropping down within the doors they 
will clear the spindles of the slam-locks which are used in fasten- 
ing the doors, and this has not only been an inconvenience in 
itself, but has necessitated somewhat unsightly and inconvenient 
constructions of the ps portions of the door pillars. Now this 
invention has for its object to make such modification in the door 
fastening that there is no restriction to the width of the glazed 
sash « ioned by a spindle which is used to move back the bolt 
of the slam-lock, with the result that the sash may be constructed 
without reference to the fastening, and may, if desired, be made 
substantially the full width of the door. The slam-lock having 
the bolt A is fitted within the door B. This bolt is shown to be 











operated from the outside of the door by a handle C through the 
medium of a short spindle c and arm. The spindle c extends 
only from the outer face of the door to as far inwards as is 
required for operating the bolt A, and leaves subsequently a space 
beyond its inner end, which allows the sash to be fitted to slide up 
and down across the end of the spindle, and admits of the sas 
being made of substantially the width of the door. The bolt A is 
moved back from the inside by means of a handle D through the 
medium of a spindle d which passes partially through the door 
jamb B! from the inside thereof, and through the medium of an 
arm d! which has a bevelled head d2 for bearing against the 
bevelled head of the bolt A. When the arm d! has been turned 
sufficiently to move the extreme forward end of the bolt A just 
r of the inner edge of the staple or striking - plate, the 
bevelled surface of the head d2 of the arm bearing, as shown, 
against the bevelled surface of the bolt-head, will move the bolt 
(and with it the inner edge of the door) sideways sufficiently to 
ensure that it cannot re-engage with the staple or striking-p/ate. 
To facilitate this sideway movement of the bolt, the door may be 
closed against the force of aspring. (Accepted March 12, 1913.) 
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THE PANAMA CANAL.—No. ITI. 
Tue Lockx-GarTes. 


Iv two previous articles* we have given a descrip- 
tion of several features of the locks on the Panama 
(anal, having dealt more particularly with the con- 
crete construction adopted, and with the regulat- 
ing valves for controlling the water-level in locking 
vessels through. We now propose to deal with the 
lock-gates, which, owing to their size and number, 
constituted a very important contract. It will be 
remembered that there are three twin locks at either 
end of the canal, the total number of separate 
lock-chambers, therefore, being twelve. The locks 
are 110 ft. wide, and the flight of three at Gatun have 
a combined lift of 85 ft., while, on the southern 
side, the lock at Pedro Miguel has a lift of 30} ft., 
and the two locks at Miraflores a combined lift 
of 54% ft. The depth over the sills provided is 
40 ft. in salt water and 41} ft. in fresh water. 

The nominal — of each lock is 1000 ft., and 
this isthe clear usable length under certain arrange- 
ments. The adoption, however, in certain 
cases, of guard and intermediate gates, and the 
provision, moreover, of the safety fender-chain 
gear, results in various different lengths of lock 
being available. In Figs. 56 to 58, below, we 
give diagrams of the locks at Gatun, Pedro Miguel, 
and Miraflores, showing the location of the gates. 
These diagrams show some of the leading measure- 
ments. Between several of the locks, and at the 
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flooding the walls when admitting water, from the 
higher level, into the lock, in which the water might 
be at high-tide level. 

The design of gates of the necessary size involved 
the consideration of numerous points, including 
expense, strength, weight, transport by rail and 
water, and, of course, such matters as inspection 
and possible repairs in the future. The design 
finally adopted was for gates having a closing angle 
of 26 deg. 33 min. 54 sec. This was considered 
to be the best angle to withstand shocks and 
the pressure of the head of water. The roller ty 
of sliding-gate was considered, but not thought 
suitable. The type of gate actually adopted is 
described below. For the moment it will suffice 
to state that the leaves are built up of flat girder 
work sheathed with plating. The more usual 
form of arched construction was discarded for 
several reasons. With the large gates involved 
such construction would have resulted in gates 
quite as costly as those of the type chosen, if not 
more so, on account of the large amount of curved 
structural and plate-work involved. Arched gates 
would, moreover, have required much deeper recesses 
in the lock-walls, and this, in the case of the centre 
walls, would have necessitated an increase in the 
wall width for the entire length of the locks, 
thereby adding greatly to the cost. With the angle 
chosen the leaves must have a length of just under 
65 ft. They are 7 ft. wide, and the largest are 





82 ft. high. They are therefore very large struc- 


Fig.56. GATUN LocKs. 
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of these gate-anchorages in course of being em- 
bedded in the concrete walls were given in Figs. 2 
and 24 of a previous article published in Enar- 
NEERING, vol, xciv., page 772. The two anchors 
just described converge towards, and are fixed to, 
an anchor casting, shown in plan in Fig. 63 and in 
section in Figs. 59 and 64. This casting is made 
to receive a yoke of vanadium cast steel, shown in 
dotted lines in Figs. 59, 63, and 64. The yoke has 
two arms fitting into recesses in the anchor casting, 
to which it is fixed by lange cotters. The yoke has 
a 10-in. hole lining with the pintle below, and 
through which passes the upper hinge-pin of the 
gate. The yokes are of 0.16 per cent. vanadium 
cast steel. Two full-sized yokes were tested to 
destruction. Test specimens showed the material 
to have an elastic limit of 40,000 Ib., an ultimate 
strength of 70,000 lb., with an elongation of 24 per 
cent. in 2 in. The stress required to cause a 

oke to fail, which it did through one of the cotter 

oles referred to above, was 3,300,000 1b., or nearly 
seven times the greatest load it would possibly 
have to stand. The total weight of one anchorage 
complete is 36,752 lb., except in the case of safety 
gates, for which the longitudinal anchors are length- 
ened, Lringing the weight up to 38,476 lb. 

Thero are forty-six gates in all on the canal locks, 
comprising ninety-two leaves. As already stated, 
each leaf is 65 ft. in length, but they are of varying 
height. The guard-gates are the lowest, the sills 





for these gates being in the forebays, while the 
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upper end of the top locks, guard-gates are pro- 
vied, in addition to the service gates. The over- 
all length from the hollow quoins of the upper guard- 
gate A (Fig. 56) to the hollow quoins of the lowest 
set of gates for the same lock, E, isa distance of 
1181 ft. The normal useful length of the lock is 
98.5 ft., being reckoned from the quoins of the 
upper service gates B to the fender-chain gear 
placed 100 ft. above the hollow quoins of the next 
guard-gates D. By leaving the upper service gates 
Bopen when locking down, a clear length from A 
to the fender-chain gear is obtained of 1000 ft. 
In locking up, a similar length may be secured by 
leaving the gates D open, when a s of about 
% ft. or so would be left between the vessel and 
the nearest gate ahead. In either direction, there- 
fore, a vessel will have two gates in front of it, 
between it and the next level. In the case of 
vessels of a length of 900 ft. and less the gates A. B 
will be worked together, as will also the gates D, E. 
As it is reckoned that 95 per cent. of the 
vessels on the high seas are shorter than 600 ft., 
it has been thought well to provide intermediate 
gates in all cases, save for the lowest lock at 
Miraflores, so that it will not be necessary to use 
the full length of the lock for the shorter vessels. 
8 arrangement will result in a considerable 
saving, both of time and water. The intermediate 
gates C are situated 650 ft. from the lower gates, or 
ft. above the fender-chain gear. The valves 
and gates are so arranged that various combinations 
are possible, giving lengths of chambers of 278.5 ft., 
ft., 550 ft., 908.5 ft., and 1000 ft. At the 
wer end of each set of locks there are reversed 
gates. At the Pacific end of the canal the tidal 
eh about 20 ft. The omission of the inter- 
gates in the lower lock at Miraflores is due 

a desire to avoid as much as possible the risk of 








* See pages 622 and 689 wnte, 
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tures, but no roller-path is provided for them, the 
whole of the support beiug given by a pintle at 
the base, and a yoke above, attached to anchorages 
set in the concrete walls. 

The pintle is hemispherical, 16 in. in diameter, 
and of steel, set in a casting fastened to a founda- 
tion embedded in the concrete floor of the lock. 
The system of anchorage adopted for the upper 
hinge of the gates is shown in Figs. 59 and 65, 
page 762. The anchors are composed of two 
members fixed respectively longitudinally to, and 
across, the wall. The transverse anchor, shown in 
Figs. 59 to 63, has to take a pull due to the weight 
of the gate when swinging, and a thrust exerted 
when the gates are closed. It is therefore con- 
structed as a structural steel frame, of the — and 
sections shown in Fig. 59, and is of a total height 
of 25 ft. 7} in., with grillage footings, shown in 
Figs. 60 to 62. The grillage for the main member 
is shown in Fig. 60, and consists of two lengths of 
15-in. by 55-lb. channel riveted to the vertical, 
across which are placed four 4-ft. lengths of 8-in. 
by 20}-lb. I-beams. The secondary member is 
lighter, and its grillage is shown, in Figs. 61 and 62, 
to consist of two lengths of 12-in. by 26-lb. channel 
and two cross-pieces of 8-in. by 204-lb. I-beams, 


3 ft. long. 

The longitudinal anchor has to take a pull only, 
which, however, will amount to about 505,000 lb. 
in the case of the large gates, when the leaf is 
being swung in the dry or housed in its recess. 
This anchor is shown in Figs. 63 to 65. It con- 
sists of a link chain made of pairs of members of 
various lengths, but each of 9-in. by 2-in. steel 
bars, coupled at the eyes by 7-in. pins and cast- 
steel collars, 2 ft.in diameter. The grillage footing 
consists of a frame of two le of I-beams of 
24-in. by 80-lb. section, coupl to the bottom of 
the end link by an 8-in. diameter pin, with four 


A 


sills of the service gates are on the lock-floors. 
list of the gates, and their heights, is given in the 
table herewith, the letters referring to Figs. 56 


to 58 :— 


Number 


Position. of Leaves. 














Lower guard, Gatun - 
| * Petro Miguel 
Upper guard, Mirafiores .. 
- Gatun be 
ti Pedro Miguel 
Lower . Miraflores .. 
|Upper lock-gates, Gatun 
| Intermediate gates, Gatun 
Safety gates, Gatun ée es 
Lower gates, upper lock, Gatun 
Intermediate gates, Gatun . 
Lower gates, lower locks, Gatun’ 
Upper lock-gates, Miraflores .. 
Intermediate gates, Miraflores .. 
Safety gate, Miraflores .. we 
Lower gate, upper lock, Mira- 


flores 
Intermediate gates, Gatun ee 
| Lower , middie lock, Gatun 
Upper lock-gates, Pedro Miguel 
Intermediate gates, Pedro Miguel 
Safety gates, Pedro Miguel be 
Lower gates, Pedro Miguel st 
lower locks, Mira- 
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Total .. 


“| 
There are thus 92 leaves, of which 4 are 82 ft. 
high, 16 are 79 ft. high, 8 are 77 ft. 10 in, high, 40 
are 77 ft. high, 4 are 66 ft., 8 are 54 ft. 8 in., and 12 
are 47 ft. 4 in. They are distributed as follows :— 
Twelve 47-ft. 4-in. leaves: 4 at Gatun, 4 at Pedro 


Miguel, and 4 at Miraflores. 
Eight 54-ft. 8-in. leaves: 4 at Gatun and 4 at Pedro 





el. 
our 66-ft. leaves at Miraflores. 
Forty 77-ft. leaves : 24 at Gatun and 16 at Miraflores. 
Eight 77-ft. 10-in. leaves at Gatun. 
Sixteen 79-ft. leaves at Pedro Miguel. 





cross-pieces of 10-in. by 30-lb. I-beam. Good views 





Four 82-ft. leaves at Miraflores. 
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The total weight of the 92 leaves, including the 
moving parts only, and excluding fixed irons, anchors, 
&ec., is 118,488,100 lb., the largest leaf having a 
weight of 1,483,700 lb. The contract for this work 
was let to one firm, at a total price, including 
erection, of 5,374,474 dols. The price worked out 
at 3.785 cents per pound for steel-work erected, and 
2.62 cents per pound for steel-work not erected. 
In our two-page engraving, Plate XLV., with this 
week’s issue of ENGINEERING, and on pages 766 
and 767, we give numerous illustrations relating to 
the gates and the method adopted in erecting them. 

Drawings of a typical leaf are given in Figs. 66 
to 68, the general lay-out being shown in Fig. 69. 
As already stated, the leaves are of the straight 
type, and consist of sheathed girder-work 7 ft. 
wide. At either end the up-stream face is curved 
in, so that the leaf proper is only 2 ft. wide at the 
mitre and quoin posts. The framework consists of 
horizontal girders spaced 3 ft. 8in., 4ft. 2 in., and 
5 ft. apart, with vertical frames extending the 


similar sections, but the 8-in. by 23.8-lb. channels 
are used for more of the panels than on the other 
side. 

The sheathing consists of l-in. plating for the 
lower panels on the up-stream side, this being suc- 
ceeded by panels of }§ in., { in., and ,% in. thick- 
ness. This plating is overlaid at the horizontal 
girders with plates of varying width and thickness, 
those at the bottom being 28} in. wide and }} in. 
thick, with plates 22 in. wide and 4 in. thick super- 
posed on them. This treble plating is only carried 
part of the way up the gate. The width and thick- 
ness of the overlays decrease with the distance 
from the bottom, a single plating overlay being 
used for the upper part of the leaf. On the down- 
stream side the sheathing is }# in. for the bottom 
panels, followed by plating ? in., }4 in., 2 in., 
1 in., and 4 in., the uppermost panels being ;‘, in. 
thick. On this side the overlays at the. horizontal 
girders are single and of plating about 124 in. wide 





and 4 in. thick. The ends are closed by flat plates 


avoid possible damage due to electrolytic action, 
In the case of other gates which will work jn 
brackish water, the precaution has been taken of 
placing a zinc ring round the pintle, and close to 
the phosphor-bronze bushing. 

The reaction castings and bearings at the quoin 
and mitre-posts of the gate-leaves are illustrated 
in Figs. 70 and 71. Dealing with the quoin-posts 
first, it will be seen that heavy steel castings are 
set in the concrete. These vary in width from 
top to bottom, so that the pressure on the con. 
crete shall be nowhere greater than 450 lb. per 
sq. in. To those castings are fixed hard rolled 
nickel-steel bearing-plates, which are bolted to the 
castings by 1-in. bolts, 17 in. apart, and set in 
babbitt metal. On the gate-end there are similar 
castings, in lengths corresponding to the height of 
the panels to which they are attached, They are 
fixed to the gate by bolts and rivets, and wedge 
fillers are driven on either side, so as to obtain the 





correct setting. Bearing-plates of nickel-steel are 
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whole height of the leaf, and, in addition, inter- 
costals about 2 ft. apart. There are also vertical 
diaphragms at either end (see Fig. 68) to transfer 
the end thrust to the horizontal girders. The 
bottom horizontal girder consists of }$-in. plate, 
with two angles 8 in. by 6 in. by ? in. running 
along thefront and back edges. It is stiffened at 
intervals of 2 ft. 24 in. by transverse members 
consisting of 12-in. by 50-lb. I-sections. The super- 
girders consist of j-in. plating with two 6-in. 

y 6-in. by 4-in. angles on the down-stream side, 
and 8-in. by 8-in. by }-in. angles up stream. Above 
these are girders of g-in. plating, and above them 
others of }-in. plating, both with down-stream 
flanges made of 6-in. by 6-in. by ,j,-in. angles. On 
the up-stream side the flanges for all girders in 
the air-chamber, to be described below, above the 
lowest, consist of two 8-in. by 8-in. by j-in. angles, 
and above these 6-in. by 6-in. by 4-in. angles are 
used. The horizontal transverse stiffeners on the 
girders above the lowest consist of two angles 
5 in. by 3$in. by ,y in. The transverse vertical 
framing consists of plate panels surrounded by 
angles. Inside the up-stream face, for the lower 
portion of the leaves, the intercostals are channels 
of 8-in. by 23.8-lb. section, those in the upper 
being Z-bars of 5-in. by 16.4-lb. section. e 
intercostals inside the down-stream face are of 
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connected to the skeleton by continuous bent plates 
To the ends are attached the reaction castings shown 
in Figs. 70 and 71. 

The required height of the leaves is obtained by 
varying the number of 5-ft., 4-ft..2-in. and 3-ft. 8-in. 
panels. The lower portion of each leaf is com- 
posed of a water-tight chamber 35 ft. high. This 
chamber assists in floating the leaf and relieving 
the load on the supports. It is divided by vertical 
bulkheads into three water-tight compartments. 
The horizontal girder forming the top of this 
chamber is stiffened with transverse I-sections 
10 in. by 30 lb., and about 2 ft. 24 in. apart. An 
air-shaft, 22 in. by 26 in., runs from this chamber 
to the top of the gate. To the interior of the 
aed rtion of the gate water has free access, 
through openings 22 in. by 16 in. on the up-stream 
side, It is for this reason that the sheathing on 
the up-stream side of the upper panels, above the 
air-chamber, taking no load, is only ,% in. thick, 
while that on the down-stream face is of heavier 


gauge. 

At the bottom of the quoin end of the gate-leaf 
there is a heavy casting, in which is inserted a 
bushing fitting over the pintle set on the lock-fioor. 
This bushing is of manganese bronze, except in 





the case of pintles always in sea-water, when hard 
cast vanadium steel has been adopted, in order to 
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set in these castings, and backed by babbitt metal, 
as in the fixed reaction posts. At the mitre end of 
the leaves, shown in Fig. 71, a similar system 1s 
adopted, with, of course, certain modifications in 
the form of the castings. 

The material used in the gates is open-hearth 
steel, having an ultimate tensile strength of 
60,000 Ib. per sq. in. The steel castings are of 
65,000-Ib. to 70,000-lb. quality. The bearing-plates 
set in the reaction castings at the quoins and 
mitres are of nickel-steel of about 3.5 per cent. Ni, 
and of an ultimate strength of 85,000 Ib. per sq. 10. 
The steel-work of the gates is designed so that the 
stresses do not exceed 13,000 lb. per sq. in. under 
ordinary conditions, or a maximum of 15,000 lb. 
under extreme conditions. The large margin has 
been adopted to provide against corrosion aud shock. 


Lock-Gate Erection. 


During the execution of the contract for the 
gate-leaves, the precaution was taken, in addition to 
careful inspection, of having one of the 54-ft. 8. 
and one of the 77-ft. leaves erected at Pitts- 
burg before shipment. The method of erection 
adopted for the lock-gates on the canal consisted 
of building the gates up in the lock-cham bers, 
and then shifting them into position on to the 
pintles, by means of special moving frames. The 
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horizontal girders, 1500 in all, 65 ft. long and 
7 ft. wide, and weighing nearly 18 tons apiece, were 
riveted up at the works at Pittsburg and shipped 
to the Isthmus. In order to facilitate erection, 
temporary bridges were laid across the locks, capable 
of taking locomotive cranes large enough to handle 
the material. In Figs. 72 to 75, Plate XLV., 
some drawings are given of the means adopted 
in erection, the process being also illustrated 
in Figs. 82 to 85, page 766, and Figs. 86 to 89, 
page 767. Fig. 82 is a view of the interior of 
one of the Pedro Miguel lock-chambers, showing 
the gate recesses and the sill. Just on the near 
side of the sill may be seen several little piers of 
concrete. These are temporary structures laid to 
accommodate the columns of the erecting frame 
shown in Figs. 72 to 75, of which a description 
will be given below. In Fig. 84 one of the tem- 
porary bridges is shown in use at Miraflores, with 
the gate skeletons behind it. The bridge is shown 
in plan in Fig. 75. It consists of two girders 
with webs 36 in. deep and 4 in. thick, with flanges 
top and bottom, consisting of two back-to-back 
angles 6 in. by 6in. by in. The lg oy are 
of lattice work, and are 22 ft. long, the truss 
having three rectangular panels 20 ft. 7 in. long, 
and two triangular end els. The cross-bearers 
have a length of 11 ft., and the bridge carries a 
5-ft. gauge track, each rail being over one of the 
36-in. web girders. 

The bottom girder of each gate-leaf was prepared 
alongside the lock-chamber, the heel casting and 
the pintle-cup being bolted and riveted to it, and 
all the joints caulked, before lowering into position. 
In this state the girders weighed about 24 tons 
each, and were handled by two cranes, which 
lowered them into the lock-chamber and deposited 
them relatively to the wall, as shown in Fig. 75 
—that is to say, at a distance of 4 ft. from 
their final position and at an angle of about 45 deg. 
with the wall. The girders were placed on rolled 
beams and blocking at a height just great enough to 
allow the pintle-cup to clear the pintle itself, when 
moved back into position. All the rest of the 
material could be handled by single cranes. The 
skeletons were built up on the bottom girders, the 
diaphragms and vertical frames being attached 
as each panel was reached, and before the next 
horizontal girder was placed in position. Adjust- 
able fillers were inserted between the verticals and 
the horizontal girders at every fourth panel, and by 
this means the height of all the gates has been 
kept within an error of } in. of the designed figure. 
The intercostals were inserted after the skeleton 
was put together. 

In order to ensure great accuracy, a special 
machine was laid down at the makers’ works for 
planing both ends of the horizontal girders simul- 
taneously. In erection steel wires were employed 
for checking the work, and it is stated that the 
greatest deviation from the plumb of the leaf-ends 
does not exceed } in. on the highest gates. The 
skeletons were steadied by guys during erection. 
All interior rivets were driven before sheathing 
was commenced. The sheathing - plates were 
lowered to place by the cranes and bolted tempo- 
rarily, after which the trestle-bridges were removed 
to other points for the commencement of work on 
other gates. The plates were drilled to }} in. for 
both {-in. and 1-in. rivet-holes, being reamered out 
after being adjusted and bolted in position. The 
number of such holes to be reamered amounted to 
about 4,000,000, there being over 50,000 in some of 
the larger leaves. Most of this work was done by 
electrical or compressed-air machines, though in 
some positions towards the curved ends of the leaf 
it had to be done by hand. There were altogether 
some 6 million rivets to be driven in the field, and 
great care has been taken that this and all other 
work should be of first-class standard. 

After reamering, riveting and caulking, the steel 
castings at the quoin and mitre ends were adjusted 
and fixed. Before fixing them to the end plates of 
the leaf, both were ground with emery wheels, 
so as to ensure a good contact between individual 
castings and the leaf. The castings are, as already 
explained, of a height equal to the panels. A good 
contact was insisted on along the outer edges of 
the castings, and also opposite the diaphragm. As 
already described, these castings were adjusted by 
wedge-plates, shown in Figs. 70 and 71, the final 
adjustment of the ing-plates, however, not 
being made until after the leaf had been moved into 
position. 

After the sheathing had been placed the moving 





frames shown in the views, Figs. 83, 85, and 87, 
and in the drawings, Figs. 72 to 75, were put in 
position on the temporary concrete piers, referred 
to above as being noticeable in Fig. 82. These 
frames are of steel-work, and each consists of two 
front and two back columns, braced together and 
also cross-braced. The front columns are of §-in. 
ey with flanges of double angles 6 in. by 4 in. 
y 4 in., and are 1 ft. 8 in. wide at the bottom and 
1 ft. 2 in. at the =. They each rest on a foot, of 
which a larger scale drawing is given in Fig. 72. 
This foot is made up of # in. gusset plates and 6-in. 
by 4-in. by 4-in. angles, with a bottom plate } in. 
thick and measuring 20 in. by 57in. The latter rests 
on a double wedge-block of a capacity of 200 tons, to 
the underside of which are fixed five lengths of 9-in. 
by 21-lb. I joists. These joists are carried by 24-in. 
rollers 2 ft. 2 in. long, running on five 10-ft. 
of 80-lb. rail placed side by side. The back columns, 
consisting of two angles 6 in. by 4in. by ,; in., 
are also provided with feet and carriages, but of a 
smaller capacity. They are carried on only three 
rails, side by side, 24-in. rollers also being pro- 
vided to enable the frame to be traversed. e 
frames are 54 ft. high. They are shown in 
plan in Fig. 75. They each measure 365 ft. long 
and 10 ft. 7 in. centre to centre of columns, back 
to front. The frames are strong enough to sup- 
port the whole weight of the largest leaves, to 
which they are attached by temporary bolts. 
When ready, the gates were rolled into position 
while carried by these frames, and when over the 
pintles they were lowered by means of the screw- 
wedges. The moving was done by hydraulic 
jacks, and the operation of moving and lowering 
occupied about two days per leaf. After making 
good the top connection, it was found that the stiff- 
ness of the leaves is so t that the droop at the 
end of the mitre-post is barely 4 in. 

When swung the final adjustment of the bearing- 
plates was taken in hand. The fixed plates in the 
quoins had previously been finished. These fixed 
plates were set with temporary and stud-bolts, 
about 2 ft. apart, to a steel wire set to the centre 
of swing of the leaf. By means of a template cut 
on one side to the necessary curvature, and notched 
at the centre of curvature, the quoin-plates could 
be set in the fixed castings. Errors of # in. to $in. 
in the setting of the castings were easily corrected 
by this system of separate plates. After alignment 
the space between the plates and the castings was 
dried out with hot compressed air, and babbitt 
metal poured into it at a high temperature through 
some of the bolt-holes. After pouring and caulk- 
ing, a final grinding was given to the curved bearing 
surface. 

Work proceeded in a somewhat similar manner 
for the bearings on the quoin end of the leaf, 
except that after the gate was placed in position 
and closed, the leaf bearing-plates were forced up 
against the fixed quoin-plates by bolts and small 
bolt jacks, instead of being set to lines. The plates 
thus set were fastened, the gate was swung open, 
and the plates babbitted and ground. The leaves 
were adjusted in the early morning, while the 
steel-work was at a uniform temperature. 

The mitre-posts were treated in a rather different 
manner. The leaves were closed, and the plates 
at the top and bottom brought together and fastened 
in their true position, after which the leaves were 
swung i and the intermediate bearing-plates 
set to a fine wire line passing from the top to the 
bottom plates. They were then babbitted and 
ground as in the other cases. 

The details of the sill and bottom seal for the 
gates are shown in Figs. 76 to 81, Plate XLV. The 
sills are identical for all locks. A plan of a sill 
is given in Fig. 81, and details to a larger scale of 
the steel castings, in which the hard-wood sill is set, 
are shown in Figs. 76 and 77, the former being for 
a length at the quoin end, and the latter a — 
at the mitre. A cross-section is shown in Fig. 80, 
which gives details of the anchorage of the castings, 
consisting of foundation bolts and of angle-iron 
riveted frames. The timber sill, 12 in. by 14 in., 
is held by horizontal and vertical bolts. e bolt- 
heads are sunk and covered with wood blocks set 
in white lead. The timber sill is surrounded on 
the casting sides by eement grouting not less than 
1 in. thick. After other work is completed the 
gates are closed, and the sill timbers pressed against 
the leaves, bolted and grouted up. Fig. 79 shows 
a novel feature of these gates in the form of a 
rubber seal adopted at the foot of the leaves. The 
seal is $ in. thick, and, being submerged, is ex- 


engths | per 





pected to last satisfactorily. The fixed iron and 
steel-work for the gate anchorages, sills, bearings, 
&c., on the canal involved 3,364,000 Ib. of struc- 
tural steel, 9,247,000 lb. of steel castings, 743,000 Ib. 
of nickel-steel plates, 406,000 lb. of cast iron, and 
196,000 lb. of pins and turned bolts, costing alto- 
gether 528,000 dols. 

The last operation prior to painting consisted in 
testing the lower air-chamber for water-tightness. 


For this purpose the chamber was filled with water, 
and also the air-shaft to the top of the gate, thus 
e actual 


roviding a head slightly oes than 
ead in service. The tightness of the internal 
bulkheads of the air-chamber was also tested, and 
any necessary caulking done. Under this test 
the large leaves contain about 700 tons of water, 
and the pressure at the bottom is about 32 Ib. 


sq. in. 
All structural parts in the gates were cleaned at 
the works, either by and. blast or by pickling. 
When pickling was used, a bath of dilute sulphuric 
acid was employed, after which the material was 
subjected to a washing by a jet of high-pressure 
water. It was then treated with lime, and again 
washed with water. Sand-blasting was employed 
in the case of the large built-up girders. The parts 
were riveted up before painting. After com- 
pletion, the gates are painted with bitumastic 
enamel inside, after being given a coating of a pre- 

ratory solution. The bitumastic enamel coating 
is at least ;y in. thick over all the interior 
surfaces. 

The work of attaching, babbitting, and grinding 
the fixed quoin bearing-plates began on March 21, 
1911. Work on the erection of the gates was to 
have been begun at Gatun on January 1, 1911, 
and at Pedro Miguel on March 1 of that year. It 
was, however, delayed, and was not actually com- 
menced at Gatun until May 17, and at Pedro 
Miguel until August 7. It has now fallen very 
considerably behind owing to inadequate pro- 
vision of appliances and to the lack of first-c 
erectors and riveters. Fig. 86, page 767, shows 
locks at Gatun, with the upper gates nearing 
completion. In Fig. 88 is } aod a view of the 
first pair of leaves to be completed—namely, a 
= of upper guard-gates at Gatun, closed and 

eeping back the water of the Gatun lake. Fig. 89 
shows the service gates immediately below, with the 
closed guard-gates in the background. On account 
of the work being behind hand, work is being 
pushed ahead at the locks on gates for complete sets 
of lock-chambers, so that one set of locks at each 
point may be brought into use at the earliest possible 
moment. At the end of January there were 76 
gangs of men at work riveting the leaves at Gatun, 
40 at Pedro Miguel, and 27 at Miraflores. The 
total force on this work numbered 3885 men, while 
the inspection force consisted of about 23 men. 
At the end of March the erection of leaves was 
86 per cent. wee nee at Gatun, the reamering 
93 per cent. completed, riveting 82 per cent., and 
finishing 20 per cent. completed. At Pedro Miguel 
erection reached 82 per cent. of the whole, 
reamering 94 per cent., and riveting 84 per cent. 
At Miraflores the figures were 64 per cent. com- 
plete, reamering 54 per cent., and riveting 35 per 
cent. 

The gate-operating machines, and the mitre- 
forcing machines fitted at the top of the leaves, have 
been fully described and illustrated in a previous 
article,* and these details need not be reverted to 
now. It may be of interest, however, to add that 
the gate-moving machines, including motor and 
limit-switch, cost each 7579.3 dols., while the 
mitre-forcing machines cost, complete, 1189 dols. 
each. Trials with the gate-moving machines show 
that the large gates can be swung in rather less than 
two minutes in the dry. The operation of passing 
a vessel through one lock-chamber will occupy about 
half an hour. 

Fioatina Carsson. 


In order that the locks may be completely un- 
watered at the upper and lower ends, so. that 
repairs or painting may be done to the — 
in the forebays, floating caissons are provided of the 
moulded ship type. These caissons are 112 ft. 6 in. 
long, 65 ft. deep, and of 32 ft. draught, having an 
extreme draught of 61 ft. and a moulded breadth 
of 36 ft. The bottom is convex and the ends are 
pointed. The greatest breadth is about one-third 
up from the keel, above which the sides slope in 
somewhat. The lower part is divided by nine 





* See ENGINEERING, vol. xciv., page 772, 
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tzansverse bulkheads extending to a height of 25 ft. 
above the keel. Two of these are collision bulk- 
heads, placed 8 ft. from the stems, thus providing 
the necessary tanks for longitudinal trimming. 
There is also a central longitudinal bulkhead. 
Framing and decking transmit the loads to the 
end verticals. Three 20-in. and one 8-in. centri- 
fugal pumps, electrically driven, will be provided, 
and will not only be used for controlling the water- 
ballast in the caisson, but also for unwatering the 
locks, 
Pumps anp Motors. 


The present is a suitable opportunity for dealing 
briefly with the pump and motor installations re- 
quired on the canal. There will be altogether 
966 permanent electric motors used for various 
purposes. We referred to some of the tests im- 
posed on motors in our last article. The following 
table gives a list of some of the centrifugal pumps 
that will be installed :— 


Number. Head. 


Use. | Capacity. 


| \galls. per min. 
| 1 





| Variable 
| 65 ft. 
| 90 ,, 
| 15,, 


Chain-feader pumps. . 
Chain-fender sump pumps 
Mitre-gate a se 
Drainage ja + 
Main culvert pumps .. 
Portable pit —— 


awoke 


100 ,, 


In succeeding articles we —— to deal with 
the Gatun and Miraflores spillways and other 
features of the canal. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS: PARIS MEETING. 
(Concluded from page 736.) 

Neon Lamps. 


THE proceedings on Saturday, May 24, differed 
from those of the previous days, for in place of there 
being a joint discussion on a number of papers deal- 
ing with different phases of one subject, several dis- 
connected papers were read, The first subject on the 

rogramme was a demonstration by Mr. Georges 

laude, of the Société d’ Air Liquide, on ‘* Lumines- 
cent Neon Tubes.” Mr. Claude is well-known as 
the originator of ingenious gas-liquefaction appa- 
ratus. With theaid of these apparatus he is able to 
isolate the rare gas neon in large quantities as an 
industrial product, and he has worked out neon 
lamps which resemble the ‘‘cold light” of the 
Moore lamp.* The neon spectrum, Mr. Claude 
remarked, was superb, rich in red, orange, and 
green lines, but unfortunately altogether devoid 
of blue and violet lines. Neon became luminescent 
with extraordinary facility ; Professor Collie had 
shown [in the Royal Society two years ago] that 
neon became luminescent when shaken with mer- 
eury. According to Bouty, a current of 13 volts 
would through a tube filled with neon, whereas 
it would require 1000 volts im the case of air. 
Thus neon seemed to be a promising illuminant. 
But there were peculiar difficulties. Neon had not 
inappropriately been called a noble gas ; it refused 
to associate with common gases. A tube contain- 
ing 98 per cent. of neon and some nitrogen and 
hydrogen did not give the neon spectrum at all ; 
such a tube would flash up under the discharge, 
but go out again at once. Even tubes containing 
pure neon would not continue to shine. The 
reason, Moore and Claude had found out, was that 
the metal electrodes of the tubes became very hot, 
volatilised, and thus introduced vapours into the 
neon. Insuch tubes a metallic mirror would settle 
on the glass, and when this mirror was subsequently 
dissolved in nitric acid, the evolved gas contained 
neon. In his actual electrodes Mr. Claude did not 
allow the density to rise above 1 ampere per square 
decimetre. He had thus overcome a very serious 
difficulty by which Moore had been confronted. 
According to Moore, so much nitrogen disappeared 
by absorption, or in some unknown way, ion his 
tubes, when they were worked, that he had to re- 
plenish the gas charge twice every minute, and each 
time about one-tenth of the charge was readmitted 
by an ingenious automatic electro-magnetic valve. 
To supply such Me pypainn = yd quantities of neon, 
Mr. Claude stated, would be beyond the capacity 
of his apparatus. Other gases absorbed by the 

* Moore, it will be remembered, sends the electric 
discharge through glass tubes many feet in length, filled 
with nitrogen at low pressure. 








metals, or contained in the neon, could be removed 
by means of charcoal; a charcoal tube, dipping 
into liquid air, was joined to the neon tube, and 
disconnected when the gas was pure, which was recog- 
nised by the colour and constancy of the discharge. 

Mr. Claude had several neon tubes in the 
lecture-hall. One tube, bent to a rectangle about 
15 ft. long, and fitted with electrodes, as in the 
Moore tubes, at both ends, was attached to the 
ceiling of the lecture-hall, and shed a soft, certainly 
pleasant, light of reddish or orange hue, which 
seemed to give the faces of the audience a similar 
healthy colour and which, without appearing bright, 
quite sufficed to enable a closely - printed table 
of logarithms to be read. Broca and Laporte 
ascertained that the neon light is physiologically 
excellent. But the light is undoubtedly too red. 
That would not be a drawback for the illumi- 
nation of monuments and buildings on special 
occasions [slides of churches and palaces so illumi- 
nated were shown] and for advertisements [neon 
tubes can be seen in several parts of Paris], but it 
would prevent the ordinary application of neon 
tubes. Flowers and coloured dresses look very 
= in neon light. The mercury light can 

used to supply the blue and violet rays. 
When mercury tubes were placed parallel to neon 
tubes the combined effect was satisfactory, though 
the shadows were certainly striking; mem- 
bers noticed that the, otherwise sharp, shadows 
of their hands on white paper appeared to be 
fringed with blue edges, and further out with a 
fainter red band. But the two lamps uired 
different current supplies; the Cooper - Hewitt 
lamps were run on low-tension continuous-current 
circuits, and the neon tubes required alternating 
currents of fairly high tension. The colour correc- 
tion could, however, Mr. Claude said, be effected by 
using neon tubes containing some mercury, but he 
did not give particulars of this important feature. 
The tubes which he had fixed to the ceiling—form- 
ing several rectangles inside one another—shone 
first in a peculiar patchy light when started, certain 
rtions appearing pink, others by contrast dis- 
inctly blue; these colour shades became more 
indistinct—owing possibly to the mercury getting 
warmer and more regularly diffused—and in a few 
minutes the two or three tubes all shone with a very 
steady grey light, which made blue cornflowers, 
red roses and green leaves, &c., apparently 
assume their natural shades again. A few members 
afterwards complained that the light was rather 
trying to the eyes, others did not, and the trouble, 
which was certainly not serious, may have been 
due to the temporary switching in of mercury 
lamps. 

Referring to the advantages of the neon light 
over the Moore nitrogen light, Mr. Claude remarked 
that he wanted only one-third of the potential of 
Moore, which was important from the point of view 
of safety; tubes 6 metres in length (5 metres useful 
length) would require 800 volts. The current 
intensity for tubes of 45 mm. diameter was about 
1 ampere, independent of the lengthof the tube. The 
light intensity was 200 candles per metre of tube, 
against 60 candles in the case of the Moore lamps. 

he neon tubes could therefore be made much 
shorter and less expensive than the nitrogen tubes; 
they were supplied finished to the customer. 
Finally, the efticiency of the neon lamp was 0.6 
watt per candle against 1.7 watt in the case of the 
nitrogen lamp. These last figures referred to the 
pure neon lamp, however; when nitrogen was 
added to the neon for improving the colour of the 
light as mentioned, the efficiency was nearly 1 watt 
per candle, though he had attained 1 candle per 
0.8 watt. [The candle meant is the bougie décimale, 
which is practically equal to the pentane standard 
candle, being exactly 1.006 British candle.] Mr. 
Claude my mgd stated on inquiry that the gas 
pressure in the neon tubes was 1 mm. of mercury, 
and 0.1 mm. in the nitrogen tubes. The instal- 
lations were due to the Maison Paz et Silva, of 
Paris. 

There was no discussion, but Mr. Duddell’s 
thanks to Mr. Claude found a cordial echo in the 
audience. 


OpeRATING TELEPHONE EXCHANGES. 


The second paper, by Mr. W. Slingo, chief en- 
ineer to the Post Office, on ‘‘ Application of 
echanical Devices to the Assistance of Manual 
Operating in Telephone Exchanges,” dealt with 
recent attempts made by the Post Office to bring 
mechanical switching devices to the aid of operators 





in ordinary manual exchanges. The following three 
developments, Mr. Slingo stated, seemed promis. 
ing :—(a) Apparatus for evenly distributing traftic 
over a number of operators’ positions ; (b) a device 
for improving the transmission conditions on ‘‘ B” 
positions where more than one call-wire was ter. 
minated ; (c) equipment for selecting and isolating 
out-going call-wire circuits in cases where several 
call-wires were used for operating a very large group 
of junction circuits. An operator at a manual 
exchange had, in ordinary circumstances, a fairly 
large percentage of unoccupied time in the slack 
hours, in order to be able to cope with the traffic 
during the short rush periods; during the slack 
pe tole several positions were coupled, and the 
oad efficiency per position was considerably re. 
duced. The traftic-distributor (a) had been de- 
vised in order that, when a subscriber lifted his 
receiver, his call was immediately transferred to 
an idle operator. At Paddington ‘the existing 
lamps and jacks (individual to subscribers in each 
position) were now —experimentally — being re- 
placed by ten or twenty such parts common to 
the traffic-distributing apparatus. Each position 
would only be able to receive one call at a time— 
i.e., while the operator was answering one call, one 
further glow could be received, but the other traffic 
would pass forward to other positions. If several 
types of service were in force at the same exchange, 
a separate section of the traffic distributor would, 
of course, have to be reserved for each type. A 
special circuit to the testing operator’s section 
would have to be provided to deal with faults 
which would produce a permanent glow on the 
calling lamp. If the scheme now tried proved satis- 
factory, future installations involving traftic-distri- 
bution apparatus would be designed on the basis 
of — connecting circuits without answer- 
8. 


ing jac 
The second part of the paper dealt with faint 
‘“*B” positions serving several exchanges. In 
large cities much difficulty was experienced owing 
to the poor transmission conditions involved when 
several underground call-wires were connected to 
the same ‘‘B” position. The new automatic call- 
seeking apparatus would enable the operator to 
keep in touch with one line only, and to cut out 
all the others; her lamp starting to glow would 
tell her that some outlying ‘‘ A” exchange wished to 
call, and she could then trip her apparatus so 
that only one call could be passed. An automatic 
call-wire selector had been installed at the Central 
Exchange in London by Messrs. Siemens Brothers, 
to prevent delay and mistakes, when several ‘‘A” 
itions tried to call up ‘‘ B” at the same moment. 
e ten call-wires of the group affected were up 
to the present operated from ten call-wire keys, 
the circuits of which were multiplied over 160 ‘‘A” 
positions; in the new arrangement one key 
replaced the former ten. Each operator was given 
such a selector which rotated when she depressed 
her key ; the rotation continued until the wiper 
found an idle ‘‘B” operator, to whom connection 
was automatically made ; ‘‘A” then heard a click. 
When no ‘‘B” position was open (at night, e.g.), a 
lamp would flash up at ‘‘B” when “A” called. Any 
‘*B” position could render itself inaccessible. A lamp 
would glow on the superviser’s desk when all the 
accessible ‘‘B” positions were simultaneously en- 
gaged. The selectors were driven by electric-motors. 
Owing to the fact that the third paper on time 
signals was to come on before 10.45, so as to enable 
Commander Ferrié to let the audience hear the 
time signals from the Eiffel Tower, Mr. Slingo did 
not enter into the details of the apparatus, which, 
Mr. Duddell remarked, appeared to have a great 
future. Mr. Devaux-Charbonnel gave an excellent 
and appreciative résumé of Mr. Slingo’s communica- 
tion in French. Mr. G. H. Nash, chief engineer 
to the Western Electric Company, of Victoria 
Embankment, W.C., referred to the work now 
done in America in this respect. American tele- 
phonists had, in 1910, admitted that very little use 
was made of automatic apparatus at exchanges. 
The improvements outlined by Mr. Slingo as to 
the distribution of lines might, he suggested, be 
restricted to of the subscribers’ lines. There 
would be difficulty of differentiating between the 
different kinds of service, since the operator did 
not know who was calling ; this difficulty might be 
overcome, he thought, by mounting a lamp-board 
on a prominent wall, on which the necessary 
information might automatically appear. Mr. 
Nash certainly considered that the novelties would 
effect a considerable saving in time, and enable 
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an operator to take charge of a few more cord 
circuits. 
Time SigNats BY RaDIOTELEGRAPHY. 


Commandant Ferrié, chief of the Bataillon of 
Military Telegraphy in the French Army, then gave 
his discourse on ‘* Universal Time and the Applica- 
tion of the Radiotelegraphy to Time-Signals.” We 
publish an abstract of this paper on page 788 of 
thisissue. The discourse was interrupted at about 
10.45 a.m. to enable the audience to listen to the 
actual time-signals sent out by the Eiffel Tower 
to enable institutions and ships to check their 
time and chronometers. For this purpose a small 
antenna had been brought down to the lecture- 
table, on which Fleming lamp-valve detectors, 
a relay, a battery, and three telephones in series 
had been placed ; the telephones were fitted with 
resonance cones. The signals were distinctly 
heard. Mr. Ferrié also demonstrated, by means of 
pendulum-clocks and Morse dots, how easily the 
coincidence between the beats of a second clock 
and dots spaced at ## second apart, or between two 
clocks, the one beating seconds, the other at in- 
tervals of (1 — 4) second, could be heard; he 
pointed out and demonstrated in his lecture that 
the coincidence was less easy to determine by the 
aid of dashes, which had sometimes to be used ; 
the beginning of the dash was noted in this case. 

Opening the discussion, Mr. Duddell mentioned 
that he had often overheard the Eiffel Tower 
signals in his home in London with a very small 
apparatus, and that such time-checks were very 
much needed ; the General Post Office signals were 
not always in accord, for instance. Mr. A. Turpain, 
of Poitiers, referred to the movement of the polar 
axis of the earth, which, since 1894, seems to have 
described an irregular spiral about its own central 
position of such a width that the whole spiral 
would fit into a room about 10 metres square. An 
avcuracy of 1 second in longitude determinations, 
Mr. Ferrié had pointed out, would ensure an accuracy 
of position of 30 metres near the equator. But 
th phetnaneahle apparatus much higher accuracy 
was realisable ; he had measured within 5}, second 
by long dots. He did not share Ferrié’s preference 
for valve detectors ; he preferred crystal detectors, 
and had found that a journey between Paris and 
Poitiers had not affected his crystal detector. Mr. 
Ferrié replied that for big antenne the valve 
detector seemed more suitable. Professor H. 
Abraham, of the Paris Sorbonne, stated that he 
could, with his photographic apparatus, measure 
time within ;;,, second, and they had thus means 
at hand of determining wave-lengths and the velo- 
city of sound with extraordinary accuracy. 

This was the last communication presented to 
the joint meeting. 

king in French, as he always did when pre- 
siding, Mr. Duddell concluded the joint meeting 
by thanking, on behalf of the Institution of Elec- 
trical Engineers, their French colleagues in a few 
appropriate words. More complimentary speeches 
followed in the afternoon, when tea was taken at 
the Trianon Hotel, Versailles, and expressions of 
goodwill had been exchanged at the banquet, which 
took place in the Palais d’Orsay on the Wednes- 
day of the week. Among the veteran scientists 
seated at the President’s table on that occasion 
were Professor G. Carey Foster, Mr. Marcel 
— Mr. Alexandre Gustave Eiffel, and General 

sbert. 


Excursions AND Visits TO WORKS. 


Arrangements had been made for visits to the 
famous museums, churches, and other points of 
interest in Paris, both for members and their 
ladies. Afternoon excursions took place to the 
chief power-stations : to the Eiffel Tower ; to the 
Chitteau de Chantilly, the old castle of the Mont- 
morency and Condé, which was destroyed during 
the French Revolution of 1789, rebuilt and stocked 
as the Musée Condé by the Duc d’Aumale (son of 
Louis Philippe), and bequeathed by him to the 
Institut de Senos ; to Versailles and to the Aero- 
drome of Buc, near Versailles, where, on the flying- 
rounds of Mr. Blériot (monoplanes), and of the 
rench military flying corps (largely biplanes of 
the Farman type), machines were seen by the dozen 
on the ground and up in the air. The splendidly- 
equipped testing laboratories of the Conservatoire 
des Arts et Métiers (under Mr. Cellerier) were 
also thrown open to the members, and Mr. Eiffel 
Permitted inspection of his aerodynamical laboratory 
at Auteil on one of the mornings. We will first 





notice the visits to the Eiffel Tower and its radio- 
telegraphic station and to the power-stations. 


RApIOTELEGRAPHY FROM THE E1rret Tower, 


Mr. Eiffel held a reception on one of the after- 
noons in his rooms up on the third, the highest 
platform of his tower, and showed the visitors 
the meteorological and radiotelegraphic apparatus 
mounted above that platform and above the lan- 
tern. There is not much to be seen, however, 
there. Six antenne wires are fixed on the top; they 
spread out in fan fashion, and enter the military 
subterranean station situated some distance from 
the base of the Tower ; originally bronze, they are 
now steel, and the insulation is y effected by 
pairs of porcelain pulleys held by rubber belts. 
The earth is formed by zinc plates of a total surface 
of 600 sq. in. It was a fitting year for a visit to 
the Tower. Several of the party had been right up 
to the top in 1889, when the Tour Eiffel had just 
been opened, and when a visit beyond the second 
platform was only permitted to the privileged. 
The Tower has now entered the twenty-fifth year 
of its existence, valuable meteorologic and generally 
scientific observations are being conducted there 
(the former uninterruptedly ali the year round), 
and the deflections of the vertical axis by the wind 
and the distortion produced by the heating of the 
iron structure by the sun’s rays [features with which 
we dealt in a recent note] have been studied by 
C. E. Guillaume, copies of whose discourse on the 
‘*Premier Quart de Siécle de la Tour Eiffel” were 

resented to the visitors. The Tower has repeatedly 
coe struck by lightning, but nobody has been 
hurt ; yet the regular ascents are step during 
thunderstorms. Seventeen people were killed during 
the erection of the Tower, it is said; no fatal 
accident has occurred since. The structure is 
painted every three years, at an expense of more 
than 80,000 francs. 

Immediately after the time-signal at about 
10.45 a.m., on which Commandant Ferrié had dis- 
coursed, a meteorological message is flashed out 
giving the weather outlook as heand upon the reports 
received at the Bureau Central ae emer @ x from 
the six stations at Reykiavik (Iceland), Valentia 
(Treland), Ouessant (extreme west of France), 
Corunna (Spain), Horta (Azores), and St. Pierre et 
Miquelon (the small French Isles near Newfound- 
land) These very condensed cipher messages 
relate to the barometer, wind force and direction, 
state of the sea, &c. Other signals are only 
intended for the Paris district. 

The actual emission of these signals takes place 
from the subterranean military radiotelegraphy 
station near the Tower, through a relay, which is 
connected with the Observatory clock. Comman- 
dant Ferrié is in charge of this station, which con- 
sists of a series of spacious rooms ; all the officers 
and men of his battalion are trained electrical engi- 
neers. Ourrent of 45 kw. at 220 volts and 42 
periods is taken from the mains of the Secteur, 
and the most powerful sparks for the waves of 2150 
metres length are produced on the rare - spark 
system of Ferrié. That is to say, a spark does not 
pass every time the potential wave attains its 
maximum in the secondary, but at desired intervals, 
actually produced by short-circuiting a resistance in 
the primary transformer circuit, which also contains 
inductance. The short-circuiting is effected by 


means of a second relay worked by the first relay | pr! 


above mentioned. This relay consists of a cup 
containing mercury and coal-gas ; the mercury is the 
one electrode, the other is a rotating metallic disc. 
The cup also contains a piston pump, the piston of 
which is held up by a spiral spring; when it is 
pulled down by an electromagnet energised by the 
first relay, a mercury jet is thrown on the rotating 
electrode, and the resistance in the primary is cut 
out at the same moment. The capacity of the 
installation consists of nearly 9000 jars or Moscicki 
tubes, which can bear 50,000 volts each, and the 
aerial inductance of an Oudin resonator, forming 
four turns of a 4-in. copper tube. The circuit is 
closed electromagnetically by eight carbon contacts 
coupled in parallel. The spark-gap is formed, not 
by two metallic plates, but by a vertical copper 
plate and a copper tube normal to it, through 
which air is blown at considerable pressure. The 
blower is turned on first, and the 45-kw. sparks 
sounded, from a safe distance, like the explosions of 
a big machine-gun. The connection between the 
electrode-tube and the fan-tube is made by rubber 
hose. The big spark-tube has a diameter of 200 mm. 
(8 in.), the gap a length of 25 mm. (1 in.); both the 





electrodes are stationary, but the plate can be 
turned eccentrically. Smaller electrode-tubes are 
likewise used. For smaller sparks use is made of 
a series of parallel rollers, rods of zinc or alumi- 
nium, so mounted in a frame that the rods can be 
turned about their longitudinal axes while the 
sparks pass, and their distances apart be adjusted ; 
the insulated ends of the rods project from the 
frame, and the hand can be passed over them. 
There are two smaller signal installations, the one 
taking current from a Bethenod alternator at 600 
periods, and the other 10 kw. from a transformer ; 
the latter 10-kw. station has a range of 3000 km. 
A 60-kw. Bethenod polyphase alternator for 1000 
periods has recently been installed at Hanoi, in 
Tonkin. 

Many interesting radiotelegraphy outfits were to 
be seen in this station, especially of the portable 
ype, in addition to various instruments, pendulum 
clocks (to the bob of which a stout iron wire, bent 
to a crooked UJ, is attached, which passes into the 
solenoid on the one side of the pendulum), and the 
frequency-meters of Ferrié. This latter instru- 
ment measures the frequency merely by the aid 
of two combinations of resistances and inductances 
which strongly differ in magnitude in the two parts. 
The two rectangular combinations of these 
are joined in parallel to a cable of some length, 
and to a coil which is acted upon by the current 
whose frequency is to be determined. Each rect- 
angle a a hot-wire ampere-meter, and the 
pointers of these meters cross one another at some 
point of the card, over which they are radially 
moving ; the point at which they cross gives the 
frequency, and the lines of equal frequency form 
peculiar curves on the card, which in the one instru- 
ment was calibrated for frequencies ranging from 
40 up to 45, the usual frequency being ‘3, or more 
exactly 41%. Ina modified form the same instru- 
ment measures wave-lengths. The instruments 
are made by the firm of Carpentier, of Paris. 

Among the radiotelegraphic outfits which were 
under test in this laboratory, were those of the 
Société Frangaise Radioélectrique, the Société des 
Telegraphs Multiplex and the Compagnie Génerale 
Radiotélegraphique. There were outfits to be 
transported by automobiles and by mules, for aero- 
planes, &c. The first mentioned Société Fran- 
caise makes use of the system “‘ a onde unique,” in 
which the primary and secondary oscillating circuits 
are connected, so that the whole system oscillates 
at one determined frequency, the wave having only 
one peak, independent of the degree of coupling, 
whilst with other systems two-peaked waves arise 
except with very loose, inefficient coupling. A com- 
parative study of this system and ordinary Tesla 
oscillations was published by J. Bethenod in 1910. 
Bethenod hasa preference for horizontal aerials en- 
circled by wire spirals. The Société des Telegraphs 
Multiplex use the system of R. Mercadier and H. 
Magunna, in which musical notes are produced by 
means of tuning-forks in a novel fashion, the tuning- 
fork being mechanically excited. An endless belt 
moves over two pulleys, one of which is driven by a 
small motor. The tuning-fork is fixed obliquely (at 
70 deg.) to the belt, so that one prong against 
it ; the other prong serves as contact-breaker of the 
continuous currents generated by a motor-driven 
dynamo, which are thus cut up into synchronous im- 
pulses. The tuning-fork (for 640 or 768 periods), the 
imary of the transformer and the Morse key are 
In series with the dynamo terminals, and the spark- 
gap on the tuning-fork is shunted by a condenser. 

e tuning-fork gives the same note, independent 
of any speed fluctuations in the motor. e new 
machines being installed in the station comprise a 
big double 150-kw. generator to produce currents at 
42 and at 1000 periods per second and to give 
600 sparks per minute ; the generator was installed 
but was waiting for its motor. 


Tue Evecraiciry Suprty Stations. 


Whilst the electricity supply stations of the city 
of Paris are, or soon will to. it is said, amalga- 
mated, the big power-stations outside the city gates 
are independent of one another, although they 
send current to the Paris tramways and railways 
and to its lighting circuits and a the environs 
as well, of course. Mr. Mazen had, in summing up 
the position of electric traction, emphasised the 
statement that it would be best for electric railways 
to take their current from the supply stations, instead 
of generating it themselves, pm | that current would 
probably be three-phase at 50 periods, for which 
there was most demand. The periodicity of the 
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two-phase currents of the two large power-stations 
which the members visited is 41%, a relic of the 
the old days; but they both supply also three- 
phase current at 25 periods. ese generating 


centres are the so-called ‘‘ Triphasé,” at Asniéres, 
and the Société @’Electricité de Paris, at St. Denis. 
They are both situated in the north of Paris, not 
far from one another, on the banks of the Seine. 
In many respects, also as regards the water and 
coal supply, the two stations resemble one another. 
We will first speak of the Asniéres station. 


Tae Asnikres Power-Station, Le Trirsash. 


The works were laid down in 1898, and supply 
was commenced in 1900. The actual winter load. is 
about 23,000 kw. The total capacity is 35,600 kw., 
22,000 being two-phase, and the total surface covered 
11,414 sq. m. (123,000 sq. ft), making about 03 
sq. metre of covered area per kilowatt insta!led. 
The old three-phase generators are driven by 
Corliss engines ; the recent two-phase generators 
are coupled with steam-turbines of the Zoelly type ; 
all the primary machinery and generators were con- 
structed in the works of the Société Alsacienne, of 
Belfort. The Corliss engines occupy 0.237 sq. metre 
of floor-space per kilowatt ; the turbines, 0.0395 
sq. metre. he semi-tubular boilers occupy a 
floor-space of 0.220 sq. metre, the ‘Garbe boilers 
of 0.110 sq. metre per kilowatt installed. 

The water for the works is taken from the 
Seine and ed through three groups of iron 
screens, each consisting of four screens in series ; 
the screens are raised twice daily to be cleaned 
by hand and brushes. The softening tanks are 
at the top of the building, where lime and soda 
are added. Pumping is required when the Seine 
level is low. he 20 motors serving for the 
boiler supply and condensation have an aggregate 
capacity of 1130 horse-power ; most of these motors 
are for continuous current. The coal arrives in 
barges, and used to be taken up by a crane to be 
distributed into trucks. Not quite three years 
ago the firm of Richard, of Paris, put down a 
modern coal-conveyor plant, which, it is said, has 
reduced the expense of the coal transport from 
barge to boiler to one quarter of the original cost. 
The Rondet-Schorr travelling crane takes the coal 
out of the barge and piles it up in an open heap. 
Underneath this heap are two conduits in which 
two conveyors run, the one 77 m. the other 80 m. 
long (253 ft. and 262 ft.). The trays and buckets 
of these travelling conveyors are each fed by 17 
hoppers. The coal is then carried further into the 
Hunt conveyor, which takes it up to the boiler- 
bunker level and through a roofed-in passage, 
386 m. (1270 ft.) in length, to the boilers ; another 
shorter Hunt conveyor has a length of 162 metres. 
The automatic coal-weighing machine, inserted in 
the conveyors, is of the Avery type. The whole 
transport of 50 tons of coal per hour is attended to 
by two men ; but the plant, including the ash and 
clinker transport, requires fourteen motors aggre- 
gating 70 horse-power. 


Most of the fifty-eight boilers are of the Garbe | 


type. They are water-tube boilers with four drums, 
cross-connected by two riveted tubes, or by groups 
of bent tubes, 100 mm. (4 in.) in diameter, and 
fitted with 360 tubes, 60 mm. and 53 mm. (2.4 in. 
and 2.1 in.) external and internal diameters, 
3.35 mm. wall-thickness, and of an average length 
of 4.5 m. (nearly 15 ft.). The total heating surface is 
300 sq. m. (3200 sq. ft.) ; the grate area, 7.5 sq. m. 
(81 sq. ft.); the tubular superheater surface is 
100 sq. m. (1075 sq. ft.). The boilers are fitted with 
Babcock and Wilcox chain grates, 2.4 m. or 2.1 m. 
(7 ft. 10in. and 6 ft. 10in.) long. The total bunker 
capacity is 3500 cub. m. (123,000 cub. ft.) ; that of 
the open coal heaps, 22,500 cub. m. The chimneys 
are either brickwork, 50 m. (165 ft.) in height, or 
an elegant ferro-coucrete structure of the Monnayer 
system, 80im. (262 ft,) in height ; the diameter at 
the top is 2.8 m. (9 ft.); the ferro-concrete is said 
to be not — cheaper, but also quicker to erect 
than the brick chimneys. The auxiliary boiler 
machinery is served by forty-four motors of 365 
horse-power total. 

The eight older steam-engines are all of the 
Corliss type, being triple-expansion two-cylinder 
engines ; 


ing 1150 kw. Two Zoelly turbines were intro- 
duced in 1908. These are provided with 18 discs, 
fed with steam at LL kg. per sq. om. (156 lb. per sq. 





e last of these was installed in 1902. | 
The old three-phase generators have 40 poles, and | 
yield current of 130 amperes and 5600 volts per) 

hase at 25 perieds, the normal power developed | 


in.), and, running at 1500 revolutions, they develop 
3200 horse-power; they drive 2200-kw. three- 
phase generators. 

The two-phase alternators, installed since 1910, 
are all coupled with Zoelly turbines, two for 8800 
horse-power and one for 13,500 horse-power ; run- 
ning at 833 and 1250 revolutions respectively per 
minute, they will take overloads of 20 per cent. 
for the whole day, and of 50 per cent. (the large 
turbine) for half an hour. These turbines contain 
twelve wheels, fitted with steel blades; the steam 
pressure is 12 kg. per sq. cm. (170 lb. per sq. in.), 
and the condensers require 358 and 333 litres (79 
and 73 gallons) of water per horse-power-hour. The 
alternators are for 6000 kw. and 10,000 kw. at 280 
and 430 amperes and 41% periods. Two more turbo- 
generators for 6000 kw. and 8000 kw. (three-phase) 
at 1500 revolutions and 25 periods are being erected. 

Tae combination of two-phase and three-phase 
generators requires special machines for balancing 
the load. Two peculiar motor-generators which 
convert two-phase current into three-phase cur- 
rent, or vice versd, have been added to the in- 
stallation for this purpose. The machines are for 
1500 kw. each at 500 revolutions. A syn- 
chronous three-phase machine for 5600 volts at 
25 cycles is rigidly coupled with a synchronous 
two-phase machine for 12,500 volts at 41% cycles : 
at the end of the shaft is an asynchronous three- 
phase starting motor. With the aid of a special 
small motor in the pit the two stators can be 
turned through an angle of about 5 deg. in order 
that, for the conversion in either sense, the phases 
may be independently synchronised with the other 
generators at work in the station. 

The accumulator battery of the plant consists 
of 67 Planté cells furnished by the Société le 
Travail électrique des Métaux. The two trans- 
formers for reducing the pressure from 5600 to 500 
volts are kept cool by oil circulation, the oil itself 
being cooled by water ; the capacity of each trans- 
former is 850 kilovolt-amperes. The transformer- 
house is separated from the main building, and on 
the top of it the insulators can be seen on which 
the aerial conductors were originally fixed ; the 
overhead line gave trouble, however, and under- 
ground cables were soon adopted. 


Tue Sr. Denis Exvectaiciry Suppiy-Sration. 


The St. Denis power-station of the Société 
d’Electricité de Paris ranks with the largest and 
most ornate in Europe; 120,000 horse - power 
were installed by the end of 1912. The visitors 
coming from Asniéres first noticed the two rows of 
chimneys, the four in the one row, each 55 m. in 
height, bearing the date 1904, the other four, 
similar to the former, in the second row bearing 
the date 1906, and the two Monnayer ferro-concrete 
chimneys, dated 1911, 90 m. (295 ft.) high. The 
internal diameters of these chimneys at the top 
are 3.25 m. and 3.75 m. (12} ft., the highest), whilst 
the Asniéres chimneys have all an internal diameter 
of 2.8 m. atthetop. The wall thickness of the con- 
crete chimney is only 8 cm. (3} in.) at the top. 
Although the station is ten years old, the first 
turbine having been erected in 1905, and although, 
as we mentioned already, the same combination 
of two-phase and three-phase generators is found 
there as at Asniéres, the station makes a very 
modern impression. Most of the coal, largely 
Scottish coal apparently, arrives by barges, and is 
transported by Babcock and Wilcox . conveyors ; 
there is also a railway siding. A public road runs 
between the works and the Seine, and the travellers 
and part of the conveyor plant are on the Seine quay, 
the conveyor crossing the road in a covered passage. 
Similar conveyors are used for the transport of the 
clinker, which is, on the premises, converted into 
bricks. For this purpose the clinker is ground 
in mortar-mills an mixed with slaked lime; the 
mixture is pressed into bricks in four vertical cylin- 
drical presses, and the bricks pass into the four 
kilns opposite them. These kilns are horizontal 
boilers, in which the bricks are heated by steam of 
8 atmospheres for some time; the silica of the 
clinkers and the lime combine and yield bricks of a 
strength of 150 kg. per sq. cm., which find a ready 
market. Part of the new buildings of the station 
were built of these grey bricks ; their manufacture 
was — started a year ago; 50,000 bricks can 
be supplied per day, it wassaid, and they formed a 
reliable source of revenue. 

The boiler-house contains 56 Babcock and Wilcox 
marine boilers arranged in eight rows; they have 
420 sq. m. (4500 sq. ft.) heating surface each ; 





the superheaters yield steam at 320 deg. Cent 
(626 deg. Fahr.), and they are combined with 44 
Green economisers ; the steam-generation can be 
pushed from 494,000 kg. (1,089,000 lb.) per hour 
up to 608,000 kg. Artificial draught is created, as 
at Asniéres, by four Prat fans and ejectors in four 
of the chimneys. The water is taken from the 
Seine as at Asniéres. The pumps are of the Weir 
Rateau (electric) and Laval (centrifugal) types, and 
Schilde meters and Lea recorders are used. 

The fine generator hall has a length of 200 metres 
(650 ft.) and a width of 21 metres (69 ft.) ; daylight 
enters through the large windows in the front and 
back, which are practically all glass, and through 
a row of windows immediately under the roof ; the 
one end wall is also provided with windows, To 
explain the general arrangement we should say that 
this hall is raised above the ground level, and 
entered by a stairway in froat, another stairway 
leading down from the hall into a long passage 
which runs at right angles to the eight rows of 
boilers and contains the steam-pipes ; stairways 
again lead from this passage down into the room 
where the pumps are fixed ; the condensers, &c., 
for the turbines are underneath the large hall, and 
the switchboards are in the gallery running along 
the one end wall. The salient feature of the whole 
installation was the absence of supervision ; very 
few men were visible. It wasa brilliant summer 
afternoon, and, it should be added, lest a compari- 
son be made with Asniéres, that no urgent repairs 
or additions appeared to be going on, whilst new 
plant was being erected at Asniéres. 

The large hall contains, in two rows along the 
walls, the various generators, most of which are 
turbo-machines of Messrs. Brown, Boveri and (o., 
supplied by the Compagnie Electromécanique, of Le 
Bourget. Four units consist each of a turbine and 
a three-phase generator for currents of 10,250 volts 
at 25 periods; they run at 750 revolutions and 
develop 5000 kw., and for two hours 6000 kw. In 
two other units one turbine drives in tandem a 
three-phase machine, as just described, and a two- 
phase alternator for currents at 12,300 volts and 
41% periods, the speed being 835 revolutions. The 
units of the first group have a length of 14.5 m. 
(477 {t.), a width of 4 15 m. (13} ft.), anda maximum 
height of 3 50 m. (11} ft.) ; the length of the units 
of the second group is 21.37 m. (about 70 ft.). 
There are, further, four more two-phase units 
of 6000 kw.; and, finally, a huge turbo-generator 
giving 11,000 kw., and for half an hour 15,000 kw., 
three-phase at 10,250 volts 25 periods and 750 
revolutions. The rotor consists of a Curtis wheel, 
with two rows of buckets followed by a drum with 
reaction blading. The steam consumption in this 
big turbine is guaranteed not to exceed 5.8 kg. 
(12.8 lb.) per kilowatt-hour at a load of 12,500 kw., 
and 6 26 kg. at a load of 5000 kw. This last unit 
has the same length as those first mentioned, but 
it is wider (5.20 m., 17 ft.) and higher (4.25 m., 
14 ft.). The surface condensers for these turbines 
are provided with triplex-piston wet air-pumps, 
driven by a continuous-current motor of 50 horse- 
power, and with a centrifugal pump with vertical 
shaft driven by a 120-horse-power electric motor ; 
the big turbine requires motors of 60 and 250 horse- 
power for these pumps. 

So far the phase-current plant. Continuous cur- 
rent is supplied by a turbo-dynamo of 300 kw. 
at 230 volts and 2700 revolutions ; further by six 
motor generators converting three-phase current, 
and by four-motor generators converting two-phase 
current, into continuous current ; two of these sets 
are for 375-kw., four for 600 kw., and two for 
1200 kw. There are also two Tudor batteries for 
3000 and for 1300 ampere-hours respectively, the 
one for regulating the auxiliary machinery, the 
other for controlling the exciters. Some specia 
transformers still in the hall are about to be super- 
sed These are a so-called polymorphic trans- 
former and two static transformers, each of 900 kw., 
for reducing the pressure of the two-phase currents 
by one-half. The polymorphic transformer consists 
of a group of four machines, running at 5 X) revo- 
lutions ; they are two synchronous motors, each of 
1500 kw., the one three-phase at 10,250 volts and 
25 periods, the other two-phase at 6150 volts and 
413 periods, and two continuous-current dynamos, 
each of 750 kw. at 550 volts. e 

The switching arrangements, as far as visible, are 
of extreme simplicity. On the gallery, which is 
divided into a phase-high-tension half and a contunu- 
ous-current half, nothing but levers (partly of the 
railway signal-box type), D’Arsonval instruments, 
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Aron supply meters, &., can be seen. The 
batteries and the distributing apparatus are in 
rooms underneath the gallery, on both sides of the 
stairway which lead up to it, and which divides 
the three-phase from the two-phase section. On the 
gallery the continuous -current instruments are 
divided into an exciter and an auxiliary group ; 
these two groups can be coupled in parallel. The 
subterranean cable gallery is built in ferro-concrete ; 
it has a length of 585 m. (0.36 mile), and a useful 
width of 2.40 m., and contains forty-eight cables. 

Visits were also paid to the installations of the 
Nord-Sud underground railway at Paris and of the 
Compagnie des Omnibus. The new central dépét of 
the latter is situated near the Clignancourt- Bastille 
line, and comprises workshops for the building and 
the repair of tramway-cars and motor-omnibuses, 
timber department, saw-mills, shops for making 
omnibus wheels and brakes, forges for the springs, 
tyre-shops, and erecting and testing-shops; the tram- 
way-cars are only overhauled and repaired there. 

We remarked in our introduction that a resump- 
tion of the Continental visits would probably prove 
popular. Such visits are insufficient for detailed 
studies, of course ; yet they enable the visitors to 
gain an insight into what is being done abroad, 
and municipalities might encourage their engineers 
to take part in such visits, instead of sending large 
deputations, frequently of questionable competency 
abroad for the study of special problems. 








LANG’S LATHE WORKS AT 
JOHNSTONE. 

Few, if any, tools in the shipbuilding and engi- 
neering industry are better known than Lang’s 
lathes, and it is therefore appropriate that one of 
the works to be visited by the members of the 
Institution of Naval Architects during the summer 
session in Glasgow, three weeks hence, should be 
the works where these lathes are manufactured in 
such large numbers. It is about forty years since 
Lang’s lathe was first introduced, and since then 
there has been steady improvement in the design, 
not only to meet the higher stresses involved in 
the use of high-speed steels, but also to increase 
the general efficiency of the tool, the variety of 
work which it undertakes, and its adaptability to 
many functions. The firm were amongst the first 
in this country to adopt the system whereby the 
feed could be changed without the lathe being 
stopped, and their system is now widely approved. 
We do not, however, propose to describe in detail 
the various developments, as these have been dealt 
with in ENGINEERING from time to time as each 
improvement was introduced. 

One or two outstanding features, however, may 
here be referred to. he variable-speed drive 
affords a gradual progression in the rate of speed, 
quite different from that of a stepped cone, any 
speed being attained by the simple turning of a 
hand-wheel, and the speed is, at the same time, 
indicated on an index automatically controlled by 
the machine itself. By the fast and loose pulleys 
driven by belt from the main shaft in the shop there 
is operated a spindle carrying a cone or Y/ pulley, 
while on the main spindle of the tool there is a 
corresponding pulley. A specially-designed belt, 
which drives entirely by its edges, transmits the 
power from the one cone to the other, and variation 
in the driving speed is achieved by the VY pulleys 
being simultaneously opened and » Beer f with the 
result that the belt sinks deeper into one, while it is 
forced nearer the circumference of the other. Each 

pulley comprises two flanges, one keyed to the 
shaft, and the other movable along the shaft by 
means of a toggle operated by a quadrant which gears 
into a worm ae by a hand-wheel in front of the 
machine. Thus the diameter of the driving part 
of the cone on the primary shaft becomes larger, 
while the driving part of the cone on the driving 
spindle of the machine becomes smaller, or, vice 
versd, the fixed flange being to the right of the 
movable flange on the primary spindle, and to the 
left on the machine operating shaft. Thus, while 
the speed of the shaft driven y belt from the shop 
shaft is constant, the speed of the main spindle of 
the lathe may be varied by the simple rotation of the 
hand-wheel operating the toggle controlling the 
advance or retiring of the flanges. 

A new and simple design of mechanism is fitted 
by which either single or treble reduction of 
earing may be had by the movement of one lever. 

© wheels are in gear unless they are doing work. 
In this connection it may be recalled that Messrs. 


Lang were the first tool-makers to adopt the prin- 
ciple of machine-cut spur-gears. Another feature of 
the machines is their patent screw-cutting and feed 
motions, which are well known, the arrangement 
being such that only screw-cutting, sliding feed, 
or surfacing feed can be in action at one time, and 
the screw or shaft may be reversed while the lathe 
is running. Any one of the screws of different pitch 
may be cut without alteration of change-wheels, 
without stopping the lathe. When the leadin 
screw is of the Whitworth pitch, a dial is fit 
on the saddle, by means of which the nut can be 
engaged at the correct turn of the screw, so that 
there is no need for the old chalk-mark method of 
engaging the nut when screw-cutting. Another 
notable feature in connection with the later 
machine is the type of lathe-bed, which obviates 
any possibility of twisting of the saddle when it is 
being moved along the bed, with the attendant strain 
on the change-wheels, feed-wheels, &c. In Figs. 1 
te 4 there are illustrated examples of work machined 
on the surfacing and boring-lathe fitted with a 
hexagon turret, the order in which the tools are 
used to produce the respective pieces of work being 
marked on them. In addition to lathes the firm 
manufacture several types of machines, including 
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centering, counter - boring, and facing - machines, 
universal shafting-machines, boring and tapping- 
machines, and many auxiliaries for machine-shops, 
all well known. 

The original manufacturing works were com- 

ratively small, but when the demand for the 

the speciality of the firm increased, a new site 
was purchased, extending to 13 acres, within the 
rend. of Johnstone, and adjoining the Glasgow 
and South-Western Railway, between Glasgow and 
Greenock ; on this was laid out extensive works, 
provision being made for future developments. 
A series of views of the principal departments 
of the works are reproduced in Figs. 5 to 12, 
on pages 770 and771. A key plan of the com- 
plete works, as at present in use, is given in Fig. 13, 
on page 772, and the extent of ground available 
for extensions will be seen. —> also on page 
772, is a plan of the foundry. e machine-shops 
and offices are on one part of the site, and the un- 
occupied land will make it possible completely to 
double the present roofed-in area, Beyond this is 
a foundry, which is thus isolated and adjacent to 
the railway. There is a siding for the reception of 
raw material, most of which is required for the 
foundry. About 700 workmen are employed 
almost entirely manufacturing lathes, and the firm 
endeavour to have about 200 lathes of various sizes 
in stock, in order to show visitors the features of 
the design and immediately to meet their de- 
mands; but, as a matter of fact, most of the 
machines in the factory, including lathes, planers, 
&c., are of the firm’s own make. This — 
even to boring-machines, because the firm found 
that the standard boring-machine would have re- 
quired considerable adaptation to meet their special 
needs. It is well that the works are thus equipped 





with the firm’s own vroductions, because for a long 








time past the demand for their machines has been 
so great that it has been impossible to pass into 
stock a large proportion of the output, notwith- 
standing that the standard lathes are put through 
the shops in quantities varying from 20 to 40. 

The counting-house and drawing- offices are 
illustrated in Fig. 15, on page 773. These are in 
one large room, corresponding almost exactly to 
the construction of the shops, with saw-tooth roof 
As they are well heated, and have an exceptionally 
high roof and abundant light, they are quite satis- 
factory. The photograph, however, is introduced 
principally to illustrate an interesting practice of 
the firm. On the extreme right will be seen a large 
blackboard, having drawn on it in chalk, to full size, 
the design of a new machine. The firm when 
evolving new developments invariably have the 
proposed machine thus drawn on the blackboard, so 
that the relation of one part to the other, and the 
accessibility of the machine generally, can be seen 
at once, and so that members of the staff and the 
foremen may be invited to express their views on 
the general arrangement and design. When 
criticism isthusavailable, improvements are effected 
before the working drawings for the shops are 
actually prepared. These working drawings are 
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Examp.es OF WorK MacuINep oN Messrs. Lana’s SURFACING AND Borine- 
LatHEe with Hexacon TuRReET. 


made on an exceptionally large scale, double- 
pee rp paper being used. One copy is sent to 
each of the departments—fitting, turning, shafting, 
gear-cutting, machining-—and to the bonus office. 

The firm have devoted much time to the investi- 
gation of the administrative procedure in other 
corresponding factories, and tners have from 
time to time visited the United States and Conti- 
nental countries, but they have not, as in so many 
cases, fallen into the grave error of duplication of 
records as a result of multiplicity of ideas gleaned 
from such visits. They have reduced the system 
to what they regard as narrow limits, and it may 
be worth while reproducing, as an example of their 
method generally, a standard order-sheet prepared 
immediately the requirements of the clients are 
made known :— 

A Standard Order-Sheet as Used in Messrs. Lang’s 

Works. 


Symbol 


¢ 
No. 


| 
Ordered. | Entered.| Delivery Due. proven Weight. 


Symbol. Drawing No. 
Fast-head 
Bed, ft. in. long / 
Fast-head connection to bed 
Saddle 


Apron for 

Gear-box for 

Loose-head | 

Stay 
Chuck Diam. 

Countermotion for Pulleys with 
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Such standard entry is put in the order-book, and 
two typed copies are made for the foreman turner, 
fitter, machinist, and pattern-maker. These are 
inserted in folders possessed by each foreman. 
Even for standard lathes copies of this form are 
issued, because it is uncommon for any standard 
tool to be sent away from the works without some 
—_ fitting, such as a chuck or special tool of some 
ind. 

The premium-bonus system is ado ; the firm 
were among the first to apply it. In the bonus- 
office records are made of the time required to 
finish each operation, the card system being in use. 
As far as possible each workman is confined to the 
production of a succession of the same or similar 
units, which are collected and sent forward to the 
store, from whence they are furnished to the erectors 
as required. All gear-boxes are made, for instance, 
by the same workmen. It thus becomes easy to 
apply the bonus system. The workman, when he 
‘ee his job from the foreman, proceeds to the 

onus-office, explains the name and number as 
well as the type of machine to which the unit 
belongs, and is given a sheet with the particulars 
and description of the work to be done as well as 
the time allowed. The system has worked very 
satisfactorily. In view of the unrest in the indus- 
trial world on this point, it may be interesting to 
point out that the premium system is exceedingly 
popular with Messrs. Lang’s workmen. 

n describing the various shops, we may begin 
with the pattern-shop, which is exceptionally well 
equipped with wood-working machinery. Adjoin- 
ing the pattern-shop is the store, and the light 
character of the work done simplifies the general 
arrangement of the racks on which all patterns are 
stored. The store is entirely of steel, alike as 
regards walls and roof, whereas the pattern-shop 
corresponds almost exactly to the general offices, 
as shown in Fig. 15. 

The foundry is illustrated in Fig. 5, on page 770, 
while the plan is reproduced in Fig. 14. The roof 
is entirely of steel, the columns being H joists. 
The complete character of the crane accommodation 
is a noticeable feature of the photograph. Of 
overhead travellers, there are, in one bay, two 
10-ton cranes, and in the other two of 10-tons and 
a 5-ton crane. The jib cranes on the columns are 
of 1 ton capacity. Unlike most foundries in such 
works in Scotland, the whole of the plant is under 
roof ; the cupola, boiler-house, core-ovens, &c., are 
accommodated in a special bay, which, however, is 
not shown in the photograph, but is indicated in 
the plan, Fig. 14. In this way the workmen are 
under cover, unless engaged in bringing pig iron, 
sand, coke, &c., to the required places. As to the 
material used in the foundry, ewe, Lang have 
devoted considerable time and experiment to ensure 
a fine composition, and their results are entirely 
satisfactory. The hoist raises the material to the 
charging - floor, and each of the cupolas has a 
capacity of 7 tons. The core-ovens are heated by 
Hyslop’s gas-furnaces, and the usual practice is to 
place the cores in the oven before the men stop at 
night, the fires being then lighted, so that by six 
o’clock on the following morning the cores are 
ready to be placed in position for the casting opera- 
tious during the day without any attention being 
required a drying process. So far hand- 
ramming machines only have been used, but 
the firm are installing some pneumatic rammers. 
The practice adopted in the foundry is to make 
all boxes of a similar size, drilled and machined 
on the faces, in order that any top part may be 
used with any bottom ; no time is lost in 
searching for a top and bottom which will fit each 
other. 

The machine and erecting shop, which is shown 
in plan in Fig. 13, covers an area of 3} acres 
within four oak. It is all on one level, laid with 
concrete. The roof is\carried on H{ beams, is of 
timber, and of the saw-tooth type, as shown in 
the views on pages 770 and 771. There is abund- 
ance of natural light, which is assisted by the white 
paint adopted for the inside walls of the building, the 
steel-work, and the cranes. The s are 25 ft. 
and 30 ft., and the overhead traversers are of 10 
tons capacity. 

It will be seen from the plan that the machine- 
shop is divided into departments, and illustrations 
of the principal departments are shown on pages 
770 and 771. Fig. 6 illustrates the surfacing and 
boring-lathe department, where all work required 
to be finished in a chuck is undertaken. The 
illustration itself clearly demonstrates the extent 
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to which Messrs. Lang believe in variable-s 
drive. All the machines are driven direct from 
the main shaft without any interposition of a 
countershaft, which, in itself, is one of the advan- 
tages of the variable-speed system. Most of the 
lathes are of the firm’s own manufacture, and many 
also of the horizontal boring-machines were made 
by the firm specially for their own work. To the 
horizontal boring-machine a jig is, as a rule, fitted 
for the boring of the gear-box for the lathes. 

Fig. 7 shows the gear-cutting department. 
Having been so long advocates of the machine-cut | 
gear, the firm naturally laid themselves out for | 
impressing the advantages of this on the market by | 
their own system of manufacture, and this depart- | 
ment alone is worth careful examination, since | 
every type of , Spur, bevel, worm-wheel, chain- | 
wheel, rack, clutches, spirals, &c., are produced. | 
It would, however, occupy too much space to enter | 
into a description of the methods adopted. 

Fig. 8 illustrates the department for fitting fast 
headstocks. The great majority of the fast head- 





stocks in the foreground of the illustration are of 
the variable-speed type, which we have already 
referred to, and the form of the cone is seen on one 
or two of the machines. 

The gear-boxes in process of being fitted are 
shown in Fig. 9. We have already made reference 
to the division of work in the factory, and here we 
have a complete example of it. The men of this 
department are supplied from the store with all 
the items for the erection of the complete gear-bor, 
and their work consists entirely of putting these 
parts together, the gear-box being passed complete 
to the erecting department. j 

The erecting-shop is shown in Figs. 10 and ll. 
The fast headstocke, gear-boxes, saddle-aprons, 
slide-rests, loose headstocks, é&c., all put together 
by men whose time is devoted entirely to the 
assembling of respective parts, are conveyed to the 
main erecting-shop, where workmen are eng 
finishing the machine-tools. 

As we have already said, work is very largely 
done for stock, and the firm aim at having about 
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200 lathes of various sizes in their erecting-shop, 
as they are specially anxious to receive visits from 
engineers, in order to display the advantages of their 

roductions. The inspecting department (Fig. 12) 
is utilised, as a rule, as a store-room, butin this all 
lathes are run, tested and inspected by specially- 
skilled workmen, in order to ensure that before the 
machine is packed for despatch everything is in 
order. The packing-room is at the further end of 
the inspecting department. 





ELECTRICAL AND MECHANICAL ENGI- 
NEERING EXHIBITS AT GHENT. 

THE most appropriate form of exhibit of any nation’s 
products is undoubtedly that which is collective and 
comprehensive, but this idea has seldom been realised 
satisfactorily. Where each exhibit is by an individual 
firm there is necessarily overlapping, and consequently 
lack of that variety which is essential to the capture 
of the interest of the visitor. A well-organised col- 
lective exhibit, on the other hand, tends to be more 
educational and at the same time more attractive, par- 
ticularly when some effort is made to illustrate the 
various processes in the production of a given manu- 
facture. At the Ghent Exhibition this is achieved 
with a considerable de; of success, not only in 
connection with the textile machinery exhibit, but in 
the electrical and mechanical engineering stand. At 
the request of the Board of Trade, Messrs. Vickers 
undertook to widen the scope of their stand, exten- 
sive as that scope already promised to be because of 
the varied productions o the firm ; and as a conse- 
quence there are collected together representatives of 

ifferent types of machine-tools for engineering fac- 
tories by leading British makers. It is our intention 
in this and future articles to illustrate and describe the 
more important features of the exhibit. On page 774 
Wwe reproduce a photograph (Fig. 1) showing the com- 
plete stand, which indicates not only the prominence 
given to the exhibit within the British tion, but 
also the scope. 

Examples of metal-work, not only of steel, but of 
various alloys—notably duralumin—take a prominent 
place. There are, for instance, several silent bevel- 
gesr ground wheels, made of steel, and especially 


hardened on the contact surfaces by Vickers’ patented | 250 


process, whereby distortion is eliminated. e steel 
— & maximum stress of 50 to 55 tons, an elastic 
Imit of 25 tons, with an elongation of 25 per cent. 
on 2 in. and 65 per cent. contraction of area. The 
scleroscope readings were 30 on unhardened portions 
and 9 on hardened surfaces. There are various 
examples of rage 2, dew mild and high-tensile steels, 
and the firm’s well-known crank-shafts for motors 
are also prominent in the illustrations. Duralumin, 
which has a specific gravity of 2.8, as com with 
1.8 for steel, with a strength ing from 26 tons per 
8q. In., with 20 per cent. elongation, to 35 tons per 





sq. in. with rather less elongation, is finding a ve 
much wider application, of which full evidence is 
afforded. One cubic inch of duralumin weighs only 
1.623 oz., and can be forged, stamped, or drop- 
forged into any form desirable. It takes a natural 
ge equal to nickel plating, and, being unaffected 
yy atmospheric conditions and impervious to the 
action of sea and fresh water, is in great demand, 
the range of its use being from airships and aero- 
planes to all sorts of cooking utensils. 

The latest practice with high-speed drilling and 
accurate reaming can be seen. There is shown at work 
a new design of vanadium high-power twisted drills ; 
these drills are made at the Erith works. Also in opera- 
tion are some special vanadium steel tools made at the 
Sheffield works ; these are employed with the Stirk 
planer and the Muir slotter. Reaming operations with 
a new design of adjustable reamers can also seen 
in conjunction with the Greenwood and Batley lathe. 
Samples of Timken bearings are on exhibition, some 
of them fitted to ‘‘back axles” to illustrate exactly 
how they operate. Before passing on to describe the 
exhibits illustrated mention may be made of the fact 
that various applications of the Williams-Janney 
variable-speed gear are shown, but as this apparatus, 
now being adopted for various purposes in ition to 
the control of gun-turrets, was fully illustrated and 
described in a recent issue (see page 156 ante), this 
passing reference may suffice. 

The whole of the exhibit is electrically lighted and 
the tools electrically operated, the Vickers train- 
lighting and ventilating plant being used to suppl 
current. This plant we shall describe later. Bach 
machine-tool exhibited on the stand is operated by 
Vickers motors. The Stirk planer is fitted with the 
Vickers electrical reversible drive, the.other machines 
are driven by motors, with which Vickers control- 
pillars, &c., are used. The total horse-power absorbed 
upon the stand when in full operation igapproximately 
75 horse-power. 

The electrical reversible drive as applied to a hori- 
zontal planer by Messrs. John Stirk Sons, Limited, 


Halifax, is illustrated by Figs. 2 to 7, on es 774 
and 775, the planer itself being shown in Fig. The 
main drive consists of a Vickers variable-s com- 
pound-wound reversing motor with interpoles, which 


will develop 25 brake horse-power at all speeds {rom 
to 1000 revolutions per minute, when supplied 
with direct current at a pressure of 220 volts. The 
motor is directly geared to the driving rack of the 
planing-machine, and is reversed by means of a starting 
and reversing device, which is driven by chains from 
conveniently situated moving parts of the planing- 
mAWith the range of speeds which th ul 

i e range 0: whi e motor will give 
it is possible to" obtain all cutting within the 
limits of from 30 ft. to 120 ft. per minute, and all 
return speeds within the same limits. The 5 of 
the motor is regulated by means of a double-handle 
speed-regulator, which enables the speeds of cutting 





and return stroke to be varied independently of each 
other for nearly the whole extent of the s range. 

The various pieces of apparatus which control the 
motor are shown in Figs. 3 to 7, on page 775. Fig. 3 
shows the reversing and starting switches, the two 
upper rotary switches in the re together forming 
the reversing-switch, and the lower one being the 
starting-switch. As stated above, these switches are 
positively driven by chains from a moving part of the 
planing-machine. e function of the starting-switch 
is to start up the motor automatically each stroke ; 
that of the double reversing-switch is to operate the 
shunt-resistance and reverse the current through the 
armature of the motor, Fig. 4 shows the shunt- 
regulator, the position of which controls the motor 
speed, and thus the cutting speed. Electrically, the 
arrangement operates as follows :—Normally, when 
cutting, the motor operates as pure shunt, its 
being determined by the position of the handle of the 
shunt-regulator. hen the table is returning, how- 
ever, the moter runs at its maximum 5) , since 
the reversing-switch, shown in Fig. 3, throws all the 
resistance on the shunt circuit. When the table 
reaches the end of its travel in either direction, the 
reversing-switch, in addition te controlling the shunt- 
regulator, short-circuits the armature through the 
starting resistance, part of which is wound on the 
field in the form of series coils, so giving a strong 
field at reversal. The reversing-switch also reverses 
the armature connections. The motor is then started 
up in the —— direction by the chain-driven 
starting-switch already referred to. 

The other auxiliary apparatus required for the elec- 
trical system consists of a main circuit-breaker, shown 
in Fig. 6, a retarding-switch, shown in Fig. 5, and 4 
limit-switch, shown in Fig. 7. The main circuit- 
breaker opens on overload or failure of current. It 
is arranged to short-circuit the armature through the 
series winding when it pens, so that the machine is 
instantly pulled up. The retarding-switch is operated 
by the machine table ; its duty is to short-circuit the 
field resistance, and so slow down the motor just 
before reversal. The limit-switch is for the purpose 
of instantly stopping the table should it over-run its 
proper travel from any cause. 

e chief advantages claimed for this drive are :— 
(1) The absence of belts, with their dirt, slipping, and 
frequent need of repair. (2) Perfect control of speed— 
it can be instantly adjusted to suit the hardness of the 
metal being cut. (3) Very high efficiency, there being 
only one electric motor used. The efficiency is prac- 
tically constant at all speeds. The efficiency of the 
motor exhibited is 87 per cent. (4) The motor gives 
full power at all cutting speeds. (5) The reversal 
takes place instantaneously; there is no waiting at 
the end of the stroke, and on the return stroke 
the system is regenerative. The fact that the motor 
acts as a generator towards the end of the stroke 
causes an extremely smooth reversal to be obtained. 
(6) The point of reversal is perfectly definite, and the 
machine can be set to plane up to a dead end with the 
smallest possible clearance. (7) The cut may be 
speeded up between the faces of bed-plates and such 
work ; this is done automatically by means of a 
simple accelerating, switch which can seen on the 
planer exhibited. 

The small 3-brake-horse-power auxiliary motor fixed 
on the top of the planer is for the purpose of raising 
and lowering the cross-slide. 

The horizontal planer on which this system of drive 
is shown at work is illustrated in Fig. 2, on 774. 
It was constructed by Messrs. John Stirk Sons, 
Limited, Halifax. The billet shown upon the planer has 
@ maximum tensile stress of from 30 to 35 tons, and is 
being operated upon by Vickers high-speed vanadium 
tools at a speed of 50 ft. per minute; the feed is yy in. ; 
the cut, 7 in.; and it is omg | chips at the cuttin 
rate of about 44 cwt. per hour. The machine is design 
to plane 5 ft. in width, 5 ft. in height, and 16 ft. in 
width. The table is 4 ft. 9 in. in width, and has 
T slots planed from the solid in the top for securing 
the work, and on the — for the reversing tappets 
and accelerating dogs. Troughs are poovten at each 
end to catch cuttings or lubricant. 

The bed is of great length, to mone tilting of the 
table when on maximum stroke. It rests on the founda- 
tion for its full length, and is of strong section, having 
double walls to support the strains of the driving 
mechanism, and is well stayed with strong box-bars at 
frequent intervals. The cross-slide is of box-section, 
arranged with power elevating motion actuated by a 
small reversing-motor. This drives the twin screws 
in the uprights through enclosed worm-gears. The 
worm-shaft is in two sections with a compensating 
—. The uprights are meg cones. keyed, 
and bolted to the sides of the bed, firmly tied 
together at the top by a deep oross-rail. There are 
four tool-boxes, two bei mounted on the cross- 
slide and one on each upright. The eross-slide boxes 
have self-acting reversible feeds to the horizontal, 
vertical, and angular motions, and the side tool-boxes 
have self-acting vertical feeds. The feed motions are 
actuated by a friction dise mounted on one of the 
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Fic. 3. Startinc anp Reversine Device. 


reversing shafts, enabling the amount of feed to be 
varied whilst the machine is in motion. 

The drive, as already stated, is by means of a 
25-horse-power Vickers reversing motor equipment, 
the motor being capable of giving ite full rated output 
at any — tween 250 and 1000 revolutions per 
minute. The ratio of gearing is arranged to give table 
speeds from 30 ft. to 120 ft. per minute, cutting and 
return speeds each being independently variable over 
the full range. An automatic accelerating-switch is 
fitted on the far side of the table, by means of which 
the speed may be increased between cuts. 

Special attention has been paid to the oiling arrange- 
ments for the various working parts of the machine. 
All bearings in the bed are bushed with gun-metal, 
and a complete centralised system of lubrication, pro- 
vided by a multiple sight-feed lubricator, obviates the 
running of the table to the end of the rack for oiling 
purposes. The Y/-ways of the bed and table are also 
automatically lubricated by oil-boxes and rollers at 
frequent intervals along the bed, and deep pockets are 
provided at the end of the bed to catch waste oil. 

All gearing is machine cut, the pinions from solid 
steel forgings, and the large wheels have weldless-steel 
rims shrunk on cast-iron centres, while the rack is 
from solid forged slabs. Spur-gearing is used through- 
out the driving train, and a large intermediate or bull- 
wheel is introduced between the rack and rack pinion. 
The approximate net weight of the machine complete 
With electrical equipment is 26 tons. 


(To be continued.) 





H.M. TORPEDO - BOAT DESTROYERS 
“SHARK,” ‘“SPARROWHAWK,” AND 
“SPITFIRE.” 


Ws illustrate on page 778 one of the twenty vessels 
for the British Navy, designed by Sir Philip Watts, 
K.C.B., when Director of Naval Construction at the 
Admiralty, and ouilt in various establishments under 
the 1911-12 programme. The vessel illustrated is one 
of three, the hulls of which were constructed by 

essrs. Swan, Hunter and Wigham Richardson, 
Limited, while the propelling machinery was 
designed and constructed by the Wallsend Slip- 
way and Engineering Company, Limited, Wallsend- 
on-tyne, and all three—the Shark, Sparrowhawk, and 
Spittire—have completed their trials most successfully 
and have passed into commission. 

These vessels, like their sister-ships, have a length of 
260 ft., a beam of 27 ft., a draught of -9 ft. 4 in., and 
* displacement tonnage of 935 tons, of which 373 tons 
ue to the weight of the hull. The vessels have 
designed to steam at full speed in a heavy sea, 
they have an exceptionally high forecastle 
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with a conning-tower and bridge behind the after end 
of this forecastle, the height of the bridge being about 
the level of the of the funnel, although the fore 
funnel is much higher than the others, as shown in 
the view of the vessel at full speed (Fig. 1). The 
armament includes three 4-in. guns, one mounted on 
the forecastle, one right aft, and another near the 
stern. There are two torpedo-launching tubes, one 
amidships and one aft. 

The propelling machinery, as shown in Fig. 2, 
which illustrates. the arrangement for driving the 
twin screws, with the condensers alongside each unit, 
was designed to develop 24,500 shaft horse-power in 
order to ensure a speed of 29 knots. This result was 
easily achieved, the average speed of the three vessels 
on their six runs over the measured mile, made in 
rough weather in each case, being about 307 knote, 
with an average mean shaft horse-power of about 
25,400 for 635 revolutions. This power was main- 
tained for eight hours in all three vessels, the oil con- 
sumption working out at about 1 Ib. per shaft horse- 
power per hour. 

These twenty destroyers are the first with twin 
screws ; the earlier vessels had the three-screw arrange- 
ment of turbines. Twin screws have much in their 
favour, whether considered from the standpoint of 
facility of operation, mancuvring, supervision, or 
with regard to the question of propulsive efficiency. 
There are, as illustrated, two independent turbines, 
each driving its own shaft and propeller. Each tur- 
bine is of the ordinary Parsons type, with ahead- 








going and astern-going sections incorporated in the 
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same casing. An impulse wheel with special blading 
or buckets is fitted to both the ahead and astern tur- 
bines, to deal with the highest pressure steam, the 
ahead impulse wheel being at the forward end, and the 
astern impulse wheel at the aft end. Steam is admitted 
to the ahead and astern turbines through ups of 
nozzles, each group having a controlling valve. The 
steam after leaving the impulse wheels is further ex- 
panded through a number of stages fitted with the 
usual reaction blading of the Parsons type, the combin- 
ation of the impulse and reaction sections resulting 
in & most economical arrangement. The number 
of ps of nozzles open to steam at any one 
time ean. be regulated to suit the condition under 
which the turbine is working, and by this means an 
excellent economy at low or cruising powers, as well 
as at high powers, is successfully ensured. The 
position of the controlling valves for steam to the 
nozzles for the ahead-going turbines is clearly indicated 
in our illustration on page 778, while a further 
réference to this shows immediately above these valves 
the specially - designed main steam - strainers and 
balanced expansion joints. 
In the wings of the vessel are placed the condensers 
ted x tively to the port and starboard 
turbines. Our illustration shows these condensers 
relative to the turbines themselves, together with the 
main exhaust bends, in position. From this illustra- 
tration it will be obvious that much careful designing 
was involved in order that the whole plant should be 
accommodated in the space at disposal. These con- 








densers are of the Weir ‘‘ Uniflux ” type, embodying 
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all the latest improvements, and this type of con- 
denser continues to prove its effectiveness in the 
most marked manner, in addition to the attainment 
of considerable saving in space. 

Air-pumps of the well-known ‘“ Dual” type, sup- 
plied by Messrs. G. and J. Weir, Limited, of Cath- 
cart, Glasgow, are provided to work in conjuxction 
with the condensers, the efficiency of these pum 
being thoroughly demonstrated during the trials. 
For the attainment of the high vacuum necessary with 
turbine machinery it is essential that there shall be 
an ample and uniform provision of circulating water 
for the condensers, and during the trials the centrifugal 
circulating pumps, which were supplied by Messrs. 
W. H. Allen, Son and Co., Bedford, proved them- 
selves more than equal to the requirements. These 
pumps are of this firm’s special design, having turbine 
discs ; each pump is driven by a double-acting enclosed 
engine fitted with forced lubrication. 

In addition to the above there are the usual other 
auxiliaries which obtain in this class of vessel, the 
satisfactory working of which contributed in no small 
degree to the success of the trials. The main and 
auxiliary feed-pumps, feed-water heater, oil-lubri- 
cating pumps, and oil-fuel pumps were all supplied by 
Messrs. G. and J. Weir, Limited, Glasgow, while this 
firm also provided the distilling machinery, consisti 
of a vertical evaporator of the Admiralty ‘‘ Express” 
type, a horizontal type distilling condenser, together 
with a combination Dagens fresh - water and 
brine pump. The fire and bilge-pump has been 
supplied by Messrs. A. G. Mumford, Limited, Col- 
chester, and is of their well-known ‘‘ Simplex ” type. 
The forced-draught fans are of the single-inlet ‘‘ multi- 
vane” type, driven by double-acting enclosed engines 
fitted with forced lubrication, these fans and engines 
having been supplied by Messrs. M. Paul and Co., 
Limited, Dumbarton. ‘The electric generating ma- 
chinery and the air-compressing machinery were sup- 

lied by Messrs. Peter Brotherhood, Limited, Peter- 
yorough, while the steering-engines and gear were 
supplied by Messrs, Napier Brothers, Limited, 
Glasgow. 

The boilers are of the Yarrow water-tube ‘‘ Express” 
type, and were entirely constructed at the engine- 
builders’ works at Wallsend. They are of the design 
and arrangement now usually adopted for this class of 
vessel, ont embody all the more recent improvements 
in minor details which experience has shown to be 
beneficial. The automatic feed-water regulators, as 
fitted to the boilers, were supplied by Messrs. A. G. 
Mumford, Limited, Colchester. The fuel used for 
the boilers during the trials was a heavy oil of the 
quality as generally supplied to the Admiralty. The 
oil-burning system is of the usual Admiralty pressure 
system, the working of which on the trials was 
eminently satisfactory, as demonstrated by the ample 
and steady supply of steam under all conditions. 





An INTERNATIONAL Fire Liprary.—The British Fire- 
Prevention Committee, having established a technical 
library that will be known asthe International Fire Li 3 
with a nucleus of over 2000 books, dealing specifically 
with matters of fire-prevention, fire-service, and fire loss, 
is now desirous of calling the attention of authors, 
public authorities, publishers, and collectors to the fact 
that a new catalogue is in preparation, and that any 
books, pamphlets, or reports which they are able to 
spare for this collection should be addressed as soon as 
possible to the Honorary Chief Librarian, The Inter- 
national Fire Library, 8, Waterloo-place, Pall Mall, 
S.W. The library, which is the first of its kind any- 
where in Europe, promises to be a very complete specialist 
technical library, and will be made easily available to all 
primarily concerned in the subject of fire-protection. 


Tue Iron anv Stee. InstirvuTe.—The autumn meet- 
ing of the Iron and Steel Institute will be held in Brussels, 
on Monday, Tuesday, Wednesday, and Thursday, Sept- 
ember 1 to 4. The provisional Lay ggg me the meet- 
ing is as follows :—Sunday, August 31, Secretaries’ office 
open at the Palais des Académies, Brussels, for the regis- 
tration of members’ names and the issue of badges and 

mmes. Monday, September 1. Cneaing Seti 
in the Hall of the Palais des Académies. A ae 
pa will be read and discussed. In the afternoon visits 
will be made to places of apoaeee In the 
y the Burgomaster at 
ry meee 2. Meeting in 
for the reading and discussion of at 
the Palais des Académies. Afternoon visits to Colonial 
Museum and the Parc de Tervueren. In the evening it 
is hoped that His Majesty King Albert will be pleased 
to receive the members at the Royal Palace, Brussels. 
Wednesday, September 3. A special train will leave in 
the morning for Ghent, where a visit will be paid to the 
International Exhibition now being held in that city. 

Thursday, ber 4. Alternate excursions will 
made to Lidge and Charleroi. The Li excursion will 
include a visit to the works of Messrs. John Cockerill and 
Co., Seraing, to the works of the Ougrée-Marihaye Com- 
ny, and to the Coppée coke-oven plant at Athus- 

trivegnée. The. excursion to Charleroi will em 
visits to various metallurgical, glass and other works in 
the vicinity of that town. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 21. 

INCREASING inquiries for fabricated struct; mate- 
rial for exportation have been presented during the 
past few days, incluiinz 4080 tons for Rio de Janeiro, 
a large amount for Japan and Manila. Other inquiries 
are expected from various other countries, as the 
result of active scouting by mill representatives. 
Domestic demand for building material has quieted 
down this week, but the known requirements are 
heavy, and may appear at any time. The rail- 
roads are purchasing very little material. Their 
withheld business py Wary During April the United 
States Steel Corporation gained 490,000 tons in 
reducing the volume of unfilled orders, which are now 
around 7,000,000 tons. Steel- making irons have 
weakened, and large consumers are folding orders 
back in view of further early concessions. A few 
weeks of comparative quiet are assured. Buyers of 
pig iron are also waiting for concessions, and only 
small lots are taken. Producers are not forcing sales. 
The Fe opinion is that with the taking of the 
Tariff Vote much business will be uncovered. The 
expansion of traffic is helping the locomotive builders, 
who continue to book large orders. The car-builders 
have done very little this week, but have work ahead 
for months. Bars, sheets, pipe, and merchant steel 
are strong, Tin-plate is exceptionally active. The 
investigation into the affairs of the Steel Corporation 
is evolving much information to the advantage of 
that concern, and the objective point—viz., its dis- 
solution—is a very remote possibility. 








THe ImpertAL Services Exursition.—Naval and 
military affairs have always had a great attraction for 
the British public, and to foster this interest the Imperial 
Services Exhibition is being held at Earl’s Court this 
year. The Exhibition was opened on Saturday last 
(May 31) by H.R.H. the Duke of Connaught, who, after 
the ceremony, proceeded — the various halls, and 
minutely examined many of the exhibits of the War 
Office, the — ordnance manufacturing firms, and at 
numerous other stands. 


Leeps Corporation TramMways.—The amount of 
capital expended upon the Leeds Corporation er 
to the close of March, this year, was 1,511,589/. In all, 
8,795,465 car-miles were run during the past financial 
year within the Leeds area, including 188,962 miles 
covered by the Bradford cars, and 165,854 miles by the 
Wakefield company’s cars. In addition, the 8 cars 
ran within the Bradford and Wakefield areas 122,761 
miles and 123,929 miles respectively. Regulations have 
come into operation enabling blind persons to travel free 
in going to and from work. This latter restriction has, 
however, been very liberally interpreted, and 133 appli- 
cations for passes have been mted. The number of 
through tickets issued to Bradford and Wakefield was 
300, and 93,661 respectively, as against 305,694 and 
90,109 for the previous year. The gradual increase in 
the number of cars and the mileage run, as well as the 
necessity of enlarging the works needed for the repair 
and maintenance of the rolling-stock, has required con- 
sideration to be given to the subject of. dépét accommo- 
dation. Plans and specifications are »eing prepared so 
that tenders may be obtained at the earliest possible date 
for a new central dépét in Sovereign-street, which is to 
be capable of accommodating fifty-five cais. 


New Enorne-Hovusz at Asser Mitts Pumpine- 
Sration.—On Thursday, May 29, the new engine-house 
at Abbey Mills Main-Drainage og aay, Bow- 
road, was opened by Mr. Cyril T. Cobb, M.V.O., the 
Chairman of the London County Council, the ceremony 
being conducted by Mr. David Davis, chairman of the 
main-drainage committee. The new engine-house is 180 ft. 
long by 42 ft. wide, and contains seven centrifugal pumps, 
with suction and delivery-pipes of 38-in. diameter, 
ca) of dealing with a total of 700 tons of sewage per. 
minute. The centrifugal pumps are each driven by a 
vertical gas-engine, having four cylinders, and using 
town gas. engines and pumps are direct-coupled. 
The engines were made by the Premier Gas-Engine 
Company, Limited, Nottingham, and have 
‘cylinders 21 in. in diameter and a stroke of 24in. They 
develop 475 brake horse-power at about 160 revolutions 
per minute, and are fitted with piston-rods, crossheads, 
and guides as in steam-engines. The cylinders are cooled 
by water circulating from seven vertical tanks, each 
4 ft. in diameter by 24 ft. high, the water being forced 
round the cylinders and ves by means of small 
centrifugal pumps. Gas has been chosen rather than 
steam because of the necessity for working the plant at 
very short notice in case a sudden rain-storm occurs, for 
the station has been put down mainly for dealing with 
storm water. The engines are started with com 
air at 200 lb. pressure per sq. in., supplied from two com- 
pressors driven by separate steam . Four air reser- 
voirs, each 3 ft. 3 in. in diameter and 10 ft. high, are used 
for storage. Four hydraulically-worked penstocks are 
used for admitting the water from the low-level sewers. 
The combined total capacity of the old and new pumps 
at Abbey Mills, both steam and gas-dri is 1300 tons 
per minute. — work was designed and commenced by 
the late Chief r of the Council, Sir Maurice 
Fitzmaurice, C.M:G., M. Inst. C.E., and was con 





by the present Chief Engineer, Mr. G. W. Hum 3, 
M. Inst'C.E. a 
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NOTES FROM THE NORTH. 
. Giaseow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market for Cleveland warrants was a little stronger, and 
the most notable feature was the offering of 67s. by cash 
buyers, but sellers asked 69s., and so no cash dealings 
took The business amounted to tons at 
60s. 9d. and 60s.10d. one month, and 60s. 6d. three months, 
with closing sellers at 61s. for both positions. In the 
afternoon there was little doing, and only 1500 tons of 
Cleveland warrants were done at 61s. 5d. seven days and 
60s. 74d. three months. The closing quotations were 
68s. cash, 61s. 3d. one month, and 60s. 104d. three months 
sellers, On Friday morning a further move nearer normal 
conditions was made, when Cleveland warrants changed 
hands at as low as 6ls. 6d. seven days, with cash 
buyers over at 60s. 6d. The turnover of 3000 tons 
included dealings at 60s. 9d. and 603. 74d. three months, 
and closing sellers named 61s. 3d. one month, and 60s. &d. 
three months. The afternoon session was quite idle as 
regards business, but buyers and sellers’ quotations 
were more in line again. Cash — quoted 61s. 6d, 
Monday, and sellers named 61s. 6d. Tuesday, while other 
quotations were 60s. 6d. buyers and 61s. sellers one month, 
and 60s. 54d.. buyers and 60s. 74d. sellers three months, 
On omens | morning the market was easier, and business 
was limited to 2000 tons of Cleveland warrants at 600s. 14d. 
and 603. three months. Closing sellers quoted 61s. cash, 
603s. 6d. one month, and 60s. 04d. three months. In the 
afternoon a smart fall took place in the price of Cleve- 
land warrants, and 2500 tons were done at 58s. 6d. cash, 
583s. 10$d. one month, and 59s. three months. The session 
closed with sellers at 58s. 74d. cash, 593. one month, and 
593. 3d. three months, and there were sellers of hema- 
tite at 77s. 9d. cash On Tuesday morning Cleveland 
warrants were a trifle firmer, but only 1500 tons changed 
hands at 59s. ten days and 593. 6d. three months, 
with sellers over at 593. cash and 59s. 4d. three 
months. In the afternoon Cleveland warrants declined 
a little, but transactions were limited to two lots at 
58s. 3d. cash and 58s. 9d. three months. At the close 
the quotation was 59s. for the three positions. When 
the market a to-day (Wednesday) a firmer tone 
prevailed, and the backwardation disappeared. The 
turnover was 3500 tons of Cleveland warrants at 59s. 
cash, 59s. 34d. and 59s. 3d. one month, and 59s. 6d. 
three months, with closing sellers at 58s. 11d. cash, 
59s. 24d. one month, and 593. 6d. three months. Cash 
hematite was quoted 76s. 6d. buyers and 77s. 6d. sellers. 
The afternoon session was quiet and easier, and only one 
Cleveland warrant was done at 59s. 3d. three months. 
Sellers’ quotations at the close were 58s. 10d. cash, 
59s. 14d. one month, and 59s. 44d. three months. 


Sulphate of Ammonia.—The sulphate of ammonia market 
is again easier in tone, and the price to-day is round 
13/. 2s. 6d. per ton for prompt lots, Glasgow or Leith. 
This marks a decline of 1/. 8s. 9d. per ton from the early 
days of the year, when tho price was 14/. 11s. 3d. There 
is only a moderate demand at present. 


Scotch Steel Trade.—The condition of things in the 
Scotch steel trade has not yet improved, and the forward 
outlook is not very reassuring. Buyers are still holding 
off in the hope that official prices will ease before long, 
and only urgent lots—mostly small—are being purchased 
in the meantime. Merchants are om ge for any new 
business on offer, with very keen prices, an have secured 
some fairish orders. The probability of ashipyard strike 
is having an unsettling feeling on trade in general, 
because some, if not most, of the steel works would 
probably have to suspend operations shortly after ‘‘ war” 
was declared. The demand for heavy black sheets is 
still fairly good, but for the lighter gauges there is 7 
little inquiry. Employment generally is steady, but wit 
so little inquiry from home consumers, and with a small- 
ness in demand from the export market, contracts on 
hand are getting steadily reduced, and ers are very 
anxious to secure some more forward business. 

Scotch Shipbwilding.—The shipbuilding industry is at 
present passing through a very trying period, and the 
fear of a great strike over the whole federated shipbuilding 
area on an early date has been the cause of much alarm 
for some time. Things have got to such a point that it 
is doubtful if a compromise can be reached and the 
situation saved. At any rate, something definite may 
take place within the next week. Meantime the output 
from the yards continues on alarge scale, and the tonnage 
for the month of May was a good average, totalling 
62,006 tons. The figures for the different districts were 
as follow :— 

Vessels. 

37 
The Tay a ws - + 1 
The Dee i i s * 6 

Total : sin 47 
The Clyde output for the month of 
been bettered on three occasions—1911, 1907, and 1902 
—but neither in these or any other year has the 
five months’ total equalled the tonnage for that period of 
this year. The new record is now 293,997 tons, as against 
252,560 tons for the a go five months of last 
year, and 257,386 tons for 1911. The only other two years 
when 200,000 tons were exceeded for the first five months 
of the were 1907 (242,392 tons) and 1906 (211,714 tons). 
The placing of new orders is still very slow indeed. anc 
not half-a-dozen contracts have been reported for May. 
Of course there is plenty of work on hand, and yards are 
all busy, but labour is very difficult to secure in some 


The Clyde 
The Forth 


62,006 


May has only 


ted | the districts. If the present trouble could only be finally 
e 





adjusted, the pects for some considerable time are 
qu good. foams ballot deelares for a strike. ® 








FTF & 2 ea | Sw ewae Tt ES US OU Oe a] 


— = = 


—_— 


Or ODN 8 LLL Oe ee 6 


i tt tind 


Se: as @ 


en Pes Oe er Ro ae 





June 6, 1913.] 


ENGINEERING. 





777 








both sides are now in consultation in Edinburgh dis- 
cussing the situation. 

Malleable-Iron Trade.—The only feature in the malle- 
able-iron trade this week is the fact that Ea ar have been 
reduced by 7s. 6d. per ton. This was decided at a meeting 
of the makers on Monday, and the current price for 
“crown” bars is now 8. 2s. 6d. per ton, less 5 per cent. 
for home delivery, and 7/. 7s. 6d. per ton net for export 
lots. Orders are exceedingly scarce, and short time is 
only too general. The number of works closed down 
stil] stands at four. 

Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
report 2 smaller demand for the ordinary qualities of 
jron, but deliveries are on a good scale. Prices are the turn 
easier this week, and are quoted 6d. to ls. down. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 78s. 6d.; Calder, Gartsherrie, Summerlee, 
and Langloan, 79s. (all + at Glasgow) ; Glengar- 
nock (at Ardrossan), 793.; Shotts (at Leith), 79s.; and 
Carron (at Grangemouth), 80s. Hematite iron is being 
steadily delivered at the steel works, but new business 
is exceedingly slow. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Business still on the 
uiet side was reported upon the Sheffield Exchange last 
riday, and buying of house coal has been of very small 
amount. Notices were sent out by collieries oman 
of advances which will operate from July 1. ese in- 
clude 2s. 6d. advance upon hard steams for general 
furnace purposes, 2s. on cobbles, 1s. 6d. on nuts, and 1s. 
onsmudge. It is stated that Continental ts were 
never so busy as agg ey Y ees month, and they are still 
buying very ly. ‘The demand for hard coal, slacks, 
and nuts is , and will be augmented with the opening 
of the Baltic season, which is now Semen Russian 
ke is 
branch 


ports are to be declared free to British Co 
somewhat quieter. Quotations :— Best hand- 


icked, 14s. to 15s. ; Barnsley best Silkstone, 12s. to 13s. ; 

byshire best brights, 11s. 6d. to 12s. 6d. ; Derbyshire 
house, 10s. 6d. to 11s, 6d.; best large nuts, 10s. 6d. to 
lis. 6d.; small nuts, 9s. to 10s.; Yorkshire hards, 12s. 


to 18s.; Derbyshire hards, 11s. to 12s. ; gh slacks, 
7s. 6d. to 8s. 6d.; seconds, 6s. 6d. to 8s.; smalls, 
4s, 6d. to 6s. 


Tron and Steel.—In the iron market buying remains at 
alow level, and has not been appreciably improved by 
a reduction in the price of Lin ire sorts. This is 
still higher than the quotation for Derbyshire iron, and 
only small quantities of this are being bought. What is 
chiefly responsible for the position is the continuance of 
high prices for hematite, and it is questionable whether 
concessions will be made in the immediate future. The 
bar trade is affected by conditions in the Midlands, and 
orders have not recently been so — In the general 
trades of Sheffield there is no of activity, but it 
is significant that a good deal of the work is upon old 
contracts, and that new orders are not of great weight. 
The local carters’ strike threw several firms into arrears 
again through having to close down certain departments, 
and in some cases the whole works. Fortunately, a 
settlement was arrived at before more mischief was 
done. Business in the armament departments is upon a 
large scale. For armour-plate, forgings and castings, gun 
shields, &c., there is a large number of orders in hand 
both for Admiralty and vate yards. The work in 
hand is sufficient to keep the East End busy for a con- 
siderable time. In the railway steel de ts a 
similar <7 is 2 my ge T — | id ¥ are 
sharing a home order for wagon tyres, work is pro- 
ped upon an Australian contract for railway wheels. 
The crucible-steel trade is flourishing, and a big demand 
is being experienced from the Continent. Contrary to 
Spam the makers of farm and en tools have 

a very good season, and it is anticipated that a con- 
tinuance of the present fine weather will see a further con- 
siderable run upon stocks of these articles. One factor 
that is undoubtedly exerting a favourable influence in 
this direction is the growing popularity of gardening. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Now that the “‘ squeeze ” in 
warrants is over, the prospects of a resumption of 
genuine activity are brighter. With the end of the 
“squeeze” a fall in values of Cleveland pig was eng d 
anticipated, but the drop has been greater was 
expected, and, in fact, prices which must be below cost 
of production are now named. Some makers of Cleve- 
iron state that under existing conditions they prefer 
to blow furnaces out to accepting orders at current rates. 
Cost of make is also falling, and this promises to level u 
matters. Middlesbrough warrants now stand at 58s. 8d. cas 
buyers. No. 3g.m.b. Cleveland pig is on sale at 60s. for 
prompt f.o.b. delivery, «nd that is recognised as the general 
market quotation, though the figure might be shaded. 
No, 1 Cleveland pig is 623. 6d. ; No. 4 foundry, 59s. 6d. ; 
0. 4 forge, 593.; and mottled and white iron each 
58. 3d.—all for early delivery. There is very little 
Passing in East Coast hematite pig. Nos. 1, 2, and 3 
stand at 79s. for both early and forward delivery, both 
makers and merchants be prepared to sell at that 
figure. There are no new features in the foreign ore 
trade. Though there is next to no business doing, sellers 
ere to their quotations, and market rates are on the 


The rather yyy downward movement in coke 


has set in. As low as 21s. has been accepted for average 
blast-furnace kinds delivered at Tees-side works, but 
many sellers ask above that figure. 


Manufactured Iron and Steel.—Orders for manufactured 
iron and steel are not easily obtained, but producers of 
nearly all descriptions are well placed, and are busily 
employed on running contracts. Values show practically 
no change, the only quotable alteration being a drop of 
5s. in iron ship-plates. Principal market rates stand :— 
Common iron bars, 82. 15s. ; 
sot ee Sea 

tes, 7/. 3; iron . 
ip-ri 91. 10s. ; iron boiler-plates, 8/. 17s. 6d 
; bars (Siemens 1 


light iron rails, 77. to 7/. 5s. ; heavy s' 
to 61. 15s.; steel railway 7l. 10s.; 
steel galvanised corrugated ts, 12/. 15s.—sheets 

the usual 4 per cent. f.o.b., railway material net, and 
all other descriptions less the customary 24 per cent. dis- 
count. 


Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have certified 
the average net selling price of iron rails, plates, bars and 
angles, for the two months ended April 30 last, at 
71. 10s. 2.82d., as against 7/. 7s. 3.894. for the previous 
two months, and, in accordance with oe, ar- 
rangements, puddlers’ wages are advanced by 3d. per ton, 
and all other forge and mill wages by 24 per cent. 


Iron and Steel Shipments.—May shipments of iron and 
steel from the Tees fell short of expectations. Clearances 
of pig were curtailed by eres buying up Cleveland 
iron and sending it into the warrant stores to meet their 
commitments instead of the pi — shipped. The 
loadings of pig last month totalled 96,874 tons, 86,464 tons 

ing from Middles h and 10,410 tons from the neigh- 

uring little port of Skinningrove. For the — 
month the total shipments of Pig reached 104,213 tons, 
and for May last year the despatches'‘amounted to 112,723 
tons. All the iron sent from Skinningrove last month 
went to Scotland. Of the iron loaded at Middles- 
brough during the fifth month of the year, 59,788 tons 
went abroad and 26,676 tons coastwise, Scotland re- 
ceiving 17,890 tons, thus once more being the Le. my 
customer, whilst France took 11,158 tons; Sweden, 
8438 tons ; Germany, 8272 tons; Belgium, 6508 tons; 
Italy, 5904 tons; the United States, 4535 tons; Japan, 
4123 tons; Wales, 4072 tons; Norway, 3440 tons; 
Holland, 2264 tons; and Russia, 2153 tons. Tees load- 
ings of manufactured iron amounted to 16,814 tons, and 
steel shipments to 56,405 tons. As usual, India was the 
buyer of both manufactured iron and steel, im- 
ne 4994 tons of the former and 16,099 tons of the 
tter. Other principal receivers of steel were :—The 
Argentine, 8514 tons ; Canada, 6055 tons; Victoria, 4326 
tons ; Portuguese East Africa, 3774 tons ; and New South 
Wales, 2081 tons. 





Messrs. Matruew Krenan anv Co., Limirep: 
EgratuM.—We regret that, in our reference to the 
stand of the above firm in our recent article on the 
Building Trades’ Exhibition, we stated, on a 
that the address of the firm was 80, Great Wellington 
street, London, E. This should have been Armagh 
Works, Tredegar-road, Bow, London, E.; 80, Great 
hm pee being the address of the firm’s Glasgow 
branch. 





Tue Coprer Marxet.—In their monthly report dated 
the 2nd inst., Messrs. James Lewis and Son state that 
standard copper advanced from 67/. for cash on the Ist 
ult. to 70/. on the 13th, and reacted to 68/. 12s. 6d. on the 
15th, recovering to 691. 5s. on the 16th, ing to 681. 
8s. 9d. on the 20th, and advancing again to on the 
2ist. From this point there was a gradual decline to 
671. 17s. 6d. on the , when the treaty of peace between 
Turkey and the Balkan States was signed, three months 
prompt selling at 67/. 12s. 6d. On the 2nd inst. there was 
a further fall to 66/. 15s. cash and 66/. 12s. 6d. three 
months, these being the closing values. The value of 
cash had been sustained by the concentration of warrants 
in a few hands, and relatively high prices had been paid 
for it to provide for prompts falling due. Very little 
desire had shown to buy copper on speculation, 
except for the manufacture of sulphate of ones, the 
demand from the trade had latterly been very limited 
an the ees close ¥ the sy — m for 

sulphate, the consumption of copper for this purpose 
fall off materially. Bales for the month amounted to 
about 32,000 tons. After considerable sales of electro- 
lytic copper by American refiners at 72/. 10s. per ton, 
c.i.f., they raised their price to 73/. 10s., at which but few 
sales had been made, 72/. 10s. being accepted for second- 
hand lots. Manufacturers, being fully supplied, were 
mostly out of the market. American ex for May 
were advised as 38,251 tons; but about tons of this 
had already figured in the refiners’ returns for April as 
‘* deliveries destined for export.” At the meeting of the 
agers ey ry “er ane it was Samy Kad the 
managing director that the present produc’ com- 
pany was at the rate of between 5000 and 6000 tons of 


co early, and that with the duplication of the plant, 
an oe of conection would be doubled before the end 
of this month. It was intended te commence the erection 
of further furnaces within the next two or three months, 





basis of 20s. ex-ship Tees for Rubio of 50 per cent. 
quality. Freights Bilbao-Middlesbrough are at 5s: 6d. : 


which would bring up the output of copper from about 


_ | Association in the 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown no great 
activity, buyers still pursuing a waiting policy, and seek- 
ing concessions as regards pri which lery-owners 
are unwilling to grant. Reports have been current with 
respect to orders for coal for the French State Railways. 
In addition to quantities to be supplied by Messrs. 
Morgan, Wakley and Oo., Limited, Messrs. Pyman, 
Watson and Co., Limited, are stated to have secured 
contracts for 30,000 tons. Messrs. Powell and Oo. are 
also to deliver supplies, and altogether about 150,000 
tons appear to have Coon purchased in South Wales, with 
delivery during the remainder of the year. The price 
secured is stated to have been about 11s. 3d. per ton net 


; households at 17s. to 188.; No. 2 
eto 


. No. 2 Rhondda large has realised 
16s. 6d.; and No. 2 smalls have made Ils. 6d. 
Special foundry coke has brought 32s. 
os gene foundry coke, 29s. to 3ls.; and fur- 
itto, to 27s. 6d. per ton. As regards iron 
ubio has'made 20s. to 20s. 6d. per ton, upon a basis 
of 50 per cent. of iron, and charges, inclading freight, 
insurance, &c., to Oardiff or Newport. 


Rhymney Iron Company, Limited.—This company has 
declared a dividend at the rate of 4 per cent. per annum 
for 1912-13. The annual distributions for the ten years 
ending with 1913 inclusive have been as annexed :—1904, 
1905, and 1906, 2 per cent. per annum; 1907 and 1908, 
3 per cent. per annum ; 1909 and 1912, nil; 1910, 1 per 
cent. annum ; 1911, 24 per cent. per annum ; and 113 
and 1914, 4 per cent. per annum. 


Accepted German Tenders.—The electricity committee 
of the Newport Town Council has considered tenders 
sent in for electric plant to the amount of about 8000U. 
Over 7000/. worth of orders went to Germany, the tenders 
being stated to be 1200/. lower than those of English 
firms, while the prospect of early delivery was better. 


Sharpness New Docks.—At the half-yearly meeting of 
the Sharpness New Docks and Gloucester and Birming- 
ham Navigation Company, Sir W. H. Marling said there 
had been an increase in the past half-year of 25,441 tons 
in grain imports. Timber also showed an increase of 
2251 tons. Altogether the tonnage receipts had increased 
44711. Shipments of Forest of Dean coal had made 
es a new trade. The company had, however, to 
ace @ serious expense this year—viz., the duplication 
of its — pumps at Sharpness. Increasing trade 
made this necessary, and he was afraid that the cost 
would not be less than 20000. 


Avonmouth.—Avonmouth docks showed activity last 
month, all branches of trade being well represented. 
The net tonnage of the vessels which berthed during the 
month was 84,174 tons, as com with 66,592 tons in 
April, 54,813 tons in March, 330 tons in February, 
and 80,311 tons in January. Six steamers arrived at 
Avonmouth in May with a net registered tonnage of 
more than 4000 tons each—viz., the Acgrie 6610 
tons; the Narragansett, 5776 tones; the yal ward, 
5669 tons; the Westmeath, 5212 tons; the Suffolk, 
4534 tons; and the Tyrone, 4295 tons. The first 
and last three steamers belong to the Federal and 
Shire Line, which maintains services between Bristol, 
Australia and New Zealand. Five Canadian steamers 
arrived at Avonmouth last month—a result, of cou of 
the reopening of navigation u the St. Lasse, tee 
of the five Canadian arrivals were Canadian Pacific 
steamers, none of which had been seen at Avonmouth for 
some months. 
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Tue BririsH ENGINEERS’ ASSOCIATION.—A meeting 
of the British ye Association, of Caxton House, 
Westminster, will be held at the Institution Rooms, 200, 
Buchanan-street, Glasgow, on Thursday, June 12, at 
2.15 p.m. Mr. T. Cuthbert Stewart, member of the 
Council, will be in the chair. Several members of 
Council and others, with experience in Chi = 


and | #ddress the meeting, nating See T. C. Fitz 
i 


in 
Commissioner of 
ar East. The subjects dealt with 
will be of the greatest importance to British engineering 
interests. 


M.V.O., the newly appoin 


“Tue Great WestTern.”—This is the title of an 
interesting book written by Mr. Gordon Home, and pub- 
lished at the price of 1s. 6d. net by Messrs. Adam and 
Charles Black, Soho-square, London, W. It measures 
8 in. by 54 in., and contains 90 of historical in- 
formation on the Great Western Railway, showing its 
inception, its development, and present state. The 
‘battle of the gauges,” the developments of the rolling- 
stock, and the construction of the A works of 
art on the system, are yg in di = Teenie also 
interesting reminiscences of George enry Gi one 
of the first directors; of Isambard K. Brunel, the i- 
neer of the railway ; and of other prominent ann Uke 
were connected from the commencement with the rail- 
way. The Swindon works are also briefly reviewed, the 
book ending a aye of the country served by 
the system. It is. admirably illustrated by coloufed 





12,000 tons per annum te about three times that amount. 
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SELF-PROPELLED TRAM-CARS AND 
OMNIBUSES. 
Some years ago, when the craze for municipal 
og ae in tramway speculations was at its 
eight, it was very usual for corporation com- 
mittees to undertake tours of inspection and inves- 
tigation. These not infrequently involved not 
unpleasant trips to interesting on the Con- 
tinent, and it was suggested with some plausibility 
that many of the orders which then went abroad 
did so because the commissioners felt it n to 
justify the expenses of their excursion by providing 
at least for an appearance of some beneficial result. 
Such commissions undoubtedly collected some useful 
data ; but this could have been done equally effec- 
tively and more cheaply if the members of the 
delegation had been reduced by the omission of most 
of its amateur members. Educational quests of this 
character are less popular than they were; but 
the city of Edinburgh recently appointed a com- 
mission, consisting of the borough engineer, with 
Councillor Harrison, Bailie Rusk, Judge Frazer, 
Councillor M‘Michael, and the Town Clerk, as 
companions ‘‘to visit various cities in England 
with the view of inspecting self-propelled cars, and 
obtaining further information on the subject.” 
The deputation has issued a report giving some 
interesting and valuable data as to various instal- 
lations for running tramcars by petrol, in place of 
by cable or by electricity. hey visi More- 
cambe, Birmingham, Coventry, and London. At 
Morecambe the autocar service was opened eighteen 
months ago. The line, which is operated by a 
company, is only 1} mile long, being the residue left 
over, outside the borough boun of More- 
cambe, when the local authority acquired the lines 
inside the town limits. It passes through a 
sparsely populated district, and horse traction 





proved to be incapable of attracting suflicient 
k,|revenue to cover working expenses. It was, 
therefore, necessary either to let the line 


become derelict or to try whether success might 
not be achieved by adopting petrol traction. 
This was done, and the first year’s working 
has showed a surplus of receipts over all expen- 
diture, in spite of the fact that the line is both 
isolated and short. The car described in the report 
of the deputation seats thirty-seven passengers, its 
weight unloaded being 8 tons. It is propelled by a 
40-horse-power four-cylinder petrol-engine, the 
mileage per gallon of petrol being 7 to 8. The 
petrol-tanks fitted hold 20 gallons. The average 
daily run for each car is approximately 70 miles. 
The cost of the chassis is said to be about 900i., 
and the total cost, with various styles of body, from 
9851. up to 1150l. The Leyland Motor Company, 
who built the cars, gave a five years’ guarantee that 
the costs of working, exclusive of wages, upkeep of 
car body, and administration expenses, should not 
exceed 3}d. car-mile so long as the price of 
petrol did not exceed 9d. per gallon. 

The Birmingham visit was made chiefly with the 
object of inspecting the (Tilling-Stevens) petrol- 
electric omnibuses cee ing, the Birmingham and 

mpany, Limited, who 
operate 10 route miles. The road surfaces worked 
over vary from wood pavements to ordinary maca- 
dam, and the rougher character of the latter is 
stated in the report to have no appreciable effect on 
the operating costs, the greater wear and tear 
directly due to the rougher road being offset by 
the fewer stops necessary as compared with paved, 
and therefore crowded, streets. Of these omnibuses 
140 are said to be running in London and thirty-five 
in Birmingham, in addition to smaller numbers 


7g9 | elsewhere. 


At Coventry the deputation saw a self-propelled 
railway coach built by the Daimler Company. This 
is fitted with two engines, each designed to deve- 
lop 105 brake horse- power, and is a double 





bogie car designed to carry 50 to 60 passengers. 





A speed of 65 miles an hour has been obtained on 
the open line. 

In London the deputation obtained data as to 
the petrol-electric (Tilling-Stevens) cars, for the 
Victoria Park West-India Dock section of the 
London County Council Tramways. These cars 
weigh 9 tons 2 cwt., fitted complete with a petrol- 
electric system of 40 horse-power. They have 
seating accommodation for 20 inside and 28 out- 
side, and easily attain speeds of 18 to 20 miles an 
hour over the quieter parts of the route. As the 
result of their inquiries, the deputation recommend 
the introduction experimentally of petrol-driven 
cars in Edinburgh. 

This advice is very interesting, and shows once 
again how impossible it is to lay down general laws 
as to the most economical conditions of operating 
systems of transportation. If one particular method 
obtains predominance for a certain period, the 

ublic—or, rather, its spokesmen in the popular 

ress or in political gatherings—jump to the 
conclusion that the latest word in engineering 
methods is synonymous with the last word, 
and that no radical alterations are to be ex- 
pected in the future. A cry of monopoly is accord- 
ingly raised, and a demand made that the public 
shall be protected from exploitation. A monopoly 
which is held solely in virtue of efficiency of 
service is, however, no monopoly in the objection- 
able signification of the term. The proprietor of 
a popular pill, for instance, has a monopoly of this 
kind in his own particular commodity. 

At one time teamsters had thus a monopoly of 
goods transport, and this monopoly, it may be 
noted, las for generations. According to some 
of our political theorists, the whole of this service 
should therefore have been vested in the com- 
munity at large ; in which case it is easy to imagine 
the warmth of the welcome which would have met 
the subsequent proposals to construct canals. The 
canal monopoly lasted but a very short time ; in 
fact, the menace of the railroads was realised by 
the constructor of the Bridgwater navigations, who 
expressed serious apprehensions as to the effect 
on his undertakings of these ‘‘ damned trainroads.” 
The railways next succeeded in giving the public 
a more efficient service than any competitive 
system, and _ @ quasi-monopoly was estab- 
lished, but held, as before, solely in virtue of this 
efficiency. Later on, electrified tramways proved 
more effective agents for the conduct of certain 
classes of traffic, and at the present time the rail- 
ways are also losing by the steady increase in the 
tonnage of goods despatched by motor-lorry direct 
from producer to consumer. 

In their own turn the electric tramways have 
lost their original advantages, other systems being 
capable of giving the public a better service, and in 
consequence the value of these speculations has 
been materially diminished. 

Ten or fifteen years ago it was almost considered 
axiomatic that concentration of power production 
was an essential factor in economy of operation, and 
that the use of locomotive power-plants was merely 
a survival into the present of a system which had 
become unfit by the process of mechanical evolu- 
tion. The development of the high-speed petrol- 
engine, which is a benefit society owes almost 
wholly to the so-called ‘‘idle rich,” has, however, 
materially altered conditions. For slow, heavy, and 
continuous traffic in all cases, and perhaps for 
rapid and frequent traffic, whore a roadway can be 
completely dedicated to this service, the central 
station and electrical transmission is still probably 
the cheapest solution of the problem. 

Where relatively high-speed traffic is required, 
either in sparsely-populated districts or in the con- 
gested streets of cities, the advantage, however, 
would now seem to lie with the self-propelled 
vehicle. Inthe former case its advantage lies in 
the main in the low capital expenditure and the 
ease with which the service can be adjusted to the 
actual requirements, whilst in city streets there is 
the additional gain of the lessened obstruction of 
the roadway. The actual running costs of the self- 
propelled vehicle also are steadily yielding to good 
engineering and business meth and instead of 
being very indefinite, with a minimum of 10d. or 
1ld. per mile, they are now quite determinate, 
except in relation to the cost of petrol. However, 
as our columns have shown, the owners of self- 
propelled vehicles are not likely to remain for ever 
at the mercy of the trusts that control the petro- 
leum supply of the world, and once it seems certain 
that no reduction in price is to be expected, other 
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processes,and substances will be forthcoming. To 
show how much the early expenses attending the 
running of motor-buses have been reduced, we 
print below the data obtained during a period of 
nine months from the fleet of Tilling-Stevens petrol- 
electric omnibuses running in London during last 
year, and from these it will be seen that great 
economies have been effected already, while it is 
quite possible that bottom has not yet been touched. 
Average Running Costs of Tilling-Stevens Petrol-Hectric 
Omnibuses in London for Nine Months from January 
4 to September 25, 1912. 
Pence per 
*bus mile. 
Running—+.c., day to day—cleansing and 
adjustments whilst car isin service ... 0.868 
Maintenance and repairs—i.e., c 
and all mechanical he 
Tyres ... 
Drivers - 
Oonductors ... 
Petrol ... a 
Lubricating Oil 
Grease ... ss 
Paraffin 
Lighting a live ‘ei 
Depreciation, rent, rates, and taxes 
Trade vehicles oa aa vd 
Body upkeep... 
Traffic expenses 
Clothing 


Total, being pence per omnibus mile, of 7.063 


Whilst it may be a good commercial policy 
to adopt autocars on many existing tram-lines 
where the conditions do not justify the heavy 
capital outlay involved in ae the lines, 
it would probably prove financially unsound to 
extend lines of this character. For no greater 
expenditure than is involved in laying down a 
couple of lines of tramway track, the whole of the 
ueee. he could be put in a condition to carry satis- 
factorily heavy motor traffic, and this, according to 
the views of the Road Board, should ultimately 
result in an actual decrease in yearly maintenance 
charges. Water-bound macadam has never been 
a satisfactory road material, and, in fact, its use 
would be repudiated by Macadam himself, who 
was ever insistent on the prime importance of 
excluding all water from the road-crust. 
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DETERMINATION OF WATER IN 
COAL. 

Amonast the questions of interest to engineers 
discussed at the Teternetions! Congress of Applied 
Chemistry last year at New York was the report 
of a Sub-Committee on the Standardisation of 
Methods for Determining Water in Coals and other 
Fuels, and in Minerals. On behalf of the sub- 
committee, which forms part of the International 
Committee on Analysis, Dr. R. Lessing, of London, 

resented a report embodying a great deal of work 

y expert members of all nationalities. The 
problem may appear simpler than it is. It is cus- 
tomary to distinguish, both in coal and in minerals, 
water due to moisture from water of combination 
and water of crystallisation ; but it is very difficult 
to define exactly what each of these three terms 
signifies, and the different methods in use for deter- 
mining what is ordinarily understood by water in 
coal—i.e., moisture—are not in satisfactory agree- 
ment. The committee, therefore, had not an easy 
task to deal with, and the report does not refer to 
minerals, because coal (and other fuels) require dif- 
ferent treatment from minerals. 

The difficulty with coal is that it is very hygro- 
scopic, does not readily part with its water, and 
that it becomes oxidised on prolonged heating, so 
that the loss by weight, due to the expulsion of 
water, may pass into a gain due to the adsorption 
of oxygen. When the moisture is not completely 
expelled, on the other hand, the hydrogen determi- 
nation—which depends upon an oxidation of the 
hydrogen with formation of water—will yield too 
high results ; and the methods of sampling, storing, 
and dealing with the coal, all exercise their influ- 
ence. A really accurate determination of the 
hydrogen contained in the hydrocarbons of the coal 
has not yet been made, probably for these reasons, 
and the uncertainty attached to calorific determina- 
tions has its practical bearing. 

For the present investigation six samples of coal 
(five British) were selected ; this selection, and 
the prevalence of British members on the Com- 
mittee, are partly explained by the fact that 
the last Congress of Applied Chemistry met in 


London, in 1909. The coal came from Wales, 





Staftordshire, Leicestershire, Scotland, and South 
America ; this last coal contained 12 per cent. of 
sulphur, though pyrites were not visible in it ; the 
other coals were of various grades. The material 
was ground in a Krupp ball-mill, sieved, and then 
sealed, in bulks of grammes, in tins to be sent 
to the twenty investigators. The tins were sealed 
by means of rubber solution ; lever-top tins did not 
prove absolutely air-tight. We will briefly men- 
tion the chief methods of determining the mois- 
ture which were tried by the different workers. 

According to the standard American method, 
which is very largely used, 1 gramme of coal 
is dried at 105 deg. Cent. (104 deg. to 107 deg.) 
for 1 hour in an open crucible, porcelain or plati- 
num, placed in a double-walled toluene bath. 
This bath is sometimes replaced by a xylene bath 
which is heated up to 138 deg. Cent., also by a 
Wiesnegg oven (an inner porcelain vessel heated 
by tube burners within a cast-bronze vessel), an 
electrically-heated oven with triple walls, a thermo- 
stat heated by steam under pressure, &. The 
Committee find that the conditions of this test 
are not easily complied with, that discrepancies up 
to 20 per cent. may arise, that open crucibles are 
objectionable, and that platinum crucibles give 
lower results than porcelain crucibles. The weigh- 
ing of the dried coal, which eagerly absorbs moisture, 
requires t care. As regards the temperature, 
a difference of a few degrees does not much matter, 
but the last traces of moisure cannot be removed, 
or will escape only very slowly, when the tempera- 
ture is not raised to 105 deg. 

To continue the drying at 105 deg. for more than 
an hour is, however, inadvisable. Drying in water 
ovens at a maximum temperature of 100 deg. Cent. 
would otherwise give more regular figures than dry- 
ing at higher temperatures or the vacuum methods 
presently to be mentioned; but this concordance 
may be deceptive ; the range between 80 deg. and 
98 deg. Cent., it appears, is particularly insensitive, 
and the same results may be obtained with dif. 
ferent materials when working within this tempera- 
ture range. 

Drying by a vacuum method—that is to say, dry- 
~—e the presence of a desiccant (a water-absorbing 
substance) under greatly reduced pressure—would 
appear to be an almost ideal method, since it does 
not submit the coal to any heating. But the test 
requires several days, the experimenter is never 
sure that he has really removed all the water 
present, and the results of different experiments 
are therefore not concordant. 

Very good results are obtained with drying at 
105 deg. when a current of neutral gas (hydrogen, 
nitrogren, carbon dioxide) is passed over the coal ; 
coal-gas is not wathteiteaiiate for the purpose, 
as some of its constituents are taken up by the 
dry coal. There isa danger in this method, how- 
ever, that other substances (not water only) may 
be expelled by this method. The Marcusson 
method of fat determination, as recently modified 
for this purpose by Schlipper, of Ziirich, appears 
very promising. In this the coal—about 50 grammes 
—is weighed into an Erlenmeyer flask, mixed with 
xylene, and then distilled on a sand bath; the 
water passes over with the xylene, and separates 
under it. 

ep other modifications were tried, each 
worker —— by his own icular method. 
De Koninck and Huybrechts Pioveatlansee the 
influence of the weight of the coal and of the 
depth to which it is heaped up in the boat or crucible. 
Others studied the influence of air circulation, and 
the suitability of various desiccators working at 
ordinary (not reduced) pressure. Of these agents, 
calcium chloride is certainly inferior ; phosphoric 
anhydride is excellent for a time, but when used 
with even moderately moist substances it becomes 
covered with a surface layer of glacial phosphoric 
acid, which itself is useless as a desiccator. Sul- 
phuric acid hence remains the most convenient 
and reliable desiccator. As the vessel to 
be applied for drying the coal, glass bottles or 
shallow cylindrical cups of glass, all provided with 
well-fitting lids, seem to be advisable. Some 
of the discrepancies in the values found by the 
different workers were due to the difficulty in 
avoiding loss of moisture during the charging of 
the weighing bottles or cups from the tins. Thus 
Arthur Johnston, working at Germiston, near 
Johannesburg, at an elevation of 4000 ft. 
above sea-level, obtained too low values throughout, 
probably because more moisture escaped there than 
elsewhere as soon as the tins were opened, since 


the normal air is low at that height. At 
Montreal, E. Stansfield observed © geal: 
kept in bottles with paraffined corks might slightly 
gain or lose in weight. 

Summarising the conclusions, we read that nothing 
but water will be given off by coal, as long as the 
coal is not heated above 140 deg. Cent. and not 
heated for long periods. This is, of course, not 
rigorously true; for the fire-damp of coal-mineg 
is gas given off—very slowly in most cases, rapidly 
from blowers—by the coal without heating. The 
distinction between moisture and water of com- 
bination seems to be of little moment. Unless the 
initial rate of drying is known to be very rapid, 
the drying should be divided into two periods, of 
whieh the second should be longer than the first, 
lest a constant small loss, extending over a long 
ng should be mistaken for an inappreciable 
oss. Being very hygroscopic, the coal should be 
well protected from contact with moist air in the 
laboratory before starting the test. There is no 
advantage in drying at temperatures above 105 deg. 
Cent., but, on the contrary, danger of oxidation 
sufficient to mask the loss of weight. Where pos- 
sible, a carefully weighed sample of several hundred 
grammes of coal, rapidly crushed previously, should 
be spread on a metal tray and re-weighed after 24 
hours’ exposure to the atmosphere. The coal 
should then be ground in a ball-grinder and dried in 
an oven with good air circulation at about 105 deg. 
Cent., the heating being effected by toluene 
vapours (boiling point, 111 deg. Cent.), steam ata 
pews of 906 mm. to 1100 mm. of mercury, or 

y an electrically-heated thermostatic appliance. A 
long oven with a door at the small end is recom- 
mended. Air-ovens or devices, the temperature of 
the walls of which is variable, are condemned, 
because the temperature is never uniform in such 
ovens, unless the area of the walls be very large 
by “a: “+: with the cubical contents of the 
oven. e distinction between ‘‘ added water” 
and moisture appears out of question at present. 

While we thus see that the determination of the 
moisture in coal is not easy to perform, we also 
recognise that, a proper method once decided upon, 
the work in itself would not be so delicate and 
difficult as only to be entrusted to experienced 
chemists, to the exclusion of trained hands. 





THE DENSITY AND STRENGTH OF 
ALUMINIUM. 

Tue density of aluminium exhibits some pecu- 
liarities which are neither unique, having their 
analogies in the case of gold and platinum and steel, 
as Kahlbaum and Beilby have shown, nor even 
rare, but are yet interesting. The density of 
aluminium is not necessarily increased by mecha- 
nical work, but it increases on subsequent anneal- 
ing. Experiments have recently been made to 
determine this change of density by Dr. F. J. 
Brislee, of the British Insulated and Helsby Cables, 
Limited, and the results were communicated to the 
Faraday Society at a recent meeting. 

The aluminium was obtained from various sources. 
Cutting strips from cast blocks and coiling these to 
spirals weighing from 8 to 20 grammes, Dr. Brislee 
found the density 2.7059, which increased to 2.7067 
on annealing for 28 hours at 450 deg. Cent., but 
went back to 2.7060 after further annealing, 
altogether for 42 hours. This aluminium was of 
99.11 per cent. purity. A purer metal, of 99.6 per 
cent. Al (there being 0.15 per cent. of iron, 0.21 of 
silicon, and a trace of copper), yielded a density of 
2.7031. This specimen being taken from the top 
of an ingot, other determinations were made with 
specimens from the top and the bottom of the same 
ingot, and slight differences were observed— 
2.6933 (top), against 2.7040 (bottom). Acslab, 2 in. 
thick, comes ed down to a thickness of 0.018 in., 

ve a density of 2.7089, and, after annealing, of 

-7098 ; hard-drawn wire similarly increased its 
density after annealing, from 2.7026 to 2.7067. 
The increase in the density in various other 
experiments with hard-drawn rods, &c., seemed to 
be in the reverse order of the cold work done = 
the metal. All the specimens became denser after 
annealing for twenty-four hours at 450 deg. Cent., 
though r Soa was no sign of oxidation and hardly 
any appreciable change in the weight. The hard- 
drawn or rolled metal did not, under moderate 
magnification, display any crystalline structure; 
there were flow-lines in the direction of rolling, 
but the etching did not bring out any crystalline 





strueture, except when the density exceeded 2.703: 
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Thus annealing seems to increase the density while | meters of 1.692 mm. or 1.858 mm. The mean value | any such part adequate to withstand top pressure. More- 
changing the structure to crystalline. over, the reaction on the pilot from elevator must 


The etching was best effected by hydrofluoric 


acid, kept in paraffin dishes, which Dr. Brislee 
repared by dipping a flask containing cold water 
into molten paraffin ; the paraffin ered to the 


glass in the shape of a cup-shaped crust, which could 
be thickened by repeating the process and easily 
separated from the glass when quite cold. The 
diluted acid (about 1 to 8) liberated hydrogen when 
in contact with the aluminium, which turned dark, 
but became quite bright on Lege immersed in 
nitric acid for a few seconds. Dr. Brislee cut uine 
cubes from a slab of aluminium, $ in. in thickness, 
polished and etched these cubes, and deter- 
mined their densities. The results confirm the 
conclusions of Beilby and Tammann, and of the 
most recent researches of John Johnston and L. H. 
Adams, brought before the American Chemical 
Soziety last year. The density of solid metals, 
when strictly homogeneous, it would result, is not 
affected by high pressure. When the structure is 
not uniform, the pressure first tends to increase the 
density, because the pressure fills the pores and 
cracks. On further raising the pressure the density 
decreases while the amorphous structure passes 
into a crystalline structure. Mechanical worki 
acts like non-uniform pressure, and hence the act 
decrease in the density of the rolled and drawn alumi- 
nium. The flowing is practically a melting, not of 
the whole mass of the metal, but of the neighbouring 
groups of particles. In the case of aluminium the 
increase in pressure is accompanied by a disappear- 
ance of the crystalline structure, the polyhedra of 
the cast metal ing into an amorphous or 
vitreous mass. The reverse change seems to take 
place very slowly. It would thus appear that the 
cast metal may be denser than the worked metal, 
and these changes, which look strange at first sight, 
must probably be explained by some transforma- 
tion in the state of aggregation, although it is 
difficult to grasp why the crystalline metal should 
possess a higher density than the amorphous. One 
would rather expect the opposite. 

Dr. Brislee further determined the elastic 
modulus of aluminium by bending and stretching 
tests. For the former determination he supported 
an aluminium bar in a horizontal position across 
two kuife-edges, which were mounted ona brickwork 
column. A third knife-edge lay across the centre 
of the bar, exactly between the two supports, and 
carried a scale-pan, on to which weights were 
placed to form the load on the bar. The deflection 
of the bar was measured by means of a micrometer, 
which was mounted on a clamp arranged to slide 
on a vertical steel tube. The steel tube was set up 
between the two knife-edges which carried the 
specimen. A circuit containing two Leclanché 
cells and an electric bell was made through the 
micrometer and through a point on the scale-pan 
suspension in such a way that when the specimen 
deflected enough to make contact the bell rang. By 
these means it was found possible to make series of 
experiments showing excellent agreement for 
similar materials. The actual deflections of the 
bars ranged from 2 mm. to 12 mm. The bars, 
1 metre in length, were square, rectangular, round, 
or half-round, the dimensions ranging from 0.25 in. 
up to 0.876 in. (long side of rectangle). The mean 
value, deduced from a great number of determina- 
tions, for the elastic modulus was E=6918 kg. per 
8q. mm. (4393 tons per sq. in.). 

In the stretching tests a wire 4 or 5 metres in 
length was sus ane from the wall and loaded 
at the lower end. The load consisted of a bronze- 
faced block of teak, tio the lower end of which a 
scale-pan was fixed. The wire under test hung 
vertically between two exactly similar wires, also 
carrying bronze-faced blocks of teak, but no scale- 
pans. The centre teak block could slide between 
the outer two. The centre wire was stretched by 
loading the scale-pan, and the stretch was measured 
by a micrometer, fixed to one of the outer blocks, 
which made contact with a pointer on the oe 
one, and completed a circuit through a battery an 
bell as in the bending experiments. Before pro- 
ceeding to a test the wires were straightened by 
means of small loads. The actual test loads were 
always kept below the weight which would pro- 
duce a permanent elongation. The experiments 
agreed within 2 per cent., but if insufficient time — 
less than a couple of hours—was allowed to inter- 
vene between two successive series of experiments, 
the second results were higher than the first. The 
wires had a length of about 4.5 metres, and dia- 





for the elastic modulus Spay + ang these stretch- 
ing experiments was E = g- per sq. mm. 
(4376 Smsier sq. in.) A purposely overdrawn wire, 
0.4266 mm. in diameter, gave E = 7323 kg. per sq. 
mm. The mean of the bending and stretching ex- 
periments was E = 6905 kg. per sq. mm. (4384.7 
tons per sq. in.), all at a temperature of 17 deg. Cent. 

These values are slightly lower than those by 
Slotte, G. S. Meyer, and others, on which Landolt 
and Bornstein rely in their tables. But Dr. Brislee’s 
material was purer than the usual metal, containing 
99.37 per cent. of Al, 0.35 of Si, 0.28 of Fe, and a 
trace of copper, and the impurities tend to raise 
the modulus. The wires in question were drawn 
from #-in. rods, originally round or square. The 
experiments showed that overwork and fatigue 
would raise the modulus, but not improve the 
metal for technieal applications. 





DETERIORATION IN AEROPLANES. 

Ir any proof were required of the necessity for 
more knowledge as to the strength requisite for the 
safe construction of aeroplanes, it is afforded by the 
fact that both of the most successful machines at 
the recent military trials have since failed in the 
air, with the result that their occupants were killed. 
Certain risks in flight are inevitable, especially when 
the weather is windy ; but one risk which no pilot 
should be expected to take is that of his machine 
failing him from structural weakness when in the 
air. Yet we have seen the pick of the European 
aeroplanes submitted to a searching test extending 
over many weeks, and we have seen the two which 
were awarded the first and second prizes, and were 
therefore presumably the most ect machines 
then available in the opinion of competent judges, 
both fail in the air within a year ; as did also one of 
those which received a smaller prize. These failures 
have resulted in the death of five valuable officers. 
It is therefore clear that we are still a long way from 
the correct provision for all possible stresses, and 
that a good deal has yet to be done to make the 
structure of the aeroplane as safe as that of other 
machines. 

In the case of the latest failure—namely, that of 
the Cody biplane which won the first prize—there 
are several points of special interest. This acci- 
dent has been investigated by the Accidents Com- 
mittee of the Royal Aero Club, and the facts as 
found by it are briefly as follow : — 


1. The aircraft was built in June, 1911, and took part 
in the military aeroplane trials in August last, be oe | 
the first prize of 5000/., and was subsequently purcha 
by the War Department without any further tests. 

2. Since that time certain alterations had been made to 

it. All the wiring of the wings had been renewed on the 
occasion of the altering of the dihedral angle from the 
negative to the —- which was done within about 
three weeks of the accident. The aircraft was subse- 
quently tested in flight by Mr. S. F. Cody on several 
occasions shortly before the accident. 
m | The elevator had not been re-covered since July, 
4. At the time of the accident the wind was about 
10 to 12 miles per hour on the ground, and was somewhat 
gusty. 

5. The aircraft at the time of the accident was descend- 
ing at an angle which was nob unusually steep. The 
evidence is inconclusive as to whether the engine was 
throttled down. 

6. When about 500 ft. from the ground the elevator 
and wings failed and the aircraft fell to the ground. 
Pieces of the elevator, wing fabric, and struts were 
picked up some distance from the place where the air- 
craft fell, and in such a position that they must have 
fallen from the aircraft whilst still in the air. 

7. The fabric with which the wings and elevator were 
covered was weak. 

8. The elevator was a pivoted one, the pivot being 
approximately a third of its width measu from the 
leading edge, and coincident with the axis of the front 
spar. 

The Committee is of opinion that the aircraft had 
structurally deteriorated from one cause or another since 
it was originally built in 1911, and that its condition at 
the time of the flight was precarious. The elevator was 
not designed with a view to the withstanding of top 
pressure, and the a; rance of the fractures indicates 
that it failed from this cause. Mr. 8. F. Cody’s opinion 
as to the failure of the elevator coincides with that of the 
Committee. 

In view of the fact that aircraft are built of perishable 
materials, the Committee money recommends that those 
which have been in existence for some time, whether 
they have been in use or not, should undergo a critical 
examination, both as regards their framework and the 
fabric, with a view to ascertaining to what extent deterio- 
ration has taken place, and the condition of the aircraft 

y recorded at the time. The failure of the 
elevator in this case points to the necessity for making 


always be within the pilot’s easy control. 
The two most interesting features of this accident 
and the report are :—(1) The fact that the machine 
was a biplane, and (2) that it is considered to have 
greatly deteriorated from use. As to the former 
point it will be recollected that practically all the 
revious structural failures of machines in the air 
ve occurred inmonoplanes. It now appears that 
the biplane is not necessarily above suspicion, 
though it must be admitted that the Cody machine 
is of a very special type, and lessons taken from 
it have little bearing on many others. 

The most serious point in the report is the state- 
ment that the whole machine had very consider- 
ably deteriorated from use. It is not quite clear 
to what extent the Committee regard this deterio- 
ration as the cause of the accident. It is 
stated that the elevator failed from want of top- 
staying, and in such a machine the failure of the 
elevator would presumably entail a fall, even if the 
wings stood. is suggests that, as constructed, 
the machine was only safe in the hands of a 
specially skilled man, who would avoid top-pres- 
sure coming on the elevator. It is, however, clear 
that the wings also failed. 

The very strong recommendation of the Commit- 
tee, that aeroplanes should be very carefully 
examined periodically, is therefore obviously well 
justified. The framework of an aeroplane is neces- 
sarily very light, and is subject to various straining 
actions in the air, and also to considerable shocks 
on landing, and may easily deteriorate from these 
causes. The fabric covering the wings is probably 
still more subject to deterioration, as it necessarily 
has to be treated in some way to make it air-tight, 
and it remains to be seen how long after this treat- 
ment it will retain its strength under exposure to 
the air and the stresses to which it is subject. In 
this connection it would be interesting if the fabric 
of some old wings were tested and compared with 
the fabric when new. The wires supporting the 
wings, as well as those working the controls, are 
also liable to a considerable amount of deteriora- 
tion from various causes, one of which may be the 
vibration caused by going through the air. 

Incidentally the question of deterioration may 
have some considerable effect on choice of the mate- 
rials to be used. It does not follow that the material 
which is strongest when new is the strongest after 
use for some time ; in fact, it is more often not so. 





THE MINING MACHINERY 
EXHIBITION. 

Tue Mining Machinery Exhibition, which was 
opened at the Royal Agricultural Hall on Thursday 
in last week, the 29th ult., is the fifth of a series 
devoted to the mining industry. All the previous 
exhibitions were held in the Islington Hall, except 
the last, which took place at Olympia in 1908. These 
exhibitions are always interesting, bearing as they 
do on a veryancient and world-wide industry, and the 
present one fully upholds their reputation. Their 
sustained interest may possibly be largely due to 
the fact that they are not held too frequently, 
like some other industrial exhibitions that take 
place in the Royal Agricultural Hall, and makers 
of different kinds of mining machinery have there- 
fore more time to devise those new appliances 
and improvements which add much to the attrac- 
tions of such shows. As exhibitions go at the 
Hall, the present is not a large one, the stands in 
the main body of the building not being crowded 
together, and there are no exhibits in the galleries. 
It is, however, very comprehensive and gives a good 
opportunity of seeing a great variety of mini 
appliances and the products of some of the beet 
manufacturers of mining plant in the country. 

The class of machinery which, from its import- 
ance, is entitled to first mention is that for coal- 
cutting, and there is ample opportunity for an 
inspection of different kinds of appliances for carry- 
ing out this work. One of the est, if not the 
largest, collection of coal-cutters may be seen at 
the stand of Messrs. Mavor and Coulson, Limited, 
47, Broad-street, Mile-Bnd, G w. This stand 
is the longest we remember ever having seen in the 
Hall, being just under 50 yards in length. The 
machines are designed both for bar-cutting and disc- 
cutting. There is one specially pick-quick bar- 
cutter driven by a three-phase electric motor and 
mounted on skids. It is fitted with a 7-ft. cutter- 





bar, which is, of course, an exceptional length, the 





782 


ENGINEERING. 


[JUNE 6, 1913. 





extreme limit of undercutting by this method being 
usually 6 ft. There are two systems of a 
in general use: one, the Long-Wall system, an 

the other the Pillar-and-Stall system. The former 
is practically universal in this country with the ex- 
ception of Staffordshire, and consequently the long- 
wall coal-cutter has been developed more than any 
other, as it is suitable to shallow seams, which are 


more common with us than in some other countries. | 


Foreign countries are, however, now following the 


English practice, and are largely adopting the, 


long-wall method. The pillar-and-stall system is 


almost universal in America, where thick seams of | 
1, shows | been necessary to fit a motor that can be artificially | continuous current, three phase, or compressed air, 


coal are general. Our illustration, Fig. 
one of the pick-quick bar-cutters exhibited by 
this firm. It is operated by a three-phase electric- 
motor, and has the usual facilities for slewing, tilt- 
ing, and raising and lowering the cutter-bar. It is 
mounted on skids, and is dragged along the bottom 


them into the tube, the timber being supported by 
the tube, and, in its turn, stiffened by the timber 
filling. The chief advantages claimed for these 
props are that they have great strength in pro- 
portion to their weight ; they are convenient for 
setting ; they occupy the minimum of space, and 
are easily withdrawn. 

Another interesting exhibit shown at this stand 





we illustrate in Fig. 3, below. It is a patent 
tube-cooled stator of a Samson disc, small-size, | 
three-phase coal-cutting machine. In order to| 
reduce the height occupied by the machine to a 
minimum, and yet get the maximum power, it has| 


cooled, the appliance we illustrate being the result. | 
The motor is completely enclosed, and is dust- | 
proof and flame-proof. As will be seen from the 
illustration, the stator is provided with a group) 
of straight brass tubes extending through the shell | 








Fia. 1. 


Pick-Quick Bar Coat-Cutrer, with THRee-PHase Exvectric Motor; Messrs 
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Mavor anp Coutson, Limrrep, GLascow. 








Fic. 2. 








Samson Disc Coat-Curtrer, with Drrect-Current Motor ; Messrs. Mavor 


AND Covutson, LimiTep, GLascow. 


of the heading close up against the face, under- 
cutting the coal the whole length of the face. The 
face is then overcut by a similar machine to the 
same depth as below, and the coal falls in large 

ieces. In some classes of coal this cutting is done 

y disc-cutters which have large revolving discs 
placed horizontally, with teeth on the circumference ; 
but with soft coal these are not so suitable as the 
bar-cutters, as the coal breaks away and falls on 
the disc, thus causing a stoppage through friction. 
There are several types of both bar and disc cutters 
shown, driven in some cases by electricity, and in 
others by compressed air. The disc type of machine 
requires more power than the bar type, and it is 
sometimes difficult to supply power enough by elec- 
tricity. The machine we illustrate in Fig. 2 is 
driven by continuous electric current. The cylin- 
ders of all the air-moters' made by this firm have 
removable liners, and can be made to suit any air- 
pressure. 

A pick-quick bar coal-cutter of small size is also 
shown fitted with a three-phase electric-motor and 
oil-immersed controller, which has been specially 
designed for working in steep seams, and also where 
special precautions regarding gas have to be taken. 
It is shown mounted on an inclination of 45 deg., 
and is hanging on a sa rope. It is a type 
mostly in use on the Continent, and has not been 
shown before. Another exhibit at this stand is 
the Mackay composite prop, which consists of a 
steel tube containing a wooden prop 2 in. to 6 in. 
longer than itself. e pressure of the roof causes 
the projecting wooden ends to yield, and squeezes 





internally from end to end. The interior of the 
tubes is open to the outside air, only the exterior 
of the tubes being exposed to the air inside 
the motor ; and on the motor shaft, outside the 
motor shell, is a fan which forces the cooling air 
through the tubes, while a fan inside the motor 
forces the internal air on to the external cool 
surface of the tubes. The motor is thus cooled 
without access to the outside air. It is claimed 
that this system permits a larger output to be 
obtained than would otherwise be possible with a 
totally-enclosed motor of a given height. 

Several types of coal-cutters are shown at the 
stand of Messrs. A. Hirst and Son, Limited, Cres- 
cent Coal-Cutter Company, Dewsbury. One of 
these machines is a ‘‘ Crescent” Standard low- 
type compressed-air long-wall cutter, fitted with 
totally-enclosed working parts, and we may here 
mention that this firm claims to be the first who 

ut totally-enclosed coal-cutters on the market. 
n the machine at the Exhibition to which we 
have alluded, all the bearings are kept constantly 
flooded with oil by means of a small pump. The 
oil is used over and over again, only a very small 
amount per week being required to make up for 
leakage. All the gears are machine cut, and 
the exhaust air is silenced very efficiently without 
putting any back pressure on the motor. Another of 
these machines is electrically driven, and has a 
totally-enclosed motor, switch, and gearing. The 
electrical parts are built to pass the new mining 
rules, flame-tight joints being used throughout ; 





all the insulation is of mica, and all the electric 


cables are drawn through heavy steam tubing. 
Machines by this firm are, we understand, at work 
on all grades, and in wet and dry places, on bad 
floors and under bad roofs, and are giving outputs 
up to 300 tons per shift, and we are informed that 
some of them have run for two years on end without 
losing a single cut. The mechanical parts are 
built of steel throughout. The machines are all of 
the disc type, and cutter wheels from 3 ft. to 6 ft, 
undercut can be supplied to suit any conditions; 
they are built to undercut or overcut as desired, 
There is another machine for drilling shot-holes in 
the face. This class of machine has been built for 


As many as sixty holes per shift can be drilled by 
them to a depth of 4 ft. on a face 100 yards long. 
Other coal-cutting machines are exhibited by 
Messrs. John Gillott and Son, Lancaster Works, 
Barnsley, and by Messrs. Anderson, Boyes, and 


3. TusE-Cootep Mortor-Strator ; Messrs. Mavor 
AND Coutson, Lumtep, GLascow. 
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Fie. 4. Conveyor Crave; THe MInine 
APPLIANCES CompaNy, SHEFFIELD. 














Fie. 5. TRAVEL- 
LING BrakE ; THE 
MINING APPLI- 
ANCES COMPANY, 
SHEFFIELD. 


f 


Co., Limited, Motherwell, N.B.; and the Sullivan 
Machinery Co., Salisbury House, London, E.C., 
show a working model of the Sullivan “Ironclad” 
electric long-wall coal-cutter, illustrating how the 
machine is fed by chain and held up to the face 
without assistance from props. 

A very interesting coal-conveyor is shown at the 
stand of the Mining Appliances aos, 32, 
Church-street, Sheffield. This is the Eickhoff con- 
veyor, and consists of a steel trough of any reason- 
able length that may be desired, which is made in 
sections for the convenience of transportation and 
erection. These troughs are laid in front of the 
working face and the galleries, and are carried 
on special cradles on which they can rock to 
and fro in the direction of the length, the cradles 
being so made that they can be placed on the 
pit-floor without the intervention of any timber 
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or other packing, all that is necessary being that 
the cradles must be laid level transversely across 
the gallery. One of the cradles is shown in Fig. 4. 
The whole of the troughing which rests on the 
cradles has a reciprocating motion given to it by 
means of motors driven either by compressed air 
or electricity, the action of the conveyor being 
as follows :—By means of an arm from the motor 
the whole of the troughing, for a length, in some 
cases, of 175 yards, is drawn back in a direction 
contrary to that of the arrow shown on our illustra- 
tion, the distance the conveyor is drawn back being 
the length of the curved B of acradle. When 
the conveyor has been drawn back this distance, 
and has been raised up the incline of the cradle (the 
action, of course, taking place at all the cradles) the 
motor automatically releases the conveyor which 
runs down the incline on the cradle in the direction 
of the arrow, until it is brought up suddenly by 
the sharply-curved t of the lower end of the 
incline, and is at the same time slightly jerked 
upwards. This sudden stop and slight upward 
jerk force the coal- by its inertia along the 


hook. The brake-pulley a is suspended from the 
arm of the lever, so that the weight of the load 
presses the band to the pulley, and when at rest 
causes the brake to act automatically. To release 
the brake the lever c is depressed gently. On the 
other hand, if the lever is raised the braking action 
of the load is further increased. For hoisting 
purposes and deep-level shafts the brake is fixed 
toa gantry. The rope runs in a groove, and one 
end is attached to the load, or on an incline one 
end can be attached to an empty wagon, and the 
other end to a loaded one. 

The Mining Engineering Company, Limited, 
** Meco” Works, Moorfields, Sheffield, show a 
trough conveyor, of which the cost is moderate, 
its over-a}l height low, and the running smooth 
and without noise. It can be arranged horizontally 
or at a slight upward inclination. It is driven 
by a compressed-air engine, the stroke of which 
can be varied as may be required. There are 
also several air-driven hammer-drills shown here, 
which weigh from 27 lb. to 40 lb., as well as a 





‘**Meco ” drill steel-sharpening and forging-machine, 

















Fic. 6. Disc Grinpinc-Macuine; HapFrietp’s STEEL Founpry Company, Limitep, SHEFFRELD. 


troughing in the direction of the arrow. The 
moment this has taken place the conveyor is again 
pulled back up the incline by the motor, and the 
operation is repeated. As the reciprocating motion 
is repeated rapidly, it will be understood that, 
although the travel of the coal at each movement 
isnot very great, the total distance travelled at the 
end of the minute is considerable. At the Exhibition 
there is a conveyor shown at work ; it isof 13 brake 
horse-power, and the motor is powerful enough to 
work 175 yards of face conveyor, which is 16 in. 
wide. With this system it is possible not only to take 
the coal from the face, but along the gates and levels, 
thus doing away entirely with trammers and ponies. 
Among the other advantages claimed for the 
system are that it can be transported much more 
rapidly than a chain conveyor ; the whole conveyor 
may also be quickly transposed longitudinally ; the 
erection is independent of wood timbering ; it is 
adapted to be used in the lowest seams ; and re- 
quires no Jubrication—this last, of course, does not 
apply to the motor. It will also convey coal up 
moderate inclines, and the sides of the trough can 
be used as rails along which to run trucks. The 
— of the conveyor is about 150 tons in seven 
ours, 

This firm also show a new type of pit wagon, 
with a very short wheel-base. It has live axles 
and roller bearings, so that the friction is reduced 
toaminimum. The lubricant is forced in through 
the centre of the axle. The length of the wagon 
over all is 5 ft. 6 in. and the height 23 in., the 
wheel-base being 17 in. There is also a wagon 
shown intended for German use. Ib is 6 ft. long 
and 3 ft. high. 

A very simple type of travelling-brake is shown 
at this stand. We illustrate it in Fig. 5. The 
rope-pulley a has round it a strap 6 which is 
lined with wood, and is fixed to the lever ¢ as 
shown, the whole being suspended from an eye- 


which has not been exhibited before, by aid of 
which it is claimed one man can sharpen fifty ordi- 
nary drill-bits in half an hour, when he has 
become accustomed to the machine, and it is 
| stated to be the only machine on the market that 
| will forge a Z bit. Collar jumping on drill steel 
can also be performed by it. In addition to these 
machines there are several coal-cutters on view, as 
well as the latest design of the ‘‘ Meco ” rescue 


oN 

essrs. Hadfield’s Steel Foundry Company, 
Limited, East Hecla Works, Tinsley, Sheffield, 
have, as usual at these exhibitions, a very 
fine collection of steel castings. A portion of 
the stand is, however, devoted to stone and 
ore- crushing machinery, including a ‘‘ Heclon” 
gyratory rock and ore-breaker and a Hadfield and 
Jack jaw-type breaker, the body of which is of 
solid steel, and the jaws of both machines are fitted 
with ‘‘ Era”’ manganese-steel wearing parts. The 
chief feature of the stand is, however, a disc 
crushing-machine built on an entirely new prin- 
ciple. It is intended for intermediate or secondary 
crushing. It is called the ‘‘ Symons disc crusher,” 
and is illustrated in Fig. 6, annexed. It is quite 
a new type, the crushing being effected in a 
cavity formed by two ‘‘ Era” manganese-steel discs 
of saucer shape, which fit one within the other, 
and revolve at a high velocity ; one of them at the 
same time oscillating several hundred times a 
minute. When the product is reduced to the proper 
size, it is flung out by the discs into achute. Allcon- 
gestion is thereby prevented, and a machine of very 
high capacity is the result. It will take rejections 
(screened or unscreened) from standard crushers 
and reduce them with great sg ane A at one opera- 
tion to }-in. size or less. It is claimed that it is 
the only crusher that will successfully reduce wet 
or dry gravel boulders mixed with sand to a 
smaller product. It is said to be admirably suited 











for producing materials for road-dressing, as it can 
be quickly adjusted to make any standard size of 
product desired. The main crushing load is carried 
on a large ball-and-socket bearing, which has little 
movement. 

A very interesting collection of air-compressors 
may be seen at the stand of Messrs. Reavell and 
Co., Limited, Ranelagh Works, Ipswich, among 
which is an axial type compressor specially arranged 
for mining purposes, and mounted on wheels. 
It has a protected type of motor, suitable for 
use in a non-fiery mine. The size of the com- 

ressor is such that it is suitable for driving a one- 

nd rock-drill with the air pressure at 60 lb. per 
sq. in. The speed regulation of the motor is 
done by hand. The chief object of interest at 
this stand, however, is a very handy pneumatic 
hoist, mounted on a pillar which can be fixed in 
practically any position in the pit. We illustrate 
this handy little appliance in Fig. 7. It has been 
designed especially for use in mines where great 
compactness is a very desirable feature. As will 
be seen from the engraving, the engine and winch 

















Fic. 7. Pweumatic Minine Horst; Messrs. 


REAVELL AND Co., Limirep, Ipswicu. 


are mounted on a pillar which can readily be 
clam up between the roof and the floor. The 
winding-drum has on it a hand-brake and the 
engine is reversible. The hoist is not intended 
for heavy loads, 700 lb. being the maximum dead- 
weight load that can be put upon it, and this load 
can be lifted 60 ft. a minute with an air pressure 
of 80 lb. per sq. in. One very important use to 
which it can be put is the hauling of wagons up 
inclines. 

Another handy little machine at this stand is 
a self-contained hand portable cleaning-set, electri- 
cally driven. It has been designed for keeping 
dynamos, motors, &c., free from dust. It con- 
sists of a small compressor, to which is fitted a 
length of hose having a nozzle at the end. As 
supplied, the plant is complete with motor-starter, 
hose-drum, and flexible cable with wall-plug. 

At the stand of Rudolf Meyer, A.G., Mulheim- 
Ruhr, for whom Mr. A. Klein, Dronfield, near 
Sheffield, is the sole agent for Great Britain, may be 
seen, among other things, a compressed-air boring 
outfit and compressed-air tools. There is shown a 
Loetechberg rock-drilling machine, ‘* Model H 1.” 
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With four or five of these machines the world’s 
record of 1209 ft. in one month’s work in hard 
black mountain limestone was accomplished, the 
machines being erected on a special movable boring- 
frame. There is also exhibited a compressed-air 
locomotive built for the Royal Prussian State mine 
at Zweckel, in Westphalia. Its normal horse- 

wer is 18, and the maximum horse-power 36. It 
four air-tanks, the air-pressure being 2250 lb. 
per sq. in. The radius of action of the locomotive 
is 5000 yards along a road with a gradient of 1 in 
150 and back again, the journey out being with 
an empty train consisting of forty tubs weigh- 
ing 13 tons in all, and the journey back with a 
train weighing from 40 to 50 tons, the weight 
of the locomotive being 64 tons. We understand 
that twenty-one of these locomotives have been 
supplied to the Royal Prussian State mines, and 
150 have been sold altogether, as well as fifty of 
the three-tank type. 

Messrs. Lassen and Hjort, 52, Queen Victoria- 
street, London, E.C., have on view one of their 
well-known water-softeners actually in operation, 
and softening the water supply from the London 
mains from 17 deg. of hardness down, we understand, 
to 2 deg., at a cost of less than $d. per 1000 gallons. 
We have previously described this apparatus fully 
in our columns (see ENGINEERING, vol. lxxi., page 
745), but since then the makers have brouglit out a 
new positive chemical valve, which is fitted to the 
plant exhibited. It is shown in Figs. 8, 9, and 10. 


Fig. 


i 


S500. 
Fies. 8 ro 10. Positive CuemicaL VaLvE ; Messrs. 





Lassen AND Hort, Lonpon. | 

This consisis of a fixed cylinder A, riveted to! 
the bottom of the chemical reservoir, and in this 
cylinder there is another cylinder B fixed in any | 
desired position by the back-nut C. In these, 
cylinders are the two valves D and E, the latter 


screwing on to a tail-piece F projecting from the | ga 


valve D. The pitch of the threads on this tail- 
piece and the adjustable cylinder are the same, 
and any movement of the cylinder B results in a 
corresponding movement of the valve E, owing to 
this valve having a feather G working in a key- 
way H cut in the cylinder B. The valve D has 
on it a flat face and a piston body, which prevents 
any chemical solution being admitted into the 
adjustable cylinder until the lower valve E has 





closed the outlet ports J. 
The operating mechanism consists of a double 


lever K on the rocking-shaft L of the tipper. Two 
louse links M and trunnions N clamped against a 
screwed sleeve O by lock-nut P connect these 
levers to the vertical valve-spindle, and when in 
operation the levers im an up-and-down motion 
to the valve. The rollers Q act as guides for the 
screwed sleeve O. The valve D is kept tight on its 
seat by the weight S. In order to adjust the 
amount of chemical solution being discharged, the 
lock-nut C is loosened, the cylinder B is unscrewed 
by means of the lugs T, and the nut C is again 
tightened. In our illustration the valve is shown 
as fixed to give its minimum discharge. 

The water-softener on view has another feature 
which is not in the older plants. This isa locking 
gear, by means of which the oscillating receiver is 
prevented from tipping until it contains a pre- 
determined quantity of water. A ball-float and 
lever are carried by a bracket attached to the end- 
plate of each compartment of the tipping-bucket. 
When the ball rises in the water as the bucket fills, 
it acts on a sliding rod when it has reached a certain 
height, and the sliding rod lifts a lever which is 
pivoted on the angle-iron edge of the tank, and is 
engaged with a notch provided on the bracket before 
referred to. Any further motion disengages the 
lever from the notch, and the bucket tips. It is 
claimed that great exactitude of measurement is 
attained by this means. - 

Messrs. Henry Pels and Co., 3 and 4, Ports- 
mouth-street, London, E.C., are exhibiting two 
punching and shearing-machines which specially 
appeal to owners of mines and collieries. These 
machines are of the firm’s well-known design, in 
which the frames are built up of steel plates. 
Various types have previously been described in 
our pag<s, but the one to which we now allude 
is a later type, and has splitting-shears com- 
bined with universal punch and cropper for bars 
and angles. This type of machine is made inseven 
sizes for dealing with plates from # in. to 1} in. in 
thickness, with corresponding capacity for punch 
and cropper. The machine on view is No. 16, 
with a 20-in. gap for the punching end, and will 
perform the following work :—It will shear plates 
of any size up to § in. thiek, and flats up to 3 in. 
by ? in., punch holes up to 1 in. in diameter 
through material up to 3 in. thick, and crop rounds 
up to 14 in., squares up to 1,% in., angles up to 
4 in. by 4 in. by 4 in., and ties up to 4 in. by 4 in. 
by # in., as well as angles on the bevel up to 
2} in. by 2? in. by } in., the approximate power 
required being 5 horse-power. The shear-blades 
are arranged in parallel with the‘frame, so that in 
addition they will also cut wide flitch-plates, a 
thing not practicable in the ordinary type of 
machine with open gap. The punching end is so 
made that it will punch through the flanges of 
joists and channels, and the arrangement further 
permits the fitting of a notching apparatus, an 
appliance for cutting away the webs of girders, 
cutting triangles into angles for bending purposes, 
or notching generally on plates and other materials. 

There is a centrally-arranged cropper which is 
interesting. There are anumber of openings milled 
into the blades, which make it possible to shear 
angles, tees, rounds, and squares without having to 
change the cropper-blades. It is effected by simply 
inserting the material from the down-holder side 
and throwing over the handle. Angles may also 
be sheared to any bevel, right or left hand. The 
blades can easily be removed and others put in 
their places. 

The Exhibition closes to-morrow. 


(To be continued.) 





NOTES. 
IRRIGATION Works 1N Inp1IAa. 


An interesting paper was read before the Royal 
Society of Arts on Thursday, May 29, by Sir John 
Benton, K.C.I.E., F.C.H., M. Inst. C.E., on “ Irri- 
tion Works in India.”’ Sir John reviewed in detail 
the works which had been carried out for the irriga- 
tion of the various provinces and idencies of 
India, he pointed out their effect from the agri- 
cultural, the humanitarian, and the financial points 
of view, and gave information on the works of a 
simi nature now in progress. In regard to 
the works in operation at the present time, the 
period he dealt with covered the twenty-four years 
ended with the year 1911, and his remarks were 
illustrated by a series of maps and lantern slides. 
The average capital outlay for the three years 1887 





to 1890, was 20,420,000/.; the corresponding figure 


| for the three years 1908 to 1911 was 31,490,000, 


or an increase in capital outlay of 55 percent. 4 
further comparison between these two periods 
showed that the irrigated area had increased hy 68 
per cent., the net revenue by 123 per cent., the 
return on capital outlay by 43 per cent., and the 
net profit by 200 per cent. in the latter period com. 
pared with the former one. But the principal 
advantages resulting from the progress made 
with irrigation were manifold; the produce of 
the country and the railway receipts were 
greatly increased, the land revenue was enhanced, 
famine expenditure was reduced and misery 
obviated, irrigation works having besides 4 
beneficial political effect. The carrying out of 
many of these works was surrounded with great 
difficulties. The Upper Jhelum Canal was one 
instance ; in this the complications arose from the 
numerous hill torrents to be crossed, the largest 
of which discharged 150,000 cub. ft. per second 
when in flood. In most cases the drainages were 
siphoned under the canal. The effect upon one 
territory of irrigation works carried out for the 
benefit of another had to be duly considered, 
Thus the general result of executing a barrage 
across the Indus at Sukkur, together with other 
parallel works, would be to supply flow irrigation 
to about 500,000 acres, for which water had now to 
be lifted, and, besides other advantages, the new 
works in question would add greatly to the pro- 
duction of cotton, obviating also damage to a large 
part of Sind by ever-increasing withdrawals of 
water in the Punjab. Sir John Benton also 
reviewed the irrigation work carried out in four 
native States—Hyderabad Deccan, Baroda State, 
Gwalior, and Jaipur—the rulers of which had been 
actuated by the same high principles which had 
guided the Government of India. 


Tue Krine’s Birtupay Honovrs. 


We are glad to note that there is a suitable 
recognition of science in the list of recipients of 
honours conferred upon his Majesty’s birthday, 
because upon some previous occasions there was a 
feeling that political service, rather than work done 
to promote science and industry, was the chief 
influence underlying the recommendations made to 
his Majesty in connection with the conferring of 
such honours. This year one of the three Privy 
Councillors is Sir Alfred Mond, Bart., M.P., the 
managing director of Brunner, Mond and Co., 
Limited, and an active worker in the field of 
industry. Seven baronetcies have been conferred ; 
one of these is upon Mr. Archibald Denny, LL.D., 
of the well-known shipbuilding firm in Dumbarton, 
which has been long in the vanguard of shipbuild- 
ing and engineering progress. Mr. Denny has 
done a considerable amount of work in connection 
with the Engineering Standards Committee, and 
has been associated with several Government 
inquiries. He is at present chairman of the Com- 
mission on Bulkheads and Water-Tight Compart- 
ments, and a member of the Load-Line Committee. 
Another of the new baronets is Mr. Stephen 
Wilson Furness, M.P., a nephew of the late Lord 
Furness, and his successor in the chairmanship and 
directorship of many industrial undertakings, in- 
cluding Furness, Withy and Co. Mr. J. White Todd, 
director of several railways in Argentina, and Mr. 
William Vesty, of the Blue Star Line, are similarly 
honoured. Amongst the twenty-six new knights is 
the name of Professor J. H. Biles, Professor of 
Naval Architecture at Glasgow University, and the 
author of many contributions to technical societies 
on naval construction. It will be remembered that 
he was assessor at the inquiry into the loss of the 
Titanic, and he is now Chairman of the Depart- 
mental Committee on the Safety of Life at Sea. 
We are glad to note also the names of Mr. F. W. 
Black, C.B., the Director of Naval Contracts at the 
Admiralty since 1906, prior to which he was 
Director of Naval Stores; of Mr. Francis W. F. 
Brain, the President of the Mining Association of 
Great Britain, 1911-12, and president at several of 
the conferences in London during the coal strike ; 
of Professor E. A. Schiifer, F-RS., Professor of 
Physiology at Edinburgh University and President 
of the British Association last year, and for fifteen 
years Joint Secretary of the Association ; of Mr. 

Henry Smith, head of the firm of Frederick 
Smith and Co., Limited, wire manufacturers at 
Halifax ; and Mr. Joseph Weston Stevens, <irector 
of Messrs. Guest, Keen, and Nettlefolds. Amongst 
the promotions in the Order of the Bath we note 
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that Mr. Alfred Eyles, C.B., Accountant General 
of the Navy, has been made K.C.B., while Engi- 
neer Rear-Admiral G. G. Goodwin, Deputy Engi- 
neer-in-Chief of the Navy, and Mr. Mervyn 
(’Gorman, Superintendent of the Royal Aircraft 
Factory, have been appointed to the rank of C.B. 





THE LATE DR. JOHN THOMAS NICOLSON. 

WE regret to have to record the death, which 
occurred at Macclesfield, on Tuesday, May 27, of Dr. 
John Thomas Nicolson, Professor of Mechanical Engi- 
neering at Manchester University. Professor Nicol- 
son was —. on — > ‘_—oe be pees at 
Watson’s College, Edinburgh. He served a pupi to 
Sir B. C. Browne and Mr. F. C. Marshall, at Messrs. 
R. and W. Hawthorn’s works, Newcastle-on-Tyne, 
from 1878 to 1882, and was later employed as a 
draughtsman by Messrs. Palmer, of Jarrow, and Mr. 
James Laing, of Sunderland, down to October, 1883. 
In order to continue his technical studies, he attended 
the Edinburgh University during the session 1883-84, 
and then acted, down to January, 1885, as assistant 
to Mr. Alexander Taylor in the design of a 360-ft. 
floating dock, being then merge. to October, 1886, 
by Messrs. R. and W. Hawthorn on the design of a 
number of engines. In that same year Professor 
Nicolson was awarded a 1501. Whitworth Scholarship, 
and he returned to the Edinburgh University during 
the sessions 1886-87 and 1887-88 with a view to com- 
plete his studies. 

He graduated a B.Sc. in 1888, obtaining a Vans 
Dunlop Scholarship of the value of 300/., and pro- 
ceeded to Berlin, where he studied the testing of 
materials under Professor Martens until 1889, when 
he was appointed Demonstrator of Applied Mechanics 
under Professor James Stuart, and afterwards under 
Professor Ewing, at Cambridge University. 

In 1891 Professor Nicolson was appointed to the chair 
of mechanical engineering at the McGill University, 
Montreal. At Montreal also he acquired a very con- 
siderable consulting practice, and very frequently acted 
in the capacity of arbitrator and expert in a number 
of important engineering cases. He me & member 
of the Canadian ay of Civil Engineers, and re- 
ceived that Society’s Gzowski Medal in 1893 for 
paper on ‘* Transmission of Power.” 

e may mention here that one of the first published 
papers by Professor Nicolson to attract attention was 
on the strength of short boilers. At that time the 
claim was being made that the strength of a short 
boiler was very substantially greater than that of a 
long one. The contention was that the end plates 
helped to hold the shell together, thus materially 
increasing its strength. By a mathematical analysis 
Professor Nicolson showed that there was no gain in 
strength due to this action, and it was afterwards 
proved that the effect of the ends was actually to 
increase the shell-plate stresses. 

In 1898 Professor Nicolson received from the Insti- 
tution of Civil Engineers, London, the Watt Medal and 
a Telford Premium for his paper on ‘‘ Condensation in 
Steam-Engines.” At the same time the degree of 
D.Sc. in Engineering was conferred upon him by the 
Edinburgh Cniversit . He became a member of the 
Institution of Civil Engineers in 1899, acting, at that 
time, as consulting engineer to the Manchester Muni- 
cipal Technical School Committee with regard to the 
equipment of their laboratories. At this school, of 
which certain departments constitute a Faculty of the 
Victoria University of Manchester, Dr. Nicolson 
became the first Professor of Mechanical Engineering. 

After his return to this country from Canada, 
and his appointment to the Municipal School of 
Technology, Manchester, Dr. Nicolson carried out 
& very elaborate series of experiments with high- 
speed tool-steels, in the course of which he demon- 
strated very clearly the true nature of the cutting 
action of a lathe tool. Later on he made many 
investigations on the transfer of heat from furnace 
gases to boiler flues. These researches confirmed the 
theoretical conclusions of Osborne Reynolds that the 
higher the speed of flow the more rapid and complete 
is the transfer of heat from a hot gas to a cold surface. 





STEAM TRIALS OF H.M. BATTLE-CRUISER 
“QUEEN MARY.” 

Speci interest attaches to the trials of the battle- 
cruiser Queen Mary, built by Palmer’s Shipbuildin 
sad Iron Company, at Jarrow-on-Tyne, and suppli 
with her machinery and boilers Messrs. John 
Brown and Co., Limited, of Clydebank, because she is 

most powerfully engined warship yet built, and on 
her trials exceeded in this respect the performance of 
the preceding ships of the class added to the British 
Navy. The first of the type built was the Lion, and 
the second the Princess Royal. These two ships are 
of the same design; the third of the class differs 
m having 6 in. more beam and 650 tons more 

lacement. Thus the Lion, like the Queen Mary, 
ft. long ; the former is 88 ft. 6in beam, and 








the latter 89 ft. ; the draught is the same—28 ft.;' 


but the displacement of the Lion is 26,350 tons, and 
of the Queen Mary 27,000 tons. All three ships have 
Parsons turbines driving four shafts, the arrangement 
corresponding exactly to that adopted in recent battle- 
ships ; but the designed power of the Queen Mary is 
75, horse-power, as compared with 70,000 in the 
case of the two earlier ships, in order that, notwith- 
standing the increase in displacement, the legend 
speed should be the same. The Lion and the Princess 
Royal exceeded their designed power by 6000 horse- 
power, and the 5; realised was 28.5 knots, the coal 
consumption being 1.71b. poms horse-power per hour. 
The results in the case of the Queen Mary were corre- 
spondingly satisfactory, and there can be no doubt 
at all three ships can maintain 284 knots. 

The Queen Mary carried through, between May 27 
and the 2nd inst., a very full programme of searching 
tests. There was, first, a series of trials of four 
hours’ duration at progressive powers, followed by 
the usual twenty-four hours’ steaming at four-fifths 
of the full power; and, finally, an eight hours’ run 
at full designed power, which was exceeded by quite 
10 per cent. under the easiest steaming conditions. The 
water used by the main engines and the auxiliar 
engines was measured and the coal weighed on eac 
trial, and the results from the point of view of economy 
were most satisfactory. There was aleo a full series of 
steering and circling trials, while the anchor gear and 
other auxiliaries in the ship were tested. The vessel 
will go out on her gun and torpedo trialson Monday, 
and will p to Jarrow, where she is expected to 
arrive on Wednesday next, to complete for com- 
mission. 





MANCHESTER STEAM-USERS’ 
ASSOCIATION. 

_ THE annual meeting of the members of this Associa- 
tion was beld on Tuesday, May 27, at the offices, 9, Mount- 
street, Manchester, the President, Mr. Adam Dugdale, 
of Blackburn, in the chair. 

The report of the committee of man: ent was read 
by the secretary. It dealt with the fifty-eighth year’s 
practical work of the Association, and stated that at the 
close of 1912 the number of boilers under inspection, and 
the revenue, attained the highest point hitherto reached. 
The number of members was 2153 ; the number of works, 
4564; the number of boilers enrolled, 10,051; and the 
subscriptions, special service fees, &c., amounted to 
20,6242. The net surplus in favour of the year was 1980/., 
and the accumulated funds now stood at 45,065. 

The total number of examinations made during 1912 
was 23,477, the highest on record, 9986 of these being 
“internal,” ‘‘flue,” and —— with the boilers at 
rest and prepared. No boiler under inspection had burst 
during the year, and the Committee were glad to be able 
to state that, at the end of fifty-eight years, no life had 
ever been lost by the explosion of any boiler which the 
Association had ins; and guaranteed as safe. It 
was, the report added, of interest to mention that the 
a of periodical boiler inspection inaugurated b: 
the Association in 1854 has been generally adopted in this 
country, and that now, aided by the Factory and Work- 
shop Act, there are very few boilers remaining unin- 


spected. 

Outside its ranks the Association had recorded during 
the year throughout the United Kingdom the occurrence 
of 68 explosions, killing 34 persons and injuring 49 others. 
Of these, 17, killing nine persons and injuring 13 others, 
might be termed “‘ boiler explosions proper,” while the 
remaining 51, killing 25 persons and injuring 36 others, 
might be termed ‘‘ mi janeous ” explosions—?.¢., 
arising from steam-pipes, stop-valves, kiers, 
cylinders, bakers’ ovens, economisers, &c. In addition 
: = ye one explosion arose a the bursting of a 

itchen boiler, no personal injury resulting. 

With reference to the ordinary work of the Associa- 
tion a few items of interest may be given. In several 
— 2 a have been — for inspection 
and approval, the arrangement of which was dangerous. 
Kiers, Se aes — vessels ae been ae 
working with extremely low ins of strength, 
some, almost new, have had ‘ol aeeatiad and 
otherwise al before they could be approved for the 

uired service. Boilers having their several parts 
welded together, as commonly for hot-water circu- 
lating service, and also cast-iron boilers, have been found 
installed for generating steam, for whieh their unrelia- 
bility made them unsuitable. Second-hand boilers of 
various types have been examined prior to purchase, and 
some of them were quite unfit for the pressure for which 
hw = pwnd | the i oa In Ly =~ boilers 
ave nm stri or partially strip oO ging or 
brickwork on the Association’s advice, and the concealed 
shell-plates were found to be soseverely wasted that had 
the boilers worked on without inspection the results 
might have been serious. yo le ves have been met 
with which were set fast, and boi were found working 
with defective water-gauges shut off, or with pres- 
sure-gauge pipes choked. Such casesshow beam egg | 
the advantage of careful independent inspection, 
lead to the conclusion that the Association’s work in 
the prevention of boiler explosions is by no means un- 
necessary or fi . la 

Experiments have been conducted by the Association 
for some time past, for determining the law of fatigue 
of metals, and it is intended shortly to publish some of 
the results. A careful survey has also been made of all 
experiments bearing on the question of the strengths 





St gine of boilers and the elasticity of steam-expansion 
. Particulars of these will also be published. 

The Chairman, in moving the adoption of the report, 
said it was a matter for congratulation that the Associa- 
tion had done so and occupied such a strong position. 

In Lancashire boiler construction the most material 
change in design which the Association had made duri 
recent years was the introduction of a ted 
into the flue-tubes, so as to increase their elasticity, and 
thus greatly reduce the liability to straining, which leads 
to troublesome grooving and expensive repairs; and 
while no provision which could be made could te entirely 
successful in all instances, this change, on the whole, had 
been extremely beneficial, and the number of complaints 
had been thereby very greatly reduced. 

_ After the meeting various experiments were conducted 
in the Association’s Museum, which were witnessed with 
much interest by those present. 





“THE MATHEMATICIAN AND THE 
ENGINEER.” 
To Tae Epriror or ENGINEERING. 

Str,—Mr. Mair is unfortunate in his reference to aero- 
lanes ; but why poke fun at “* eet te prep J Cranks ”? 
y Euclid II. 14, we can find the side of a square which 
shall be equal to a given rectilineal figure; and rr x ris 
such a figure. Therefore /xr*is the side of a ry +4 
equal to a given circle; or, rather, it would be if the 
mathematician could help the engineer to determine the 

value of 7. j 
oie seems to me that Mr. Mair now has the chance of his 

6. 

Yours obediently, 

June 2, 1913. GEOMETER. 





TIME AND SPACE. 
To THE Eprror oF ENGINEERING. 

Simr,—Permit me to correct a mistake in one of my 
letters. I very carelessly wrote ‘‘ Brahm still” instead of 
‘*Brahm, sole.” If I may say so with respect, Mr. Hearn’s 
remarks are evidence of mistaking words for things ; and 
I fail to see the point of Captain Hardcastle’s reference 
to Aristotle, whose views are not so ——-> Locke’s : 
“It is not necessary to prove the existence of a 
vacuum, but the dea of it . . . and it would be absurd 
to demand whether there were space without body as 
whether there were without space, since they are 
but different names of the same idea. 

in, Locke says, in his ‘“‘Essay on the Human 
Understanding :”—“ It is not easy for the mind to put off 
those confused notions and prejudices it has imbi 
from custom, inadvertency, and common conversation ;” 
and an example occurs to me of the sort of phrase Lord 
Halsbury mentioned (see top of page 539, ENGINEERING, 
April 18). In order to avoid all religious questions, I will 
alter one word, and write it so :—‘‘ In the pgp deen 
created the heaven and the earth, and the was 
without form and void.” : 

This is accepted by most people as being as clear and 
definite a statement as say :—‘‘ Last Thursday I tested 
@ suction-gas plant and got one H.P. for 0.61b. of 
anthracite per hour.” But is it? ‘In the beginning” 
conveys no information in regard to time, for, whatever 
date you may get back to, we can always ask what 
happened before? ‘‘Created” is quite beyond our con- 
ception ; and if we grant that nothing could create itself, 
or admit the necessity of a t first cause, we may 
hesitate to ask ‘“* Who crea’ it?” We know noth: 
of “Heaven,” not even where it is; and so we are left 
with the only thing we think we know something about 
—the “Earth.” But this icular earth was ‘‘ without 
form and void,” and therefore it cannot be our earth— 
the whole sentence being meaningless to anyone who 
tries to understand it, while it satisfies those who don’t, 


- | like much more that has been written about time and 


space, 
London, May 31, 1913. 


Yours truly, 
A THINKER. 





Tue Spanish Navy.—A new Spanish battleship, the 
Alfonso XIII., has just been successfully launched at 
Ferrol. She has a displacement of 19,500 tons, and she 
isa sister-ship of the She is 442 ft. long by 
80 ft. beam, and she is to be fitted with Parsons age 
which are to give her a speed of 19 knots. She 
carry 32 gune. 


Canapian Ratiway MaInrenance. —In 1911, 13,683,770 
ties or sleepers were purchased for O; ian rail- 
ways; this was an increase of 48} per cent. as com- 
with the corresponding purchase in 1910. The 
number of ties or sleepers which have to be replaced 
annually upon Canadian railwaysis estimated at 10,000,000, 
and a very great quantity of wood is, accordingly, re- 
quired. e demand, also, will not remain stationary ; 
but, in uence of the increasing mileage of railway 
in operation in Canada, will grow year by year. Under 
these circumstances, the price of sleepers is steadily ad- 
vancing, the cost of maintenance is now a vy 
item in Canadian railway expenditure. This has induced 
Canadian railway companies to use wood ARE emp od 
quality. In 1908 cedar sleepers figured in the whole 
uantity of sleepers in use for 40 cent., and Jack pine 
Soupers for 10 per qua. In 1911 the ing pro- 
ions were :—Cedar, 5} per cent.; and Jack pine, 
percent. In order that lower grades of wood may be 
economically used for sleepers, creosoting is necessary. 
At present little creosote is uced.in Canada, sup- 
plies being obtained principally from Great Britein and 
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INDUSTRIAL NOTES. 


Great interest is being taken in the development of 
the shipyard troubles by the inland boiler-makers, and 
a feeling of anxiety exists among the men. The ship- 
yards <a to be the source of about three-fourths of 
thetroubles among the boiler-makers, although not more 
than one-half of the revenue of the society to which the 
men belong comes from this source, and it is said that 
quite seven-eighths of the funds of the union are spent 
in —— the interests of the shipyard men. The 
holders-up appear. to have the sympathy of the inland 
men, who, it is said, would readily support any action 
that might be thought necessary to enforce the 
demand for a 24 per cent. advance on riveting prices, 
in order that the holders-up might be compensated for 
their work, which is regarded as particularly arduous. 
It is ae that the situation depends entirely on 
the attitude taken up by the employers. There seems 
to be no very strong feeling, however, regarding the 
demand for an all-round advance of 5 per cent., and 
there are doubts expressed whether the executive 
committee of the Boilermakers’ Society will press 
this matter to the point of a strike, and, if the 
demand of the holders-up for 24 per cent. increase 
were granted, the demand for the general 5 per cent. 
increase would probably be dropped, particularly as 
there appears to be a growing inclination to go in for 
a reduction of hours rather than for a further advance 
in wages at present. In our ‘‘ Notes from the North” 
labour matters in the Clyde shipyards are further 
referred to. 


The monthly report of the National Union of Boot 
and Shoe Operatives for May shows that the industry 
continues in @ prosperous condition, and employment 
is fairly good and is better than a you ago. Returns 
from firms employing 65,384 workpeople in the week 
ended April 26 showed practically no change as com- 
pared with the previous month. As compared with a 
year ago there was an increase of 1.5 per cent. in the 
number of workpeople employed and of 3 per cent. in 
the amount of wa paid. Employment at Leicester 
showed little change compared with a month ago, and 
was better than a year ago. At Northampton trade 
was quiet, but at Kettering it continued fairly good, 
and the army bootmakers in Northamptonshire were 
particularly busy. At Bristol employment was good, 
and at Leeds moderate, and at both places it was better 
than a year ago. There was a decline at Manchester 
compared with a year ago, and at Norwich thin 
were slack. In Scotland employment was fairly goed, 
especially in Edinburgh, Glasgow and Kilmarnock, and 
better than a month ago and a year ago. The total 
membership at the end of April was 45,148. 


To judge from their quarterly report for the three 
months ended March 31 last, the Ship-Constructors and 
Shipwrights’ Association has for some time enjoyed 
continued ance: with full employment for the 
members. During the whole quarter the demand for the 
labour of the members of the association in all parts of 
the shipping industry continued very satisfactory, and 

inted to a continued run of ponperie7 in the ship- 

uilding and ship-repairing industries. The income for 
the quarter amounted to 13,647/. 14s. 114d., against an 
expenditure of 12,641/. 17s. 114d., leaving a net gain 
on the quarter of 1005/. 17s. This, added to the balance 
in herd in December last, brought the total worth of 
the association up to 127,462/. Os. 94d. at the end of 
March, The -: ican during the quarter amounted 
to 9163/. 5s. 34d. 

Several advances in wages were gained during the 
quarter. At Ipswich #d. an hour was secured, bring- 
ing the rate up to 8d. an hour. At Wyvenhoe also an 
increase was granted which brought the rate up to 8d. 
an hour, and at Gosport the rate was brought up to 
8d. an hour, while at Southampton an advance of 1s. 
a week was conceded, making the weekly rates there 
40s, 6d. on new work and 42s. on repairs. Anadvance 
of 3s. a week was granted at Yarmouth on new work, 
making the weekly rate 3ts. 


The fifty-fifth annual report of the Associated Black- 
smiths and Ironworkers’ Society for the year 1912 
has recently appearec, and, like most trade-union 
reports, records contiaued p' throughout the 

ear. During the year the society incorporated within 
it the Blacksmiths’ Union, and a new constitution was 
formed and new rules drawn up. The income during the 
year from all sources was returned at 13,854/. 14s. iy 
or an increase of 4703/. 18s. 34d. over the previous 
year. The chief sources from which this income 
was derived were :—Contributions, 10,124/. 18s. 5d.; 
entrance fees, 159/. 3s. 6d.; rules and cards, 5/. 15s. 11d. ; 
benevolent and contingent fund levies, 215/. 14s. 1d.; 
accident grant levies, 484/. 53. 5d.; 1 expenses 
fund, 45/. 8s. 7d.; reports, 68. 8s. Py fines, 100. 
14s. 3d.; emblems, 2/. 16s. 6d.; and interest on deposits 
and investments, 531/. 3s. 6d., while 2094/. 3s. 9d. was 
brought over by the Blacksmiths’ Union. When the 
balance of 20 656/. 58, 94d., brought over from the 





previous year is added, the total of 34,511/. Os. 6d. is 
reached. The first quarterly report for this year and 
the monthly report of the Society for the four weeks 
ended May 6 are also to hand. The present year is the 
fifty-sixth for which reports have been issued, and it 
shows 4 continual growth of the Society, there bein 
a net gain of 386 during the three months end 
March 31, and it is hoped that before the end of the 

ear the membership may have reached 10,000. 

he income for the quarter has been returned at 
3607/. 13s. 24d., or an increase of 159/. 16s. 6d. over 
the previous quarter. The quarter’s expenditure, 
however, amounted to 4430/. 93. 84d. Looking at the 
monthly report, we find that the income has been 
returned at 1320/. 15s. 1d. for the four weeks ended 
May 6, and the expenditure at 1490/. 5s. 94d. 


The monthly report of the Society of Amalgamated 
Toolmakers for May gives figures relating to the 
Society’s transactions in April, and from these figures 
we gather that in April this year there were 8801 
members, against 6593 in April last year, an increase 
of 2208. In the same months there were respectively 
68 and 138 members unemployed, a state of things 
very encouraging. The reserve funds last April 
stood at 36, -, compared with 26,500/. in April, 
1912, an increase of 9500/. Apart from statistical 
matter and that relating to the management of the 
Society, the subject-matter contained in the report is 
largely culled from the pages of the Daily Citizen. 


The carters’ strikes at Bradford and Sheffield came 
to an end on Friday last. In the former place the 
dispute was settled on the following terms :—For one 
horse, 2ls. a week ; for two horses, 28s. a week ; and 
6d. a day for a third horse. The working week to 
have 69 hours, and 6d. an hour to be paid for overtime, 
with a minimum of ls. for Sunday stable duty. The 
men’s union is also to be recognised by the masters. 
At Sheffield the men accepted the master’s terms of 
ls. advance all round, and work was resumed. 


There has been no diminution in the labour troubles 
in the Midlands; in fact, since we last wrote the 
strikes have extended. At the end of last week the 
number of men out in the Birmingham district was 
officially stated to be about 30,000. A manifesto was 
issued by the Minimum Wage Committee, stating that 
the 18s. a week wage is doomed, and that the minimum 
wage for adults is to be 23s. a week, with 2s. advance 
for all over this rate, and a wage of 12s. a week for 
adult females. There was a general stoppage by 
Willenhall casters. 

A fresh development in the troubles occurred last 
Tuesday, the 3rd inst. This was a strike in the 
foundry of the Wolseley Tool and Motor-Car Company, 
Limited, Adderley Park. About 5000 hands are em- 
ployed by this firm, and it seems probable that the 
trouble may spread. The difficulty does not seem to 
be due to any matter of wages, but to be the outcome 
of some objections to the discipline in the works, which 
has, it is said, resulted in unfairness. At the Metro- 

litan works all the men are out. It appears that the 

ispute with the General Electric Company is being 
dealt with by the Board of Trade. Thecleaners on the 
Midland Railway at Saltley have returned to work, 
the company having withdrawn the new scheme to 
which objection was made. 


More trouble is brewing among the tinsmiths of the 
Nottingham Corporation, to which we recently alluded, 
as the Gorporstion has declined to discharge the non- 
unionists. Under the circumstances it seems probable 
that the gas-workers generally in Nottingham may be 
called out. 


The collieries of Cumberland are not to be laid idle, 
as was feared might be the case in view of the threat- 
ened strike of winding-enginemen, for the eight-hour 
day which the men asked for has been granted them. 
The dispute was settled on Monday last, the 2nd inst., 
when representatives of the coalowners and of the 
men’s union met at Workington. At present the men 
work twelve hours a day, but on June 29 the new regu- 
lations will come into force. Another trouble in the 
county has been settled by the raising of the pig-iron 
loaders’ rates by $d. to 37d. a ton. This latter strike 
has not been of long duration, as it only commenced 
last week. 


The trouble in the building trade shows no signs of 
settlement, but rather increases. It ap to be 
of a widespread character. At Barrow a hundred 

lumbers have struck for 104d. per hour in place of 
bid., and at Barnoldswick joiners have struck for 1d. 
more per hour, making their wage 8}d. an hour, with 
a 54-hours week. The masters offered 4d. rise, which 
the men refused. The extra 4d. was, however, 
accepted at Clitheroe, the rate now being 83d. At 
Preston also the joiners have got an additional $d. an 
hour, bringing their w: up to 93d. an hour. The 
employers at Nelson Burnley have granted the 
4d. increase, but those at Colne have not. The 


builders’ labourers at Haslingden, who have been 
refused 4d. advance to 64d. an hour, have struck 
work, and there is trouble at other places. The 
builders’ labourers have been out at Cardiff for several 
weeks on the question of ld. an hour increase. If 
reports are true, the wages there have never been more 
than 16s. a week for the last year, and there appears 
to be great distress in the town. 


The dockyard strike, which has lasted about three 
months, on the question of overtime, has been ended 
by the Amalgamated Society of Engineers. It wii] 
be remembered that the strike was commenced on 
account of delay of the Admiralty in replying to 
petitions for higher wages and other advantages, 
and although the men are not yet satisfied with the 
concessions that have been made them, it has been 
decided to withdraw the objection to overtime. 


The Bill brought forward by the French Govern. 
ment imposing more severe penalties on all associa- 
tions of syndicates which contravene the law of 1884 
authorising their establishment, was, according to 
the Morning Post, distributed in the Chamber on 
Saturday last. The unions of syndicates have certain 
rights conferred upon them with regard to the hold- 
ing of property, ut they are required to devote 
their efforts exclusively to the defence of professional 
interests. Every syndicate belonging to a union 
must have # number of votes in the election of the 
officials of that union, and at its general meetings 
proportional to the number of its members. The 
General Confederation of ‘Labour is aimed at by this, 
for this Confederation is ruled very autocratically 
by a council elected in a perfectly arbitrary way. 

very association —— to the General Con- 
federation has one vote, and the revolutionaries have 
been able to retain their control over this body 
by means of what are purely fictitious assosiations. 
The officials of the association, should they infringe 
the law, will be liable to prosecution and to fines of 
between 16 francs and 200 francs. The syndicate may 
be dissolved by the Court, and in case of its recon- 
struction a fine of from 16 francs to 5000 francs, and 
@ penalty of from six days to one year’s imprisonment 
may be imposed. 


The strike at the new Kleinfontein mine in South 
Africa continues. Mr. Dalrymple, the chairman of 
the mine, removed the es cause of the strike 
by his announcement that the Board was prepared to 
revert to the old hours; but this offer was ignored 
by the men’s committee and the strike continued, the 
claim for an eight-hour day being put forward. The 
latest news is that the outlook is more hopeful and an 
early settlement may possibly be arrived at. 


On Sunday last, June 1, a general strike com- 
menced on the railways of India and Burma, under 
the direction of the Amalgamated Society of Railway 
Servants. For some ~— fhe to this a strike 
was in progress on the ras and Southern Mah- 
ratta Railway on account of what are declared to be 
long hours, and because of short pay. We understand 
that, up to the present time, there has not been much 
derangement of traffic. A rather curious feature 
of the situation is that in Calcutta the railway men 
do not appear to be obeying the order of the Amal- 
gamated Society of Railway Servants. 


As a result of a new Bill which has yy ! been 
introduced by the Italian Government for dealing 
with the insurance of seamen, a strike of seamen has 
broken out at Genoa, Leghorn, Brindisi, and some 


other Italian ports, and a cott of ships has been 
started. - It is reported that the marine engineers are 
chiefly concerned in the strike. The men state that 
the compensation allowed by the Insurance Act is not 
sufficient. 





Deatu or Mr. F. Coutins.—Mr. F. Collins, of Not- 
tingham, who had recently retired after sixty-five years 
service with \ and Hemingway, railway 
contractors, died on Sunday, the Ist inst., at Nottingham. 
- a aga was for some time manager of the business 

e firm. 


PgRsonat.—Messrs. James Spencer and Co., Chamber 
Iron Works, Hollinwood, near Manchester, inform us 
that for family reasons their business has been registe 
as a limited company as from May 16. The present 

incipals and staff will continue in the company % 
oe weg are Peto and Radford, Limited, who have 
been at 100, Hatton Garden, E.C., for upwards of five- 
and-twenty years, are removi their London _head- 

uarters to 12, Heddon-street, ent-street, W.— 

tlas Metal and Alloys Company, Limited, of 52, Queen 
Victoria-street, London, E.C., have just completed an 
extension to their works, which was carried out by 
Baldwins, Limited.—The goodwi omiees, drawings, 
designs, &c., of the St. Pancras Iron ork Company, 
Limited, have been purchased by the Art Metal Con- 
struction Company, Limited, of 5 and 6, Holborn, London, 
E.C., with works at Silvertown, E. 
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TueRE is no need for us to call attention to the 
importance of the proper regulation of air to a furnace 
in order to obtain the highest efficiency, as indicated 
by the quantity of CO, found in the flue gases. It isa 
matter with which engineers are conversant. The 
appliances by means of which this quantity of CO, 
can be ascertained are numerous, many of them having 
already been fully described in ENciNrERING. They 
all depend on the absorption of the gas by caustic 
soda, though the arrangement of their parts varies 
considerably, being in all cases more or less com- 
plicated, and it is with the object of overcoming these 
complications that the CO, thermoscope, which we 
illustrate above, has been designed and constructed by 
the Underfeed Stoker Compa e? Limited, Coventry 
House, South-place, London, E.C. Though the instru- 
ment depends for its action on the absorbing power of 
caustic soda, it is the thermal effect of this absorption 
that is made use of in calculating the quantity of CO, 
in the flue gases, the amount of heat developed by the 
chemical action which takes place between CO, and 
caustic soda being proportional to the amount of CO, in 
the flue gases. If, therefore, a measured quantity of 
the gas mixture to be analysed be brought into contact 
with caustic soda, the amount of which is rather more 
than sufficient to absorb all the CO, present, then by 
measuring the amount of heat pote) 6 the quantity of 
CO, in the mixture can be determined. The instru- 
ment under notice carries out these simple operations. 

The instrument is shown in perspective in Fig. 1 
and in longitudinal section in Fig. 2, and it will be 
seen by the latter that the apparatus consists of a 
Pore A which contains a cylinder B, the latter being 
fitted with a plunger C, on which are cup leathers, for 
drawing a measured quantity of mixture from thd flue 
and afterwards passing it through a cartridge-shaped 
container D, in which the caustic soda in a dry pulverised 
condition is placed. Around this container is the bulb 
of & thermometer E, the mercury in which indicates 
the temperature of the chemical reaction and registers 
on the scale F the percentage of CO, in the gases. On 
the poor is another thermometer G, the scale of 
which can be seen through s slot in the outer casing A. 
The scale F is movable, and is arranged to slide in 
this slot, as may be seen in Fig. 1. Connection is 
made between the cylinder B and the cartridge D by 
means of the flexible rubber tube H attached to the 
tap J. _In order to correct the volume of the gas 
taken into the cylinder B for varying room tem- 
peratures, the length of travel of the piston C is 
regulated according to the temperature indicated on 
the thermometer G. 

hen it is necessary to make an analysis the caustic- 
soda cartridge, before being placed in the receptacle D, 
8 pricked at each end to enable the gas to flow 
ugh ; it is then attached to the rubber connection, 
and is inserted and held in place within the bulb of the 
meter E by means of the plug K. A sample of 

gas is then drawn into the eylioder. The necessary 
‘orrection for temperature is then made, and the free 
end of the rubber tube H is connected to the cylinder 
_ The movable scale F is then adjusted so that 
© zero point is opposite the top of the mercury 
column of the thermometer E and the piston C is 
ressed. This, of course, forces the gas mixture 
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through the caustic-soda cartridge, the temperature of 
which rises, and when the mercury in the thermometer 
indicates the = point, a direct reading of the per- 
centage of the CO, in the mixture is taken off the scale. 

In order that the user of the instrument may have 
an ——— guide in obtaining the most econo- 
mical results from the coal burned, a table is supplied 
on which the percentage may be seen. The amount 
of CO, representing a good average result in regular 
practice, consistent with the complete combustion of 
the fuel, has been taken as 12 per cent. It has also 
been assumed that a temperature of 450 deg. Fahr. or 
232 deg. Cent. is a satisfactory one for the waste 
gases from a steam boiler having the underfeed stoker 
and air-heater fitted to the boiler. 

The instrument is supplied in a leather case, and is 
accompanied by a box of 100 cartridges. 


> 





*Ruopgs’s Directory OF PassENGER STEAMERS» 
1913.”—This is the title of a directory which is published 
for the proprietors, Messrs. Thomas Rhodes and Co., by 
Messrs. George Philip and Son, Limited, 32, Fleet- 
street, E.C. Its price is 2s. 6d. net. It gives a list of 
the British and foreign fleets arran in alphabetical 
order; the ter part of the book is taken up by brief 
data on each ship, classified alphabetically under the 
ships’ names. The data include statements as to the 
material of which the ship is built, how driven, the 
names of the owners and builders, date of construction, 
principal dimensions, and registered tonnage. The book 
measures 74 in. by 5 in., and contains 390 pages; also 
views of several large liners. 





Paris pean og ot RAas.— Soe, Seerenans p 
passengers over this interesting undertaking has greatly 
increased during the last few years. In 1903 the total 
number carried was 100,000,063 ; in 1905, 148,700,821 ; in 
1907, 194,823,182; in 1909, 254,445,992; in 1911, 303,442, 962; 
and in 1912, 310,782,098: The net profit realised last = 
was 348,000/., in round figures, as com with 342,800/. 
in 1911. Of course, the great growth of traffic and revenue 
is very largely explained by opening of new sections, 
the system now comprising 46 miles of line. The ratio of 
working expenses to traffic receipts last year was 42.52 
percent. The system was constructed by the Municipality 
of Paris, which received in co: uence 711,944/. out of 
the company’s last year’s revenue. Up to the present the 
company has been a financial success; 1t remains to be seen 
how it will fare now that it has to sustain the strain of 
motor-bus competition. 





Zinc.—The production of zine in Europe last year was 
650,670 tons, or 27,750 tons more than in 1911. This in- 
creased production was arrived at as follows :—Belgium, 
5025 tons more; Silesia, 12,710 tons more; France and 
Spain, 7815 tons more; Rhenish Prussia, 7635 tons more ; 
Great Britain, 9570 tons less; Holland, 1180 tons more ; 
Austria and Italy, 2685 tons more ; Poland, 1155 tons less ; 
and Norway, 1425 tong more. Zine was also uced 
in the United States last year to the extent of 309,660 
tons, showing an increase of 46,300 tons in trans-Atlantic 
production. e te production of zinc through- 
out the world in 1912 was 962,490 tons, or 70,610 tons in 
excess of the corresponding output in 1911. The average 
price of rough zinc last year was 25/. 19s. 7d. ton, as 
compared with 24/. 17s. 2d. per ton in 1911, Eowing 
advance of 1/. 2s. 5d. per ton. 
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REVERSIBLE STEEL BARREL. 

We illustrate below a new and ingenious type 
of steel barrel for containing liquids, &. It is 
now being put on the market by the ‘‘ United ” Barrel 
Syndicate, 174, Market Buildings, Mark-lane, E.C. 
Its construction will be readily understood on refer- 
ence to our illustrations. 

The chief feature about this barrel is that it is 
made in halves which are exactly similar in size and 
shape, and which are bolted together, as shown in 
Fig. 1, by means of flanges, one of which is riveted to 
the larger end of each half. The barrel is made, as 
shown, in halves, for the convenience of packing and 
storage, for the two halves can be taken apart and 
sleeell one within the other, as shown in Fig. 2. 

It will be readily understood that this arrange- 
ment is a great convenience where storage space 
is of value and transportation has to be considered. 
When it is necessary to put the barrel together, 
all that is required, in case jamming should have 
oceurred, is to apply pressure between the two flanges 
A and B, Fig. 2. The jamming effect can, however, 
be minimised by placing a apival of string between the 
two surfaces. 

The method of making the joint between the two 
halves is clearly shown in Fig. 3, which is a section 
through the flanges. The flanges are of ne shape, 
and are held together by bolts, as shown, the heads and 
the nuts of the bolts being below the outside level of 
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the flanges, and therefore not likely to catch any 
outside object. Between the two — is placed an 
oil-proof and water-proof elastic ring C. 

In the shipping world bulky articles like barrels, 
when etn empty, are charged at bulk tonnage 
rates (40 cub. ft. to the ton). For example, steel 
barrels for holding 10 cwt. of molasses, and weighing 
themselves 2 cwt. each (size about 3 ft. by 3 ft.), are 
returned empty to Natal, the freight being 7s. 6d. each, 
or at the rate of 75s. a ton. ‘‘United” barrels in nested 
form would, we understand, go at weight rates, about 
25s. a ton, equal to 2s. 6d. per barrel, and a saving of 
53. a barrel per journey be effected thereby. The high 
freight rate (owing to the bulk) of returned empty 
barrels also precludes to some extent the extensive 
importation of mineral oil in barrels, as two 4-ton 
capacity oil-barrels (steel), though only weighing about 
4 cwt., would occupy approximately 14 tons of space, 
and would cost to return to the United States of 
America, at, say, 25s.a ton, 1/. 17s.6d. Two ‘‘ United” 
barrels, nested, would cost, at the same rates, but 
going as weight, 5s. It will therefore be readily 
understood that this barrel has a distinct advantage 
over other forms in the matter of transportation. 

These reversible barrels can be internally coated 
with tin, and can be used for brewery purposes, 
and they can be readily inspected for cleaning, or 
in order to detect rust, &. Dents may also be 
readily removed from the inside. The joint is, it is 
claimed, stronger than any other part of the barrel. 
The halves of the barrel are interchangeable, and any 
two will make a barrel, or single halves may be used 
with a cover-plate. 





Hints ror THE Hoiipays.—The London and Soutb- 
Western Railway have issued an illustrated guide-book 
having the above title, giving a map of their system and 
information concerning the facilities available for tourista 
at the different towns and resorts which it serves. Copies 
of the guide-books are — gratuitously by Mr. H. 

the line, Waterloo Station, or 
by any agent of the company. 
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APPLICATION OF WIRELESS TELEGRAPHY 
TO TIME SIGNALS.* 
By Commandant Frrrié. 


A KNOWLEDGE of time to an accuracy of a few tenths 
of a second suffices in the great majority of cases, and in 
particular for navigators, for business purposes, and for 
the eral public. The method of transmitting the 
signals is then quite easy. At the Paris Observatory and 
the Eiffel Tower the method now adopted is as follows: 
—The true hourly signals are comprised of ‘‘ dots,” or 
series of sparks, lasting about a quarter of a second, which 
are sent out at fixed hours—viz., during the day at 
10 hours 45 minutes, 10 hours 47 minutes, and 10 hours 
49 minutes ; and during the night at 11 hours 45 minutes, 
11 hours 47 minutes, and 11 hours 49 minutes, Each of 
these ‘‘dots” is preceded by a series of preliminary 
signals with the object of calling the attention of observers 
and of allowing them to adjust their receivers. In order 
that the true hourly signals—i.e., the dots—should be 
produced as exactly as possible at the desired instants, 
the following arrangements have been adopted :— 

A special clock in the observatory is provided with an 
electric contact which is closed automatically for a 

uarter of a second at each of the above-mentioned times. 
This contact is connected by means of an underground 
cable to a relay controlling the transmitter in the wireless 
station at the Eiffel Tower. In addition, a Morse key 

placed near the clock allows the preliminary signals to be 
produced. A short time before the sending out of the 
day and night signals the astronomer sets his clock, after 
having compared it with the master clock of the observa- 
tory, the transmitting apparatus is connected to the 
relay, and the sending out of the signals is effected in the 
manner described above. The lag due to the mechanical 
and electrical inertia of the various ap tus between 
the instant of making contact by the clock and the ing 
of the wireless spark, is measured periodically with great 
care, and allowance is made for this at the instant when 
the signal is sent. 

The Paris International Conference decided that from 
July 1, 1913, the sending of the signals shall be made in 
a uniform and entirely automatic manner by all the radio- 
telegraphic stations undertaking the service at predeter- 
mined times (differing for each station), the wave-lengths 
also being uniform (2500 metres). The Eiffel Tower, 
which was chosen as the centre of the international time- 
service, will send its signals at 10 a.m. and at midnight. 
The morning signals will be made in the following 
manner :— 

A series of warning signals, consisting of the sign for 
letter ‘‘x” (— .. —), will be sent from 9 hours 57 minutes 
to 9 hours 57 minutes 50 seconds, and this is followed by 
a period of silence of 5 seconds. From 9 hours 57 minutes 
55 seconds to 9 hours 58 minutes, three dashes lasting one 
second each, and separated from one another by periods 
of silence also lasting one second, the end of the last dash 
terminating at 9 hours 58 minutes exactly. During the 
following minute the letter ‘‘n” (— .) is sent five times, 
the dash lasting one second and the dot a quarter second, 
the interval between the dot and the dash being also one 
second. Each of these letters is commenced respectively 
at 9 hours 58 minutes 8 seconds, 9 hours 58 minutes 18 
seconds, 9 hours 58 minutes 28 seconds, 9 hours 58 minutes 
38 seconds, and 9 hours 58 minutes 48 seconds ; the dots 
therefore commence on the round 10 seconds—namely, 
10 seconds, 20 seconds, 30 seconds, 40 seconds, and 50 
seconds. Three dashes similar to those of the preceding 
minute also terminate the second minute in such a way 
that the third dash terminates at 9 hours 59 minutes. 
During the third minute the letter ‘‘n” will be replaced 
by the letter ‘“‘g” (— — } of which the dots, the dashes, 
and the intervals shall last the same time as in the 
case of the letter ‘‘n,” the “‘g” signals beginning at 
9 hours 59 minutes 6 seconds, 9 hours 59 minutes 16 
seconds, 9 hours 59 minutes 26 seconds, 9 hours 59 minutes 
36 seconds, and 9 hours 59 minutes 46 seconds, the dots 
of these letters falling on the round 10 seconds as in the 
case of the n’s. Finally, this third minute will finish 
with three dashes similar to those of the preceding 
minutes, the last dash terminating at 10 hours. : 

For receiving these hourly signals, termed “ordinary,” 
it is only necessary to have the antenna, of dimensions 
and height varying according to the distance from Paris, 
connected with a radiotelegraphic receiver, and to listen 
to the signals, with the clock or watch to be com in 
front of the observer. It is easy for an unskill n 
to estimate the difference up to half-a-second between the 
hours indicated by the clock and those which co: nd 
with the si that are heard in the telephones of the 
receiver. fter some practice it is quite easy to estimate 
one-quarter ofa second. In order to reach an accuracy of 
one-tenth of a second, it is in general necessary to have 
recourse to ag ge ete recording on the same photo- 
graphic strip the radio phic signals and the beats 
of the clock to be compared. Excellent results have in 
this way been obtai by various physicists and —_ 
neers. 1b frequently occurs, especially in winter, that t 
Paris Observatory is not able to make astronomical obser- 
vations each night. It is therefore necessary to be satis- 
fied with the times registered by the chronometers of 
which the rate is known for the setting of the clock which 
sends thesignals. These chronometers, being sufficiently 
numerous and accurate, cause no inconvenience so long 
as the cessation of astronomical observations does not 
exceed a few days. If, on the other hand, the period of 
cloudy weather continues too long, it is no longer possible 
to answer for the accuracy of the chronometers. Wire- 








_* Abstract of Rs read before the Joint Meeting of 
the Institution ectrical Engineers and the Associa- 
Poy Internationale des Electriciens in Paris on May 24, 














































































less telegraphy in such cases furnishes a method which 
allows of the co-operation of other observatories, better 
situated as climatic conditions, in the determina- 
tion of the state of the master-clock at Paris, and in con- 
sequence in the accurate setting of the clock which sends 
the signals. “ 

Before the ordinary night signals the Eiffel Tower 
sends a series of 180 short ‘‘dots” regularly spaced by 
1 second, less about 1-50th. In each series the 60th and 
120th ‘‘dot” are suppressed in order to facilitate counting 
by the observers. These ‘‘dots” are uced by sub- 
stituting for the Observatory clock sending the signals a 
small clock of adjustable rate and furnished with an 
electric contact which closes at each complete swing. 
This series of dots is received, by means of a radiotele- 
graphic installation, by the Paris Observatory and by 
other observatories, in each of which an operator, by 
means of a suitable arrangement, listens to the series of 
**dots” and also to the ts of the master-clock or of 
another seconds chronometer. The two regular series 
of dots thus perceived by the Paris Observatory, for 
example, constitute an acoustic vernier, and during the 
time that the 180 radiotelegraphic ‘‘dots” last, three 
coincidences spaced 50 seconds apart occur between 
the radiotelegraphic ‘‘dots” and the beats of the 
clock. By noting the time indicated by the chrono- 
meter at the moment of coincidence, as well as the 
number of the radiotelegraphic beats at which the 
coincidence occurs, it is easy to calculate the time of the 
chronometer at the instant of the first beat of the radio- 
telegraphic series. If the time (Greenwich mean time) 
of a coincidence was, for a 23 hours 30 minutes 
25 seconds, the number of the stroke and coincidence being 
42, the time of the first beat must have been 23 hours 
30 minutes 25 seconds - 41 (1 — »;) seconds = 23 hours 
29 minutes 44.82 seconds. 

The observer at Algiers, for example, proceeds in the 
same manner and determines, after allowing for the state 
of his chronometer and of the difference of longitude of 
Algiers, 23 hours 29 minutes 44.13 seconds for the time 
(Greenwich mean time) of the same first beat. These 
ae are at once telegraphed by wire to the Paris 
Observatory, followed by the note ‘‘ observed” when the 
Algiers Observatory has been able to make astronomical 
observations for the determination of the state of its own 
chronometer. The observatories at Marseilles, Nice, 

ncon, &c., do the same. Paris is therefore able to 
determine the state of its master-clock by utilising in 
reality all the astronomical observations made by all the 
provincial observatories. The signals sent out have 
therefore the maximum accuracy now attainable. 

The Paris International Conference, October, 1912, has 
decided that the sending of these series of beats, which it 
has termed ‘‘scientific time-signals,” shall be preserved 
in the international organisation of time service, and that 
the foreign observatories shall co-operate also, as far as 
possible, in the same way towards the improvement of 
the time transmitted by the international time centre 
of Paria. 

By the same method it will be possible to realise the 
practical unification of the time sent by the different 
radiotelegraphic stations en in the international 
time service. In each of these stations the scientific 
time signals sent each evening by the Eiffel Tower will 
be received, and compared with the beats of the master- 
clock of the observatory with which the station is con- 
nected, and on each occasion the time of the first beat 
will be worked out from the master-clock. As the Eiffel 
Tower sends, after the ordinary night signals, figures 
indicating the time of the first scientific signal preceding 
the latter, each of the other radiotelegraphic time 
stations will know the amount of correction to be 
applied to its own time, and will thus be able to take 
this correction into account for the next subsequent 
emission of time signals. This practical standardisation 
has many advantages, especially for mariners sailing 
within the zone of action of two stations or passing from 
one zone to another, as they will no longer, as now 
happens when checking their chronometers, suffer from 
the uncertainty that arises due to two stations emitting 
signals which differ by half a second or even more. 


he same method also enables land surveyors and F 


astronomers to compare to an accuracy of ;i,;th of a 
second the time-measuring instruments Saal at two or 
more points of the earth’s surface within the zone of 
action of the same station, and thereby considerably 
facilitates the determination of differences of longitude. 
It is sufficient, by means of astronomical observations 
at each point, to determine the difference between the 
local time and that of the time-measuring instrument, 
and, taking into account this difference and the rate of 
working, to calculate the time of the first beat of a series 
of si sent by the station, in the same manner as in 
the case of scientific time-signals. To secure greater 
accuracy in the comparisons the beats are in general at 
interv of about (1 — ,},5)th of a second. en the 
signals are made in summer time in hot countries, where 
natural electric disturbances are intense, it is necessary 
to substitute dashes for radiotelegraphic dots, as the 
former are more easily observable through the disturb- 
ances, especially when musical sparks are used. At the 
same time it must be — out that the accuracy of 
coincidence, which is then in respect of the beginning 
of the dash, is not as good as in the case of dots, espe- 
cially when the ear only is relied upon. It is likely, 
however, that the accuracy will be appreciably increased 
when the signals are photographically registered. 
It has already been possible by means of wireless tele- 
graphy to determine the differences of longitude between 
is and the septs | _ :—Brest, Bizerta, Brussels, 
Algiers, Toulouse, ice. In the delimitation of the 
Franco-Liberian and Franco-German frontiers in the 


telegraphy for the determination of the longitudes, 
Numerous points have been determined in the same 
manner in Morocco by the Army Staff by using sole} 
the scientific signals emitted nightly from the Eiffa 
Tower. It is easy to foresee the important services 
which this methoa will ultimately render in the sur. 
veying of Central Africa and of similar parts of the globe 
which are difficult of access, and where ordinary sur. 
veying methods cannot be used. 

_ When the large wireless systems now under considera. 
tion by the Great Powers, and especially by France, 
Great Britain, and the United States, have been estab. 
lished, it will be possible for the continents to be con. 
nected with great accuracy, and also to include some of 
the more distant islands, of which a large number are at 
present only imperfectly connected, and by means of 
wireless telegraphy to encircle the globe for the deter. 
mination of the differences of longitude between inter. 
mediate stations. 

France and the United States have already resolved to 
determine by means of wireless —— hy the difference 
of longitude between Paris and on tome with the 
greatest accuracy now attainable. Preliminary observa. 
tions were made last March with the object of getting an 
idea of the difficulties of such a determination, and of 
laying down a programme of final operations. Notwith- 
standing the somewhat low powers available at the French 
and American stations (Eiffel Tower, 50 kw. ; Arlington 
60 kw.), and the great distance apart (6000 km.), it has 

een ible to make numerous observations in both 
directions in spite of the serious difficulties caused by the 
powerful disturbances of all kinds which interfered with 
the tests. It was even possible on one occasion (one 
night out of twelve) to carry out a complete conversation 
between the two stations. A first approximation of the 
difference of longitude, to an accuracy of a few 100ths of 
a second, will shortly be published, after the completion 
of the astronomical calculations. The final observations 
will probably be made during the winter of 1913-14. 

It is interesting to note that in the case of long dis- 
tances, such as that between Paris and Washington, it is 
essential to take into account the time necessary for the 
transmission of the impulse. On the assumption that the 
velocity is the same as that of light—namely, 300,000 km, 
per second—the time required for the transmission of the 
signals from one station to another is 0.02 of a second, 
which is not a negligible quantity. 

Special experiments are under consideration for the 
direct measurement of this time of transmission. Various 
methods will be employed, and among others the fol- 
lowing :—Short signals will be sent, alternately, per 
group of four, two each from the Eiffel Tower and from 
Arlington, with the shortest possible intervals of time ; 
for instance, ten seconds between two consecutive signals. 
These four signals will be recorded in Paris and in 
Washington by means of photographic galvanometers 
with a rapid and uniform swing, simultaneously with the 
vibrations of a tuning fork, which will be used to measure 
the time. Itis probable that it will thus be possible to 
determine with accuracy the 1-1000th of a second, and 
that this will enable the observers to determine the speed 
of transmission to two significant figures. This may 
lead to some interesting results in connection with the 
respective effects of air and water on wave transmission 
between the old and the new continents, since the velo- 
cities are functions of the index of refraction. 

It will be seen that the application of wireless tele- 
graphy to time signals is of considerable interest from 
the practical as well as from the scientific point of view, 
and we must congratulate ourselves on the results of the 
International Conference held in Paris in October, 1912, 
on the initiative of the Bureau des Longitudes, by means 
of which the co-operation of the efforts of the scientists 
of all nations has been secured for the benefit of science. 
In oonclusion, I should mention the important part 
taken in the solution of the various problems of wireless 
telegraphy by the various departments of the French 
State and by private experimenters. Among others I 
should mention the Observatories of the Bureau des Longi- 
tudes and of Paris, the Hydrographic Department of the 
Admiralty, the Surveying and Wireless Telegraph Sec- 
tions of the Army, and also MM. Claude and Driencourt. 
inally, M. Abraham and M. Turpain have both inde- 
pendently produced exceedingly ingenious devices for 
the recording of signals. 





CaNnaDIAN CANALS.—The aggregate volume of traffic 
pessing through the canals of the Dominion of Canada 

t year was 47,587,245 tons, showing an increase of 
9,556,892 tons as compared with 1911. In these totals 
the Sault Ste. Marie Canal figured for 39,669,655 tons, 
the Welland Canal for 2,851,915 tons, and the St. Law- 
rence Canal for 3,477,188 tons. These totals exhibit the 
following increases as compared with 1911 :—Sault Ste. 
Marie, 8,717,946 tons; Welland, 314,286 tons; and St. 
Lawrence, 371,480 tons. The wonderful growth of traffic 
through the canals of Canada during the ten years end 
with 1912 is shown by the following record of the annual 
movement :— 


Year. Tons. Year. Tons. 

1903 9,203,817 1908 .. 17,502,820 
1904 8,256,236 1909 .. 33,720,748 
1905 9,371,744 1910 .. 42,990,608 
1906 .. 10,523,185 1911 .. 38,030,351 
1907 .. 20,543,689 1912 .. 47,587,245 


Traffic through the Canadian canals has been largely 
sustained of late years by the increasingly heavy move 
ment of Canadian wheat, by reason of the rapid develop- 
ment of Canadian agriculture. In the four years em 

with 1912, inclusive, Canadian wheat passed through the 
Sault Ste. Marie Canal as follows :—1909, 48,047,853 
bushels ; 1910, 51,774,833 bushels ; 1911, 63,641,000 bushels; 





Congo now being carried out, use is made of wireless 





and 1912, 83,743,084 bushels. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


Makcu. 


(3502) MARCH. 
In the accompanying 


Tue Pamnt AND VaRNIsH Socrety.—On Thursday, 

ay 29, a paper was read at the St. Bride’s Institute 
before this society by Mr. J. G. McIntosh on ‘‘ Rational 
and Irrational Methods of Accelerating the Drying of 
Paints and Varnishes.” The paper was very technical, 
dealing with the drying of ? 
dation and the various methods adopted for hastening 
such drying, as well as the drying of other oils. 


tho i gasoli h ixed “ 
author pointed out the danger of ve thas tga | difficult one, because if the evidence of men well qualified 


With paint, owing to the chance of explosion when such 


ints are stored, and referred to the Dotterie, one © 


is Majesty’ i i bl wing to the |o 
wo oly ce mph nog pln Py Laheed nical training on the subject, but they do not appear to 

r of this kind connected with all | take any interest in it, and do not attempt to gain the 
paints containing too volatile constituents. as well as the | knowledge reauired. 


storage on board of 
there appears to bea 


APRIL. May. 





APRIL 


diagrams each vertical linc represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotc and Cleveland iron, and 1l. in all other cases. 
The price of quieksilver is per bottle, the contents of which vary in —_— from 70 lb. to801lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


inseed oi! through oxi~ | 
The | ful, particularly with 


f | to speak is to 


MAY. 


in-plates are per box of I.C. cokes. 


danger of asphyxia. Mr. McIntosh stated that in spite of all 
that had been written about the ma vd of linseed oil, paint, 
and oil varnishes, it must be confessed that, as a matter 
of fact, we did not know much about what actually takes 
place when the substances in question do dry, and the 
question has never really received the attention it de- 
serves. He thought, however, that the outlook was hope- 
regard to the technical education of 
the painter. This part of the subject is, however, 
be believed, there is at present no lack of 
rtunity for painters to obtain thoroughly good tech- 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give belowa few data concerning several colonial 
and foreign engineering projects, taken from the Board 
of Trade Journal. Further information i 

rojects can be obtained from the Commercial Intelligence 
Cs Board of Trade, 73, Basinghall-street, London, 

Canada: Reports have been received from H.M. Trade 

Commissioner for Canada and the Imperial Trade Corre- 
spondents at Quebec and Toronto positing the formation, 
&c., of companies, and the inception of enterprises, which 
may afford opportunities to manufacturers in the United 
Kingdom as follows:—Plant and equipment will shortl 
be required for a gasoline-engine factory which a well. 
known company in Ontario is erecting. Pulp and paper- 
making plant will shortly be needed by a company 
recently formed in Ontario with a capital of 2,500,000 dols. 
(about 514,000/.). An established business in Quebec 
Province has been converted into a company, with a 
capital of 49,000 dols. (about 10,100/.), for the manu- 
facture of building materials and for the construction 
of buildings. Contracting plant will be needed by a 
company formed in Que rovince, with a capital of 
45,000 dols. (about 9250/.), for the purpose of carrying out 
a general contracting and furnishing business. A com- 
pany has been formed in Quebec Province, with a capital 
of 99,900 dols. (about 20,5007.) to carry on the business 
of directors of pageants, festive and funeral ceremonies, 
&c. Pipes for carrying underground telephone wires will 
be needed by a telephone company in a town in Ontario. 
A firm in Ontario manufacturing cement blocks, &c., 
will shortly require a steel elevator, a screen, and a steel 
bin. A lumber and concrete company in Ontario requires 
rails for twelve tracks from the kilns to the drying- 
rooms. The authorities of a city in Alberta will shortly 
ask the ratepayers to authorise the expenditure of 320,000 
dols. (about 65,800/.) for wy and equipping their 
electric-lighting plant, and 250,000 dols. (about 51,400/. 
for constructing an industrial building. Bedateads wil 
be required for a hospital which it is intended to erect in 
Ontario at a cost of 100,000 dols. (about 20,500/.). Esti- 
mates are required by a firm in Quebec Province for 
machinery for a brick plant, capable of an output of 
450,000 bricks a day. Meters, pumps, and iron pipes will 
shortly be needed by a town in Quebec and by one in 
Ontario for the extension of their water-works system. 
Equipment for a machine-shop will be needed in the near 
future by a town in Ontario. Catalogues are de- 
sired by un Ontario merchant relative to the following :— 
Building materials and supplies, apartment-house fix- 
tures and furnishings, picture-palace equipment, cold- 
storage materials and machinery and structural steel. 
A large machinery warehouse is shortly to be erected in 
a town in Alberta. A fire-protection system, or addi- 
tional extinguishers, will shortly be required by a company 
in Ontario. A firm of eheleniie jobbers and distributors 
of boots and shoes desires to receive quotations from 
United Kingdom manufacturers of these articles. [Note. 
—The names of the companies, &c., to which the fore- 
going noiices relate may be obtained by manufacturers 
in the United Kingdom desirous of supplying plant, &c., 
from the Commercial Intelligence Branch. } 
Russia: The Pravitelstvennet Vyestnik, St. Peters- 
burg, states that the Russian Ministry of Ways and Com- 
munications has recommended that Bills providing for 
the following works should be passed by the Russian 
Legislature :—(1) The construction of a harbour at Sudak 
(Government of Taurida); (2) improvements at com- 
mercial ports in the Primorski Province and the provision 
of ice-breaking vessels ; (3) an extension of the Ussuriskoi 
Railway at a cost of 1,000,000 roubles (105,5507.); and (4) 
the building of a line asa continuation of the Kharkov- 
Kherson Railway, with a branch to Nicolaiev. 

The Toryoro Promyshlennaya Gazeta, St. Petersburg, 
notifies that the Russian Committee for New Rati. 
ways is examining gy = for the construction of 133 
miles of railway from Alyat, on the Trans-Caucasus 
Railway (43 miles from Baladzhar), to Astara, on the 
Persian frontier, passing by way of Salyan and Len- 
koran. 

Italy: The Gazzetta Ufficiale, Rome, states that tenders 
will be opened on June 13 and 20 respectively, at the 
offices of the Italian State Railways, Rome, for the 
construction of the fourth and tenth parts of the Rome- 
Fiume-Amaseno section of the direct line in process of 
being laid from Rome to Naples. The upset prices are 
put at 2,259,000 lire (90,3607.) and 1,967, lire (78,6802. ) 
respectively. The Gazzetta also announces that tenders 
will be opened on June 18, at the offices of the Ministry 
of Public Works, Rome, and also at the Prefecture of 
Ascoli, for the carrying out of work connected with the 
extension of the outer breakwater in the harbour of San 
Benedetto del Tronto. The upset price is put at 204,000 
lire (8160/.). [Note.—Although the foregoing contracts 
will doubtless be awarded to Italian firms, nevertheless 
there may be openings for manufacturers in the United 
Kingdom to supply some of the materials required. ] 
The Acting British Consul-General at Naples reports 
that it is stated in the local Press that a Commission has 
been nominated, and met on May 13 at Rome, to examine 
a Bill introduced by the Italian Minister of Public 
Works for the development of the water forces in Calabria 
and Sardinia. These works are to be entrusted to private 
enterprise, and concessions will be given for a period of 
thirty years, which, by the law of August 10, 1884, may 
be sewed for a further thirty years. In accordance 
with the project presented by the Societa Anonima 
Imprese Idrauliche della Sardegna, and the modifications 
introduced by Government oapent, it is pro to 
construct an enormous basin the bed of the Tirso 





river in Sardinia for the water for irrigation 
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rposes and the supply of motive power. By means of 
Hy dam 53.50 ented te height, it is calculated that a lake 
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holding 330 million cubic metres of water and jur- 
ing 60 km. in circumference would be formed. Whilst 
in the summer this river is of scarcely any value 
owing to its paucity of water, in the rainy season 
it overflows and does untold damage to the Oristano 
plains and the surrounding districts. It is estimated 
that a force of, roughly, 10,000 horse-power would 
be obtained, and by means of three principal 
totalling in all about 30 km. in length, would irrigate an 
area of some 20,000 hectares, which cannot at present be 
profitably employed for agricultural purposes o to 
the ae ¢ water in summer. The cost of the hy- 
draulic works in this case will amount to 1,000,000/. ster- 
ling, without taking into consideration the power 
required for subsidiary canals, &c. A Commission of 
Government engineers which visited Calabria prepared 
various plans for opening op the Sila district. The 
chief source of water will derived from the Neto and 
its tributaries the Arvo and Ampollino. The Sila high- 
lands consist of a granite mass vers in height from 
4000 ft. to 6000 ft. above sea-level. ye is inter- 
sected by three valleys, those of the Neto, the Arvo, 
and the Ampollino, which are evidently the beds of 
former lakes. These rivers vary greatly in the strength 
of their current, according to the time of year. The a 
sent project is to bar the course of the Arvo by adam 
40 metres high ; the Ampollino by a dam 29 metres high ; 
and the Neto by one 62 metres high. These would form 
reservoirs holding, respectively, 157, 61, and 17 million 
cubic metres of water, It is calculated that these works 
will produce about 170,000 horse-power, and will cost 
about 2,500,000/. sterling, and that the power developed 
will be sufficient to supply the needs of Puglia, Calabria, 
and Basilicata for traction and lighting, &c. 

Mexico: With reference to the proposed harbour works 
at Payo Obispo, Quintana Roo (Yucatan), H.M. tion 
at Mexico City reports the publication, in the Diario 
Oficial, of a concession which has been granted to Senor 
José Cintora for the construction of a wooden wharf 
there for the loading and discharge of general cargo. 
The concessionnaire is also empowe' to construct a 
light railway along the wharf for the transport of mer- 
chandise, and warehouses in the vicinity for the storage 
of goods. Permission is granted to import, free of duty, 
such materials as may be required for the construction of 
we 7 The Diario Official publishes a d i 

razil: The Diario publishes a decree approving 
the plans and estimate of 6,558,982 milreis (about 437, 200/. ) 
for the carrying out of important permanent way altera- 
tions on the Parand Railway—viz., between Serrinha and 
Rio Negro. 





DEPARTMENT OF Mings, Orrawa, CANADA.—We are 
informed that the Mines Branch of the Department of 
~~ oy err = Ottawa a ae and —_— 
equip laboratory for purposes of experimental con- 
centration and enctaihonsloat tests with Canadian ores 
and minerals. It is expected that the plant will be ready 
for operation by the first week in July. All communica- 
tions regarding tests are to be addressed to Mr. Eugene 
Haanel, Ph.D., Director, Mines Branch, Department of 
Mines, Ottawa. 


Tur Larcest DrepcER Buitt on THE CLyYDE.—The 
Balari, launched on the 22nd ult. by Messrs. Wm. Simons 
and Oo., Limited, to the order of the Commissioners for the 
Port of Calcutta, is the largest dredger yet built on the 
Clyde. The hull of the vessel is constructed with a 
central bow-well, through which the suction pipe is 
gone. Owing to the great volume of drift-sand and 
silt of very ._ = specific gravity deposited in the Hooghly 
during the flood season, special consideration had to 
be given towards providing appliances which would 
efficiently retain this light mn om and prevent a large 

rcentage of loss in the overflow from the hopper when 

redging operations were in progress. The dredger 
has accordingly been fitted with Simons’ patent sand- 
trapping arrangement. To assist in keeping a lar 
vessel of this YK a oer vere — yee = 
8 currents of the River Hooghly, the r 
many Be fitted with Simons’ patent arrangement of 
arose steering-jets, fitted at the bow of the vessel. 
is dredger, which is 333 ft. in length by 54 ft. 6 in. 
oy 22 ft. 3in., has a hopper capacity of 71,600 oub. ft. 
The pegenes and pumping-engines are in two 
independent compartments. The propelling power is 
a lied by two = of triple-ex — = ye Oe 
lensing engines. Steam is generat 'y four single- 
ended Saleetal oe ak cm boilers, working at a 
pressure of 1801b. The pumping outfit, placed forward 
of the poaper in an independent engine-room, consists of 
one set of triple-expansion engines, with independent 
condensing plant and circulating-pum The pump- 
engines are coupled direct to a centrifugal sand-pump, 
specially en to raise and discharge about 5000 tons 
of sand and silt per hour. The _.. is connected to a 
pee gg placed in a well at the fore end of the 
vessel, 
swivel bend, which serves as a trunnion or hinge upon 
which the pipe is free to move vertically. The suction 
end of the pipe is fitted with a specially- 
to suit the character of the material to 
while a grid is also fitted to the nozzle to exclude material 
which might choke or di the pump. The suction- 
pe is controlled by a steam-winch placed on deck. 
d -pipe from the sand-pump is carried aft 
of the hopper. One of the outstanding features of the 
deck equipment of this dredger is the extensive and 
powerful installation of mooring winches to regulate the 
movements in the rapid currents of the Hooghly. 


being fitted at the upper end with a massive} _ 


the system set forth, the problem of making the launch- 
i ts such as = the most satisfactory 
results be much faeilitated. 

irements for Arranging Launchways.—By following 
line of procedure prmene for deciding upon the 
best arrangement of the launching 

the effect of the declivities of keel and launch 
relation to the poppet-pressure be seen at a g 


igned nozzle, 
be dredged ; i 








upon Poppet 
By A. Hr 


THE object of this 
launching in a somew 


it has usually been regarded i 
method of ascertaining the most suitable 


and Way-End Pressures.” 
LEY, Associate-Member. 
1s to present the subject of 
P different light to that in which 
, and to advance a new 
ments 


arrange 
for any class of vessel. The height and declivity of keel, 
declivities of launchways, &c., to suit prevailing local 
conditions, usually call ~ ae a long practical experience 


for aid in settling upon t 


ese items; but from a considera- 


tion of the relationship existing between the several 
dominating factors, as set forth in this paper, the launch- 


ing particulars may be readily 


fixed upon, even though 


previous experience be unavailable for a particular case 
requiring to be dealt with. It is hoped that by means of 


TaBLe I. 
: Two EXAMPL¥s. 
Ab ji f Item. 
breviation of Item | Ship A. Ship B. 
LBP Length between per- 
pendiculars .. ee 800 ft. 250 ft. 
Bru Breadth .. st oul 90 ,, 26 ,, 
Derr Depth moulded tocont. | 
“* * * 62 ” 16 ” 
da Average depth of struc- | 
ture... = ++ | 70 ,, 19 ,, 
lang ofcounter .. | 30 ,, 10 ,, 
d ment ..| 45,000 tons 800 tons 
Block coefficient 0.66 54 
Load draughts. . 33 ft. 8 ft. 
Equipped weight se 35,000 tons 750 tons 
Machinery weight .. 10,000 ,, 300 ,, 
DL_ Launch displacement .. ,000 ,, 300 ,, 
DRr" Launch draughts ool = “3 17 ft. Pe = 3.5 ft. 
Trim bystern .. | wf in. per ft. | # in. per ft. 
B Buoyancy. by h+h, 
Bs. Buoyancy when stern h; Height of water on way 


ts. 
CBs. Centre of buoyancy | J 


ends. 
Height of keel above 


when stern lifts. ground {%. 
Pi = of ship on | K Height, jot keel. above 
stan ig Ways on. 
PP Poppet pressure. } y 
P Ps. Poppet eeeure eile Z —_- ronpaae OCGos 
stern lifts. cond 5 ‘ 
Cx P Centre of pressure on) 1 eo ae to way 
ways. ; 
@ Overhang fo i. | ly — of standing 
b _ Distanceof OG aft of lz Length of sliding ways. 
c Distance of CG to aft}; CGos Centre of gravity of 
perpendicular. | ship on berth. 
d_sDistance of CG over CGsx Centre of gravity of 


e€ 


g 
A 
hy 


dw; 
d We 
dw; 
dw, 
dws 


way endsW SL 


ship when stern lifts. 


Distance of CBs. aft | dips: Dip of AP when stern 
of OG. | lifts. 
Sf Distance of CG aft of | muaip Dip of stern max. 
fore poppet = 4 L m, Depthof keel at CO Bs. 
+b-a. | mg Depth of keel at } ¢ aft 
Distance (c - e). | of CGsu 
Height of waysat GCos | m3 Depth of keel at OGsx. 
above water. | ms Depth of keel at way 
Depth of ways at CG si. ends. 
below water. 
TaBLE II. (Continuation of Table I.). 
or dwCGos Declivity of ways at C Gos. 
» @dwOGs: Declivity of ways at OGs. 
»  dwwe Declivity of ways at way ends. 
» a@wFE Declivity of ways at fore ends. 
» adWwdasw Declivity of ways at aft end of sliding 
ways. 
CAM Camber. 
LMup Longitudinal meta. cr. at launch draught. 
L Ms Longitudinal meta. cr. when stern lifts. 
da Kos vity of keel on berth. 
d Ks Declivity of keel when stern lifts. 
dgoxn Declivity of ground of berth. 
WEP Way-end pressure. 
MAT Moment against tipping. 
MATs Moment against tipping when stern lifts. 


EE 








Taste IV. 
Overhang. 
Block Coefficient. Ways Apart,B/3C to. B/3}. 
0.5 0.14 L 0.13 L 
0.55 0.12 | 0.11 
0.6 0.11 0.10 
0.7 | 0.09 0.08 


From overhang at stern subtract 0.03 from above ratios. 








TABLE V. 
LBP LMip L Ms. LMsg;, 
M DR, LBP LM LBP 
20 | 1.6 1.16 185 
30 1.9 1.10 2.08 
40 2.4 1.05 25 
50 3.0 1.02 8.05 
60 3.9 1.01 3.94 
70 5.0 1.00 5.0 


| 


The ratios in Table V. are for ships having a block coefficient at 
load draught = 0.55. 

When B coefficient = 0.6, add 0.1 to ratios in second column ; 
for 0.65 add 0.2 ; for 0.70 add 0.3; for 0.80 add 0.4. 


also the effect of water on the way ends, extent of launch- 
ways, and camber upon the moment against tipping, 
with its resulting way-end pressure, computed with 
almost — facility. The poppet-pressure, which, if it 
is not to be excessive, requires that the declivity of the 
keel, at the instant the stern commences to lift, must be 
moderate, is a condition which conflicts with the provision 
of an adequate magnitude for the moment against tip- 
ping. The moment against tipping regulates the intensity 
of the way-end pressures exerted upon the midship portion 
of the bottom of the vessel. To keep these way-end pres- 
sures moderate, and consequently to avoid excessive 
bending moments causing the upper decks to be highly 
cuamel in tension, requires an ample buoyancy to be 
given to the stern as it passes over the way-ends and 
enters the water. This support to the stern by the pro- 
vision of sufficient buoyancy can be obtained by having 
an ample depth of water on the way-ends ; and can also 
be ensured by causing the ship to enter the water ata 
sufficiently steep angle of trim by the stern. 

The poppet-pressure, on the other hand, to be kept 
moderate, uires the vessel to float into the water at an 
angle which is not excessively greater than her normal 
trim afloat. The best compromise between these condi- 
tions can be found by, first, deciding upon the proper de- 
clivities of the launchways to suit the poppet-pressure 
desired, and, secondly, by ascertaining the extent and 
depth of the launchways under water which will give a 
suitable magnitude to the moment against tipping, 
whereby a moderate pressure on the way-ends is ensured. 
These ments, which ordinarily mt a tedious 
problem requiring several attempts to made before a 
settlement is ed, can, by a simple method of pro- 
cedure, be readily ascertained, and this-without the need 
of having first to calculate and work out the usual launch- 
ing curves. The method of procedure indicated can be 
outlined as follows :— 


1. Ascertain for the launching condition of a vessel the 
natural trim effect (Fig. 1, on the opposite page). ’ 

_2. Decide upon the safe limit which will be permis- 
sible for the poppet pressure, basing the amount upon 
the strength of the vessel’s structure to resist (a) the 
shearing strength forwa:d, and (b).the sagging stress 
when the stern lifts (Figs. 2 and 10, pages 791 and 792, 
and Table VII., 794). 

3. From (2) pA om Pi the position of the C.B. when 
732) stern lifts (Figs. 2, 9, and 10, on pages 791 and 
4. Estimate the height of the longitudinal metacentre 
when the stern lifts (Fig. 2 and Table V., above). 





TABLE III.—Tasie or Strartine DEctivitigs 4npD COEFFICIENTS OF FRICTION FOR VESSELS OF 











Varrous Sizgs. 


























| Startin VARIATION OF FRIC- 
| Pressure COBFFICIRNT OF | Declivity TION FOR DIFFERENCE) COEFFICIENT OF 
Launch Sangh Breadth of per Sticking Friction. | Extra | o¢ Ways or — 8a. Fr. S.ipine Friction. 
lace- Launch | Sauare | 8 at GC RESSURE. 
et | ale | Ce Foot on —_ __| Slope in | > ilies ered (ee . 
Approx. | ays. Ways on j i /32nds In. in ; I | | gin 
Be | 499 1® | per Foot., 32nds In. = lenede 3 
Me | $2nds In. per Foot. pe 32nds In. 1. | 32nds In. 
| per Foot. | | per Foot. | per Foot. 
tons | tons } | 5 
100 (100 to 150 9in. tol ft. 10 0.058 22.0 | 6.0 27.0 0.005 1.5to2 | 0.045 17.0 
500 180to 280, 1ft.2in. | 1.3 0.052 20.0 | 3.5 23.5 0.005 L5to2 | 0.088 14.7 
1,000 220 to 330 | 1 ft. to 2 ft. 14 0.049 18.5 80 =| 21.5 0.005 1.5 to2 6.035 13.7 
2,500 (310 to 430 2,, to3,, 1.5 0-046 17.6 22 | 19.8 0.004 | 1.5 0.0384 | 128 
5,000 | 410 to 530 | 4 ft. 1.65 0.044 16.8 20 =| 188 0.004 1.5 | 0.0381 | 121 
10,000 (550 to 660 | 5 ft. to 6 ft. 1.9 0,041 15.5 2.0 17.5 0.004 15 | 0.028 | 107 
15,000 (680 to 750 6 ft. 2.15 0.038 14.5 20 =| 16.5 0.0026 10 | 0.025 9.6 
20,000 | 760 to 820 | 6 ft. to 7 ft. 2.4 0.036 13.6 20° | 15.6 0.002 0.8 0.023 | 88 
25,000 | 840 to 880 | 7 ft. 2. 0.084 13.0 20 | 15.0 0.0018 0.7 0.021 8.0 
30,000 ‘ed to 930 | 7 ft. to 8 ft. 2.9 0,033 12.5 20 | 14.5 0.0016 0.6 0.021 8.0 


out the 





* Pa ; read before the Institution of Naval Architect, 
March 14, 1913. 


elements, not only can 
in their 
but 





5. Ascertain from (3) and (4) the excess trim of vessel 
when stern lifts (Fig. 2 and Table V.). ise 
6. Decide upon the starting declivity of ways under t 
centre of gravity of vessel on [berth (Figs. 3 and 5 am 

Tables III., above, and XI., on page 794). 

7. Decide upon a suitable slope of keel of vessel on 
berth (Figs. 3 and 8). Z ats 

8. From (5), (6), and (7) ascertain the declivity of the 
ways when produced to a point directly below the —— 
of gravity of the vessel when stern lifts (Figs. 
and 4). 


_ ae: lab . 


TATIIN GODWIN 
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ht of steel in a ship when complete may be found | Experience has conclusively shown that small, light | quirement, otherwise the force urging the ship to start 


the wei 7 
by the a L x B x da x coefficient, where— vessels require a 
vessels. A suitable 


— starting re oe large | may be greater than could be satisfactorily borne by the 


vity of ways for a 10,000-ton vessel | holding-up devices. 


L. = length of vessel. would be insufficient to cause a vessel of 1000 tons to start | Declivity of Keel.—The declivity of a vessel’s keel ig 


B = breadth of vessel. 
da = average depth of structure. 


into motion without the assistance of some applied force. | usually made to suit the slope of the ground of the build. 
Table III., on page 790, gives the amount of usual pres- | ing berth, and this, again, if the building berth has been 


Coefficient about 0.0033 for warship and about 0.004 | gure per square foot of vessels on ways for various dis- | carefully planned, is made suitable for the requirements 


for merchant ship. 


in, the finished weight of hull and fittings may 7 
roximate to L Bd x 0,004 to 0.0045 for warship and 0. 


Fig 6G. MIDSHIP SECTION. of the declivity of the launchways for vessels of the 


types which it is ordinarily intended to construct. A 
convenient declivity for the ground beneath the vessel 





or merchant ship, the weight at launch being about 75 per 
cent. of this amount. If to this be added the weight of 


may be arran at a somewhat less amount than that 
required for the starting declivity (d wc « ») for the ways 





machinery and armour, also the temporary shoring, tools, 
men, &c., amounting to between 4 per cent. and 44 per 
cent. of this total, the result will give the launch displace- 
ment. The curves in Fig. 7, below, show the average 
launching displacements for vessels of various lengths and 
types. ving aside items (2), (3), (4), and (5) for later 


under the centre of gravity of the vessel on the berth. 

In new where sae - ae, as for large 
vessels, a convenient declivity for the keel and ground 
LoadDraft | will be about jy in. per foot less than the starting de. 
clivity, the ground averaging about 4 in. per foot for 
vessels from 6000 to 14,000 tons at the launch. For smal] 





consideration, it will be advisable to decide firet upon the 





ouch 
Dratt vessels the declivity of the ground may, without incon. 





particulars required for laying down the vessel’s keel. ! venience, differ by a greater extent from the starting de- 
Preliminary Remarks upon the Starting Declivity of =z clivity of ways, the ground averaging about § in. per foot 
Launchways in its Relation to the Declivity of Keel on antes eae for vessels of 100 to 300 tons. When the declivities are 


Building- Berth.—In fixing upon the declivity at which the An i arranged in accordance with the items mentioned, the 





t Tt 





keel blocks for a vessel are to be laid, it is desirable to “ 
a Fig. 7. ee a 
" : CURVES SHOWING 
LAUNCHING OIS PLAC EMENT, SUI TASLE AVERAGE 
orn 4? SQUARE FOOT ON LAUNCHWAYS, 
REQUIRED FOR various LENGTHS @& TYPES Ce VESSELS 


LAUSCHrEe OOMACERERT 


LMAnOTeS OF rEsetLO © FEET aur eer :* OALAOTR OF \AUECHEM TS MEQuIOtS 
MEGETH OF COUNTER  WRRENIPS ASOUNES © O8 OF LENETH OF 
see oe FO OF LaneTH OF. TO Coveres a LEMSTH OF Gxt CORE BPONOEG 
«a90e ) MES TSE | ~ Ton civen eneaers oF wave 





Ny launchways can be placed beneath the vessel without 


Fig.9. CURVE SHOWING RELATION OF DIMENSION ‘e” TO DISTANCE {” 
WHERE ‘e"=~THE DISTANCE OF THE C.B. AFT OF C.G. OF SHIP AT INSTANT WHEN STERN LIFTS 
AND "f= 4 ’ «  « ©.G. OF SHIP AFT OF THE FORE POPPET 
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NOTE TO FIG. 10 
FACTOR OF SAFETY REQUIRED FOR SHELL PLATING 
TAKING SHEAR DUE TO POPPET PRESSURE-3 MINIMUM 


FACTOR OF SAFETY OF STRUCTURE” TAKING 
BENDING STRESSES - 5S 


FINAL HOG OF VESSEL AFTER LAUNCH , WITH 
DEFLECTION SIGHTS PLACED %""* OF LBP APART, 

- - PER 100 FEET FOR DEEP VESSELS WELL COMPLETED, 
To % PER 100 FEET FOR HEAVY FINE LINED VESSELS 


«--i--- MAK. SHEAR FORCE ON SHELL 
: = POPPET PRESSURE MINUS 
WEIGHT OF OVERHANGING BOW 


quevt OF__ BUOYANCY ; 





ascertain what will be the necessary starting declivity of | 
the launchways. The starting declivity of launchways 
referred to is that inclination to the horizontal which the 
ways make at a point situated directly below the centre of | 
peviy of the ship on the berth. The starting declivity 
or a certain vessel would be the same amount, whether 
the ways be laid straight, cambered, or hollow, because 
the centre of vity of the vessel in its first movement 
travels in a path parallel to the starting declivity. There- 
fore the resolved component of the ship’s weight, acting 
against the friction of the ways, is governed in its amount 


VESSEL WHEN COMMENCING TO TAKE POPPET PRESSURE 





by the starting declivity at the point referred to (Fig. 3). scence 
The starting declivity dw. »* (declivity of ways placements, also the coefficients of sticking friction, and | further difficulty, the vessel being laid down at a conve- 
below centre of gravity of vessel on berth), which ‘is | starting declivities, coefficients of sliding friction. The nient distance from the water. The curves in Fig. 8 


necessary to ensure the ship starting to slide down the | curves in Fig. 8, 


ways without sticking, is not a constant quantity for any | enumerated in the table, from whic 


791, show graphically the values 791, show suitable declivities which may be given 
the starting declivity Ct keels of vessels of various sizes, which declivities 


size of ship, but varies tly for different weights of | suitable for any size of vessel and pressure on ways can be would usually correspond to the slope of the ground 3s 
ships at launch, and for different pressures per square foot readily selected. The lubricant used, for which the above existing at the shipbuilding berth, > that the height 
on the ways (Fig. 8, page 791). te i coefficients of friction correspond, is composed of launch- | the keel-blocks would be about a uniform distance from 
The difference in the starting declivities suitable for | ing tallow and soft soap. | ground. Fig. 3, page 791, illustrates the slopes of keel and 
various sizes of vessels is caused by a variation in the co- slope d w cus pong ae of ways below the ground suitable for a vessel of the size shown. It should 


efficient of sticking friction under certain conditions. | centre of gravity of vessel on bert tions 
sufficient to ensure the veseel starting to slide down the troyers, river gunboats, and craft of similar Pe bet nding, 





* For explanation of other abbreviations see Tables I. | ways when released; yet, especially in the case of a having but small longitudinal strength agains 





) must in all cases be | be remarked that for long shallow vessels, such as des- 


and IT., page 790. heavy ship, it should not be more than will fulfil the re-| it is advisable to lay the keel with a smaller declivity 
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uld be given to vessels having greater longitudinal | influence upon the pet pressure, it must be regulated | the overhangin rtion of the bow (Fig. 10, page 792). 
alt If the declivity of keel is required to be very | to suit this, so that the vessel may not be called = to | The intensity o cer acting on the shell-plating per foot 
small, it may then me desirable to launch the ship | wi d any excessive stresses during the launch | of depth, is found by dividing the total shear stress by 


proadside, instead of lengthwise. The height of keel 
above the ground, in addition to being convenient for the 
purpose of providing head room in building the structure, 
js required to be adequate to allow the launchways to be 
arranged below the vessel. An ave’ height of keel 
above ground may be about 5 ft., but this must bechecked 
by a drawing to make certain that a sufficient clearance is 
provided for the ways. The nearest approach of the top 
of the sliding ways to the midship portion of the vessel 
should not be less than 6 in. to enable the packing and 


This finishing declivity will be spoken of as d w casx. 
In deciding upon the d wc cs x, it is first necessary 





WAYS IN CONTACT WHEN STERN LIFTS 


& THE INFLUENCE OF THE DISTANCE % UPON WAY END acy URES. 
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arising from this cause. The finishing declivity which 
will be dealt with will not be—as commonly referred to 
—the slope of the end of the standing ways, but will 
refer to the declivity of the standing ways when continued 
out to the point directly below the centre of gravity of the 
vessel at the instant the stern commences to lift (Fig. 2). 


to 
ascertain what would be a safe and suitable limit for the 
poppet pressure. This total pressure will be found usually 


the depth of the two sides of the ship in feet. If there 
are any longitudinal bulkheads in the interior (without 
having openings in them which would interfere with their 
strength in resisting shearing forces), the stre of 
these may be also added to that of stiffened shell-plating, 
which has to be relied upon in resisting the —s 
duced by the poppet pressures. The ultimate 
strength in tons per foot of depth for various thicknesses 
of plating, when stiffened by stiffeners or frames at given 
distances apart, can be calculated from the formula :— 


240¢ 
2 
1+ rn 2 


t = thickness in inches. 
b = breadth between frames. 


The factor of safety of such stiffened ting when re- 
sisting shear stress should not be less t 3, otherwise 
special stiffening and internal shoring should be introduced 
to prevent the plating and riveted seams from being 
strained. Fig. 10, page 792, shows the ing moments 
(and also the shearing forces) occasioned by the poppet 

ressure when the stern lifts. Fig. 13, below, shows the 
costar moments when the stern overhangs the way-ends. 
From these curves the st of the more 
portions of the vessel’s structure can be provided, and at 
no place should the factor of safety be less than 5. 

In order to arrange the declivities of the ways so that 
the selected poppet pressure shall not be exceeded, it is 
useful—to obviate the necessity ef having to make a 
— meee I calculation—to ascertain approximately 
the position of the centre of buoyancy at the instant the 
stern commences to lift. For a given pogpet-preasare, 
this centre of buoyancy—referred to as si —bears a 
relationship to the distance of the centre of gravity of the 
ship aft of the fore poppet for any given case. Thus, 
supposing the desired poppet pressure to be equal to 0.25 


= tons per foot shear for mild steel. 
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wedges to be introduced. Fig. 6 ( 792) shows in 
section the launchways under the midship portion of a 
vessel. By taking due care with the foregoing considera- 
tion, the items (6 and 7) relating to the starting declivity 
and the laying down of a vessel’s keel can be arranged for 
i & proper manner. 

The Finishing Declivity of Lawnchways Considered in 
Relation to the Amount of Poppet Pressure.—The declivity 
of the ways at the point below the centre of gravity of 
vessel on berth can be fixed upon as already explained and 
set forth in Table III., 789, and curves (Fig. 8, page 
M1). These starting declivities owe their magnitudes 
directly to their relationship with the coefficients of stick- 
ing friction. The finishing declivity for the launch ways is 

hext item of importance which it is one of the objects 
this paper to ascertain. As this declivity has a great 





» ee: 


ee 


CURVE OF PRESSURE INTENSITY 
ON STANDING WAYS FOR POSITION 
OF VESSEL SHOWN 


to lie between the limits of 0.2 to 0.3 of the launching dis- 
placement. The amount should be such that, not only 
can the vessel safely take the stresses occasioned by it, 
but also that it can be conveniently taken by the forward 
cradle and borne by the ways in contact without squeezing 
out the tallow or burning the surface of the ways. This 
latter condition can be assisted by the employment of soft 
packing to distribute the pressure, so t it does not 
exceed about 10 tons per square foot on the ways when 
the poppet a are of great amount. : 

e safe limit of poppet quenmes, must be determined, 
in the first place, by its relationship to the strength of 
the vessel to take the shearing stress occasioned at the 
vertical section through the side plating at a position just 
abaft the forward cradle. The shearing force acting at 
this position is equal to the poppet-pressure—weight of 





DISTANCE OF C* OF PRESSURE FROM WAY ENDS 
MAT 
e 


 . 2 
wee “ MAT 3b 
P — PRESSURE ON Ways 
b — TOTAL BREADTH OF WAYS 
MAT = MOMENT AGAINST TIPPING 


displacement, and the centre of gravity of vessel aft of the 
fore poppet to be = f, then the distance of theO B .. when 
the stern lifts aft of the centre of gravity of ship will be 


P _f x 0.25 _ 0.38 f. 
1 — 0.25 

The curves in Fig. 9, page 792, show the relationship of 
the values ¢ and f corresponding to various values of 
poppet eee A close approximation to the position 
of the C Bs: can be deduced from an analysis of the 
launching curves of vessels, and a consideration of the 
vessel’s geometrical proportions as recorded by the hydro- 
static curves. 

It will be found that if a vertical line be drawn through 
the C B;. (when the ship is in the ition where the 
stern commences to lift) to cut the vertical drawn through 
the C B when afloat at the designed trim at the launchin 
displacement, the point of intersection thus obtained? 
which will be designated the longitudinal metacentre 
when stern lifts (L M .:), will closely agree with the 
ne va of the longitudinal metacentre for the launching 

isplacement when floating at the mean launch draught 
parallel to the designed waterline. 

The longitudinal metacentre can usually be obtained 
from the hydrostatic curves already made for the v or, 
failing these, can be readily calculated from existing data 
of similar shi The relationship between the LM. , and 
the — ongitudinal metacentre is given in Table V., 
page 790, for several types of ships, which will serve 
to enable a closer approximation to the height of L M .. 
to be quickly obtained. Generally the average value of 


L ri “ will be found to be from 1.1 for average fine 


vessels, to about 1.2 for full vessels with fiat floors. 

If for a new vessel the pet pressure and the values 
of f and ¢ have been decided upon, and if the height of 
L M «, has also been obtained, the angle of trim of the 
vessel in excess of the launching trim can be then calcu- 
lated for the position when the stern commences to lift. 


The excess trim in 32nds of an inch per foot is equal to 
eft. x 12in. x 32_ oe 
L Mo 


x 384. 
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From the amount of excess trim thus calculated the 
declivity of the ways uced to the pointC G.,, can 
readily be computed in the following manner:— 

To the excess trim of vessel corresponding to a given 

ppet pressure, add the natural trim of keel when afloat. 
Thins result gives the actual declivity of keel at the instant 
when the stern lifts = d K sx, difference between 
the declivity of the keel when the stern lifts (K . 1) and 
the declivity of the keel on building blocks (K o ») will in 
all cases be equal to the difference between the declivities 
of the ways at the two governing positions, viz.,C G sx 
and the C Go». Expressed in symbols this relation is :— 


€@Koi—dKos =adwWeosr — AWacos 
o's (d Koi - d K os) + dWceoos = AW cast. 


The declivity of d K «x is calculated beforehand as 


— le y L 

e elements which influence its magnitude are :— 

1. The limit of poppet pressure desired (Table VIL). 
2. The position of the fore poppet (TableIV., page 790). 
3. The position of the C G of the ship abaft the fore 

poppet in the launching condition, and indicated by the 

trim of the vessel at launch condition (Figs. 1, 2, and 


791). 

t The distance of O B aft of C G when stern lifts = e, 
and indicated by the trim of the vessel when the stern 
lifte. (Fig. 2.) The distance ¢ can be calculated from 
the first three items, or obtained directly from the formula 
given by the curves in Fig. 9, page 792. 

5. The height of the longitudinal metacentre when the 
stern lifts L Ms.. oe 

The quantities d Kos and declivity of ways at d Weaor 
also being directly obtainable from the curves (Fig. 8), 
and fixed upon in conformity with the conditions already 
explained ; all the information needed is then available 


Taste VI. 
Ratio of LB ap os ous 
of Ship. ts) er. 
"ee 7 rl Ft. 
oO boats .. _ $5 bs 10 — 12 
ties és ea os ae 12 — 18 
Warships .. ws iv te 12 — 18 Bridge deck 
Warships .. ws be Ya 14 — 15 Upper deck 
Cruisers ee <e e as 4 — = 
Torpedo-boat destroyers. . ¢ 16 — 
Lake steamers eed vs oe 146 — 18 
River craft .. 53 - ais 30 
Taser VII. 
Poppet Pressure. Two Examples 
Depth of shell at fore poppe’ ‘ .. 7Ott 23 ft. 
Thickness of plating. . a ‘ ‘ 2 in. ys in 
Frame spacing - an ee a 30 in. 21 in. 
Ultimate shear strength per foot. . .. 90 tons 6 tons 
Ultimate shear strength of both sides .. 13,000 280 
—- pressure on oe os = »400 75 
te ath of shi safety of .. re = 3 34 
ngth o Pp aa = be 
Depthofgirde. .. .. . Jf = 18 154 
P Psi x -) ‘s i 
D ss ee O28 0.95 
Taste VIII. 
Holding-up Arrangements. A B 
Force down ways = W sine @ A = W x 0.042 W x 0.068 
Shaking down friction W ,; = W x 0.023 W x 0.045 
Force on holding gear ss <2 = 390 tons 8 tons 
F a 390 8 
ale oie ie 20,500 320 


7 és , . 
Holding-up devices. Dog-shores 


= 4 2 
Drop weights for daggers cwts. x ft. 8 x 8ft, 2x4 ft. drop 


Hydraulic triggers .. : = 6 None 
Pressure os sab ee sq.in. = 650 1b. _ 
Resistance of triggers os each = 65 tons _ 
Tasie IX. 
Starting Arrangements. A. B. 
Force down ways = W . sine 6 A ye re - -. 
x 0. x 0.06 
Sticking friction = Wyse . - 740 tons 18 tons 
Capacity of starting rams = 4 of Wyus .. 370 tons 9 tons 
TasLe X. 
Overhang. A. B. 
Ways apart, centres .. ve =Bx 0.3 0.32 
Block coefficient at Ldraught .. os 65 0.55 
Suitable overhang .. . LBPx 0.09 0.11 
Suitable overhang . - ~@= 70 ft. 27 ft. 
Suitable overhang... ™ a= 50 ft. 22 ft. 
Taste XI. 
Declivity of Ways at C Gon. A. B. 
eri ee Ut aan ae 700 ft. 190 ft. 
DL + cradle and ways 20,000 + 500 300 + 20 
Weight on ways " ws = Sa y 320 
Breadth of ways, total ok ? ‘ie 6 ft. 1ft 2in. 
Area... ag ee oe ee = 8200 440 
M. pressure, square feet, tons... ; 2.5 0.68 
Suitable starting declivity .. BS > ie #4 in. 
Taser XII. 
Position of Ship on Berth. A. 
"1 Rea ee 2A acid YE GeR ate 110 
2 80 ft. 80 ft. 
e 0.03 L 0.0 L 
e 0.47 L 0.5 
J. 5 ft. 6 ft. 6 in. 
K.. 1 ft. 9 in. 2 ft. 
A on 14.5 ft 11 ft. 
hg ; 8.75 ft. 4.6 ft. 


to enable the declivity d wo ;, to be quickly calculated. 
Figs. 2, 3, and 4, page 791, illustrate the positions and 
magnitudes of the several items connected with these 
dediivities for a large ship having cambered ways. As the 
position of the fore poppet forward of the C G of the 
vessel has an important influence upon the declivities for 
a given poppet pressure, the position of the fore poppet 


P 
from the stem of the vessel is given Sw oo oe circular relating to their 
in Fig. tion 


3, | straight. 





Taste XIII. 
Poppet Measures. A. B. 
Ultimate shear strength of ship .. = 18,000 280 
P Psx for factors of safety of> =3 .. 4,400 75 
PPO = PPs a Le 0.22 0.25 
° ie a - me me < .. 860 ft. 97 ft. 
P Pe 
e= iz PP. xf i < = e oo 
a ex . 
ae ° mo} 2 
LB 
M.D Rta, - 0d 
L. Mt = Const. x LBP .. = 8.0L 4.8L 
L. Msi = Const. x LBP .. = 3.1L ar ag 
4 
Trim afloat’ .. = a a = 32 3 
19.5 13 
Trim when stern lifts d Ks 39 3 


position of the centre seueiy of the vessel must be cal- 
culated for the vessel dealt with. If the required d K; . is 
equal to the d Kos, the launchways could then be made 
Again, if the d Ks , is needed to be less than 
the d Kos, the launchways would then require to be 
hollowed, as for a shallow vessel of light construction. 


(To be continued.) 





CATALOGUES. 

Polishing Supplies, Leather Belts, &c.—Mr. E. J. 
Cooke, of Parso , Manchester, has issued a price-list 
of walrus-leather hides and strips, glazer-wheels, and 
other polishing supplies. This list was accompanied by 
another price-list o oe a me combination textile 
and leather belting, copper-riveted hose, &c. 


Locomotives, Cranes and Contractors’ Plant.—We have 
received a catalogue of second-hand locomotives, cranes, 
stone-breakers, mortar-mills, brick-making machinery, 
rock-drills, stone -saws, weighing-machines, and other 
poe this description, which Messrs. Thos. W. Ward, 

imited, of Albion Works, Sheffield, have for disposal. 


Potential Transformers.—The British Thomson- Houston 
Company, Limited, of Rugby, have recently sent us a 
price-list of potential transformers for use with measuring 
and synchronising instruments on alternating-current 
switchboards. Full particulars are given of single-phase 
and three-phase transformers for primary pressures 


pressures being of the oil-insulated type; the secondary 
pressure is 110 volts in all cases. 

Punching, Shearing and Cropping-Machines.—A little 
booklet to hand from Messrs. Henry Pels and Co., of 
Lincoln Chambers, 3 and 4, Portsmouth-street, Lin- 
coln’s Inn Fields, W.C., gives some particulars of 
their well-known mching, shearing and cropping- 
machines with steel-plate frames. Among them are 


included punching-machines with especially deep pape 
for operating on wide — The machines listed have 
30-in. gaps, but we understand that machines with 70-in. 


gaps have been made and found quite satisfactory. 


Machine-Tools.—Messrs. A. Haworth and Co., of Luton, 
have sent us a catalogue giving particulars of some of the 
machine-tools manufactured by them. The list gives 
prices and full particulars of slotting-machines with 4-in. 
and 6-in. adjustable strokes, and prices are also stated 
for a 2-ft. 6-in. sensitive radial drilling-machine, capable 
of drilling holes up to 1} in. in diameter. Full particulars 
are given of sliding, surfacing, and screw-cutting lathes, 
with 6}-in. and 8-in. centres, the latter size being made 
in three separate models; an automatic capstan lathe, 
with 8-in. centres, is also dealt with. Illustrations of a 
three-spindle horizontal boring-machine, built by the 
firms, are also included, but particulars of this tool are 
not given. 

Type-Casting and Composing-Machine.—‘‘ Monoty 
Versatility ” is the title of a book published by the a 
ton Monotype Corporation, Limited, 43 and 43a, Fetter- 
lane, E.C., to show Fs variety of work that can 
be carried out on the ‘‘Monotype” machine. The book 
consists of specimen pages of concert programmes, 
auctioneers’ lists, railway time-tables, directories, dic- 
tionaries, stock and lists, catalogues, &c., all of 
which are examples of everyday composition work, and 
not fanciful — &c., specially set for the epee. 
Seventy-five different settings are included, and an 
examination of them cannot fail to justify the title of the 
book. Incidentally the nature of the work indicates 
that the machines have reached a very high degree of 
mechanical perfection. 


Turbo-Alternators.—Messrs. Bruce Peebles and Oo. 
Limited, of Edinburgh, have just published a stand 
specification for their turbo-alternators. These, in all 
but the two smallest sizes, are of the enclosed type. The 
frame is specially designed for bolting direct on to a bed- 
plate provided by the turbine builder, and to this frame 
are secured the yt non a steel sheets which form 
the core of the ne. The firm supply both wire- 
wound and strip or bar-wound conductors, and special 
attention has been paid to the efficient support of the end 
windings. The rotor is of the aylindeieal Urpe, with the 
windings s d in open slots. The critical speed of 
this rotor is designed to be considerably in excess of the 
running speed. A system of forced ventilation is fitted 
to keep temperature within safe working limits. 
Shaping-Machines.—We have received from Messrs. 
Perkin and Co., Limited, Junction Works, Leeds, a 
crank-type shaping-machines. 


Table IV., and shown The This ci FP el mma — 
igh a we to the pete. ‘e conte bow is circular a ion several improvements 


varies 


which have recently 


made in the design of 





and the distance apart of the launchways. 


The precise | these 


ranging from 110 to 11,000 volts, those for the higher | .)o¢ 


of five sizes, in which the maximum length of s 
varies from 15 in. to 28 in. The firm’s end coat 
shaper is also dealt with. This tool has a 13-in. stroke, 
with a 10}-in. traverse, and it will take cuts up to in, 
deep. The traverse motion can Operated either by 
hand or automatically, and the feed is adjustable and 
instantly reversible. The bed of the tool can be de. 
tached from the base, so that it can be bolted directly on 
to large castings for the purpose of machining facing. 
strips, &c. It can also be used for cutting keyways in 
shafts of any length, and up to 3 in. in diameter. 

Lifting - Machinery and Railway - Plant. — Messrs 
Cowans, Sheldon and Oo., Limited, of St. Nicholas 
Works, Carlisle, have issued a new illustrated catalogue 
of cranes and railway-plant. The catalogue, which is 
bound in red-cloth covers, contains over 200 pages, with 
very numerous illustrations, all of which show examples 
of work carried out by the firm. Among them are 
included floating-cranes of 150 and 200 tons lifting power 
stationary electric cranes of various types, with capacities 
ranging from 24 tons to 200 tons, electric travelling 
and overhead-cranes, stationary and travelling steam 
and hydraulic- cranes, as well as railway-breakdown 
cranes, and various forms of hand-power cranes. Other 
sections deal respectively with coal-handling plant, ca; 
stans, turntables, traversers for railway rolling-stock, 
water-cranes for supplying locomotives, and miscel- 
laneous machinery such as ydraulic-engines and accu- 
mulators, hydraulic-lifts, electric locomotives, creosoting- 

t, and winches driven by oil-engines. 

Metal- Workers’ Tools.—One of the most comprehensive 
and up-to-date catalogues of tools and machines for 
workers in metals has lately been issued by Messrs. 
Richard Melhuish, Limited, 50, 51, and 84, Fetter-lane, 
E.C. When we say that this catalogue contains 560 
pages. bound in cloth-covered boards measuring 8} in. 

y 11 in., it will be obvious that it will only be possible 
for us to refer to a small percentage of its contents, 
Among the articles of more direct interest to engineers 
we find a v great variety of tools and measuring 
appliances by Starrett’s, Brown and Sharpe’s, and other 
American and English makers. There are also to be 
found appliances such as speed-counters and tachometers, 
brazing-lamps, oil-filters, tool-holders, stocks and dies, 
screwing-machines, vices, hack-saws, forges and smiths’ 
tools, fans and blowers, spanners, lubricators, grinding 
and polishing h and materials, drill and lathe- 
chucks, drills and reamers, drilling-machines, pulleys, 





hafting, and accessories for power transmission. Par- 
ticulars and prices of all these and many other articles 
are given in the catalogue, practically all of them being 
illustrated ; a complete general index to the contents is 
also included. e@ catalogue is certainly a very credit- 
able production, and it cannot fail to prove both interest- 
ing and useful to employers and employees in the metal- 
working trades, both in this country and abroad. 


Switch-Gear.—A_price-list recently to hand from the 
British Thomson-Houston Company, Limited, of Rugby, 
gives full particulars of oil-b switches for use on three- 

hase heavy-current circuits at pressures up to 650 volts. 

'y two sizes are listed, and these are rated at 2000 and 
3500 amperes respectively ; they can be supplied either with 
or without automatic pen. The switch-operating 
mechanism is of the toggle type, and is controlled by 
**free” handle which is moved through an angle of 
180 deg. to close the switch; this large movement 
enables the switch to be operated with the minimum 
effort. The handle is, however, provided with a half- 
cock Danae in which the switch contacts are onl 
slightly separated, the object being to enable the swite 
to be closed rapidly in the operation of synchronising. 
To open the switch by hand, a tripping button, situated 
below the handle, is pi , this operation releasing the 
same catch as is released by the automatic tripping devic ; 
the switch then opens by the combined effects of gravity 
and springs. In these switches the tripping device 1s 
operative during the closing stroke from the point of 
first contact, so that it is impossible to hold the switch 
closed on a fault. We have received from this firm 8 
price-list of automatic time-switches controlled by clock- 
work mechanism so as to open or close at a definite time. 
They are made in several types and patterns, some of 
which are of large capacity to meet the requirements of 
electric-power supply undertakings, while others are 
suitable for controlling groups of arc-lamps or small 
lighting circuits. Each pattern is illustrated and 
described in the price-list, and full particulars are given. 





BIRMINGHAM OFFICIAL GuIpE.—We have received from 
the Birmingham Chamber of Commerce a copy of the 


ard | guide which is issued, in the interests of the local trade 


of the city and district, to commemorate the centenary of 
theChamber. It gives an interesting historical review 
the work of the Chamber ; illustrated information on the 
present status of the town and district ; data on the various 
services, water supply, tramways, &c., on the educatio 
and other establishments, and on the Birmingham indus- 
tries, with a classified index to trades. 





Loans To TRADESMEN.—Our attention has been called 
to the bequest of the late Mr. Samuel Wilson, under 
which loans of from 1002. to 300/. are advanced at a rate 
of interest of 2 per cent. to bond-fide tradesmen 
manufacturers carrying on business in the City of London 
or within 5 miles thereof. The grantee must be under 
forty years of age and have been set up in business at 
least one year and not more than three years. Furt 
information can be obtained from Mr. G. A. Pickering, 





tools, and gives full particulars, with prices, ' E. 


< of Wilson’s Trust, Chamber of London, Guild 
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MESSRS. G. AND J. WEIR’S WORKS 
AT CATHCART. 

One of the most interesting works to be visited 

in connection with the forthcoming meeting of the 

Institution of Naval Architects is the establish- 


liary machinery, and at each new step Messrs. Weir 
have been found not only ready for, but anticipat- 
ing, the demands of the hour alike in respect of 
design and manufacturing facilities. The mere 
growth in size of a business, however, while in- 
teresting enough in itself, is by no means so in- 





ment of Messrs. G. and J. Weir, Limited, the 
well-known specialists in the design and manufac- | 





teresting or so suggestive to the student of indus- 
trial economics as the reasons for, and the means 

















classification. By some compelling power of tech- 
nical merit, Messrs. Weir have succeeded not only in 
imposing their impress on the naval engine-rooms 
of the world, but have by right of pioneering and 
exploration staked claims on certain domains of 
engineering, and established authority over them 
which is mnie: | unquestioned. Their work is 
based fundamentally on painstaking research and 
knowledge of physical laws and conditions. With 
a true appreciation of these, the devising of appa- 
ratus to utilise them to the best advantage follows 
in natural sequence, and directs the line of applica- 
tion in practical affairs. Further, their range of 
experience is world-wide, and has enabled them to 
discern the trend of development and the condi- 
tions of to-day, from which arise the requirements 
of to-morrow. For it is to be noted as a factor in 
the success of the firm that they have invariably 
led in development and have initiated both in 
design and application. The value of such an 
industry to the country of its location is not to be 
measured by ordinary standards ; its contribution 
to the prestige and pre-eminence of our country’s 
marine engineering is no inconsiderable factor, and 
it may be said without exaggeration that it forms in 
its own way a distinctly national asset. 

The works of Messrs. G. and J. Weir, Limited, 
are situated on the banks of the River Cart, in the 
southern suburbs of Glasgow, and in close 
proximity to the Cathcart Station of the Cale- 
donian ilway. A key plan of them is given on 
Fig. 1, to which is annexed a list of the depart- 





List of Departments as Numbered on Plan. 


1. Administration building. 18. [ron-dressing shop and sand- 

2. Experimental and test shop. blast. 

3. Evaporatorand heatererect- 19. Brass foundry. 
ing shop. 20. Brass- dressing shop and 

4. Despatch department. sand blast. 

5. Air-pump fitting and erect- 21. Boilers, transformers, air- 
ing shop. com rs, and  hy- 

6. General pump-fitting shop. draulic pumps. 

7. Heavy-machine shop. 22. Copper shop. 

8. Joiners’ sh 23. Raw metal and tube store. 

9. Light-machine shop. 24. G 

10. Turbine department. 25. Metallurgical laboratory. 

11. New light-machine shop (in 26. Works office and works 
construction). drawing-office. 

12. Pattern-shop. 27. Tool-room. 

13. Smithy store. 28. Tool-smithy and tool-grind 

14. Smithy. ing shop. 


15. Bay 1. 


Repetition iron 29. Departmental stores. 
oundry. l-store. 
16. Bay 2. Ditto. 







































































Showing 31. Bonus office. 
cupolas and stoves. 32. Pattern-stores. 
17. Tron foundry. 38. Oil-store. 
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Fic. 2. Cross-Section or Typicat SHor Buripine (Tursingk DEPARTMENT). 


ture of marine auxiliary machinery. Although we 
described the firm’s works twelve years ago, there | 
18 no apology needed for returning to the subject, 
because the factory has since been entirely re- 
atranged and in a large measure reconstructed, while 
the development in marine engineering has been | 
rapid and continuous. The universal adoption 
of water-tube boilers for naval purposes, the advent 
of the steam-turbine, the use of oil fuel, and the 
recent results of the geared turbine have all brought 
with them fresh problems in connection with auxi- 


of, achieving that growth, and the simple 
chronicle of results is apt to leave untouched 


the true source from which have sprung such 
| material activities and agg enterprise. A 


firm, some at least of whose designs and manu- 
factures are in use by every navy in the world, 
whose specialities are to be found in every steam- 
ship line of importance, irrespective of nationality, 
whose research and pioneer work in specialised de- 

i ised as authori- 





partments of engineering is 
tative, is ntcchen unique and apart from ordinary 





ments, while in Fig. 2, also on this e, is a 
cross-section of a typical shop building. e total 
area under roof is approximately 11 acres, and 
under normal conditions 2200 men are ——_ 
This number, however, stands to be considerably 
augmented in the near future, as the rapidly 
increasing demand for the firm’s products has 
recently necessitated further extensions and addi- 
tions to the works. 

The position of the office building is indicated in 
the general plan of the works, Fig. 1. A considera- 
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tion of this plan will show that Messrs. Weir, in 
the laying out of the works, have been alive to the 
economical advantages of direct lines of communi- 
cation and correct routing of material in its pro- 
gress through the various shops. It will be noted 
that the pattern-shop and pattern-stores, them- 
selves isolated, adjoin the iron and brass foundries. 
These departments, and also the smithy, are so laid 
out that the material passing from them converges 
directly on the machine-shops. From the latter it 
— directly to the various fitting and erecting 

ys, and the finished product, as it stands on 
the test-bed, is virtua & at the entry to the 
despatch department. the manufacture of 
Messrs. Weir's well-known feed-pumps, air-pumps, 
feed-heaters, evaporators, &c., the conditions are 
somewhat favourable to a system of standardisa- 
tion. This has always been kept in view in the 
organisation and equipment of the works, with the 
result that a very large range of capacities and sizes 
of the firm’s products can be manufactured under 
the best conditions of supervision and economy. 


with double circular surface-contact round the 
edges to ensure a tight joint when closed. This 
heavy moulding also stiffens the ventilator and 
keeps it true and rigid. Jointless flooring is 

throughout the building, with a 2-in. cove at 
the walls ; the entrance-hall and cloak-rooms are 
laid with terrazzo. The staircase, woodwork, and 
panelling are of American oak, and So 
which go to the ceilings are constru of light 
fire-proof material in slabs 2} in. thick. For arti- 
ficial lighting the building is wired throughout 
with ‘‘Stannos” wire, and in the public and 
drawing - offices the lighting is carried out by 
clusters of incandescent lamps carried in reflector 
fittings. 

On the ground floor are situated the commercial 
offices, with telephone exchange and inquiry — 
ment. The first floor contains the private offices, 
the correspondence, estimating, and inwards order 
departments. Fig. 9, on page 798, is a view in 
the commercial offices. On the second and third 








floors are situated the drawing-offices, drawing- 
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intermediate flats is made entirely of wire meshing, 
offering the minimum obstruction to light. 


Raw Marteriats anp Merattureicay Conrroz, 


In modern foundry practice one of the chief con. 
siderations to be kept in view is that of scientific 
control. This control, to be effective, must be 
complete. Beginning with the raw materials, the 
metal must be traced through all departments 
until it is finally sent out as a finished product. 
Scientific control should deal not only with the 
chemical composition and the physical tests of the 
metals, but also with their microstructure ; the 
study of the latter often reveals reasons for 
the failure, in the physical tests, of material whose 
composition complies with the requirements of 
purely chemical analysis. Messrs. Weir have 
always been alive to the advantages of a close and 
accurate control of the processes in both brass 
and iron foundries, and for this purpose they 








2-14 Kahn Bars 


have organised a well-equipped metallurgical, 
chemical, and testing department. This depart- 
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Fics. 3 to 7. Derarts or Concrete REINFORCEMENT OF ADMINISTRATION BUILDING. 


In briefly describing the works, perhaps the best 
method is to follow roughly the path traversed by 
the material from its entry in the raw state until 
its final embodiment in the finished product. 
Before entering upon a description of the shops, 
we may describe the new office building recently 
erected. This building is of a type which at the 
present time is of special interest to engineers. It 
is constructed of monary ae — is 
specially designed throughout for immunity from 
fre. “. The Kahn system has been adopted 
in construction, and a few details of the principal 
members are — in Figs. 3 to 7, on the present 
page. These show the setting of the Kahn bars and 
the method of connection of a cross-beam to its 
respective centre column and to the outside wall. 
An external view of the completed building is 
shown in Fig. 8, on page 798; it will be seen that 
ample provision for the natural lighting of the 
building has been made by large window spaces. 
These spaces are fitted with special American 
sashes of pressed steel, which offer the minimum 
obstruction to daylight. These sashes are also 
very durable and fire and weather- f. A few 
details are shown in Fig. 7. e method of 
glazing is noteworthy, the glass being held in by 
spring-clips which constantly press it against the 
putty, and which have at the same time a certain 


amount of elasticity. Ventilation is accomplished 


stores, tracing and photographic departments. 
Fig. 10, on page 798, shows one of the drawing- 
offices. Communication between the various floors 
is established by means of an electric elevator. 
The heating of the building is carried out by hot- 
water circulation through radiators, the boiler for 
this purpose being situated in a separate and 
isolated concrete structure in the rear of the main 
building. Forced circulation is used to secure 
uniformity in distribution of heat throughout the 
whole system. 


Patrern-SHop aND PatrEeRN-SToREs. 


A view of the pattern-shop is shown in Fig. 11, 
on Plate XLVI. The building consists of two 40-ft. 
bays, and is 220 ft. in length. The floor is of cement 
throughout, and ample light is provided through 
the roof, which is completely glazed. The shop is 
equipped with modern machine-tools for turning, 
trimming, planing, sawing, and other wood-working 
operations. 

For the storage of patterns, isolated buildings 
have been erected close to the pattern-shop and 
foundries. These buildings are arranged in flats 
a numbered racks for the patterns. The 
method of lighting is of note. In order to avoid as 
much as ible the use of artificial lighting with 
its attendant risks, the buildings are lit from the 
roof, which is glazed. This light is enabled to 





by means of large rectangular ventilators, provided 








penetrate to the ground floor, as the flooring of the 





;ment is situated near the entry to the works, 


and in close proximity to the raw metal and 
tube store. e chemical composition of all raw 
material, such as copper, tin, zinc, scrap, &c., 
bought to analysis, is carefully checked on de- 
livery to ensure that it conforms to specification. 
Where it is not possible to purchase on this basis, 
the incoming material is carefully analysed. The 
raw material for both brass and iron foundries is 
stacked in lots according to chemical composition, 
and in both cases the laboratory analyses are utilised 
in making up the proportions of the foundry charge 
constituents. In order to keep a thorough check the 
resulting melts are analysed as tapped from the fur- 
nace or cupola, and special cast pieces are also pre- 
pared, which are available for analysis, for physical 
testing, and for study of the microstructure. The 
system thus provides for the complete metallurgical 
control of the foundry processes. In the testing 
laboratory the various analyses are carried out 
usually by standard methods. For these tests the 
department is fully equipped with chemical appa- 
ratus of the most modern type. Thorough ventila- 
tion of the laboratory is assured by the pro- 
vision of an electric fan, and for the removal of 
fumes this fan is also arranged to draw air through 
large draught cupboards of modern design. 

or the estimation of copper and zinc, a complete 
electrolytic equipment is provided. The laboratory 
apparatus also includes a gas-muffle furnace of the 
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usual type, and for special work an electric furnace 
with thermo-couple and galvanometer. A special 
metallurgical microscope is provided for the study 
of the microstructure of metals, this instrument 
being provided with a Beck extension camera for pho- 
tographic purposes. The apparatus also includes a 
motor-driven polishing machine for the preparation 
of specimens for microscopical examination. 
the physical testing of material a testing-machine 
is installed suitable for carrying out both tensile 
and transverse tests. In addition to the ordinary 
routine chemical and physical tests carried out by 
the metallurgical department, the latter provides 
the means for the examination of refractory 
materials, such as fire-bricks, fire-clay, &., used 
in the furnaces. The various moulding, core- 
sands, and facing materials can also be tested, not 
only by analysis, but also for fineness, binding 
qualities, refractory properties, and porosity. The 
metallurgical department also keeps a check on the 

roperties of the coke and other fuels in use, and 
thus prevents the introduction from these sources 
of sulphur or other deleterious elements into the 
cast. The use of these precautions, in conjunction 
with the general system of control, ensures for the 
finished foundry products that close conformity 
to specification which is so necessary in modern 
practice. 


Brass aND Iron FounpRIeEs. 


In conjunction with scientific control, another 
important consideration in modern founding is that 
of economical working. This is largely brought 
about, firstly, by a proper and systematic lay-out 
of the plant, so as to permit the progress of the 
metal through the various stages of treatment in a 
straightforward direction, and, secondly, by the 
adoption of labour-saving devices whereby as many 
operations as ible may be reduced to mechanical 
repetition. ese points have been kept in view 
in the design and organisation of the foundries at 
Cathcart. 

Dealing first with the brass foundry; this is a 
high-roofed, well-lighted structure, 225 ft. long 
and 130 ft. in breadth. The foundry is divided 
constructionally into seven bays, and is arranged 
internally to suit the various classes of work. One 
side is devoted largely to hand-moulding, and to 
lighter work in dry and green sand, and on this side 
is situated the battery of pot-fires. This comprises 
seventeen furnaces, each large enough to take 
crucibles holding 240 lb. of metal. This battery is 
arranged at the floor-level, with ashpits in front, 
covered by a grating, on which the melters can 
stand. The battery is situated in close proximity 
to the closing and casting floor, and is used gener- 
ally for light repetition casting of various kinds. 
An interesting arrangement is made for withdrawing 
the heated crucibles from the furnaces. In ordinary 
circumstances this is apt to be an exceedingly hot 
and trying operation, but it is here easily accom. 
plished by the use of a small crane of cantilever 
type with horizontal jib, which may be easily swung 
over the furnace, and the crucible being seized with 
the tongs in the usual way, the jib is raised verti- 
cally by means of an hydraulic cylinder on the 
upright support. The crane-jib is arranged to 
swing in a circular arc, and is fitted with a running- 
crab for the radial movement of the load. This 
type of crane is largely used throughout both brass 
and iron foundries, and is found of great value 
in the expeditious operation of the smaller work 
and in generally relieving the travelling-cranes. 
As the work in this section of the brass-foundry 
is largely duplicate, extensive use is made of 
moulding machinery. This includes many hand 
machines of the stripping-plate variety. Several 
Tabor machines of modern , operated by com- 
pressed air, are also installed. For stoving and 
olin the appliances are very complete and 
conveniently arranged. 

The other side of the foundry is devoted mainly 
to the production of large gun-metal castings. For 
this pur two large reverberatory furnaces are 
installed, each of 7 tons capacity. These furnaces 
are situated centrally in the foundry, and can 
readily supply casting material toeither side. The 
equipment also includes two large drying-stoves, 
one of which is of the double-chamber type. These 
stoves are fitted with truck-rails, and are con- 
Veniently fired from the sides. For the produc- 
tion of the — gun-metal castings plate mould- 
ing is extensively used. The pattern is made in 
several parts which can be securely fixed on plates. 


The moulding-boxes are then lowered on to these 





For | Direct 





plates, rammed up, finished, and thoroughly dried in 
the stoves. The various parts of the moulds are then 
assembled, and after the cores are put in place and 
fixed, the whole is closed and bolted together, and 
finally cast on end. For the transportation of 
metal, small moulds or finished castings, a narrow- 
gauge tramway is laid throughout the foundry. 
i routes are provided for the conveyance of 
fuel and raw material to the furnaces and pot-tires. 
For cleaning up the moulds, &c., a supply of com- 
p air is distributed at convenient points 
throughout. A special feature of the brass foundry 
is the plant for the recovery of waste metal from 
the ashes of the pot-fires, the crucible furnace and 
ladle skimmings, the dust from the dressing-sho 
floors, &c. These are systematically collected ms 
treated. The larger pieces of metal contained are 
recovered by riddling, and the residue is afterwards 
crushed with water in a special form of inclined 
pan-mill with heavy grinding-balls. The metal is 
left in nodules in the pans while the finely- 
powdered ashes are washed over, and may be 
collected in a settler for subsequent sale. This 
process is found to recover a large percentage of 
the weight of the matter treated as valuable 
material. 

On removal from the boxes, the castings from 
the brass foundry are run to the dressing-shop, 
which directly adjoins the casting-floor. For the 
easy removal of cores, and also for imparting a 
thorough finish to the castings, there is laid down in 
this shop a two-chamber sand-blast plant suitable 
for all classes of work. Other useful fittings are 
sprue-cutting, band-sawing, and grinding machines. 
In addition to the hydraulic jib-cranes already 
referred to, the brass foundry is provided with 
modern high-speed electric travelling-cranes. Four 
of the latter, with capacities ranging up to 15 tons, 
traverse suitable bays. Hand-travellers are also 
fitted in short cross-bays. The dressing-shop is 
served by an electric travelling-crane of 5 tons 
capacity. This crane deposits the finished gun- 
metal castings practically at the entry to the 
machine-shop. 


Marn Iron Founpry. 


The moulding operations in the main iron foundry 
are carried out in three principal 35-ft. bays, 
approximately 300 ft. in length. Of these, the two 
side-bays are devoted to moulding in dry sand and 
loam, and the centre bay mainly to green-sand work. 
This bay also contains two Stewart cupolas (by 
Thwaites) with melting capacities of 6 and 8 tons 
per hour respectively, and each fitted with receivers 
of 10 tonscapacity. The blowing machinery, which 
consists of two Roots blowers driven by electric 
motors of 25 horse-power, is situated immediately 
below the cupola-charging platform. Here also is 
placed the sand-mixing plant, including heavy and 
light pan-mills and and motor-driven sand-sifters. 
The main bays of the foundry are devoted almost 
entirely to moulding ; core-making and other 
operations are carried out in auxiliary c>oss-bays. 
One of these is specially devoted to repetition 
and general small work in dry and green sand. 
This bay is provided with special racks for 
those patterns which are in constant use, and 
also special shelved stoves for the drying of 
small cores, &c. Plate-moulding machines are 
here in constant use for repetition work. The 
remainder of the cross-bay accommodation is largely 
devoted to core-making and allied processes. For 
the drying of cores, ample stove accommodation is 
provided, the stoves being situated at the ends of 
the bays and provided with truck rails for easy 
charging and removal of cores. The crane arrange- 
ments throughout the foundry are most complete. 
In addition to hydraulic jib-cranes at convenient 
points, each main bay of the foundry is served with 
modern high-speed electric travelling-cranes. Each 
of the outer bays — _ cranes < 10 and 5 as 
capacity respectively ; the centre bay is provi 
a 5-ton rence. Bi which can also save the 
cupola-charging platform. In the outer bays, the 
cranes are conveniently arranged for the transport 
of moulds direct to the foundry drying-stoves, 
situated behind the cupolas. These stoves are of 
the double-chambered type, fired from the sides, 
and are provided with truck-rails communicating 
with the outer bays. The castings on leaving the 
iron foundry pass to the iron-dressing shop, which 
is situated at the machine-shop end of the foundry. 
This shop, like the brass-dressing shop, is provided 
with a large two-chambered sand-blast plant suit- 
able for castings of the largest size. Other fittings 


for the rapid arp of i are of most 
ee types and simi A womy. Fe described 
above. 

Repetition Iron Founpry. 


This foundry, which has been recently completed, 
is entirely a from the main iron foundry, 
and is specially designed for the rapid and eco- 
nomical production of large quantities of light and 
medium-weight castings on a strictly repetition 
basis. With this end in view every provision has 
been made for the convenient handling of both raw 
and finished material, and for the operation of 
labour-saving devices. The foundry is arranged in 
two 35-ft. bays, 300 ft. in length. These bays are 
well ventilated and lighted from the roof, and the 
flooring throughout, except for a small space in the 
vicinity of the cupolas, is of concrete. Bay 1 is 
devoted to general moulding, while the operations 
of core-making, closing, and casting are carried out 
in Bay 2. e cupolas and blowing machinery, 
with the drying-stoves and sand-mixing apparatus, 
are accordingly attached to this bay, being placed 
externally to it on the outside wall. Two Stewart 
cupolas (by Thwaites), with receivers, are here 
installed, and have melting capacities of 6 tons and 
3 tons per hour respectively. The central position 
arranged for the cupolas places the charging-plat- 
form within easy reach of the yard crane, an impor- 
tant consideration in the penliing of fuel and raw 
material. The blowing machinery is situated behind 
and below the charging-platform, the blast being 
supplied by a Roots blower directly connected to an 
electric motor, or, alternatively, by a motor-driven 
fan of Sturtevant type. Ample stoving accommo- 
dation is provided in the form of three large 18-ft. 
and four smaller 12-ft. by 6-ft. stoves. These 
stoves, which are built externally to the foundry 
bay, open directly on to the latter by balanced 
sliding-doors. They are fired entirely from out- 
side, and are provided with trucks on rails running 
out to the foundry floor. For the rapid prepara- 
tion and treatment of sand, a motor-driven pan- 
mill and sand-mixer are installed in a separate 
chamber on the side of the stoves remote from the 
cupolas. At the end of this bay, where the prin- 
cipal casting operations are carried out, there are 
installed six —* pillar - cranes, with hori- 
zontal jibs similar to those in the brass foundry, 
and described above. These cranes, which traverse 
semi-circles of 15 ft. radius, are placed opposite to 
one another, three on each side of the foundry 
bay. They thus command the whole breadth and 
are of great utility in the rapid handling of 
boxes, &c. 

Bay 1 is largely devoted to moulding operations. 
These are carried out entirely on modern lines. 
For the rapid ramming-up of boxes, jolt-rammin 
machines are employed, operated by comp 
air. Of these, the larger machines with tables 
54 in. by 42 in. are by the Mumford Company. 
The smaller sizes, 36 in. by 36 in., are the val: 
known Tabor machines. For small work in dry 
and green sand, several Tabor moulding-machines 
are installed. These machines are of the split- 

ttern type operated by compressed air, and are 

ighly satisfactory in working. Means for trans- 
rting material between the two bays of the 
eantey are provided by a truck railway. For the 
transport of material within the bays, they are 
each traversed by high-speed electric cranes of 
5 tons capacity. 
SrrHy. 

The new smithy just completed by Messrs. Weir 
is situated beside the repetition foundry and in 
close proximity to the machine-shops. In the lay- 
out a this shop, as in the case of the repetition 
foundry, every provision which experience could 
suggest has been made for the best conditions of 
working and for the rapid and easy handling of 
material. The internal arrangement presents many 
features of interest. The building consists of one 
main 45-ft. bay, 300 ft. in length. This is again 
divided internally into two broad outside and one 
narrow central bay by means of two rows of columns. 
The narrow central bay, which is traversed through- 
out its length by a small hand travelling-crane, is 
devoted entirely to the forging machinery. The 
outside bays contain the various heating furnaces and 
smithy fires, the latter being arranged both singly 
and in pairs close to the walls. The general 
arrangement of the smithy provides for the work- 
ing of the heavier drawing, forging, &c., at the 
exit end, close to the machine-shops. 





At this end there is accordingly laid down a 


798 


ENGINEERING. [JUNE 13, 1913. 





600-ton high-speed vo, ress of the four-column 
type, by Messrs. Davy Brothers, Limited, Sheffield. 
This press is actuated by means of a steam- 
hydraulic intensifier with automatic controlling 
gear. The press itself consists of the main 
hydraulic pressing-cylinder of cast steel and two 
steam lifting-cylinders, one on each side of the 
pressing-cylinder, and arranged so that the press- 
ram can be lowered right out clear of the cylinder 
for the examination or changing of the packing. 
The intensifier, which stands in close proximity to 
the press, consists of a steam-cylinder mounted 
on a massive base, and fitted with a plunger 
which works in an hydraulic cylinder mounted 
on an entablature carried by columns above the 
head of the steam-cylinder. This plunger is of 
special steel for giving an hydraulic pressure of 
24 tons per sq. in. All the movements of the 

ress are controlled entirely by means of one 

nding-lever. The movements of the press-head 
exactly follow those of the lever, both in speed and 
in length of stroke, so that while very rapid action 
is possible, it is also quite easy to work the 
press as slowly as may be required when 
forging to exact size. To lift the press-head right 
up the handing-lever has merely to be moved a 
little further back. On the return movement of 
the lever the press-head instantly drops on to the 
work, the air-vessel pressure filling up the pressing 
cylinder instantly, and the pressing stroke follow- 
ing directly the tool touches the work. As the 
lifting - cylinders are put in action directly the 
pressing stroke commences, there is no possibility 
of the press-head dropping in the event of all resist- 
ance to the forging stroke disappearing suddenly, 
as it may do when cutting or punching or by the 
accidental slipping of the work. The overrunning 
of the cheno due to the same causes, is pre- 
vented by the automatic controlling gear which 
closes the steam-valve and opens the exhaust. The 
full stroke of the intensifier gives a forging stroke 
of 5 in., and the press is capable of dealing with 
ingots of 16 in. diameter. On long strokes the 
lifting and falling speed of the press-head is usually 
about 1 ft. per second, but on short strokes a 
speed of from 100 to 150 strokes per minute is 
easily obtainable. 

The remainder of the heavy forging equipment 
consists of steam-hammers. Seven of these, in- 
stalled in the centre bay, are of powers ranging from 
20 ewt. downwards. For lighter repetition work a 
special Defries ‘‘ Ajax” heading, upsetting, and forg- 
ing-machine has been laid down. This machine, 
which is by Messrs. Defries, Diisseldorf, is adapted 
for dealing with a large variety of work. It is 
designed as a horizontal crank-press, the work 
being gripped by two dies, one movable and the 
other stationary, which are closed by a le 
mechanism actuated from the heading slide. The 
latter is operated by a crank-shaft, and has a tool 
fastened to it which does the forging ; the short 
stroke enables the work to be produced in one 
heat. The heading slide is adapted to carry two or 
three tools, and the dies may be arranged to suit 
this. Two or three operations can thus be carried 
out in one heat without change of tools. The 
machine is of massive design, and is driven by a 
20-horse- power electric motor. Special safety 
devices are provided, so that in the event of cold 
work being accidentally caught between the dies or 
the machine being otherwise overstrained, relief is 
obtained by the tearing or shearing of a bolt which 
is easily replaced, and serious damage to the 
machine entirely prevented. This machine makes 
55 strokes per minute, and is capable of dealing 
with 3-in. round or square bars. 

In addition to the ordinary smithy fires, the 
heating equipment includes two Burdon oil-gas 
producers and furnaces. These are situated one in 
each side bay, and are utilised for the heating of 
material for the large hydraulic press. For the 
heavier steam-hammer work the heating is done by 
coke furnaces of the single-chamber type, worked 
on both the direct and regenerative system, and 
fitted with air-blast pipes. Oil-gas furnaces are 
also installed, to work in conjunction with the 
Defries ‘‘ Ajax” upsetting-machine, The arrange- 
ments for the handling and transport of material 
are very complete. In addition to the hand 
traveller over the centre or forging bay, which is 
available for the conveyance of work to, or the 
control at, any of the hammers, the 600-ton 
press is served by two hydraulic horizontal jib- 
cranes, suitable for the conveyance of ingots, be. 
to and from the gas-furnaces. For the handling of 
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material at the furnaces, smithy fires, &c., twelve 
ordinary type horizontal jib smithy cranes are 
installed. The floor of the smithy is of concrete 
throughout, and truck-rails are laid down in the 
vicinity of the hammers, &c.; these rails run trans- 
yersely across the shop, and join a branch of the 
common shop railway outside. Turn-tables are pro- 
vided to facilitate internal communication, and the 
finished material leaving the smithy can be run 
directly into the machine-shop adjoining. Yor the 
supply of steam to the smithy a separate boiler 
installation has been laid down. This consists of 
two Lancashire boilers, 26 ft. long and 7 ft. in 
diameter, working at 1501b. pressure. Each boiler 
is capable of evaporating 4500 lb. of water per hour. 


Heavy-Macuine SuHop. 


The exits from the iron and brass-dressing shops 
and from the smithy, being close to the machine- 
shops, the material can be very conveniently passed 
into the latter. Following the path of the cast- 
ings, the first department entered is the heavy- 
machine shop, of which views are given in Fig. 12, 
on Plate XLVI., and in Fig. 15, on Plate XLVII. 
This is a large, well-lighted building of rectangular 
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one corner of the shop is shown in Fig. 14, on 
Plate XLVI. Arrangements have been made for the 
complete machining of all parts, and for the elimi- 
nation as far as ible of hand-work on the valves 
and chests. e latter are bored and faced com- 
plete in one setting in special facing-lathes, with 
tables adjustable on the inclined plane principle. 
For the machining of the covers, the facing-lathes 
are provided with turret-heads for carrying special 
tools. The main slide-valves are turned on special 
heavy lathes by Messrs. Lang, fitted with their 
patent bed to ensure great accuracy in alignment. 
After being turned, the main valves are slotted out 
by means of slot-drilling machines. For the 
machining of the ports in the auxiliary valves a 
profiling or copying-machine is used. hen the 
piston-valves and chests are assembled, arrange- 
ments are made for the testing and running of each 
valve under steam before the chest is attached to 
the cylinder. 


Brass-FinisHinc DEPARTMENT. 


In this department, which is situated at the end 
of the heavy-machine shop, all water-valves, seats, 
guards and brass mountings for the firm’s products 


Fic. 23. EXPERIMENTAL AND Test SHop. 


shape, 320 ft. in length, and divided structurally 
into ten 25-ft. bays. The first six bays are 
devoted mainly to the machining of steam-cylinders 
and pump-ends, and for this purpose several rows 
of large boring and facing-mills have been laid 
down. These machines are mainly by Messrs. 
G. and A. Harvey, Limited, Glasgow, and are of 
the horizontal type, with face-plate and radial 
attachment for the boring-bar. ey are installed 
in various sizes suitable for both light and heavy 
work. In this connection an interesting feature 
of the heavy-machine shop is the size and weight 
of the bronze castings to be seen in proeess 
of machining. The number and dimensions of 
these castings, many of which exceed 35 cwt., is 
impressive to the visitor, and gives some idea of 
Messrs. Weir’s resources as brassfounders. In this 
department the surface tables are arranged between 
the rows of boring-mills, as well as the drawings, 
templates, and tool-store ; the bonus-office is 
conveniently situated in the centre of the shop. 
In addition to a 5-ton modern electric travelling- 
crane, the department is also provided with several 
electric cranes of smaller capacity, fitted with two 
motors, one for lifting and lowering, and one for 
travelling up and down the bay. The cross-travel 
on these cranes is by hand; the motor drives are 
worked by cords from the floor attached to the 
controller switches. For lighter lifts, and for 
placing work on to the boring-mills, &c., these 
cranes have been found invaluable. 


Piston-Vatve aND VaLve-Cugst DePaRTMENT. 
This shop, which adjoins the heavy-machine shop, 


is devoted mainly to the machining and finishing | 





| 


are machined and finished. The shop is fully 
eK with facing, screwing, and turret lathes 
of the modern English, German, and American 
types. Many of the processes of machining and 
manufacture of single parts, although too detailed 
for description here, are of great interest. A 
notable instance is the manufacture of the Weir 
water-valves, which are manufactured complete 
from the solid bar of bronze in several operations. 
Profiling-machines are also installed for dealing 
with curved surfaces on glands, pointers, &c. The 
various products of this department are all care- 
fully inspected and gauged before consignment to 
the adjoining finished brass store. 


Toot DgPaRTMENT. 

This department is divided roughly into three 
sections—namely, the tool-smithy with y= 
and grinding-shops, the tool-room proper, or too 
‘manufactory, and the tool-store. The flow of work 
through the department is regulated by the tool- 
store, from which are issued to the workmen tools 
ground ready for immediate use. For the issue of 
taps, dies, &c., the single-check system is employed 
—i.e., each man has a number of checks stamped 
with his number, and when he withdraws any tool 
from the store one of these checks is put in its 
place in the cabinet or rack, and remains there 
until the tool is returned. The tool-smithy is pro- 
vided with the usual smithy fires and also i 

furnaces for tempering and case-hardening. 

ere is also a power-hammer of the erg A 
and an air-hammer by Messrs. Massey. e 
tool-room proper are made all the jigs, fixtures, 

ial taps, dies, milling-cutters, reamers, and 


of the piston-valves and chests, which are notable gauges used throughout the works. In this depart- 


and important features of Weir pumps. A view of ment also are carried out most of the repairs to 
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machinery and plant. The equipment of this 
de ent is very complete. In addition to three 


lathes by American makers, there are several special 
lathes by Messrs. Lang, and for dressing ordinary 
lathe-tools a Sellers universal grinder. or twist- 
drills two special Sellers water grinders are used. 
Two Cincinnati universal milling-machines deal 
with the cutters, taps, dies, &c., while for gauges 
and plain grinding the Brown and Sharpe machine 
is used. Other portions of the equipment consist 
of three universal grinders by Messrs. Burton, 
Griffiths and Co.; a universal milling-machine 
shaper and vertical miller, a radial drill by the 
Bickford Company, and a vertical milling-machine 
by Messrs. Herbert. 


Mituinc, ScrEWwING, AND AUTOMATIU 
DEPARTMENT. 


In this department are to be found some of the 
best automatic and semi-automatic tools of the 
day. Some general idea of the arrangement can 
be obtained from the views, Fig. 16 and 19 respec- 
tively, on Plates XLVII. and <LIX.. the former 
showing the milling, and the latter the screw depart- 
ment. The department handles the manufacture, 
on a repetition basis, of studs, small screw parts, 
columns, rods, &c., the output of studs alone averag- 
ing 2000 perday. The four rows of main shafting in 
this shop are supported from the roof, and are elec- 
tically driven, the machines being arranged in rows 
to suit, as far as possible, the distribution of material. 
In the first bay, which is devoted largely to chuck 
and bar work, the equipment comprises a row of 
automatic turret lathes by Messrs. Herbert and 
Messrs. Ludwig Loewe and Co. For spindle-work, 
a number of Harkness flat turret lathes by the 
Jones and Lamson Company are also installed. 
Milling operations in this department are carried 
out on machine-tools by well-known British and 
American makers. These machines are ed 
in two main rows, and are suitable for dealing with 
both light and heavy work. To facilitate screwin 
operations, &c., a bar-straightening machine is laid 
down, as it is found that the preliminary straighten- 
ing and removal of scale from the bars improves 
the output of the wire-fed automatic machinery. For 
neck-rings, nuts, and glands, an exceedingly handy 
tool is provided in the form of a Prentice four-spindle 
lathe. The equipment includes also a full row of 
lathes by Messrs. Lang for general column and 
liner turning, and several hollow spindle machines 
by the same firm for special operations. 


Tunsring-SxHop. 


This department is equipped for the manufac- 
ture, under the most modern conditions, of steam- 
turbines and ar oy rotary feed air and cir- 
culating pumps. e department is housed in a 
steel framed building 170 ft. in length and arranged 
in two bays of 40 ft. and 30 ft. span. Fig. 2, on page 
795, shows the general design and arrangement of the 
roof principals, cross-ties, and columns. The design 
of the roof is noteworthy in that it is arranged to 
carry the two rows of main shafting with the 
necessary counter-shafting for the control and 
running of the various machine-tools. A special 
feature of the crane bay is the large pitch (36 ft.) 
of the main columns supporting the roof and crane 
girders. The equipment throughout is modern, 
and the machine-tools represent the latest and 
most efficient types in American, German, and 
British practice. General views of the department 
are shown in Figs. 20 and 21, on Plate XLIX. 
The equipment also includes a modern 5-ton electric 
travelling-crane. 


EXPERIMENTAL SHOP AND Test-Hovse. 


Messrs. Weir have long been known to the 
engineering world as successful experimenters, 
their activity in this direction having led on several 
occasions to most important practical develop- 
ments in marine auxiliary machinery. In the new 
experimental shop recently erected at Cathcart, 
and illustrated by Fig. 23, on this page, ample 
facilities are provided, not only for experimental 
research, but also for the complete and special 
testing of the finished products of the firm. This 
shop, which is 200 ft. in length and 45 ft. in 


breadth, is constructed of steel throughout, and is 
an airy, well-lighted structure. The flooring is of 
concrete, in which slotted ings are embedded at 


convenient pointe to take holding-down bolts for 
machinery under test. Drain-channels, 9}in. by 8in., 
are provided for the removal of spilled water from the 








floor surface. These form a closed network through- 
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out, and lead the surface water by gravity to the main 
drain. At the floor-level, the in-channels are 
covered with wide-mesh gratings of cast iron, which 
can be readily lifted for the inspection or cleaning 
of the channels. In the centre of the floor an open 
tank is arranged for the testing of pumps of low 
head and large output. This tank is 60 ft. in 
length, 7 ft. in breadth, and 7 ft. deep. The 
bottom is arranged to 34 gradually towards the 
outlet end, where a suitable sump is formed. The 
water supply for filling this tank and for the 
general p of the experimental shop is 
obtained from the River Cart by means of a motor- 
driven centrifugal pump situated at the riverside 
about 800 ft. distant. This pump supplies a 7-in. 
cast-iron main, which runs along one side of the 
experimental shop, and is provided, at several con- 
va ints, with suitable branches and sluice- 
valves for tapping purposes. Arrangements are 
also made for the direct supply, from this main, of 
water for auxiliary condenser, circulating, drain 
cooling, &c. For the supply of steam to the shop 
two ranges of pipes are provided, one being suit- 
able for extra high-pressure superheated steam. 
This steam is supplied from a Babcock and Wilcox 
boiler having 1800 sq. ft. of heating surface, and 
working in conjunction with a separately-fired super- 
heater. A second range of pipes, with reducing- 
valve, is provided for lower pressures and may be 
used concurrently with the first. For dealing with 
exhaust steam a se te range is fitted, and this, 
in common with the steam-ranges, is provided 
throughout its length with suitable branch pieces, 
so that connections may be conveniently run to any 
point in the shop. 

As will be seen from the illustration, Fig. 23, 
the equipment for evaporator-testing is unusually 
complete. A series of tanks are arranged in 
two tiers on one side of the shop. The upper 
tier consists of a special tank with steam-heating 
arrangement for the rapid mixing of brine, another 
tank for the storage of the mixture, also drain, 
production, and circulating water-tanks. These 
tanks are almost all in duplicate, the various con- 
nections being fitted wi 
. selective purposes. The cooling of the brine mix- 
ture is carried out by the circulation of water from 
the 7-in. main below through coils submerged in 
the tank. For the cooling of the drain from the 
evaporators a small surface-condenser is used, the 
condensate passing directly to the drain-tanks for 
measurement. The lower tier contains the sea-water 
tanks, and also the large tanks for the measurement 
of production. The equipment of the test-house 
also includes three Venturi water-meters of sizes 
suitable for the measurement of water-flows from 
1000 up to 1,100,000 gallons per hour. For the 
obtaining of high vacua a special Weir ‘‘ Dual” air- 
pump is provided, and various sizes of ‘‘ Uniflux” 
condensers are available for the estimation of steam 
consumptions or other experimental purposes. 


Frep-Pump Firrinc anp Erectrne Sop. 


This department is adjacent to the heavy-machine 
shop, and in direct communication with it by means 
of the works truck-railway system. The shop 
measures 60 ft. by 300 ft., and is divided struc- 
turally into two bays, one of which is devoted to 
the lighter, and the other to the heavier classes of 
mr. Of the former a view is given in Fig. 13, 
on Plate XLVI. In addition to the normal fitting- 
shop outfit, special arrangements are here made for 
cylinder-cleading and hydraulic testing. The latter 
is carried out on a of the floor provided with 
drain-channels for the removal of surface water. 

The feed-pump oeert department is illustrated 
by Fig. 22, on Plate XLIX. In hydraulic testing, 
especially of large castings, the difficulty is usually 
in obtaining the first lb. to 100 lb. pressure. 
To overcome this Messrs. Weir have arranged a 
special hydraulic main in this department, fitted 
with non-return valves, and in this main a steady 
pressure of 50 lb. to 109 Ib. per sq. in. is main- 
tained by a small differential pump mounted on the 
wall of the shop. Castings for hydraulic testing 
are coupled to the main with special connections, 
‘ and are thus easily subjected to a prelimi 
pressure of 50 Ib. to 100 lb. By the application 
of a small hand hydraulic pump this pressure can, 
if no » be raised to 1000 Ib., the main being 
automatically shut off by the action of the non- 
return valves. This arrangement enables the test- 
ing of castings to be rapidly carried out without 
the use of long lengths of high-pressure hydraulic 
piping. This department is also provided with a 


two-way valves for|c 





special hydraulic pump and ram for the forcing of 
bronze liners into pump-barrels, &c. 

Each pump, when assembled and completed, is 
tested under steam to its full duty. This is carried 
out at the steaming-platform at one end of the 
shop, unless in cases where special tests of economy 
are desirable, these being carried out in the test- 
house. The floor of the steaming-platform is of 
concrete, in which double I-beams are inserted to 
act as T-slots for holding-down bolts, and also as 
drains for carrying off spill-water. The pumps, 
when completed, are lifted by the crane direct to 
the steaming - platform. Steam is here available 
direct from the boilers in the power-house adjoin- 
ing at from 350 lb. to 150 lb. pressure, as required. 
Where further reduction in pressure is necessary 
this is obtained by reducing-valves. Special steam 
and exhaust ranges are run close to the steaming- 
platform and are fitted at various convenient points 
with branches which allow of easy connection to 
the pumps. On the water side, the output of the 
pumps is tested by discharging into standardised 
measuring-tanks, and in order to reproduce boiler- 
feeding conditions and pressures spring-loaded ad- 
— valves are employed. A special 60-ft. 
ength of suction pipe is installed for use when 
particular suction eiaiitions are specified. 


Arr-Pump Firtinc anp Erectinc DEPARTMENT. 


Views of this shop are shown in Figs. 17 and 18, 
on Plate XLVIII. While the available 0 is 
largely devoted to the fitting and assembling of 
air-pumps, the department also handles the manu- 
facture of evaporators, feed-water heaters, &c. 
The roofed area is 90 ft. by 320 ft., arranged in 
two 45-ft. bays, each of which is provided with 
several electric travelling-cranes of large and small 
capacities. The general arrangement is similar to 
that in the feed-pump fitting-shop described above. 
The hydraulic testing-platform is shown in the 
foreground of Fig. 18. As in the case of the feed- 
pumps, special arrangements are made for the test- 
ing of all air-pumps under steam before despatch. 
The ge are tested under conditions which ve 

losely approach those of actual working. Eac 
pump is required to handle its full quantity of 
water for long periods under the specified condi- 
tions of temperature and air-pumping capacity 
After testing and inspection, both air and feed- 
pumps are conveyed to the packing and despatch 
department, which is contiguous to the testing- 
platforms. 


Power Suppty anp Distrisution. 


The power supply for the driving of the shafting, 
&c., throughout the works was eagee's | obtained 
from -engines using Corporation and producer 
gas. is system has now, however, been super- 
seded in favour of a direct supply of electrical 
energy from the mains of the Clyde Valley Elec- 
trical Power Company. The supply, which con- 
sists of three-phase alternating current at 25 cycles, 
is taken in bulk at 440 volts, and distributed to 
the various units throughout the works. The dis- 
tributing switchboard is by the Westinghouse Com- 
pany, and panels with ammeter, voltmeter, and 
power-factor indicator are provided for the control 
of the various circuits. Each panel also carries an 
oil circuit-breaker with ‘‘no volt” attachment and 
special overload time relay. The driving equip- 
ment of the works also includes many direct- 
current motors, and to provide current for these 
two Westinghouse rotary converters have been 
installed, of 250 kw. and 150 kw. respec- 
tively. These machines are provided with special 
oil-cooled controllers and are capable of furnishing 
2000 and 1250 amperes respectively at 120 volts. 
A separate switchboard is provided for the control 
of this direct-current installation, with all the 
necessary instruments and switch-gear. For the 


supply of compressed air throughout the works 
two lenge motor-driven air-compressors are in- 


stalled. These machines are both of modern type, 
and each is arranged to adjust itself veleiniioaiiy: 
to the air delivery required. A special feature of 
one of these sets is the method of e’ectrical control 
adopted. The compressor is driven by a three- 


phase be geo. motor with starting resistances of 
the usual type. The starting-switch is, however, 
automatically operated according to the air pres- 
sure in the reservoir on which the compressor 
works. When this pressure falls to a certain value, 
owing to air being drawn off, the switch auto- 
matically starts the motor from rest, so that it 
supplies the demand on the reservoir. When the 


. | to give 





demand again ceases, and the reservoir pressure 
rises accordingly, the switch automatically breaks 
the motor-circuit and the set is again brought to 
rest. As the demand for compressed air for certain 
services is often of a decidedly intermittent nature, 
this method of control tends to economical working. 

In addition to the power for manufacturing 
purposes a large quantity of steam is constantly 
required throughout the works for testing, experi- 
mental, and other purposes. This is mainly supplied 
by two Weir water-tube boilers, of marine type, 
constructed to work at 350 lb. pressure. The boiler 
installation also includes a Babcock and Wilcox 
boiler, already mentioned, of 1800 sq. ft. heating 
surface. This boiler is provided with a separately. 
fired superheater, and is otherwise specially adapted 
for the supply of steam for experimental purposes, 
In this bui co are also housed the special eeatle 
pumps and accumulators for the supply of pressure 
water throughout the works for hydraulic cranes 


and testing purposes. 
System oF APPRENTICESHIP. 


In concluding this article, it may be. of interest 
to refer to a new system recently instituted by 
Messrs. Weir for the admission of apprentices. 
This scheme provides for two classes, ‘‘A” and 
‘*B.” Boys of not less than fifteen years of age 
are admitted into Class ‘‘ A” as ‘*Trade Appren- 
tices,” the age limit being fixed in ordér. that boys 
may have the advantage of some instruction in 
elementary science-at a continuation school before 
commencing work in the shops. Boys entering in 
this class must have passed Standard VI. at a 
primary school and have attended a continuation 
school, or produce other proof of having had a satis- 
factory elementary education. They must also be 
capable of satisfactorily answering an elementary 
examination paper in arithmetic, English, geo- 
graphy, and general knowledge. e@ appren- 
tices are paid wages from the commencement of 
their employment according to the uniform scale for 
the time being in force, and are advanced annually, 
if conduct and progress both in the works and in 
the continuation classes have been satisfactory. 
Class ‘‘B” is restricted to a limited number of 
youths of not less than seventeen years of age, able 
oof of a thorough general education at 
& secon or public school by examination cer- 
tificates or otherwise. These are admitted into 
the works from time to time, as circumstances 
permit, with the object of obtaining practical 
training in different branches of engineering. 
Those who have had a recognised course of train- 
ing at a technical school, or have obtained distinc- 
tion at a public school or grammar school, have 
preference in selection for this class.. Youths in 
this class are transferred from one department to 
another so as to obtain as wide an experience as 
possible, but subject always to the shop condi- 
tions at the time permitting of entry into a par- 
ticular department, and to the express permission 
of the works manager. All youths in this class are 
required, as a condition of their employment, to 
continue their education by attendance at evening 


Apprentices of all classes are subject to the usual 
works hours and regulations. In no case is any 
entrance fee or premium charged, nor is any 
apprentice indentured. A member of the staff is 
deputed to keep a register of all apprentices, their 
educational record, the time spent in each depart- 
ment, the classes attended, and the reports of the 
masters. Apprentices are encouraged to consult 
with him from time to time as to any change in 
their employment which appears desirable, and he 
will endeavour accordingly to arrange it with the 
works manager. He will advise apprentices as to 
the classes that will be most useful for them to 
attend. The principals of the technical schools 
and of other schools whose classes are attended by 
the apprentices are invited to report at frequent 
intervals on their attendance and progress. 








THE MINING MACHINERY 
EXHIBITION. 
(Concluded from page 784.) 

In our description of this Exhibition which 
appeared in our issue of Friday last we had not space 
to include several exhibits to which we wished to 
call attention, and we will therefore refer to them 
now. An interesting appliance suitable for appli- 
cation to any centrifugal pumping plant was exhi- 
bited at the stand of Messrs. Holden and Brooke, 
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Limited, Sirius Works, West Gorton, Manchester. 
This is an automatic priming-gear, which is now 
exhibited for the first time. We give a general 
view of it as fitted to a centrifugal pump in Fig. 11, 
and a section of the appliance in Fig. 12. It is 
not the first time that automatic priming of centri- 
fugal pumps has been attempted, but hitherto 
little success seems to have attended these efforts, 
owing chiefly to the use of complicated mechanisms 
and the employment of sliding parts, the latter 
being easily affected by the presence of even a 
small amount of grit. Messrs. Holden and Brooke 
appear now, however, to have overcome the 
difficulties previously met with. Automatic prim- 
ing- gear may be adapted to many purposes, 
but it is probable that it is most useful in con- 
nection with pumps used in mines for sinking 
purposes. In such cases the pump has a greater 
capacity than the feeder, and unless the plant is 
constantly watched there is a risk that the suction- 







Fig. 11. 
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Figs. 11 anp 12. Priminc GEAR FoR CENFRIFUGAL 
Pumps ; Messrs. HoLpEN AND Brooke, Limitep, 
MANCHESTER. 


pipe may become uncovered, and of the pum 
drawing air, with the result that the pump will 
stop work until re-primed. The appliance we illus- 
trate is to prevent this. From Fig. 12 it will 
be seen that in the main A there is a diaphragm 
B with an opening in it of such a size as to cause 
4 portion of the water to be by-passed through the 
pressure-regulator C, in which there is a Venturi 
tube D, the entrance to the converging nozzle 
being protected by a small strainer K. On the 
delivery main there is a casing F which contains a 
double-beat. valve G, the operation of which is 
controlled by the movement of the rubber dia- 
phragm H, the underside of which is subjected to 
the pressure of the water in the delivery main A, 
while the upper side has on it the pressure existing 
at the throat of the Venturi tube D, as these are 
connected by the pipe K, there being small holes 
through the throat of the Venturi pipe. On the 
valve G is an external spindle N, from which any 
movement of the valve can be seen. 

When the pump is in action some of the water 
flows through the Venturi tube, and attains a high 
Velocity through the throat, the pressure at that 
point being materially reduced. The result is 
that the pressure on the top of the diaphragm H 

mes lower than that on the underside, and the 
valve G is consequently closed against the action of 
the spring L. Should air enter the pump at the 


suction-pipe, the flow of water in the delivery main 
ceases, as well as the flow through the Venturi 
tube, the result being that the pressure at the 
throat becomes equal to that in the delivery main,and 
the pressures on the two sides of the diaphragm H 
are also equalised, the valve G being at once opened 
by the action of the ne L. This allows a supply 
of priming water to pass from the delivery-pipe to 
the suction-pipe which forces out any accumulation 
of air through an air-discharge pipe fitted with a 
non-return valve. The pump then immediately 
picks up water again, the flow through the delivery 
main and Venturi tube is re-established, and the 
priming valve is closed. This gear was shown in 
operation at the makers’ stand and appeared to 
operate very satisfactorily. 

The apparatus which we illustrate in Figs. 13 
to 16, on this page, was also shown at the stand 











of Messrs. Holden and Brooke, Limited, and has 
been designed for the accurate measurement of 

























































































The apparatus consists of two tanks, as shown in 
our illustrations, Figs. 13 to 16, which are respec- 
tively a part sectional elevation, vertical section, 
plan, and a perspective view. These tanks are of 
equal size, and are shown at Aand B. They swing 
independently on the knife-edges C, D, E, and F, 
which form an axis dividing each tank into two 
unequal and unbalanced parts. At the front end 
of each tank there is fitted one or more siphon 
pipes G, and at the back there is an adjustable 
weight H. The liquid to be measured enters at I, 
whence it passes along the chute K into one or 
the other of the tanks—in our illustration, Fig. 13, 
into the tank B. The adjustment of the weight H 
is such that while a tank is being filled up to a 
height just below the outlet of the disc i 
chute K, shown in Fig. 13, it remains ina horizontal 
position ; but as soon as the weight of the liquid in 
the tank increases, the latter tilts forward into the 
position shown by the dotted line L, Fig. 14, and 
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Fies. 13 ro 16. Lervert’s Liquip-MeteR ; Messrs. 
Hotpen AND Brooke, Lrp., MANCHESTER. 


water and similar liquids, its distinguishing feature 
being that it measures by weight, and not by 
volume, the results being automatically recorded 
onacounter. The results are therefore not affected 
by changes in temperature, and in some cases these 
meters are at work dealing with liquids at over 
200 deg. Fahr. The advantages claimed for the 
meter are that, because it measures by weight, it 
is not subject to the inaccuracies common to most 
meters ; that the accuracy is permanent, as it does 
not depend on adjustments or the wear of its parts ; 
it is extremely simple, it is not affected by grit 
and impurities, and it can be readily cleaned and 
sterilised. Some of the causes of inaccuracy in 
ordinary meters are due to the effects of friction, 
wear of the working parts, leakage past pistons, 
&c., which are varying quantities and cannot be 
allowed for. Moreover, in volume- meters the 
quantity measured per operation is much less than 
in Leinert’s meter, and, consequently, in most 
other meters any inaccuracies which may exist are 
more often repeated. In the meter we are describ- 
ing leakage and friction need not be taken into 
account, for the reason that the measuring appa- 
ratus works on knife-edges and the contents are 





discharged without loss. 























Fic. 16. 


the contents are discharged through the siphon 
pipe G. When the siphon has withdrawn the 
iquid to a certain depth, the tank swings back to 
its original position owing to the balance-weight H, 
the siphon continuing its action until the tank is 
emptied. The moment the tank tilts the action 
throws the chute F over, and the liquid to be 
measured at once flows into the other tank, after 
which the same cycle of operations is repeated. By 
means of a counter M the number of times each 
tank is filled and emptied, and the quantity of 
liquid discharged, are automatically registered. An 
important feature of the apparatus is th t the chute 
rests clear of the tank, so that the moment the tank 
commences to tilt no influence cart be exercised 
either by the weight of the chute or by the pres- 
sure of the liquid in the chute, nor yet by the re- 
sistance of the counter mechanism. 

In cases where exceptional accuracy is required 
a patent regulator can be attached to any size of 
meter, and by the attachment of this appliance, 
together with certain other modifications, the 
ordi capacity of the meter can be increased as 
much as from 50 to 80 per cent. without in any 
way interfering with the accuracy of the machine. 
For instance, with a meter having a listed capacity 
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of 3000 gallons an hour a capacity of 5500 gallons 
per hour may. be arranged for, and with other sizes 
in proportion, by which meansa considerable saving 
in cost may be effected. This meter should be 
found very useful for many industrial purposes, 
and particularly in connection with steam boilers, 
chemical works, wine and spirit factories, &c. 

The machines at the nat of the Diamond Coal- 
Cutter Company, Stennard Works, Wakefield, were 
fairly representative of the firm’s manufactures, and 
several new features were on view. One of these 
was a 30-horse-power disc-type long- wall coal-cutter, 
fitted with alternating-current ball-bearing motor. 
This machine is of the totally-enclosed gear type. 
All the gearing is cut, and all end-thrust is taken 
up by ball-bearings. Lubrication is supplied from 
a reversible valveless oil-pump to all the bear- 
ings. The electric controller, which forms 
of the gear-case casting, is of the drum type, it is 
worked by hand, and can be operated from either 
end of the machine. A pivoted cable-connector 
box is fitted, which, by releasing a screw, enables 
the adapter to be swung round so as to ensure a 
straight lead on the trailing-table. By this means 
the cable, when the machine is cutting back, need 
not be bent over, and any risk of the cable being 
nipped between the machine and the props is 
obviated. The machine may be driven either by 
direct or alternating current, or by a four-cylinder 
compressed-air engine. Another machine at the 
stand was a bar type long-wall coal-cutter driven by 
a four-cylinder compressed-air engine; but it can 
also be driven by electric drive. The engine cylin- 
ders are single-acting, and can be reversed by 
simply manipulating a handle. The engine and 
main gears are totally enclosed, and are self-oiling. 
The feed can be varied, and is driven throug 
worm-gear from the engine crank-shaft. The bar 
can be swung through an arc of 100 deg. by means 
of reduction gears. 

The firm also showed a long-wall chain machine 
fitted with a 26 horse power patented type of direct- 
current compound-wound motor, having four main- 
wound poles and two egy poles. The 
machine is arranged to cut at floor level, and can 
also be driven by alternating current or compressed 
air. There was also on view a compressed-air two- 
cylinder motor-disc machine and a new gate and 
winch for trailing-cables. This winch has a slip- 
ring box, and can be arranged for two, three, or 
four-core cables. It is very portable and compact. 
Blackett’s patent coal-face conveyors, driven by 
electricity and compressed air, were also shown, 
and an improved friction-clutch. The underground 
electrical machines made by this firm are well pro- 
tected by safety devices. 

The Wilfley Mining Machinery Company, Limited, 
Salisbury House, London Wall, London, E.C., had 
on view a 6-ft. diameter by 22-in. cylindrical band 
Hardinge conical mill for primary or secondary 
reduction of ores and similar materials. This type 
of mill, which is illustrated by Figs. 17 ;and 18, 
on this page, is a grinding device for reducing 
ores to the condition required by metallurgical 
processes. There were three types of this mill 
shown—namely, a ball-mill, a pebble-mill, and 
slime-mill, each type being suitable for different 
work. The first oF these will grind fairly coarse 
material to a medium sand for concentration. It 
will reduce 1-in. or _ rock to 40 mesh or finer. 
It is of the regular Hardinge conical design, lined 
with chrome steel, and charged with chrome-steel 
balls. The pebble-mill is capable of finer grinding 
either alone or in conjunction with the ball- 
mill, It embodies the same design as the ball- 
mill, is lined with silex blocks, and c ed with 
flint pebbles of graduated size. For the finest 
grinding the slime-mill is used, and it will prepare 
ore for slime filtration, &c. It has the advantage, 
along with other Hardinge mills, of the cone 
formation at the feed and discharge ends of a 
cylinder, similar to the old-style tube-mill. It is, 
like the pebble-mill, lined with silex blocks, and 
charged with flint pebbles, The illustrations we 
annex represent one of these pebble-mills, Fig. 17 
being a t longitudinal section through the 
cylinder, Lon the pebbles arranged in graduated 
size, and Fig. 18 a reproduction from a 
graph. In the Hardinge mill the — dies 
arrange themselves with the largest and heaviest 
pieces at the greatest diameter, graduating to 
the smallest, as shown in Fig. 17. The result 
of this is that coarse material entering the mill 
is at once subjected to the impact of the 
greatest crushing force, and as it continues its 


passage through the mill it is reduced in contact 
pee appar material and decreases in size propor- 
tionally with the diminished diameter of the cone, 
until at the outlet it is discharged of a uniform fine- 
ness. In this way the grinding medium is auto- 
matically adjusted or classified to the work to be 
performed, the grinding process being a combination 
of percussion and attrition. It is claimed that with 
1 ton of pebbles this mill does as much work as 
5 tons of pebbles in an ordinary mill, and requires 
less horse-power. In the old style of pebble-mill, 
which, of course, was a straight cylindrical tube, 
no sizing action took place among the pebbles, and 
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however, to be able to describe the machine more 
fully at a later date. 

Another interesting machine, of which we hope 
to give fuller particulars at another time, was an 
Avery patent automatic weighing- machine, for 
weighing material in transit to the conveyor, which 
is to be seen at the stand of Messrs. W. and T. 
Avery, Limited, Soho Foundry, Birmingham. By 
means of this appliance an accurate record is kept of 
the net weight of material carried over the machine 
and the total weight can be ascertained at a glance. 
The conveyor used in connection with this weigher 
was one of Messrs. Babcock and Wilcox’s gravity 
bucket types. Among the advantages claimed for 
it are simplicity of working parts, reliability and 
accuracy, and it can be made in any size to suit 
requirements. 

essrs. Edgar, Allen and Co., Limited, Im. 
perial Steel Works, Sheffield, showed one of their 
“Stag” ball-mills for grinding shale for making 
dust for sprinkling in mines. it has an output of 
about 2 tons an hour grinding to 30 mesh No, 4. 
This mill consists of a revolving cylinder, the 
periphery of which is formed of steel plates 
made in the form of steps, the plates being per- 
forated in order to allow the material to leave the 





inner chamber of the mill as it is reduced to powder, 

















although a large portion of the material fed into 
such a mill may be sufficiently crushed within the 
first 2 ft. or 3 ft., it cannot be discharged until 
it has slowly worked its way through, perhaps, 
20 ft. or more of partly-ground materials and 
pebbles of all sizes interfering with the action of 
the pebbles, and also forming a cushion which 
pow power. The Hardinge mill is operated with 
its axis slightly inclined from the horizontal, and 
the charge is lifted round the inside of the cylinder 
at right angles to the axis, but it drops vertically 
and at an angle to the line of lift. The larger 
masses will fall faster than the finer ones, and the 
latter, therefore, find a position near the outlet end 
of the mill. The coarse materials reach the lining 
of the mill, and continue a course down the cone 
towards the larger diameter, forming more or less of 
a triangular line of travel. The finer particles are 
retarded in their travel down the cone and arrange 
themselves in zones. It is this zig-zag action within 
the mill for which so much is claimed, and which 
— an effect on the satisfactory output of the 
mill. 

Another exhibit at this stand was a concentrator 
for crushed ores. The device consists of a tilting- 
table, which is partly covered with diagonal ending 
riffles of different heights, over which the crushed 
materials are washed with water, and are thereby 


hoto- | graded 


Messrs. Head, Wrightson and Co., Limited, 
Stockton-on-Tees, showed one of their ‘‘ Nota 
Nos” coal-washers, which had not been exhibited 
before. It was complete with feed elevator pump 
and all necessary piping. It had the well-known 
** Marcus” horizontal motion, but a new applica- 








tion was the vertical ‘‘ Marcus” motion. We hope, 


Fies. 17 anp 18. THe Harpince Pessie-Mitt ; Toe Witrtey Mininc Macuinery 
Company, Limrtrep, Lonpon. 


The material falling from the steps passes to a 
second perforated plate or check-sieve, through 
which only the finer portion enters the outer 
chamber, constructed in a series of sieves arranged 
so as to produce the necessary fineness. The 
portions that are rejected are returned to the inner 
chamber for further treatment. In this way 
the grinding process is continuous and automatic. 
The lower part of the machine is formed intos 
hopper from which bags can be filled with the 
finished material, or the bottom may be left open, 
so that the powdered ores, &c., may fall directly 
on toa conveyor. There was also a jaw-crusher at 
this stand, fitted with jaws of Allen’s manganese 
steel. It is suitable for crushing all classes of 
ores, &c. 

Messrs. Gwynnes, Limited, Hammersmith Iron 
Works, London, W., had a representative exhibit 
of their well-known centrifugal pumps, and among 
those on view was one of two “‘ Invincible” centri- 
fugal pressure-pumps constructed to the order of 
the New South Wales Government Public Works 
De ent. Each of these pumps is capable of 
delivering 75,000 gallons of water per hour against 
a manometric head of 517 ft. e guide-blade 
rings and the impellers are made of phosphor- 
bronze and the spindles are of nickel-steel. ll 
thrust is eliminated from the glands and the 
delivery placed in the centre of the casing, where 
the highest pressure is. The pump is built im 
sections, and new sections can readily be added 
when required. All the rings and bushes inside 
the pump are renewable, and nd balancing pistons 
are uired to take up the thrust. Another 
feature of the stand was a submersible electric 
motor and pump combined, for working in water, 
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the water being able to pass freely between the rotor 
and stator of the motor. It is suitable for working 
in flooded or fiery mines ; in the latter case it can be 
placed in a tank to prevent explosions. This type 











is applied at a speed varying with the position 
of the cages in the shaft. Moreover, the steam 


is always cut off before the application of the 
brake. 


We illustrate the apparatus in Fig. 21, 











Fig. 19. TeLpHer at THE RaNvFoNTEIN GoLp Mine; Messrs. ADOLF BLEICHERT 
AND Co., Liwitep, Lerpzie-Goux.is. 


of pump has, we understand, been very successfully 
used in railway operations. 

Among the exhibits at the stand of the Blei- 
chert’s Aerial Transporters, Limited, 36, New 
Broad-street, London, was a working automatic 
telpher on four supports. This type of telpher 
runs backwards and forwards on a rail, and is 
controlled by a contact lever from any convenient 
point. On arrival at the front end of the 
rail it lowers the skip, for which a loaded one is 
substituted. The latter is then hoisted and con- 
veyed to the unloading station, where it tips its 
contents, and returns automatically to the loading 
point, where it remains until the man in charge 
again turns on the current, when the skip is again 
hoisted. One of these telphers, as supplied to the 
Randfontein Gold-Mine, is illustrated in Fig. 19, 
annexed. In the front of the stand was a 
working model of a wire ropeway, which showed 
how cars can be loaded at one end and then 
passed over the most difficult ground to unload at 
the other end. ‘These ropeways enable curves 
to be negotiated with great facility to the right 
and left, or varying gradients; and they handle 
refuse and rubbish which is automatically tipped, 
the cars then returning round the return sheave to 
the loading station. For high capacities and heavy 
single load four-wheeled carriages are adopted, for 
the purpose of saving the carrying ropes by reduc- 
ing the wheel pressures. One of these is illustrated 
in Fig. 20, above. This type has been adopted 
at the collieries of the Powell Duffryn Steam-Coal 
os es Limited, to enable the heavy pit-tubs, 
which weigh about 2} tons each, to be pushed on 
and withdrawn practically automatically. There is 
also at this stand a relief model of the steepest 
track in the world. It represents a Bleichert wire 
Topeway for an hourly traffic of 10 tons of timber 
and agricultural produce over a distance of 54 miles 
with a fall of 5000 ft., the heaviest gradient on 
the line amounting to 41 deg. = 81 per cent. The 
line is also used for passenger traffic. 

_ Messrs. Bever, Dorling and Co., Limited, Bow- 
ling Iron Works, exhibited Bever’s patent overwind- 
preventer and speed-controller for controlling the 
Speed of the cage from the bottom to the top of 
the shaft, and it is claimed for it that it is the 
simplest arrangement hitherto produced, and can 
be easily attached to existing engines. The brake 
gear is automatically controlled, so that the brake 
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Bever’s OVERWIND-PREVENTER AND 


Fic. 21. 
Speep-ConTROLLER ; Messrs. Bever, Dorine 
AND Co., Limrrep, BrapFoRD. 


annexed, from which we may describe its action, 
and it will be sufficient to describe one cam, as 
both cams work in a similar manner. The action 
of the appliance is as follows :— 

The bevel-wheel B is driven from the drum- 
shaft of the engine, either by a drag-link or chain- 
gear, according to the requirements of the engines, 


and drives a bevel pinion O keyed on the governor 
shaft. The governor is specially designed to give 
a.large range and a lift between 3} in. and ‘fin 
The worm D engages with the worm-wh E.. 

















Fie. 20. Four-WHEELED CARRIAGE FOR Rops- 
way; Messrs. Apotr BuLEIcHerRT anpd Co., 
Limurrep, Lerpezic-Goux.is. 


on the shaft F, the ratio of the worm to the 
worm-wheel allowing the shaft F to make almost 
one complete revolution for a wind. On the 
shaft F are two cams, one of which controls the 
steam throttle-valve, and the other the brake. 
There are also two rods J which follow the profile 
of the cams, and are kept down by springs. The 
rods J ure not both seen in our illustration, 
because one of them is hidden bythe other. Now, 
suppose the engine is started in the wrong dircc- 
tion, the governor may be assumed to be standing, 
and the points L and M on the lever K are therefore 
stationary also. The cam shown in the diagram will 
new rotate clockwise, and the rod J will be forced 
up and will raise the pin N and thereby lower the 

int O. This trips the trigger and drops the lever 
R. thereby shutting off the steam by means of the 
crank S. The gradients on the cam are finely 
adjusted, and can be rapidly re-adjusted in case a 
new rope stretches. If, on the other hand, we 
assume that the engine is started correctly, the cam 
then rotates counter-clockwise, and the rod J falls 
and lowers the point N, simultaneously raising 
the point O ; but, at the same time, the governor 
is running and the — L rises, and lowers the point 
M. As the point N is controlled by the cam, it is 
clear that any excessive speed will raise the governor 
and raise the point L, at the same time lowering M. 
As N cannot fall, however, O will be depressed and 
trip the trigger. The engineman is therefore 
compelled to run at a predetermined speed, for 
which the cams have been cut. In other words, as 
the point N is raised by means of the cam, so must 
the point L be lowered by the engineman, reducing 
the speed of the engine. 

Suppose now that the engineman starts the 
engine in the right direction, and, during the period 
of the wind, faints, or in°some way becomes in- 
capacitated ; the engine will, of course, continue 
‘running at a speed not less than that at which the 
man lost control. The governor will therefore 
keep the point L. at the position corresponding to 
the s , but the cam continues to go round. 
When, however, it comes to the point where the 
engineman should have redu the s of 
the engine, the cam raises the point N and lowers 
the point O, at the same time tripping the tri ° 
On the rod P which actuates the trip-lever Q there 
is a pointer, which indicates clearly when the 
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dangerous 8 is being approached. The design 


of the appliance is very simple, and the working 


parts being few, there is little to get out of order.’ 


As the shaft F makes one complete revolution | ir 
wind, a dial and gong can arranged and a 
pointer on the shafc F makes an efticient winding 
indicator. 

As the cams are cut to suit each individual 
engine, and the profile is cut to suit the spped at 
any part of the wind, a cataract cylinder is so 
arranged that the valve is opened and shut by one 
of the cams, thus giving a variable brake according 
to the position of the in the wind, This, in 
the case of a weak drum, is claimed to be a great 
advantage. Moreover, as one cam controls the 
steam and the other the brake, the cam —— 
the steam is made to shut off steam in advance o 
the —— of the brake, as previously referred 
to. If the apparatus has been put out of action, it 
can be put into order agsin by two’ men in less 
than half a minute, and the employment of two 
men is recommended, although one man can carry 
out the adjustment if necessary. 

Messrs. Davidson and Co,, Limited, had a show of 
‘*Sirocco” fans, one of which was exhibited as a 
model arranged for working in a mine. It is fitted 
with double inlet to comply with the latest Govern- 
ment regulations, the air current being reversible. 
Another exhibit at this stand was a portable hand- 
driven fan, which has been designed to supply tem- 
porary ventilation in confined s , where mecha- 
nical power is not available. e fan has a wheel 
which is of the usual ‘‘ Sirocco” construction, 
mounted on a steel spindle, carried on ball-bearings. 
The hand-driving arrangement consists of a shaft 
carried on ball- bearings, and fitted with two crank- 
handles. The motion of the spindle is communicated 
to the fan spindle through two spur and two pinion- 
wheels, giving a ratio of about 30 to 1. All the 
gearing is enclosed, and is provided with grease 
lubricators connected to the outside of the gear- 


case. 

At the stand of Messrs. Stewarts and Lloyds, 
Limited, Nile-street, Birmingham, was a compre- 
hensive show of tubes and piping of all kinds, a 
special feature being some pipes with acetylene- 
welded flanges. Acetylene welding suitable for this 
class of work was shown at the stand of the British 
Oxygen Company, Limited, Elverton-street, West- 
minster, London, S.W. 





Tue Moror-Saip ‘“Forponian.”—The motor - ship 
Fordonian, built by the Clyde Shipbuilding and En- 
a= wien Company, Port w, and fitted with 
engines built by Messrs. Carels Freres, of Ghent, has 
conipleted her maiden trip to Sydney, Cape Breton. The 
vessel had a very good passage, and accomplished the 
voyage without a stoppage of any kind. 





GaticiaN PerroteumM.—The production of petroleum 
in Galicia last year amounted to 1,187,007 tons, as com- 
pared with 1,462,940 tons in 1911, showing a falling off in 
1912 of 275,933 tons, or 19 per cent. The production 
attained its maximum in 1909, when it amounted to 
2,076,740 tons; since then it has been falling off very 
appreciably year by year. Refineries dealt with 1,789,780 
tons of Galician petroleum last year ; this was in excess 
of the year’s production, but the execution of orders 
received was rendered practicable by previously accu- 
mulated surplus supplies. The exports of Galician petro- 
leum last year amoun to 664,925 tons, valued at 
3,054,083. In the previous year 440,059 tons were ex- 
ported, of the value of 1,948, 


Tue INsTiTUTION OF AUTOMOBILE ENGINEERS IN 
AmeErica.—The members of the Institution of Automo- 
bile Engineers who are taking part in the visit to the 
United States arrived in New York on the evening of 
May 26, after a somewhat rough passage. Early indi- 
cation of the welcome awaiting the party was given on 
arrival at the Customs, special Treasury instructions 
having been given to pass the baggage through without 
examination. Inthe evening they were entertained at 
Healey’s, in Broadway, to a beef-steak dinner, and 
later attended a Vaudeville entertainment. Early on the 
Tuesday morning they visited the offices of the Society of 
Automobile Engineers on Broadway, receiving souvenirs 
from different accessory manufacturers. A visit was next 
paid to the fifty-five storey high Woolworth building, 
and other parts, and technical institutions in New York. 
In the evening the Metropolitan section of the Society 
of Automobile Engineers held one of their monthly meet- 
ings, at which papers were read on various systems of 
automatic starting devices, on the lines of the ‘‘ special 
meetings” held by the Institution of Automobile Engi- 
neers in London. The reading of the pa consumed 
the whole of the available time, and the discussion was 

tponed to the summer meeting on the Lakes. The 
party left New York on May 28 for Pittsburg on the 
8 compartment cars, which have been reserved for 
the trip as far as Detroit. On the following day visits 
were psid to works, and an excursion made on the 
M>nonzohe'a River in the afternoon. 





: INDUSTRIAL NOTES, 

On Thursday in last week the shipbuilding employers’ 
vounter-proposals to those of the men were e known 
at the joint meeting in Edinburgh. The demands of the 
men were an increase of 5 per cent. in piece-rates and 
id. an hour in time-rates, and the offer made by the 
employers was to recommend their associations to grant 
the increase uested for time workers, an 
favourable caustlention of the boilermakers’ appli- 
cation for a 24 per cent. advance in the wi of 
the piece-work riveting squads. They refused, how- 
ever, to give the general advance to piece-workers. 
This offer was not accepted by the men’s representa- 
tives, but another conference was arran to be 
held at Edinburgh on the following Wednesday. 
As the majority of the boilermakers in the ship- 
yards are engaged on-piece-work terms, the masters’ 
offer was not particularly acceptable to them. 
Another and separate conference will be held shortly 
in order to deal with the question of the 24 per 
cent. advance to the riveting squads, At the begin- 
ning of this week the position of the men was that the 
5 per cent. advance offered tp the wood-workers must 
also be given to those on piece-rates, as the other unions 
besides the Boilermakers do not care to leave the latter 
outside the general advance. Matters have also been 
somewhat complicated by the Amalgamated Union of 
Labour, which looks after the unskilled men in the 
federated shipyards, as this union is pressing for an 
advance of 2s. a week on time-rates and 10 per cent. 
on piece-rates for its members. 

he result of the resumed conference on Wednesday 
last was the postponement of the threatened strike. 
The offer made by the employers was considered. It 
appeared to satisfy the demand of a large proportion 
oF the trades, but not the boiler-makers, who are 
mostly piece-workers. After a long discussion the 
conference was adjourned, and a ballot on the situation 
is to be taken by the men’s representatives. The 
notices to cease work, which had been given for 
Saturday, were suspended. In addition tothe masters’ 
pro there will be put before the men the question 
of a neutral chairman. The idea of a neutral chairman 
has consistently been opposed by the employers, but 
they may now be willing to consider it in the hope of 


assisting towards a settlement. The men have sug- 
gested the name of Sir George Askwith in connection 
with the post. 





The labour troubles in the Birmingham district con- 
tinue, although in some places the men appear to have 
returned to work, for on Thursday in last week about 
500 men in the Black Country resumed operations 
on, it is said, satisfactory terms; but, on the other 
hand, at two Birmingham factories a number of un- 
skilled hands joined the strikers with the object of 
obtaining a minimum wage of 23s. a week. At first, 
the men were quite orderly in their conduct, but 
trouble of a regrettable character has since developed. 
At the beginning of this week there were about 30,000 
men still out on strike in the district. Some agree- 
ments were come to during last week, about 4500 men 
having returned to work. The latest news that comes 
to hand is that the men are more determined than 
ever, and the strike movement appears to be growing 


steadily, The area of the country affected extends 
from Birmingham across the Black Country to some 
miles beyond Wolverhampton. It is ssid that many 


firms have made concessions, particularly in Bir- 
mingham, where about forty large employers have 
conceded the demands of the men. he boat- 
builders of the Black Country are now affected 
by the strike, the men asking for a minimum 
wage of 8d. an hour in the district and 84d. in 
Birmingham, as well as the recognition of the Ship- 
Constructors and Shipwrights’ Union. Many outside 
industries are now being affected, the stoppage of the 
large tube works at Wednesbury, Walsall, and Hales- 
owen having brought many other works to a stand- 
still. In Staffordshire the tube-strip makers have had 
to close their mills, and the iron trade generally is 
beginning to suffer. The seriousness of the outlook 
is therefore great. 


The strike which lately existed at Messrs. Earle’s 
shipyard at Hull was settled on Saturday last, on the 
woletuniing that the ratio of platers’ helpers to 
platers is the same as obtains in the West Hartle- 
pool yards. The strike at Earle’s yard was com- 
menced because five men were not allowed in the 
squad instead of four, but it only lasted a week. The 
riveters in the yards at Grimsby, where trawlers are 
repaired, went on strike last Friday, demanding 
higher wages. This threw the boiler-makers idle, and 
they therefore at once saw before them an opportunity 
to apply for higher wages, and demanded the same 
rates as those on the Tyne. They say they will remain 
out until their demands are ted. In this case the 
shipyard agreement does not hold, and the dispute 
has nothing to do with the larger question of a 5 per 
cent. advance which the chipyens workers are now 








asking. 


the | th 


On Thursday in last week the general Council of the 
National Transport Workers’ Federation opened their 
first annual meeting at Newport, at which it was 
urged that, if the federation was to be responsible, it 
must control the whole of the transport workers, who 
must be under a national executive council with a 
central fund. Unless this were complete discipline 
could not, it was said, be maintained. The object of 
e men was to obtain standard rates in all ports for 
similar work, with uniform conditions in agreements. 

The hope was “eee by the representative of the 
Berlin Transport Workers’ Federation that, as the 
largest transport nation, Great Britain would take its 
rightful py at the convention of transport workers 
to be held in Germany in August next. He hoped for 
a better understanding between the workers of the two 
countries. The arrest in Egypt of Mr. Arles, the 
Honeoye of the Russian Seamen’s Union, was brought 
before the Convention, and was the cause of a resolu. 
tion of protest being passed. 


On Saturday last at the monthly meeting of the 
Lancashire and Cheshire Miners’ Federation, which 
was held in the Caxton Hall, Salford, the non-union 
question came up again, making a strike on account 
of it somewhat probable ; it was reported that 
notices to strike rather than continue to work with 
non - unionists had been given at one colliery at 
least. It is said that if, when the notices expire 
to-morrow, the three or four non-union men employed 
are still retained, all the union men will be withdrawn, 
and about 1000 men will be on strike. 

At the meeting a resolution was also passed pro- 
testing against the action of certain approved societies 
under the Insurance Act in requiring the nature of 
the illness to be stated on the medical certificates. 


The strike of workmen employed by the Leeds Cor- 
none became more serious on Monday last. 

rtain terms were offered by the Corporation com- 
mittees which did not satisfy the men, and ata 
meeting held last Monday it was decided to ask all 
men working for the Leeds Corporation to strike work 
at once in order to help men on strike in other de- 
partments so as to ensure a termination of the disagree- 
ment satisfactorily for themselves. 

The number of strikers among the Corporation em- 
ployees had increased to about 2000 on Tuesday last, 
the call to support the paviors’ labourers’ claims 
having been responded to by several hundred men in 
the gas, electricity, and water departments. The 
bulk of the men at the gas and water works are, how- 
ever, under agreement, which requires a fortaight’s 
notice, which on Wednesday had not been given. Up 
to Tuesday night there was no very great dislocation 
of any of the municipal services. A noteworthy 
feature of the trouble is that the men are acting in 
defiance of the advice of the union leaders, who have 
counselled a waiting policy until the Council’s com- 
mittee have had a meeting on the subject. Their 
views, however, were not considered. It is thought 
that this action may end the strike by keeping at 
work the men who choose to obey the union leaders. 
The streets of Leeds have been unswept for several 
—_ which is causing considerable annoyance to the 
citizens. 











According to the Manchester Guardian, Mr. Bellamy, 
the president of the National Union of Railwaymen, 
told an interviewer in London that a great strike was 
— on the non-union and eight-hours questions. 

t is not likely, however, that drastic measures will 
soon be resorted to, though requests for prompt action 
have been received from various branches. The matter 
will, however, be very carefully thought out, and all 
the many points involved will be considered before 
anything is done in the way of bringing about a strike. 
There are many agreements under which work is now 
being carried on, and these must be taken into account. 
The first step will be to get the various districts to 
formulate their demands, and the ultimate programme 
will be drafted from several reports. It is not 
thought likely, therefore, that any decision will be 
come to before the next quarterly meeting of the 
executive in September next. The steady growth of 
the National Union of Railwaymen is, it is said, 
creating a demand for the elimination of non-unionists 
that may become as marked as it is in the mining and 
cotton industries. Asan indication of the length to 
which the presumption of the unionists will go, it may 
be mentioned that it has been suggested to the execu- 
tive that a clause should be inserted in the programme 
stipulating that increases of wages, &c., should only 
apply to members of the union. 





The Scottish miners have made an application for 
an increase of wages by 25 per cent., which represents 
ls. a day. On the other hand, the employers are 
claiming a reduction of the present rates by as much 
as 12} percent. The matter was brought up before 
the Coal Conciliation Board at Glasgow on Tuesday 
last, when it was finally decided to refer both appli- 





cations to a neutral chairman, The man who will be 
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tis Lord Balfour of Burleigh, and 
in case he should fail, the request will be made to 
Sheriff Mackenzie. The proposed sitting of the Board 
under the neutral chairman will, it is expected, take 
place on June 20 or 23. 


jnvited to fill this 





On Tuesday last, before the Conciliation Board at 
Workington, Cumberland, the wage-rate in the brick- 
works trade, associated with the coal industry, was 
discussed. Mr. G. A. L. ages | acted as neutral 
chairman, and the case for and against the men’s 
application for a 10 per cent. advance was heard. The 
decision of the chairman will be heard in due course. 


Speaking at Crewe last Tuesday night, Mr. James 
Holmes, the prospective Labour candidate for Crewe, 
and also a railway union organiser, said that the prin- 
ciples of conciliation provided the means by which, if 
the employers were genuine in their desire to meet 
the men, they could remedy the evils of the present 
jndustrial unrest. He considered that the right to 
strike must be retained by the organised workers, but 
strikes, like wars, should only be entered into as a 
last resort. The intelligence of both sides, if it could 
be got together with a real desire to meet difficulties, 
should be able to prevent any resort to extreme 
measures. There was a section of the unionists—the 

ounger and more militant leaders—who seemed to 
felieve that the only policy was that of ‘‘ down tools.” 
But that this was p An fatal to the workers had been 
proved by industrial history more than once. This sec- 
tion of trade unionists and the Syndicalists must learn 
that their weapon was a two-edged one, which might be 
fatal in more senses than one, and so far as railway 
men were concerned, it seemed to him that judgments 
hastily expressed on the results of conciliation board 
efforts were neither impartial nor true. In general, 
the wages on railways were low, but it must be 
remembered that great forces had to be contended 
with. He recommended them to amend and improve 
the present conciliation board scheme rather than 
abolish it, for this he congidered the best means of 
gaining what they wanted—namely, a living wage and 
an eight-hour day. 





Roya Soctery or Arts: Swingy Prize.—In Jan- 
uary, 1914, the payed Society of Arts will award the 
Swiney Prize, which isa cup of the value of 100/., and 
money to the same amount, for the best published work 
on ‘‘ General Jurisprudence.” The prize was founded 
by Dr. George Swiney, and is swarded on every fifth 
anniversary of his death, the award being made jointly 
by the Royal Society of Arts and the Royal College of 
Physicians. The cup now given is made after a desi 
specially prepared in 1849, for the first award, by D. 
Maclise, R.A. Any person desiring to submit a work 
in competition, or to recommend any work for the con- 
sideration of the judges, should do so by letter, addressed 
to the Secretary of the Society, John-street, Adelphi, 
W.C. Among former recipients of the prize are Sir 
Henry Sumner Maine, the Right Hon. Sir Robert Joseph 
Phillimore, Professor Thomas Erskine Holland, Sir 
Frederick Pollock, Bart., and Professor F. W. Maitland 


Tur Szwace SLupGE Pros.eM AND ITs SoLvurion.— 
A ae having the above title was read by its author, 
Dr. J. Grossmann, M.A., F.1.C., at the meeting of the 
Institution of Municipal meers, held at ford, 
on Saturday, May 31. In this Dr. Grossmann gave 
& description of his patented _—- by which he 
removed from sewage grease and solids, and recovered 
valuable manurial constituents in the shape of a dry 





wder, portable and easily handled. The system had 
mn working at Oldham some time, and Oldham 
was a town of about 147,000 inhabitants. The sludge 


| ~_— Pane ame = as tanks, oy =~ 
settled in ial tanks until the percentage of soli 
was raised from about 10 to about 20. The next step was 
to dry the sludge, and for this it was taken by an 
automatic conveyor to the top of the building, and 
thence led by shoots to six heated drying horizontal 
cylinders. In these were revolving screw conveyors, 
pushing the sludge along until it dropped into hop 
m the form of a powder. machine would produce 
4 tons of dry sludge in 24 hours, which was equal to 
16 tons of the original sludge, In the evaporation of the 
surplus water there was no smell. ‘o extract the 
e which still remained in the dried sludge, the 
latter was pee through another cylinder into which 
superheated steam was admitted, along with a continuous 
supply of sulphuric acid in the form of a slender stream 
no thicker than a knitting-needle. The rotating paddles 
and shaft which carried them were perforated in such a 
way that the steam penetrated the whole mass of dried 
sludge, and absorbed the grease and fat. The presence 
of acid was necessary for this action. The steam was 
finally led to condensers, where the grease separated out 
and floated on the surface of the condensed water. The 
grease contained 80 J yd cent. of saponifiable matter, and 
was sold. The dried powder had no smell, and was sold 
&8 manure, and the best proof of its value lay in the fact 
t repeat orders were received from farmers. He did 
hot claim that large ey could be made, but if the 
sludge could be got rid of for nothing it would be a boon 


to the community at large. Moreover, in designing 


age-treatment works the production of sludge would 
e said, have the same terrors if one knew that it 
d be disposed of without cost, 


sew: 
hot, 
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ELECTRICAL AND MECHANICAL ENGI- 
NEERING EXHIBITS AT GHENT. 
(Continucd from page 775.) 

Havina. described the electrical reversible drive as 
fitted to the Stirk planer, we turn now to the Vickers 
system of electric drive, with control-pillars, which 
is applied to all the other machine-tools on the stand 
at Ghent. These include an Archdale drill, with an 
8-horse-power motor running at 1000 revolutions, 
and one run by a 10-horse-power motor at 875 revolu- 
tions, and a Greenwood and Batley lathe with an 
8-horse-power motor making 850 revolutious. These 
and the motor on the Stirk planer, as well as those 
on the train-lighting system, and running the Wolseley 
demonstration motor-car engines, are the productions 
of the Electric and Ordnance Accessories Company, 
Limited, of Aston, Birmingham. They are semi- 
enclosed, shunt-wound, and of the multi-polar type, 
with the exception of the }-horse-power motor driving 
the Wolseley sectional engine, which motor is of the 
bi-polar type. They are designed to give their rated 
outputs for lengthy periods without undue heating, to 
run sparklessly at varying loads with fixed brush 
positions, and to deal with the momentary overloads 
which are frequently met with in machining work. 

The Vickers control-pillar, illustrated in Figs. 8 and 
9, page 806, has been designed specially for the control 
of motors where the duty is severe, and it has in 
numerous instances been installed in preference to the 
many oo of face-plate starting gear at present on 
the market. It comprises a D.P. overhead and no- 
volt release circuit-breaker, a barrel-type starter 

rovided with the necessary series starting resistauce, 

.P. fuses, a shunt-regulator for the control of 
variable- motors, and an emergency push-button 
switch. The whole of these are mounted in a cast- 
iron frame and provided with sheet-iron doors, the 
arrangement being such that all the starting and 
regulating operations are carried out by the use of 
one handle only. The pillar is compact in design, 
and mistakes in operation have been rendered impos- 
sible by an interlocking system which comprises the 
following points :— 

1. By the provision of a press-button on the top 
plate, which must be pressed until the full running 
mmm is reached, it is impossible for the operator to 

eave the pillar with the starting resistance in circuit. 
Should the press-button be released before the full 
running ition is reached, the circuit-breaker will 
open, and it is then necessary to return the barrel to 
the ‘‘ off” position before again commencing to start 
the motor. 

2. Should the operator attempt to cut out the 
starting resistance too rapidly, the over-load release 
will operate ; and as it is impossible to close the circuit- 
breaker in any but the first position, it is n 
return the barrel to the ‘‘off” position, thereby 
ensuring that the whole of the starting resistance is 
in circuit before the starting operation can again be 
carried out. 

3. In the case of pillars provided with shunt-regu- 
lators the arrangement is such that the regulation- 
switch is operated from the same spindle as that on 
which the series contacts are mounted ; thus, as it is 
always necessary to return the barrel to the ‘‘off” 
position before starting up, the possibility of starting 
a motor with a weak field is eliminated, as the return 
of the handle to the “‘ off” position automatically cuts 
out the shunt resistance. 

4. The access-doors are interlocked with the emer- 
gency push-button switch, and are so ed that 
should they be opened by the operator, the circuit- 
breaker will be tripped, thus ensuring that interior 
parts of the pillar are not handled while they are ‘‘live.” 

A separate reversing-barrel can be fitted where 
desired, this being interlocked with the main barrel in 
such @ manner that it is impossible to reverse the 
motor except in the “‘ off” — 

The motors driving the Wolseley sectional engine 
and the Muir slotter are controlled by face-plate type 
gear, each equipment comprising :—One Bp. iron- 
clad combined lever-switch, with fuses; one semi- 
enclosed motor-starter, fitted with over-load and 
no-volt release devices. 

The switch is of the ironclad type, and the design 
is such that, without the use of elaborate interlocking 
arrangements, it is impossible to open the case for the 
examination of interior parts or the replacement of 
fuses unless the switch is in the “‘ off” position. The 
starter is of the face-plate type, the contacts being 
mounted on an oiled-slate base. All live parts are 
protected by means of a cast-iron cover, provided 
with a slot through which the operating handle pro- 
trudes. The resistances are liberally - rated, and 
mounted directly behind the base inside a cast-iron 
box in such a manner that easy access is obtained to 
all without disturbing connections, &c. 

e main controlling switchboard, which controls 
all the electrical equipment on the stand, consists 
of white marble panels provided with a main circuit 
controlling the whole of the supply and various 
; branch circuits to individual motors, &c, The main 





circuit includes instruments for taking total readings, 
T.P. main switch of the Q.B. knife type, and iP. 
eee handle fuses. Each branch circuit includes a 

.P. switch and two 8.P. porcelain handle fuses. 
The design of the porcelain handle fuses is such that 
metal parts are completely shrouded with porcelain. 
The panel, with its fittings, is mounted on an iron 
framework, and the back is enclosed by means of 
expanded metal screens. 

fore describing the machine-tools operated b 
this system of electric drive, reference may be made 
to the Vickers a reamer, shown at work in 
the capstan lathe by Messrs. Greenwood and Batley, 
and to the Vickers vanadium drill, shown in Figs. 11 
and 12, at work on the radial drilling-machine by 
Messrs. Archdale. 

The adjustable reamers are exhibited taking both 
roughing and finishing cuts, and this has now been 
made possible owing to the rigidity of the tool, and 
the special quality of the material employed in its 
manufacture. The expansion is obtained by the longi- 
tudinal movement of a cone on which the blades are 
bedded, and the reamer can be used with results 
upon a blind hole. These tools are supplied in sizes 
from ? in. to 6 in., rising by yy in., also in milli- 
metre sizes 20 mm, to 150 mm., rising byl mm. The 
blades are made in high-speed steel and carbon steel, 
and are intevehiatihiatie, The adjustment is extremel 
simple. The operator slacks out the locking-nut an 
turns the cone-bolt with the adjusting-key in a clock- 
wise direction to obtain expansion. Each small 
division on the face of the cone-bolt corresponds to 
avvs in. variation in diameter. In the metric dimen- 
sions each division is equal to 4, mm. In repetition 
work it is essential that a number of holes should be 
parallel and strictly correct in diameter. The Vickers 
adjustable reamer provides for this, because by the 
removal of the box-spanner and adjusting-key, it is 
not possible for the operator to tamper with the 
adjustment of the tool. e range of expansion varies 
from 0.03 in., or 0.765 mm., with a ?-in., or 20-mm., 
reamer up to 0.154 in., or 3.914 mm., with a 6-in., or 
150 mm., reamer. Should the blades need re-grind- 
ing, no special jig is required, as the reamer can be 
placed in the grinding-machine, and the blades touched 
up in the usual manner. 

The Vickers vanadium drill (Figs. 11 and 12) is 
shown at work in the two radial drilling-machines 
supplied by Messrs. Archdale. The great binding 
power of the Morse taper shank in the socket is due to 
the special form of twisted shank. The solid ‘‘ grip” 
obtained by the shank; combined with the total 
absence of any tendency to “jam,” has proved of 

t advantage. 

The drills are made from § in. to 3 in., rising by 

#x in., and from 15 mm. to 75 mm., rising by 4 mm. up 


to | to 30 mm., and by 1 mm. up to 75 mm. All vanadium 


drills are made with Morse taper shanke, and can be 
used in conjunction with the Vickers patent socket, 
which is an ingenious device for securing a thorough 
distribution of the load on the shank. The internal 
stud in the socket engages with the convolutions of 
the drill shank, and, in consequence, the drill tends to 
screw up into the sucket, bringing the shank into 
perfect contact with the surface of the socket, and 
ensuring & perfectly rigid drive. 

These drills will also be used with the new Vickers 
chuck (Fig. 10). The arrangement of this chuck 
permits of the drills being placed in or taken out of 
the machine while the latter is running at full speed, 
thereby effecting a great savingof time. Drills having 
different Morse taper shanks can be fitted into the 
same chuck, owing to the latter being provided with 
special sockets adapted for this purpose. 

The turret-lathe, with all-geared headstock operated 
by the electrical gear described, is b essrs. 
Greenwood and Batley, Limited, of Leeds, and is 
shown in operation performing a series of operations 
on a differential cage for a Wolseley motor - car. 
The lathe is illustrated in Fig. 13. The main charac- 
teristics of the machine are the single-pulley head- 
stock, by which a series of twelve spindle speeds are 
obtained, through a combination of sliding gears and 
adjustable clutches, and the special arrangement of the 
gearing in the headstock. 

The spindle is hollow and runs in ring-oiled adjust- 
able phosphor-bronze bearin The variations in feed 
are obtained from a change-feed gear-box, which, posi- 
tively driven from the spindle, enables eight changes 
to be obtained without the necessity for using any 
loose wheels. These eight changes are available either 
for turning or chasing. In the case of the hexagon 
turret a supplementary roe dk pr change in the 
saddle provides for an additional eight changes, and 
these feeds are available without interfering with the 
feed of the square turret, so that roughing and finish- 
ing operations may be taken quite irrespective of the 
feed of the square turret. 

The hexagon turret is arranged to carry six tools, 
and there are independently-adjustable stops for each 
face of the turret. These stops make possible the 





accurate duplication of work, and the bar on which 
they are carried is arranged to rotate in unison with 
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Fra. 8. Fic. 9. Fia. 10. Fig. 11. Fig. 12. 


Fics. 8 anp 9. Vickers Controut ror Macuine-Toot Exectric Drive. Fies. 10 to 12. Vickers Patent CHucK AND 
Twist-DrIL1s. 





Fie. 13. Turret Larae wirn Ai-Grearep Heapstock ; Messrs. GREENwoop anv Batiey, Lawrrep, Leeps. 


the indexing of the turret. The connection between | rate adjustments are facilitated. The feed motion | contained in the apron. This nut is operated by the 
the feed-shaft and the apron is made through drop| of the square turret is interlocked, so that the action | movement of a handle from the front of the apron, 
and worm gearing operated by hand. of engaging the feed in one direction automatically | and- by a simple device a quick-withdraw mechanism 
The square turret accommodates four tools, and | disengages that in the other direction. | is incorporated in this arrangement, so that one move- 
each of these tools has its independent stops both in| Either internal or external threads may be out by | ment of the lever disengages the nut and at the same 
the longitudinal and transverse direction. he cross-| means of the chasing saddle, and eight different | time withdraws thet ing-tool from the cut. The 
screw carries a graduated disc by which acou-| pitches are available from one guide-screw and a nut! reverse movement of the lever engages the nut and 
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Fie. 14. Rapiat Dritiinc-Macuine or Box-Bast Type; Messrs. JAMEs ARCHDALE 
AND Co., Lismrep, BrrMEINGHAM. 
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Fie. 15. Raprat Druume-Macaine with ApsustaBLe TaBLe; Messrs. James 
ARCHDALE AND Co., Liwitep, BrrMiNGcHaM, 














also returns the cutting-tool to exactly the position 
from which it was withdrawn. The necessary adjust- 
ment to the cross-feed screw representing the depth 
of the succeeding cut is made by the aid of the gra- 
duated index disc. This quick-withdraw mechanism 
is available for use when cutting internal as well as 
external threads. 

The connection between the feed gear-box and the 
feed-shaft is made through a friction device, the 
object of which is to permit of greater acouracy and 
uniformity in the operation of the stops. This frio- 
tion device has a power capacity which may be 
adjusted to any ordinary requirements, and is equal 
to the demand of several tools cutting simultaneously. 
It feeds the tools forward until the position for which 
the stops have been set has been reached, when 
the pressure of the feed against the fixed stops 
causes the grip to yield, thus arresting the feed. An 
alarm is fit to warn the operator that the feed is 
up against the stops, and the drop-out worm is 
released by hand. A length-indicator enables great 
uniformity to be maintained when feeding the turret 
by hand, and a turret traverse-scale indicates the 
traverse of the saddle on the bed, facilitates making 
the first of a number of pjeces and the setting of the 
stops, and also facilitates making pieces of which 
only one or two are required, such as will not warrant 
the setting of the stops. The height of centres is 
9 in.; swing-over bed, 18} in.; swing-over cross-slide, 
11} in. ; diameter of hole in spindle, 3§ in. 

The two radial drilling-machines by Messrs. James 
Archdale and Co., Limited, of Ledsam-street, Bir- 
mingham, which are exhibited, are illustrated in 
Figs. 14 and 15, on this page. The machine shown in 
Fig. 14 is of the box base type, and has a spindle 
radius of 3ft. 6 in. and a spindle diameter of 2} in. 
The vertical travel of the spindle is 14 in., and the 
horizontal travel 2 ft. 5in. The drilling capacity of 
the machine is 24 in., and it is capable of dealing with 
work 5 ft. 10} in. in diameter and 2 ft. high. The 
maximum spindle speed is 520 revolutions per minute. 
The general construction of the machine will be clear 
from the figure. The radial arm swings on roller- 
bearings, and the saddle is carried by rollers working 
on the upper square edge of the arm. There is a 
locking arrangement fitted consisting of a taper ke 
extending the whole length of the saddle, by whic 
the saddle can be locked in any position. The spindle 
is driven through a friction-clutch, which can be 
engaged by a lever movement without shock, and can 
be reversed when running at the highest speed. The 
spindle is balanced by a compensated spring gear, and 
can be raised or lowered quickly by hand. It is 
graduated to y, in., and is provided with an automatic 
ee 

he feed motion is positively driven, and the feed 
can be changed by a lever without stopping the 
machine. The thrust of the feed-worm is taken on a 
ball-bearing. The driving motion is by a constant- 
8 belt through a change. speed box of the friction- 
clutch type, giving nine changes of speed, or, if 
double r Ss fitted, eighteen. The ion changes 
can be instantly obtained by a lever movement. A 
form of the machine is built for use when frequent 
out changes are not necessary. In this form a 
change-speed box of the sliding-wheel type is fitted. 
This, of course, necessitates the slowing down or 
stopping of the machine when changin oem. Power 
is emunitend from the oeakten te" e spindle by 
shafting and steel gears. Lubrication to all the prin- 
cipal bearings is by ring from oil reservoirs. As an 
example of the capacity of the machine, it may be said 
that under test conditions it has drilled a 1-in. hole in 
mild steel at the rate of 8.4 in. a minute. 
The second machine, shown in Fig. 15, has already 
been described in our columns in connection with the 
Olympia Engineering Exhibition of last year,* and need 
not be dealt with in much detail here. Itis of a some- 
what lighter type than the other tool and has an 
adjustable table. It is adapted for drilling up to 14 in. 
in diameter. The spindle radius is 4 ft. and its diameter 
1Zin. The vertical travel is 10 in. and the horizontal 
3 ft. 2in. The machine admits work up to 7 ft. 2 in. 
in diameter, and with the table in position, 2 ft. 6 in. 
high. As will be clear from the figure, the table may 
be swung out of position and work placed on the base 
of the machine. In this condition articles up to 
3 ft. 10} in. high may be dealt with. The gear-driven 
feed-motion gives four rates of feed, and the main 
driving motion gives nine speeds. The table can be 
arranged: to swivel for angular drilling if necessary. 
(To be continued.) 








Tuer Travian Navy.—The Italian Council of Admirals 
declared some time ago for the construction of four iron- 
clads with a displacement of 35,000 tons each. The Italian 
Admiralty has decided, however, to lay down only three 
ironclads with a displacement of 28,000 tons each, and to 
steam at the rate of 25 knots. It is now hinted that the 
construction of the three ironclads is only to be proceeded 
with in something of a leisurely fashion. 





* See ENGINEERING, vol. xciv., page 596. 
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MOTOR CARGO-BUAT ‘“ EL LOBITO.” 


WE illustrate, on e 810, a notable addition to the 
already large fleet of motor cargo-boats, built by 
Messrs. John I. Thornycroft Co., Limited, of 
Southampton. The El Lobito, as the vessel is named, 
has been designed for coasting work off Peru. She 
carries about 50 tons of cargo, which will consist 
principally of cast-iron pip» line, and her 
trials very satisfactorily, Her dimensions are as 
follow :—Length between perpendiculars, 75 ft, ; 
breadth, extreme, 16ft.; depth, moulded, 8 ft. ; draught, 
extreme, 6 ft. 10 in. 

Our illustrations show a general view in Fig. 1, 
a side elevation in Fig. 2, a deck plan in Fig. 3, a holi 

lan in Fig. 4, and a plan of the bridge in Fig. 5. 
Phe hull has been built on the composite system, 
having teak planking on galvanised steel framing; 
it has been constructed under Lloyd’s supervision 
throughout. The decks are of Kauri pine. 

The El Lobito, — & cargo-boat, has a graceful 
sheer and bold lines. She is rigged as a ketch and 
has an ample sail area, which will greatly assist her 
in her voyage out to her destination. Accommodation 
has been provided aft for officers, consisting of a large 
saloon with sofa seats, which can be turned into berths. 
Two folding-cots have also been provided, so that six 
people can be berthed, as may be seen in the hold 
plan, Fig. 4. 

The motors are located in a separate water-tight 
compartment between the cargo-hold and the aft 
accommodation ; at the after end of the motor space 
are paraffin fuel-tanks of 6 tons capacity. The top 
tank is used to give gravity feed to the motors, fuel 
baing pumped up from other tanks by a semi-rotary 

ump. Forward of the motor space is situated the cargo 
Rold. 22 ft. 6 in. long, to accommodate long lengths of 

ipe. The total capacity of the hold is 50 tons. A large 
batch measuring 18 ft. 6 in. by 6 ft. 6 in. has been 
arranged over this space, to facilitate the handling of 
cargo. 

For working the cargo an electric and hand-winch 
has been fitted on the yaad deck forward, capable of 
lifting up to 2 tons. Current is obtained from a 
dynamo fitted in the motor-room. - A strong pitch-pine 
derrick is fitted on the fore-mast for working the cargo. 

There are two side houses containing w.c. and lava- 
tory on the port side and a lamp-room on the star- 
board side. The galley is placed under the bridge, and 
is fitted up with an oil cooking-range and all neces- 
sary dressers, shelves, &c. Electric ighting is fitted 
throughout, the current being supplied direct from a 
dynamo in the motor-room. af 

To add to the appearance of the vessel and in order 
to facilitate the sian leads, a funnel has been fitted 
abaft the bridge. This arrangement has been found 
to be the most satisfactory, as it not only simplifies 
the exhaust arrangements by enabling the silencer 
to be put in the funnel, but ventilates the motor- 
room, and also keeps the heat well away from the 
motor-room. The vessel is steered from the bridge by 
Archer’s patent hand-steering gear, and is also fitted 
with a hand capstan forward for working the ship’s 
cables. One 16-ft. lifeboat is also 
stowed forward, as shown in Figs, 2 an 

The machinery consists of two sets of Messrs. 
Thornycroft’s §/4-t araffin engines, each havin 
four cylinders, 8} in. in diameter and 12 in. stroke, an 
together they develop 200 brake horse-power on the 
brake at 550 revolutions per minute. In point of fact, 
in this vessel a speed of half a knot over the 84 knots 
guaranteed was obtained with the engines running at 
470 revolutions per minute, and consequently the speed 
was obtained without unduly forcing the machinery. 

An auxiliary set is provided for driving an electric- 
light engine, and an auxiliary air-compressor. This 
last is only a stand-by, as there is a small compressor 
on each main engine for charging the bottles, and it 
is only in the unlikely event of air leaking away 
when the boat is laid up that the auxiliary compressor 
is required. Reversing is obtuined by an epicyclic 
gear, fitted at the after end of the engine. The 
machinery has been constructed to comply with 
Lloyd’s requirements. 


rovided an 
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AMERICAN SOCIETY FOR TESTING 
MATERIALS. 

Tuis Society, which is affiliated with the International 
Association for Testing Materials, will hold its sixteenth 
annual meeting at Atlantic City, N.J., from June 24 
to 28, at its headquarters, the Hotel Traymore. The 
meeting will be divided over ten sessions, as follow :— 

First Session.—1. Minutes of the fifteenth annual meet- 
ing. 2. Annual report of the executive committee. 3. 
Report of Committee A 3 on Standard Specifications for 
Cast Iron and Finished Castings; Mr. Walter Wood. 
chairman. 4. Report of Committee D5 on Standard 
Specifications for ; Mr. J. A. Holmes, chai 
Report of Committee D 11 on Standard Specifications for 
Rubber Products ; Mr. E. B. Tilt, chairman. 6. Report 

Mr. Edgar Marburg, chair- 


of Committee E 6 on pi andy 
man. 7. Election of officers. 8. Miscellaneous business. 
Second Session.—9. Report of Committee A5 on the 


5. | and OCo., Limited, Manches 


Corrosion of Iron and Steel ; Mr. Allerton S. Cushman, 
chairman. 10. ‘‘' Tests on the Rate of Corrosion of Metals,” 
by Mr. A. W. Cai ter. 11. Report of Committee D1 
on Preservative tings for Structural Material; Mr. 
Percy H. Walker, chairman. 12. Report of Committee 
D2 on Standard Tests for Lubricants; Mr. A. H. Gill, 
chairman. 

Third Session.—13. Annual address by the president. 
14. Report of Committee A4 on Heat Treatment of 
Iron and Steel; Mr. Henry M. Howe, chairman. 15. 
‘* The Influence of Massin the Heat Treatment of Steel,” 
by Mr. K. W. Zimmerschied. 16. ‘‘ Effect of Size of 
Section on the Physical Properties Developed by Hest 
Treatment,” by Mr. J. N. Nead. 17. ‘‘ Conservation and 
Shipping Containers,” by Mr. B. W. Dunn. _ 18. “‘ Stan- 
dard Specifications to Promote Safety and Efficiency in 
Explosives,” by Mr. C. P. Beistle. 

Fourth Session.—19. Report on Tests made on Rail-Steel 
Concrete Reinforcement under the Direction of Sub- 
Commitee V. of Committee Al; Mr. W. K. Hatt. 20. 
Report of Committee A1 on Standard Specifications for 
Steel; Mr. William R. Webster, chairman. 21. ‘ Rai 
Failures and their Causes,” by Mr. M. H. Wickhorst. 
22. ‘The Resistance of Steels to Wear in Relation to 
their Hardness and Tensile Properties,” by Mr. George 
L. Norris. 23. “The Effect of Small Percentages of 
Vanadium on the Physical Properties of Steels,” by Mr. 
George L. Norris. 

Fijth Session. —24. Report of Committee A 2 on Stan- 
d Specifications for Wrought Iron; Mr. S. V. 
Hunnings, chairman. 25. Report of Committee A 8 on 
Standard Specifications for Cold-Drawn S:eel; Mr. C. 
Skinner, chairman. 26. ‘‘ Oxygen in Iron and Steel: 
Value of Ledebur Method in its Determination,” by Mr. 
W. R. Fleming. 27. ‘‘ Results of Tests of Welded 
Boiler-Tubes,” by Mr. E. L. Lasier. 28. ‘‘ A Magnetic 
Criterion of the Mechanical Properties of a 1 = Cent. 
Carbon Steel,” by Mr. Charles W. Burrows. . “*Re- 
sults of Mechanical Tests on Heat-Treated Spring Steel,” 
by Mr. R. P. Devries. 

Sixth Session.—30. Report of Committee C1 on Stan- 
dard Specifications for Cement ; Mr. George F. Swain, 
chairman. 31. Report of Committee C 2 on Reinforced 
Concrete; Mr. F. E. Turneaure, chairman. 32. *‘A 
Method and Apparatus for Determining Consistency,” 
by Mr. ©. M. Chapman. 33. ‘Estimation of Fine 
Particles in Cement by Rate of Hydration,” by Mr. 
Henry 8S. Spackman. 34. ‘‘The Physical Action of 
Various Substances on Cement Mortars,” by Mr. Richard 
K. Meade. 35. ‘‘ The Results Obtained with the Autoclave 
Tests for Cement,” by Mr. H. J. Force. 36. ‘‘ Screen 
= | Sieves made to a Fixed Ratio,” by Mr. G. A. 

isbro. 

Seventh Session. —37. Report of Committee D 8 on Water- 
ae Materials; Mr. W. A. Aitken, chairman. 38. 
**Coal-Tar and Asphalt Products for Water-Proofing,” by 
Mr. Samuel Tobias Wagner. 39. ‘‘ Test of Natural Con- 


crete Aggregates,” by Mr. Russell 8. Greenman. 40. 
‘* Tests of Mortars made from Wisconsin Aggregates,” b 
Mr. M. O. Withey. 41. “‘Some Tests of Reinf - 


Concrete Slabs under Concentrated Loading.” by Mr. A. 
T. Goldbeck. 42. ‘“‘Test Data on an Experimental 
Concrete Bridge,” by Mr. A. N. Johnson. 43. ‘‘The 
Thermal Activities of Portland Cement,” by Mr. Louis 
N. Beale, Jun. 

Eighth Session.—44. Report of Committee C 3 on 
Standard Specifications for Brick; Mr. A. V. Blein- 
inger, chairman. 45. Report of Committee OC 4 on 
Standard Specifications and Tests for Clay and Cement 


d | Sewer-Pipes ; Mr. Rudolph Hering, chairman. 46. Report 


of Commitee C 6 on Standard Tests and Specifications 
for Drain-Tile; Mr. A. Marston, chairman. 47. ‘‘ The 
Testing of Refractories,” by Mr. A. V. Bleininger. 48. 
Report of Committee C 7 on Standard Specifications fer 
Lime; Mr. Henry S. Spackman, chairman. 49. Report of 
Committee D 4 on Standard Tests for Road Materials; 
Mr. Logan Waller P; chairman. 50. ‘‘The Relation 
between the Tests for the Wearing Qualities of Road- 
Building Rocks,” by Mr. Logan Waller Page. 

Ninth Session.—51. Report of Committee B 1 on Stan- 
dard Specifications for Cop per Wire ; Mr. J. A. Capp, 
chairman. 52. Report of Committee B 2 on Non-Ferrous 
Metals and Alloys; Mr. William Campbell, chairman. 
53. ‘* Metallographic Study of Lead -Tin- Antimon 
Alloys,” by Mr. William Campbell. 54. ‘‘The Strengt 
of Cast-Zinc Spelter,” by Mr. George C. Stone. 
“A Study of Bearing Metals and Methods of Testing,” 
by Mr. T. D. Lynch. 56. “ High-Tensile Bronzes, 
— Special Reference to Tensilite,” by Mr. C. R. 

pare, 

Tinth Session.—57. Report of Committee E 1 on 
Standard Methods of Testing; Mr. Gaetano Lanza, 
chairman. 58. Report of Committee A 10 on Hardness 
Tests; Mr. D. E. Douty, chairman. 59. ‘‘ Spherical 
Bea ” by Mr. Mont Schuyler. 60. ‘‘A Repeated- 
Stress Testing-Machine,” by Mr. J. B. Kommers. 61. 
“The Use of the Strain-Gauge in the Testing of Mate- 
rials,” by ae i A. mn H. Pd a 62. 
* - Capacity Testing- ines in this un 
A Mr. E. 4. Lasier. 63. indices 
business. 





.ConTracts.— Amongst the recent orders received b’ 

Sir W. H. Bailey and Co., Limited, Albion Works, Salford, 
Manchester, for their Késter patent air-com rs are 
for one direct-coupled electri ay eter set for 500 cub. ft. 
per minute for Messrs, Sir W. G. Armstrong, Whitworth 
‘ ter, and two 150 cub. fo. 
machines for sewage work for the Hornsey District Council. 
They have also received an order for a direct-coupled 
electrically-driven gjr-compressor to deal with 1500 cub. ft. 





of free air per minute for the Denaby and Cadeby Main 
Collieries. 





Rail | and sellers named 75s. 3d. cash. 
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NOTES FROM THE NORTH. 
‘ Guaseow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was weak, and a further decline took 
place in Cleveland warrants. The turnover consisted of 
6500 tons at from 58s. 44d. to 58s. O}d. cash, 58s. 4}d. to 
58s. 3d. one month, and from 59s. to 58s. 104d. three 
months, with closing sellers at 58s. 14d. cash, 58s. 4hd. 
one month, and 59s. three months. Cash hematite was 
quoted at 76s. buyers and 77s. 6d. sellers. In the after. 
noon Cleveland warrants were easier, and only one lot 
changed hands at 58s. cash, and at the close the quote: 
tions were 58s. 1d. cash, 58s. 5d. one month, and 5s, 9d, 
three months sellers. One lot of hematite was also done 
at 77s. 6d. cash. On Friday morning a fairly steady tone 
revailed, and 2500 tons of Cleveland warrants were 
one at 58s. 44d. one month, and at 58s. 7 at 
58s. 9d., and 583. 74d. three months. Closing Ba 
quoted 58s. lid. cash, 58s. 44d. one month, and 
58s. 8d. three months. Hematite was much weaker, 
The afternoon session 
was dull, and 1000 tons of Cleveland warrants were 
dealt in at 58s. 34d. one month, and 58s. 74d. three months, 
The closing quotations were nominally unchanged ab 
58s. 1d. cash, 58s. 44d. one month, and 58s. 8d. three 
months. Cash hematite was down to 74s. 9d. sellers. On 
Monday morning a weak tone prevailed, and 1500 tons of 
Cleveland warrants were done at 58s. July 3, 58s. 9d. 
three months, and 58s. 6d. September 2. At the close 
the quotations were down to 57s. 8d. cash, 58s. one 
th, and 58s. 6d. three months sellers. In the after. 
noon no dealings of any kind were recorded, and sellers’ 
quotations for Cleveland warrants fell away to 57s. 64d. 
cash, 57s. 104d. one month, and 58s. 3d. three wok 
On Tuesday morning the downward tendency continued, 
and Cleveland warrants amounting to 7000 tons were put 
through at 57s. 6d. September 2 and 3, 57s. 14d. August 19, 
57s. September 5, and from 57s. 44d. to 56s. 6d. three 
months. Closing sellers quoted 563. cash, 56s. 3d. one 
month, and 56s. 6d. three months. In the afternoon 
Clev d warrants were again weak, and 6500 tons were 
done at from 55s. 10d. to 55s. 74d. twenty-two days, 56s. 
one and three months and August 5, and at 56s, 3d. 
August 28. The closing prices were 55s. 74d. cash, 
55s. 9d. one month, and 56s. 14d. three months sellers. 
When the market opened to-day (Wednesday) there was 
no improvement in Cleveland warrants, and prices fell 
away further. The business amounted to 6500 tons at 
55s. 14d. cash, 55s. 44d. twenty-three days, 55s. 6d. one 
month and July 25, and 55s. 9d. three months, and at 
the close sellers named 55s. 2d. cash, 55s. 6d. one month, 
and 55s. 103d. three months. Weakness prevailed in the 
afternoon, when 2500 tons of Cleveland warrants changed 
hands at 54s. 5d. cash, and at 55s. and 55s. 3d. three 
months. The session closed with sellers at 54a. 6d. cash, 
54s. 9d. one month, and 55s. 3d. three months, marking 
a fall of from 3s. to 4s. over the week. 


; pene of Ammonia.—The sulphate of ammonia market 
is still weak, and inquiries are rather poor at the moment. 
The current price is round 13/. per ton for prompt 
delivery, Glasgow cr Leith. 


Scotch Steel Trade.—Scotch steel-makers cannot report 
wane in the way of an improvement in their trade, 
and fresh business is as difficult to secure as in past weeks. 
Certainly there is a slightly better feeling at the moment, 
due to a rather larger export inquiry and also partly to 
the placing of some local orders for early requirements. 
But what is wanted is a steady flow of new business, so 
that trade = be steadied up at a period when some 
support is y needed. Black-sheet makers are still 
badly off for specifications, but the recent reductions in 

rices were responsible for a slight increase in orders. 

alvanised sheets are in very poor demand, and some 
cutting is being ind in for passing business. The 
official list of prices is unchanged, but the keen competi- 
tion for export orders is shown by the low prices quoted 
for that business. 

Malleable-Iron Trade.—No change has taken place in 
the West of Scotland malleable-iron trade, and even with 
four establishments completely stopped, most of the 
others are on short time. Goatinestel makers are accept- 
ing very low prices for the foreign market, with the 
result that local producers are not securing much new 


, | work for abroad. Prices are unchanged. 


Scotch Pig-Iron Trade.—There is a somewhat easier 
demand for the ordinary qualities of Scotch pig iron at 
a but, all the —_ oe is a fair amount of 

i going through. is is the case both in 
home and export departments, and deliveries against con- 
tracts are on a large scale. The number of furnaces m 
blast is eighty-nine, as against seventy-eight at this time 
last year. ematite continues dull, and with a very 

r demand. The following are the market quotations 
or makers’ (No. 1) iron:—Olyde, 78s.; Calder, Gart 
sherrie, Summerlee, and Langloan, 78s. 6d. (all a 
at G w); Glengarnock (at Ardrossan), 783. 6d.); 
Shotts (at Leith), 78s. 6d.; and Carron (at Grange- 
mouth), 79s. 





Launcu or H.M. Oczan-Goinc Torprgpo-Boat Dr 
STROYER ‘‘ SARPEDON.”—On June 6, H.M.S. Sarpedon, 
torpedo-boat destroyer, was launched from the Wallsend 
shipyard of Messrs. Swan, Hunter and Wigham Riehard- 
son, Limited. This vessel was ordered under the na 

me of 1912-13, and is similar to H.M.SS. Shark, 
parrowhawk, and Spitfire, which were illustrated and 
described in last week’s ENGiIngeRING. The propelling 
machinery and the boilers of H.M.S. Sarpedon have been 
built by the Wallsend Slipway and Engineering Com 
pany, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—There has been a steady increase 
in the quantity of coal dealt with at Hull wry | the past 
month. The total was 748,400 tons, as against 656,154 tons 
in the corresponding period of last 
92,246 tons. For the first five months of this year the 
aggregate tonnage is 3,311,819. This com with 
2,368,013 tons for the January-May period in 1912, show- 
ing an increase of 943,806 tons. @ exports since the 
beginning of the year show, as com with twelve 
months ago, that increased tonnages have been taken by 
North Russia, Germany, Holland, Sweden, France, 
Egypt, and Denmark. The Denaby and Cadeby Main 
collieries are still at the head of the output list, and in 
the last five months have increased their production by 
160,173 tons over that of a year ago. 


South Yorkshire Coal Trade.—The demand for house- 
coal is at present good, and above the normal summer 
level. This, however, is mainly accounted for by the 
large takings of the gas companies. Pits are, in conse- 
quence, kept working fairly well. Gas and house-coal 
contracts are being po Brann to date from July 1 for the 
coming year, at an advance of about 1s. 6d. over last 
year’s prices. The hard-coal market is not quite so strong, 
due ~~ an unexpected decrease in the export 
demand. ices are easier, but not to such an extent as 
to affect quotations. Slacks and coke are both weaker. 
Latest prices are :—Best branch hand-picked, 14s. to 15s. ; 
Barnsley best Silkstone, 123. to 13s.; Derbyshire best 
brights, 11s. 6d. to 12s. 6d. ; nag ay house, 10s. 6d. 
to 1ls. 6d.; best large nuts, 10s. 
nuts, 9s. to 10s.; Yorkshire hards, 12s. to 13s.; Derby- 
shire hards, 11s. to 12s. ; rough slacks, 7s. 6d. to 8s. 6d. ; 
seconds, 6s. 6d. to 8s. ; smalls, 4s. to 6s. 6d. 


Tron and Steel.—The expectation that restricted busi- 
ness in the iron market would continue to the end of the 
half-year appears certain of fulfilment. Another week of 
quietness has ro and prices show a further down- 
ward tendency, although not of a very marked character. 
Hematites have been reduced 1s., but the quotation is 
still a substantial one, and there are no signs of extreme 
haste to arrange contracts for the rest of the year. The 
finished-iron trade is also less active, and competition 
becomes more severe. The South Yorkshire and the 
Lancashire bar-iron makers, however, have not re- 
duced their quotations. The makers of soft billets 
are heavily hit by foreign competition, and the com- 
parative prices show big differences. Disturbances in 
the Midlands have had their effect upon the ar 
trade situation locally, and are likely to result in a 
lowering of the volume of output this month. The 
general uncertainty as to prices is another adverse factor, 
and the approach of the half-yearly stock-taking, of 
course, tends to restrict business. Outwardly, however, 
there is no break in the activity at Sheftield works. Rail- 
way traffic returns show continuous growth, and there is 
no question that a tremendous weight of work is being des- 
patched from the city, even though much of it is on old 
contracts. A num of miscellaneous railway orders 
continue to come forward, and South America and India 
are again in the market for springs, axles, &c. The home 
railway companies are still ordering rolling-stock fairly 
extensively. Amongst the special trades the manufacture 
of crucible steel is a flourishing branch, and orders from 
America and the Continent show steady expansion. In 
many cases | makers find they cannot produce fast 
enough to meet requirements in this direction. The stove- 
grate trade shows some improvement. 





. Our Locomotive Exports.—May was an excellent 
month for our locomotive shipments, the value of the 
engines despatched during its course having been 254, 462/., 
as compared with 138,596/. in May, 1912, and 221,328/. 
in May, 1911. These results brought up the value of the 
engines exported to May 31, this year, to 1,006,375/., as 
compared with 851,752/. in the corresponding five months 
of 1912, and 930,315/. in the corresponding five months 
of 1911. Argentina took British locomotives to May 31, this 
year, to the value of 215,766/., as compared with 181, 242/. 
and 153,37. The shipments to other South American 
countries were valued at 120,740/., as compared with 
81,545/. and 106,497/. 


_Tue Rieut or Way on Matn Roaps.—A good sugges- 
tion is made in the Auto in reference. to traffic at street 
corners and to the abatement of the noisy blowing of 
horns. The principle may be defined as the right of way 
on main roads, and it applies equally in the country as 
well as to the town. e —— is one that is in part 

ready recognised, and what is wanted is only a more 
definite elaboration of a familiar idea. If, at a crossing, 
the traffic on one street were arbitrarily given a right of 





way, and the traffic on the other street made to go d 
slow by a sign that must be obeyed, the gravest of road 
dangers would be abolished and the noisy use of the horn 
appreciably reduced. Some streets are obviously main 
roads, and the traffic thereon assumes its right of way 
m consequence. But there are many places where the 
right of way in any particular direction is not 
obvious, and the authorities should take into their 
own hands the arbitrary decision as to which of two 
Streets at a crossing is to be ed as the high- 
way. Not only would the erection of such traffic 7 
minimise the danger of driving, but they would tend to 
warn the — and to reduce ion. By their use 
it would be open to the police of any a | practically 
as, for example, 

road to Oxford- 


to create subsidi ighways—such 
— Wieusie-alest parall i 
t. 
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ead in shipments of 45,025 tons, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Extreme quietness con- 
tinues to characterise the Fes trade. For the time 
ing there is next to no business passing, and values 
are falling. A report that a large firm of iron mer- 
chants have sus ied yaa has created considerable 
excitement on Middlesbrough Exchange. The _ unfor- 
tunate occurrence may have far-reaching effects. Market 
rates of Cleveland pig are now lower than for the past 
twelve months, and they are all but nominal. Second 


57s. 6d.; No. 4 foundry, 55s.; No. 4 forge, 54s. 6d. ; 
and mottled i 
delivery. Makers are not prepared to sell at the fore- 
oe sane, which, they d are consider- 
abl low cost of production; and, on the other hand, 
buyers will not pay the prices named. East Coast 
tite pig has been reduced, in sympathy with the fall in 
Cleveland iron, but the former 1s still rather scarce. 
Mixed numbers of hematite are put at 77s. for both early 
and forward delivery. Foreign ore shows no change. 
Business is at a standstill, and market rates are based 
nominally on 20s. ex-ship Tees fur Rubio of 50 cent. 
quality. Coke prices are now steadily falling, but con- 
sumers consider them still too high. Some sales of 
average blastfurnace kinds are understood to have been 
made at 20s. delivered at Tees-side works, but many 
sellers will not quote below 21s. ‘To-night (Wednesday) 
the closing price of Middlesbrough warrants was 54s. 4d. 
cash buyers, which is the lowest quotation since June 19, 
ib year. 

Stocks and Shipments of Pig Iron.—Oleveland pig iron 
continues to be steadily taken from the public warrant 
stores, where the stocks now stand at 232,247 tons, or 
6788 tons less than at the beginning of the month. 
Shipments of pig iron from the Tees are rather disappoint- 
ing, but improvement is looked for. To date this month 
they ny 2 3326 tons per working day, the total 
despatches being returned at 26,609 tons, 23,455 tons of 
which have gone from Middlesbrough, and 3154 tons 
from Skinningrove. To the same date last month the 
total loadings amounted to 31,395 tons, or a daily average 
of 4485 tons, and for the corresponding part of June, 
last year, the clearances reached 39,513 tons, or an-average 
of 4939 tons per working day. 


Manufactured Iron and Steel.— little new can be 
reported concerning the various branches of manufactured 
iron and s' industries. New business is on a very 
limited scale, but manufacturers keep busily employed 
on running contracts. Thus conditions prices are 
—— unaltered, but reductions in quotations are 
ooked for. A very substantial South American pipe 
order has been secured by the Cast-Iron Pipe Association 
in this country, and the various associa firms have 
been allotted their share. In the Middlesbrough dis- 
trict Messrs. Cochrane and Co. have been given part 
of the order. Small inquiries and odd orders for 
steel rails are reported. Japan and China are small 
buyers. An order for tons of tram-rails for 
the London County Council has been placed with 
Messrs. Bolckow, Vaughan and Co. e following 
are the principal market quotations:—Oommon iron bars, 
8. ; bars, 97. .3 best best bars, 97. 10s. ; 

iron, 62. 15s.; iron ship-plates, 7/. 15s.; iron 
ship-angles, 8/. 15s.; iron ship-rivets, 9. 10s. ; iron boiler- 
tes, 8. 17s. 6d.; steel (basic), 82.; steel bars 
Siemens), 82. 10s. ; steel ship-plates, 5s.; steel ship- 
angles, 7/. 17s. 6d.; steel boiler-plates, 9/. 5s.; steel strip, 
81. ; hoops, 8/. 2s. 6d. ; steel joists, 7/. 7s. 6d.—all 
less the customary 24 per cent. discount; cast-iron columns, 
7l. 7s. 6d. ; cast-iron railway chairs, 4/. 15s. ; light iron 
rails, 71. to 7/. 5s. ; heavy steel rails, 6/. 12s. 6d. to 61. 15s.; 
steel railway sleepers, 7/. 10s.—all net at works; and 
iron and steel galvanised corrugated sheets, 24 gauge, in 
bundles, 11/. 15s. f.o.b.—less the usual 4 per cent. 





PrrsonaL.—The Lanarkshire Steel Company, Limited, 
of Motherwell, have changed their London office address, 
which is now London House, New London-street, E.C. 





InpIAN ManGangse.—The exports of manganese from 
British India in the first quarter of this year amounted 
to 708,081 tons, as compared with 536,076 tons in the 
corresponding quarter of 1912. In the total of 708,081 
tons, representing the exports to } 31 this year, 
Great Britain figured for 211,931 tons, Belgium for 
171,066 tons, France for 112,223 tons, and the United 
States of Amefica for 168,600 tons. 





Our Ras ABrRoap.—May was a month in the 
current history of our export rail trade, having resulted 
as compared with 17,736 tons 
in May, 1912, and 25,299 tons in May, 1911. The aggre- 
gate shipments for the first five months of this year were, 
accordingly, brought .¥ 202,542 tons, as compared with 
168,259 tons and 169, tons. Argentina took British 
rails in the first five months of 1913 to the extent of 22,153 
tons, as compared with 15,764 tons and 29,303 tons. The 
colonial demand moved on as follows in the three periods 
under review :— 


1918. 1912. 1911. 

Colonial Group. tons tons tons 
British South Africa. . 24,916 17,107 7,609 
British India .. we 57,278 61,369 48,017 
Australia és és 65,128 61,247 28,083 
New Zealand .. = 15,863 10,695 5,487 
Canada-. . a5 287 274 878 


These figures must be regarded as satisfactory all along 





the line. 


hands put No. 3 g.m.b. at 55s. 6d. f.o.b.; No. 1 at] best 


and white iron, each 54s.—all for early | bes' 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has exhibited a quiet 
but rather irregular tone. While the outlook as regards 


tonnage is rded as less promising, and while ship- 
owners are holding back for harder rates, buyers show 
less to make pu Some colliery owners 


are l off for orders, steamers are standing 
out for full current prices, but others, less favourably 
circumstanced, have exhibited a readiness to accept some 
reduction. Fresh business is upon the whole confined 
within narrow limits. House coal has remained quiet. 
The best Admiralty large has made 20s. 9d. to 21s. 6d. ; 
secondary qualities, 20s. to 20s, 6d. ; other secondary 
—- 198. to 193. 6d. ; ordinary sorts, 18s. 6d. to 19s. ; 
y 5 


been quoted at 
17s. to 5 Fe 5 aaente lem, @ oe & 8s. 6d. ; 


4 
g 
3 
: 
5 
4 
E 
: 
e 


ton, u a basis of 50 cent. of i and charges, 
iedaliog freight, Prodi. ng &c., to Cardiff or Newport. 


More Welsh Coal.—Oolliery developments are in con- 
templation by the Primrose Royal Colliery in the Bream 
area, and the Park Gutter shafts—which have remained 
idle since a general stoppage a year ago—are to be sunk 
to the steam-coal beds. 


Dowlais.—All departments of the Dowlais works have 
been fully occupied. The Goat Mill has tufned out a 
large tonnage of heavy steel rails and blooms as well as 
some tin bar. Slee have also been produced to a 
large extent by the sleeper press. The Big Mill has been 
occupied with curves, angles, and gutter-iron, as well as 
with light steel rails and fish-plates. The collieries have 
been working full time. 


The Ebbw Vale.—This company’s collieries produced last 
year a record output with an increased profit. The wind- 
ing of coal commenced in July at Cwmcarn, where a second 
pit is being sunk. At Victoria a second pit is being 
electrically equipped for working the B Vein steam 
coal on the company’s freehold. The lease of the marine 
collieries, which would have expired in 1918, has been 
renewed for a long term, with a substantial additional 
area ; and arrangements are being made for the necessary 
sinkings. New steel galvanised ited sheet works 
on the company’s freehold have been completed, and were 
successfully started in March, 


Rhymney Iron Company.—The output of coal from this 
commer’ pits for the past year was 1, 240,698 tons, against 
1,059,398 tons for 1911-12—an increase of 180,700 tons. 
The quantity of coke made was 49,085 tons, against 
46,555 tons for the previous year. The Mardy pit has 
reached coal, and tenders have been acnageed, or the 
equipment of the pit. Satisfactory progress has been 
made in deepening the Rhymney Merthyr pits to also 
win the lower steam-coal measures. At a power-house 
erected at the coke-ovens for developing electric energy 
— the waste gases, one generating set has been set to 
work, 





Tue ImpertaL Motor-Transport ConrerEnce.—The 
Imperial Motor-Transport Conference opens on July 18, 
when the delegates will be entertained at luncheon 
at vee, Kensington, by the President and Council 
of the iety of Motor ufacturers and Traders, 
on the occasion of the opening of the Exhibition of 
Industrial Motor Vehicles organised by that Society. 
On Monday, July 21, the fuel question and the pos- 
sibilities of creating an adequate fuel supply for in- 
ternal - combustion engines within the Empire will 
discussed. Particular stress will be laid on questions 
relating to the production and use of alcohol as a fuel. 
Papers will be submitted by Sir Boverton Redwood, 
Bart., F.R.S.E., Adviser on Petroleum to the Admi- 
ralty, the Home Office, and the India Office; Professor 
Vivian Lewes, F.1.C., F.C.S., of the are Naval 
College, Greenwich; Mr. A. J. Butterfield, M.A., 
F.1.C., Assoc. Inst. C.E.; and Dr. W. R. Ormandy, 
D.Sc. On Wednesday, July 23, motor vehicles for 
military use, and the construction of vehicles suitable 
for military purposes will be discussed, and those for 
ordinary industrial use throughout the Empire. Official 
statements will be made on behalf of the Army Council 
by Colonel H. C. L. Holden, R.A., C.B., F.R.S., and 
Captain A. E. Davidson, Secretary of the Mechanical 
Transport Technical Committee. Further papers will 
be submitted by Colonel R. E. Crompton, C.B., Captain 
R. K. all-Wild, R.E., formerly Secretary of the 
Mechanical Trans i Comurttes. end Mr. Horace Wyatt, 
oe ae Motor os aie abe July 25, the sub- 
ject o © carriage 0! and passengers motor 
vehicle will be considered. Pa will be submitted 
dl Mr. W. W. Beaumont, M. Inst.O.E.; Mr. E. A. 

reathead, eral manager of the National Motor-Cab 
Company ; lonel R. E. Crompton, C.B., consulting 
the Road Board; Mr. G. Hamilton Grapes, 
re ting the Postmaster-General of New Zealand ; 
Mr. W. Tetley Stephenson ; Mr. P. Ellison, general 
manager of the Eastbourne ration Motor-Omnibus 
Department; and Mr. F. R. de Bertodano, managi 
director of the F.I.A.T. Motor-Cab mpeny Limited. 
The President of the Conference is H.R.H. Prince 
Arthur of Connaught, K.G., and the chairman of the 
executive committee is the Hon. Arthur Stanley, M.P., 





of the Royal Automobile Club. 
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TWIN-SCREW OIL-MOTOR VESSEL “EL LOBITO.” 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND ©C©O., LIMITED, SOUTHAMPTON. 
(For Description, see Page 808.) 
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Fig. 4. HOLD PLAN. 
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Mr. T. A. Saint. gn es Sem be exhibited and 
described :—Nos. 8 and 4 Gray electric safety- yk 
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r. 


Mr. ©. E. ©. Shawfield, ex- 
Procdont (at (late Chief Electrical Engineer to the 

on“ By Paper on “ Prime Movers for Electric Power,” 
y Dr. 8. Z. de Ferranti, Past-President of the Institution of 
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WATER SUPPLY. 


Great as has been the advance in our knowledge 
dl the theory of water purification, it may perhaps 
uestioned whether any very great improvement 

has been effected during the past forty years in the 
— of the art. Some novel methods of steri- 
isation are, it is true, on trial, and have yielded 
in certain cases very interesting and promising 
results ; but in the main the water-works engineer 
of to-day relies on subsidence and filtration, 
carried out, no doubt, with more knowledge, but 
parently with little, if any, greater efficiency 
than they were by his predecessor of two genera- 
tions At that date the germ theory of disease 
was still fighting for acceptation, yet water engi- 
neers were effectively rend safe and palatable 
waters derived from highly polluted sources. The 
science of bacteriology could hardly be said to 
exist, since it was not till many years later that a 
method was developed by which the efficiency of a 
purification process could be estimated by a direct 
count of the number of organisms present before and 
after treatment. All the engineer had to aid him 
was his eye and his sense of taste and smell. He 
aimed at producing, from what was sometimes a 
very unpromising raw material, a bright and 
tasteless effluent, and,as we now know, the means 
he adopted to this end were at the same time the 
most effective he could apply for rendering the 
water safe and sterile. This remarkable fact has 











818 | been frequently illustrated, but it may be doubted 
818| whether a more striking example of how effective 


were the methods of a past generation of water 
engineers could be found than is recorded in the 
highly instructive presidential address which Mr. 
C. E. Smith, M. Inst. C.E., delivered last week to 
the Institution of Water Engineers at Wakefield. 
In this address Mr. Smith traced the history of 
the water supply at Wakefield from its commence- 
ment in 1839, when the first works were opened by 


@ company. The supply was drawn from the River ; certain of the assumptions 


and communications. Friday, pe 








Sir 


Calder, at a point 1} miles below the city, and this this 
was at first supplied without treatment. In 1850 

sand filters were installed, but by 1860 the river 
water had become so polluted that further purifica- 
tion became necessary. The water at the intakes 
could, in fact, be used as ink, and a letter written 
in this fluid formed part of evidence brought about 
that time before a Committee of the House of Com- 


—=—=————————— — 





mons. The additional method of purification then 
adopted was to the water, after a preliminary 
filtration in sand, through a filter-bed in which was 


comprised a layer 12i in. thick of ‘‘Spencer’s mag- 
netic carbide of iron.” This eer rested on a bed 
of sand and gravel having an te thickness 
of 3ft. 6. in., and was covered wit yer of sand 
12 in. thick. This upper layer was scraped and 
cleaned in the way now usual with sand filters, but 
the layer of iron carbide was never touched. The 


of | filters were worked at the rate of 5} in. Fo hour, 


and—this point is of great interest— were 
worked intermittently, one bed being res whilst 
the other three were at work. As is now known, 
intermittent filtration is a very effective method of 
sterilising sewage, and it is nota little interesting 
to note that, without any assistance from the 
bacteriologist, a solution of the problem presented 
was reached which could hardly be bettered to-day. 

As for the results attained, it appears that the 
installation of this system of purification produced 
a remarkable reduction in epidemic diseases, and 
during the cholera epidemic of 1866 only one case 


of} occurred in Wakefield, and that one was an im- 


rted case. The nature of the raw material 
with which this remarkable result was achieved 
is set forth in a Local Government report of 1869. 
The water at the intake is there reported as having 
a black opaque appearance, the te ape the channel 
being, moreover, covered with slime, but after the 
water had undergone a rest in the subsidence reser- 
voirs, which had a capacity of two months’ storage, 
and subsequent filtration through sand and the 
Spencer beds, it is stated to have been almost 
uniformly bright, clear, and well tasted. At the 


ind | Same time, however, the reporter disapproved of 


the policy of continuing to draw water from so foul 
@ source. 

Nevertheless, it ap that this end was not 
achieved till 1888, en the Corporation, havin 
meanwhile taken over the su oy, construc 
impounding reservoirs, drawing their supplies from 
oe moors. This water was, however, found to 

ve a solvent action on lead. As a temporary 
measure, it was accordingly treated with car nate 
of soda, ‘which was added at the rate of 34 grains 
per gallon, the cost of this being 21s. per million 
gallons treated, and this has now a replaced by 
treatment with lime. One and a half grains of car- 
bonate of lime are added, Mr. Smith states, to each 
gallon before filtration, and 1} grains of quicklime 
afterwards. The latter addition is found necessary, 
since Wakefield water will dissolve lead unless 
rendered distinctly alkaline. It is found that some 
of the alkalinity bestowed by the carbonate of lime 
is reduced in the passage through the filters, appa- 
rently because of the effect of me -producing 
retained in the beds, and it is eancienn ion considered 
advisable to add quicklime, as stated. It is of some 
interest to note that the carbonate of lime required 
is obtained from the water-softening plant at 
Wilmslow of the Stockport Corporation. 

In another part of his address, Mr. C. E. Smith 
ventured a plea for greater co-operation in experi- 
mental work, pointing out very truly that an 
immense amount of research work is carried out 
by engineers of which no record is ever published. 
For this we think there are two reasons. In 
the first place, engineers who have taken a con- 
siderable risk in introducing innovations in estab- 
lished practice are often prone to consider the data 
rma Hy obtained as a personal asset. We remem- 
ber, for instance, a case in which considerable 
difficulty was encountered in sealing off from a well 
certain undesirable waters encountered in strata 
above the chalk. Ultimately this was very success- 
fully accomplished by grouting, using neat cement 
as a grout ; but the engineer responsible said quite 
frankly, when asked for details, that he did not 
wish to give away useful knowledge to others. In 
many cases, however, —— is objected to 
because the experiments in question have been 
carried out with improvised plant in a rough and 
ready way. The results may be quite adequate for 
the point in view, but, if published, a carping critic 
might take exception to ma — of the details or to 

e, which the engineer 
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himself is quite aware may be only roughly reliable. 

Owing to this not unnatural reluctance to face 

captious criticism, the results of many useful, if 

songnly executed, investigations are permanently 
t 


ost. 

Mr. Smith instanced the collection of data as to 
the incrustation and corrosion of pipes as one 
matter in which co-operation amongst all water- 
works engineers is very desirable. Some pipes in 
this country have been laid down eighty to ninety 
years, butall record as to their composition, method 
of manufacture, and coating has been lost, even if 
it ever existed. Mr. Smith suggests that it would 
be well to adopt some standard method of recording 
experiences with pipes, and that a collation of such 
data would prove of the greatest value. 

In this connection we may note that a valuable 
paper on animal growths in water-pipes was con- 
ributed to last week’s proceedings of the Institu- 
tion of Water Engineers by Mr. D. C. Chapman, 
M. Inst. C.E., the water engineer of Torquay. 
Until filtration became general, water-pipes had, 
he stated, often a remarkably varied fauna. An 
examination at Hamburg after the last cholera 
visitation showed, for example, that the mains 
of that city contained snails and water lice in 
hundreds, in addition to mussels, eels, and stickle- 
backs, and even flounders ; whilst, moreover, many 
of the mains were much obstructed by prolific 
growths of sponges and polyzoa. Similar troubles 
are, it appears, still encountered in America in the 
cases which have not yet adopted systems of filtra- 
tion. As is well known, subsiding reservoirs effect a 
very marked improvement in the bacterial condition 
of a water supply such as that derived from the 
Thames. At the same time, however, such reser- 
voirs may serve as breeding-beds for more highly- 
organised growths. In this connection Mr. Chap- 
man relates an interesting experience at Torquay. 
At this town supply for the filters is taken from 
a storage reservoir, and is passed through mecha- 
nical filters before it is allowed to enter the mains. 
In general, these filters require cleaning every 
seven days, but a short time ago there was an 
abnormal development of Daphnia in the reservoir, 
as the result of which it became n to 
shorten the interval between cleanings, which was 
finally reduced to four days. An inspection of 
the filters showed a layer of these organisms } in. 
thick or more. An examination was next made of 
the reservoir, samples being taken from different 
depths, and it was found that the creatures were 
most abundant at a depth of 15 ft. to 20 ft., and 
by drawing off the water at a different level the 
filters were effectively relieved of the extra work. 
Polyzoa often obstruct pipes most seriously, and 
Mr. Chapman stated that he had seen a 12-in. pi 
thus coated with a sponge nearly 4in. thick. Should 
the sponge die, the fragments will be carried into 
ball-cocks and meters, cutting off the supply. The 
remedy, Mr. Chapman says, is to starve them out 
by cutting off their f supply, which can be 
accomplished by allowing filtered water only to 
enter the mains. 

In another to dealt with at last week’s 
meeting, Mr. W. J. E. Binnie and Mr. H. Lap- 
worth, MM. Inst. C.E, dealt with the difficult 
question of apportioning the storage capacity needed 
in particular hydrological conditions. On compar- 
ing data derived from a large number of watersheds 
they have found that all these data can be repre- 
sented with considerable accuracy by a relatively 
simple formula—viz. :— 

a = 15% a 
71.85 

Here s denotes the inches of storage required to 
supply (constantly from a stream) n inches 
annum, whilst d denotes the extreme minimum dry- 
weather flow reduced to inches per annum, and n 
the mean run-off also in inches per annum. The 
storage required in gallons is equal tos x area of 
gathering-ground in acres x 22,610. 





ALUMINIUM ELECTRICAL CABLES. 

Tuer is nothing new in the idea that aluminium 
may be employed in the place of copper both for 
bare overhead and insulated underground electric 
cables. Some work has been done with both 
classes_of cable in this country, while much has 
been done with insulated cables on the Continent 
and with overhead cables in America. In spite, 
however, of what has been written on the matter 
and the work which has been carried out, we think 


it fair to say that, at any rate, in the British Isles, , 





aluminium has not received the attention it deserves, 
and that in many quarters copper is looked upon 
as the only material for electrical-transmission 
work. It is unfortunate that this should be so, 
for while it is ible that for the majority of 
installations in this country copper may prove the 
cheaper material of the two, it is certain that in 
some cases aluminium will have an advantage on 
the score of cost, and will show no accompanying 
disadvantage which will outbalance the saving. 

A good deal of comparative data referring to 
copper and aluminium has been published at one 
time and another ; but as a large part of it has been 
put forward under the auspices of what we may call 
the aluminium interests, it has, wo. 7 not re- 
ceived the attention it deserved. e do not 
suggest for a moment that the information which 
has been rendered available by the British Alumi- 
nium Company, for instance, is not reliable—quite 
the opposite. We do suggest, however, that 
information published by such a eee may in 
some quarters have been treated with less con- 
sideration than it would have received had it been 
published by an independent authority. For this 
reason we welcome a new contribution to the 
copper-aluminium question from a gentleman whom 
we think we are correct in describing as an ‘‘ out- 
sider.” The contribution formed the essence of a 
paper read before the Institution of Mining Engi- 
neers at their London meeting on the 5th inst. 
by Mr. Burkewood Welbourn, M.I.E.E. In view 
of the Institution before which it was read, the 
paper naturally addressed itself largely to the 
question at issue from the point of view of minin 
conditions, but much of the matter it contain 
was pregnant with a wider interest. 

Mr. Welbourn’s paper was couched in singularly 
fair terms, and in the various comparisons it con- 
tained between copper and aluminium, both for 
insulated and bare cables, there were no signs of 
any attempt to make an unfair case for either side. 
We wish to refer to some of the comparisons which 
were given, but before doing so will quote some of 
the information from the earlier part of the paper 
in reference to the manufacture and physical pro- 
perties of aluminium. Mr. Welbourn stated that 
while the present annual world’s production of 
copper was about 1,004,485 tons, the production of 
aluminium was 60,000 tons. This latter figure was 
to some extent uncertain, owing to the fact that 
the aluminium output of the United States is kept 
secret. It was thought that of the total output of 


aluminium, only about 15 per cent. was used for | par 


electrical purposes, or, say, about 10,000 tons, 
equivalent to 20,000 tons of copper. Plants now 
in course of construction would increase the present 
output of aluminium by about 50 per cent. in the 
next two or three years. 

Dealing with the chemical and physical oe. 
ties of aluminium, Mr. Welbourn stated that bars 
usually contained 0.5 to 0.7 per cent. of im- 
purities, chiefly silicon and iron. As long as the 
impurities did not exceed 0.71 per cent. the con- 
ductivity of hard-drawn aluminium was 60 per cent. 
of British standard copper at 60 deg. Fahr. ; with 
0.5 per cent. of impurities the conductivity was as 
high as 61.7 per cent. of that of copper. If the 
impurities did not exceed 0.75 per cent., as could 
always be arranged, Mr. Welbourn was of opinion 
that bare aluminium could be used in any situation 
in the United Kingdom in which copper could be 
employed. The suitability of aluminium for use 
near the sea, if of proper purity, was proved by the 
condition of the over ook line at Larne Harbour, 
which had been in position for about ten years. 
Aluminium would not stand situations in which 
hydrochloric acid or alkaline solutions were present, 
but for lines near coke ovens it was superior to 
copper, as it was not attacked by sulphur dioxide 
products as copper was. 

Aluminium is inferior to copper in that its 
coefticient of linear expansion is some 40 per cent. 
greater, but the author stated that he was not 
aware that this fact had proved a source of difficulty 
in practice. The dissipation of heat from bare 
aluminium cables was more rapid than from copper 
cables owing to their necessarily greater size and 
consequently greater radiating surface. The differ- 
ence was sometimes as great as 10 percent. On 
the question of the mechanical strength of alumi- 
nium Mr. Welbourn’s paper contained an interest- 
ing table, which we reproduce herewith. This 
table is intended to form the basis of a specification 
for aluminium for overhead cables, and refers to 


the properties of the individual wirea of such | 





cables after stranding. It is based on the assump- 
tion that the aluminium is cold rolled, which 
process, coupled with improved manufacturing pro. 
cesses, has, so Mr. Welbourn states, increased the 
breaking strain of aluminium by 10 per cent. over 
that obtained only three years ago. The table is 
as follows :— 





a 


Wrapping 
| Test, 


Extension in 
a 5-In. Length. 


Diameter 
of Wire. 


Breaking 
Strain. 





per cent. | 
8.00 Three times 
| round its 
own  dia- 
meter on, 
| and three 
| times off, 





The breaking strains in the table agree - 
closely with the results of a formula suggested by 
Mr. A. P. Trotter for such wires. The formula is :— 


T =16.5 — 24D, 


where T = tensile strength in tons per square 
inch, and D = diameter of wire in inches. 

The object of the wrapping test is to ensure that 
no brittle wire is used. It is suggested by the 
test ee by the Post Office for copper wires. 
It may be noted that the breaking loads given in 
the table are considerably higher than are given 
by a curve published by the British Aluminium 
Company in November of last year. The curve 
gives for No. 68.W.G. wire a load of 9.82 tons 
per sq. in., and for No. 16 a load of 12.38 tons 
per sq.in. It is expressly stated by the British 
Aluminium Company, however, that these tensile 
strengths are such as are ordinarily obtained, and 
that for long-span construction material having s 
much higher breaking load is usually employed. 
The figures given in Mr. Welbourn's table appa- 
rently do not represent the maximum that can be 
obtained, as a case is quoted in the paper of wires 
from a 19/0.183-in. stranded conductor which gave 
a breaking strain of 15.38 tons per sq. in. The 
British Aluminium Company, in connection with 
these curves for ordinary aluminium, suggest an 
elastic limit of some 60 a cent. of the breaking- 
strain figures. Mr. Welbourn states that the 
elastic limit is usually assumed to be 70 per cent. 
of the breaking strain. 

The paper then dealt with insulated cables with 
aluminium conductors, and some interesting com- 

isons with copper cables were made. At the 
time of writing the paper— March, of this year— 
copper was 691. 5s. per long ton, and aluminium 
90/. 103. per long ton. The price for copper is 
5 per cent. higher than the average price for the 
last fifteen years, during which period it has fluc- 
tuated between 54/. and 122/. a ton. The price of 
aluminium has fallen from 2001. a ton to the figure 
given, after a somewhat artificial drop to 60l. a 
ton. The comparisons covered both three-phase 
and single-core cables of various types. Comparing 
in the first instance a three-core paper-insulated 
lead-sheathed cable of 0.10 sq. in. of copper, or its 
equivalent, 0.166 sq. in. of aluminium, suitable for 
medium pressure, it was stated that for plain lead- 
sheathed cables the aluminium was the cheaper 
whenever aluminium-wire bars were less than 22I. 
per ton above the price of copper bars; for single- 
wire armoured met ae the aluminium was the cheaper 
whenever aluminium was less than 101. above the 
price of copper; and for double-wire-armoured cables 
whenever aluminium was lower in price than copper. 
For single-core, paper-insulated and lead-covered 
cable, suitable for continuous current and medium 
pressure of a section of 0.30 sq. in. of copper or 
equivalent aluminium, aluminium was the cheaper 
for plain lead-sheathed cable whenever aluminium 
was less than 42]. per ton above copper. For 
similar cable single- wire - armoured aluminium 
was the cheaper when aluminium was less than 
22]. a ton = al copper, and for double-wire- 
armoured cable whenever aluminium was less than 
101. a ton above copper. For similar cable, 
bitumen-covered and braided, the same figures 
held, plain braiding corresponding to plain lead 
sheathing, and the single and double-wire armour- 
ings being compared in the two cases. ; 

4 some cases aluminium will show up quite 
unfavourably, and in an example taken of a 3000- 
volt three-phase paper - insulated lead-sheathed 
double-wire armoured of 0.20 sq. in. of copper 
and equivalent aluminium, it was stated that while 
the comparative prices of the copper and aluminium 
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would be as 1.00 to 1.11, the net weight of a 
specific length would be 144 cwt. for copper and 
161 cwt. foraluminium. We may leave the question 
of insulated aluminium cables by quoting some 
interesting examples of actual installations which 
were given by Mr. Welbourn. Important examples 
in this country are at Manchester, Bolton, and in 
London. The Manchester Corporation Electricity 
Department has over 11,000 yards single-core lead- 
sheathed paper-insulated aluminium cable, chiefly 
of 1.66 sq. in. area. It works at voltages up to 
600 on a continuous-current circuit. Some of it 
has been in use for four years. The Bolton Cor- 
poration Electricity Department has 1440 yards 
single-core 1 66 sq. in. similar cables in use for over 
three years, while the Metropolitan Electric Supply 
Company, Limited, has 6000 yards of 0.83 sq. in. 
medium-pressure concentric and triple-concentric 
cable. Mr. Welbourn states that on the Continent 
thers is certainly 800 miles of aluminium cable in 
use at voltages varying from 240 to 60,000. The 
city of Ziirich alone has 238 miles, while the Paris 
General Omnibus Company has aluminium cables 
representing in all 300 tons of aluminium, and has 
on order cables amounting to a further 300 tons. 
The question of the relative cost of aluminium 
ani copper cables for bare overhead transmission 
work obviously lends itself less easily to direct com- 
parison in general terms, since the problem in almost 
any case will be complicated by local factors. Prob- 
ably, however, most people will consider this the 
sphere in which aluminium can most effectively 
compete with copper. The paper we are dealing 
with considers a theoretical case in which aluminium 
comes out much the cheaper. In addition, however, 
it gives two actual examples from this country, in 
which aluminium successfully competed with copper. 
They are naturally more convincing than theoretical 
cases. In 1910 Messrs. Kennedy and Jenkin, as 
consulting engineers to the War Office, issued a 
specification for 7.6 miles of 3000-volt four-wire 
three-phase line at Aldershot. The length of span 
was 200 ft., and the conductors were of 0.10, 0.05, 
and 0.025 sq. in. aluminium or equivalent copper. 
With copper at 601. 5s. a ton and aluminium at 
741. 103. a ton, the tender-prices showed a saving of 
7.42 per cent. in favour of aluminium, in which the 
work was carried out. The second example was for 
Messrs. Newton, Chambers and Co., Limited. It 
consisted of a 950-yard run of two 0.40 sq. in. 
double-braided aluminium conductors and a 2100- 
yard run of two 1.40 sq. in. bare aluminium con- 
ductor, or equivalent copper, in each case ; 49-yard 
spans were allowed for aluminium, and 50 yards for 
copper. Aluminium for the first line showed a 
saving of 25 per cent. over copper, and for the 
second of 274 per cent., in both cases poles being 
included. A third example was for the Ebbw Vale 
Steel, Coal, and Iron Company, Limited, for whom 
Messrs. Walter Dixon and Co. act as consulting 
engineers. The ‘work consisted of a 5850-yard 
run of line for a 6600-volt three-phase circuit, and 
carrying 1100 kw. The wires were of 7/0.196 in. 
bare aluminium, and the saving in favour of alumi- 
nium as compared with copper was 20 per cent. 








THE ROYAL SOCIETY SOIREE. 
Lapigs’ Nieurt. 


THE second soirée of the Royal Society was held 
on Wednesday last, June 11, when the President, 
Sir Archibald Geikie, received members and their 
ladies. Of recent years ladies’ nights have not 
been overcrowded with exhibits, and the usual two 
discourses have been dispensed with. On the 
other hand, biological exhibits are generally more 
to the front at these soirées ; this year they were 
not very prominent. Several of the exhibits had 
already been shown in the first soirée, and we 
would refer our readers to our issue of May 9.* 
We begin our notice with subjects of more direct 
interest to the engineer. 

Professor R. Wilberforce, of Liverpool University, 
gave his demonstrations of water-ripples once more, 
and he exhibited this time also photographs of 
some of the beautiful and instructive effects he 
obtains. The ripples are produced in a water- 
trough by the aaiieiion in the vertical plane of 
respectively a dipper, a bar of aluminium, an alu- 
minium comb, wires, &c., the frequency being 
about 30 periods persecond. The illuminated water 
surface is projected on a screen, as we described in 
our notice of the last soirée, and photographs are 








* See ENGINEERING, page 641 ante. 


secured by replacing thescreen bya plate of ground 
glass, the camera being focussed on the back of the 
glass. Our readers remember that the ripples 
appear slowly to traverse the screen. For taking a 
eee the ripples should be quite stationary. 
For this purpose the phonic wheel is turned by 
hand a little too fast. The ripples then seem 
to travel backward; but the motion soon slows 
down again, and at some particular moment every- 
thing will appear quite stationary ; at that moment 
the photographic shutter is opened. We mentioned 
one experiment in which a glass disc was put in 
the trough, over its glass bottom, so that the water 
at that spot was shallower than in the rest of the 
trough. In this shallow portion the waves lag 
behind, and the photograph also shows a peculiar 
focus effect produced in the waves near the glass 
disc, but outside it. Some very characteristic inter- 
ference photographs were also exhibited ; two wires, 
about 2 cm. apart, were used as dippers in this 
case, and the interferences in multiple radial lines 
were more distinct in this instance than the full 
rings seen when the wires are closer to one another. 
rofessor S. P. Thompson, F.R.S., exhibited 
the recent form of the telegraphone of Dr. V. 
Poulsen, of Copenhagen, which is now being intro- 
duced into this country. The first experiments of 
this kind were shown by Poulsen and Pedersen at 
the Paris Exhibition of 1900. The instrument 
records sound or speech by telephone on a wire 
which travels rapidly between two magnetic poles 
of the sending telephone circuit ; the vibrations 
are impressed on the moving wire which is being 
magnetised at paps ber =» number of spots. This 
magnetic record is absolutely invisible. But when 
the wire is passed between the poles of a small 
electro-magnet in the circuit of a receiving tele- 
phone, the undulations are repeated by electro- 
magnetic induction, so that the speech is repro- 
duced in the telephone. The sounds are very 
feeble, however, and a Brown telephone relay is 
therefore added to the outfit. e wire, of 
tungsten steel, is wound by an electric motor 
from one reel on to another ; in order to prevent 
overriding of the wire on the reels, the electro- 
magnet which makes the imprint is mounted 
on an arm which swings to and fro in a ver- 
tical plane. To delete a message imprinted on 
the wire, the wire is run backward through the 
magnetic field of an alternating circuit ; the instru- 
ment is fitted for this obliteration, which does not 
take more than a minute. In another form of the 
instrument the records are produced on a steel disc. 
This form is preferable when letters are to be dic- 
tated to the telegraphone and afterwards to be typed 
out ; a compound pedal was also exhibited, by the 
aid of which the instrument is started, and the 
last few words are repeated whenever the typist 
requires them. Wires give louder sounds t 
discs, however, because they can be more rapidly 
moved, and the strength of the induction current, 
by virtue of which the telegraphone operates, 
depends upon the speed of the motion. Our 
readers may remember that in a demonstration of 
the telegraphone which Professor Strecker gave at 
Berlin in 1904, conversations, exchanged between 
Berlin and Frankfort, a distance of 270 miles, were 
distinctly reproduced by the aid of wire instruments. 
The interesting experiments with liquid dro 
and liquid skins of Mr. C. R. Darling, of the 
Finsbury Technical College, belong to a line of 
research on which Mr. Darling has recently read 
papers before the Physical Society. The idea is 
to produce drops of one material in a medium of 
the same, or almost the same, density (generally a 
mixture of two liquids), and to study the drop and 
surface-tension phenomena directly or at different 
temperatures, when the former equilibrium will be 
disturbed owing to the different heat capacities of 
the materials. In the apparatus exhibited Mr. 
Darling demonstrated how drops of the same 
material, but of different sizes, will pass into one 
another when brought into communication with 
one another. An inverted (J tube was lowered 
into water ; the tube was charged with orthotolui- 
dene from a funnel at the top of the horizontal 
rt; the one limb was longer, or could be made 
onger, than the other; each limb was provided 
with a tap, and a horizontal tube, further connect- 
ing the two limbs, also had atap. The density of 
toluidene is at 18 deg. a little smaller than that of 
water. By momentarily aes the tap T, 
(Fig. 1) a big drop was produced at the end of 
this limb, and a smaller drop then at the end 





of the other limb by opening the tap T, for a 


shorter time. When the two tube-ends were 
at the same level, the smaller drop would become 
still smaller and flatter and disappear, while 
the r drop widened out, as soon as the 
communication tap T,; was opened. When the 
smaller drop was produced at a lower level 
(at the end of a longer tube) the motion was 
reversed, the smaller drop swallowing the ter, 
so to + Surface tension and the hydraulic pres- 
sure at different levels enter into this phenomena ; 
a position of equilibrium can be found when both 
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drops remain stationary, and from that equilibrium 
the surface tension can be calculated. Skins of 
liquids in liquid were produced in the following 
way :—A little coloured aniline is poured into water, 
at the bottom of which it settles. A wire ring, 
attached toa rod, is then lowered into the aniline, 
and an aniline skin is formed over the ring ; when 
this skin is moved up and down in the water, it 
turns into asack enclosing water. When the aniline 
is carefully dropped into shallow layers of water, 
covering the bottoms of various glass cylinders to 
different depths, drops of various shapes will be 
produced, and by pouring more water of suitable 
temperature into the respective cylinder a drop can 
be made to rise. Very amusing were the move- 
ments of nitrobenzene, &c., produced when a 
syringe containing this liquid was dip into 
water. The circular film first visible almost at 
once began to fall into convulsive movements ; 
coral branches seemed to form and to dissolve in 
the next moment, a large number of globules of 
various sizes floating on the water. In the case of 
xylidine the appearance was very peculiar ; little 
lobules or discs would form, a globule would sud- 

enly change into a kind of crab and turn about its 
vertical axis, to assume the disc shape again. 

Dr. T. K. Rose, of the Royal Mint. illustrated 
the re-crystallisation of gold by a series of micro- 
scopic slides. By rolling, the grains of the gold 
had been flattened out into laminw, which were 
seen in the first microscope. The annealing led 
to crystallisation, and the successive slides showed 
first a few crystals forming in some laminw, ther 
more crystals surrounding the former, and finally, 
as the temperature was raised or the annealing 
proceeded, all the laminz showed crystallisation. 
Some of the original crystals, which had been dis- 
torted by the rolling, were first broken up into new 
smaller crystals before re-crystallisation began in 
the other laminz. The unaltered laminz were hard, 
the new crystals soft, and incompletely annealed 
metal would consist of alternating strips of hard 
and of soft metal. 

The specimens illustrating the behaviour of 
metals at relatively high temperatures, which were 
exhibited by Dr. Rosenhain, F.R.S., and Mr. 
Ewen, of the National Physical Laboratory, were 
mentioned when dealing with the preceding soirée. 

Professor E. G. Coker exhibited some interesting 
novelties of his apparatus for measuring the stress 
distribution in transparent materials. His column- 
testing machine is illustrated in Figs. 2 and 3, page 
814. e machine makes use of a lever system to 
measure the load on a plunger, which is constrained 
to move axially without appreciable friction ; the 
motion is controlled by the aid of thin spring plates 
or wires, which are secured to the movable plunger 
and to a fixed casing, so that all degrees of freedom 
are suppressed except one. The plunger A (Fig. 2) 
is secured at each end to a = of very thin dia- 
phragm plates (of steel or brass) B, B,, which, 
at their outer edges, are clamped in an annular 
casing ©. The plunger so secured has only a 
small amount of vertical motion, and the pillar 
or column is set between the compression-plates 
D and E; E slides on the ee gm F and 
G, and is adjusted in height by a flat-topped 
screw H, secured in the base. This screw is, 
in larger machines, replaced by an hydraulic 
ram ; the sliding-plate is not required then, and 
the load borne by the plunger is weighted by a 
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single lever pivoted at J; the motion of the 
plunger is limited by the stops K. In some forms 
perforated diaphragms or wires radially arranged 
in a plane are substitutes for the diaphragm plates ; 
in Fig. 3 the block A is peat me by four steel 
strips B, B, B, B,, so arranged again, that all 
degrees of freedom except one are < <I 
These devices are due to Dr. Coker and Mr. H. F 
H. Withycomb, his assistant ; stress diagrams, in 
the colours of polarised light, were shown. 

Another novelty of quite recent date of Dr. 
Coker’s is illustrated in the photograph, Fig. 4, and 
in the diagrams, Figs. 5 to 8. The machine applies 
a measured hydraulic pressure of great intensity to 
the internal or the external boundaries of ring- 
shaped bodies and built-up cylinders. A pressure 
up to 2000 lb. per sq. in. is produced by a hand- 
pump measured by the gauge, Fig. 4, and is trans- 
mitted to the ring apparatus through pipes of brass 
or copper ; the ring specimen is P ed inside the 
large ring-chamber (Figs. 5 and 6) or around the 
small ring (Figs. 7 and 8). The large ring-chamber 
can take more than one ring specimen when the 
specimens are concentrically fitted into one 
another. The ring-chambers are made of bronze. 
The fluid is into the ring of U-shape, made 
of xylonite, like the specimen ; this J corresponds 
to the cup leather of an hydraulic machine. _ The 
liquid is oil, and the bodies under stress remain 
visible in the polariscope while the experiment 
lasts. Dr. Coker’s third machine for measuring 
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open for a small extra fraction of a second. 


Fig 2. 
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deformation across the section of a aoe by 
the aid of reflecting mirrors and multiplying levers 
was described in our notice of the spring meeting 
of the Institution of Naval Architects.* 

The spiraloid curve apparatus of Mr. R. Inwards 
is an instrument for drawing figures resembling the 
structure of diatomacer, radiolaria, and other 
forms, and consists of a revolving table, on which 
the paper is laid, and a slide and two sets _ 
wheels, the motions of which are transmitted by 
two rods tothe pen. The one rod, sliding in a kind 
of bench, would push the pen very slowly inward 
or outward ; the other rod is actuated by wheels and 
adjustable cranks, and is pivoted with the first rod. 
The pen describes a series of undulating, more or 
less concentric lines, which form a close spiral. 

Mr. Charles Dawson, of Piltdown, Sussex, 
showed two ——— of lightning strokes, 
accidentally taken simultaneously with two cameras 
about a mile apart, the one at ings, the other 
at St. Leonard’s; in each photograph a pier 
appeared in the field. Each ag ee showed 
four main lightning strokes. e identity of the 














4. 


There were only two astronomical exhibits. The 
one by Dr. Edward C. Pickering, F.R.S., director 
of the Harvard College Observatory, near Boston, 
U.S.A., had a peculiar historical interest. Assum- 
ing that the colour of most stars has not changed 
within historical times, it is possible to estimate 
whether or not the eminent astronomers of t 
ages were, to a certain extent, colour - blind. 
Certain stars appear white or bluish, others red, 
and the stars can be grouped according to their 
colours and the class of spectrum. Now the sensi- 
tiveness of the eye to rays of different colours has 
recently been tested at Harvard for numerous 
observers by grouping their estimates of the light 
of the stars according to their colour. Taking the 
averages of the Harvard observers as normal, 
and representing their estimates of star colours by a 
straight horizontal, white being at the left and red at 
the right end, irregular curves are obtained for the 
sensitiveness of other observers which seem to have 
weakened or exaggerated sensitiveness to 
certain rays. In this way the astronomers can be 
arranged in a series which opens with Seidel (red 
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faint, or con sensitive to blue), and goes on 
to Safi ( 4.D.), Ptolemy (130 B.c.), Heis, Wolf 








lightning strokes was unmistakable from the 
equality of the shapes of the curves, which, by the 
way, did not display the traditional zig-zags at all, 
of course, but only ramified irregular lines ; but 
one lightning stroke was visible on the one photo- 
graph only, that camera having evidently remained 
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the son-in-law of ee, W.. Herschel, and 

y to Peirce (blue faint, or particularly sensitive 
tored). Ptolemy and Sffi would appear to have had 
normal sight. e other astronomical exhibit, that 
of an ancient Egyptian astronomical instrument, a 
wooden sight-vane, which was shown by Captain 
Lyon, F.R.S., was mentioned in our account of the 




















































first soirée this year; the original of this instru- 
ment is now in the Berlin Museum. 

A series of Antarctic drawings and water-colours, 
made by the late Dr. Edward A. Wilson, were 
lent by his widow, Mrs. Wilson. They comprised 
peculiar scenery, icebergs of strange shapes, 4 
cave in the great barrier ice, and mock suns. 

Professor C. J. Patten exhibited an excellent 
model of the Tuskar Rock and Lighthouse, which 
is often swept by the seas, and which has become 
very important for the study of the migration of 
birds. A very interesting selection of photographs 
was also exhibited. The lighthouse has a flat top, 
very convenient for observation. Birds pass. at 
velocities up to 90 miles per hour, at various 
favourite altitudes, and descend at certain charac- 
teristic angles; they assemble at night at the 
lantern, rest on the balcony and rails, collide with 
the lantern, and die in the pools on the rock from 
exhaustion or starvation when stunned. 
The exhibits of the Marine Biological Association 
of the United Kingdom at Plymouth, shown by 
Mr. Orton, were again most attractive. The crabs 
from Chili, which had found shelter in the aban- 
doned barnacles sticking to the bottom of a ship, 
and had made the journey over to England in them, 





paid a second visit to the Royal Society. Thére 
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were hermite crabs so completely overgrown by 
sea - anemones that the crab lived inside the 
anemone; others were living in the same way 
within sponges; spider crabs who had adorned 
themselves to such an extent with other living 
animals that they were almost hidden or at least 
hardly recognisable ; swimming crabs with pecu- 
liarly flattened-out legs; small crustacea, some- 
what like tiny shrimps, which seem to thrive 
best in foul mud; crabs and lobsters with 

; and one peculiar colony of animals which 
are hermaphroditic and yet develop supplemen- 
tary males. The sex question in butterflies and 
moths was the chief point in the exhibits of 
Dr. G. D. H. Carpenter, Professor E. B. Poulton, 
and Mr. L. Doncaster. Professor Poulton’s exhibit 
concerned the researches and breeding experiments 
of Mr. W. A. Lamborn in the Lagos district, 
where two castes of the females of acrea encedon 
exist ; the one caste produces mixed families, the 
other all-female families. In the moth abraxa 
grossulariata six successive generations consist 
entirely of females. 

The phenomena of plant-breeding demonstrated 
by Professor Bateson, F.R.S., on behalf of the 
John Innes Horticultural Institution, concern cog- 
nate problems on which Professor Bateson has 
recently been lecturing at the Royal Institution. 
What determines the sex in offspring or the heredity 
of sex is still mysterious ; in crossing, certain char- 
acteristics are propagated predominantly in the one 
or the other sex ; this feature is, to a certain extent, 
common to animals and plants, but there are 
peculiar differences, so that the phenomena do not 
appear to be analogous. Professor Bateson’s beau- 
tiful collection of living plants exemplified in 
particular maternal and actual hybrids in primula 
and tobacco plants, and the inheritance of double 
flowers and sex in tropeolum, campanule, and 


nive. 
— Protura, of which British examples were 
exhibited by Mr. C. B. Williams, are a group of 
recently discovered primitive Antropods, which do 
not fit into the ordinary classification. They are 
distinguished by a large number of abdominal seg- 
ments with peculiar appendages and the absence of 
antennze. 

Dr. H. F. Standing er, a petegnate of the 
skeletons of extinct giant lemurs from Madagascar ; 
some of these apes burrowed in the banks of lakes 
and streams, being amphibious; others lived on 
trees like the modern lemurs, from which they are 
distinguished by the extreme and reversed dispro- 
portion between the upper and lower limbs, the 
= being much stronger in these fossile animals. 

he piece of Egyptian jewellery exhibited by 
Professor W. Flinders Petrie, a pectoral of soldered 
gold, inlaid with cut turquoise, lapis laguli, and 
carnelian, was found in a grave 40 miles south of 
Cairo, in which a plunderer had been killed by the 
fall of the roof. The jewel resembles that of 
Dashur, and is ascribed to the same artist and to 
the date 3400 B.c. 

The remaining biological and other exhibits were 
already noticed at the time of the last soirée. They 
were the polyzoa of water works shown by Dr. 
8. F. Harmer, F.R.S., whose memoir on these 
micro-organisms will shortly be published. They may 
multiply to such an extent in unfiltered water that 

er animals, worms, and even fish, like stickle- 
backs, find sufficient food in the mains, and, them- 
selves multiplying, stop up the latter. Several such 
cases, commonly ascribed to the growth of ** alge,” 
have recently been observed in British water 
works. Further, the botanical and scenic photo- 
graphs taken by Professor H. H. W. Pearson in 
German South Africa, and the remains of the 
paleolithic human skull and mandible, found 
together with flint implements by the above-men- 
tioned Mr. Charles Dawson, at Piltdown, Sussex, 
and studied by Dr. A. Smith Woodward, Keeper of 
the Geological Department of the British Museum. 
Oi interest to the engineer and physicist were the 
rainbow cups of Mr. C. Vernon Boys, F.R.S. ; and 
ne instruments for aeronautical work, again exhi- 
bited by Mr. O'Gorman, of the Aircraft Factory, 
Farnborough. The model by Sir John Thorny- 
croft, F.R.S., designed to illustrate the effect of a 
compound cross-sea on vessels of various rolling 

oo —— ~ oo as did aleo the 

utiful collection o: artificial tals, 
Prepared by Professor W. J. Pope, F.RS., of 
Cambridge. Crystallisation in these concentrated 
solutions is sometimes started by suspending a 
small crystal of the respective salt in the solution, 





SOME NOTES ON THE PROPOSED L.C.C. 
REGULATIONS FOR REINFORCED 
CONCRETE.—No. I. 

By Percy J. Waupram, F.S.I., M.C.I. 


THE pro London County Council regulations 
for reinforced concrete are based upon the ordinary 
theory, which assumes that the stress-strain line of 
concrete and steel acting in conjunction is straight, 
and that the concrete takes no tensile stress. In 
view of the fact that both these assumptions are 
incorreét, and are only made to simplify calcula- 
tions, there is a somewhat striking absence of any 
provision for periodical revision or for the alterna- 
tive use of future modifications of a theory which is 
at present used y, but tentatively. In fact, 
the whole of the regulations, both as to theory and 
practice, present none of that healthy elasticity 
which is to be found in other codes, such as the 
French Government rules and the regulations for 
New York enacted last year. 

Authorities are agreed as to the basis upon which 
many, and probably the bulk, of the problems 
involved in design should be treated ; but there 
yet remain many matters, of by no means trivial 
importance, with regard to which no one would 
seriously contend that the last word has been 
spoken, or even that professional opinion has 
crystallised into substantial agreement. Design 
in reinforced concrete presents many difficulties 
which do not arise when dealing with homogeneous 
materials like wood and steel. To take a homely 

rallel, a man who thoroughly understands farm- 
anes can soon learn to manage a thoroughbred, 
but he requires considerable skill and experience 
before he can drive a mixed team of dray-horses 
and bloodstock harnessed to the same load. Simi- 
larlyan experienced draughtsman whohasthoroughly 
mastered the principles of structural mechanics 
involved in the design of structures composed of 
wood, masonry, and concrete, is o_ able to 
adapt his knowledge to steel-work design ; but he 
n to learn new methods and a new theory before 
he can properly harness steel and concrete to work 
together, without the over-willing steel taking a 

eater proportion of the load than it is able to 
ar, or setting a pace which the concrete cannot 
keep up with. 
any brilliant minds have been at work for 
several years upon the problems involved ; valu- 


able data have been collated and considerable | 4 


experience gained, but the science of compound 
design in two materials so dissimilar in all their 
essential properties as steel and concrete has not 
yet been mastered sufficiently to afford us that 
facility in theory and practice which we possess 
with regard to homogeneous materials, presenting 
only the same problems which have arisen since 
mankind first began to build. It is therefore highly 
essential that no authoritative code of regulations 
should purport to lay down the law without leaving 
ample facilities for the adoption of any modifications 
in practice which may result from more complete 
data and more extended experience ; and especially 
is it desirable that every official code should 
contain, for all to see, a provision fer its own 
revision at stated periods. Unless this be done, 
there is no small danger of the theory of to-day 
acquiring a false status, highly prejudicial to the 
evolution of the possibly safer and more accurate 
theory of to-morrow. There is very little induce- 
ment fora busy professional man to spend time and 
labour in research or experiment in order to deduce 
more accurate principles, when he knows that - 
will inevitably have to compete in reputation wit 
those which have become part of the law of the 
land, and which can only be varied by the expen- 
sive, tedious, and often futile process of promoting 
new legislation. 

It must also be borne in mind that these regula- 
tions, as soon as they are sanctioned, will acquire 
in the eyes of a layman and of the ordinary prac- 
titioner a status considerably higher than that of 
an Act of Parliament. They were expressly sub- 
mitted; under the parent Act of 1909, to the criticism 
of the four protessional institutions principally 
concerned, and will therefore bear the implied 
stamp of the approval of those institutions. Even 


though individual institutions may protest subse- 
quently that they objected to certain clauses, the 
average man, having a not unfounded confidence 
in the general fairness of a great public depart- 
ment like the Local Government Board, will have 
but a poor opinion of the cogency and energy of 
such an unsuccessful objection, especially as he 





will inevitably remember that no attempt was 
made to back it by the considered opinion of the 
ordi members of the institution concerned. 

It would therefore ap to be the duty of all 
those interested in the future of a —— new 


science, g great and probably unexpected 
potentialities, to urge that regulations should 
either be elastic or that consent should only be 
given for a limited period ; machinery being set up 
whereby a proper professional tribunal may in the 
meantime receive, record, and consider any sug- 
gestions, and be given facilities to carry out suc 
further experimental research as may be found 
desirable. 

Wind Presswre.—When the clauses are examined 
in detail, it would scarcely appear that full use has 
been made of the data and theoretical knowledge 
available. 

Floor and Roof Loads. 

_8. For the purpose of calculating the loads on founda- 
tions, pillars, piers, walls, framework, beams, and other 
constructions carrying loads in buildings, the —e 
im load on each floor and on the roof shall be 
estimated as equivalent to the following dead load :— 

11. For a roof the of which incli at a greater 

angle than 20 deg. with the horizontal, the superimposed 
load, which shall for this purpose be deemed to includ 
wind pressure and weight of snow and ice, be esti- 
mated at 28 Ib. per sq. ft. of sloping surface normal to 
such sloping surface on either side of such roof. 
' 15, For the purpose of calculating the total load to be 
carried on foundations, pillars, and walls in buildings of 
more than two storeys in height, the superimposed loads 
for the roof and topmost storey shall be calculated in full, 
but for the lower storeys a reduction of the superimposed 
loads shall be allowed as follows :— 

16. For the storey next below the topmost storey a 
reduction of 10 per cent. of the calculated superimposed 
load shall be allowed, for the next storey 20 per cent., and 
so on by increments of 10 per cent. per storey till the 
reduction amounts to 50 cent. It shall be taken at 
50 per cent. for all floors below. 

17. No such reduction as aforesaid shall be allowed in 
the case of a building of the warehouse class. 


Wind-Pressure. 


18a. All buildings shall be so designed as to resist safely 
a wind-pressure in any horizontal direction of not less 
than 20 Ib. per sq. ft. of the whole projected surface 
normal to the direction of the wind. 

18d. All structures or attachments whatsoever in con- 
nection with a building, including towers or other 
which extend above the roof flat or gutter or adjoining 
thereto, shall be so designed as to resist safely a wind-pres- 
sure in any horizontal direction of not less t. 40 lb. per 
. ft. of the whole projected surface normal to the 
direction of the wind. 


Clause 11 repeats Clause 18 of the 1909 Act, in 
stipulating one wind-pressure for all angles of slope 
above 20 deg. with the horizontal. 

This is not only contrary to all established prac- 
tice, which varies the pressure according to the angle 
of slope, but totally ignores the exhaustive experi- 
ments at the National Physical Laboratory, which 
have made it abundantly clear that a negative dri 
occurs on the windward slope simultaneously wit 
@ pressure normal to the windward slope ; and that 
neither of these would approach the stipulated pres- 
sure of 281b. per foot super from the 20Ib. horizontal 
wind specified in Clause 18a. That there is no reason 
ito slavishly follow the stipulations of the parent 
‘Act is shown by this latter figure, which has been 
changed from 30 lb., in the 1909 Act, to 20 Ib. in 
the regulations made under it; a quite proper 
modification in view of the data which have been 
acquired during the short period between 1909 and 
1911. Heavy accumulations of snow and ice would 
be blown off by the furious gale (79 miles per hour), 
necessary to develop a direct horizontal force of 
20 lb. per foot super ; and there does not ap to 
be any valid reason why the pressures on roof slopes 
should not be those, negative and positive, deduced 
by approved methods from a pressure of 20 Ib. 
horizontal. We have been studying wind-pressure 
for 150 years, since Smeaton’s time. Up toa few 
years ago 50 lb. to 56 lb. per foot horizontal repre- 
sented established practice. In the 1909 Act this 
was reduced to 30 lb., and in 1911 a further reduc- 
tion to 20 lb. upon everything except isolated 
projections is made upon improved data. Our 
theory of reinforced concrete is scarcely likely to 
prove any more infallible. 

Floor ing.—Clause 16 alters to 10 per cent. 
the progressive 5 per cent. reduction of calculated 
superimposed loads on lower floors when calculat- 
ing pillars, &c., allowed in Clause 19 of the 1909 
Act. 

This alteration, which is both reasonable and in 
accordance with average practice, supplies a further 





telling argument in favour of periodica] revision, 
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but no direct stipulation is made that the effect 
of irregular loading of floors shall be calculated 
and provided for. If one of several continuous 
bays of a floor be left unloaded—an everyday occur- 
rence in warehouse floors—it may be subjected to 
severe reverse bending moments, such as shown in 
Fig. 1. The stresses resulting from the reverse 
bending moment are partly neutralised, as indi- 
cated, by those induced by the weight of the 
unloaded span. But reinforced concrete being 
heavy for its strength, floor-slabs are always kept 
as thin as possible, and the net result on the slab 
is scarcely one to be neglected in a materi 
incapable of resisting tensile stresses for which no 
steel reinforcement has been provided. 


Ratio of Span to Depth of a Beam. 

23. The span of a beam shall not exceed 24 times the 
effective depth of the beam unless the calculated deflection 
of such beam is less than one six-hundredth part of the 
span. 

The lot of anyone endeavouring to administer 
this clause is scarcely to be envied. Whether it 
refers to beams with free ends, fixed ends, or the 
partially fixed ends customary in ordinary construc- 
tion is left undecided ; as are also the vitally impor- 
tant questions as to whether the deflection to be 
calculated is to be the theoretical deflection consis- 
tent with the straight-line theory, or whether 
account is to be taken of the tensile strength of the 
concrete, which undoubtedly operates to reduce 
deflections at working loads. e great majority 
of reinforced-concrete beams have fixed or pe 
tially fixed ends. Under later clauses the full effect 
of such end fixing is prudently discounted, but there 
is no indication as to whether or not this is to be 
taken into account in calculating deflections, or as 
to what, if any, allowance is to be made for the 
lateral twisting of supports when such are formed 
by transverse beams. Neither is it made clear 
whether the calculated deflection of a beam with 
fixed ends is for the whole span or for that — 
which lies between the points of contra flexure. 
But the most strange omission in this singular 
clause is the absence of any stipulation as to whether 
the load which causes the critical deflection is to 
be the superimposed load, the full load, or the test 
oad 


The only possible object in introducing calculated 
deflection as a test to be by shallow beams 
is to allow the use of lightly-loaded beams ; but, 
unfortunately, the test is deprived of any value 
by the fact that the loading required to produce 
the stipulated deflection in any beam possessing a 
depth of only ;th of the span would punish the 
fibres to an extent far greater than the limits 
permitted by subsequent clauses. Even with free 
ends such a deformation would indicate a fibre 
stress of about 670 lb. per sq. in. under distri- 


buted loads, and much more with fixed ends. ee te 


ordinary beam would therefore stand the test wit 
ease, and the clause as it stands would be worse 
than useless. 

The clause obviously does not apply to slabs, 
which are thus left without any restriction as to 
thickness, There is, however, far more danger 
of slabs being made too thin than of beams 
being made too shallow. The writer has had to 
report upon a scheme for i | vaults under a 
roadway, where the designer, by means of an 
ingenious rendering of Clause 29d, sought to prove 
that a slab 8 ft. span and about 4 in. thick might 
be used to support the load of a traction-engine 
wheel through a shallow depth of roadway filling, 
without contravening the proposed regulations. 

If it be considered n , in order to permit 
the use of shallow beams or slabs, to introduce the 
criterion of deflection, then any definite stipulation 
should be confined to that aspect of it about which 
we have any reliable data—viz., the deflection of 
beams freely supporied. The limiting deflection 
for a stated load should be fixed at or below that 
which is consistent with the permissible working 
stresses, having due regard to the fact that the 
crucial dimension in reinforced sections is not the 
depth, as in symmetrical sections like wood or steel 
beams, but the distance of the extreme fibres of 
concrete from the neutral axis. It should refer 
only to beams with freely-supported ends, and with 
regard to all other cases it should only be stipulated 
that the calculations should be e on the same 
lines. Wedo not yet possess sufficient data to make 
them, but there should be no difficulty in obtaining 
the necessary experimental investigations to provide 
such data. 





The tensile strength of concrete materially affects 
deflection, and the extent to which it operates in 
the presence of different types of shear members 
represents a large field of research practically un- 
explored. Any official rules with r to deflec- 
tion should therefore be drawn up with the utmost 
care, and worded with circumspect elasticity, other- 
wise they are likely to do far more harm than good. 

Bending Moments.—The clauses which specify 
the bending moments to be provided for are as 
follows :— 

24. For the purpose of ascertaining the bending 
moments the effective span shall be taken. ‘ 

25. In the case of non-continuous beams the effective 
span shall be taken as the distance between the main 
vertical sides of the piers, pillars, or walls, plus the depth 
of the beam at the sup or the span between the 
centres of the necessary ing surfaces, whichever may 
be the lesser. 

26. In the case of continuous beams the effective span 
shall be taken as the distance between the centres of the 
supporting beams, piers, pi or 

‘A. Bending moment at the fixed end of a cantilever 
with a single concentrated load at the free end— 
B=W , 
W = weight, 
1 = length of effective span. 


where 


B. Bending moment at the fixed end of a cantilever | - 


27 
with the load uniformly distributed— 
B= Ww U 
2 


27c. Bending moment at the centre of a beam, with 


Fg angles hosnabetieee with sinteenemsnteheet up over 

a eneperts, e being uniformly distributed. 
Tablet) (ie 

B= WwW! 
24 

29c. When the length of a slab exceeds twice its 
breadth, no allowance shall be made for support in the 
direction of the length of such slab. 

29p. For other ratios of length to breadth, the bend. 
ing moments shall be found by the following formulas :— 


W = Weight on slab (total distributed weight, in. 
cluding its own weight). 





b = Breadth of slab. 
l = Length of slab. 
B = Bending | Condition | 
wench Oh car | of B for Shorter | B for Longer 
given Cross-Section. | Supports. yan. pan. 
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1 
ny 
Clauses 27, 28, and 29, with their subdivisions, 


define bending moments together with such reduc- 
tions as the compilers of the code consider reason- 











able, on account of that degree of end fixing which 
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both ends freely supported and a single concentrated 
load at the centre— we 


4 


27p. Bending moment at the centre of a beam, with 
the —- freely supported and the load uniformly dis- 


B= 


wi 
=, 
8 
27x. Bending moment at the supports and at the centre 


of a beam, with both ends fixed and a single concentrated 
load at the centre— we 


8 


27r. Bending moment at the fixed end of a beam, with 
one end fixed and one end supported and the load 
uniformly distributed— 


B= 


Be wi 
8 
27a. Bending moment throughout the middle half of 
the span of a with one end fixed and one end freely 
supported and the load uniformly distributed— 
B= wi 
10° 
27H. Bending moment at the ends of a beam with both 
ends fixed and the load uniformly distributed— 
B. = wi 
12 
271. Bending moment at the centre of a beam with 
both ends fixed and the load uniformly distributed— 


wi 
» 12 
28. The effective span of slabs shall be taken as the 
elear span plus the thickness of the slab. 
294. Bending moment across the centre of a square slab 
sup} on four edges, and reinforced in two directions 
ae — angles to each other with load uniformly distri- 


B= Wi 
16 
298. Bending moment along the edges of a square slab 
fixed along four edges and reinforced in two directions at 





- to be expected in reinforced-concrete construc- 
ion. 

It will be seen that for beams these are com- 
puted on a conservative basis. The bending 
moment in the centre of a beam, with fixed ends 
under distributed loads, is not reduced from - 
to its extreme theoretical limit of uh I but only 


to sl =. which is consistent with a moderate 


degree of rigidity over the supports, such as would 
be accompanied by a central reverse bending 


moment there of — instead of the full theo- 
WL 


retical moment of But it has been recog- 


nised that although the ibility of imperfect 
end fixi poet the B cms» of the full 
theoretical reduction in the centre an imprudent 
one, yet, on the other hand, the equal possibility 
of perfect fixing, which brings about the maximum 
punishment over the supports, must also be pro- 
vided for, and the latter is not fixed at the value 
which is consistent with the central bending 


moment specified, but at the figure of wf) 


This is clearly worded in the subdivisions of 
Clause 27, although it is difficult to see why, in 
Clause 27a, the same bending moments should 
be specified ‘‘over the middle half of a beam 
instead of only at the centre, and the two definitions 
of W in Clauses 294 and 278 are confusing. Unfor- 
tunately, when we come to Clause 29 and its sub- 
divisions, relating to the bending moments on slabs, 
we find the prudent policy adopted with regard to 
beams has been discarded, and the fullest value 1s 
accredited to end fixing; so that the bending 





moment over a square slab fixed at all edges is 
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WL 
taken as low as —gg~. Considering that the sup- 


rts of slabs are often comparatively small and 
fexible secondary beams, and therefore less = 
than the supports of beams, the prudence of this 
course would appear to be highly questionable, unless 
it be based on experimental data of a more com- 
plete character than are available to the ordinary 
student of the subject. The use of the two terms 
“bending moments along the edges” (Clause 29B) 
and ‘‘B at end of span” (Clause 29p) to repre- 
sent the same thing is confusing, and the reason 
for the reference to the bending up of reinforce 
ments in Clause 298 only is not apparent. 

The wording of the regulations for the City of 
New York, which came into force last year, with 
reference to the same matter, would appear to be 
preferable, both as regards reasonable safety and 
clarity of expression. 

Clause 18 of those regulations reads :— 

“The bending moments of slabs that are re- 
inforced in both directions and supported on four 
sides and fully reinforced over the supports (the 
reinforcement passing into the adjoining slabs) 

Ww : — 
may be taken as —j for loads in each direction, 
in which F = 8 when the slab under consideration 
is not continuous, or when continuous over one 
support ; and F = 12 at both centre and supports 
when the slab is continuous over both supports. 
The distribution of the loads shall be determined 
by the formula ‘ 

"= (2+ 
in which r equals proportion of load carried by the 
transverse reinforcement, / equals length, and b 
equals breadth of slab.” 

Working Stresses.—The regulations fixi the 
limits of stress permissible are sapeedinend bole: 

33. Except as provided for in pillars, the safe working 
stresses on concrete shall not exceed the following (see 
Tables II. and III.) :— 

Stresses on Mild Steel Complying with the British 

Standard Specification. 
Pounds per 
Square Inch. 
Direct compressive stress = m c, where 
m = modular ratio, and c = safe 
working compressive stress (in pounds 
per square inch) on concrete surround- 
ing the steel... ee ae ons mc 
Direct tensile stress on mild steel in 


longitudinal members... a ae 17,000 
Tensile stress in web reinforcement ... 12,000 
Shearing stress on mild steel 12,000 








Proportion by Volume. 
n 




















| | | 5 
2 | 4 . 3 
} © Bet 23 eid 
§ 4515/5) 32 
Stresses on Concrete. 5 3 | 2 o|a a 
1/2 4/1) 8 
Stressin Lb. per |3tressin Lb. per 
Sq. In. Sq. In. 
Direct compressive stress .. 600 700 
Extreme fibre stress . . +d 600 700 
Frictional stress between 
concrete and steel. . a 100 100 
Shearing stress on plane | 
eee 60 60 
Tensile stress .. 0 os nil nil 


_ 40. The concrete may be assumed to take up a shear- 
ing stress of 60 1b. per sq. in., but any remaining shear 
be provided for by the reinforcement. 

It would be interesting to know why in Clause 33 
the properties of the 1 : 1 : 2 concrete, referred to 
in 4 later clause (132a), are not specified, especially 
a8 it is obviously desirable, in the interests both of 
strength and economy, to use the strongest concrete 
possible in beams subject to heavy stresses. When 
the latter ara so severe as to cause the economic ratio 
of reinforcement to be exceeded, then the concrete 
must be strengthened. This is often effected by 
introducing compressive reinforcement, which is ex- 
tremely expensive and inefficient. With moderately 
high stresses the necessity for compressive reinforce- 
ment can often be avoided by the use of stronger 
concrete; and when still higher stresses render 
compressive reinforcement necessary, its efficiency 
18 greatly increased in stronger concretes. It is 
possible that the compilers had in view the fact that 
the modular ratio adopted (15) will probably be 
found to be too high for concrete as rich as 1: 1 : 2. 
Very large differences in the modular ratio, how- 
ever, only affect the moment of resistance by about 





10 per cent. ; and the result of deflection tests show 
that the effect of the neglected tensile strength is 
far greater than this. In any case a series of 
extensometer tests on rectangular and T-beams of 
rich concretes would have quickly determined the 
point, and it is to be regretted that the powers 
given by Parliament for the making of such tests 
were not utilised. 

It is decidedly open to question whether a shear 
stress of 60 lb. per sq. in., as given in Clauses 33 
and 40, should be allowed without the express 
stipulation that it refers to pure vertical shear 
only. It is always accompanied by horizontal shear 
of approximately equal intensity and by diagonal 
tension. Failure from the latter generally starts 
when the inténsity of vertical shear reaches about 
100 lb. per sq. in., so that if a factor of safety of 
4 is to Be adhered to (and reasonable safety surely 
demands no less), a limit of 25 lb. to 30 lb. per 
sq. in. should be placed on the capacities of con- 
crete to resist horizontal shear. is is all the 
more important when it is noted that shear 
members in slabs are not compulsory. 

Tensile Stress on Steel.—The alteration of the 
tensile stress on standard steel recommended in 
the R.I.B.A. report (16,000 Ib. to 17,000 lb. per 
sq. in.) was probably made in order to be consistent 
with the figure of 74 tons per . in. permitted in 
the parent Act of 1909. But the latter refers to 
extreme fibre stress, whereas the stress in tensile 
reinforcements is that which occurs at the centre of 
the rods or at the centre of two layers of rods, and 
may often exceed 74 tons at the extreme outer fibres. 

Reading this clause with later ones (135 and 136) 
it would appear that until hard high-carbon steel is 
ententea tai the British Standards Committee 
it must not be used. The latter clauses, however, 
do not state what shear stresses and what stress in 
web reinforcement may be used when it is so stan- 
dardised. It should also be clearly stated that, as 
in the case of standard steel, Clause 34, the stress 
on the steel must be limited by that on the concrete 
immediately surrounding it. The words ‘‘ concrete 
surrounding the steel’’ refer to concrete at the 
same distance as the steel from the neutral axis. 
It would therefore be better to say so, or at least 
to introduce the word ‘ Pater, hw & ” before 
‘* surrounding.” 

The term ‘‘ tensile stress in web reinforcement ” 
needs to be defined. It may mean direct tension 
in shear members, or it may mean the tensile stress 
to be allowed on expanded metal or mesh reinforce- 
ment of slabs. The reason for any reduction from the 
full tensile stress in either case is not very apparent. 
It is customary to design shear stirrups to resist 
horizontal shear at 12,000 lb., leaving their greater 
tensile strength to carry the greater intensity of 
diagonal tension. On the other hand, mesh rein- 
forcements are generally used for slabs where the 
more severe stresses are probably along the diagonal 
lines of the mesh. 

Grip Length.—The clauses which are to regulate 
the least ‘‘ grip” length allowed are as follows :— 


41. The grip length or adhesion length of a bar em- 
bedded in concrete shall be measured along the bar from 
any given cross-section to the end of the bar. 

42. The grip or adhesion length (in inches) shall not 
be less than 

2.5 td for round or square bars, 
or 
5bdt 
Sean tai 
—s ‘or rectangular bars. 
Where 


= the breadth of the bar in inches. 
d = the least diameter of the bar in inches. 
= the tensile stress (in thousands of pounds per 
square inch) at the given cross-section. 

Additional security shall be provided by fish-tailing the 
ends of the bars or by bending the ends of the bars into a 
J form, or by mechanical bond. 

In the case of a bar having mechanical bond, the least 
diameter of the bar may be measured from outside to 
outside of the transverse projections, provided, 

(a) That the transverse projections are not further 
a centre to centre) than twice the normal diameter 
of the bar. 

(6) That the height of such projections above the normal 
surface of shall be at least ,, in. on all bars ex- 
ceeding 4 in. in diameter, and yj in. on all bars not 
exceeding 4 in. in diameter. 

Clause 42 is apparently intended to ensure suffi- 
cient surface area of bar to limit the adhesion stress 
to the 100 lb. per sq. in. stipulated in Clause 33 
If so, it is only correct for square bars ; on round 
bars it allows more, and on flat bars less. There is 








no apparent reason why it should not be given as 
sufficient length to limit the adhesion stress to 





100 Ib. per sq. in. It is not stated whether the 
len of bar necessary to make the J end is 
included in the grip length or not. 

The definition in a eee clause of ‘‘ ends 
bent into the form of a hook” is-very loose. It is 
—- intended to mean the same thing as 

use 42, which refers to ends bent into a J form; 
but both might be altered to indicate a semi-circular 
hook with an inner diameter equal to at least five 
times the diameter of the bar ; or when the hook 
is on to transverse reinforcement, to the diameter 


of the bar gripped. 


Modular Ratio. 

43. The term “‘ modular ratio” (m) means the ratio of 
the elastic modulus of steel to the elastic modulus of 
concrete. 

44. The elastic modulus for steel in tension or com- 
pression shall be taken at 30,000,000 Ib. per sq. in. 

45. The elastic modulus for concrete in compression or 
tension shall be taken at 2,000,000 lb. per sq. in. 

46. The modular ratio for steel and concrete shall be 
taken at 15. 

Modular Ratio; Clauses 43 to 46.—In view of the 
well-known insufficiency of data with to the 
modular ratio of the stronger steels and rich con- 
cretes, the use of which are often necessary in order 
to secure adequate efficiency in a material which is 
heavy and bulky for its strength, it would appear 
that a more elastic drafting of these clauses would 
be preferable, and that authoritative experimental 
research would be still more so. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 28. 
New business in iron and steel continues to fall 
behind in volume in nearly all lines of crude, rolled 
iron and finished products. Consumption in all lines 
continues on a very heavy scale, and producers sa 
that the hesitancy in buying during the past mon 
cannot be prolonged. A few large consumers in New 
England are in the market for pig iron, and it is set 
forth that only 20 per cent. of the capacity for the last 
half of the year is contracted for. his statement, if 
correct, contradicts some of the statements which 
have been made in the past. There is, however, 
enough unsold capacity to take care of all demands. 
The tendency in pig iron is still downward, more 
emphasised in the south than in the north. 
sales of southern iron have been made for shipment to 
Italy and Austria on a basis of 11 dols. for No. 2 
foundry. Steel-making grades in the Western markets 
have been selling with more freedom at the prevailing 
low prices. In finished materials current business has 
been small, and railroads have been buying with 
caution. An order for 5000 tons of rails has been 
taken for Cuba, and for 5000 tons of plates by a 
Western mill for a Canadian boat to be built at Port 
Arthur. Eastern makers of light structural shapes 
are still congested with business, but on heavy shapes 
orders can be taken for earlier delivery than been 
ible for three months. Agricultural-implement 
uyers are withholding orders for steel bars. In iron 
bars prices will remain firm for thirty days, as mills 
have enough business to run their full capacity for 
sixty days. There are inquiries on the market for 
upwards of 50,000 tons of structural material, to be 
mainly used in the construction of business premises. 





Tue INTERNATIONAL ENGINEERING ConGrEss, 1915.— 
In connection with the Panama-Pacific International Ex- 
position which will be held in San Francisco in 1915 there 
wil an International Engineering Congress, in which 
engineers throughout the world will be invited to partici- 
pate. The Congress is to be conducted under the auspices 
of the following five national engineering societies :— 
American Society of Civil Engineers, American Institute 
of Mining Engineers, the American Society of Mechanical 
Engineers, American Institute of Electrical ineers, 
and the Society of Naval Architects and Marine Engineers. 
These societies, acting in co-operation, have appointed a 
permanent committee of management, consisting of the 
presidents and secretaries of each of these societies, and 
eighteen members resident in San Francisco. 6 com- 
mittee has effected a permanent organisation, with Pro- 
fessor William F. Durand as chairman, and Mr. W. A. 
Cattell as secretary-treasurer, and has established execu- 
tive offices in the Foxcroft Building, Post-street, San 
Francisco. The a rs presented at the Congress will 
naturally be divi into groups or sections. During the 
Congress each section will hold independent sessions. The 
scope of the has not as yet been definitely deter- 
mined, but it is hoped to make it widely representative of 
the best engmeering practice throughout the world, and it 
is intended that the 
shall constitute an adequate review of the progress made 
during the past decade, and an authoritative presentation 
of the latest developments and most approved practices 
in the various branches of engineering work. The papers, 
which will be collected and published by the Congress, 
shall be in such form and at such cost as to become avail- 
able to the greatest possible number. More definite 
announcements will be made later. 


pers, discussions, and proceedin 
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STANDARD SCREW-THREADS. 
To THe Eprror or ENGINgEBING. 

Sir,—The Engi ing Standards Committee have 
recently issued a s cation for screw-threads for 
copper tubes. For thickest tubes the stan- 
dardised are identical with the threads which have lon 
been used for iron tubes, and which were s' 1 
for iron and steel tubes in 1905. For thinner tubes the 
threads are entirely new, and they differ throughout from 
those of 26 per inch on external diameters of } in. to 1 in. 
by eighths, which have for many years in common 
use for brass tu new threads commence with 


0.248 diameter x 28 per inch, followed by a series at |}; 


20 threads per inch on diameters nearly, but not quite, 
corresponding with outside diameters for iron or thick 
copper tubes. Oonsidered by themselves, they form a 
convenient and suitable series, but it is unfortunate that 
they afford sizes such as the following, which are practi- 
cally indistinguishable, unless laid side by side, from 
others in general use :— 


New Thread. Existing Thread. 

0.248 dia., 28 t.p.i. 0.250 dia., 26 t.p.i. (brass gas) 
|. a ae 0.518 ,, 19 ,, (irdn gas) 
a «» Sw See sc... we me 


There is at present a similar approximation to corre- 
spondence between the 4 (nominal) iron, 0.383 diameter 
x 28 t.p.i., and the g brass gas, 0.375 x 26 t.p.i. 

These are so nearly alike that they are often put 
together ; but, of course, give a bad juint. The intro- 
duction of new threads which offer similar opportunities 
for confusion and bad workmanship on a larger scale is 
therefore to be’ deplored. It seems to be an almost 
inevitable ‘result if screws for different trades are cun- 
sidered by separate sections of the Committee. In addi- 
tion to the pipe-threads referred to above, the Committee 
have introduced a standard seriesof electricconduit threads 
—one of which, § x 18 t.p.i., affords an irritatingly close 
correspondence with the existing 0.656 x 19 t.p.i., and 
also a set of fine threads for miscellaneous purposes 
for automobiles, of which the nearest sizes are 0.600 
x 16 and 0.700 x 16. The inconvenience of so many 
similar sizes, differing according to the purpose for 
which an article is intended, is probably trifling to the 
specialist manufacturer, but appears likely to give serious 
trouble to the general contractor and repairer, as as 
to the storekeeper or merchant. From the Committee’s 
general report it ap that they are now approaching 
the consideration of screws for b -on connections of 
copper tubing for locomotive and marine work. These, 
which — y ye the a for a mine tellin 
engine and boiler fittings, such as oil-cups, g! 
and valves of all kinds, are at present wf ss ag ore of 
standardisation ; but if they are standardised with the 
same want of consideration of existing threads as has 
been shown in the case of threads for light aoe tubes, 
and the automobile set of 16 per inch rising hy tenths 
the result is likely to be unfortunate. 

Standardisation is of the greatest value if correctly 
carried ag ye any error, even in details, ee meg 
appear to be of minor importance, is corres) ngly far 
reaching in its injurious effects. That such an admitted 
error as the adoption of twenty-five threads per inch in 
1905 for the standard fine thread of } in. diameter to be 
altered to twenty-six in 1911 (to which I referred in a 
recent communication) should be possible, indicates a 
weak point in the arrangements for s isation. 

In the United States, before standards are adopted by 
the Master Car-Builders’ Association, they are (or were 
at the time when I had last the occasion to refer to their 
reports) circulated in draft to all members of the Associa- 
tion, and not merely to a limited, although representa- 
tive, committee. Ifa like practice were adopted by the 
Engineering Standards Committee, and the drafts of 
their reports and specifications sent to the members of all 
contributing societies, or, better still, published, such 
errors might be avoided. the Government are also 
——_ae to i — of sais ie and all— 
masters workmen alike—e in the neering 
trades are interested in the result, such Saliiestion 
might with ppones be effected by depositing the 
drafts for public inspection under the control of the 
Board of Trade. If this were done the technical Press 
would no doubt give the widest a to the pro- 
posals, and any objectionable features would be brought 
to the notice of the Committee. 

Minute differences in the pitch of a screw-thread ma, 
seem a small matter on which to base so large a cnipeel, 
but the British Standards should be perfect as far as is 
humanly possible ; and I venture to su t that they will 
appear far from perfect to the fitter, lying on his back on 
the greasy floor of a machine-shop, trying to fit a nut of 
19 threads per inch on to a screw of 20. 

I have the honour to be, Sir, 
Your obedient servant, 
A. H, Surexp. 

1, Victoria-street, Westminster, S.W., June 9, 1913. 





THE BRITISH ENGINEERS’ ASSOCIATION 
AND THE MERCHANTS. 
To THe Eprron or ENGINEERING. 

Srr,—May I venture to ask you to allow me to correct 
a@ misap ension that has gained ground to the effect 
that the British Engineers’ Association has the intention 
of working against the interests of the merchant firms. 
Such is not the case. : 

The objects of this Association (which now comprises 
leading ss firms with a combined capital of 
something like 70,000,000/.) are so straightforward and 
have been so clearly expressed that it is difficult to 
understand how this misconception has occurred, 





Possibly it is due to the fact that this Association has 
received applications for membership from merchant 
firms of the very highest reputation and has been unable 
to elect such firms, not from an feeling of antagonism, 
but simply because the mem' ip is confined strictly to 
manufacturers. The fundamental policy of this Associa- 
tion is that it should be purely an organisation of manu- 
facturers. A merchant or an agent is not a manufacturer, 
and consequently is ineligible. This Association does 
not and the terms of its incorporation do not 
permit it to trade. Nor does it dictate to its members the 
manntr in which they are to carry on their trade. They 
are at liberty to deal with the merchants as much as they 


It is even more absurd to sup that the Association 
attempts to dictate to the merchants the manner in which 
they conduct their business or that it takes any part 
in those di ments which occur between m 
firms with which it has no concern. 

The question has often been asked, ‘‘ Is the Association 
working with the merchants”? ‘he answer is simple. 
The Association, as such, cannot work with any 
trader. Its members can and do work with the 
merchants, and it is no part of the Association’s business 
to discourage them from doing so. On the other hand, if 
any member of the Association chooses to deal direct 
with the purchaser that is his own affair. 

All that the Association aims at is to influence trade 
for the benefit of its members. It is for them to take 
orders through any channel that they find most con- 
venient. In other words, it is the object of the Associa- 
tion to facilitate and increase the business of British 
engineering firms by smoothing out some of those 
obstacles to their trade which cannot be overcome by 
the individual manufacturer. In accomplishing these 
ends it cannot fail to assist those merchants who represent 
British engineering interests. 

Yours faithfully, 
SrarrorD Ransome, 
Secretary of the British Engineers’ Association. 

Caxton House, Westminster, S.W., June 9, 1913. 


ike and in any way they like. 





GREAT MODERN SHIPS. 
To Tae Eprror or ENGINEERING. 

Srz,—The structural weights of the great modern ships, 
as given in your excellent journal, are somewhat surprising 
tome. The launching weight of the Aquitania, for oe 
is given as 22,000 tons, and that of the Vaterland as 
over 31,000 tons. This appears to me high. 

But in this mad race for supremacy in huge proportions 
such an amount of steel may already have been worked 
into that great structure. In Bulwer Lytton’s history of 
a vain man you may read that Mr. Talbot resolved that, 
since he was not the handsomest man of his set, he would 
be the most gentlemanly; and it would seem that 
amongst our rival ship-owners and shipbuilders there are 


, | those who have resolved that, since they could not afford 
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to operate the fastest ships, they would certainly have the 
largest. Now, there seems to mé something akin to panic 
associated with the design and construction of these grand 


vessels. 

With regard to the weight of steel incorporated in these 
bulls, —— let me say a word or two; = just to show 
that I have had some experience, let me premise that I 
examined for classification all of the original fleet of White 
Star steamers up to the nic. 

I hesitate most distinctly in again reverting to the 
Great Eastern, but there is no escaping that wondrous 
ship when we predicate or analyse the design and con- 
struction of greater ships to anyone who was familiar 
with Brunel’s greatest floating structure. 

~ is no mere, — example ; the vessel was afloat 
and doing good work for twenty years, and had been 
subjected to ashore as well as to ‘afloat stresses. 

oreover, had the Great Eastern been constructed of 
modern mild steel, she would have been equally strong 
with a proportional structural weight of hull equal to 
one-fifth of that of the largest modern ships. 

Or, again, if a steel Great Kastern were made of the 
dimensions of the Aquitania, the weight of steel in the 
hull would be below 11,000 tons, or less than one half of 
the launching weight of the Aquitania. 

Was the beautifully symmetrical construction and 
absence of shear, which is absolutely unnecessary in such 
large ships, sufficient to account for the strength of the 
Great Eastern with her light plating and simple riveting? 
Or does some one assert that she had only the smallest 
factor of safety at all parts, and was frequently bordering 
on rupture ; as this is the only logical predication in the 
absence of the admission that her great modern compeers 
are immeasurably overburdened with structural steel. 


For though some extra scantling is demanded for 
increased speed, the augmented length is an advantage 
for “‘afloat” stresses with waves of maximum length, 
Sone such increase of length of hull would add 
grea y .s with “ i. 


to the risk of fr ” strains, 

Cleveland, Ohio. 

P.S.— ears ago Mr. J. G. Lawrie said to th 
Scottish ahipbeiidens, **there is in the hull of the Great 
Eastern* 8000 tons of iron ; but if she had been built to 
class twelve years there would have been 10,250 tons.” 

Now there is no gainsaying the fact that the Great 
Eastern was as strong as a castle and as firm as a rock, 
I boarded her many times at Milford Haven and at 
Liverpool, but never, saw any signs of distress in that 
structure. If you ascertain the ‘‘cubic numbers” of the 





Yours truly, 
JoszeH R. Otpraxy. 


t | Great Eastern and of the Vaterland, you will find that 


the latter is 75 per cent. greater than the former; and j 
the weight of the Great Eastern were increased by 75 a 
cent., ti would be 14,000 tons weight in the new struc. 
ture, and that of iron. Now the strange fact faces us 
that though only 75 per. cent. larger than the Great 
Eastern, the Vaterland is four times, or 300 per cent., 
heavier than Brunel’s great structure. That this should 
be so I venture to doubt, but that it isso may be inferred 
from the accompanying illustrations of their top - side 
construction. 
J. R. Opa. 





‘THE MATHEMATICIAN 
ENGINEER.” 
To THe Eprtork oF ENGINEERING. 

Sir,—The problem of the circle-squaring cranks re- 
solves itself into a determination of 7. 

From the time of the Babylonians, who accepted it as 
being equal to about 3, until 1768, when Lambert proved 
it to be an incommensurable, attempts had been made by 
the mathematicians to determine r—that is, to “‘ square 
the circle.” 

The point raised is interesting in so far as it illustrates 
the difference between the mathematical and engineer- 
ing mind. 

he mathematician is concerned with the methods of 
reasoning in number, extension, and motion, and is exact, 


AND THE 


whilst the engineer is practical and is only interested in 
mathematical analysis when it assists him in forming a 
Yours a 


conclusion. 





‘THE INSTITUTION OF ELECTRICAL 
ENGINEERS: PARIS MEETING.” 
To THE Epiror oF ENGINEERING. ° 
Srr,—May I correct a statement in your issue of June6, 
age 768, dealing with the electricity supply stations 
visited during the Paris meeting of the Institution of 
Electrical Engineers ? 

In describing Le Triphasé station at Asniéres, you state 
that the chimneys are either brickwork or ferro-concrete. 
You omit any reference to the ten boilers, representing 
15,000 horse-power, working on the Prat induced draught, 
and —— with steel chimneys. The latter are small, and 
the draught plant aroused considerable interest amongst 
many of the central-station engineers, some of whom had 
not seen the Prat system in operation before. 

Yours truly, 
** THREE-PHASE.” 





BRITISH ENGINEERS’ ASSOCIATION: MERTING IN BiR- 
MINGHAM.—At the invitation of the Council of the 
British Engineers’ Association the representatives of 
many of the leading engineering firms in Birmingham 
and district met at the Grand Hotel, Birmingham, on the 
evening of Thursday, May 29, and as a result of the 
meeting about twenty firms joined the Association. Mr. 
Douglas Vickers (President of the Association) was in 
the chair, and he was supported by the Lord Mayor of 
Birmingham (Lieut.-Colonel E. Martineau), Mr. Edward 
Jackson, and Mr. R. S. Lloyd (Members of Council), 
Captain Fitz Hugh (Chief Commissioner in China), Mr. 
Stafford Ransome (the organiser and secretary of the 
Association), and others. The chairman said he would 
ask them to assume two things—first, that China, with 
400,000,000 inhabitants, all comparatively civilised, 
with a fertile soil and a good climate, was now one 
of the largest untouched fields for engineering enter- 
prise left open to them. He asked them, further, 
to assume that in China they were meeting, and about 
to meet, the most strenuous efforts of their combined com- 
petitors, particularly Germany and America. The ques- 
tion was, What was the best way for them—members of 
the engineering industry in Great Britain—to meet the 
competition they would have to meet there? His opinion, 
and it was backed up by a good many, was that the first 
= was to — some ced te as — * must 

, wn by every one in foreign trade, par- 
ticularly of the nature of the trade in China, how little 
could be done by the individual merchant or manufacturer. 
They wanted the Association to be able on important 
matters to s) to the representatives of our Govern- 
ment abroad as a national engineering ee. a5 a 
combination including as far as possible the body of 
trade they looked to represent. But in China the Asso- 
ciation had another field open to it: that of preparing 
the Chinese Government for the reception of British manu- 
factures by bringing before them the fact that there were 
great and good manufacturers in this country who could be 
trusted to supply the best goods the world could make. 








_* The Great Eastern had no inner shell near her top 
sides. 
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ACTIVE TYPE OF STABILISING GYRO.* 
By Exmer A. Sperry, Member. 


Tue navies of the world, in the struggle for supremacy, 
are making for maritime progress as no other force could. 
These developments, considered strictly from the present- 
day standpoint of conservation, more than justify the 
entire expenditure, and though remaining for a time in 
the possession of one nation, soon become world property. 
Our own navy has been in the forefront of this ——. 
Consider the recent great advancement of knowledge on 
the relation between form-line, speed, and power of 
ships, very largely the product of our own model tank at 
Washington, due to the broad policies and wonderful 
foresight of our navy and the rare ability and devotion of 
its personnel. The marked reduction in fuel, in many 
instances halving the fuel requirements in marine trans- 
portation, is certainly a yee’ monument to any navy, 
and one our own nation should be proud of ; and this is 
only one of its achievements, all accomplished so quietly 
that the nation does not realise nor appreciate it as do the 
more maritime nations over the seas. These may all be 
considered as “by-products,” simply incidental to the 
real development or the real significance of the navy in 
its relation to our place among the nations. : 

The engineers of our navy have been responsible for 


CURVES OF UNDAMPED ROLLING OF SHIP IN 
DIFFERENT SEAS. 
Fig.1. 
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Fig. 2. 





















































== 





































































































Fig.3. 


(3481.4) 


numerous advances in power and fuel economy, not only 
by establishing efficient and scientific methods of manag- 
ing boiler and engine plants, but also by numerous im- 
provements in the d of engine itself. 

The subject with which this paper deals is one that has 
received attention and for some time been under 
investigation by the architects of our navy. Two years 
“go I was permitted to touch upon some’small portion of 

is work ; since that.time the progress has been marked. 
In fact, with the data now available, it is possible to 
desiga a stabilising plant which will confine the roll of a 
ship to almost any limit desired, regardless of the dis- 
placement and period of that ship. The same type of 
peat may~be used for rolling the ship at will, which 
- has an important application in our ice-bound 
waters. 

It is felt taat when the data relating to the active type 
of gyros is ready to be given to the world, the important 
subject of stabilising ships will receive by far its most 
interesting chapter, and not unlikely its most important 
contribution. 

The advantages to be derived by efficiently stabilising 
ships may be summarised as follows :— 


1. Apvantaces Common To ALL Sga-Gorne Surps. 

«. Saving in power, and consequent saving in fuel, 
owing to the ability to maintain the shortest course 
between two points in bad weather, inasmuch as the 
ship will be in no danger from excessive rolling when 
acm even in the — of the sea. , 

). Saving in power, and consequent saving in fue 
owing to the fact that the wetted surface is not increased 


* Paper read before the American Society of Naval 
Architects and Marine En 


gineers, November, 1912. 


by wallowing, inasmuch as the vessel is always held on 
ay “Sar ine i and fuel, b: 

c. Saving in power, and consequent saving in fu y 
elimination of roll: t the relatively stiff water 
when under way. This increase in the power required to 
drive a vessel which is rolling is due to what is known as 
the keel or form-line impingent. It is illustrated by the 
far shorter extinction curve of the roll of the vesss! when 
steaming than when not under way. 


d. Saving in power, and consequent saving in fuel, by 
reducing the yawing and tendency to follow a sinuous 
course. 


_¢. Saving in fuel and weight by the elimination of 


keels. 
. soning ray ships as comfortable on) 
arge ships, w at the same time being a 
the largest from rolling. 

g. Eliminating stresses in the structure of the ship and 
the stresses in the accessories and auxiliaries contained 
within the ship, which are caused by excessive rolling. 

h. Preventing deterioration in cargo caused by exces- 
sive rolling. is would particularly apply to ships 
carrying live stock as cargo. 

#. Ability to roll the ship artificially for the pan of 
freeing from or rolling off sand or mud banks by opening 
the contracting crevices and gradually liquefying the 


as 
to prevent 





encumbent mass. 
CURVES SHOWING ACTION OF DAMPING TANKS. 
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j Making a ship more seaworthy by preventing the 
shipping of seas due to rolling. 

k. Vastly increasing the efficiency, certainty, and 
of usefulness of ice-breakers ; in fact, opening up a whole 
new field of operations for this important class of ship. 


2. ADVANTAGES APPLYING ESPECIALLY TO MEN-OF"WAR. 


(a) Decreasing the amount of under-water armour, 
which it is necessary to place on men-of-war at present 
in order to protect that portion of the hull which might 
he aot to the enemy by rolling. 

(6) Steady gun-platform. 

(c) Ability to go into action in any state of sea or upon 
any course in rough weather. 

td) Improving the condition of men and officers by 
eliminating the fatiguing and other effects of incessant 
and constant rolling. 

Epes | to roll the ship artificially to standard 
— as desired, in competitive target practice. 

ince the unique and enlightening discussion recorded 
in the last proceedings of the British Institution of Naval 
Architects, the character and extent of the early work of 
Sir Philip Watts, Professor Biles and others in atvempts 
at improving the stability of yt the use of damping- 
tanks, in England, have been better understood. The 
original detailed proposition of Sir Philip for the con- 
struction of the tanks on the Invincible and other ships 
has also become known, and the completeness of their 
understanding of the underlying principle of the opera- 
ties nye ere ee — necessary synchronism 
wi e ship’s , for developing secondary reso- 
nance—leaves little to be desired. 

Without dwelling upon the claims to originality which 
were made by the author of the paper which led the dis- 
cussion, I think we all agree that he is entitled to much 
credit for his persistent work in this line, and for the 
certain applications to ships which have resulted from 
these activities. There is no doubt about the very great 
desirability of steady ships. We believe that shipping 
interests and the marine y are indebted to the 
recent German workers for again Fagg = Pog important 
subject into prominence. th Dr. ick and Herr 

m have working in the same line in one parti- 
cular—namely, damping roll of ships after motion of some 
magnitude has set in. In point of fact, they diminish 
the amount of such roll by setting up counter forces 
having their origin in the motions themselves and depend- 
ing u such motions for their existence. f 
ihe meeting of the Institution was remarkable in a 
way, for there were present England’s foremost thinkers 

workers in this field—men who have achieved dis- 








tinction and im the manifold results of their long- 
continued service upon both the navies and merchant 
— of the world. " ra 

Turning again to the operation o ping-tanks in the 
original paper by Mr. Frahm, much auete to laid upon 
the point that the fundamental principle of this opera- 
tion, using his own words, ‘‘consists in setting up a 
secondary and artificial resonance in order to ihilate 
the primary resonance between waves and ship, it being 
on this fact that their operation is based.” 

The very grave question arises, Is the basic proposition 
here enunciated true? Is there any primary resonance 
between waves and ship, or really any a to such 
a condition? This question was raised in this discussion 
by one of the Nestors of this art, and a fact was pointed 
out by him which has been the basis of minute analyses 
= side of the — ye for some years pan 

t-recurring cycles, or groups, unive: y present 
in eng, noon The facts thus brought out by Sir 
John I. Thornycroft agree in main with the results 
ached early in this investigation by similar analyses on 
this side. These cycles are to be seen in any rolling 
record—for instance, in a 1, 2, and 3, on this page, 
where it will be seen that the rolling gradually increases 
to a maximum and then decreases to a minimum, where- 
upon another increase takes place, to be followed by 
another d and soon. The sea is doing work upon 
the ship for a time, and then, in the words of Thorny- 
croft, ‘‘it again undoes its work.” Ina very choppy sea 
the recurrence of these cycles is very much accentuated ; 
the groups become smaller and less regular and sometimes 
more difficult to trace, but still they are there. This can 
point to but one conclusion—namely, the absence of any- 
thing that approaches true resenance between waves and 
ship. It also argues strongly against any stabilising 
device which is limited to resonance phenomena only, be 
it primary or secondary resonance. Let us examine these 
curves more minutely. It will be observed that at the 
= each cycle, ym - none one Be ~ i a 
oSaneh, Gps ertas efinite, in the Oo e 
fod Gheme there is an apparent “ fault” in the regu- 
ity of the curves. The curves in Figs. 1 and 2, here- 
with, are taken from a very favourable sea, and when we 
examine curve 3, which is taken from a less favourable 
sea, we see that these faults are more numerous and occur 
with greater frequency. Inasmuch as this feature is 
characteristic of all rolling of ships, how can it be success- 
fully attacked by a device the underlying principle of 
which depends upon periodicity and synchronism’? The 
water in the damping-tanks can only create its damping 
movements as a result of regular oscillations, and if this 
oscillation is irregular the reactions fail to be propagated, 
and when the period changes, what force is there present 
to readjust the L pg = to the new condition? Of course, 
the answer to all of these questions is that tanks do not 
dampen under these conditions. It is true that there are 
easy rolling conditions in an old sea, where they show to 
the greatest advan and the damping action amounts 
to quite a comfortable percen of the undamped 
rolling. But what are we to say of other sea conditions 
which are much more aggravated, and which, owing to 
their being more usual, are more important. It has been 
shown a that if the tanks are ee high, and 
are supplied with water representing a sufficiently great 
percentage of the displacement of the ship, the damping 
is good when the sea is synchronous, or approaches 
synchronism. But who is to guarantee the continuance 
of the synchronous condition? Certainly it does not 
exist on the high seas as we have found them. 

Let us examine more minutely what happens when the 
sea is not synchronous. Let us consider the instances 
only slightly removed from synchronism. We find that 
the tanks have already practically failed to perform 
any useful function whatever, and this approach, or the 
percentage of the departure where they fail, ew 
smaller and smaller as the seas grow heavier. Ly 
curves have been analysed with the tanks placed high, if 
not higher, and with the damping effeet placed tically 
upon the conditions of the Ypiranga and vado, 
w these tanks are placed at the highest potas relative 
to the centre of oscillation so far recorded. Upon an 
examination of these curves, shown in Fi to 7, 
on this page, we discover that a departure of about 13 per 
cent. in a comparatively calm ~ and of only about 
9 per cent. in a one | sea, is sufficient to practically 
nullify the usefulness of the tanks. 

A careful planimeter analysis of these curves which 
takes into consideration the sum of all rolling motions of 
the boat over a given time, shows that where the natural 
roll is given as 100 in each case, and under identical con- 
ditions, the rolling with all tanks in service amounts in 
Fig. 4 to 80, in Fig. 5 to 73, and in Fig. 6 to 68; 
whereas Fig. 7 shows that under full operation of the two 
damping-tanks the area is 73.2. And in this latter case 
the departure of the wave ingeie from true synchronism 
hee enty been 98 por cont. e can by no means consider 


any such performance as stabilising the ship, nor in any 
conse of the word fulfilling the object before us ; nor can 
it be considered as on the large burden in weight 
and the great amount of valuable space occupied amid- 
ships, in the position where space is most available and 
valuable for other purposes. Again referring to the 
recorded action of these tanks, I do not think any of us 
would consider the performance shown in Figs. 4 to 7 
as coming under the head of extinguished rolling or 
justifying the large expenditure of funds, or of the boat’s 
carrying capacity as stated. 

It is sufficient to say that experience has demonstrated 
that —— are disadvantageous, if not positively 
dangerous, when out of synchronism, or when their period 
is not adjusted to that of the ship, and, when so adjusted, 
then at each time the phase changes. In this connection 
it will be of interest to note that the period of the ship 
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varies with its speed. A change of 30 per cent. has been 
noted in one instance between the period of a ship at 15 
knots and that at 0 knot, thus showing that the period 
undergoes changes from more than one disturbing 
factor. : 

The interesting work of Dr. Schlick in connection with 
the passive type of gyro was another effort in this same 
line, which dealt with the motions and necessarily periodic 
motions of the ship after they had been developed by the 
actions of the sea, utilising, as in the case of water-tanks, 
the natural motions on the part of the ship in developing 
reactions for the purpose of damping oscillations of 
greater amplitude; thus in both cases some motion is 

rimarily necessary. In the case of the original paper of 

r. Schlick, the accompanying mathematical treatise by 
Dr. A. Froebel was, in fact, entitled ‘‘Schlick’s Gyro- 
scopic Rolling Brake,” the action being limited to the 
damping of roll and the suppression of excessive rolling. 
In descriptions of all of this work a favourite expression 
which is employed is that the ‘‘rolling was reduced 
six-tenths to one-half,” &c. It is to an entirely different 
method of operation that I wish to call your attention, 
where the object has been to deal with individual incre- 
ments or energisations of the ship, regardless of syn- 
chronism or any other relation they may bear to the 
rolling period of the ship. By thus completely neutral- 
ising each energisation at its beginning or inception 
the ship is prevented from taking on or setting up 
motion. 

As was pointed out by me in a paper read before the 
society two years ago, each individual energisation of 
the ship, regardless of its direction, amount, or its rela- 
tion to period, should be dealt with as it arises ; in this 
manner dealing with and counteracting forces which are 
acting on the ship, as contradistinguished from damping 
the motion of the ship. The question of distinguishing 
between damping motion and resisting it was, a year 
later, quite distinctly stated by Sir John I. Thornycroft 
before the Institution of Naval Architects at its London 
meeting. Sir John says that the perfect apparatus must 
not depend upon synchronism, but must be entirely free 
from any synchronism between sea and ship, or between 
the period of the ship and that of the stabilising apparatus. 
" The perfect stabiliser must act against the forces which 
are acting on the ship in such a way as to always resist 
the effect of the sea in producing motion.” It has been 
found under service conditions that this is easily accom- 
plished, and is of full effect long before the ship has had 
time to get her great mass into the motion which con- 
stitutes rolling. 

This stabilisation of ships has been undertaken by two 
methods :—First, by changing the centre of gravity of the 
mass as a whole, as by the damping-tanks of Sir Philip 
Watts and later workers, and the moving weights already 
successfully applied by Sir John ; and, second, by employ- 
ing the already very great longitudinal stability or rigidity 
by deflecting the same in to the athwartship plane. The 
ship by this means may be rendered stable almost without 
limit and up to the breaking-down point of the gyroscopic 
couple, which has now come to be recognised as of simple 
—_ and of very great magnitude, especially as compared 
with the weights involved. 

Some of the early attempts to use the gyroscope were 
unfortunate in that the gyro was passive, therefore free and 
uncontrolled as to its precessionaal movements. Experi- 
ence has now been had in actual sea trials which confirm 
statements often put forward by the author, urging the 
great importance of having these precessional movements 
of the gyro at all times under perfect control. This 
arrangement introduces into the art a number of very 
important advantages which are now of definite and 
proven worth. This control, on the one hand, sets a con- 
stant limit to the otherwise almost limitless power 
of the gyro couple, while, on the other hand, it allows 
us to apply a measured stress of any desired magni- 
tude, duration, or direction, and that may be timed with 
precision. In this manner the very great longitudinal 
metacentric height is available for athwartship purposes, 
and may be in any desired amount added to the athwart- 
ship component. In fact, the point has now been 
reached in this development, as demonstrated by sea 
trials, that the amount of the great longitudinal stability 
utilised athwartship may be always quantitative and 
proportional to the fm With this auxiliary fitted 
the ship itself may be very tender and of low metacentric 
height, because, as above stated, any desired amount of 
the very great longitudinal metacentric height may be 
added at will athwartship, and this without any regard 
to the rolling period of the ship. In this manner a com- 
paratively small apparatus’ can be utilised in effectually 
holding the ship against motion, simply because each 
increment on the instant, and simultaneously with its 
development, is completely neutralised before it has time 
to move the ship. 

The gyro constitutes ar ideal poe for this work, 
inasmuch as it is perfectly safe. It is unnecessary to run 
the wheel at any but es low stresses. In 
fact, the stresses present can be brought below those used 
in hull practice. The comparatively slow motion of the 
wheel is very inexpensive todevelop and maintain, repre- 
on any a small fraction of the power required $0 
propel bilge-keels, and this power, small as it is, is only 
required when the necessity for stabilising arises, and 
then only in proportion to the seas running at the time, 
whereas the power for the bilge-keels is omnipresent— 
that is, it is a constant drag in all weathers. The power 
for operating the precession is trifling, only sufficient to 
absolutely control and limit the pr ion Mov ts at 
all times. This arises from the fact that in stabilising 
the constant tendency of the ship is to do precession-wise 
work upon the gyro. This is fully borne out in practice, 
as it is found that the — required for the precession 
engine is almost ni, it being only sufficient to control the 
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Fig.i3. S.S. ASHTABULA. 
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Data for 8.8. ‘* Ashtabula.” 
= displacement = 4500 tons (metric) = 4434 long tons. 
MG = metacentric height = 4.575 m. = 15 ft. 
T = period = 6.6 sec.; z = number of double oscillations per 
minute = a = 9.00; 2 = 825, 


Theoretical arm of pendulum of water-column in tank : Lp= ae = 10.83 m. 
Allowing 5 per cent. of Lp for friction gives Lp = 10.3 m.; the cross-section 
of the tank must then be designed so that da F dl=Lp=103m. 

Calculation of width of tank B, for d® quelling characteristic. 
D x MG x sina =2F.B. 2. y | 2-0.001118z (f. zdl+ A 4s)), 


according to Dr. H. Frahm, where a = maximum slope of a sinusoidal-shaped 
wave, the effect of which the tank will counterbalance ; F = section of mean 
water-level, mm.2 per metre length of tank ; / = section at any point in dis- 
tance J metres from centre of vessel and tank; 2) = highest ascent of water 
in lateral basins from mean level, mm. ; y = weight of 1 m.3 water = 1 ton for 
jake water ; 2)=distance of centre of gravity of water at F from ship's centre. 
Inserting a=1'see., sin a=0.01745 ; /,"z dU = 27.3.2, AS Ae _ 0.672 m2 
F =1.8m.2; z =13m.; y= 1; % = 6.725. We have 
4500 x 4.575 x 0.01745=2 1.8 x Bx 1.3 (6.725 —0 001118 . 82.5 x (27.3+-0.672)] 


B = 559 ~ 17,95m. = 50 ft. 
20.0 


Further, weight of active water = 83.75 tons. Total weight of water in 
tank = 490 tons; weight of tank or tanks = 60 tons; total, 560 tons. 
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It must be phen. that the weight of Thornycroft 
was specifically seven times that of the water in the tanks. 
The qyeeseene is ideal in another sense, for with it we 
have the weight of Thornycroft greatly augmented as to 
mass moment by the simple fact that it is in rotation, 
which constitutes a meltiziior of tremendous magnitude, 
ay though the actual rotative speed is comparatively 

ow. 

That Thornycroft was correct in his line of attack on 
this problem now received emphatic confirmation. 
The effeetiveness and mass moment of his weight have 
been mightily augmented on the one hand, while on the 
other decreasing its gravity load upon the ship, and at the 
same time never shifting its ition with regard to the 
ship or changing the centre of gravity of the latter in the 
slightest d If all these thi had originally been 
in the hands of our distinguished contemporary, it is 
impossible to predict the very great advance that the art 
of stabilising ships would have by this time achieved, as 
only last year he stated:—‘‘I came to the conclusion 
twenty years ago that it was possible to make ships 
perfectly steady.” 

In connection with dealing with each individual incre- 
ment, let us for‘a moment again refer to Figs. 1, 2, and 3. 
As we trace the envelope of these curves in their rise and 
fall, as they are near the centre line, where the phase is 
usually shifted, there is always the first impulse of a new 
cycle—the one which sets the cycle. Now, if no cycle of 
rolling ensued, we would have simply a succession of these 
beginnings, which will naturally be of various signs and 
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Total Water ~ 784 Tone Weight of’. Tanks Appre 
hy Ay aS 5 ed 


vidual rolling constituting these cycles would ever come 


magnitudes. These are more numerous in a vigorous, 
into evidence, and it is just this suppression that we are 


choppy sea, where, as stated, the cycles themselves are t 
shorter, and the individuals which shift the periods | enabled oot de | the active gyro. i cil 
appear oftener. Now, if each of these beginnings could! Calculations dealing with a known tank equipment w 








be efficiently suppressed, neither the cycles nor the indi- | illustrate the power of the active gyro stabiliser. Let us 
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take the case of Figs. 4 to 7, page 819, where a compara- 
tively small fraction only of the roll was dampened, owing 
to the sea being out of synchronism even by but a slight 
percentage. The active equipment, as we have seen, is 
different. It most promptly deals with each momentary 

isation and “‘has no memory ;” it cares not when 
= rom what direction the previous stress attacked the 

i 

The surprisingly small magnitude of the whole gyro 
equipment is due ly to its unique method of opera- 
tion; that is, it makes up in activity and promptness 
what it may seem to lack in size and weight. __ 

Herr Frahm mentions the tanks of the Ypiranga as 
changing the centre of gravity of this vessel to the extent 
of some 2700 foot-tons, and states that gyros with this 
torque value had not been developed at that date. 
Gyroscopes can now be developed with low specific 
stresses of much greater torque value than this figure 
indicates, with the further gain that the centre of gravity 
of the ship is not disturbed, nor would it undergo any 
change whatever. Moreover, with active gyros, torque 
of this magnitude is not required in ships of this ton 
and slow period for their effective stabilisation. In 
connection with this statement regarding tanks, Herr 

rahm failed to point out how many oscillations of the 
ip were required before reactions of this magnitude 

1 been set up, or, if developed by one or two large 
oscillations, how great an amolitude was required in 
such oscillations of the ship. We now know what these 
are, and no ship could be considered stabilised while 

d with this motion. One great difficulty with the 
Proposition is that its phenomena are pendulous 

and resonant from start to finish, and must be, in fact, 
Sa raloes with the ship, and therefore far too slow to 
with individual wave impu As a matter of 
fact the first impulse or impulses are never dealt with, 

t instead the boat rolls in response to the increments in 








the act of creating the reaction within the tanks. Thus 
we see that, as a matter of fact, individual increments 
are never dealt with until an accumulation of a number 
of such impulses has resulted in actually rolling the ship, 
whereas the active gyro deals with each individual incre- 
ment, and no accumulation is possible. 

Under the conditions shown by Figs. 4 to 7 we would 
have a steady ship in place of the oscillations recorded 
when all the tanks were in full operation, and the plant 
itself is found to occupy between one-tenth and one- 
twentieth the space, the proportion being 1.5 to 21.7, the 
gyro plant weighing only 10 to 20 per cent. of the tanks 
and contents. Again, this small space is practically 
independent of location. It need not occupy the most 
valuable amidship space nor extend entirely across the 
ship at point of greatest beam. It may even be divided 
up in two smaller spaces and stowed away at any point 
selected by the designer. In this way the small 3 
required may be that which is least valuable in the w ole 
ship. Again, the gyroscopic plant, unlike the tanks, 
is entirely indapeclion’ of the height component of 
location, as it is found to operate equally well in the 
lowest part of the ship and is entirely independent of 
symmetry as to disposition in relation to the ship’s centre 
of oscillation. The gyro ——_ being under indi- 
vidual control, each is rendered effective with full force. 
The action is thus incessant with no intermissions, 
whereas the sea is not consistent, sometimes deliver- 
ing and sometimes absorbing — the ship, as 
seen in the rolling diagrams. is persistent an 
incessant action, always in the right direction, not wait- 
ing for the period, but working more rapidly than the 
period, constitutes another explanation of the small- 
ness of the necessary plant. In modern ships of low 
M. G. it is found that the active gyro equipment will 
represent only a fraction of 1 per cent. of the displace- 
ment. : 


The gyros applied to the s.s. Worden were built with 
vacuum éasings, as shown in Fig. 8, page 820. Ordinary 
babbitted bearings with a new system of oil distribution 
were employed. 

The equipment of the s.s. Worden contains the most 
powerful plant thus far constructed, and the first with 
the spinning axis lying in their natural position—namely, 
horizontal. The spindle is of high tensile steel by the 
Midvale Company, hardened and ground, resting at its 
ends in journals contained in centres of two half-ring 
castings standing vertically in the figure; these are 
bolted together at top and bottom, where they receive 
the vertical gu ms and support the circular vacuum 
case in cast iron. The gud on the vertical axis, one 
directly above and one directly below the gyro, are 
spherically-seated bearings supplied with grease-cu 

he lower of these bearings is provided with a thrust for 
supporting the weight. Vacuum glands surround the 
shaft on each side, as shown in Fig. 8. The wheels are 
spun by small induction motors with friction drive of 
about 2 in. in width. These drives are found to work 
with about 1 per cent. slip only. At the base of the 

'yro is a 4-ft. combined cable and braking-drum with the 
Cite surface above. The gyros were placed in 
shaped towers, as shown in Fig. 9, page 820, at either side 
upon the deck, amidships, and between them there is a 
small twin-cylinder steering-engine driving a cable-drum 
made by the Hyde Windless Company, of Bath, Me. 
This is shown in Figs. 10, 11, and 12, page 821. 

This precession engine is vided with the usual 
control and reversing pilot-valve. The crank-pin discs 
are provided with brakes, the arrangement being such 
that the brakes are set when the pilot-valve is in its 
central position, the brakes being immediately released 
when steam is again admitted to the cylinder in either 
direction. This engine was also provided with the usual 
automatic for preventing over-running in either direo- 
tion. To the cable drums of each gyro is secured a pair of 
cables connected direct to the cable drum upon the engin 
so that by operating the engine the gyros can be turn 
slowly back and forth upon their vertical pivots by means 
of cables lying in grooves, plainly seen in Fig. 11. This 
cosillation constitutes the precession movements of the gyro 
under constant and instant control in either direction. 

Control.—The arrangements for control are such that 
the precessional movements on the vertical axis could 
either controlled by hand or automatically. The auto- 
matic control was through an auxiliary magnetically- 
operated pilot-valve, similar for all purposes to the little 
+0 7~ = ~<mmmaameas steering-engine of the White- 

ead torpedo. 

Automatic Control.—Several methods of automatic con- 
trol have been investigated. Fruude in 1873 developed 
an apparatus for simultaneously recording the rolling of 
vessels and the slope of the waves producing or contri- 
buting to such roll. In this apparatus lies a clue to one 
simple form of automatic control of the precessional 
movements of the gyros so as to measurably forecast or 
anticipate the rolling of the vessel. A method, however, 
has been discovered of combining Froude’s short and lo 
pendulum in one comparatively simple apparatus, an 
also greatly increasing the length of the long pendulum, 
as well as very materially augmonting its mass moment. 
This control is based upon the peculiar arrangement of 
two small gyroscopes weighing about 10 Ib., and the 

ndulum so obtained sageeneene a@ mass approaching 
alt a ton, with a pendulous length of 10 ie. The 
control thus constituted has been finally brought to the 
point where it responds to only one component of uni- 
versal angular motion—that is, it is not in the least 
affected by any amount of pitching of the ship or angles 
of yawing, or azimuth or other movements. As indi- 
cated by results, this simple control apparatus causes the 
gyros to instantly neutralise the direct effect of all sea 
impulses, as elsewhere more fully described. An eminent 
essential of such control apparatus is that it shall be 
independent of period, and that it shall be free from any 
liability to harmonise with any periodic motion of the 
ship. The operation of the device indicated thab it 
successfully fulfils all these conditions. One important 
feature of the active type of pyro is its power to 
artificially roll the ship on which it is mounted. This 
feature is of great value when epplied to ships in ice- 
bound waters, inasmuch as it enables them to keep free of 
the ice. In the case of the s.s. Ashtabula, we havea ship 
of about 5000 tons displacement plying larly between 
ports of this country and Canada across eKrie Her 

eral dimensions are as follows :—Length, 370 ft. ; 
Gone, 08 3 displacement, loaded, 4500 tons ; draught, 
11 ft. ; riod, from 5.5 to 6.6 seconds. in stormy 
weather she has rolled in the neighbourhood of 35 deg. or 
through a 70-deg. arc. In this instance, and on Lake 
Erie, this rolling is usually due to a succession of com- 
=. small increments, the magnitude of which has 

ascertained. 

In Figs. 13 to 18 are shown an active gyro and damp- 
ing tanks of equivalent stabilising power which have been 
carefully calculated from known formule, the analyses of 
which have been brought to conform exactly to the formule 
of Herr Frahm. These formule have been used in 
the diagrammatic analysis. The metri¢ system has been 
used throughout to facilitate thecomparison. The period 
of this ship varies from 5.6 to 6 seconds, according to the 
number, weight and distribution of railway cars upon her 
four tracks. The total net load capacity of this vessel is 


and | about 1500 tons. The tanks in each instance have been 


designed for taking care of one-degree wave slope incre- 
ment. Since the trips are of comparatively short duration, 
and the load varies em quite a large range, the adjust- 
ment of the tanks would be im tive to bring them into 
synchronism. There would no reserve quenching 
power available in the tanks shown, the free space neces- 





sarily being small. There being no available space above 
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Fies. 21 anp 22. Apparatus ror Makino Srx INDEPENDENT RECORDS UPON THE SAME TAPE. 


the main deck for the tanks, they are placed below. Keep- 
ing the characteristic displacement x period x M. G. con- 
stant, we have the following results as to tanks and gyro :— 


Comparison.—Damping Tanks and Equivalent Gyro 
Stabilising Plant, S.S. ‘* Ashtabula.” 








pace 
Required. 


u.m.| cu. ft. 


Ic 
897, 19.8, 960 33,180 


490 65 | 555'12.4) 626 21,600 | None. 
d 
| 20 ft. long 


Complete Gyro Equipment. 

One plant | 0; 0; 61/11 64 2,200 [Through 
od | } | an arc of 
8 deg. to 
10deg. 





Even with these tanks it is doubtful whether sufficient 
resonance can be developed during the time when the 
boat has less than a 6-second period in the one case, or 
6.6 seconds in the other. 

In the Ashtabula extreme space requirements are not 
of oo importance, but the extra weight of the tanks 
and water would probably interfere with the boat’s clear- 
ing the bar on the Canadian side. In Figs. 13 to 15, page 
822, the tanks for the 6.6-second roll are shown, together 
with the diagrammatic analysis of their action, and there 
is also given a scale outline of a single gyro which will 

ield much more than the equivalent stabilisation to the 

t, with an extremely low maximum stress of the 

wheel, the gyro in its action being entirely independent 
of the period of the boat. 

Figs. 16 to 18, page 822, show tanks having the same 
damping factor—namely, 1 deg.of waveslope fora6-second, 
period of the Ashtabula. The extreme size and weight 
of these tanks are apparent, and they stand out in still 
greater contrast to the =~ equipment. Again, we find 
that the is quite tic as to design, and can be 
made smaller and broader, wide or narrow, to fit spaces 
available. The weights given are for all parts, including 
foundations, s' ening and bracing, and the space 

uirements are outside of that actually used. 
_ The very low maximum stress of only 6250 Ib. per sq. in. 
me in this wheel, and this at only one point in the 
Wi 
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Fug. 24. 








Same unpressed forces as tn 
Fug. 24, Steaming at 15 Knots 
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Should we select a larger maximum stress for the 
wheel, then the gyro plant is considerably reduced below 
the above figures. is wheel can easily be made to give 
nearly double the roll-quenching power. Even in this 
extremely stiff ship, requiring relatively an unusually 
heavy gyro, the differential as to both weight and 
space stands out in favour of the gyro in marked contrast 
to the tanks. is is especially true when it is under- 
stood that the tanks will only function or perform half, 
and the more unimportant half, of the work easily per- 
formed by the gyro ; that is, the tanks are only service- 
able for stabilising, whereas the gyro is originally 
intended for producing roll in the ship to prevent the 
ship from being caught in the ice or freezing solid in the 
process of forcing her way through heavy ice-fields, and 
especially wind row ice during the winter and epring 
months. For this latter purpose, however, it is fou 
that a small gyro will perform all those functions, that is, 
the gyro illustrated here, while ample for stabilising the 
ship, is much larger than is required for rolling. The 
gyro illustrated would only require to be run at one-third 
or one-half speed for the production of all the rolling 
that could ever be required f the Ashtabula in breaking 
through the heaviest ice. This is owing to its incessant 
action developing its full force in proper direction, and 
with the proper emplacement upon each half period. 
Very me? rolling can easily be produced and main- 
tained. The action under these conditions is far simpler 
than in preventing roll, inasmuch as the reaction of the 
sbip after rolling has started is found to react back to 
the gyro sufficiently to automatically control its pre- 
cessional movements; usually in rolling only fractional 
speeds of the gyro are used. 

Not the least interesting in connection with the ss. 
Worden equipment were some gyroscopic pendulums 
employed in obtaining records of the motions of that 
vessel. These recorders were originally designed by 
the author torepresent pendulums(though they areactuall 
less than 1 ft. in height) of very great pendulous len 
—namely, 1000 miles—representing an artificial mass 
moment of 14 tons hung from the distance. In the earlier 
trials of this instrument it was found that there existed 
no necessity for so long a pendulum, and this was after- 
wards reduced to the equivalent of a 10-mile pendulum. 
The records were obtained by the gyros thus arranged. 
In connection with this apparatus, one point which is 
new, and is of special interest, is the elimination in the 
records of the influence of extraneous motion components 
reaching the instrument or influencing to the s ightest 
extent the record itself. For instance, if we are recording 
the roll of the ship, it is desirable that al] motions relating 
to either the pitch or yaw or other azimuth movements 
should be eliminated, and the apparatus be entirely free 
from disturbances from these or any other motions 
which do not represent the proper roll component. Two 
views — this apparatus are shown in Figs. 19 and 20, 


Figs. 21 and 22, on this page. show in plan and eleva- 
tion similar gyroscopic recording apparatus for the 
United States Navy, upon which six records are made 
on a single tape. These are as follow :—Ourves indicat- 
ing both roll and pitch, means for spotting either, the 
line, timing and means for drawing a curve indicating 
the simultaneous azimuth of the ship’s heading relative 
to any desired fixed line, as the meridian, running of the 
sea, direction of wind, &c. \ id 

Universal or compound angular motion may be sal 
to be made up of noe primary components similar to 
the three primary components of white light and probably 
from the same basal cause ; thus unive.eal angular motion 
may be resolved into motion about three axes, all no 
to each other amd bearing the relation of the three con- 


verging margins] of a cube. Gyroscopes mounted for 
producing motion records, so far as has been heretofore 
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published, are in each case critical to all of the three 
above-named components. In this manner the rolling 
record is liable to be falsified by motions which really 
have their origin in yawing, or pitching, or both. Suffice 
it tosay that a mounting has been finally adopted by 
means of which any two of the three components are 
entirely eliminated and prevented from influencing the 
records which are thus confined to any single component 
of motion that may be desired. At the same time the 
natural period of the apparatus is made so long as to be 
entirely removed from amy influences of the compara- 
tively short periods of motion to the ship itself. In this 
manner, a base line of extreme rigidity has been created 
about which all of the ship’s motions take place, and 
which is sensitive and critical to only one selective com- 
ponent of such motions, it having been found possible to 
record the most minute motions of the ship in this 
selected plane. For instance, upon one occasion distinct 
record was made on the Worden, when her displacement 
was about 700 tons, of two men walking from one beam 
to the other, indicating about four minutes of arc upon 
the record. : ; ? 

Through the important work to which only brief refer- 
ence has here been possible, knowledge of the perform- 
ance of the stabilising gyro under service conditions has 
been accumulated. This is now such as to enable us to 
calculate with all necessary accuracy the weight and 
space oocupied in connection with practically any plant, 
either stabilising or ice-breaking; also to predict with 
certainty what the result will be, the amount of power 
required, and also to Fagen with fair degree of accuracy, 
about what will be the stabilising or rolling factor upon 
any given ship with the new active gyros fitted. 





LAUNCHING SHIPS. 
Launching Declivities for Ships and their Influence 
upon Poppet and Way-End Pressures.* 
By A. Hitry, Associate-Member. 
(Concluded from page 794.) 

Considerations Affecting the 8S of the Keel when 
Afloat.—The usual condition in which ship is launched 
is with the hull well advanced in structural completeness, 
but with only a small proportion of the machinery weight 
on board. This generally only consists of the propellers, 
shafting, and a few auxiliary ae og Asa consequence, the 
vessel usually takes a trim by the stern of about 4 to 
per foot in excess of the designed trim. Fig. 1, page 791 ante, 
shows the launching condition and trim of a large vessel. 
Where considerations of dredging and depth of water 
for the stern when afloat have to be taken into account, 
it may be found economical to ballast the vessel by means 
of armour on board, or by other items of weights, so that 
she will float at a level keel, provided that this condi- 
tion of trim does not entail an increase in the poppet 

ure and resulting stresses on the vessel beyond the 
imits which are considered safe. Thus, it will be ob- 
served that the position of the C G of a ship may be made 
to vary somewhat, but on an av value the distance 
f—i.e., CG aft of fore poppet—will be equal to 0.42 of 

h of ship. By knowing the position of the longi- 
tudinal position of the C B of the ship when afloat at 
the mean launch draught 
line, and allowing a natural trim by the stern to be about, 
say, sy per foot, the actual position of the C G can be 
readily calculated by the formula— 


CBtoCG = f,in. x L Mi x x. 


Having now ascertained the necessary declivities of the 
launchways to give the required poppet pressure, it is 
next required to find the draught of water on the line of 
ways produced to the point O Gs. (Fig. 2, page 791 unte), 
so that the conditions desired can be fulfilled. This depth 
of water may be calculated by the following alternative 
methods :— 

1. From the information given on the displacement 
curves calculated the mean draught of vessel, assuming 
her to be afloat at a displacement equal to the volume of 
water displaced, and having a trim und position of C B 
agreeing with the condition as already determined at the 
instant the stern commences to lift. In this calculation 
the position of the mean centre of flotation of the water 
plane may be assumed to be one-third of ¢ aft of the 
C G of ship. This is the point on the keel at which 
the draught above calculated can be measured. If the 
displacement curves be not available at the time the 
mean draught corresponding to the volume of water dis- 
Placed may be calculated from the mean launch draught 
minus the Poppet pressure) py iEnowing the distance 

tons per inch 

between the C G of ship and the position where the 
draught has been computed, and the slope of keel at the 
instant of stern lifting, the draught of water above keel 
at the position of C G can be found. To this draught 
add the distance between the top of standing ways and 
keel of ship at the position of C Go», and the result will 
be the depth of water on the ways produced to C Gs x. 

. 2 shows the vessel in a ition referred to, and 
the several steps tabulated, which lead to the computa- 
tion of the depth referred to, and the definite fixing 
of the vessel’s position in the water at the instant the 
Sor commences to lift, are shown in Tables XIV. 

2. The draught of water on keel at C Bs x is usually = 
1.05 to 1.08 of the mean launch draught, and this may be 
8 sufficiently close approximation, and form a starting 
point from which the depth of water at the several points 
required may be readily computed in a similar manner 





* Paper read before the Institution of Naval Architects, 
March 14, 1913, 


el to the designed water- | y 


te the foregoing method. The dip of the stern may be 
calculated from the mean draught at the position of CG 
as above found, by adding an amount equal to the pro- 
duct of the slope of keel and the distance of CG from 
the stern. The dip of the stern at the instant the stern 
lifts will generally be found to be about 0.9 to 0.95 of the 
maximum dip, according to the corresponding poppet 
pressure of about 0.3 to 0.2 of displacement. The maxi- 
mum dip of the stern may be, of course, aleo estimated 
from comparison with the results of previous launches of 
similar ships. 


TaBLE XIV. 

Declivity of Way Ends, &c. A. B, 

19.5 18 

(1) d Ksx ee ee ee oe oe rr wy 
(2) d Kos - - - = 15 20 
(3) dweaon e° ee ee oe ee 16 26 
@Ucexu = (3) + (1) - (2) “ i 20.5 19 
d 0.35 0 


W.E. Press. corresponding to d from 





curves . oe Se $s Figs. 12 and 13 
Ores os oe ” $e LBP x 0.47 0.5 
“eS ne a a - a -- 180ft. 140 ft. 
Sls i ae? . x ae, at ee 0 
C.GoxntoC.Gsr.="*+y+d .. - By 266 ft. 
Average declivity =.. % on ee _ _ 
dwacon + dWeast 18.25 22.5 

r i as - = 33 
hgfallofwaysh+h,= .. ‘ -. S80ft. 15.6 
hy = mg + K = , = é at - 15.15 sy 

a wg -dw\ .z-d 19.5 1 

dug = dw, + ( z ) Z 32 By 

h must be = < (ho — hj) oo ee oe —_ —_ 
Taste XV. 

Water on Way Ends. A. B. 
m = ie om a 18.6 ft. 3.75 ft. 
aK 19.5 13 

ss. > 32 82 
e+d= - ie 7 ‘a o» 985-4. 32 ft. 
my = m — (d Kai X e + dd) - ne 7 tt. 2.6 ft. 
hg = mg+K. on we +o -. 8.75 ft. 4.6 ft. 
mg = m, — (d Kau X e) ok .. 18.4ft. 2.6 ft. 
hy = m+K.. os x2 ne -- 16.16 ft. 4.6 ft. 
SATEEN peehéheh. «. BO 15.6 
d we and h) require reconciling. 
Taste XVI. 
Camber of Ways. A. B. 
d we — dw, = in ay iM. per ft. .. ia 4.5 -? 
Z = aut’ 1m) im -- 680 ft. 265 ft. 
= - ( Wg —- aw, 
Camber) = 2 x 82 xZ .. 4¢in. 29 in. 
Camber in lb = CAM, X oe + 2lin. - 13.5 in. 
Declivity of Ways. A. B. 
d w Fore poppet = dw, - (dw. - dw, 

ot. 18.5in. 28.6 in. 
dw Aft sliding ways = dw, + (d we - 

dw,) x 18.5 in. 23.5 in. 

1 Z oe oe 32 32 
Taste XVII. 
Dip of Stern. A. B. 
Dips: =1.06 M L draught + g x d Ks... 82 ft. 7 tt. 
ax. DiP _ Dips: x — = 35 ft. 8 tt. 
Dips. 0.85 to 0.9 


Considerations Affecting the Position of the Way-Ends. 
—Having now determined the depth of water and the 
slope of the ways at the point under the C G of vessel 
when stern lifts, it only now remains to decide upon the 
precise position of the ends of the standing ways from 
the point CGsx (Fig. 2). The declivity and water on 
way ends can then quickly deduced from the par- 
ticulars already decided upon. The distance of CG «: of 
vessel over the way ends when the stern lifts is governed 
indirectly by the magnitude of the poppet pressure, and 
directly by the limit of pressure on the way ends as the 
midship portion passes over. The way-end pressure is 
regulated by the magnitude of the moment against tip- 
ping, and by the weight of the vessel which is being taken 
on the ways at any particular instant prior to the stern 
commencing to lift. The relationship between these 
factors will now be analysed, and the several features 
connected with the moment against tipping and way-end 
pressures brought into prominence. rom these con- 
siderations a ready means can be found of deciding before- 
hand upon the maximum distance which should be allowed 
for the C G of the = have passed beyond the way- 
ends at the instant the stern lifts, so that the way-end 
pressures shall not be excessive. , we 

Moment Against Tipping.—The moment against tipping 
(MAT), in addition to preventing the vessel from 
actually tipping over the way ends, hasalso an important 
influence in keeping the intensity of the pressure per square 
foot on the ends of the standing ways of moderate amount 
during the period when the midship portion of the vessel 
passes over them. The MAT at any instant should be 
such that the pressure on the way ends does not exceed, 
generally speaking, three to four times the average pres- 
sure of the ship on the ways at the start when on the 
building berth. A practical safe limit may be set at 
6 to 9 tons per sq. ft. for a merchant vessels, and at 
4 to 9 tons ot. fy for wammiige Shame the strength of 
the ship’s bottom is not usually so strong as for mer- 
chant ships. The moment against tipping at the instant 
the stern lifts (M AT. ) is equa! to the poppet pres- 
sure x the distance of the Pere from the way ends. 
By knowing the quantity M AT..:, and also the amount 
“4 poppet pressure, a set of launch curves can be drawn 
(Fig. 5 page 791 ante), from which it can be ascer- 
tained beforehand whether the conditions proposed 





for 
launching the vessel are satisfactorily arranged. The 


825 
method of calculating the way-end pressures for an 
point of travel corresponding to the ht borne by the 


ways and the moment against tipping ‘is given in Appen- 
dix. An interesting point brought out in the investige- 
tions is that vessels which have little or no poppet pres- 
sure require the standing ways (if an actual tipping ten- 
dency is to be prevented) to be produced so as to extend 
to near about the position of the C G of the vessel when 
the stern commences to lift. This — qunerally to 
small craft, such as tug-boats or yachts which have a 
large natural trim by the stern when afloat. It may be 
remarked, however, that, in the cases of the small craft 
mentioned, instances sometimes occur where the vessels 
are launched with a tipping moment actually existing. 
No untoward results are experienced in these cases if a 
small tipping moment is present, vided the vessel is 
nearly approaching the condition of being waterborne— 
for then the pressure remaining on the ways is insuffi- 


cient to dam the bottom. © quick speed of the 
vessel (about ft. per second) also assists the safe 
launching, for, in addition to the zone being 


uickly passed through, some assistance is derived from 

e hydro’ action of the inclined surface of the after- 
buttock lines of the stern, which provides an upward 
force which augments the buoyancy moment against 
tipping about the way-ends. 

Considerations in connection with the Moment Against 
Tipping and Way-End Pressures.—As the vessel slides 
down the launchwa, into the water, and becomes partly 
waterborne, the difference between the weight of the ship 
and the weight of water displaced is the pressure which is 

en on the ways. If the pressure were exerted at the 
centre of the length of the remaining portion of the 
sliding ways still in contact with the standing ways, the 
ure would be distributed over the area of the ways 
im contact in a practically uniform intensity. The pres- 
sure, however, does not occur at this midway position 
along the ways, but its resultant is at first exerted at a 
point much nearer to the ends of the launchways than 
the position of the centre of contact alluded to (Fig. 13, 
page 793 —. This causes the pressure on the ends of 
the ways to greater than at any other part situated 
further up the ways. 

From a consideration of pressures and bending moments 
when applied to the case of a compressive force acting 
on two surfaces in contact, such as the sliding and the 
standing ways, it is known that, when the resultant acts 
at a point distant from the centre of area of the two 
surfaces by an amount equal to one-sixth of the length of 
those surfaces which are in contact, the pressure intemsity 
at the portion of the area represented py the after ends 
of the ways is double the average intensity, and the 
pressure becomes zero at a distance up the ways equal to 
three times the distance of the centre of pressure from 
the way ends. If the forward ends of the sliding ways 
are some distance +4 — up the ways than the point 
of zero pressure, as found by taking a distance equal 
to three times the distance to the tre of p e 
from the way ends, as calculated for a particular 

tion of the vessel, there will exist a tendency of the 
‘orward poppet to lift. This tendency is, however, some- 
what counterbalanced by the overhanging weight of 
the stem forward of the poppets. Apart from noticing 
that the fore poppets prior to the stern lifting exert 
a diminished ssure on the ways, this feature of 
pressure variation is not of great importance. The pres- 
sure exerted on the way ends is an important matter, 
especially in the case of ships where the pressure 
experienced by the ship’s framing will usually require 
the provision of an adequate amount of eternal shori 
to resist this ure. The launching curves in Fig. 
show the method of obtaining the M A T and way-end 
pressures. 

On a base line representing the distance travelled by 
the ship, set up an ordinate at the end equal to the weight 
moment about the way ends when assuming the © G to 
have travelled a certain distance d (as obtained from 
curves in Figs. 11 and 12) beyond the ways when the 
stern commences to lift. Complete the straight-line 
weight moment. Above the ordinate set up an amount 
MAT,:, = P Ps: x (f—d). Also set up on the same 
end ordinate the amount of buoyancy of the vessel at the 
same instant under notice. Along the base line measure 
off a length equal to about 0.43 to 0.5 of LB P, and to 
this — continue the curve of buoyancy, making it in 
the form of a parabola. Next, measure along the base a 
distance equal to about three-quarters of above amount 
and draw a parabolic-shaped curve representing approxi- 
mately the curve of buoyancy moment about the way 
ends. Draw a horizontal line parallel to the base, repre- 
senting the launching displacement of the vessel. From 
this information the amount of the way-end pressures can 
be calculated by the formula— 


WEP=3% 5 (Figs. 5, 12, and 13), 





Pp 
“MAT x 
and the curve of pressure drawn. 

Also draw a curve of centres of re from the way- 
ends for any ——- of vessel (Fig. 12, 793 ante). 
Where this is less or equal to one-third the length of ways 
remaining in contact, the formula for pressure will 
true. As the vessel ap the position where the 
lifting commences, the way-end peepee becomes smaller, 
and can be correctly calculated by observing the position 
of the centre of re and the pressure still acting on 
the ways. With the declivities and ures being 
determined to suit the requirements for launch, there 
remains a possible necessity for adjusting the final 
declivity of the ways and the depth of water available ; 
but if a aeeie Fares pressure has been chosen, an 
compromise required will be found to be very slight. Te 
is in connection with these items that the ex ce of 








similar launches assumes its full value ; and this, viewed 
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in the light of the present investigation, should enable 
those responsible to rest assured that the arrangements 
they have made are of the best possible. sean 

In conclusion, the author would express his indebtéd- 
ness to Mr. Boolds and Mr. J. Brown, manager of Messrs. 
Vickers’ shipyard, for the encouragement given by their 
adoption into the shipyard tice of innovations in con- 
nection with launching originated by the author. _ 

The method of treating the problem, as set out in the 
paper, consequently carries the advantage of having been 
put to successful use in actual practice. 


APPENDIX. 

Calculation of Position of C Bs: Aft of the Position occupied 
by C G@ of Ship at the Instant the Stern Commences to Lift 
in Relation to Poppet Pressure (see Fig. 2). 

Let 
f denote the distance of CG of ship aft of the fore 


t. 
) ~y ee of OC B,.. aft of C G. 
+» the poppet pressure. 
» the launch displacement of ship. 
Ba, the buoyancy at instant stern lifts = D- P. 


For equilibrium of forces when stern lifts :— 
= Bx (f + ce). 
=Bx«¢ 
=Bx« 


=e. 


e ” 


xy 
Dxf-Bxf 
. “ua 
Px 
D-p 
When poppet pressure P = 0.2D, 
0.2D x f _ 02 
= = fj=OD/. 
(1-0.2) D oa’ f 
0.25 D x f P 
WwW Pz=0@S3d,e= ———.- =A38/. 
hen e 07D I. 
03D xf 
Whea P=0.38 d,e = ——____“ = 0.48 /. 
en e 7D 4 
The curves, Fig. 9, page 792 ante, show the values of 7 


plotted on a base of poppet pressures. 
The tangent of the angle of excess trim, beyond the 


launch trim— 
When stern lifts, EK T = Ln or, expressed in 
SL 


32nds of 1 in. per foot, 
—¢ x 12 x 92 _ e x 384 
Ls Msc 


L Mu: 


The extra poppet pressure caused by an additional ,', in. 
per foot more excess trim to a vessel in a given case, at 
the instant the stern lifts— 


Dx f=Bx (f +e). 


For ,y in. por foot trim e is increased = L Ms. 


384 
sincs D x fis constant, ns 

B x (f+ e)=B, x(f+e+ ai" ) 
or 


Bx (f + e) 


L Ms. 
(y +e+ “ge, 
to the greater angle of trim. 

B — B, = the increase in poppet pressure. 


Relationship between Moment against ayy) and Poppet 
ifts. 


) = B, = the lesser buoyancy due 


Pressure at Instant when Stern Li 
Fig. 2 shows the vessel and relative position of way 
ends to C G of ship. | 
The moment against tipping M AT,, = buoyancy 
moment — weight mt. about way ends. 
MAT;s: = Bx (e+d)-Dxd. 
Be + Bd - Dd. 
MATs:. + (D —_ B)d = Be, 


ATs: +Pd = Be, 
but Be = S typreee stern lifts. 


+Pd = Pf. 

Tri = P(f - d). 

Ts: = Poppet pressure multiplied by the 
length of sliding ways in contact 
when stern lifts. 

(f—d) = a, the distance of the C P centre of pres- 

sure from way ends. 


The centre of pressure necesearily is at the fore poppet 
at this instant. 


Position of Centre of Pressure from Ways Ends for any 
Position of the Vessel befure the Stern Commences to Lift. 


MAT+P,d=B.¢. 
Be = P, (d + 2), 


A 
A 
A 


but 


where 
(d + x) is the distance of the centre of pressure from 
the C G of ship. 
.. MAT =Pd—Pd + Pz=Pz. 
= MAT The actual moment against tipping 
P MAT divided by the pressure 
P on ways for any position of 
vessel down ways. 
a = the distance of the centre of pressure from the 


way ends. 
If the C G of the vessel is not over the way ends the 
moment of the weight of the ship is added to the moment 


ae 


of buoyancy about the way ends to give the moment 
against tipping = M A T (see Fig. 5). 
Intensity of Pressure on the Way Ends per foot run within 
the limits of « being equal to or less. than one-third of 
Length of Ways in Contact. 
_MAT 
a > 


3z2= = length of ways considered to be 


3MAT 
P, 
taking pressure. 

The maximum pressure on way ends per foot run is 
twice the average amount taken on a length 3 «. 
P,x2_P,x2_ P,?x2 

32 38MAt MATx8 

P, 

This gives the pressure in units of tons per foot run of 
length, the ways considered as aline. The pressure per 
square foot on the way ends 


Pure = Pwe 





Maximum pressure = 


_.3 P, 
6) 68 | MAT x0’ 

b being total breadth of launchways. The way-end pres- 
sures can be calculated directly from the ordinary launch- 
ing curves for a vessel. (Figs. 5and 12.) The point to 
be borne in mind in using the above formula is that the 
centre of pressure is not more than one-third of the length 
of ways in contact from the way ends. If it is more 
than this, the calculation of distribution should be specially 
made for the case. It is noteworthy that where the 
poppet pressure is large the M AT must also be large, 

varies approximately as poppet pressure squared. 

To decide upon the position Of the way ends in respect 
to the C G.:, approximate launch-curves can be made 
from the general data available. (See Fig. 5, page 791 

The distance d, to the ongin of the curve of 
buoyancy can be obtained by taking three-fourths of the 
distance calculated by 


dip of stern to A P 

PN Ste cin at tit an = 0.42 t0 0.5 LBP. 
declivity of ways at CGs,,’ - 

The buoyancy curve will then approximate to a parabolic 
curve with its max. ord. at P P,, and its beginning at do. 
The curve of buoyancy moment about way ends can be 
drawn in a similar manner on a base d; of length = # of 
> The distance d representing the distance of O G 
of vessel over way ends when stern lifts is assumed a 
certain amount in the first place, and the weight 
moment—straight line—is set off. From the formula, 


a 
MATx db 
the pressure per sq. ft. on way-ends can be computed for 
any ition. If this is within the limits stipulated, 
the distance d is suitable; if it is too large, then the 
distance d must be decreased to suit, remembering that 
the position of the ship relative to the water-level is 
always the same for a given poppet pressure. 


Properties of Camber. 

The curvature given to launchways is never, in prac- 
tice, found to exceed very moderate limits ; ey 
the camber curve, being a very flat curve, requi to be 
in contour the arc of a circle, may, without any appre- 
ciable error, be constructed, and its form calcula as 
though it were a parabola. 

The camber is generally expressed as the rise of the 
curve C in a certain lengthof arc L. Letd =41L. Then 
the ordinate Y from the base A B is expressed as Y = 
const. x 2. 


Fig. 14. 














| 
1558E%) 
The constant for any particular form of curve = 


(oF) 
(1) 


The slope of the curve at any point x, distant from the 
mid-length of the chord 


=a¥ 


 ¥, =x 
is 


dz 
Here, again, constant =< and N = 2 for a parabolic 


= const. x N2,”-1, 


curve, 
dy _C , 2 a, 
dz eB 
oo camber of C inches in length / feet. The 
pe produced by this camber 


2C 


Z 
The camber of the curve for any other length 2, is propor- 
tional to O x 2. Camber curves of same shape have 
same amounts of camber in a unit distance of 100ft. To 
form a correct comparison of curves having certain cam 
in given lengths, it is ex the camber 


.*. slope (2) 


for a 
extra 


x 32in ¢, in. per foot. 





necessary to 
to a standard length, such as 200 ft. length 
of arc, or 100 ft. = 2. 


" pa 100? 
“0, =Ox--, 


and the camber in 100 ft., to give an increase of slope of 
vr in. per foot, will be 

100 ft. 100. _ ; 
x3 = a in. = 1.56 in., 


since the slope of a cambered curve is proportional to 
length J. ter ascertaining the extra slope needed to be 
obtained in length 7 ft. say, #> in ft., the extra 
slope expressed per 100 ft. will 


100 _ 1.42 in. : 
6x —= ft. in 100 ft. 
3 Per ft. in 


.*. Camber to produce em per 100 ft. = 1.42 x 


1.56 in. = 2.21 in., or 
camber of curve for 7 = 350 ft. = 2.21 x me = 97.1 in. 


a x 


From the properties of camber, as given above, the 
camber of the launchways requisite to make the declivity 
of the keel of vessel when stern lifts to agree with the 
amount desired can be readily computed. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

. WE give below a few oe aggro of en otal ond 

ore’ engin projects, en from the of 

Trade Journal. Further information concerning these 

ae can be obtained from the Commercial Intelligence 

ranch, Board of Trade, 73, Basinghall-street, E.C. 

New Zealand : Several large works are in prospect in 
the city of Welli m, the chief being the new Roman 
Catholic Cathedral] (to cost 110,000/.), a new building for 
a large commercial firm (about 4000/.), and a new Govern- 
ment railway terminus. Large tramway workshops, to 
cover an area of five acres, are shortly to be erected in 
Auckland. The three main sheds for housing machinery 
are to be built of steel and galvanised iron. A traverser 
is also to be erected. All machinery is to be electrically 
driven, and the total cost of the work will be between 
30,0007. and 40,000/. The Imperial Trade Correspondent 
at Dunedin reports that the Dunedin Corporation pur- 
poses asking for authority to borrow 175,000/. to provide 
tor the cost of improving the condition of the streets of 
the city ; an additional reservoir is to be built at a cost 
of 20,000/., and public baths (for which a tender of 9100/. 
has been accepted) are to be constructed. The Corpora- 
tion of Gisborne proposes to raise a loan of 50,000/., to be 
spent on extension of tramway track (15,000/.), sewerage 
(10,0002.), storm-water (5000/.), water works, including a 
reservoir ge and upkeep of roads (10,000/. per 
annum). .M. ie Commissioner for New Zealand 
has forwarded extracts from the local Press, from which 
the following is taken :—The Hikurangi Town 
decided to raise a loan of 7000/. for the building of « 
reservoir of 140,000 gallons capacity, installing a domestic 
supply of water to 200 residences, and laying the neces- 
sary mains, with fire-plugs. 

Australia : H.M. Trade Commissioner reports that the 
representative of a large Victorian engineering company 
is visiting this country in connection with the purchase 
of plant, more particularly for locomotive building. The 
name of the company, and the London address of its 
representative, may obtained by United Kingdom 
manufacturers from the Commercial Intelligence Branch. 

Brazil : With reference to a call for tenders for the 
construction of a railway from Piquete to Itajubd, it is to 

noted that the Diario Official states that the adju- 
dication of this contract has been postponed until 
July 21. A deposit of 20,000 milreis (about 1330/.) will 
be required-to qualify any tender. Local representation 
is necessary. , 

Uruguay: The Diario Oficial, Monte Video, publishes 
the text of a Presidential message to the Uruguayan 
General Assembly making an application for the sum of 
ptr sod pecs (about 106,000/.) for the purchase of dredging 
material and of a steam tug-boat, which are required for 
the harbour of Monte Video. The Diario also publishes 
a Bill, under the terms of which the executive authorities 
are empowered to expend a sum not exceeding 283,500 
pesos (about 60,000/.) for the purpose of carrying out 
supplementary work in the harbour of Paloma. The 
work will include dredging operations, the construction of 
a breakwater 160 ft. long, in reinforced concrete, and the 
erection of a warehouse of galvanised iron. Tenders will 
be publicly invited for the execution of the above- 
mentioned works. 





Coat Surriy To Lomparpy.—The chief coal supply 
bd a oe of Lammane and = ory — 
through the two ports of Liguria, moa and Savo 
Genoa sends about 3 million tons of coal inland, 
Savona about 1 million per year. In the former case 

rt is undertaken by the Giovi railway, 

which ongs to the electrified part of the Italian 
State Railways. In the second case, the coal is first 
transported to San Giuseppe by a suspended rope- 
way, built by J. Pohlig, of Cologne. The sea-goin 
ships discharge their coal at Savona into lighters, an 
cranes put the coal into concrete bins. The discharge 
station at San Giuseppe lies at a level more than 1000 ft. 
above the bins, the two stations are connected by 
the ropeway, which has a length of 17.5 km. (11 miles). 
conveyor cars, which are suspended by the rope, 


bers | take loads of 1 ton each ; they run on four wheels, _ = 
struc 


hauled byelectric motors. Bins have also been cot 
at San Giuseppe, and from these the coal is discharged 





into the ordinary railway trucks. 
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THE HAMBURG-AMERIKA LINER 
“ IMPERATOR.” 


Tue great German steamship company, the 
Hamburg-Amerika Linie, inscribes over the portal 
of its splendid offices on the Alster, in Hamburg, 
and on the bows of its vessels, the ambitious 
legend, ‘* Die Welt ist mein Feld.” It is not with- 
out justification that it adopts this proud boast, 
for all the waters of the oceans are traversed 
by its 192 steamers and its 239 smaller craft. 
Nevertheless, as it is the function of a motto to 
yoice an aspiration and to be a spur to effort, 


‘company has entered three new competitors for | 


the Atlantic traffic, the Imperator, the Vaterland, 
and another vessel not yet named. The Imperator 
left Cuxhaven, at the mouth of the Elbe, at 4 p.m. 
on Wednesday, the 11th inst., and Southampton at 
about the same hour on Thursday, for her first 
regular voyage. The Vaterland was launched quite 
recently, and is now being completed, while the 
third vessel is still on the stocks. The dimensions 
of the last two have not yet been made public, but 
it is understood that they will be only slightly 
greater than those of the Imperator, which in a 
general way represents them both with fair accuracy. 


A short time before the launch of the Imperator 
there occurred the loss of the Titanic, an event 
which obliged shipping companies to revise their 
ideas as to the requirements of their vessels. The 
eee conception of the absolute safety of the 
Atlantic liner was rudely shattered, and instantly 
new requirements were formulated, and fresh steps 
taken to increase safety. Fortunately, in the case 
of the Mauretania and Lusitania, the construction, 
dictated by the Admiralty, was such as to safe- 
guard them perfectly against such an accident as 
happened to the Titanic, but the Olympic needed 
great alterations and additions to bring her into a 
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Tue HampurG-AMERIKA QUADRUPLE-ScREW ATLANTIC Linger “ ImPERATOR.” 
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rather than to record a fact, a shipping company 
which adopts such a device has to be ever 
striving towards greater achievements. It must 


not only excel in numbers and in tonnage, as | — 


does the Hamburg-Amerika Linie, but it must 
also be in the front rank as regards size, speed, 
safety, and comfort. In these days of fierce 
competition and lavish expenditure constant effort 
and bold finance are absolutely necessary if a 
prominent position is to be retained, and in this 
respect the Hamburg-Amerika Line has during 
the last two or three years been a little remiss. 


As will be seen from the annexed table, its| 


est vessel previous to the Imperator is the 
Kaiserin Auguste Victoria, which is of 24,681 tons. 





| 


Fie. 2. Prtan or “B” Deck. 





Dimensions of Largest Vessels, Hamburg-Amerika Line. 











is- al } Horse- 
Steamer. ter Tons L@ogth*| Beam. | Depth.t| Knots.) power. 
ft. in. | ft. in.) ft. in. 
Imperator . 50,000. 879.11 |98 1/| 63 0 22.5 | 62,000 
app. 
Vaterland .. — =~ -- _ — ~ 
Sistership .. _ —- j= — _ 
Kaiserin Aug- | 
uste Victoria 24,581 675 10/77 1; 5810; 18 | 17.600 
America sie 622 668 0/74 2) 62 2; 18 | 15,600 
President Lin- | | I 
coln ., 18,168 | 600 0 | 67 11 | 52 2 14.6 7,650 


| 
* Length from fore edge of stern-post to rear edge of stem. 
The length over all of the Imperator is 908 ft. 10 in. ; with the 
eagle 918 ft. 8 in. 

Depth from main deck to keel. The depth of the Imperator 








But that state of affairs is now at an end. The trom the upper boat) deck to keel is 101 ft. 8 in. 





similar condition. The point, however, which 
appealed most strongly to the public imagina- 
tion was the provision of boats. e vision of a 
thousand ple sitting helpless on a steamer 
| slowly sinking in a placid sea, which could haye 
| been safely navigated in a Thames punt, produced 
|an outcry which had to be listened to, no matter 
how difficult a task it put before the naval archi- 
| tect. When this cry came the Imperator was nearly 
ready for launching, and the time for radical 
| structural alterations—even if they would have 
met the case—was past. The builders, however, 
‘found a way out of the difficulty, and to-day the 
ee is equipped with eighty-three ts, 
sufficient for 5500 people — that is, 300 more 
than she will carry, counting both passengers 
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and crew. The mere multiplication of boats, how- 
ever, is no remedy for the perils of collision. It is 
only the boat which can be quickly and safely 
lowered that counts, and up to the present year it 
was by no means a rapid process to get a boat into 
the water. The Welin davit was a great step in 
advance, but the blocks and falls were similar to 
those used in Nelson’s days, or possibly in the Ark, 
and steadily grew more awkward and clumsy as the 
boat-deck was raised higher and higher above the 
water-line. Nevertheless, they were retained, 
because the boats were regarded as quite super- 
fluous, and it needed the foundering of the 
Titanic to make them give way for a better and 
more mechanical system. On the Imperator, out 
of the eighty-three boats there are only four, 
as far as we could see, fitted with blocks and 
manilla falls, and these are of small size and 
at low level. All the rest are fitted with electric 
winches and wire ropes, and when once clear of the 
side can be lowered in 15 seconds. 

The arrangement of the electric boat-lowering 
winches is, we believe, due to the Welin Company, 
and reflects credit both on the designer and the 
builders. On the boat-deck there is one elec- 
tric motor for every three boats. This motor 
drives a 4-in. shaft carried in bearings on the deck 
close against the superstructure, so that it is not in 
the way, and from the shaft there are driven three 
winches, one for each boat. There is a pinion on 
the shaft and a wheel on the winch ; this gearing 
is not toothed, but is of the frictional type intro- 
duced many years ago by Mr. Robertson, of Glasgow, 
there being several alternate V-shaped grooves and 
projections on each wheel. The projections of 
the pinion are, of course, pressed into the grooves 
in the wheel, and obtain a very firm frictional grip, 
which can be instantly released by moving the 
wheel forward. There is, in addition, a frictional 
V fixed brake-block, the whole arrangement being 
similar to the old Lancashire teagle, except that 
the frictional drive is by Y's, and not by flat sur- 
faces. The centre spindle of the winch-drum is 
mounted on an eccentric fitted with a powerful 
lever. When this lever is over one way the wheels 
are in gear ; when it is over the other way the big 
wheel is in contact with the brake-block, and inter- 
mediately the winch is free to rotate idly. A few 
inches movement of the lever commands all three 
positions. There are two wire ropes on the winch, 
and these are paid out and wound in simultaneously. 
One rope is led over pulleys to each davit, on which 
there is hung a two-sheave metal block. There 
is likewise a two-sheave block at each end of the 
boat, so that the craft is hung by four ropes at 
each end, and the strain on the rope, and conse- 
quently its diameter, is proportionately reduced. 
The tail end of each rope is not, as one might 
assume, made fast to an eye on the top block, for 
if it were, there would be no means of setting the 
boat horizontal if the ship were down by the head or 
the stern. This is a point of great importance, for 
it would evidently be a terrifying experience for 
passengers to be lowered 40 ft. in a boat tilted up 
at anangle of 20 deg., while it would be courting 
disaster to drop a boat into the water at that 
inclination. The tail ends of the two ropes are 
therefore brought back from the davit ends over 
sheaves to a small drum on the davit standard, on 
which they are wound in such a way that when 
the drum is rotated by a handle and worm-gear, 
one rope is wound up and the other paid out. 
Two or three turns of this drum will put a boat 
horizontal fore and aft, however great the inclina- 
tion of the ship, and then she can be lowered with 
ease and celerity. 

The lifeboats are fitted on two decks, ‘‘A” and 
**C,” there being an unencumbered deck, ‘‘ B,” 
between them, which is kept free for the first-class 
passengers, although there is also plenty of space on 
the decks which carry the boats, since these only 
occupy half the length. Evidently it would be incon- 
venient, to say the least, to have boats hanging one 
over the other when being lowered. It is a new 
feature to stow boats on intermediate decks, and has 
needed the introduction of new forms of davits, but 
there is an immense advantage in breaking up the 
crowd into sections, and also in keeping a part of 
the weight of the boats and gear at a lower level. 
This increase in top weight at the last moment by 
the multiplication of boats and gear has been one 
of the difficulties imposed on the naval architect. 
Of course, it can be met with safety, but not in 
the manner that would have been adopted if it 
had formed part of the original design. Still all 





'the ingenuity in the world will not put a quart into 


a pint pot, and neither will it provide for hang- 
ing eighty-three big boats singly round the sides of 
a vessel which has at the same time to afford a 
leasant cruise to hundreds of exigent passengers. 
The lifeboats have therefore been supplemented by 
two motor-boats and by a large number of collapsi- 
ble boats, which are nested in piles of three on the 
top deck above ‘‘A,” and on the main deck fore and 
aft of the superstructure. As these collapsible 
boats are not near the side, they cannot be lowered 
from davits, and other means have been adopted. 
On the forecastle and on the poop there is a mast, 
each mast being fitted with five heavy booms long 
enough to reach well over the ship’s side, and 
around the mast there are five electric winches. 
All these booms can simultaneously lift boats from 
the piles, and, when they have been equipped and 
filled, can lower them to the water. Of course, 
such boats would need hand-controlled guy-ropes 
to keep them steady during the descent, but many 
of them are comparatively near the water ; at least, 
ag not so high as those on the boat-deck. 
hile it is a comfort to a passenger to know that 
whatever happens there will be a place for him in 
a boat, yet this is only a pis aller, and a shipping 
company which gets a reputation for ‘‘happen- 
ings’’ will soon have no passengers to carry. The 
Hamburg-Amerika Line have therefore, on the 
principle that prevention is better than cure, 
more than duplicated their safeguards against acci- 
dents by increasing their staff of officers. They 
have always been able to command the pick of the 
profession in each grade, but now they have widened 
the grades, so that, in spite of the demands of the 
body for food and sleep, there will always be 
not only an officer on the bridge, but also a captain 
trained by years of responsibility to act on his own 
initiative without seeking the support, or fearing 
the criticism, of a superior. In addition to the 
commodore, the ship carries four captains who 
have commanded large steamers successfully, and 
one of these will always be on watch, while the fourth 
takes general control of the crew. There are, in 
addition, seven officers, each of whom carries a 
captain’s ‘‘ ticket,” so that as far as vigilance and 
skill can guarantee immunity from accident there 
should be nothing to fear. There is also a 30,000- 
candle-power search-light on the foremast, but 
this is probably more serviceable for what the 
American drummer calls a ‘‘talking point” than 
for use. 


Tue Soctat Hatt anp ResTauRANT. 


It will only be a matter of months, however, for 
the memory of the Titanic to become as misty as 
that of the City of Boston, while, in the mean- 
time, the demands of passengers for luxurious 
surroundings will remain as clamant as ever, even if 
they donot become more so. The designers of the 
Imperator have kept this fact fully before them, 
ns | while exercising their skill to produce a safe 
ship, they have not abated their efforts to produce 
one which approaches as nearly to a modern palace 
as is possible. The time has long gone past for 
elaborating the point that the interior of a enger 
ship has ceased to be nautical, and has become a 
splendid hotel, in which it is possible to live for a 
week without any reminder that one is not on dry 
land, unless a tempest of very exceptional violence 
should be encountered. In the trip from the Elbe 
to the Solent on Wednesday and Thursday of 
last week there was no indication to the 
senger that he was at sea except a slight list 
to starboard—the result of the wind of half- 
gale intensity acting on the 600,000 sq. ft. of 
surface presented by the ship’s side. When 
the wind subsided the sea and the sky slid past, 
while the ship apparently stood still, although 
at times it was exceeding 23 knots, and an invita- 
tion to a game of billiards would not have appeared 
incongruous. This, of course, was in the Channel, 
and the Imperator has yet to demonstrate her 
stability in the Atlantic; but should that ocean 
prove more exacting, she has her Frahm anti-rolling 
tank in reserve to counteract the effects of broad- 
side seas. The expectations of the builders are to 
be gathered from the fact that neither chairs nor 
tables are fastened to the floor, and can be moved 
about as freely as in a house. 

The general appearance of the Imperator may 
be seen in the view, Fig. 1, on page 827, in which 
the noticeable feature is the three funnels, recent 
large vessels having generally been provided with 
four. The internal arrangements are, in part, to 


pas-| wants and educate their tastes. 





be gathered from the plan of the ‘“‘B” deck, 
Fig. 2, on the same page, and the longitudinal 
section, Fig. 3, on Plate L. Naturally, there is 4 
family likeness in many of the decks of all large 
ships, but it is claimed, and we believe rightly 
claimed, that this ‘‘B” deck is unique. It wil] 
be seen that it is almost entirely given up to living 
rooms, and that the former plan of making the 
dining-room serve both for eating and sitting has 
been abandoned in this as in most recent vessels, 
Indeed, the first-class saloon, which measures 98 ft, 
wide and 28 ft. high, has been relegated to the 
““F” deck, and, although it is an exceedingly 
handsome apartment and surrounded by a gallery, 
as is shown in Fig. 4, on Plate L., it has lost 
much of its former importance. There are four 
great rooms on the ‘‘B” deck, the social hall, the 
palm court, the Ritz-Carlton restaurant, and the 
grill-room. Of these, the most important is the 
social hall, not only for its size and beauty, but 
also as marking the change of ideas and habits 
among passengers. In this both sexes can chat, 
read, write, and smoke, and in the evening, when 
the removal of the splendid pink carpet reveals the 
parquet floor, they can dance. It is 72 ft. long, 58 ft. 
wide, and 18 ft. high. Its appearance may be 
gathered from Fig. 5, on Plate L., and Fig. 6, on 
Plate LI. The decoration is in the Louis XV. 
style, the walls being panelled in light oak, carved 
with garlands, and the lighting being from an 
immense glass roof, and from side windows 10 ft. 
high. The special feature, and one that will be 
greatly appreciated by dancers, is that there are 
no pillars. The roof is in one span, and is hung 
from bow-string girders upon the top deck. This 
deck covers the superstructure only, and does not 
extend to the sides of the ship (see Fig. 1). It is 
largely occupied by the skylights over the social 
hall and the other rooms, and, further, accommo- 
dates collapsible boats and a number of electrically- 
driven fans for ventilation purposes. Hence it has 
but little accommodation—and less attraction-—for 
ssengers. 

Next to the social hall comes the grand stair- 
case, with its electric lifts, and beyond it the palm 
court or winter garden. The entrance hall is 
98 ft. wide and 69 ft. long, and there are two other 
stairways for ensuring communication between the 
various decks. Three passenger lifts serve the 
different decks. The lifts are each driven by a 
6-horse-power electric motor, and each lift can carry 
eight passengers. They travel from the ‘“G” 
deck up to the ‘‘A” deck. The walls of the palm 
court are finished in light grey, overlaid with 
gilded trellis-work. Six steps lead from this into 
the restaurant, which is on a higher level, but 
is only separated from the winter garden by 4 
dwarf iron screen. Here the scheme of decora- 
tion is directoire, with green marble columns. 
Both these rooms are lighted from above, there 
being nothing above them except the skylight 
on the top deck, which protects the glass ceiling. 

Forward of the restaurant comes the grill-room, 
which has large windows all round, giving an 
unobstructed view ahead and to both sides. In 
this room the passenger who likes simple food, of 
the best quality and admirably served, can satisfy 
his desires, while those of more elaborate tastes 
can take their choice between the French cooking 
of the dining-saloon and the more artistic and more 
expensive achievements of the chefs whom the 
Ritz-Carlton Company send to minister to their 
The other rooms 
on this deck are the ladies’ drawing-room, 4 
writing-room, a smoke-room, and others of smaller 
size, some of them being illustrated in Figs. 9 and 
10, Plate LIT. 

The smoke-room is situated over the grill-room, 
and is shown in Fig. 7, on Plate LI., and 
Fig. 8, on Plate LII. Here the effort to create an 
illusion quite foreign to a ship is carried to the 
extreme limit, the design, which is due to Mr. W. 
E. Thornton Smith, being taken from two old 
Tudor houses, one of which is in Devonshire. 
The herring-bone brickwork over the fireplace was 
carried out by bricks taken from a cottage Im 
Buckinghamshire. The pillars are of carved oak, 
and the deep frieze is also of the same material in 
high relief. The general effect is charming, 4 
may be imagined. 

Of the + -<—i we have not space to speak 
at length, but we may mention that in the first- 
class department only standing bedsteads are used. 
Each room has a fixed wash-basin with hot and 
cold water laid on, while many of them have 
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private bath-rooms provided with hot and cold 
sea-water. The plumbing work in the ship repre- 
sents a decent fortune, while it must have involved 
an infinity of care and supervision, for a leaky 
joint might do immense injury to the expensive 
decorations in the neighbourhood. There are 150 
cabins with private bath-rooms, and 200, each for 
one person only, in the first-class department. In 
all there are 714 beds and 194 sofa-beds. 

There are also two self-contained flats, each of 
which is listed at 4501. for the trip in the off season, 
and 10001. in the high season. Each flat contains 
a dining-room, a drawing-room, a veranda with 
large windows, two bed-rooms, two bath-rooms, 
dressing-room, box-room, and pantry. There is 
also accommodation for four servants outside. 


Tue Batus anp GYMNASTA. 


No first-class steamship is now complete with- 
ont a swimming-bath and a gymnasium, and, 
of course, both of these are to found on the 
Imperator. The former is situated on the ‘‘F” 
deck (Fig. 1) next to the first-class dining-saloon, 





years ago is as striking as the increase in luxury 
in the first-class quarters. 


Tue Hutt. 


After this general description, which the exigencies 
of space compel us to curtail, we will turn to more 
technical matters. The vessel was built by the 
Vulcan - Werke, Hamburg, for the Hamburg- 
Amerika Line ; she is the t ship now afloat, 
and is the first German merchant ship to have four 
turbine-driven propellers. Her principal dimen- 
sions are the following :— 


Length overall ... iz 280.06 m. (918 ft. 10 in.) 
Length between mdi- 

oa soe —" « Se Be. O93 
Breadth... oa ~~ See 8 Ow ne 
Draught underfullload... 10.80,, (35,, 5,, ) 
Displacement under full 

load or: Be a 57,000 tons 


The Imperator therefore is double the size of 
her predecessors, the Amerika and Kaiserin 
Auguste Victoria. She has been built to the 
rules of the German Lloyd, and to those of the 














Fie, 14. Tue Swimourne Bata. 


and is of ample proportions, as shown in Fig. 14, 
on the present page. It is surrounded by eighteen 
decorative Pompeiian pillars, its total length being 
65 ft. and the width 41 ft., with a maximum depth 
of 7 ft. It is fed with warm sea-water through 
decorative cascades, and is surrounded with dressing 
and rest-rooms in the Pompeiian style. In connec- 
tion with this department there are also a series of 
hydropathic rooms for Turkish, steam, electric, 
and other baths, so that the busy traveller can 
utilise the voyage by undertaking a ‘‘cure”’ under 
the advice of one of the three medical officers. 
There are separate gymnasia for the first and 
second-class ngers, each provided with appa- 
ratus for taking exercise, both gentle and violent. 


Tue Seconp anp THIRD-CLass ACCOMMODATION. 
So far we have spoken only of the first-class 





Seeberufsgenossenschaft, and of the Emigration 
Bureau, which in many points are exceeded in strin- 
gency by those of the builders themselves. The hull 
is divided into thirteen water-tight compartments 
by twelve water-tight transverse bulkheads, eight 
of which extend up to the second, or ‘‘ F,” deck— 
i.e., far above the load water-line (Fig. 1) ; the first 
four bulkheads forward extend up to the ‘‘E” deck. 
The hull fora third of its length forward is further 
provided with longitudinal water-tight bulkheads 
or inner skin at a distance of 1.5 m. (59 in.) within 
the outside plating. All water-tight doors in the 
different bulkheads, including those which establish 
communication between the stokeholds and engine- 
rooms, are operated automatically on the Dorracher, 
or Stone-Lloyd, system from the bridge. The 
resistance of the bulkheads was tested after their 
construction, and Fig. 10, Plate LII., shows the 


accommodation, but much might also be said in| vessel beside the builders’ wharf at the time when 


praise of the second, which is quite equal to that 
which satisfied first-class passengers only a few 
years ago. There are a large dining-room, reading 


|she had four compartments flooded. The double 
| bottom is 1.80 m. (70.85 in.) high, and extends 


almost over the whole length of the ship. The hull 


and writing-rooms, music-saloon, smoking-room, | is bossed out at each side at the stern to provide 


and electric elevator. The cabins for two, three, | 


and four persons are situated over four decks. 
They comprise 401 beds, 191 sofa-beds, and 14 


children’s beds. The third-class passengers have | 


also a spacious dining and reading-room, and are 
berthed in cabins for two, three, four, and six 
persons, containing in all 962 beds. Even 1006 of 
the 1772 steerage passengers have cabins for two, 
four, and eight persons. The contrast between 
their accommodation and that which obtained thirty 





tunnels for the two wing-shafts, as shown in Fig. 11, 
Plate LIII., in which view there is also seen the 
rudder, which weighs 90 tons, and is carried on 
five gigantic pintles. The diameter of the rudder- 
post, the upper part of which is seen Fig. 12, 


late LIIT., is 2 ft. 6in. It is of cast steel, made | 
by Messrs. F. Krupp, of Essen, and is built in two | 


pieces. It is 57 ft. 5 in. high, and weighs 110 tons. 
There are five complete steel decks, one part 


deck astern and two forward, also four superstruc- 


tural decks in the middle portion of the ship. The 
deck-houses contain the first-class saloons and rooms. 
The three funnels are 21 m. (68 ft. 10 in.) high 
above the highest deck, and are elliptic in section, 
the major axis being 9 m. (29 ft. 6 in.), and the 
minor axis 5.5 m. (18 ft.). The ship carries two 
steel pole-masts, which rise to a height of 75 m. 
(246 ft.) above the keel. 
Tue Macurnery. 

The propelling machinery consists of Parsons 
steam-turbines, Fig. 13, Plate LIII., a high-pres- 
sure and an intermediate-pressure turbine driving 
the two inner shafts, and two low-pressure turbines 
driving the wing-shafts ; they are designed to give 
the ship a s of 22.5 knots when developing 
together 62,000 shaft horse-power. For going astern 
there are two high-pressure and two low-pressure 
turbines, calculated to develop together 35,000 
shaft horse - power, the high - pressure turbines 
being on the inner shafts, and the low-pres- 
sure astern turbines on the wing-shafts. The 
propellers are 5 m, (16 ft. 5 in.) in diameter, and 
run at 185 revolutions when imparting to the ship 
the speed of 22.5 knots. The propeller thrust is 
taken up by thrust-blocks having for the four 
a total Centae surface of 7 sq. m. (75.3 sq. ft.). 
The turbines exhaust into four condensers, having 
each a cooling surface of 1500 sq. m. (16,146 sq. ft. ). 
The cooling water is supplied to the condensers 
by four centrifugal pumps 1.3 m. (4 ft. 3 in.) in 
diameter, driven by two steam-engines. The 
condensed steam is delivered by four Weir duplex 
air-pumps into two tanks in the double bottom, 
whence, together with the fresh water proceeding 
from three boiler feed-water evaporators, it is 
delivered by four duplex feed-pumps to the boilers. 
Each feed-water evaporator has a capacity of 100 
tons per 24 hours. ere are two auxiliary con- 
densers provided with two auxiliary circulation and 
two auxiliary air-pumps. There are four steam- 
driven bilge-pumps, each of 140 cub. m. (4944 
cub. ft.) capacity per hour, to exhaust the engine 
and boiler-room bilges, and four steam-driven 
water-ballast pumps. The turbine and shaft bear- 
ings are lubricated by six oil-pumps. 

The turbines are supplied with steam at 16 atmo- 
spheres (235 lb. per sq. in.) above atmospheric 

ressure from forty-six single-ended water-tube 

ilers of modified Yarrow type, having a total 
heating surface of 18,860 sq. m. (203,000 sq. ft.), 
and a total grate area of 350 sq. m, (3767 sq. ft.). 
The boilers are mounted in groups of eleven and 
twelve in four stokeholds, separated from each 
other by four water-tight bulkheads. The required 
forced draught is supplied on the Howden system 
by four fans, each 4.2 m. (13 ft. 9 in.) in diameter, 
and delivering air through conduits 4.20 sq. m. 
(45 sq. ft.) in section under the boiler grates. The 
ashes are dealt with by four ash-ejector pumps, 
having a total —ory of 180 cub. m. (6357 cub. ss 
per hour ; also by sixteen ash-ejectors, six ash- 
hoists, and three ash-slaking valves. 

The ventilation of all the engine and _boiler- 
rooms is ensured by seven fans. The coal-bunkers 
are to the side and between the stoke-holds ; 
they have a capacity for 8500 tons of coal. 
The four stokeholds are 22.8 m. (74 ft. 9 in.) in 
length each, and with the coal-bunkers vccupy the 
whole breadth of the ship at her central portion. 
There are three engine-rooms: one, 21 m. (68 ft. 
10 in.) in length, in the centre line of the ship, 
and containing the high-pressure and intermediate- 
pressure turbines; and two side engine-rooms, 
29 m. (95 ft.) in length each, slightly aft of the 
former, and containing the two low-pressure 
turbines driving the wing-shafts. The forward 
engine-room is divided into three water-tight com- 

ments, and each of the two aft rooms into two 
water-tight compartments. 

There are five turbo-dynamo sets located in the 
port side low-pressure turbine-room, which gene- 
rate current at 110 volts and 2000 amperes for light 
and power. Besides these five sets there is on 
the boat-deck a petrol-engine-driven emergency 
dynamo which generates current at 100 amperes, 
and is capable, should the five sets in question 





fail, to supply current for lighting the ship through- 
out, and especially the deck carrying the Meaies 
boats ; it can at the same time suppl current for 
working the apparatus on the Fidge, and the 
wireless telegraph station. This latter contains two 
main and two spare antenne and two receivers for 
long and short-distance waves ; the installation has a 
maximum range of 1500 nautical miles, The ship is 
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(For Description, see opposite Page.) 



































SECTION 8.8. 
SHOWING RELATION OF PIER B°TO SPILLWAY DAH. 
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navigated by an Anschiitz main compass, there 
being also four azimuth and steering compasses, 
two of which are on the bridge, and four magnet 
compasses for emergencies, one azimuth and three 
steering compasses, one of which latter is in the 
steering station aft. 

There are eight separate kitchens for the dif- 
ferent classes of passengers. The provision holds 
and cold-storage rooms have a combined capacity 
of 2830 cub. m. (9994 cub. ft.). 

The ship’s company numbers 1180 men; when 
she has her full complement of passengers the ship 
carries in all 5227 souls. 

The first keel-plate was laid on the stocks of the 
Vulcan Yard, Hamburg, on June 18, 1910 ; the 
vessel was launched and named ‘‘ Imperator ” by the 
German Emperor on May 23, 1912, and was ready 
for her steam trials in April last. Her launching 
weight, including the cradle, was 27,000 tons. The 


End. of Concrete Aprom + gy, 





- 


weight of the completed hull, without engines, 
boilers, and cargo, is about 33,800 tons. 


THe Emicrant Station. 


It is worth while to add a few words about the 
Hamburg-Amerika’s emigrant station at Hamburg. 
It is situated on an island in the Elbe, and to that 
place the railways bring train-loads of steerage 

assengers from all parts of Europe, except 
ta It is a significant fact that the German 
workman and the German labourer can now find 
ample employment at home and do not need 
to adventure themselves in foreign countries 
in search of a ‘‘ place in the sun.” It is the 
poorer countries of Scandinavia, Poland, Russia, 
and the Balkans that provide the living freight 
which the company carry week by week across 
the Atlantic, to receive a somewhat 

welcome in the States. In order that this welcome 
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may not be denied, the two or three days’ 
delay at Hamburg are utilised for a careful medical 
examination of the emigrants. They are washed, 
bathed, and their clothes disinfected, and generally 
are brought into a condition of cleanliness which is 
entirely new to the experience of many of them. 
Interpreters skilled in many languages instruct 
them in what they are to do, while priests, pastors, 
and rabbis attend to their spiritual requirements. 
Fortunately the Continent is not so fertile in what 
the sergeant called ‘‘ fancy religions” as is our own 
island, which, according to Voltaire, produced in 
his time 300 creeds and only one poor sauce, 80 
that only a few reverend gentlemen are needed to 
minister to the whole gathering. : 
The Jews have their own synagogue and their 
kosher kitchen, from which, both at the great 
Hebrew festivals and at other times, appropriate 
food is delivered, A small, almost nominal, charge 
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is made for the accommodation and food, which is 
both clean and good, and would be acceptable to 
many of far higher social position than the average 
fourth-class passenger. This emigrant station is of 
immense use to the company in avoiding the neces- 
sity of bringing back undesirable emigrants, while 
it saves many of the poor people from disappoint- 
ment after crossing the ocean, either by keeping 
them on this side, or by furnishing them with the 
opportunity of being cured from illnesses which 
would cause their rejection if they were allowed to 
complete their journey to the United States. 





THE PANAMA CANAL. —No. IV. 
THe Gatun AND MiIRaFLores SPILLWaAyYs. 


Tue adoption of 85 ft. above mean sea-level as 
the elevation for the Panama Canal for a length of 
32.33 miles out of a total of about 504 miles will 


result in the flooding of about 167 square miles of |” 


country, most of which is even now submerged. 
This will constitute permanent inland water, which 
is known as the Gatun Lake. This lake is on the 
northern slope of the Continental divide, and as 
the latter is situated, at the Canal, about three- 
quarters of the way across the Isthmus, towards 
the south, there is a considerable watershed drain- 
ing in this direction. The basin, in fact, has an area 
of 1320 sq. miles, and a large number of streams 
naturally find their way into the Gatun Lake, the 
largest being the Rio Chagres, which has a dis- 
charge which fluctuates over a very wide range, 
according to the season of the year. Adequate 
discharge from this lake has had to be arranged 
in order to make provision for all conditions, 
—s those of the wet season and abnormal 


The maximum known discharge of the Chagres 
River, extending over 33 hours, is, according to 
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that the maximum momentary discharge from the 
Gatun Lake will not exceed 182,000 cub. ft.- 
seconds. At the rate of 137,500 cub. ft.-seconds 
discharge into the lake, the area is such that 
its level would only rise at the rate of 1 ft. in 
9} hours. However, in order to avoid risk of 








United States official records, 137,500 cub. ft.- 
seconds. From observations made it is ca'culated 


flooding the canal works, including the walls and | 
machinery pits of the locks at Gatun and Pedro- 
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Miguel, ample discharge capacity has been deemed 
essential. Though it would have been of some 
advantage had it been possible to do so, it has 
been impracticable to make this sheet of water 
serve as a reservoir to anything more than a small 
amount, on account of the risk just referred to. 
This is to some extent unfortunate, for the supply 
is in excess of the greatest possible requirements 
in the wet season, while in the dry, if traffic is 
heavy, care will have to be taken to minimise waste, 
in order that the supply may be adequate. Though 
considered to be sutticient, there may not be much 
margin in abnormal years. 

The nominal level of the lake is to be at + 85, 
and it is intended to regulate itso that it shall not 
rise to more than + 87. Arise to + 90 will be 
possible without more serious damage than the 
flooding of the machinery pits of the upper lock- 
gates. The coping and top of the upper gates at 
Gatun and Pedro Miguel are at + 92, so that 
more than a rise of 5 ft. above the + 87 level 
would be required to do much harm. For 
such a. rise to be impossible in the case of extreme 
flood. it is calculated that an ordinary. spillway 
would have to have a crest 2000 ft. long. It is, 
however, desirable to regulate the lake within 
much closer limits, and since it was also desirable 
to avoid the heavy expense of so long a structure 
as that just suggested, the adoption of a regulating 
weir instead of an uncontrollable spillway was 
decided upon. With the form of weir chosen, the 
lake level will be kept within 2 ft. of normal, in spite 
of floods. The discharge provided by it is equiva- 
lent to 154,000 cub. ft.-seconds, which is greater 
than the known requirements over any considerable 
period. Should extreme circumstance arise, and a 
greater run-off become necessary, the longitudinal 
culverts in the lock structures at Gatun and Pedro 
Miguel could also be utilised, and an additional dis- 
charge of about 40,000 cub. ft.-seconds thus secured, 
making a total of 194,000 cub. ft.-seconds, which is 
greater, according to official records than any 
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into the fourteen bays by thirteen piers and the 
two abutments, between which are placed the regu- 
lating gates, which have a maximum rise and fall of 
22.5 ft. The piers Nos. 1 to 5 and 10 to 13 inclu- 
sive (Fig. 95) are identical. The four piers Nos. 6 
to 9 are different, for reasons which will appear 
subsequently. The weir or dam itself is of ogee 
section. It is made up of a parabola extending 
down-stream from the crest, a short tangent and a 
long circular arc struck to 70 ft. radius. It has 
been designed so that when the water is flowing 
over the crest 6 ft. deep it will follow the down- 
stream face. The radius to which the crest line is 
struck is 314.65 ft. The radius of the toe of the 
ogee is 221.61 ft. The discharge being directed 
towards the centre, the energy of the converging 
streams to some extent neutralises itself. In order 
to enhance this destructive effect, two staggered 
rows of concrete baffles are arranged in circular 
arcs below the toe, the nearest being 27} ft. away 
from the toe, and the second row 27 ft. further 





two sections where the floor of the forebay is at 
the + 10 level, and Fig. 92 a section towards one 
side where the forebay floor is at a level 365 ft. 
higher. The piers are shown to a larger scale in 
Figs. 96 and 97, page 831. The former gives a 
cross-section through the chain and counterweight 
well ; the latter half elevations and sections show- 
ing gates in position. The gates are on the Stoney 
roller-train principle, and the castings for the 
roller-path and are embedded in the concrete. 
Details of these are shown in Figs. 102 to 105, and 
will be described later. The gates are 47 ft. 4 in. 
over-all in width, 19 ft. high, and 4 ft. 6} in. back to 
front at the thickest portion, reduced to 27} in. at 
the ends. Drawings of a gate are given in Figs. 98 
to 101, page 832. Each is composed of four hori- 
zontal web-girders, with end and intermediate ver- 
ticals, sheathed with g-in. plating on the up-stream 
side. The bottom horizontal girder is composed 
, ha web-plates with two flange angles on the 

own-stream side 6 in. by 4in. by }} in., and on 
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back. These baffles are monoliths, standing 10 ft. 
high, and faced with cast iron on the up-stream 
side. Spaces of 12 ft. are left between these 
baffles, of which there are ten in the row nearest 
the crest, and eleven in the second row. 

Before deciding finally on several points of the de- 
sign, a model of the pro spillway was made in 
cement to j; scale. A suitable spot was chosen, with 
& comparatively lange sheet of water up-stream, and 
the model dam and discharge-channel constructed, 
complete with the baflies. Although the represen- 
tation obtained by water flowing over such a small- 
scale model is not a perfectly reliable indication of 
what would happen in a full-size spillway, yet the 
effect of the baffles, the circular arc crest and the 
resulting character of the run-off, were very similar 
to what had been expected from previous calcula- 
tions, and were considered quite satisfactory. 

Piers, shown in the various figures, project to a 
height of 53.5 ft. above the crest of the dam, and 
are surmounted by a foot-bridgs. Most of these 
piers are 8 ft. 6 in. thick ; but the three central 
piers, Nos. 6, 7, and 8, are 15 ft. thick. The up- 


stream face of the dam is 20 ft. beyond the line of | 


the crest. The run-off channel for about 1200 ft. 
below the crest has a concrete floor, and is flanked 
by walls of height varying from 38 ft. near the 





| 
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the up-stream side one flange angle 6 in. by 4 in. 
by }} in., and one 6in. by 6in. by }{in. The 
two intermediate horizontal girders are of 3-in. 
plate flanged with two6-in. by 4-in. by }}-in. angles 
back and front, while the uppermost girder has 
6-in. by 4-in. by }4-in..angles for its underneath 
flanges, and 6-in. by 6-in. by 4-in. angles for its 
upper flanges. The end frames are of 4-in. plate, 
ged with two angles 6 in. by 6in. by Lin. back 
and front. There are three intermediate vertical 
cross-frames made of web-plates # in. thick, sur- 
rounded on both sides by angles 3 in. by 3 in. by 
#in. The intercostals behind the up-stream face of 
each gate are Z-bars hag by 38 in. by 4 in. for the 
two upper panels, and by }} in. in the lowest panel. 
At the back, shown to the left-hand of Fig. 98, 
there is skeleton framing consisting of 3-in. by 
3-in. by #-in. angles and gusset-plates @ in. thick. 
Cover-plates are riveted cver the butt joints of the 
sheathing on the front of the gate and over the 
angle flanges at the back. 
tails of the end bearings of the gates are shown 
in Fig. 102. A roller-path is provided to take the 
thrust at the back, but the usual shrouding in 
front is absent, in order that the gates may be 
removed from that side if n . The gate, 
however, itself carries a form of shrouding shown 


- empia to 24 ft. at the lower end. At this point|to a larger scale in Fig. 104—namely, a plate 
é concrete floor is sunk in the rock, so that it is| working in a vertical groove in a casting em- 


flush with the latter where it stops. 


bedded in the pier. The rollers and frame are 


The spillway is of mass-concrete. The crest is|shown to a large scale in Fig. 103. The rollers 
reinforced on the up-stream side, with 30-ft. rails|are 6 in. long by 4 in. in diameter. They do 


placed about 3 ft. apart, 


between the piers. Down-|not bear direct on a path fixed rigidly to the 


stream the dam has a facing of 2 ft. of concrete of | back of the gate, but on one which is allowed a 


the proportions of 1: 2:4. Figs. 93 and 94 show certain amount of rock by being supported on a 


3-in. vertical bearing-rod, which gives a clearance 
of 4 in. on either side between the back of the 
path and the gate-flange. The roller-path is thus 
self-adjusting through small amounts. The side- 
seal is shown in Fig. 104, and is of the type described 
in a previous article,* and there shown in connection 
with the Stoney gate valves for lock control. It 
embodies a bronze sealing-strip and flexib’e con- 
nection to the gate. The bottom seal is shown in 
Fig. 105. It is formed of babbitt metal insertion in 
a casting fixed in the concrete. In addition to the 
roller-train, four rollers, shown in Fig. 106, are fixed 
to the gate-ends, and run on vertical rails embedded 
in the concrete piers. These rollers are 14} in. 
below and above the top and bottom girders. The 
side movement allowed to the gates in the guides is 
no more thanin. Each gate weighs, with seals, 
about 40 tons. 

The gates are suspended by 2-in. chains carried, 
as shown in Figs. 96 and 97, page 831, over pulleys, 
at the top of the piers, with counterweights at the 
other end, housed in pits in the dam and we 
in vertical guides. e chains are not attach 
direct to the weights, but to vertical bronze 
rods screwed to 1-in. pitch, to each of which is 
fixed at its lower end a crosshead from which the 
counterweight is hung. The screwed rods pass 
through revolving nuts, which are driven by a worm- 
gear worked by an electric motor. Each revolving 
nut is carried in double thrust-bearings, so that the 
screw may be raised or lowered. The time taken 
to raise a gate its full lift is about 10 minutes. 
Hand-gear is connected to the worm-shaft for use in 
caseof emergency. The power = is small, as 
the gates are counterbalanced. The machinery is 
placed in a tunnel below the crest, each gate having 
& separate motor and counterweights. 

A device has been added to each gate in order to 
afford some protection to the Stoney reller-train. 
The roller-train moves with the gate, but at half 
the speed, so that when the gate is fully drawn up 
a long portion of the roller-train would project 
below it. Normally no risk is expected to arise 
from this fact, as the water, though passing under 
the gates, will stand at a much higher level than 
the gate bottom. When the gate is opened for the 
full discharge, however, the water-level will be 
nearer and possibly below the bottom of the gate, 
and large pieces of drift may then pass through the 
opening, as there are no grids or other precautions 
to prevent this. The roller-trains might then 
possibly be liable to damage, and the device adopted 
consists in an accelerating gear, so that the roller 
— may be drawn up and protected by the gate 
itself. 

Each roller-frame is suspended by a j-in. chain 
passing round five sheaves, to give the neces- 
sary reduction and fastened at one end to the 
top of the pier, and at the other to the gate. 
One of the five pulleys is attached to the top of 
the roller-frame. Of the other four, two are fixed 
permanently to a bracket at the top of the gate, 
while the other two are also attached to this 
bracket, but in such a way that they are detachable. 
The latter remain fixed until the gate is above 
water and the roller-trains have no thrust to take. 
The gate is then guided slightly forward, away 
from the roller-path, and the roller.frame is thus 
freed. The detachable sheaves are then caught, as 
the gate continues to rise, by a bracket fixed to the 
masonry, two of which are seen in Fig. 97. Here 
they remain, and as the upper two pulleys continue 
to rise with the gate the movement of the roller- 
frame is greatly accelerated, and in the end it is 
drawn up to a position in which it is shrouded by 
the gate itself. 

The motors are furnished with limit-switches 
which cut off current in either direction of travel, 
but also allow reversing to be done at any 
point. Three small portable centrifugal pumps, 
of a capacity of 45 gallons per minute at 32 ft. 
head, complete with motors, capable of working 
submerged under 30 ft. head of water, will be 
employed for keeping the counterweight pits clear. 
The gate-operating gears, excluding motors and 
limit-switches, cost 3206.5 dols. per set. The 
pump sets cost 273 75 dols. each. 

As already noted, the construction of the Gatun 
spillway involved excavation to the amount of 
1,583,960 cubic yards. By September, 1908, the 
excavation had been so far completed that it could 
be used as a diversion channel for the Chagres 
River. The floor of the discharge channel had 











* See page 689 ante. 
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tion of the dam itself sufficiently advanced for the 
Chagres River to be turned through the spillway 
channel. In the previous year two months had 
been lost on the work owing to excessive floods. 
Levees had been constructed up and down stream 


everywhere under it 15 ft. of close argillaceous 
sandstone overlying conglomerate. In 1908-9 work 
was continued at the site with steam-shovels, &c. 
For the last 2ft. or 4 ft. excavation was carried on | 
by steam-shovel and by hand, without the use of 
drilling and explosives, in order not to disturb the | of the site, but the water up-stream rose to a 
rock. A curtain trench was also made up-stream. height which rendered it necessary to cut them in 
In the following year excavation for the founda- | order to save other work. During the year 1909-10 
tion of the spillway dam was completed, including the spillway dam foundations were raised to the 
that required by the curtain and side walls, all| + 10-ft. level. The discharge over this partly- 
that remained to be done being some clearing at | completed work varied from 10,000 cub. ft.-seconds 
the end of the dam. In 1911 the whole amount in the wet season to 3000 cub. ft.-seconds in the 
required, of 1,583.960 cubic yards, was reported | dry. 
completed. In 1909, while excavation was in pro- In order to shut off this water when work could 
gress, preparations were made for placing concrete. | be proceeded with on the main portion of the dam, 
A levee was built up-stream of the site to prevent|a number of narrow and deep piers were built at 
interruption by floods. The concrete plant had to | an early stage on the foundation about 20 ft. apart. 
be located about 5000 ft. distant, in order that it | The up-stream ends of these appear as buttresses 
might not interfere with the progress of other in the plan, Fig. 95, while they are also shown in 
work. Concrete was taken to the site in small! Fig. 107, Plate LIV., with the water escaping 
trains, with one track for going and one for return. | between them. While some escapes were left open, 
The rock face was carefully cleaned before placing | stop-planks were placed between other piers, and 
concrete, loose material removed, and the rock} work was carried on in the sections thus cut off. In 
washed with a high-pressure water-jet. The floor | order not to raise the level of the lake prematurely 
was laid in sections, 30 ft. by 20 ft., and the walls| four temporary low-level culverts were first pro- 
in lengths of 35 ft. The first concrete was laid in| vided. Three of these were fitted with Stoney 
March, 1909. By April, 1910, the side walls, floor, | gate-valves, and the fourth with a cylindrical 
and curtain walls were completed, and the founda. | valve, all of the type used on the locks and 





described in a previous article.* These valves 
were installed between the piers in the centre of 
the dam. The particular openings (partly ob- 
structed) in which they were located may be easily 
picked out in Fig. 107, while in Fig. 95 they will be 
observed marked in dotted lines, beneath the 
main piers Nos. 6, 7, 8, and 9, the three taking 
the Stoney valves being wider than the rest. In 
Figs. 93 and 94 will be noted, in dotted lines, these 
temporary culvert openings, and the position of 
the valves and valve-chambers, the piers in which 
they were located being at first built 52 ft. 
deep, back to front. By the spring of 1911 these 
valves had been placed in position, and the con- 
crete carried up in sections to a level of + 46 ft., 
and subsequently the ——- was largely sent 
through these: sluices. In Fig. 108 a view is 
shown during construction, while the water was 
still ing between a number of the piers, 
and } soy was being built up im sections. 
Fig. 109 is a view taken at a later stage when 
construction was more advanced, and the discharge 
was being sent through three of the four valves 
above referred to. It is intended, when all the 
spillway gates but the three between piers 6, 7, 8, 
and 9 t= been installed, to construct coffer- 





* See page 689 ante, 
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coloured and tainted, and the exhaustion of oxygen 
in the water has been so great as to kill quantities 
of fish. The water passing over the spillway had a 
strong smell of sulphuretted hydrogen, which was 
noticeable at times a mile distant. It is expected 
that after a time conditions will improve, and that 
the greater regularity of supply aud discharge, 
which will be effected by the working of the canal, 
will maintain the surface water in a satisfactory 
state. 

There is another spillway on the canal—namely, 
at Miraflores. Above the locks at this point there 
is a small lake, of about 2 square miles in area, 
into which certain streams run, though the water- 
shed is not very large. There is, however, 
also a risk that, in case of damage to the locks 
above, at Pedro Miguel, flooding might prove 
inconvenient at Miraflores. A spillway having a 
capacity of 90,000 cub. ft.-seconds has therefore been 
embodied in one of the dams at this point, to main- 
tain the lake-level at about 54.6 ft. above mean 
sea-level. The crest of this spillway is straight, 
and not curved. It has eight 45-ft. openings, the 


gates being identical with those at Gatun, described’ 


above. There are wing-walls above the spillway, 
seven re and two abutments, and a discharge 
channel 432 ft. wide between battered walls, ex- 
tending about 240 ft. down-stream from the up- 
stream face of the dam. The dam is founded on 
rock, and is similar as regards section, piers, tunnel 
and other features, to that at Gatun. The crest is 
at a level of +38.67 ft. 


Tue Spittway Catssons. 


Mention has been made above of the fact that 
some of the gates at the Gatun spillway will be 
installed behind a caisson. Some means is, of 
course, also requisite of forming a cofferdam, in 
order that work may be done, if necessary, at 
the gates after installation, such as examination, 
repairs, or painting. For this purpose a 
caisson has been constructed. It was 
in the middle of December last, and 
in the first week in February. It was coastructed 
on a site at a level of + 55 ft., so as to avoid the 
need of launching ; it would simply be floated off 
when the lake level rose. The caisson is rectangular 
in shape, measuring 494 ft. long, 224 ft. high, or 
24 ft. 4 in. over-all height, and of a width of 5 ft. 
9}in. It is built of horizontal and end girders with 
vertical framing and intercostals. The four hori- 
zontal and two end vertical girders have web-plates 
4 in. thick. The vertical intercostal plates are in. 
thick. The sheathing is g in. and yy in. thick. It 
has two timber keels, and also vertical side-sills, to 
make water-tight joints with the crest and piers of 
the dam. The interior is filled to a depth varying 
from 2 ft. 6 in. at the centre to 2 ft. 9 in. at the 
ends, with concrete ballast, in which, at the centre, 
is formed a sump. Movable ballast is also pro- 
vided in the form of concrete blocks. Swash- 
bulkheads, to minimise rolling, are carried about 
half-way up the height of the caisson inside. The 
valves for letting water into the caisson are placed 
above the second horizontal girder, which is pierced 
with holes. These valves are two in number, and 
of 4in. diameter. A third valve, 10 in. in diameter, 
is provided for le‘ting water into the space between 
the caisson and the gate under repairs, after work 
on itis finished. Hand force-pumps of 6-in. stroke 
will be used to unwater the caisson. The necessary 
manholes, laddere, &c., are, of course, furnished, 
and wooden decking provided on the top. The 
caisson contains about 53 tons of steelwork, and, 
when in position on the sill, its top will be 2 ft. 
above the maximum water level of the lake of + 87. 
When required it will be floated into position, 
swung into place and then sunk, and the gate raised 
to allow of the escape of the water enclosed in the 
6 ft. 32 in. space between it and the caisson. An 
exactly similar caisson will be used at the Miraflores 
spillway. 

Exeotric Power-Stations. 
If reference be made to Fig. 95, it will be seen 


that on the ty ogee side of the y sect at | dinal bars 


Gatun, looking down-stream, there is a forebay for 
an hydro-electric plant. This plant will form the 
main generating station for the Canal, and will 
furnish current for power for working all the lock 
and other machines, and for lighting the canals and 
towns in the zone. It will contain at first three 
2000-kw. units. The equipment will include three 
2260-kw. water-turbines, with three 2000-kw. gene- 
rators mounted on Vertical shafts, three 

connected exciters of 50 kw., and ‘two motor-driven 





exciter-sets of 100 kw. capacity, &c. The building 
is to be of reinforced concrete, rectangular in shape, 
with a main floor, turbine-pits, and two galleries 
for electrical equipment. A 30-ton electric over- 
head crane will also be provided. At first three 
pipe-lines will be used. Views of these during 
construction are shown in Figs. 110 and 111, there 
being altogether six, of which three will be provided 
for future developments. They will have an average 
length of 350 ft., and are 10 ft. in diameter, made 
of g-in. steel plate, and banded at intervals with 
3-in. by g-in. Z-bar rings. They will be set in 
concrete. The intakes are at a level of + 68.25. 
When the lake is at its normal level there will be a 
working head on the turbines of about 75 ft., the 
tail-race being 8 ft. above sea-level. The intakes will 
be closed by rising gates worked by motors, which 
will be placed in a house to be erected on the 
curved wall shown in Fig. 110, over the gates. A 
contract was placed some time ago for 101,640 lb. 
of structural steelwork for the gate-house, and 
628,575 lb. for the generating-station building. 
The maximum amount of water that will be diverted 
through the turbines, when plant of 6000 kw. is 
ultimately installed, is estimated at 7 per cent. of 
the minimum water supply in the dry season. 
This is the estimated margin over and above require- 
ments for lockages, &c. In the dry season, there- 
fore, little, if any, water will be discharged from 
the lake except through the locks and the pen- 
stocks. 

The general electrical scheme of the canal 
includes another generating station at Miraflores. 
This will be held as reserve. It is a steam plant. 
The two stations will be coupled to the same trans- 
mission line. The building at Miraflores is of rein- 
forced concrete, 157 ft. 6 in. long by 76 ft. 6 in. 
wide. The boiler and turbine-rooms are separated 
by an 8-in. partition-wall. The boiler plant at 
present consists of six 400-horse-power water-tube 
boilers, equipped with superheaters and induced 
draught. The electrical plant includes three 1500- 
kw. 2200-volt three-phase 25-cycle turbo-generators, 
two 35-kw. 125-volt exciters, one 30-kw. 125-volt 
induction motor-driven exciter, &c. Current will 
be transmitted from the power plants at a potential 
of 44,000 volts. The line will be carried along the 
Panama Railroad from Balboa to Cristobal, and 
connected to both the Gatun and Miraflores gene- 
rating stations. The transmission-line towers will 
consist of two side-frames and a cross-span of 
skeleton steel. These frames will support duplicate 
three-phase lines as well as telephone, telegraph 
wires, &c., and, if necessary subsequently, the 
catenary suspension for the Panama Railroad if 
electrified. The spans will be placed from 200 ft. 
to 300 ft. apart, according to curvature. Current 
will be stepped down at the various centres. For 
supplying current to the alternate-current motors 
in use on the locks, there will be altogether thirty- 
six transformer-rooms coupled to transmission-line 
substations—viz., sixteen at Gatun, eight at Pedro 
Miguel, and twelve at Miraflores. At these trans- 
former-rooms the current will be stepped down 
from 2200 to 220 volts. Each will contain two 
190-kw. power transformers, either of which will 
be able to carry the motor load for the section 
supplied. All equipment is to be in duplicate. 








SOME NOTES ON THE PROPOSED L.C.C. 
REGULATIONS FOR REINFORCED 
CONCRETE.—No. II. 

By Percy J. Watpram, F.S.I., M.C.I. 


Part III. of the Regulations is divided * into 
various subdivisions, headed ‘‘ Beams,” ‘‘ Slabs,” 
‘* T-Beams,” &c. It is not always quite clear 
which a refer to beams generally, but 
amongst the clauses are the following :— 

BEaMs. 

_ 47. The term ‘‘beam” shall include any beam, girder, 
lintel, bressummer or cantilever, or any other similar 
member carrying transverse loads. 

48. The least diameter or thickness of the longitu- 
i in beams not be less than}in. Wiring 
may be used solely for holding the bars during the 
process of placing the concrete in position. 

49. All other reinforcements in beams shall be at least 
4 in. in diameter or thic 

50. There shall be a distance of at least 1 in. between 
the bars in beams except at joints or in cases where the 
bars are bound close together throughout the in 
contact and have both ends properly turned up in the 
form of a hook. 

51. The maximum distance between the bars of the 
ang reinforcement in beams shall not be greater than 

in. . 





In Clause 50 it is stated that there shall be a 
distance of at least 1 in. between the bars of 
tensile reinforcement unless they are wired to- 
gether. If this is intended to mean a vertical as 
well as a horizontal distance, it will affect ordinary 
practice decidedly. The stipulation appears to be 
devised to secure suflicient space between the bars 
to allow the large aggregate to pass easily between 
the bars, and thus ensure an eflicient bond between 
the concrete and the steel ; butas it reads it would 
permit of, say, eight bars placed close together, 
wired into a flat layer, which could never be pro- 
perly tamped, and would only allow the usual 
arrangement of pairs of rods with spaces between 
bars (the bars of each pair being p one over 
the other), if each pair were wired together for the 
whole of its length and had the ends hooked. 

Compressive Reinforcement. Clauses 52 to 54 —In 
discussing these clauses, which are reproduced below, 
it is most important to remember, especially in the 
case of narrow, rectangular beams, that compression 
rods are very slender columns, liable to buckle. 
Clauses 53 and 54 stipulate that anchors must be pro- 
vided at a distance apart not greater than the depth 
of the beam, but it is not stated whether or not 
these can be shear stirrups. Compressive reinforcing 
rods require to be hooped just as carefully as the 
longitudinal reinforcement of columns, and should 
be under similar regulations. No allowance is 
made for the possibility of the strength of concrete 
in compression in beams being enhanced by hoop- 
ing. Helical hooping has already been used for 
this purpose by M. Considére. The weak point 
of all reinforced-concrete construction is its low 
compressive strength, and every inducement should 
be given to increase this. 

52. Where compressive reinforcement is provided in 
beams the sectional area of the beam in the plane of the 
reinforcement may be assumed to be increased by four- 
teen times the cross-sectional area of the steel in compres- 
sion. 

53. Where compressive reinforcement is provided and 
calculated to take part of the compression it must 
anchored by bars extending through the middle third of 
the effective depth of the beam. 

54. The anchors shall not be further apart (centre to 
centre) than the effective depth of the beam. 

Shear Reinforcement (Clause 55).—The regulations 
for shear reinforcement run as follow :— 

55. All beams shall be provided with adequate shear 
members, and such shear members shall— 

(a) Bespaced according to the distribution and intensity 
of the shearing stresses, but the distance from centre to 
centre of the shear reinforcement at any part of the beam 
shall not exceed the effective depth of the beam. 

(b) At least extend from the centre of the tensile rein- 
forcement to the centre of pressure in the concrete under 
compression. 

(c) Be passed under or round the tensile reinforcement, 
or be otherwise secured thereto. 

(d) Have a mechanical ancho at both ends, or they 
shall have a mechanical bond with the concrete through- 
out their length. 

It would not app2ar that any allowance is to be 
made for tensile reinfurcements bent to follow 
er perm the curve of bending moments, 
although such bent bars, if sufficiently numerous, 
can, as in a bowstring girder, change the vertical 
shear into horizontal flange stress without incur- 
ring any shear stresses. The mechanical bond 
referred to in 55d presumably refers to indented 
bars. If so, itshould be thus defined. The absence 
of any stipulation that the ends of loose stirrups 
should be hooked is noticeable ; but, on the other 
hand, it could be argued from subdivision (d) that 
only deformed or indented bars can be used for 
shear stirrups which are not anchored at both 
ends. This would, in practice, mean a monopoly 
for American high-carbon steels. 

Splays and Brackets at End of Beams and Bracketed Work. 

56. In cases where splayed work is provided under the 
ends of aes, yom work ow Pd in addition to the 
support require these regulations. 

Br. In cases whore bracketed work is necessary and 
provided to carry loads, it shall be reinforced sufficiently 
to provide for the stresses due to such loads. 

Clauses 56 and 57 are obviously intended to 
allow properly-designed and reinforced brackets, 
and to prevent unreinforced splays from being used 
as bearings. J 

Clause 56 refers to ‘‘the support required by 
these regulations,” but no such support is specified. 
It probably refers to bearings. It is to be hoped 
that it is not intended to preclude bracketing oF 
splays from being used to assist shear resistance. 

A re-drafting of these clauses is obviously ad- 
visable. ; 

Slabs.—The regulations for slabs are'as follow :— 
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58. The effective depth of slabs shall be measured from 
the compressed edge of the constructional concrete to the 
centre of gravity of the tensile reinforcement. 
59. The least diameter or thickness of main reinforcing 


bars in slabs shall not be less than &®. Wiring may be 
bars during the process of 


used solely for holding the 
placing the concrete in position. 


60. All other reinforcement in slabs shall be at least | the position of the neutral axis shall be obtained from the 


in. in diameter or thickness. 
61. There shall be a distance of at least 1 in. between 
bars in slabs, except at joints and at points where the 
bars are in direct contact and transverse to one another. 
62. All meshed reinforcement shall be of such dimen- 
sions as will enable the coarse material in the concrete to 
pass easily through the meshes of such reinforcement. 
63. The maximum distance between bars or strands of 
the tensile reinforcement in slabs shall not be greater 
than 12 in. 


As the definition of beams in Clause 47 has 
obviously been drafted to exclude slabs, and the 
methods of calculating resistance-moments are 
specifically limited to rectangular and T-beams, 
the designer is left with an implied freedom in 
calculating slabs which is very far removed from 
the intention of the Act. 

Resistance Moments.—The following methods are 
prescribed for calculating the moment of resist- 
ance :-— 


64. The resistance moment of reinforced concrete con- 
struction under transverse loads sha!] be determined by 
formule based on the following assumptions :— 

(a) All tensile stresses shall be taken by the steel. 

(b) The strain in any fibre is directly proportionate to 
the distance of that fibre from the neutral axis. 

(c) The tensile elastic modulus of concrete shall be 
assumed to be equal to the compressive elastic modulus 
of that material. 

(d) The elastic moduli of the concrete remain constant 
within the limits of the working stress. 

(e) The stress-strain curve or graph is a straight line. 

(f) The grip between the concrete and steel is sufficient 
to make the two materials act together. 


It would surely be more desirable to state 
that the formule given are based upon the con- 
venient, but incorrect, assumptions made in 
Clause 64 rather than dogmatically to refuse to 
consider formulze based on any other but possibly 
more correct assumptions. o structural science 
is infallible, even the youngest. 

Notation.—The notation used isthe same as that 
recommended by the Royal Institute of British 
Architects, and no reasonable objection can be 
taken to it, except that it would be as well to 
stipulate that it s be used in all calculations 
sent to district surveyors. The introduction of the 
term p = 100r is to be deprecated. It is not used 
in the formulse given, and is liable to be confused 
with p = pitch of laterals in columns. 

For convenience of reference, the clause defining 
the symbols is reprinted below :— 

65.— Notation. 

A: = area of tensils reinforcement (in square inches). 

a = the arm of the resistance moment (in inches.) 

B= ee moment of the external loads and 


orces. 

b = breadth of pe roy ne beam in inches, or the 
breadth of the flange of a T-beam in inches. 

¢ = compressive safe working stress on the extreme 
edge of the concrete in compression (in 

unds per square inch). 

d, = total depth of slab in inches. 

d = the effective depth of the beam in mches—1.c., 
the distance from the compressed edge of the 
constructional concrete of the beam to the 
common centre of gravity of the tensile rein- 
forcement. 

FE. = elastic modulus of concrete in compression. 
E, = elastic modulus of steel in tension. 
1 =the length of the effeetive span of a beam. 


n= E = 15 = modular ratio. 


n = the distance of the neutral axis from the com- | 
edge of the constructional concrete | 


Pp 
of the beam (in inches). 
% = 7 = neutral axis ratio, .*. n,)d = nm, 
4 = the percentage of tensile reinforcement = 100r. 


= resistance moment of the imternal stresses in 
the beam. 


t = ratio of Ar todd, ke.r=O and Ae = rbd 

= slab depth ratio = %. 
I eee 
T- ams shall be caloutnted by foomulee shich :™ 
identical with those recommended im the R.I.B.A. 


Report,* and which are well known, The clauses 
are as follow :~ 





Second Report of the Joint Committee on Reinforced 


Rectangular and T-Beams. 
66. In the case of rectangular beams and T-beams, 
when the neutral axis is within the slab—i.¢c., T-beams in 
which + is less than 


equation . 
n, = Vine? + 2mr) - mr, 
and wee ga ¢ 
n=([V(m2r? + 2mr) — mrjd. 

67. The mean compressive stress on the concrete shall 
be taken at ; ° 

68. The arm of the resistance moment shall be obtained 
from the equations: — 


=@-—*% 
a=d z 


= a SY: 
a=d(1 >) 
Rectangular and T-Beams. 


69. The tensile resistance moment shall be obtained 
from the equations :— 


Re = t Ac (2-2) 
Re =taed (1-3), 
R: =trom(1-%), 

3 


70. The compressive resistance moment shall be ob- 
tained from the equation :— 


R. = son (a- 3) 





3 
ad 2 
R. = ae nm (1 -9) 
T-Beams. 


71. For the purpose of computing the resistance moment 

of a T-beam, the width of the flange shall not be taken 

at more than :— 

(a) One-third of the effective span of the T-beam. 

(6) Three-fourths of the distance between the centres 

of the ribs of the T-beams. 

(c) Six times the width of the rib of the T-beam. 

(d) Fifteen times the thickness of the slab, whichever 

is the least. 

72. When a part of a slab is taken as forming part 

of a T-beam, the reinforcement in the slab transverse to 

the beam must cross the full width of the portion of the 

slab forming the flange of the T-beam. : 
73. All T-beams shall be reinforced against shearing 

stress along the plane of junction of the rib and the flange. 

74. In the case of T-beams, when the neutral axis 

intersects the rib—i.e., T-beams in which r is greater than 

8,2 

2m(1 — a) 

the position of the neutral axis shall be obtained from 

the equation :— 





a2 +2m r 
2 (8, - mr) 
75. The mean compressive stress shall not be taken at 
more than ; 
oe cmr eB ’ 

ef jhe a? + 2mr 
76. The arm of the resistance moment. = a where 
a= aft o & ee = 3*)}, 

3 2m - % 
or approximately 


nn = 





a=d- °. 
77. 'The compressive resistance moment = R. where 
Re =c¢ [a-sh Joe, 


ot dm at-Wargt Bor) 
Resebdd 6 (8,2 + 2mr) 


78.—Tha tensile resistance moment = Re where 
Re = t Ac a, 


3° +4mre° -12mraq+12mr 
There does not appear to be any valid reason why 
the formulz applicable to rectangular beams should 
only be applied to T-beams in which the neutral 
axis falls within the slab, They are obviously 
reed in caseg where the neutral axis falls at 
t “2 sepa of the rlband the slab, and it would cer- 
tainly appear that they can also be correctly applied 
in cases where the “‘ equivalent area ” of concrete 
in compression would be contained within the cross- 
section of rib and slab, as in Fig. 2, page 838. 
The absence of any formule dealing with beams 


, OF 





or 





f such 


formule is beyond the capabilities of engineers, 
even if they are not to be found in text-books. 
The writers of many text-books, with the mis- 
taken idea of simplifying calculations, adopt the 
assumption that the compressive reinforcement 
will be placed at the centre of gravity of the 
‘* equivalent area ” of concrete in compression, and 
confine themselves to formule based upon that 
comfortable assumption. In practice, however, we 
very seldom find the compressive reinforcement 
there. In shallow beams such a position would 
not give the requisite amount of cover, and in deep 
beams it is placed nearer to the compressed edge 
in order that it may operate with the most highly- 
stressed layer of concrete which is consistent with 
the requirements of cover. It is, therefore, con- 
stantly found that practical conditions cannot be 
calculated with text-book formulw, because the 
latter are not applicable to - ratio of depth of 
reinforcement (d, ) to depth (d) of beam—viz., to 


values of —* or d,,. There is no reason, how- 


ever, why formule for any value of d,,, and 
any ratio of compressive tensile reinforcement 


(= = T. ) should not be deduced by precisely 
the same methods as those given in Clauses 66 to 
70, and used similarly. 

The writer has devi and used for some time 
the following series :— 

m, = J 2mr (14+ Pre de 1) +m? r2(1+4re ? — mr(1+re ). 
n,? + 84rre de, 
3n,+84rr 
Re = trb d? a. 

R., =cebad@ (? +mrr, ™ a ') a). 

Shorter forms might possibly be devised, but the 
above are all such as can be plotted to large dia- 
grams, which give their results in terms of 6 and d. 
A similar series for T-beams is even shorter, but 
is not suitable for plotting to diagrams on 
account of the number of variables. It would 
appear, however, to be only reasonably prudent in 
the case of the heavily-stressed T-beams, which 
need double reinforcement, to limit the amount of 
slab relied upon as compression flange to that 
width which permits the “ equivalent area” of con- 
crete in compression to be described within the 
actual cross-section of rib and slab (see Fig. 2). 
This enables all double reinforced T-beams to be 
calculated by the above series of formulw, or by 
their plotted values. 

Transverse Reinforcement.—In Clause 72 supra 
it is stipulated that the reinforcement of the slab 
transverse to the beam must extend across the full 
width of that portion which forms the table of the 
T. But slab reinforcement is very frequently 
doubled over T-beams, and it is necessary to know 
whether the clause relates to the tensile or the 
compressive reinforcement, or to both. In thin 
slabs, when moderately stressed, there is a distinct 
disadvantage in making the lower reinforcement 
continuous over the T, because the upper reinforce- 
ment, which is in tension over the rib, works with 
a shorter lever against a lower reinforcement than 
it does: against unaided concrete. Thus in a 
5-in. slab with 4 in. tensile reinforcement only, 
stressed to 600 lb. per sq. in. in compression, and 
16,000 lb. per sq. in. in tension, the lever arm is 


d (1 . *) = 0.425 x 0.885 = 3.76 in., whereas 


with two equal sets of }-in. reinforcements with 
.. cover, it would only be d x 0.86 = 3.66 in, 
ore tensile reinforcement is thus required with 
compressive reinforcement than without it, and as 
this can be quite a serious matter in the case of 
a large floor, the designer would be tempted to 
omit the calculation and take a little extra risk. 
Shear Stresses in T-Beams. Olause 73.—It is 
very properly stipulated in this clause that the 
plane of junction between the rib and the elab— 
which is frequently weakened by the practice of 
casting the ribs first, and subsequently floating 
on the slabs after the ribs have set—shall always 
be reinforced against shear. It is not, however, 
stated that the shear intensity along that plane is 
considerably higher than the intensity which is 
iven by assuming the total shear to be uniformly 
distributed over the section involved. 
The distribution of shear intensity over the 
cross-section of a beam of a material, 
rectangular in section, is well own to vary, 


a=1 - 











s Conicinat ne, oP! Institute of British Architects 





Price 1s. hardly be confended tiyt the compila 


reinforced in comprys:tion is ae: It can 
on o 





being at a maxtmum at the neutral axis, the 


838 


ENGINEERING. 


[JUNE 20, 1913. 





diagram of intensities taking the furm of a para- 
bola, as in Fig. 3ata. The height of a rectangle 
of the same area, described on the same base 
B D, being two-thirds the height of the parabola, 
it follows that the shear intensity at the neutral 
axis is 14 times the intensity indicated by dividing 
the total shear equally, over the cross-section. 
In reinforced-concrete beams many writers assume 
that because the concrete in tension is pe 
to take no stress, then the distribution of shear 
intensity over a cross-section should be as indi- 
cated in Fig. 3 at b. But the results of deflection 
tests show conclusively that, whether we trust to 
it or not, the concrete does take a substantial 
amount of tension at working loads. This being 
so, it follows that the diagram of shear intensity 
must be that which more nearly obtains in homo- 
geneous beams. In T-beams the designer gene- 
rally endeavours, from economic reasons, to arrange 
his material so that the neutral axis is at the 
junction of the rib and the slab, or thereabouts, 
As this plane is therefore the plane of maximum 
shear intensity, in addition to being weakened by 
the exigencies of construction, ordinary prudence 
demands that it should be calculated for a shear 
intensity at least 50 per cent. greater than that 





otherstructure shall be 14 times the superimposed load 
for which such floor, root, or other structure has been 


designed. 
145. Loading tests shall not be made until the expiry 
of 60 days from the date of laying the concrete. 


Test Cubes.—It will be seen that the regulations 
empower the district surveyor, if he chooses, to 
= the builder to very considerable expense. 

nless the builder has a 50-ton testing plant he 
must have as many cubes tested at a laboratory as 
the district surveyor demands. When it is remem- 
bered how small is the actual area of concrete in 
compression in beams, and also that the extreme 
stress is not equally distributed over it, it would 
almost appear that the behaviour of small test- 
cubes under load would coincide with that of the 
concrete in the work more closely than would the 
behaviour of larger ones. District surveyors in 
London are not accustomed to make harshly un- 
reasonable requisitions, and if Clause 141 remains 
as drafted, very few cubes will be tested. It is 
far better, however, that a large number of cubes 
should be systematically crushed, and it is quite a 
simple matter to make up a py ay te to 
crush up to, say, 10 or 12 tons, with long levers of 
ordinary commercial timber on filed centres. The 


a 





i& 


| 
| 








Fig.2. 


obtained by averaging the intensity over the whole | 
Both in rectangular and T-sections this|ordinary smith, and used it extensively. 


section. 


increase of shear intensity, beyond what is usually | 
recommended in text-books, forms an additional | 


reason of questioning the suggestion in Clause 40, 
page 817 ante, that concrete can be safely credited 
with the ability to deal with shear intensities up to 
60 lb. per sq. in. 

The iucrease of intensity involves, of course, a 
reduction of the adhesion stress between the con- 
crete und the steel at the expense of the layers 
nearer to and at the central axis. In the present 
state of our experimental data on the point, it is, 
however, better to be safe than to be logically 
consistent ; and the adhesion stress on the tensile 
rods should be calculated as if the full flange stress 
had to be transmitted from the concrete to the 
steel without any of it being picked up and dealt 
with en route by the inner layers of the section. 

Approximate Value of Lever-Arm (Clause 76).— 
When we consider the ease with which the values 
given by all formule, including those which exactly 
define the lever-arm, can be plotted to diagrams, 
it is somewhat unfortunate that countenance 
should be given in an important official code to 


approximations such as a = d — ~ the use of 
which is very liable to lead to slipshod and incor- 
rect calculations. 

Tests and Testing (Part IX .).—As the loading tests 
stipulated will chiefly affect beams, they may be 
considered here. They are as follow :— 


Tests and Testing. 


140. The District Surveyor shall for the purpose of due 
supervision of the construction of a building be furnished 
with reasonable proof as to the quality of the. materials 
to be used in such construction, and shall, if not furnished 
with such proof or for any other reason, require the 
builder or other person causing or directing the work to 
be executed to make any tests which the District Sur- 
veyor may consider necessary. 

41. For determining the resistance of concrete, tests 
shall be made on cubes of not less than 4 in. each way, 
or cylinders of not less than 6 in. each way. 

142. The conditions accompanying the preparation, 
setting, maturing and avtual testing of the oube or other 
test-piece shall as far as possible conform to the condi- 
tions that would obtain in the actual execution of the 
reinforced work, 

143. If at any time during the construction. or within 
two months after the completion of the reinforced-con- 
erete construction, it is found necessary to test any part 
of such construction by reason of any sign of weakness 
or faulty work appearing in the construction, the builder 
or other causing or directing the work to be 
executed shall make such tests, and, in the event of the 
district surveyor being satisfied that such construction is 
not as required by these regulations, it shall be recon- 
structed in accordance therewith. The measured deflec- 
tion of beams under the full working load shall not 
exoeed one six-hundredth of the span. 

144. The superimpose? test-load on any floor, 





| 
ssiss 


84.8 


writer has made such a machine with the aid of an 
The 
district surveyor (whose place would be taken by 
the architect or consulting engineer on any con- 
tract to which these regulations did not apply, but 
upon which they were adopted) might with advan- 
tage be entrusted with the same discretion as to 
the size of cubes to be tested as he is given with 
regard to their number. 

Deflection Tests.—It is difficult to understand 
how Clause 143 could ever have been allowed to 
appear in the form it did. Every engineer knows 
that a given deflection under similar loading may 
indicate vastly different degrees of fibre stress 
according as to whether the beam be deep or 
shallow. Yet in this clause one fixed relation of 
deflection to span is given without the slightest 
reference to the depth, or, what is the real 
criterion, the distance of the stressed fibres from 
the neutral axis. It is the same for beams with 
free ends as with fixed, although in homogeneous 
beams that alone, involves a variation of 400 per 
cent. in the stresses indicated by a stated deflec- 
tion. 

Apparently a beam is only to be considered 
unsatisfactory if it exceeds the statutory deflection, 
whether it be a short deep beam with fixed ends, 
a thick square slab with four fixed edges, or a 
long shallow beam with absolutely free ends. Even 
the shortest experience of beam-testing serves 
to show that the degree of deflection specified is 
one which can only be consistent. with extreme 
stresses in the conergbe, even in the case of long 
shallow beams with absolutely free ends. It has 
been shown (vide Transactions of the Society of 
Engineers, vol. iii., No. 12, December, 1912) that a 
beam the depth of which is only jth of its span, and 
having absolutely free ends, whatever its section, 
is necessarily being deformed, when the deflection 
reaches g}yth of the span, to an extent which is 
only consistent with a stress of over 1000 lb. per 
sq. in. on the concrete ; and with deeper beams, 
or with those enjoying the degree of end fixing 
almost invariably to found in reinforced 
concrete, the stress indicated by that deflection 
would be very much greater. [t may therefore 
be concluded that the test stipulated is one under 
which many a dangerously bad and weak beam 
might easily be officially passed. The deflections 
of reinforced-concrete beams are extremely minute, 
and the writer has frequently tested carefully- 
prepared beams which broke at almost exactly 
their calculated breaking loads without giving any 
greater indication of distress, immediately before 
complete failure, other than an increased rate of 
deflection, which could only be detected and mea- 
sured by long, accurate magnifying levers. A beam 


roof, or | with fixed ends might be ouly just holding together 








under test and yet be well within the stipulated 
deformation. 

Test Load.—It is a matter for regret that the 
test load was not specified as a ratio of the total 
load, including the weight of the beam, rather than 
at 14 times the superimposed load. In no two beams 
does the latter bear the same relation to the total 
load; and the test, which should be at least approxi- 
mately similar for all beams, is far less severe on 
short spans than on long ones, which have to carry 
a greater proportion of deadweight of material. 

An important point which requires to be borne 
in mind is the danger of cracking the concrete 
which surrounds the tensile reinforcement, espe- 
cially in beams which are subjected to severe shear 
stresses. 

If steel capable of being stressed up to 20,000 lb. 
per sq. in. is to be subjected to test loads which 
induce stresses of say, 28,000 lb. per sq. in., serious 
cracking of the concrete in tension is bound to 
occur. Such cracking might be comparatively unim- 
portant in beams provided with fully efficient shear 
members. The writer has found that test-beams 
which had been accidentally cracked right across 
before testing behaved quite satisfactorily under 
loads inducing light shears. But im slabs. without 
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shear members the consequences might be very 
serious. 

The use of hard high-carbon steel in tension 
effects little or no economy. Owing to its liability 
to dangerous brittleness, the advisability of officially 
crediting it in beams with its full capabilities of 
strength is open to question. 








THE WORKS OF MESSRS. THOMAS SHANKS 
AND CO., UF. JOHNSTONE. 

THE programme of visife to be made next week by 
the Institution of Naval Architects, during their 
summer session in Glasgow, includes a visit to the 
works at Johnstone of Messrs. Thomas: Shanks and 
Co., and that very properly, as the firm is one of the 
oldest in the machine-tool trade, and has always been 
more particularly identified with heavy machine-tools. 
At its beginning in 1824 its works were very small, 
and although they were added to in 1840, 1848, and 
again in 1856, it e necessary in 1883 to build 
new shops on a new site. -At the same time the old 
works were retained ‘as a store for patterns, a fact 
which in itself suggests the increase in business of the 
firm. These new shops were enlarged first in 1898, 
and again in 1906, and now the erecting-shop alone 
covers @ floor area of 42,000 sq. ft., each of the bays 
having a span of 70 ft., and a height from floor to 
crane hook of 33 ft. Four electrically-driven cranes 
serve these bays, two in each, so that the ve 
heaviest pieces are easily and expeditiously handled. 
The key plan, on the next page, shows the general 
arrangement of the various shops, and also the railway 
siding by which material is received and finished 
machines placed on the trucks inside the works. 

Although built in 1883, these works were lighted by 
electricity, which was then quite a new feature. The 
machine-drives, however, were by steam-engines and 
belts. Now steam is giving place to producer-gas 
plants and dynamos for power purposes, five sets of 
these having recently been installed, and in the ccurse 
of a year or so the whole of the driving will be by 
— motor, most of the tools having separate 

rive. 

During these years constant progress has marked the 
products of the firm, so that its world-wide connec- 
tions have not only been maintained, but extended, 
and to kee with the demand for new designs 
necessitated, by the use of high-speed steel, new 
drawing-offices have been recently erected, as well as 
new pattern-shops. To provide for direct motor- 
drive through variable-speed motor a patented arrange- 
ment of driving gear has been introduced for all iathe 
headstocks and boring and turning mills, in which all 
the gears are totally enclosed ; no wheels are in gear 
unless transmitting power, and the change from front 
to back , or vice verad, is made by one movement 
of a lever without chance of mistake. For belt drive 
the cone has been abandoned, and a series of 9, 16, or 
25-speed gear-boxes have been designed to secure 
constant power at all speeds, and in conjunction with 
the firm’s patented gear, 36, 64, or 100 spindle speeds 
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are obtainable ; while all the changes of , even in 
the 25-speed box, are made by the use of two levers. 
These boxes are also used when only alternate-current 
constant-speed motors are available. 

The range of work covered by this firm is very great 
in point a size and weight. For instance, this year 
alone @ machine has been turned out weighing only 
3 tons, and at the same time one weighing practically 
300 tons has also been despatched. Amongst machines 
in course of erection, which will be seen by the 
members of the Institution of Naval Architects during 
their visit, there are a large motor-driven double-slide 
bed gun-lathe of 50-in. centres, to admit 60 ft. between 
centres, with four saddles; a large turbine-casing 
boring-machine for boring ten 17 ft. in diameter, 
and with work-plate 45 ft. long by 18 ft. wide ; two 
6-in. spindle horizontal boring-machines ; two turbine 
double-slide bed-lathes, one 48-in. centres to admit 
40 ft. between centres, and with four saddles, the 
other 36-in. centres, admitting 20 ft., also with four 
saddles ; one large armour-plate planing-machine, to 
admit 12 ft. by 10 ft., with — stroke of 24 ft., 
with two tool-boxes on the cross-slide, and one side 
tool-box on each upright; one very heavy and powerful 
armour-plate slotting-machine, 4 ft. stroke, with 10 ft. 
square revolving table; two heavy double - headed 
armour-plate shaping-machines, 36 in. stroke, each with 
three tables; one long shafting-lathe, single-bed type, 
42-in. centres, to admit 65 ft., fitted with two saddles ; 
one large vertical cylinder boring-machine 13 ft. 6 in. 
by 13 ft. 6in. with 18 in. in diameter boring-bar. 
Other machines of smaller dimensions are also passing 
through the shops. As indicating the great advance 
now made in the direction of motor-driving, we may 
say that, with two exceptions, all the machines at 
present in hand are direct motor-driven. 

We reproduce on Plate LV. and on pages 834 and 
835 four of the firm’s newest and heaviest machines, 
all made within the last year, as illustrative of the 
character of the work done by the firm. 

The heavy forge-lathe, illustrated in Fig. 1, Plate 
LV., deals with the very heaviest class of forge-work, 
and is specially intended for rough-turning turbine 
rotor-drums inside and outside, roughing out con- 
necting-rings from the solid forging, &c. The front 
and back journals of the main spindle are of unusually 
large proportions, the face-plate is = enough to 
take the heaviest weights, and the saddles and slides 
are capable of withstanding the heaviest cuts. The 
double slide-bed is 16 ft. wide, and of great depth, to 
take the strains of heavy cutting. The fast head- 
stock is of exceptionally massive design, with 94 in. 
height of centres, as shown on the illustration, but 
has since been made 102-in. centres, all in one casting. 
The spindle is of hard forged steel ; the front journal 
is extra large, being 27 in. in yom te 36 in. long ; 
while the back journal, which is provided with thrust- 
rings for end pressure, is also unusually large, since 
the face-plate had to take an otherwise unsupported 
weight of 100 tons. The driving-gear is of the 
firm’s patented arrangement, already referred to; it 
runs so smoothly, and with such a small expenditure of 
power, that the lathe illustrated when running idle 
with a job of 90 tons between centres only absorbed 
5} horse-power, the total power of the motor bein 
100 horse-power. The face-plate is very strong an 
rigid and is 134 ft. in diameter, but since this machine 
was completed a 15-ft. diameter plate has been 
made. It is fitted with a large-diameter steel ring 
having wide machine-cut straight teeth of fine pitch, 
and is equipped with four heavy forged-steel jaws. 
Four saddles are mounted on the slide-bed, two on the 
front and two on the back, the front rests having 
swivel slides self-acting at any angle, and self-acting 
in-cutting slides, while the back rests are non-swivel- 
ling and of special design to resist the upward strains 
of back cutting, Self-acting surfacing feeds are pro- 
vided to all the saddles, also sliding and screw-cutting 
feeds through very large-diameter accurately-cut steel 
guide-screws. The loose head has a steel spindle 
14 in. in diameter and is adjustable quickly by 
hand-wheel, or slowly and with great power by 
worm and: worm-wheel which can be disen 
It is clamped to the bed by specially-designed long 
steel plates, and has a quick power traverse of about 
10 ft. per minute in either direction along the bed. 
All the saddles have quick power traverses in either 
direction, and each independent of the other, these 
power motions being derived from an auxiliary con- 
stant-speed motor of 25 horse-power, direct connected 
to the longitudinal shafts, which are supported by 
relf-acting tumbler bearings. This lathe has been 
made to admit jobs up to 55 ft. between centres. 
Special plummer-blocks (not shown) were fitted to 
two of the saddles, so that the inside diameter of lar, 
rotor-drums can be treated at the same time as the 
outside diameter is being turned. 

Fig. 2, on page 834, shows a machine designed to 

with the heaviest armour-plates that are made. 
It can admit a plate 13 ft. 6 in. wide and 12 ft. high, 
vith a planing stroke of 25 ft., but the patterns are 
made suitable for a machine having a width of 16 ft. 
bed is of strong box section, of greatly increased 


ed. |sides scraped to a bearing. 


depth opposite the tool-slides, so that the strains of 
cutting are taken without any bending of the table or 
the bed. It has three broad, flat surfaces, with 
adjusting-strips at one side to take side pressure. 
The table is very deep and strongly supported ; it is 
fitted with two wide machine-cut ‘tect racks driven 
by very large-diameter steel ‘‘ bull” wheels, and as 
the racks are set tooth and space, perfect smoothness 
is obtained. Four tool-boxes are mounted on the 
cross-slide. and as the steel tool-plates are very broad, 
two tools can be used in each, so that this machine 
is well adapted for surfacing armour-plates, while 
extra long vertical slides are provided, making the 
machine capable of deep — Ball-v achers are 
provided for the feed-screws, making the tool-boxes 
easily adjustable. Quick-power motion for raising 
and lowering the cross-slide is fitted, also quick-power 
motion for traversing the tool-boxes along the cross- 
slide. The driving is by direct-connected motor with 
reversing equipment ; in the firm’s latest design almost 
all the gearing is self-contained inside the bed, so that 
torsion is practically eliminated. The feed is taken 
from the driving gear independent of the tappet 
motion, and is variable through a wide range. 

The vertical turning and boring mill, illustrated by 
Fig. 3, on page 835, has been designed for high-speed 
cutting, and possesses the following advant over 
the lathe for many classes of face-plate work. The 
table is much better supported, so that heavier cuts 
can be taken, the work can be set and clamped in a 
shorter time, the crane is only required for the time 
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necessary to put the work on the table, and no 
balancing is needed for work of irregular shape. The 
table is of strong and rigid design, in one or more 
castings, with cut spur-ring securely fastened thereto, 
and resting on a , flat, annular surface of ample 
dimensions, provided with self-acting oiling rollers. 
The spindle is. securely fastened to the table, and 
revolves in a special journal, the wear of which can 
be taken up from the outside. Two uprights are 
mounted upon, and securely fastened to, the side- 
wings, which are firmly checked and bolted to the 
main bearing, while a strong cross-stay braces together 
the uprights across the top, thus forming a thorough! 
rigid frame. The cross-slide is wide and stiff, wit 
deep box-girder to resist the strain of cutting, and is 
provided with broad bearing surfaces. There are two 
tool-heads, right and left-hand, to get close together, 
and specially arranged to prevent cross-wind. Kach 
is fitted with a swivel slide, movable by worm and 
wheel, and carries an octagonal tool-bar with four 
These tool-bars are 
balanced, and have the balance-weight and its con- 
nections self-contained and out of the way. The 
feeds, of which there are eight, are positive, 
are entirely independent for each tool-bar, and are 
variable in a horizontal, vertical, and angular direc- 
tion. Power motion is provided for raising and 
lowering the cross-slide and tool-heads. The driving 
shown is by direct-connected variable-speed motor, 
300 to 900 revolutions per minute, the motion being 
taken from Messrs. Shanks’ patented headstock gearing 
to the large diameter spur on the table. The gearing 
is all machine cut and efficiently guarded. 
machines are made in sizes ranging from 6 ft. to 36 ft. 
The machine shown in Fig. 3 is for 25 ft. diameter, and 
has a table 16 ft. in diameter, and can admit in height 
10 ft. It has a vertical feed travel of 6 ft.. Special 
attachments, which can be supplied as extras, are the 
following :—Slotting-attachment with drive indepen- 





for heavy work, and side tool-head on the front 
upright. The illustration shows the application of 
the central boring-attachment. 

The patent turbine-casing boring-machine illustrated 
by Fig. 4, on page 835, is a type of tool in extensive 
use in leading factories in this country and in many 
other countries. It has been designed to meet the 
following desirable conditions :—(1) The machining of 
casings in the same position as they take when 
in their place in the ship; (2) the elimination of 
torsion when machining An. diameters to ensure 
perfect roundness and smoothness of cut; (3) the 
rigidity of the column for surfacing and grooving 
large diameters ; (4) the ensurance of freedom from 
imperfect parallelism of casing by the use of a sliding 
boring-bar instead of a sliding-socket ; (5) quick speeds 
for small diameters without passing through the 
worm-wheel, which can be disengaged for that purpose; 
(6) the reduction of the time in setting the work, as 
the boring-bar can be easily and quickly brought to 
the height of the work, and the absence of packings. 

The slide-bed, which in the larger sizes has three 
planed bearing surfaces, carries a vertical column of 
strong box section. Upon this column is mounted a 
balanced saddle, which carries a patented arrangement 
of machine-cut bevel-gear for quick speeds, combined 
with a very large diameter machine-cut worm-wheel 
for slow . ery the worm being case-hardened and 
totally enclosed, and provided with ball-bearing and 
double ball-thrust washers to eliminate friction. The 
driving-chuck, which can be made fast to the worm- 
wheel or loose at will, is provided with three steel jaws 
for gripping the boring-bar. The driving is usually by 
variab ee motor, which, with the chan of 
gear, would give 40 speeds through the quick bevel- 
gear drive, or 40 speeds through the slow worm- 
wheel drive. Feed motion is provided for moving 
the column along the slide-bed through change- 
wheel gears which are applivable for either drive, 
while quick power motion is provided for this column 
in either direction ; there is also hand adjustment. 
Two heavy stays for the boring-bar, each with a double- 
ended steel carrier, have a bored hole which is pro- 
vided with a cap. These stays are mounted upon a 
—— which is rigidly fastened to the end of the 
slide-bed. This base-plate can be made any size, and 
has been made up to 84 ft. long and a maximum 
width of 18 ft. The boring-bars are solid up to 11 in. 
in diameter, and hollow up to 22 in. in dameter, 
either in steel castings or steel forgings. The machine 
shown by Fig. 4 is capable of dealing with work up 
to 17 ft. for boring, and 20 ft. for facing, but four 
sizes are made, the smallest capable of dealing with 
work 8 ft. in diameter. Boring and surfacing acces- 
sories are supplied with the bars, also internal spider 
stays for supporting the bars when the casings are long. 





WatTER ABSORPTION BY VULCANISED FisrE: ADDEN- 
puM.—In our issue of May 30, on 759, we stated, in 
referring to the recent experiments of Mr. F. H. Parker, 
of the Woolwich Polytechnic, that the prismatic speci- 
mens p in water swelled most near the edges, so 
that measurements were not very reliable. We omitted 
to add that the subsequent readings of volumes were 
obtained by weighing in air and in water, not by 
measuring the lengths of the edges. Mr. Parker has 
drawn our attention to this omission, which we much 





THE JuntOR INSTITUTION OF ENGINEERS.—The second 
Gustave Canet lecture will be delivered by Dr. Dugald 
Clerk, F.R.S., on Monday, June 30, when Sir Trevor 
Dawson, President, will occupy the chair, the date 
coinciding with the twenty-ninth anniversary of the foun- 
dation of the Institution. The subject chosen by Dr. Clerk 
for his lecture is ‘“*The Working Fluid of Internal- 
Combustion Engines.” The importance of this subject 
at the present time can hardly be exaggerated. A very 
large attendance is expected, and visitors wishing to 
attend should make early application for tickets, which 
can be obtained from Mr. A. Clifford Swales, secretary, 
39, Victoria-street, Westminster, 8.W. 





Tue Nortu-East Coast iasTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—The summer meeting of this Insti- 
tution will take place in Holland from the 23rd to the 
27th inst. Arrangements have been made for the depar- 
ture of members and visitors from the various British 
centres on Monday, the 23rd inst. Members and visitors 
will be received on Tuesday, the 24th inst., by the 
Burgomaster of Amsterdam, at the Stadhuis, in the 
Oudezydo- Voorburgwal, at 10a.m. Immediately follow- 
ing this reception, visits will be made to shipbuilding, 
engineering and ete me works. At noon, 
a visit will be paid to the Shipping Exhibition, 
where at 1 p.m. lunch will be served at the invi- 
tation of the Burgomaster. On Wednesday, the 25th 
inst., alternative excursions have been arranged for to 

Isle of Marken and Volendam, to Leyden, and to 
Haarlem. On Thursday, the 26th inst., a journey will 
be made to the Hague, where the visitors will be enter- 
tained by the President and Council of the Royal Dutch 
Institution of Engineers. On Friday, the 27th inst., 
excursions and visits to works in Rotterdam have been 
vided for. The visitors will return to the 





dent of the machine, central boring-attachment with 








drive independent of the machine, centre boring-bar 





ague, leaving the Hague for the Hook of Holland and 
England at 10 47 p m, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 4. 

Tue past week’s orders for steel rails foot up 32,500 
tons ; in freight-cars the orders amount to 10,500 cars ; 
locomotives, 22; coaches, 49; and 6100 tons of struc- 
tural steel, mainly for bridge-work. Besides this, 
orders were placed for 11,400 tons of structural 
material, 6000 tons of plates, and 15,000 tons of semi- 
finished material. oF the rail orders, 15,000 tons 
came from the Santa Fé, which went to the Illinois 
Steel Company. The Grand Trunk ordered 6000 tons 
from the Carnegie Steel Company. A great deal of 
work is contemplated throughout the East, calling for 
structural material. Considerable work is delayed by 
some obstacles in financing the enterprises. The 
pig-iron market is weaker, and inquiries which were 
made quite recently for 70,000 tons of foundry and steel- 
making grades have been withdrawn. The Westing- 
house interests have covered prospective wants, and are 
now out of the market. The general disposition is to 
await further developments in the pig-iron market, 
and meanwhile the situation is changing in favour of 
consumers. The coke market is fairly active, and most 
of the large consumers are out of the market, the 
current demands coming chiefly from the smaller con- 
cerns, The tariff muddle is occupying much atten- 
tion, and a final vote may not be reached for several 
weeks yet. The legislative inquiry into the U.S. Steel 
Corporation is not producing the information which 
those who brought it about had anticipated. The 
country is practically free of strikes, and the industrial 
situation is satisfactory. The consumption of irun 
and steel continues at its mens proportions, and 
consuming interests feel there is no occasion to antici- 
pate their future wants with as much anxiety and 
promptitude as they did in the earlier months of the 


year. 
June 10. 

The most active branch of the steel industry this 
week is in tubular goods of all kinds, including boiler 
tubes, water-well casing, and pipe for oil-lines. Several 
oil-lines are projected which will crowd the pipe mills 
to the very utmost. Wrought-iron pipe has advanced 
2 dois. aton. Oil is advancing in price and oil-stock 
dividends are higher than ever. The Steel Corpora- 
tion is booking orders at the rate of 34,000 tons 
daily, and is shipping mill products at the rate of 
43,000 tons daily. The May output of rolled steel is 
estimated at 2,000,000 tons, oa new orders for the 
month 1,500,000 tons. The contract has been awarded 
for the construction of a steel plant near Cleveland, 
Ohio, which will be erected in units, the first of which 
will consist of one plate mill and three complete 
jobbing mills. This will be known as the Otis steel 

lant, and the total cost is put at 13,000,000 dols. 
t is most advantageously located with reference to the 
supply of lake ore and railroad distribution facilities. 
The crude-iron market has picked up a little within 
a week, and observed sales aggregate 30,000 tons 
of foundry and forge iron for distribution in the 
eastern states. This is only the initial order for the 
large amount of material which will be wanted within 
the next few weeks. Inquiries are arriving daily for 
_ quantities of wire and wire products, and 
makers are accepting new orders very grudgingly. 
The deliveries requested are for the third quarter. 
Rod mills are well sold up. A number of small sheet 
mills which filled up early in the year, and recently 
cleaned up that business, are now making concessions 
of 1 dol. to 2 dols. a ton to attract new business. 
The bar mills are booking rather poor business, and 
frequent concessions are now observed, which indicate 
@ probable concession to purchasers at an early date. 
The tin-plate market is strong, especially for terne 
plate. Basic iron is the most active on the list, and 
nearly all reserve stock is exhausted. 





Contracts. — The contract for the duplication of 
10 miles of the Tansa Main in cast iron has now been 
awarded by the Bombay Municipality to Messrs. Turner, 
Hoare, and Oo., engineers, of Bombay, working in con- 
jnnceon with Messrs. Jno. Birch and Co., Limited, 

don, and the Staveley Coal and Iron Company, of 
Chesterfield. The main is 48 in. in di s the 
weight will run into some 20,000 tons. The original 
main was laid in 1887, and is in excellent condition, 
showing no sign of corrosion or deterioration. The 
new main will allow jhe City of Bombay to bring in 
ample water to meet any demands which the city may 
make during the next fi‘ty years. 


Sarety Hints anD SuGGESTIONS FOR THE PREVENTION 
the above title the 

y have issued a small 

prevention of accidents. 

8 that out of every five accidents occurring on 

I by the observance of some 
simple rules or precautions. Of late the company have 
ex large sums on safety appliances, but it is not 
expected that at the best more than one-third of the 
cectdonts metas ge the past can thes be eliminated. For 
. company must depend on co-operation 

of their emplo and it is for the benefit of these that 


the little pam in question has compiled. 





‘THE MATHEMATICIAN AND THE 
ENGINEER.” 


To THe Eprroz oF ENGINEERING. | 

Siz,—Is ‘‘F.H.M.” quite fair to the engineer who 
‘‘is practical and is only interested in mathematical 
analysis when it assists him in forming a conclusion” ? 
If the mathematician’s chief concern is with matters 
ney» are of no use to engineers, why should we call 

im in? 

But that is hardly the point we were considering. The 
superior person has been appealed to for help in the 
determination of the correct value of 7; and, instead of 
expressing t for his failing ‘‘from the time of the 
Babylonians” to render the necessary assistance, he now 
abuses earnest inquirers by calling them ‘*‘circle-squaring 
cranks.” Such are the ways of mathematicians ! 

Yours obediently. 
June 14, 1913. GEOMETER. 





ROYAL METEOROLOGICAL SOCIETY. 

THE last meeting of this Society for the session was 
held on Wednesday afternoon, the 18th inst., at 70, Vic- 
toria-street, Westminster, Mr. C. J. P. Cave, President, 
in the chair. 

A paper by Mr. J. 8. Dines was read on ‘* Pilot Balloon 
Observations in Barbados, 1911-1912.” These balloon 
ascents were carried out by Professor J. P. d’Albu- 

uerque and other gentlemen, on behalf of the joint 
Upper Air Committee of the Royal Meteorological 
Society and the British Association. Great difficulties 
were experienced in carrying out the work, the most 
serious of which was due to the adverse effect of the 
climate of Barbados on the rubber fabric of the balloons, 
causing them tc deteriorate more —_— than in colder 
regions. Consequently no very high ascents could be 


obtained. 

A paper on ‘‘ The Harmattan Wind of the Guinea 
Coast,” prepared by Mr. H. W. Braby, a uate assis- 
tant in the Meteorological Office, was read. This 
is a north-east wind which blows during the winter 
months along the coast of Upper Guinea from French 
Guinea to the Cameroons. It is exceedingly dry and 
brings with it fine sand, which enters the crevices of doors 
and windows, covering ne hee | with a film of dust. 
The sun is ially obscured and distant objects become 
invisible, is wind, which blows intermittently from 
November to March, is locally known as ‘‘ the doctor.” 

Dr. E. C. Snow read a paper, prepared by himself 
and Mr. J. Peck, on “‘ The Correlation of Rainfall.” The 
authors dealt with the monthly rainfall from a number 
of stations in the south-eastern counties of England for 
the four years 1908-1911, and found that the rainfall in 
two or three of the months is more highly associated with 
that in certain other months than with the rainfall in 
the remaining ones. 








THe Torrepo- Boat Dxsrroyer ‘“ Conrest.”—On 
Thursday, the 12th inst., Messrs. R. and W. Hawthorn, 
Leslie and Co., delivered the torpedo-boat destroyer Con- 
test to the British Admiralty, and the vessel left the 
Tyne for Chatham, where she will be put into commis- 
sion. The Contest is one of the sixteen destroyers 
ordered under the 1911-12 programme, and is the third 
of those placed at Hebburn. In delivering the vessel 
Messrs. Hawthorn, Leslie and Co. achieve the distinc- 
tion of being the first firm to complete their order 
received under the 1911-12 programme. It will be 
remembered that Messrs. Hawthorn, Leslie and Co. 
delivered the Christopher (the first of the three sister 
vessels) some considerable time before any other vessel 
ofthe class. All three vessels have through their 
trials most successfully, the speeds obtained being par- 
ticularly satisfactory. They are fitted with Parsons 
turbines, and these, as well as the boilers, &c., have been 
constructed at the St. Peters Works of Messrs. Hawthorn, 
Leslie and Co. 


Crry anp Guitps or Lonpon InstirvTr.—We_ have 
received a copy of the programme of the City and Guilds 
Technical Co , Finsbury, revised for the year 1913-14. 
The college is laid out with laboratories and equipment 
of the most recent t with the special aim of giving 
scientific instruction both to students who have not yet 
had experience in engineering shops or factories as ap- 
prentices or pupils, and to those who have had such 
experience. The normal duration of the course of in- 
struction (day classes) has been fixed at two years ; though 
a third-year course is also provided for those who desire it. 
The lowness of the fees and the directness of the several 
courses of instruction present special advan to those 
young men who are not in a position to afford prolonged 
courses of technical training. The courses of instruction 
in the laboratories, workshops, lecture-rooms, and studios, 
are laid out solely with ths object of training the student 
in those matters which, as experience shows, will best fit 
him to become a competent worker and thinker in the 
career be has chosen. The College certificate is awarded 
to those students only who have satisfactorily completed 
a course of at least two years; its award depends largely 
-— the extent to which the student has taken advantage 
of the labontory Wane, entrance examination 
(English and mathematics alone) is a one-day examination, 
notgeng beyond the usual requirements of matriculation 
in those topics. The matriculation, or equivalent school- 
leaving examination, of any British university is accepted 
in lieu as quali for entrance. For those students 
who enter after serving an apprenticeship a 
preferential treatment is accorded by the examiners at 
the entrance examination. 





NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 

Glasgow ot rps Market.—Last Thursday morning the 
pig-iron market opened with a firmer tone, and a fairly 
business of 900 tons of Cleveland warrants was put 
through at 54%. 104d. cash, 55s. 6d. twenty-two days, 
55s. 9d. and 55s. one month, 563. August 6 and 26, 55s. 6d. 
September 5, and at 56s. and 55s. 6d. three months, 
Closing sellers quoted 54s. 9d. cash, 55s. 1d. one month, 
and 55s. 7d. three months. Sellers of hematite quoted 
75s. cash. The afternoon session was quiet, but Cleve. 
land warrants continued firm. The turnover was 25300 
tons at 55s. 1d. one month, and from 55s. 6d. to 55s, 8d. 
three months, and sellers’ closing prices were 54s. 104d. 
cash, 55s. 2d. one month, and 55s. 9d. three months, 
On Friday morning an upward movement commenced, 
and Cleveland warrants advanced sharply, the dealings 
amounting to 2500 tons at 55s. 3d. cash, 55s. 6d, 
one month, and 5ts. 3d. three months. At the close 
the quotations were 55s. 4d. cash, 553. 74d. one month, 
and 56s. 44d. three months. In the afternoon Cleve. 
land warrants were again stronger, and 2000 tons 
changed hands at 55s. 74d. cash, 563. one month, 
56s. 1d. August 5, and 56s. 44d. three months. Closin 
sellers quoted 55s. 9d. cash, 56s. 14d. one month, an 
56s. 7d. three months. On Monday morning the market 
was in strong and 8000 tons of Cleveland warrants 
were dealt in at from 56s. 6d. to 563. 9d. cash, 56s. 6d. 
to 56s. 74d. ten days, 56s. 10d. twenty-four days, 563. 11d. 
twenty-five days, at 56s. 10d., 56s. 11d., and 56s. 10d. one 
month, and 57s. 9d. three months. The closing prices 
were called 56s. 9d. cash, 57s. one month, and 57s. 74d. 
three months. An easier tone prevailed in the after. 
noon, when 4000 tons of Cleveland warrants were dune at 
56s. 3d. cash, 56s. 44d. eleven days, 56s. 9d. and 56s. 8d. 
one month, 57s. August 26, and 57s. 3d. three months. 
Sellers’ closing quotations were 56s. 3d. cash, 56s. 74d. 
one month, and 57s. 3d. three months. On Tuesday 
morning Cleveland warrants declined further, and the 
business consisted of 4500 tons at 56s. cash, 56s, 
and 56s. 4d. one month, and 56s. 103d. and 57s. three 
months. At the close sellers quoted 56s. 1d. cash, 
56s. 44d. one month, and 57s. 14d. three months. The 
afternoon session was dull, and Cleveland warrants 
fell away again. The turnover was 3000 tons at 
56s. 2d. and 56s. one month, and from 56s. 7d. to 
56s. 44d. September 10, with ssllers over at 55s. 9d. 
56s. one month, and 56s. 7d. three months. 
When the market opened to-day (Wednesday) a weak 
tone prevailed, and Cleveland warrants declined from 
84d. to 1ld. The dealings were 3500 tons at 55s. and 
54s. 104d. cash, 55s. 6d. and 55s. 3d. one month, and 
55s. 103d. three months, with closing sellers at 54s. 10d. 
cash, 55s. ld. one month, and 55s. 104d. three months. 
In the afternoon the market was steadier, and 1500 tons 
of Cleveland warrants were done at 54s. 104d. and 5ts. 
cash, and the session closed with sellers at 55s. 1d. cash, 

55s. 44d. one month, and 56s. 1d. three months. 


Sulphate of Ammonia.—With a very poor demand, 
sulphate of ammonia has again declined, and the current 
price is now 12, 183. 9d. per ton, Glasgow or Leith. 
Chis figure marks a fall of 32s. 6d. per ton since the 
beginning of the year. 


Scotch Steel Trade.—In the Scotch steel trade there is 
little movement at present, as local orders continue ver 
searce and the foreigner is competing very keenly bot 
for home and export requirements. Contracts on hand 
are sufficient to ensure steady running of the mills for the 
next few weeks, but it is the outlook after the Glasgow 
district Fair holidays which is causing producers some 
thought. The demand for structural steel is very fair, 
and some respectable shipment lots have recently been 
secured, but biack-sheet makers are complaining about 
the very poor demand existing at present. They have 
eased prices by half-a-crown per ton, in the hope of 
inducing some improvement. A similar reduction has 
been made in the price of galvanised sheets, for which the 
inquiry is very limited, but in this branch of industry the 
output has been rather ahead of demand for some time, 
with the result that there has been a sort of glut in the 
market. The following are the official quotations :— 
Ship-plates, 8/. 7s. 6d. per ton; boiler-plates, 9/. 2s. 6d. 
per ton ; angles, 8/. per ton; and bars, 9/. per ton—all 
less 5 per cent., delivered Clyde or equal. Sheets (7 to 
11 bg), 8 17s. 6d. per ton—less 5 per cent. ex-Glasgow 
warehouse, and 12/. 2s. 6d. per ton for sheets (galvanised 
corrugated 24 b.g.)—less 24 per cent. delivered Clyde or 
equal. 

Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland have no need to be envied at the 
present time, as they are finding conditions very much 
against them, and their innings is still in the future. The 
importation of hoops and strips continues, and is telling 
severely against the local makers. The reduction in price 
which took place lately, making ‘“‘crown” bars 8/. 2s. 6d. 
per has scarcely had any beneficial effect as yet, but 
it is hoped that some improvement in demand may follow 
on an early date. 


Scotch Pig-Iron Trade.—Steady conditions continue to 
prevail in the Scotch pig-iron trade, although a larger 
demand for the ordinary qualities might be acceptable. 
Contracts on hand are absorbing a heavy tonnage, ship- 
ments alone being responsible for large deliveries. Hema- 
tite is weak, and the price is round 81s. per ton, but 
deliveries against contract to the local steel works are on & 
— scale. The following are the market quotations for 

ers’ (No. 1) iron:—Clyde, 77s. ; Calder, Gartsherrie, 
Summerlee, and loan, 77s. 6d. (all shipped at a. 

At Gl ock (at Ardrossan), 778. 6d.; Shotts (a 
Feit ), 77s. ; and Carron (at Grangemouth), 78s. 
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NOTES FROM SOUTH YORKSHIRE. 
SuHErFrietD, Wednesday. 

Messrs. John Brown and Co.’s Report.—There are 
various interesting features about the annual report, in 
issued, of Messrs. John Brown and Co., Limited. e 
directors state that the output of the Sheffield works has 
been satisfactory, and valuable additions to plant have 
been made in the forging-press department. There are 
clear indications of the new conditions affecting industry, 
in the way of legislation and labour troubles. @ report 
states that the costs of working, in the colliery egos. 
are exceedingly high, and a in regard to their ship- 
building work, the directors say ‘‘It is to be regretted, how- 
ever, that owing to the irregular working of some of the 
classes of men ongioged the costs of construction have been 
abnormally high.” The company have received an order 
at Clydebank from-the Government for the ——T 
Barham. The battle-cruiser Australia has been completed, 
and fair progress is being made with H.M.S. Tiger and 
other vessels in course of construction. The Coventry 
Ordnance Works have suffered from want ot orders, and 
the financial results have been disappointing. One of 
the most significant items is the recommendation to 
appropriate 50,000/. in reduction of capital expenditure. 

here may be some feeling that this sum should have 

ne to swell the dividend, but heavy expenditure has 
Geen incurred during the year that has to be met from 
some source. The gross profit, it may be mentioned, is 
about 50,0002. more than the previous year, which has 
been the record since 1900, so that the extent of the 
improved trade is easily measurable. 


South Yorkshire Coal Trade.—The general market 
position does not show much change, and there is a 
decided quietness in house coal, especially the best 
qualities. Cheaper sorts are taken freely on industrial 
account, and the gas companies are still receiving con- 
siderable supplies. Most of the house-coal pits are 
working five days a week, and with the additional output 
from the new collieries around Doncaster there is a 
surplus of coal in the market, and pits are accumulating 
stocks. Steam fuel has not in such good demand 
either for the home or the export trade, and buyers are 
slow in fixing up new contracts. Coke remains quiet. 
Quotations :—Best branch hand-picked, 14s. to 165s. ; 
Barnsley best Silkstone, 12s. to 13s.; Derbyshire best 
brights, 11s. 6d. to 12s. 6d. ; Derbyshire house, 10s. 6d. 
to lls. 6d. ; best large nuts, 10s. 6d. to 11s. 6d.; small 
nuts, 9s. to 10s.; Yorkshire hards, 12s. to 13s. ; Derby- 
shire hards, 11s. to 12s. ; rough slacks, 7s. 6d. to 8s. 6d. ; 
seconds, 6s. 6d. to 8s. ; smalls, 4s. to 6s. 6d. 


Tron and Steel.—The expected decline in iron prices 
has come at last, and a marked drop has taken place all 
round. The pressure has been toostrong for makers, and 
in hematites a reduction of about 5s. has taken ed 
both East and West Coast sorts being affected. me 
East Coast lots have changed hands locally at 83s. 
Derbyshire common irons are again weaker, and for 
Lincolnshire qualities merchants are prepared to accept 
as much as 4s. below makers’ quotations. The price of 
billets is now expected to drop in sympathy, and users with 
expiring contracts are waiting for this before renewing. 
Plenty of cheap foreign billets are to be had. Swedish 
iron and steel is being consumed in large quantities. 
Iron supplies, generally, are more satisfactory, and this 
is conllines local manufacturers better to cope with 
orders. There does not oe to be any real ground 
for fears that the period o trade in Sheffield is 
nearing its limit. The distur condition of the iron 
market has created a somewhat unsettled feeling, but all 
the principal branches of local industry have a good out- 
look. The heavy foundries and the forges, for example, 
are exceedingly busy, and receiving good forward con- 
tracts. The demand for steel castings is quite excep- 
tional. Armour-plate, guns, marine forgings, &c., are 
being turned out in very large quantities from the East 
End shops. There are substantial foreign and colonial 
orders for steel. Crucible-steel makers are doing well, 
and the —as manufacturers have plenty of work 
in hand. The output of tools is well maintained. 





Tue Copper Market.—In their review, dated the 
16th inst., Messrs. James Lewis and state that 
the market for copper had been under the influence of 
the financial depression et in both Europe and 
the United States, accompanied by a very serious fall 
in the value of all securities, and consequent heavy losses 
to investors and speculators. From 67/. 2s. 6d. for cash 
on the 2nd inst. Standard copper fell to 657. 2s. 6d. on the 
llth, three months’ prompt selling at the same price. 
On the 13th, with an improvement in the financial posi- 
tion and Stock Exchanges, cash advanced to 66/. 2s. 6d., 
and three months to 66/. 5s., but subsequently lost 5s. 
of this advance. The closing values on the 16th were 
65/. 17s. 6d. cash, and 66/. three months. Sales amounted 
to about 20.C00 tons. In refined copper sales had been 
very limited, the larger producers still holding for 73/. 10s. 
per ton c.i.f., any demand there had been being supplied 
from other sources down to 69/. 10s. The American 
refiners’ returns for the month of May proved less favour- 
able than was generally anticipated, the reduction in 
their stocks being only 3605 tons, notwithstanding excep- 
ere | large deliveries for home consumption. Ship- 
ments from the United States for the first four months of 


this year were 47,379 tons to Germany, and 28,907 tons 
to Holland—together 76,286 tons, egainst 59,353 tons in 
1912. The German imports for this period were returned 
as 61,312 tons in 1913, and 62,093 tons in 1912. This 
showed a disparity this year of 14,974 tons between the 
United States exports and the German imports. The 
American exports for the past fortnight were 14,324 tons. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.essRroueH, Wednesday. 
The Cleveland Iron Trade.— After settling down to a 
steady trade, after the recent disturbing influences, the 
market has again been upset by movements in warrants. 
Genuine traders are once more holding off, and this 


must be expected to continue so long as the warrant | has 


market is erratic. Values of Cleveland pig are once 
more moving downward, and, as is usually the case in 
a falling market, buyers are not coming forward. The 
opening price of Middlesbrough warrants this week 
was 56s. 47 cash buyers, and to-night Sap ie ed 
they close 54s. 11d. cash buyers. Makers of Clevelan 
pig will not sell at current rates. Merchants quote 
o. 3 g.m.b. Cleveland pig at 56s. f.o.b.; No. 1 at 
58s. 6d. to 58s. 9d.; No. 4 foundry, 55s. 6d.; No. 4 
forge 55s., and mottled and white iron each 54s. 6d.—all 
for early delivery. East Coast hematite pig is dull and 
neglected, but is dear compared to values of Cleveland 
pig iron. Though the figure might possibly be shaded, 
77s. is generally named for both early and forward 
delivery of Nos. 1, 2, and 3, which is 21s. above the price 
of No. 3 Cleveland, whereas the difference used to be 8s. 
to 10s. There is very little doing in foreign ore. Sellers 
adhere to quotations on the basis of 20s. ex-ship Tees for 
Rubio of 50 per cent. quality, but perhaps purchases 
could be made on slightly lower terms. Coke is steadily 


falling. Average blast-furnace kinds are now obtainable | ¥ 


at 19s. 6d. delivered at Tees-side works, and many con- 
sumers consider the quotation still too high. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
pig iron in the public warrant stores are mea ey 
drawn upon. The withdrawals to date this month ave 
1000 tons per working day. The stock held now stands 
at 225,865 tons, or 13,962 tons less than at the beginning 
of the month. Shipments of pig iron from the Tees 
ports fall short of expectations. To date this month they 
average 3188 tons per working day, the total despatches 
being returned at 44,633 tons, 38,731 tons of which have 
gone from Middlesbrough and 3188 tons from Skinnin- 
grove. To the same date last month the total loadings of 
pig amounted to 51,908 tons, or a daily average of 3678 
tons, and for the pone y ye of June last year the 
clearances of pig reached 68, tons, or an average of 
4904 tons per working day. 


Manufactured Iron and Steel.—Little new can be 
reported of the various branches of the finished iron and 
steel industries. Manufacturers are kept busily employed 
on contracts, but at present orders are scarce. A little 
buying is reported, but generally, for the time being, 
purchasers act with much caution. On the other hand, 
producers are not particularly pressing sales, and are not 
disposed to lower quotations until further reductions are 
made in coal prices. Common iron bars are 8. 15s. ; 
best bars, 9/. 2s. 6d.; best best bars, 9. 10s. ; packing 
iron, 67. 15s.; iron ship-plates, 7/. 15s.; iron ship-angles, 
8l. 15s. ; iron boiler-plates, 8/. 17s. 6d. ; steel bars (basic), 
81.; steel bars (Siemens), 8/. 10s.; steel ship-plates, 87. 5s. ; 
steel ship-angles, 7/. 17s. 6d. ; steel boiler-plates, 9/. 5s. ; 
steel == ; steel hoops, 8/. 2s. 6d. ; and steel joists, 
7l. 7s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron columns are 7/. 7s. 6d. ; cast-iron railway chairs, 
41. 15s. ; light iron rails, 71. to 7/. 5s.; heavy steel rails, 
61. 12s. 6d. to 61. 15s. ; and steel railway 7l. 10s. 
—all net at works. Iron and steel galvanised corruga 
sheets, 24 gauge, in bundles, stand at 11/. 15s. f.o.b.—less 
the usual 4 per cent. 





Tue Roya Society or Arts.—This Society held its 
annual conversazione at the Natural History Museum, 
South Kensington, on Tuesday, the 17th inst., when the 
visitors found an interesting evening arranged for. 
Besides the exhibits of natural history, prehistoric and 
otherwise, an excellent programme of music was provided 
by the Smallwood Metcalfe Choir, the string ds of 
the Royal Artillery and of the University of London 
Officers’ Training Corps. 


Tuer British ENGINgERS’ AssociaTion.—The fifth pro- 
vincial meeting of the British Engineers’ Association was 
held at 200, Buchanan-street, Glasgow, on June 12; Mr. 
T. Cuthbert Stewart (Stewarts and Lloyds) was in the 
chair. Captain Fitz Hugh, the Association’s Chief Com- 
missioner, dealt with the of events in China 
and pointed out how it was Coend to become a huge 
market for engineering plant. During the last twelve 
years China had constructed 5000 miles of railway, 
and soon there would be an enormous market for 
railway material. Professor Smith dealt with the 
technical educational problem. When he was sent 
out to China to take charge of and open the Engi- 
neering Department of the Hong Kong University, 
he was firmly convinced that British engineering in- 
terests were paramount in China. He was astound 
to find that there was a general impression that 
British influence was on the wane, and more astonished 
still to find that British residents in ina were not 
slow to admit that allegation. When they heard that 
the British Engineers’ Association had started 
they were enthusiastic at the idea that our manu- 
facturing engineers were becoming alive to the trade 
possibilities of the country. It was essential that the 
prestige of British engineering and ey ay! should be 
upheld in the eyes of the Chinese, and the 
Dalvenite, purely a British instituti 
Chinese subscribed largely to the funds, was there to 
—pg the Chinese engineer of the future on British 
ines, 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has remained quiet, 
with an irregular tendency, buyers continuing to maintain 
a policy of reserve. Tonnage arrivals over the week-end 
were not so heavy as pe pO ents | had anticipated, and 
some of them unre mace on oa _ 

pit sto ) mi steam 
made 20s. ¢ to 21s.; best «An Ann 19s, 3d. 
to 19s. 9d.; other secondary qualities, 18s. to 19s.; best 
bunker smalls, 10s. to 10s. 6d.; and smalls, 95. bo 
10s. ton. The best household coal fas been quoted 
at 1 to 20s., and good households at 17s. to 18s. ; 
.; and smalls at 
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ton. Special fou 
Soumdcy ecken, ie. to $00; ond fernade coke, 22s. to 
ton. As regards iron ore, Rubio has made 193. 6d. 
to per ton, upon a basis of 50 per cent. ot 
Serge, including freight, insurance, &c., to iff or 
ewport. 


The Ebbw Vale.—The profit realised by the Ebbw Vale 
Steel, Iron and Coal mpany, Limited, comes out 
as follows for the past eight years :—1905-6, 91,043J. ; 
1906-7, 170,4441.; 1907-%, 170, .; 1908-9, 86, 3 
1909-10, 90,0397. ; 1910-11, 59,2227. ; 1911-12, 78,7300. ; and 
1912-13, 184,1082. The dividends paid for the eight 
ears were :—1908-9 and 1910-11, 24 per cent. per annum; 
1911-12, 3 per cent. per annum ; 1905-6 and 1909-10, 5 per 
cent. per annum ; and 1906-7, 1907-8 and 1912-13, 10 per 
cent, per annum. 


Coal-Mining Profits.—In response to an inquiry from 
Mr. T. Richards, a Labour Member, Mr. Masterman, 
Parliamentary tary to the Treasury, states that 
the assessable profits arising from coal mines in Glamor- 
ganshire, Carmarthenshire, Pembrokeshire, and Brecon- 
shire were 3,931,558. in 1911-12, as compared with 
aaa in 1910-11, 3,566,1262. in 1909-10, and 2,834, 503/. 
in 1908-9. 


Tredegar.—Notwithstanding an increase in the cost of 
roduction arising from the minimum wage, the National 
nsurance Act, and the Mines Act, and advances in 

wages and all descriptions of stores and materials, there 
was a substantial ny last year in the profits of the 
Tredegar Iron and Coal Company. The coal trade con- 
tinued in a satisfactory condition, prices appreciab] 

advanced, and the pros of the current year are 5 
The output of the Tredegar collieries, exclusive of Oak- 
dale and Markham, was 1,678,943 tons, and the produc- 
tion of coke was 70,569 tons. In October the output of 
the Oakdale pits reached a profitable level, and the work 
ing has since shown an improved result. The profits of 
these pits for the year, however, have been applied in 
reduction of certain items in a suspense account. The 
aggregate output of the collieries last year was 343,924 
tons. Good progress been made with the Oakdale 
Model Village, anda subsidiary company is being formed 
to build additional houses, and a hotel to be conducted 
on the same lines as the company’s hotel at Abertyesweg. 
The first of the stesxm-coal seams at the Markham col- 
lieries was proved in December, and the Big Vein, Yard, 
and Rhaslas seams have since been proved. Coal is bein 

raised from the North pit, and sinking is being continue 

in the South pit to the old coal. The winning of these 


ted | seams increases the area of the company’s coal, including 


the old Tredegar collieries, to 14 sq. miles. 


Rhymney Iron Company.—The annual meeting of this 
me was held on Monday, the 16th inst., Mr. J. Varley 
in the chair. A dividend was declared for the past year 
at the rate of 4 per cent. per annum. 


Dowlais.—The Dowlais works have been fully em- 
ployed ; the Bessemer and Siemens blast-furnaces have 
son say a large tonnage of crude metal. The Goat Mill 

as also turned out a quantity of heavy rails, blooms, 
slabs, and tin-bar, the sleeper- has had a large 
production of steel sleepers. The Big Mill has been 
occupied with light sections of colliery and siding rails, 
angles, curves, sole-plates, fish-plates, &c. 





Tue Royat Sanrraky Instrrute.—This Institute has 
issued a preliminary programme of their twenty-eighth 
congress, which is to be held at Exeter from July 5 to 12, 
under the | agrees of the Right Hon. Earl Fortescue, 
K.C.B. The proceedings will as follow :—Saturday, 
July 5, at 3 p.m.—Opening of the Health Exhibition in 
the Victoria Hall, by the ond of Exeter (Mr. H. W. 
Michelmore). Sunday, July 6.—Special services in the 
Cathedral and other churches. onday, July 7, at 
1 p.m.—Reception of members and d tesin the Guild- 
hall by the Mayor. At 130 p.m.—Public luncheon in the 
Rougemont Hotel, when the Mayor will occupy the chair. 
At 8 p.m.—Inaugural address to the in the 


gu 
led | Barnfield Hall, by the Right Hon. Earl Fortescue, K.C.B. 


Tuesday, A A —— 7.30 p.m.—Popular lecture in the 
Barnfield Hall, by the Hon. Sir John McCall, M.D., 
LL.D.(Agent-General for Tasmania)on ‘‘ Imported Foods, 
from a Colonial Point of View.” 
8.30 p.m.—Conversazi and Reception in the Royal 
Albert Memoria], at the invitation of the Mayor and 
Mayoress of Exeter. Thursday, July 10, at 8 p.m.— 
Lecture to the Con in the Barnfield Hall, by Sir 
William J. Collins, D.L., J.P., M.8., M.D., F.R.C.S8., 





ong | on ‘‘ The Chadwick School of Thought: An Appeal from 


the New Sanitarians to the Old.” Friday, July 11, at 
7.30 p.m.—Congress dinner in t Hotel. 
About sixty papers will be brought f 

under the various sections. 


for discussion 
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TRIPLE STEELYARD COMBINED RAILWAY WEIGHBRIDGE. 
CONSTRUCTED BY MESSRS. W. AND T. AVERY, LIMITED, BIRMINGHAM. 
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We. illustrate herewith a type of a 
patented and constructed by Messrs. W. and T. Avery, 
Limited, Soho Foundry, Birmingham, by which the 
loads of two small railway trucks may be weighed 
separately and simultaneously, or the load of one ge 
bogie wagon taken. This type of machine pe f 
facilitates weighing operations, being capable of deal- 
ing with trucks of different types in a train made up of 
miscellaneous stock, while the construction is strong 
enough to enable a 50-ton locomotive to pass over the 
tables without harm resulting. With a machine of 
this type it is thus possible to weigh trains without 
uncoupling, thus materially expediting yard opera- 
tions. This pattern of machine was recently the subject 
of litigation, the validity of Messrs. Avery’s patent 
covering it being upheld. 

The firm have recently supplied a weighbridge on 
this principle to the Great Western Railway, but 
with three tables instead of two, as in that illustrated 
above. The Great Western Railway machine has one 
table 24ft. long, capable of weighing loads up to60 tons, 
or taking a rolling load of 80 tons. The second table 
is 20 ft. long, me ¢ will weigh loads up to 60 tons, or 
take a similar rolling load ; while the third table is 
14 ft. long, and will take loads up to 40 tons, or a 
rolling load of similar amount. In this case all three 
weighbridges may be used separately, or all three, or 
any two, may be used together. The over-all length in 
this case is 66 ft., and the total capacity of the machine 
is 160 tons, from which it will be seen that a large 
variety of vehicles can be accommodated by it. 

The machine we illustrate is a great deal smaller, 
having two 14-ft. tables, each of a capacity of 20 tons, 
or in combination 40 tons. The steelyards are of the 
ticket-printing type, and are arranged to print both 
the gross and tare weights upon the same ticket. 





Great Nortu or Scorianp’ Rartway.—This railway 
has issued a series of booklets giving detailed informa- 
tion upon the districts served by its system, with maps 
showing alternative tours. They are illustrated and 
contain interesting descriptions of a large number of 
mountain and seaside resorts in Scotland. 


Tue British Frre- Prevention Committee: Rep 
Book No. 178.—A report of the British Fire-Preven- 
tion Committee, which has recently appeared, relates to 
rier aed tn cxeetanenttd penmnten, to toe 
which were constru ‘or experimental purposes, e 
design of Commandant Walsch, ex-Chief Officer of the 
Ghent Fire Brigade, and chairman of the Belgian Tech- 
nical Committee on Fire Protection. The following is a 
brief description of the doors:—No. 1 was a door with 
T-iron rim and expanded metal and flat iron reinforce- 
ment, filled in with concrete and hung on runners and 
made to slide, fixed on the inside of the o ng. No. 2 
was a door with T-iron rim and ex metal and flat 
iron reinforcement, filled in with concrete, hung on 
runners, and made to slide, fixed on the inside of an 
opening. No. 3, a set of two doors, as above described, 

opposite to each other, 14 in. apart, one on the 
outside and one on the insi an o 





of pening. The 

object of the tests was to find out the effect of a fire of 
150 minutes’ duration ata temperature gradually increas- 
ing to 1800 deg. Fahr. (982.2 deg. Cent.) and not exceeding 
deg. Fahr. (1093.3 deg Cent.) followed by the appli- 
cation of water for two minutes on the fire side, with 
view of the doors being classified as affording ‘‘full protec- 
tion Class A.” The double doors were tested for four hours 
at similar temperatures as the single doors, water being 
applied at the end of the test. The results of the tests 
owed that the doors should prove valuable when some 


minor defects have been remedied. The idea of con- | per 


structing concrete doors is, of course, not new, yet the 
use of such doors has been — exceptional. © is, 
however, no reason wh ey should not come into 

The onal amount of heat radiation 
from them is an important factor in their favour. 
understand that a limited number of copies of the report 
can be obtained by the public from the Secretary of the 
British Fire-Prevention Committee, 8, Waterloo-place, 
London, 8.W. Price 3s. 6d. 


the — 


We | tons 





_‘* PowreR Matrers 1n TextTiLz Miits.”—This is the 
title of an interesting paper read by Mr. F. W. Dean, 
before the National Association of Cotton Manufacturers, 
at the ninety-fourth meeting, held at Hunti m Hall, 
Boston, , on April 23 and 24 last. e author 
reviewed the question under its various aspects. He 
found, speaking generally, that the advantages of elec- 
—, were such that it was probable it would be uni- 
versally resorted to for power in driving textile mills. It 
permitted a central steam plant to be used under all cir- 
cumstances ; this added toefficiency, and led to minimum 

} kinds, y in an “ overgrown” mill 
now having several steam plants. The prime movers in 
the near future would be steam-turbines operated by 
superheated steam at a relatively high pressure. Mr. 

Dean stated that he was a strong advocate of fire-tube 
boilers ; they were more economical, more easily cleaned, 
and safer than water-tube boilers. In regard to the 
purchase of power from outside central stations, he had 
ti oer the point, and had invariably found that it 
was advantageous for mills to produce their own power 
rather than to purchase power from an outside source ; 
this was more particularly the case still for mills where 
a considerable amount of steam was used, and ially 
where exhaust steam could be utilised for dyeing, starting, 
heating, and so forth. 


British Coat Exports.—The exports of coal from the 
United Kingdom in April were 6,350,869 tons, as com- 
pared with 1,494,571 tons in April, 1912, and 4,847,881 
in April, 1911. These totals were increased to 6,505,214 
tons, 1,527,508 tons and 5,030,570 tons respectively by the 
addition of shipments of coke and patent fuel, The 

te ae in the four months ended April 30 
were 53, 589, 8 tons, as compared with 13,967,643 tons in 
the corresponding period of 1912, and 20,049,233 tons in 
the ing period of 1911, these totals being 
increased by the addition of coke and patent fuel to 
24,633,615 tons, 14,651,035 tons and 20,908,839 tons res- 
pectively. In the first four months of this year coal was 
for the use of steamers engaged in foreign trade 
extent of 6,747,177 tons, as compared with 
4,893,370 tons and 6,169,010 tons in the corresponding 
periods of 1912 and 1911 respectively. In one form or 
another, accordingly, coal has left the shores of the 
United Kingdom this year at the rate of 94,142,376 tons 
annum, as compared with 58,633,215 tons per annum, 
and 81,233,547 tons per annum in the corresponding 

ods of the two previous years. Shipments to the 
ollowing countries exceeded 1,000,000 tons to April 30 
this year :—Sweden, 1,322,657 tons; Denmark, 1,053,446 

; Germany, 2,682,872 tons; France, 4,352,416 
tons ; Italy, 3,222,576 tons; Egypt, 1,092,081 tons; and 
Argentina, 1,258,061 tons. The ex to France showed 
a substantial increase this year. In the early months of 
1911 exports were temporarily reduced by labour troubles. 
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“To THE ConTINENT.”—We have received a copy of a 
booklet entitled ‘‘To the Continent,” which gives in- 
teresting illustrated accounts of the facilities afforded 
for journeys to the Continent via Harwich. This can 
obtained free by sending a tceard to the Continental 

r. Great Eastern ilway, Liverpool - street 
Station, E.C. 


Tue INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—The summer meeting of the above society 
will be held this year at Harrogate, the proceedings being 
opened on Tuesday morning, June 24, at 9.30 a.m., bya 
reception of the members by the Mayor and Corporation. 
At the Fo agua meeting immediately following, Mr. 
W. W. Nobbs will read a paper on ‘‘ Suggestions in Con- 
nection with the Construction of, and the Warming, 
Ventilating, Lighting, and Water-Supply Appliances 
for, an Operating-Room for a General Hospital of 400 

8.” A paper on “Catching Cold,” by Mr. Kenneth 
Gray, vice-president of the Institution, will be next 
taken. An interesting series of visits and excursions 
have been arranged for, and the annual banquet will be 
held in the evening. 


EXPLOSION OF NITROLIM ON BoarD Suip.—On the night 
of January 16 last an explosion of nitrolim occurred on 
board the steamer Sebenico, a boat of 300 tons displace- 
ment, which had arrived that evening from Dalmatia, 
and was moored to a mole in the port of Trieste. Two 
men were killed and several others injured; the boom 
was dislodged, deck-plates } in. in thickness were torn 
up, the funnel and captain’s bridge were damaged, a 4-ton 
steam-winch was hurled overboard, the bows were blown 
out, and windows were broken on shore 300 yards from 
the spot. The inquiry, according to the Oesterreichische 
Wochenschrift fiir den Baudienst, brought out the fact 
that 40 tons of nitrolim had been stored in sacks in 
the fore hold, which was only roughly covered with 
sail-cloth and boards, so that water could gain access 
toit. The sacks occupied about a third of the room in 
the hold, the rest being unoccupied. Nitrolim is sold 
in two grades. The fertiliser must not contain any cal- 
cium carbide, but the commercial product for chemical 
pu s may contain up to 8 per cent. of carbide besides 
the calcium cyanamide, which is the chief constituent of 
nitrolim. The Sebenico cargo comprised both these pro- 
ducts. During a heavy gale water splashed over the 
boat, and acetylene been generated, which mixed 
with the air in the hold. This mixture apparently be- 
came ignited by one of the victims throwing away 4 
lighted match. The Austrian authorities have since 
decided that nitrolim may only be shipped in sacks if 
guaranteed free from calcium carbide; if not free from 
carbide, it may be shipped only in the sealed tins used for 
carbide; in any case the holds must be well ventilated 
and otherwise treated as if explosives were being carried. 
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QUADRUPLE-SCREW HAMBURG-AMERIKA LINER “IMPERATOR.” | 
CONSTRUCTED BY THE VULCAN-WERKE, SHIPBUILDERS AND ENGINEERS, HAMBURG. | 


(For Description, see Page 827.) 
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CONSTRUCTED BY THE VULCAN-WERKE, SHIPBUILDERS AND ENGINEERS, HAMBURG. 


(For Description, see Page 827.) 
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THE QUADRUPLE-SCREW HAMBURG-AMERIKA LINER “IMPERATOR.” 
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MACHINE FOR MOULDING SHALLOW WORK IN FLASKS. 
CONSTRUCTED BY THE SOCIETE ANONYME DES ETABLISSEMENTS PH. BONVILLAIN ET E. RONCERAY, PARIS. 


(For Description, see. Page 850.) 
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MACHINE FOR MOULDING SHALLOW WORK IN MOTTES. | 


CONSTRUCTED BY THE SOCIETE ANONYME DES ETABLISSEMENTS PH. BONVILLAIN ET E. RONCERAY, PARIS. 


(For Description, see Page 850.) 
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ENGINEERING. 


FRIDAY, JUNE 20, 1913. 

















—== 


THE CRUISING ELEMENT IN 
WARSHIP MACHINERY. 


One of the ever-recurring problems in connec- 
tion with the design of warship machinery has 
reference to the attainment of the maximum radius 
of action, especially at cruising speed, for a given 
supply of fuel. It is an old adage that wars are 
made up of six months’ marching and one day’s 
fighting, and thus battles on land are often won 
by the shoemaker. So also with sea fighting: 
warships may cruise for days in search of the 
enemy, and when the crucial moment arises victory 
may very largely depend upon the amount of fuel 
remaining in the ships of the squadron, in order 
that the highest = desired by the tactician 
may be realised. This applies particularly to the 
torpedo-boat destroyer and the scout-cruiser, and 
consequently a keen interest is being taken at the 

resent time in several alternative methods of 
improving economy at low power. 

t has been the practice to assume that the diffi- 
culty only arose with the adoption of the steam- 
turbine. It is well known t its economy is 
largely due to the blade speed opneneiies to a 
definite ratio of the velocity of the steam, and that 
with a reduction in the number of revolutions the 
economy falls off. But even with the reciprocating 
engine the designer was beset with difficulties to 
achieve economy at great ranges in speed, and the 
proportions of the multiple-expansion cylinders 
were arranged, in some cases, to give a greater 
economy at lower rates than at full power. With 
the advent of the turbine the desire for higher 
speed was whetted, because of the great potentialities 
of the turbine in this direction, and for a time there 
may have been some disposition not fully to strive 
for the desideratum of a great radius of action at 
cruising speed. Experience has shown that economy 
is sometimes assisted by the introduction of the 
impulse-wheel, with multiple nozzles, to vary the 
volume of the steam passing through the turbine 
and the power to be developed, by cutting out 
nozzles instead of by throttling down. Again, 
separate turbines have been added to the ordinary 
full-power installation, so that the blade speed of 
the separate turbine may meet requirements and 
the range of - nsion be increased by the use 
of the steam in these turbines before passing into 
the ordinary high. -pressure machine of the full- 
power installations. This also increased the economy 
at low powers, but there is the disadvantage that 
weight has to be carried which is of no value when 
running at full speed. This additional weight in 
machinery, however, bore a small proportion to the 
total saving in the weight of fuel ior a given radius 


———=== 





844} Of action at cruising speed, and the practice will 


probably be extensively adopted. 
The increasing reliability of the oil-engine has 
suggested its adoption instead of the cruising 


5! turbine, because its consumption of fuel is very 


considerably less. In the case of two destroyers 
being built by Messrs. Yarrow such an application 
is probably reduced to its most simple form. The 


9 | internal-combustion engines are to be of the non- 


reversible type. 5S is transmitted to the 
shaft through a Fottinger hydraulic transmitting 
—_ by which the rate of revolution or the direc- 
tion may be varied at will. The shaft —— by 
* | the internal-combustion engine passes through the 
hollow shaft of the steam-turbine, being con- 
nected abaft it to the propeller-shaft by means of a 
clutch. Thus at cruising speed, with the oil-engine 
in action, the turbine need not rotate, so that no 
vacuum n be maintained in the condenser. 


These destroyers are similar to three very successful 
vessels—those of the Firedrake class—built by 
Messrs. Yarrow for the British. Navy, which have a 
length of 265 ft. and a aoe of 765 tons, 
and with which a s 


The installati 


of over 35 knots was 
on of the oil-engine for 








cruising, it is estimated, will give a radius of 
action of 700 sea-miles at full speed and of 8000 
sea-miles at half speed; but the maximum speed 
obtainable is reduced practically to the extent 
of 14 miles per hour, the weight of the machinery 
_ augmented by about 100 tons, equal to 

early 25 per cent., and the space occupied by 
15 per cent., involving an addition to length and 
displacement of the vessel. The problem thus 
becomes one for naval officers to decide : whether 
they prefer the radius of action increased for a 
given fuel supply, or to have the higher maximum 
speed with the less radius of action ; that is to say, 
is it worth a reduction of the full speed by 14 knots 
to secure four times the radius of action / 

There is, however, another serious objection 
from the tactical point of view. A warship is built 
to fight, and mabe ready to fight at any moment; 
every consideration, even iggy is subservient 
to this dominant requirement. If a destroyer is 
cruising in war time with an oil-engine, steam will 
require to be up in the boilers and the turbines 
kept heated, so that at the crucial moment the 
destroyer may, like a dog let loose from its leash, 
spring after the enemy. Thus the theoretical tactical 
advantage of the economy of the oil-engine for 
cruising may not be borne out in war practice, 
since the steam installation may not then be com- 
pletely out ef action. 

For the purpose of indicating the relative tactical 
advantages of various systems of cruising elements, 
we take first a typical present-day destroy er, fitted 
with the normal type of turbine machinery without 
a cruising turbine. Such a vessel might carry 
200 tons of oil fuel, which at a given cruising speed 
would enable her to have a radius of action equal 
to 2000 nautical miles. The maximum speed with 
the tanks full would be 32 knots, but as the 
200 tons of oil gradually became consumed in the 
boilers the speed would go up to 35 knots, and it 
would be possible, with 200 tons of oil, for the 
vessel to steam for twenty hours at the maximum 
speed. By adding an internal-combustion engine 
to achieve economy at cruising speed, the 200 tons 
of oil might give a radius of action, at the same 
cruising 8 , equal to 8000 nautical miles; but, 
because of the increase of weight of about 100 
tons involved in the internal-combustion engine, 
- maximum speed would be reduced 14 miles, 

to 30} knots. But there would be the same 
acceleration due tv the lighter load consequent 
upon the consumption of the oil, so that the 
maximum speed when the oil-tanks were nearly 
empty would be 33} knots. The time durin 
which full speed could be maintained would still 
be 20 hours. If, on the other hand, the 100 tons 
involved in fitting a Diesel engine were utilised 
to add to the oil-fuel supply in the destroyer 
with turbine machinery, the result would be 
a radius of action of 3000 miles instead of 8000 
miles, the maximum speed would not be affected 
when the tanks were full, being still 304 knots. 
The 300 tons of oil would enable the ship to travel 
for 30 hours instead of 20, and at the end of that 
time the maximum s' would be 35 knots, instead 
of 334 knots as in the case of the destroyer with 
the oil-engines. As already mentioned, it thus 
becomes very largely a question of the extent of 
cruising aimed at before possible action, or the 
distance between the base and the enemy’s fleet or 
frontier. 

We come now to a consideration of the effect 
when cruising turbines are fitted in addition to the 
main propelling turbines. The weight would be 
considerably less than in the case of the oil-engine, 
and for the same displacement it would be possible 
to have, in addition to the cruising turbine, about 
280 tons of oil fuel, instead of 200 tons with the 
Diesel engine. Thus the radius of action would 
bea little more than half that of the destroyer with 
internal-combustion engines for cruising—namely, 
4500 nautical miles. As the displacement would be 
the same, the maximum speed when the tanks were 
full would be the samo knots ; but when they 
were emptied it would be higher—34 knots ; while 
the time during which full speed could be maintained 
would be 28 hours. Were superheating to the 
extent of 100 deg. adopted for the cruising tur- 
bines, as seems very probable in the near future, the 
radius of action might be increased to 5000 sea- 
miles ; but, of course, this would not affect. the 
maximum speed or the period during which it could 
be maintained. 

The comparison, so far as the cruising turbine 
and cruising internal-combuation engine are con- 
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cerned, may thus be briefly stated. Assuming that 
the same weight is allowed in both destroyers, in 
the one case for the Diesel cruising engines, main 
Se turbines, and oil-fuel, and in the cther 
or cruising and main turbines and oil-fuel, and 
adopting 100 per cent. superheat, the radius of 
action would be 8000 miles in the former and 5000 
miles in the latter case. The maximum speed at | 
full load would be the same—30} knots; but the | 
Diesel-engine ship would only be able to run for 
20 hours at this maximum speed, equal to some- | 
thing like 640 nautical miles, the highest rate being 
334 knots; whereas the ship with all-turbine 
installation would be able to run for 28- hours at 
the maximum speed, covering 890 miles, and her 
speed at the ond of the run would be 34} knots. 
It seems, therefore, as if on balance the advan- 
tages were distinctly in favour of adopting the 
cruising turbine, and of using superheated steam ; 
because, although there is some loss in the radius of 
action at cruising speed, there is gain in the rate 
of 8 during a prolonged full-speed run, as well 
as the possibility of covering nearly 50 per cent. 
more ground at full speed. 

There are great developments possible with 
gearing, as some of the thermodynamic difficulties 
of running the turbines at low speed may be 
minimised, particularly as at full speed the rate of 
revolution can be very high without involving 
too great a speed for the propellers. At present 
there are being built vessels with gearing on all 
shafts, whereas in service there are vessels with 
gearing on the cruising turbine only. The results 
of the performance of such vessels will be watched 
with great interest, because they reflect on a problem 
which is important as well as fascinating. 





THE LONDON COUNTY COUNCIL 
TRAMWAYS. 

Tue report of the Highways Committee of the 
London County Council tramways, which was pre- 
sented on Tuesday last, is a peculiarly interestin 
document. It appears from the report that the tota 
capital invested in the undertaking is 12,927,925/., 
of which, fortunately, some three millions has now 
been extinguished by the sinking fund. The receipts 
during the financial year ended March 31 last 
amounted to 2,251,7291., and the working expenses 
to 1,512,6751., leaving a surplus on working of 
739,0531. The debt charges, interest, and sinking 
fund amounted to 730,6871 , leaving a balance of only 
4971. to be carried to the renewal fund, and nothing 
whatever to the ‘‘general reserve fund.” On a 
basis of #d. per mile run, the sum which should 
this year have been added to the renewals account 
was no less than 150,3091., so that the year’s 
accounts show actually a deficiency of nearly 
150,.000/., which must ultimately be made good. 

The total number of passengers carried amounted 
to 512,652,653, and the car-mileage to 53,943,104. 
Since 1907 there has been a steady diminution in 
the receipts per car-mile. In that year they 
amounted to 11 95d., and this figure fell steadily to 
10.98d. in 1912. During the year which ended 
March 31 last, however, this fall has been accen- 
tuated, the return having fallen to 9.73d. per car- 
mile. Amongst the causes contributing to this 
result, the Committee confess that many of the 
lines added during recent years have not been of a 
highly remunerative character, and it will be re- 
membered that the Traffic Department of the Board 
of Trade has pointed out that any further extension 
of thesystem must be effected under such unfavour- 
able conditions as to make financial success highly 
problematical, all the best routes being now 
adequately equipped. It is probable too that the 
electrification of portions of the London, Brighton, 
and South-Coast line may also have affected the 
receipts, though no allusion to this is made in 
the report of the Highways Committee, who 
apparently attribute practically the whole of the 
debeit to the greater efficiency of the recently 
developed motor-bus services, which offer the 
public advantages which it is impossible for tram- 
ways toafford. As was perhaps to be expected, 
the Committee is hardly ingenuous in dealing with 
the contributions to the public purse made respec- 
tively bythe trams and the omnibuses. They remark 
that the tramways have to pay rates and to pay for 
the repair of the noisy and objectionable stone-sett 

vement laid between and on each side of the 
ines ; but they take no note of the fact that their 





competitor has to & petrol tax, which, accord- 
ing to the Board of 1 Trade, amounts to 0.009d. per 


seat-mile, as against the total of 0.008d. per seat- 
mile which ia taken for public purposes from the 
receipts of the tramway speculation. The claim has 
been made that the London County Council should 
be the sole traffic authority for London, an arrange- 
ment which would involve the exercise of judicial 
functions. The fact that in its public reports the 
Council suppresses all mention of the fact that the 
omnibuses contribute relatively more to the public 
purse than do the tramways shows once again 
how very undesirable it is that popularly-elected 
bodies should possess other than merely executive 
powers. The Council also claim credit because their 
cars do not wear out the pavements for which they 
have to pay, but make no mention of the fact that 
their rails cause very serious loss to the public in 
the extra wear they occasion to other vehicles, and 
that their pavements are of a most objectionable 
character. Travellers inform us that London, in 
spite of its heavy traffic, is the least noisy of any 
of the great cities of Europe, but this character 
could not be maintained were the stone setts 
favoured by the tramways authority extended 
with the main thoroughfares of the Metropolis. 

In order to try and meet the motor-bus competi- 
tion it is proposed to — up the services, to make 
new junction lines, and to reduce fares. As regards 
speeding up, it would seem doubtful whether this 
can be done without scrapping most of the existing 
rolling-stock and replacing it by lighter vehicles, 
accommodating about half the number of pas- 
sengers now carried. Time is lost mainly in stops, 
and every additional nger carried increases 
both the likelihood of stops and their average 
duration, and one of the principal advantages of 
the omnibus lies in this fact. An absurd com- 
parison of the capabilities and relative obstructive- 
ness of the omnibus and tramway-car traffic was 
recently put forward by Sir John Benn. He pointed 
out that owing to the fact that the tram-cars accom- 
modated about double the number of passengers, 
many more omnibuses would be required to give seat- 
ing accommodation to a stated number of passengers, 
and, allowing for a certain headway between the 
vehicles, the omnibuses would occupy a much greater 
length of roadway. A man, however, does not 
board a vehicle with the primary object of securing 
a seat, but to get to his destination. He requires 
therefore a frequent service, otherwise it will pay 
him better to walk, if the distance be short, or to 
take a tube or train if the distance be greater. If 
the vehicles have great seating accommodation, they 
will be correspondingly less numerous and each 
stop will be longer. Further, the rate of gaining 
8 after a stop will in general be less the heavier 
the vehicle; and, as is well known, the prime 
essential for a reasonable speed in the operation of 
‘*stopping ” traffic is rapid acceleration rather than 
the capability of a very high maximum speed. A 
general use of trailers would therefore greatly 
diminish the efficiency of the service. 

Sir John Benn’s contention, in fact, merely 
illustrates how unfitted the average politician is, not 
merely to control a commercial undertaking, but 
even to appreciate the essentials to its efficiency. 
A logical extension of his argument would be the 
running of trains of tramcars. The adoption of 
such a system, by abolishing the headway between 
the constituent cars, would reduce still further the 
length of street occupied for a given seating capacity, 
and might, moreover, make possible a substantial 
reduction in the wages ; but the service, from the 

int of view of the prospective passenger, would 

most ineflicient. In fact, the real complaint 
of the politician against the motor-bus is its 
efficiency. Had the omnibuses continued to use 
horses, we should never have heard of a sugges- 
tion that they should be rated, even though the 
use of horses necessitated a very heavy expenditure 
in street scavenging, and was probably more or less 
detrimental to the public health. As regards the 
question of injury to the road surfaces, no impartial 
0 er will contend that an omnibus is more 
injurious than the fast motor delivery vans, or does 
as much damage to the roads as the heavy steel- 
tyred steam-tractors. Nevertheless, no s tion 
is made that the proprietors of these should make 
a special contribution to therates. The fact is the 
London County Council have made a bad specula- 
tion, and quite naturally wish the public to appor- 
tion the blame to anything but to the mistaken 
judgment and lack of foresight of the representa- 
tives they were so unfortunate as to select. 

One other point should, moreover, be borne in 
mind, When expert opinion was years ago vainly 





warning the Council against embarking in its tram- 
ways speculation, not a word was heard from that 
body as to the injustice of calling on tramways to aid 
in the maintenance of the roads they traversed, or 
as to the iniquity of making them pay rates, or 
compelling them to contribute to the costs of such 
widenings as were rendered indispensable by the 
construction of the lines. 

Ignorant of technical matters as were the poli- 
ticians that induced London to saddle itself with 
a system of transport which is being rapidly 
rendered obsolescent by the march of progress, 
they did know perfectly well that the liabilities 
above referred to would have to be met. They 
were under no compulsion to adopt the policy of 
dabbling in the business of passenger transport, 
but they did so with their eyes open to the fact 
that certain charges for rates, maintenance, and 
widenings would be incurred, and in this know- 
ledge they promised London enormous subven- 
tions from the profits of the tramways. It is now 
too late to turn round and whine at a burden 
knowingly and voluntarily undertaken. In fact, the 
eagerness to shoulder the onus was such that for 
years London was deprived of the then advantages 
of electrified tramways, because the Council was 
determined itself to embark in the speculation, in 
spite of the rates and maintenance charges, about 
which the very men who were most urgent, in what 
events have proved to be a mistaken policy, are now 
peevishly whimpering. 





BOATS AND DAVITS. 

THe report of the Departmental Committee 
appointed to advise the Board of Trade on the best 
arrangements for stowing and launching lifeboats, 
and as to the advisability of adopting mechani- 
cally - propelled craft, and as to the possible 
advantages of rafts in substitution for boats, 
has now been issued.* The Committee have 
made a special study of the seaworthiness of 
different types of open lifeboat, and have found 
that the rules — by the Board of Trade 
on March 1 last are far from affording even 
an approximately accurate estimate of the relative 
safety of different types. By actual test they 
have shown that a boat which under the Board 
of Trade rules is permitted to take 45 passengers 
is actually much safer with 54 passengers than an- 
other type of boat which under the Board’s rules 
would be allowed to take 58 passengers. The 
rough rule adopted by the Board of Trade for 
calculating the cubic capacity of a boat they also 
find to be far from accurate; but it should be noted 
that in case of dispute the Board do not insist on 
the use of this rule, but allow a more accurate one 
to be substituted. The Committee base their esti- 
mates of the safety of the boats on the righting 
moment when fully laden, and have also investigated 
the stability of the boats when partially swamped. 
In all cases the Board of Trade rule proved to 
afford a far from satisfactory estimate of the relative 
safety of different types. 

The Committee have also extended their investi- 
gations to the decked type of lifeboat, and here 
again they suggest important modifications in the 
existing rules, and express the opinion that by 
adding permanent bulwarks to this type and 
buoyancy tanks along the sides, a lifeboat would 
be obtained which would approximate closely to 
the ideal, and they consider that such boats should 
be certified for a greater number of passengers 
than is permitted at present. The objection 
that the adoption of such a type would involve 
“nesting” the boats is met by the proposal that 

eared hand-winches should be fitted to the davits. 

n certain cases the Committee found that to meet 
the present requirements of the Board of Trade it 
has been necessary to place as many as six decked 
lifeboats to be served with one pair of davits. In 
some cases they report ships are required to carry 48 
many as 90 boats. The Committee therefore sug- 
gest that, in view of the development of mechanical 
methods of handling boats, the size might well be 
increased, and they have got out the plans of 4 
decked lifeboat 50 ft. long, 15 ft. wide, and 6 ft. 8 in. 
deep, which would be capable of carrying 250 per- 
sons. Eight such boats would therefore accommo- 
date 2000 ngers, and it is stated in the report 
that davits have been designed with which it would 
be practicable to launch such boats by hand-power. 
The method of stowing boats below the uppermost 


* Cd, 6846, price 2s, 5d. 
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deck, which has been eee in the case of one 
large vessel, is not viewed favourably by the Com- 
mittee for general adoption, though it may be 
necessary in special cases. 

As to methods of launching boats, the Committee 
have investigated a vast number of proposals, but 
conclude that davits still provide the most satis- 
factory solution of the problem. On the other 
hand, they think that where a ship is effectively 
subdivided, the use might be permitted of gantries 
or traversers, by which a boat could be picked up 
from any position and then launched by the 
ordinary appliances. 

With respect to the question of mechanically- 
propelled lifeboats, the Committee recommend 
that this should be optional with all classes of ships; 
and that where the shipowner desires, he may be 
allowed the option of carrying one such boat, what- 
ever the total number of lifeboats required. As 
matters stand, this is not permitted unless the 
number of lifeboats is more than four. The 

raffin engine is, they consider, the most suitable 
Kind of motor for use in such craft. It would 
appear from the report that a great deal of very 
valuable evidence was brought before the Com- 
mittee, but this has not been reprinted because 
much of it they consider was confidential in charac- 


ter; and, in other cases, very contradictory views | _ 


were advocated. 





THE RHINE-WESTPHALIAN COAL 
DEPOSITS. 

Penpino the holding of the twelfth International 
Geological Congress at Toronto, two German experts 
—Herr Bergsassessor Kukuk and Dr. Mintrop— 
have prepired and have laid before the public an 
exhaustive and interesting report on the important 
Westphalian coal deposits on the right bank of the 
River Rhine. The coal-fields in question form a 
portion of the field which almost uninterruptedly 
extends from Kent to Osnabriick. Whilst the coal 
deposits in most places are covered by layers of 
more recent formation, there is a three-cornered 
area of about 500 eq. km. (200 sq. miles)—the 
Ruhr coal-fields proper—where the coal is at 
the surface. Towards the west the coal deposits 
pass under the Rhine, in direct connection with 
the left bank of that river, meeting, further 
north-west, the Dutch-Limburg coal-fields. The 
extent in northern directions has not yet been 
fully ascertained ; sufficiently deep borings have 
so far always come upon coal, but the depth of 
the covering strata may prove an insurmountable 
obstacle to winning the coal. In southern and 
south-western directions the coal-fields are termi- 
nated by natural barriers. In the report in ques- 
tion the coal is divided into four classes—gas-flame 


_ coal, gas-coal, rich coal, and non-caking coal. 


The report also states figures for the easily 
workable strata, for those that are less easily work- 
able, and, finally, for those strata the working of 
which would prove unremunerative. The coal- 
fields, in their turn, are divided into the shaft 
zone, the bore-hole zone, and zones not yet opened 
out. 

Of the most remunerative strata there are found 
in the shaft zone of 1532 sq. km. (600 sq. miles):— 


Tons. 
Gas-flame coal 693,000,000 
Gascoal ... 10,000,000,000 
Rich coal ... is 23,300,000,000 
Non-caking coal ... 22, 100,000,000 
Teal... nae ..- 56,093,000,000 


The quantities within the bore-hole zone of 
1728 sq. km. (675 sq. miles) are put at :— 





Gas-flame coal 4,400,000, 000 
Gas-coal st 24,500,000,000 
Rich coal ... fan ne ...  40,900,000,000 
Non-caking coal .. ..._—.... -:24,000,000,000 

Total om ... 98,800,000,000 


The quantities within the zone not yet opened 
out, the area of which is put at 2910 sq. km. 
(1135 square miles), show an ag te of 
219,000,000,000 tons, all of which is below the 
1300-metre level, there being 64 per cent. below 
the 2000-metre level. At the higher of these 
levels the coal, for rather more than one-third 
of the total, is gas-flame and gas-coal, whilst below 
2000 metres it is all rich and non-caking coal, 
about half of each. The less-easily workable coal 
within the above three zones is calculated to 
amount for each zone respectively to about 





25,000,000,000 tons, 63,900,000,000 tons, and 
80,000,000,000 tons, this coal occurring at vary- 
ing depths. The te of coal deposits which 
cannot be worked remuneratively in the three zones 
is approximately 7,500,000,000 tons, 12,300,000,000 
tons, and 25,500,000,000 tons. 

The following table gives the approximate quan- 
tity of coal of all classes in the t zones and at 
various depths :— 





| 
Easily Workable | Less Easily Workable 

Depth. Coal. Coal. 

pe metres. tons tons 
0-1000 37,000,000,000 19,000,000,000 
1000-1200 18,200,0 0,000 8,300,000,000 
1200-1500 | 44,000,000,000 22,40U, 000.000 
1500-2000 87,600,000,000 37,800,000,000 
2000 180,000,000,000 72,800,000,000 
366,800,000,000 1€0,800,000,000 

Depth. Unremunerative. Total. 

metres tons tons 
0-1000 5,100,000,000 61, 100,000,000 
1000-1200 2,400,000,000 28,900,000,000 
1200-1500 5, 900,000,000 72,8000,000,000 
1500-2009 13,700,000,000 139, 100,000,000 
2000 20,000,000,000 272,8.-0,000,000 
47,100,000,000 574,700,000,000 


The time during which the coal deposits of the 
area under survey will be able to hold out is 
very difficult to calculate even approximately ; it 
depends, of course, upon the increasing consum 
tion, which has so far always been under-estimated. 
In the year 1800 the consumption was only a few 
hundred thousand tons, in the year 1900 it 
amounted to 60,000,000 tons, and last year it had 
risen to 102,000,000 tons. 





THE CHEMICAL INDUSTRY, ENGI- 
NEERING AND FOUNDRY EXHIBI- 
TION. 

On Saturday last there was opened at the Agricul- 
tural Hall, Islington, an Exhibition which will last 
a fortnight, and which is devoted principally to the 
chemical engineering industry and the foundry 
trades. The two departments are supposed, we 
understand, to be distinct, but to the visitor the 
separation will appear of the faintest description, if 
it be discovered at all. Of its kind the Exhibition 
is claimed to be successful, though on the occasion 
of our visits it did not appear to be attracting the 
numbers commonly anticipated at such shows. If, 
however, the right class of visitor is attracted, the 
lack of numbers need not cause concern to the 
exhibitors. Inthe ordinary way a large proportion 
of the visitors to a crowded exhibition are of no 
value to the industry concerned, but their pre- 
sence certainly adds to the general idea of the 
success of the enterprise, and for this reason 
numbers are to be encouraged. ‘There are, how- 
ever, rather too — exhibitions nowadays for 
the interest of the public to be sustained. Espe- 
cially is this the case when similar stalls are 
found at successive shows devoted to widely dif- 
ferent interests. It stands to reason that when 
exhibiting so frequently, firms cannot always have 
new things to show, and it might be found to add 
to the interest if the exhibitions were held at 
longer intervals, during which more marked pro- 
gress would be possible. 

At these ticular exhibitions many of the 
subjects on the stalls are rather outside our field. 
The exhibits include, for instance, stoneware of 
various descriptions. for chemical and acid works, 
china clay, samples of chemical products and colours, 
samples of pig iron, and miscellaneous subjects, 
such as office furniture, &c. Several firms exhibit 
physical apparatus of various kinds employed in 
analytical work. Messrs. Townson and Mercer, 
34, Camomile-street, E.C., for instance, show oil- 
testing apparatus, balances, and apparatus for 
gas and other analyses. Messrs. Dring and Fage, 
56, Stamford-street, S.E., also show balances, high- 
temperature thermometers, &c. Messrs. Brady and 
Martin, Limited, Newcastle-on-Tyne, have a stall 
on which, among other things, they are exhibiting 
Dr. Sodeau’s analysis apparatus, as used at the 
National Physical Laboratory, and their kenotometer 
vacuum gauge for turbine condensers, described in 
ENGINEERING about twelve months ago.* They are 
also showing special high-temperature thermo- 
meters graduated to 1150 deg. Fahr., or 550 deg. 





* See ENGINEERING, vol. xciii., page 539. 





Cent., and also a new barometer giving magnified 
readings. The latter instrument is composed of 
two columns—viz., the mercury column and an 
indicator column. The mercury column is of large 
bore, while the indicator column, filled with 
coloured liquid, is of much smaller bore, with the 
result that the movement of the mercury is 
magnified in the indicator. The mercury column 
is upturned at its lower extremity and, above the 

int at which the mercury surface stands, is 
ae a down to the size of the indicator column, 
leaving a comparatively large chamber and the 
indicator tube to be filled, in part, with the coloured 
liquid. The indicator tube is open to the atmos- 
phere at its upper end. A small movement of the 
mercury naturally therefore corresponds with a 
large movement of the liquid in the indicator tube. 
The magnification of the instrument shown was 
eleven, which gives a very easily-read scale. The 
firm also showed gas samplers, gauges for draught, 
&c., oil flash-point apparatus, an electrical furnace 
for use in connection with the microscopical exami- 
nation of metals, &c. 

Among other apparatus, a new substantially built 
stereoscopic binocular microscope, giving an erect 
and truly stereoscopic image, is shown by Messrs. 
E. Leitz, of 18, Bloomsbury - square, London. 
The microscope proper is of the Greenough type. 
Two microscope tubes are so arranged as to bring 
the same object into focus in the axis of each tube, 
the tubes being set at an angle to each other for 
this purpose. h tube carries both an objective 
and ocular. The two objectives are mounted on a 
single slide, the lenses being carefully paired, and 
provision is made by a suitable adjusting arrange- 
ment to enable the object to be focussed for each eye 
separately. Correction is thus made for any slight 
difference that may exist in the eyes of the observer. 
Provision is also made for adjusting the oculars to 
the correct width between the pupils of the user’s 
eyes. The stand comprises a heavy horseshoe 
base carrying a substantial pillar, to which the 
stage and body are fitted. The latter is consider- 
ably overhung, and is secured by a hinged joint, 
which permits the tilting of the instrument through 
an angle of 90 deg. By an extremely simple 
slide-joint, locked by a single mill-h screw, 
the up rtion of the instrument may be 
detached and reversed. This enables the exami- 
nation of bulky specimens of too great a weight 
for the stage or of such size that the micro- 
scope must be mounted above or placed upon 
them. Independent rack-and-pinion movements 
are provided to the microscope and the stage. These 
adjustments, together with the slide and clamp to 
the body of the microscope, permit of the examina- 
tion of specimens of considerable variation in 
length. The stage is modelled upon the English 
pattern and isstrongly constructed. Itis provided 
with anterior, posterior, and lateral movement of 
considerable range. The surface-plate upon the 
stage is removable and covers an opening. The 
instrument is thus available for such other pur- 
poses as will readily suggest themselves to the 
laboratory worker. Further details include a small 
fixed illuminating lamp. The 24-mm., 40-mm. and 
48-mm. paired objectives with the Oand III paired 
oculars are particularly suited for the examination 
of fractures, &c., at varying magnifications. 

There are several stalls at which acid-resisting 
iron pans and concentrating plant, &c., are shown. 
The most prominent of these is the large stall of 
Messrs. Haughton’s Patent Metallic Packing Com- 
pany, Limited, of 30, St. Mary-at-Hill, London, 

.C., at which a variety of fittings, &c., are shown. 
A number of pans, cascade basins, &c., made of the 
firm’s ‘“‘Ironac” are to be seen. This material is 
@ passive iron of remarkable acid-resisting proper- 
ties. Samples of this material are shown partly 
immersed in a large variety of acids, which have 
no apparent effect on it. One of its advantages is 
that it can be cast thin, and several of the exhibits 
shown are quite commendable pieces for work of 
this kind. A set of improved cascade basins for 
acid concentration are shown at this stand, in 
which the spout is surrounded by a curved a 
tion running down nearly to the bottom of th 
basin. In this way the hensten liquid is run off, 
instead of the lighter from the upper surface, and a 
considerable increase in output is secured. The 
firm also show a number of metallic packed cocks 
and fittings. The king used is compressed 
cut metal strip of high - grade babbit, with a 
high melting-point, so as to safely withstand 
temperatures corresponding to high pressures and 
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superheat, &c. There is little really new in the way 
of engineering exhibits to be seen. The Mirrlees 
Watson Company, Limited, 45, Scotland-street, 
Glasgow, show a Mirrlees Leblanc air-pump instal- 
lation, driven by electric motor, and Messrs. Lassen 
and Hjort a water-softening plant of the type with 
which readers of ENGINEERUNG are familiar. Messrs. 
Reavell and Co., Limited, Ipswich, exhibit a quad- 
ruple compressor, driven direct by motor, and 
not bolted to the floor, proving how free it is 
from vibration when running. They also show an 
axial type of compressor, a ‘‘ sub-station ” cleaning 
machine, enclosed high-speed steam-engine, and 
other small plant. Ona stall by Messrs. Sir W. 
H. Bailey and Co., Limited, Albion Works, Salford, 
there are to be seen a variety of fittings, recording 
pressure - gauges, an oil-tester, reducing-valves, 
compressors and exhausters, a Koster compressor, 
a Davidson horizontal steam-pump, &c. 

In more direct connection with the foundry 
trades’ part of the Exhibition there are several 
stalls devoted largely to foundry plant. The Uni- 
versal System of the Moulding and Machinery 
Company, Limited, 97, Queen Victoria - street, 
London, E.C., have a stand at which work is 
shown being done on the Bonvillain and Ronceray 
moulding-machines, more particularly one for shallow 
work, which is fully described and illustrated on 
page 850, and one of the plates with this week’s 
issue of EncrngERING. A new moulding-machine 
for hand-ramming is shown by the Adaptable 
Moulding- Machine Company, Sydney orks, 
Bishop-street, Birmingham. This machine, which 
we hope to deal with more fully next week, will 
take plates varying in size from 12 in. to 20 in. in 
width up to 3 ft. or 4 ft. long. It has a range 
allowing a maximum draw of 6in. There are no 
wheels or gears in the machine, and all the working 
parts are enclosed. It is compact and so simple 
that it can be gg produced. 

The Britannia Foundry Company, Cox-street, 
Coventry, whose London representatives are 
Messrs. Murphy, Stedman and Co., Limited, 180, 
Gray’s Inn-road, W.C., exhibit on their stall one 
of their Coventry No. 2 moulding-machines. This 
machine is for hand-power. It has a geared head 
which gives a great increase in power over the usual 
lever arrangement, and is therefore suitable for 
deeper work. Another machine shown is a simple 
jar-ram moulding-machine. These we hope to refer 
to again in a subsequent issue. A hand-rammed 
adjustable machine is also to be seen at this stall 
suitable for work up to 8in. draw, with boxes vary- 
ing in size from 8in. to 22 in. square. The machine 
is also fitted with a turnover table. 

At Messrs. Murphy, Stedman and Co.’s own 
stall there is a large variety of exhibits. Amon 
others may be seen samples of briquetted meta 
borings and turnings compressed on the Denison- 
Korte system, described and illustrated in Ener- 
NEERING, vol. xciv., e 737. Among the machines 
are two testing-machines constructed by Messrs. 
Samuel Denison and Son, Limited, Hunslet 
Foundry, Leeds. One is a steelyard testing-machine 
for tensile or transverse tests on cast-iron 
The poise-weight is operated by a screw and a wheel 
on the frame. Deflections are shown on an index- 
plate. The second is a hardness-testing machine 
exerting a pressure of 1 ton, and producing an 
indentation by a steel ball. The machine consists 
of a pillar above which is mounted a horizontal 
beam carried at one end in an inverted stirrup, 
and at the other having the weight necessary 
to give the standard pressure. The specimen is 
inserted on a block directly below the indent 
ball-chuck, which is fitted to the underside of the 
horizontal beam. A hand-wheel and screw, between 
the beam and frame, supports the weight while 
inserting the test-piece. The indentation is 
measured by microscope in the usual way. 

A wood-trimmer with some interesting features 
is shown also by Messrs. Murphy, Stedman and 
Co. This trimmer has a canting-table, which can 
be fixed at 45, 60, or 674 deg. The sliding knife 
is driven by hand through rack and pinion placed 
above the knife soas to be clear of falling shavings, 
a heavy fly-wheel being provided. The machine 
has a gap-bed, so that a space is left between the 
kuife-carriage pre and the table, thus allowing 
shavings to fall clear of the guides and also leaving 
a space for the vertical adjustment of the knife. 
The knives can thus be raised or lowered if worn 
in one particular part, so that grinding is less fre- 
quently necessary. The machine is provided with 
three mitre positions, with stops to make up for 





the difference between cutting hard wood and soft. 
The knives can be honed without removing them 
from the carrier. A ratchet-handle is fitted to the 
fly-wheel and pinion, so that the position of maxi- 
mum leverage may be obtained on heavy cuts. 





THE NATIONAL PHYSICAL LABORA- 
TORY IN 1912. 

Untit the present year it has been the prac- 
tice to hold the annual meeting of the General 
Board of the National Physical Laboratory in 
March to receive the Report for the year, and on 
the same day the Laboratory has been thrown open 
to visitors. It has, however, now been resolved to 
adopt the Government year, running from April 1 
to March 31, instead of the previous financial year 
of the Laboratory, which ended with the last day 
of December. The annual meeting was therefore 
held in May, and the inspection is to take place 
on Thursday next, June 26, when the Right Hon. 
A.J. Balfour will formally open the new buildings, 
which were planned in 1909 to provide general 
offices, and the new laboratories for the Depart- 
ments of Metallurgy and Optics. The cost of these 
additions was estimated at 30,000/., and the Trea- 
sury promised one-half that amount, provided the 
other half could otherwise be raised. The late Sir 
Julius Wernher generously stepped in with an offer 
of 10,0001., especially for the erection of a metal- 
lurgical laboratory, which was then started, and 
which we described in our notice of last year.* 
The building having proved more expensive than 
was anticipated, Lady Wernher sent a supplemen- 
tary donation of 936/. To raise further sums an 
Additional Funds Committee, of which the late 
Sir William White was chairman, was appointed in 
the spring of 1912. A donation of 5000/. has been 
made by the 1851 Exhibition Commissioners, so that 
the promised Treasury allowance can be claimed, and 
nearly 50001. have been contributed for the equip- 
ment of the new buildings by the Goldsmiths’ 
Company, Messrs. Brunner, Mond and Co., the 
Clothworkers’ and the Drapers’ Companies, Mr. 
Otto Beit, Sir Robert Hadfield, Dr. G. T. Beilby, 
and many others. Next week Mr. Balfour will 
therefore be able to declare the large new optical 
and administrative buildings open. 

Yet the general financial position of the Labora- 
tory gives cause for some anxiety. The equip- 
ments call for large sums; the National Tank has 
cost 2600/. more than Mr. Yarrow had provided 
for ; and the annual expenditure of the Laboratory 
exceeds 32,0001., whilst the Treasury grant-in-aid is 
only 70001. The income has increased (by nearly 
2000/. from 1911) to 32,058/., in spite of the check 
which the strikes and cognate causes inflicted upon 
the fees received during the first half of the year ; 
but part of this increase is, however, due to special 
allowances from the Treasury for special, mainly 
aeronautical, research, and apart from this source 
the receipts for work done have only risen from 
17,4001. to 17,8321. Thus the expenditure actually 
exceeds the income by 4201. There has been an 


bars. | increase in test work in nearly all the departments, 


but that increase and the special nature of the work 
required has necessitated a growth of the staff, 
which largely accounts for the augmented working 
expenses. 

ith regard to personal changes, we have first to 
mention that the appointment of the chairman of the 
Executive Committee, Lord Rayleigh, terminated 
with 1912. Lord Rayleigh has been prevailed upon 
to consent to a renewal of his appointment, and the 
Treasury have concurred in it. Br. Arthur Schuster, 
Secre to the Royal Society, has replaced Sir 
Joseph Larmor, M.P., his predecessor as secretary 
of the Royal Society, as ex-officio member of the 
Board in this capacity, on which Sir Joseph Larmor 
remains. Important changes in the staff have 
taken place in connection with the transference to 
the Teddington laboratoriesof the testing of watches, 
barometers, thermometers, &c., which had made 
the Kew mark famous all over the world. Kew 


Observatory is now entirely set free for the Meteoro- | P’ 


logical Office, and Dr. C. Chree, F.R.S., who was so 
far connected with the National Physical Laboratory 
- pene of the er Observatory, <= - 
0 si is oO e report. is chie 

pie gy Fy TW. Baker the go J. Foster, 
who had done excellent work in the Observatory for 
fifty-three and forty-six years respectively, have 
retired on pensions, and the remainder of the staff 
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has joined the Laboratory. Mr. H. Donaldson, B.A.., 
a very able assistant in the Metrology Department, 
was drowned while bathing, and several members— 
Dr. Chree, Dr. Harker, and Dr, R. G. C. Batson—- 
have been incapacitated by protracted serious 
illness. The additional work thrown upon the 
Laboratory by the building operations—so far as 
possible the Laboratory does everything itself— 
and the transfers had hence to be performed under 
enhanced difficulties. On the other hand, the staff 
has grown, as we pointed out already, and not 
counting clerks, laboratory boys, porters, &c., the 
staff now comprises 106 workers. Members who 
inspect the spacious new buildings on June 26 
should look into the small, low rooms in the 
basement of Bushy House, in which the watch- 
testing is temporarily being carried out. In 
those rooms the staff had to in to work when 
Bushy House was a mansion in its own garden 
grounds adjoining Bushy Park. Now the sheds 
and buildings crowd one another. The many 
alterations and enlargements have involved much 
hard work, which had first to be conducted with 
inadequate means ; without that training the work 
might not have attained its high standard, how- 
ever. 

We begin our notice with the Engineering 
Department, of which Dr. T. E. Stanton, M. Inst. 
C. Eis superintendent. 

Wind Pressure (Dr. Stanton).—The observations 
have been continued on the comparison between 
the pressure of the wind on acluster of six Dines 
tubes, spread over an area of 2 sq. ft., on the 
North Tower in the Laboratory grounds, and the 
simultaneously recorded average pressure in six 
similar tubes, distributed on the South Tower 
(350 ft. from the former, also 60 ft. high, and 
higher than the houses some distance at the back), 
and on four auxiliary towers standing on the 
straight line between the two main towers. Dr. 
Stanton’s gauges at first marked maxima and minima 
with the aid of moving sliders ; on Sir John Wolfe 
Barry’s suggestion, Dr. Stanton adopted recording- 

ns, actuated by integrator wires, and he has, since 

eptember last, secured continuous drum records 
on suitable days; the delicate devices involved 
considerable difficulty, as the diaphragms are 
very small, and all friction should practically be 
eliminated. The recording-pen levers are mounted 
in agate centres and carefully balanced, and the 
whole mechanism is recalibrated with the added 
pen resistance. By a system of cross-connections 
the tubes in the cluster are alternately joined to 
the right and the left-hand sets of diaphragms, so 
that the mean results will not be affected by any 
changes in the friction of one set relatively to the 
other. By last September experiments were also 
taken in hand on the high-level footway of the 
Tower Bridge, where preliminary observations had 
been going on for a year. It had been in- 
tended to repeat the Teddington arrangement 
on the upper girder of this bridge, which crosses 
the Thames in the direction S.W. to N.E.; 
But the 
framework of the girder, it was found, interfered 
with the pressure tubes, and six tubes were hence 
fixed on the outside of each of the two upper 
girders, the one facing north-west, the other south- 
east, and a cluster of six othor tubes was placed in 
the middle of each girder. With the wind blowing 
either down or up the river, normally to the 
bridge, the one series of tubes would then indicate 
the full pressure, and the other the suction ; the 
connections of the various tubes with the gauge 
were all made of the same length to cut out any 
damping effect ; the girder length is 229 ft., the 
tubes are 38 ft. apart, each connecting pipe has a 
length of 250 ft., and some 6000 ft. of lead piping 
have been putup. The connections are made rever- 
sible, so that the pressure and suction sides can be 
exchanged. Thecluster of six pipes is very narrow, 
the enclosed circle having a radiusof 3in. At this 
point the pressure variations are larger than the 
averages, as was to be expected ; sometimes the 
ressure exceeds the 7 lb. per sq. ft., the limits 
of the scale on the drum, and with gusty south- 
west winds, pressure fluctuates between plus and 
minus. The work on wind-pressure has now sufli- 
ciently advanced to enable the designer of a struc- 
ture to make a prediction as to the wind-pressure 
from determinations made at a single point on the 
site. 
Resistance of Screw Threads to Shock (Dr. Stan- 
ton and Mr. R. G. C. Batson).—A sub-committee 
of the Engineering Standards Committee having 
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called for experiment on the resistance of diffe- 
rent forms of screw threads to shock, trials were 
made with screws of four threads, the British 
Standard Whitworth, the British Standard Fine, 
the Sellers, and the American sharp \V-thread, 
simply by allowing a tup to fall on the nut, and 
by counting the number of blows which produced 
fracture. The steels chosen ranged in strength 
from 24 tons up to 87 tons per sq. in. These 
experiments, which were reported to the committee 
at the end of 1910, brought out the decided supe- 
riority of the British Standard Fine, and that was 
confirmed by experiments made by Mr. R. F. 
Matthews, of Messrs. Armstrong, Whitworth and 
Co. But the agreement did not extend to other 
features, and as the results obtained were not very 
concordant, Dr. Stanton suggested another test in 
a machine on which the residual energy of the tup 
is determined. 

Tensile Impact under Static Stress.—The same 
machine is also to measure impact under static 
stress. A working model, full size, has served for 
experimenting on the energy lost at the, striking 
faces, and the actual machine is nearing completion. 
The energy lost, it has been ascertained, is a simple 
function of the height of fall of the hammer, 
which can be determined by a series of experi- 
ments on tests of identical dimensions and com- 
position at various heights. The specimen is sup- 
ported on a swinging anvil, and is broken by 
the single blow of a pendulum-hammer which 
rotates about the same axis as the anvil; the resi- 
dual energies are measured by the anvil and 
hammer, and the actual work done in fracture is 
determined. The machine has a height of 12 ft., 
the anvil weighs 6 tons, the hammer 14 tons, and 
blows of 18 ft.-tons can be given.. The anvil has 
the shape of an open box, the bottom being raised 
in the centre to support the specimen ; the anvil is 
carried by two arms, and the shaft runs in Hoffmann 
ball-bearings. The hammer is similarly suspended 
inside the anvil supports ; the hammer itself has the 
shape of an H; a rack is fixed in the quadrants beyond 
the vertical to arrest the hammer on its return swing 
by means of a pawl. 

A method of testing tensile impact under static 
stress was described by Mr. F. Rogers in the Physical 
Society a few years ago. In the new machine at 
Teddington static stress is applied by means of a 
calibrated spiral spring. The machine is not con- 
structed for et ky i tests, but it has been 
designed extra strong in order that it may be used 
to test the couplings with which the Indian rail- 
ways have had some trouble. The couplings may 
require 9 ft.-tons to effect fracture, and the blow 
is applied while a tension of 5 tons is put on. 
The work projected comprises special problems 
assigned to the Laboratory by the International 
Association for Testing Materials as to the effect 
of the size of the specimen and other features. 

Resistance of Keys and Keyways to Repeated 
Stress—The machine designed by the chairman of 
the sub-committee of the Engineering Standards 
Committee on Keys and Keyways, Mr. Reavell, 
is finished, and is waiting for the recovery of Mr. 
Batson. A horizontal shaft is fixed by the key 
under examination and gripped by a strong lever, 
which is worked to and fro os the piston of a com- 
pressor. The torque and the distortion of the key 
and keyway are recorded mechanically and also 
optically by means of mirrors, while the variations 
of the air pressure in the cylinder are recorded on 
a drum by the deflection of a tempered steel 
diaphragm, one side of which is connected with the 
cylinder. 

Frictional Resistance of Fluids at High Speeds. 
—The report on fluid motion will be published 
when the tests now in hand for the Admiralty on 
oils at different temperatures, flowing through pipes 
of 3 in., 4 in., and 5 in. in diameter, are com- 
pleted, so that the effects of density and vis- 
cosity can be considered. As regards the flow of 
water, experiments have been made, by the kind 
permission of Mr. E. B. Ellington, at the 
Grosvenor-road pumping-station of the London 
Hydraulic Power Company, where a pressure of 
820 lb. per sq. in. is available, and the range of 
the rate of flow through a 4-in. pipe was from 1 ft. 
to 100 ft. per second. Osborne Reynolds had only 


been able to go up to 23 ft., and for this rate 
the index law still held, according to which, for 
velocities between 1 ft. and 4 ft. per second, the 
index of the formula R = K V" is » = 1.73. If 
this law held throughout, the observed resistances, 
actua'ly measured in Bourdon gauges, but expressed 








in feet of water in the following table, should 
agree with the calculated resistances :— 


Velocity. Resistance. 
ft. per sec. Observed. Calculated. 

2.61 0.144 0.144 
9.86 1.46 1.432 

23.92 7.06 6.68 

43.3 19.4 17.65 

57.9 32.4 29.0 

80.2 61.3 50.8 

99.0 92.0 73.4 


It will be seen that the agreement is very satis- 
factory up to a velocity of 23 ft., but that the 
resistances become much greater than the previous 
experiments suggested at the high rates of flow, 
which had never, so far, been studied. Observa- 
tions with }-in. pipes at rates of 150 ft. per second 
are being undertaken. 

In the Laboratory experiments water was drawn 
by an electrically-driven centrifugal pump through 
the pipe, and was returned bya la ao pipe 
through a quantity-meter to the tank. © pressure 
d on a given length was measured by an in- 
aed U-tube with a graduated scale and adjust- 
able sliders, or by a three-liquid gauge, while the 
velocity was determined either as a maximum with 
the aid of a Pitot tube and a three-liquid tilting- 
gauge, or as mean velocity by measuring the quan- 
tity inagiventime. The quantity-meter consisted 
of a closed metal tank with baffie-plates, the outlet 
being an orifice of re-entrant form which could be 
varied in size in accordance with the quantity of 
water flowing. The orifices were machined brass 
castings, varying in diameter from 0.25 in. to 
1.8 in., screwed into the bottom of the tank. This 
meter was calibrated by weighing the water de- 
livered at various heads, and was found to be 
reliable within 1 per cent. The results obtained 
with 1}-in. and 4-in. pipes are in excellent agree- 
ment. 

As regards air friction, }-in. pipes seemed to be 
too small for Pitot-tube measurements, and the 
quantity was determined by a gas-holder, the 
counterweight cord running on a bicycle-wheel in 
ball bearings. It was at first thought that sufti- 
cient suction through the pipe could be obtained 
by increasing the counterweight. Under these 
steady conditions, however, there was an extended 
region between stream-line and turbulent flow, 
and an air-pump was hence added to break up the 
stream flow at lower velocity, and to hasten the 
transition from one type of flow to the other. To 
make an experiment the flow isstopped by putting 
a clip on the rubber tube ; the counterweight is 
then put on, the motor is started and the clip 
removed. The experiments so far made show a 
close agreement for the flow of water and of air 
through the }-in. pipe; the }-in. pipes have not 

et been tried with air. The interesting two- 
iquid and three-liquid tilting-gauges which Mr. 
J. R. Pannell, AMLME, uses in these re- 
searches will be described in a special article ; 
the oil is apt to turn opaque unless mixed with 
salt (instead of distilled) water, but the salt would 
diffuse into the streaming water, to which the 

uge is joined, and the No. 3 lubricating oil of 
aly E. Cooper and Co. has been found pre- 
ferable to castor oil in this case. 

Reinforced Concrete (Messrs.. Batson and A. 
Bailey, M.Sc.).—The apparatus described last year 
for determining the effect of repeated applications 
of a load on the strength of reinforced concrete has 
worked satisfactorily. To obtain an increase of 
stress an initial deflection was produced by sus- 

nding a load from the centre of the beam. Two 

ms were tested for eleven months. The tension 
flange of each beam was found to crack at a stress 
of 8200 Ib. per sq. in. of reinforcement. in tension 
and of 450 lb. per sq. in. in compression, and no 
further breakdown was noticed with greatly in- 
creased stress. Finally, the beams were removed 
and broken up. under static load. in a 100-ton 
machine ; an untested beam was also broken up for 
comparison, and it was found that the ultimate 
strength was not appreciably affected by the re- 
peated stress. Inthe tests of the permeability of 
concrete, slabs of 30 in. by 30in. by 24 in. (or by 
4 in.) consisting of cement, sand and grit in the 
ratios of 1:2: 4, or 1:14: 2%, were tested in 
pairs, one slab of each pair being reinforced by a 
grid of half-round bars, and a head of 20 ft. of 
water was applied in the manner described 
last year, until the rate of percolation became 
approximately constant ; this took place after 
from 1200 te 2500 hours. The rate of D aggoee 
lation, expressed in gallons per 1000 sq. yds. per 





hour, decreased rapidly in all cases, from 38 gallons 
after 600 hours to 8 gallons after 1800 hours—e.q. ; 
in the case of slab 3 (mixture 1: 1} : 2%) the 
percolation was only 3.5 gallons and 0.5 gallon 
after those intervals. This decrease in the - 
lation is ascribed to the formation of a ment 
and incrustation of carbonate of lime on the top of 
the slab, produced probably by the reaction of the 
water with the free lime in the concrete and with 
the CO, of the air. With sea-water the lation 
seems to be less than with fresh water, but this is 
still being investigated ; the reinforcement does 
not appear to weaken the resistance to percolation. 
In the tests of water-proofing compounds, which 
are to make cement mortars and concrete imper- 
meable to water, pairs of slabs, treated and 
untreated with the respective compound, are fitted 
with cast-iron covers and rubber-ring joints, and a 
head df water is applied by a stand-pipe of 10 ft. 
height as a rule. A tap lubricant, consisting of 
rubber dissolved in vaseline and a little paraftin 
wax, has proved most suitable to keep the joint 
tight. Only one of several compounds tested has 
been found really to impart impermeability ; the 
experiments are being continued. 

Aeronautics, Wind Channel (Dr. Stanton, Messrs. 
L. Bairstow, A.R.C.Sc., F. H. Bramwell, B.Sc., 
Melvill Jones, B.A., J. H. Hyde, A.M.I. Mech. E., 
E. F. Relf, A.R.C.Sc., I. A. MacLachlan, 
A.M.I. Mech. E., A. Fage and A.W. H. Thompson). 
—An account of the work of this division has been 
given in the Report of the Advisory Committee for 
Aeronautics, which we reviewed a few months ago. 
Much of the success of the B.E. biplanes is 
attributed to the experiments on the 4-ft. air 
channel at Teddington, and a new channel, 7 ft. sq., 
of the same kind, is now being erected in a new 
annexe to the Engineering Laboratory, measuring 
100 ft. by 40 ft. by 30 ft. high. The Aeronautics 
report does not describe the air channel, and the inge- 
nious apparatus by means of which Mr. Bairstow and 
his assistants take their six measurements are not 
easily explained without detailed diagrams , but we 
will attempt to indicate the main features. The 
trunk lies horizontally, the fan being near the 
middle ; the air is drawn in from the room, at the 
one open end of the trunk of 25 ft. length (a length 
of rather more than six diameters is advisable) 
through a four-blade fan, and discha through a 
continuation of the trunk. The delivery end is 
also of wood, and of the same dimensions as the 
trunk proper, but its walls are perforated, being 
built up in grid fashion ; the square perforations 
are first close to one another, and then, further 
away from the fan, spaced wider apart. This 
arrangement quite prevents the setting up of edd 
currents in the room, which would make wor 
impossible. The propeller-blades of the fan (1500 
revolutions) have a pitch of 1 ft.; the speed of the 
air in the channel can be varied from 10 ft.'to 50 ft. 
per second. Tube anemometers are placed in the 
wind channel, and joined to a micromanometer of 
Messrs. Chattock and Fry, consisting of a U-tube 
mounted in a tilting-frame ; the tube anemometers 
themselves consist of a combination of a Pitot tube 
and a static-pressure tube, and they are quite 
reliable within 0.1 per cent. of the velocity to be 
measured with a fairly steady air-current, such as 
is used in the channel. The velocity across the 
section does not fluctuate by more than 1 per cent. : 
this is ascertained by keeping one tube anemo- 
meter stationary and by shifting another. 

The main part of the aerodynamic balance, 
which is mounted underneath the channel, consists 
of three steel arms or rods, each counterbalanced 
mutually at right angles to one another, which 
meet in a point, at which a steel centre rests on 
the hollow cup of a column fixed in the ground. 
Only the vertical of these three arms, the support 
proper of the model, enters the channel ; the two 
others lie in a horizontal plane. There is a third 
horizontal arm, presently to be mentioned, and the 
fourth arm of what would be a horizontal cross is 
replaced by the observing microscope. As there is 
always suction in the channel, the support passes 
through an oil-seal, to prevent air rushing into the 
channel through the opening in the bottom of the 
latter ; immediately below the bottom is a wheel, 
by means of which the whole balance and the model 
can be turned about its vertical axis, and any 
asymmetry in the model can be balanced and the 
centre of gravity be adjusted by shifting counter- 
weights attached to the radial arms of this wheel. 
As the weight of the model in itself raises the 
centre of gravity, weights are a(tached to the lower 
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end of the vertical balance-arm to counteract this 
effect. The rotation by the wind of the support 
about its vertical axis is opposed by a torsion wire, 
the twist of which is measured on a torsion 
head; thus that moment is determined. The 
two horizontal arms are set, the one along 
the wind direction, the other at right angles to 
it, for the determination of lift and drift or of lineal 
force and drift. An error of 1 deg. in setting 
either of the two arms would make a difference 
of 25 per cent. in the observed force. In order to 
take three further measurements on models which 
are asymmetrical or are asymmetrically placed 
with regard to the wind, two rods can be inserted 
into the vertical support, which, we should have 
mentioned, is hollow ; the model then rests not on 
the support itself, but on one of these rods, which 
pass axially through the support. By the aid of 
these further devices the vertical force and the 
tendency to rolling and pitching are measured. 
These six measurements do not suffice, however, 
for judging the stability of the model. For this 
purpose p vee ge records are required, and 
they are obtained with the aid of the third free 
horizontal arm above referred to, a spring put in the 
balance, a mirror, the camera, and free falling 
photographic plates. 

The balance-arm, we should add, is continued 
below the steel point, and dips with four or more 
vanes into a multiple dash-pot, the oil-cups of which 
can be filled with oils of various viscosities, so that 
different movements can be damped to different 
degrees. It will be understood that the three or four 
observers are partly underneath the trunk ; the new 
7-ft. channel is placed at a more convenient higher 
level. The velocity in the air-channel is now mea- 
sured within 4 per cent., and as the balance itself 
will respond to forces of ji, j) 1b., a high accuracy is 
realised ; but we have already pointed out that 
slight errors will make very large differences. 

he improvements effected in the whirling table, 
which we noticed last year, enable velocities of 
bodies carried by the arm relative to the air to be 
measured within 0.1 per cent. This accuracy is 
hardly required in general, but is very useful for 
calibrating pressure-tube anemometers wanted for 
these researches. 

Road Board Laboratory (Dr. Stanton).—The 
various machines installed for the mechanical test- 
ing of road materials were also noticed last year. 
Fifty samples of stone have been tested for attrition, 
impact abrasion, and cementation for the Devon 
County Council. The results will be communicated 
to the International Road Congress, which will com- 
mence its meetings in London next week. The 
machine for the abrasion tests has been enclosed, 
because the dust became very troublesome. The 
new experimental track for endurance tests has a 
diameter of 34 ft. and a width of 2 ft. 6 in.; 4 in. 
of test material is put on a pitch grouting, and 
rolled down with eight cast-iron rollers mounted 
slightly inclined, on eight radiating arms, each 
independently driven by a 2-horse-power electric 
motor; the test-wheels are 3 in. wide, but for 
making the road four of them are replaced by 
wider rollers. The frame of the machinery is 
mounted in the hollow pit within the ring. The 
track now to be seen looks slightly eatehieh, 
owing probably to the spring of the framing. It is 
estimated that twenty-four hours’ continuous run- 
ning of the machine will represent one year’s heavy 
traffic. In order to imitate the temperature condi- 
tions of an ordinary road, hot-air currents are to be 
delivered by pipes carried through the eight arms 
of the frame in such a way that each pipe delivers 
a current of hot air just in front of the respective 
wheel, at right angles to the track. The cumulative 
effects of the sun rays and of rain might have been 
studied without expense, and the dust troubles 
have been mitigated. I might possibly have been 
simpler to place the track in the open air, instead 
of in a covered shed. Water-bound macadam and 
bituminous roads will be tested in sections of 
different mixtures at speeds of 7, 14, and 21 miles 
per hour. 

Flat Heat - Insulating Covers and Steam - Pipes 
(Mr. C. Jakeman).—F lat asbestos covers, 3 ft. 6 in. 
by 3 ft., generally 2 in. thick, supplied by one 
firm, have been tested for heat-insulation. For 
this purpose two flat iron plates were procured, 
3 fc. Zin. by 2 ft. 10 in., } in. thick, and fastened 
together by a dozen screws with insulated heater 
strips (Schniewind resistance between mica plates) 
inserted between them ; the two iron surfaces were 





then covered with the material under test. It 
— 10,000 watts to keep the bare iron plates at 
deg. Cent., and much less energy to maintain 
this temperature in the covered plates ; measure- 
ments are made by iron-eureka thermocouples. 
Although the covers overlap the bare iron plates 
considerably, the distribution of temperature is not 
uniform ; even the central third of the area is 
warmer in its middle than on its outside, though 
the same temperatures are observed along a line 
parallel to the edges. The temperature of 240 deg. 
Cent. was reached in 1} hours, and a steady tem- 
rature in two more hours. The heat lost by the 
— iron plate was 3.3 B.Th.U. per sq. ft. per deg. 
Fahr. difference of temperature per hour at a mean 
temperature of 393 deg. Fahr. Tests on the 4-in. 
steam-pipe gave 3.5 B.Th.U. for the same constant, 
so that the flat plate would lose somewhat less heat 
than the circular pipe. The application of the covers 
saved from 70 to 90 per cent. of the heat lost from 
the bare pipe. The covers were too stiff to be bent. 
Mr. Jakeman finds that the full stiffness of the 
screwed-up iron plates is essential for the experi- 
ments ; brass plates warped badly. 

In the tests of steam laggings for the heating 
pipes of moist cotton sheds, which are now carried 
out for the Home Office, pipes 7 ft. long, 1 in. in 
diameter, are sent to the manufacturers to be 
lagged bythem. They are then, inthe Laboratory, 
joined to the steam main, in parallel with unlagged 

ipes ; the steam is cut off and allowed to condense 
or one hour ; the lagged pipe should not contain 
more than 20 per cent. of the water condensed in 
the bare pipe. 

Steam-Joints.—The experiments on the blowing- 
out pressure of some steam-jointing materials, con- 
sisting of layers of asbestos and a little rubber in 
most cases, are made by fixing rings of the material 
between two steel discs. The device (Fig. 1) forms 
a small cylindrical chamber, the upper and lower 
parts of which are connected as shown ; the upper 
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part has a tubular neck, and serves to admit the 
steam, which enters the inner chamber through 
perforations marked c. The continuation of the 
tubular neck passes through the lower part of the 
chamber, and is fitted with a nut. The pressure on 
the joint is kept constant by — up the tighten- 
ing-nut by means of a spring balance applied to the 
end of the spanner. ¢ pull is made constant in 
all the tests, and the actual pressure given to the 
joint is determined by pulling up in similar fashion 
with the two discs fixed in a tensile-testing machine. 
The temperature of the steam is measured at the 
joint by a platinum thermometer, the leads of 
which pass down the vertical tube of Fig. 1, from 
which a branch extends over to the steam-pipe or 
superheater. With this neat device Mr. Jakeman 
generally obtains concordant results, provided the 
rings are cut out clearly by means of a die. 
When the surface is damaged in the slightest 
degree by the washer-cutter or penknife, the 
blowing-out pressure may be uced by 60 
or 70 per cent. The resistance depends upon 
several factors—among others, on the friction of the 
ring between the discs, which is influenced by the 
expansion or contraction of the heated material. 
Sometimes the rubber in the compound would 
melt out, and the three or four different layers of 
the ring would separate on being blown out. Asa 
rule a leak sets in somewhere before the real 
blow-out pressure is reached, and a part of the 
ring is projected out with considerable violence. 
When the steam is superheated the blowing-out 
pressure is reduced or increased ; in the worst case 
this reduction amounted to 13 per cent. ; the best 
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increase amounted to 87 per cent.; all the packings 
(of British, German, and Russian make) seemed to 
be suitable for superheated steam. The materials 
were also submitted to other tests. 

Efficiency of Worm Gears (Mr. Jakeman).—Tests 
of the efficiency of worm gears have been carried 
out at the Daimler Motor-Car Works, Coventry, 
with a special machine due to Mr. F. W. Lanchester. 
The machine is not in the Laboratory. It consists 
of a worm-gear box supported on ball-bearings in 
such a way as to rotate about two axes, the one at 
right angles to the worm shaft, the other at right 
angles to the driven shaft ; the efticiency is esti- 
mated by observing the angle of the axis about 
which the box tends to rotate ; the energy supplied 
and transmitted need not be measured. Efficiency 
observations could be repeated within 0.2 per cent. 
The efficiencies of the Daimler-Lanchester gears 
tested, steel worm and phosphor-bronze wheel, 
ranged from 93 to 97 percent. ; they fell off slightly 
with the temperature of the lubricant rising during 
the running ee 30 deg. to 100 deg. Cent. The 
speed of the worm-shaft (driven bya petrol engine) 
varied from 400 to 1500 revolutions per minute, 
and the load on the teeth from 700 lb. to 2800 Ib. 


(To be continued.) 





NOTES. 
THe JUBILEE OF THE INSTITUTION OF Gas 
ENGINEERS. 


Tue Institution of Gas Engineers, which was 
founded as the British Association of Gas Engi- 
neers in 1863, is holding a series of meetings in 
London this week in celebration of its jubilee. 
We believe the membership of the Institution is 
about 800 at the present time, and its members, 
from the nature of their work, are naturally 
scattered over the length and breadth of the 
British Isles and the Empire. None-the-less 
the attendance at the centenary meetings is most 
satisfactory, anda total of some 250 sat down to 
the centenary dinner in the Connaught Rooms on 
Wednesday night. The jubilee meeting proper 
took place in the Caxton Hall on Tuesday, when 
tributes and messages of congratulation were con- 
veyed to the Institution by representatives of 
the various gas associations of the Continent and 
America. A pleasing incident at this meeting was 
the presentation of his portrait in oils to Dr. Thomas 
Newbigging, the only survivor of the original 
British Association of Gas Managers. The jubilee 
celebrations of the Institution are not to close this 
week, as a National Gas Exhibition and Congress 
is to be held in London in October. Their Majesties 
the King and Queen have consented to act as 
Patrons of the Congress. The Exhibition will, 
we believe, be held in some of the Shepherd’s 
Bush Exhibition buildings. The dinner of 
Wednesday night was a very successful function, 
a long toast list being carried through by the 
various speakers with an unusual felicity. An 
important matter was referred to by the President, 
Sir Corbet Woodall, in the course of his reply to 
the toast of the Institution. This had reference 
to the substitution of calorific tests for luminous 
tests for gas. He stated that at the present time 
90 to 95 per cent. of gas consumed was used for 
pu in which the luminosity was of no im- 
portance, and it was much to be hoped that 
another year would not run before some definite 
move was made to abolish the out-of-date lumi- 
nosity tests. 


Pinca-Errect ExLectric Furnace. 


On Monday last, the 16th inst., Dr. Carl. Hering, 
of Philadelphia, gave a demonstration of his pro- 
cess at the Northampton Institute at an informal 
meeting of the Faraday Society. The furnace was 
only a small model, and lead was melted to explain 
the principle. But Dr. Hering mentioned that 
several large furnaces were now under construction, 
one being a 3-ton steel furnace, In explainin 
the ——— of his pinch effect, Dr. Hering referre 
to his well-known type of T-shape furnace, con- 
sisting of a vertical tube which opens out at the top 
into a circular basin. The electrode—a block of 
steel or of the respective metal—forms the bottom 
of this tube; above it is the metal, which rises 
along the axis of the tube at such a rate that 
something resembling a fountain of fused metal 
is produced. According to Dr. Hering, a jet of 
liquid metal, through which a very strong electric 
current is pi » 1s crushed by electro-magnetic 
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forces, which tend to squeeze the liquid out, or 
up in this case; others explain the effect by 
the mutual attraction of the parallel lines of 
force. Dr. Hering further assumes a force which 
tends to stretch the conductor. In any case 
the heat developed by intense currents in a 
restricted conductor is very high, a brisk circulation 
is set up, and impurities of the metal are 
carried up to the surface and stay there. Asa 
rule, two parallel resisters or tubes are provided, 
with an electrode at the bottom of each ; on 
three-phase circuits, the use of which Dr. Hering 
recommends, three resisters are provided. The 
tubes may be horizontal or inclined. The small 
furnace, less than 18 in. long, shown consisted of 
an iron pan, mounted in bricks ; the one half of 
the pan served as crucible, the other was taken 
up by a cubical block of magnesite provided 
with two parallel horizontal bores, about 4 in. in 
diameter. The es ended at the one side 
in vertical openings in the magnesite, through 
which the electrodes and electrode leads were 
inserted, and led on the other side to the bath. 
It could be seen that the metal rushed through 
both the passages into the molten bath ; the move- 
ment stopped at once when the current was cut 
off, and set in immediately again on establishing 
the circuit. The electrodes were joined to the 
secondary of a transformer, and in actual practice 
the transformer is made to tilt with the furnace if 
that is desirable. Dr. Hering did not express 
any preference for horizontal or inclined pas- 
sages (resisters), but said that in tilting fur- 
naces the inelination could be altered at will. 
The resisters, he stated, suffered less from mecha- 
nical erosion than seemed to be assumed, and the 
passages could coaily be repaired ; rammed-down 
magnesite was mostly used. The furnaces might 
be provided with several crucibles joined in parallel. 
They were recommended for steel-refining, melting 
alloys, annealing, and ore-smelting. In the latter 
case a start was made with the respective metal— 
zinc, for instance—and a charge of ore and flux 
was added at the top. As the furnace was quite 
unobstructed above, though it might be covered, it 
was convenient for working in raréfied or com- 
pressed atmospheres of oxidising or reducing 
character. The sulphur of a bad iron had in one 
melt been reduced to 0.006 per cent. Information 
about power consumption was not given ; but Dr. 
Hering added that a counter electromotive force 
was certainly set up in his hot metal; that was an 
advantage, however, since it was all converted into 
heat. 





Upper Congo Rattway.—This semi-official Belgian 
enterprise, which establishes communication with the 
great African lakes, realised a net divisible balance last 
year of 101,871/., as compared with 94,265/. in 1911. The 
uarantee of interest and sinking fund given by the 

lgian Government upon the capital of the company 
figured in last year’s net balance for 70,3112. It is pro- 
posed to pay 4 per cent. upon the capital for 1912 ; this 
will absorb 97,231/., and 2660. will be applied to the 
redemption of 306 shares, while 1578/. will carried to 
the reserve. 


_ “Port or Sypngy, New Sourn Wa tgs, 1913.”—This 
is the title of the official handbook recently issued by the 
Sydney Harbour.Trust. It gives historical data, and 
reviews the growth of the port, the facilities afforded, 
and the development of shipping, the local industries, the 
rates, charges, and dues. I» contains also information of 
general interest. Kor example, we find it stated that in 
1880 to 1884 the imports into Sydney from foreign coun- 
tries represented 14.55 per cant. of the total; in 1910, 
they had increased to 24.15; whilst imports from the 
United Kingdom, in the same period, dropped from 
74.59 per cent. to 61.9 per cent. Similarly, exports to 
foreign countries increased from 11.54 per cent. in 1880 to 
1884, to 48.81 per cent. in 1910, whilst those to the United 
Kingdom dwindled from 77.84 per cent. to 41.57 per cent. 





Prasonat.—Messrs. Nalder Brothers and Thompson, 
Limited, of 34, Queen-street, E.C., announce that they 
are removing their factory and head offices from the 
above address to larger premises at 97a, Dalston-lane, 
N.E. They will, however, retain show-rooms and a sub- 
office at their present address, and are also suttas 
their machine-shops at Kingsland Green.—Mr. R. W. 
Weekes, M. Inst. E.E., A.M. Inst. C.E., of Maxwell 
House, Arundel-street, W.C., announces that he has 

m into partnership Mr, A. O. Kolkhorst, M.I.E.E., 
and that in future the style of the firm will be Messrs. 
Weekes and Kolkhorst. Mr. Kolkhorst has had an 
extensive experience abroad, having been responsible 
for the largest electrical undertakings yet carried out in 
Ohili, whilst Mr. Weekes has been responsible for the 
electrical and steam plant at the sugar refineries of Messrs 
Henry Tate and Sons, Limited, and has acted as t- 
ing engineer for the British Xylonite Company, and other 
iMportant manufacturing and mining companies. 


THE LATE MR. WILLIAM FOX. 


WE regret to record the death of Mr. William Fox, 
senior partner in Messrs. Fox, Bateman and I'ox, of 
5, Victoria-street, Westminster, well known in con- 
nection with the design and construction of water 
works in various parts of the world. Mr. Fox was 
66 years of age, having been born near Plymouth 
in 1847. His engineering training commenced in 1865 
with a two years’ apprenticeship to Messrs. J. Watt 
and Co., Soho, Birmingham. After this he was 
pupil for three years to Mr. J. F. La Trobe Bate- 
man, F.R.S., afterwards president of the Institu- 
tion of Civil Engineers. ring the time he was 
engaged in office and field work, his occupation in the 
latter connection including some months, in 1869, 
spent on the Manchester Oorporation Water Works 
in Longdendale. Subsequent to the termination of 
his pupil he was employed by Mr. Bateman from 
1871 to 1876. He acted as resident engineer-in-charge 
of the construction of the water works for Aberdare, 
which cost over 30,000/. Between 1873 and 1876 he 
was engineer-in-charge of the Colne Valley Water 
Works and extensions, which cost over 85,000/. He 
was also connected with the planning and construction 
for water works at Newcastle and Gateshead, Forfar, 
and many other similar undertakings at home and 
abroad. In 1890 he commenced practice in West- 
minster, and engaged in consulting and Parliamentary 
work. He also designed the water supply and sewerage 
works of Vera Cruz, Tampico, and other towns abroad. 
He was admitted to the lustitution of Civil Engineers 
as a member in 1877, and was for some time a member 
also of the Institution of Mechanical Engineers. 








CuMBERLAND’S ELECTRICAL Process FOR THE PROTEO- 
TION OF BorLers.—This process has been introduced into 
the United States with a view of preventing the corrosion 
of boilers. It consists of the use of one or more electrodes 
installed in the boiler, and connected to the positive ter- 
minal of a direct-current supply, the boiler being connected 
to the negative terminal, the water forming the electro- 
lyte. Itis stated that only enough voltage is required 
to overcome the resistance through the water, and any 
counter electromotive force due to the difference of 

tential of the metals of the boiler. A report issued 

y the United States Navy Department states that 
some experiments were carried out on a small fire-tube 
boiler having brass tubes, with a steel shell, in which five 
polished steel plates were placed : one on the crown sheet, 
one across the top row of brass tubes, one across the tubes 
about the middle of the nest of tubes, one on the bottom 
of the —o under the furnace, and one at the smoke- 
pipe end. The boiler being filled with water, steam was 
raised to 190 lb. per sq. in. pressure, which was kept up 
for five days, after which the boiler was examined. ere 
were no signs of hydrogen gas, and the electrode placed in 
the boiler was found to be considerably corroded. The 
brass tubes showed no corrosion, nor was thers corrosion 
on the test pieces. Underneath the cathode and on the 
tubes and shell a deposit of black iron dust was found, 
which could easily be washed off. Old scale had also been 
cracked off the crown sheet and shell in places. The 
scale on the brass tubes also was cracked off in places 
and could be easily washed away. The iron electrode in 
the water was, it is stated, very badly corroded. 





THe INsTITUTION OF AUTOMOBILE ENGINEERS IN 
America.—In our last issue, on 804, we reported 
the early movements of the Institution of Automobile 
Engineers in their visit to America. After leaving 
Pittsburg, the I.A.E. party were taken to Indianapolis, 
where a special stand had been erected to enable them 
to view the 500-mile race, which proved most interesting. 
The following day, May 31, a visit was paid to the 
Wheeler and Schebler Carburettor Factory and the 
Prest-O-Lite Factory, where are manufactured the tins 
of pressed acetylene gas referred to by Mr. Coffin in 
his paper before the Institution in 1911; these tins 
can GS obtained all over the country, the empty tins 
being left in exchange. The visit to Detroit proved 
to be the most interesting of all. First, the Ford 
Factory, with an output of 20),000 cars this year, 
was a revelation to the Englishmen—the machine-tools 
and the system being wonderful. In a different way the 
works of the Cadillac, the Packard, and the Timken- 
Detroit Axle Company afforded material of the greatest 
interest. Then followed visits to the works of the 
Hudson Motor-Car Company and the Continental Motor- 
Manufacturing Company, concluding with a brief in- 
spection of the Chalmers Motor Company, where works 
organisation is a thing of which they are justly proud. 
Throughout the three days the visitors were welcomed 
most enthusiastically and entertained right royally. On 
June 4 the party embarked. with about 600 members of 
the Society of Automobile Engineers, on the big Lake 
steamer City of Detroit III., for the summer meeting of 
the Society of Automobile Engineers. Among the paper 
read were one on ‘‘ London Motor-Buses,” b . T. B. 
Browne ; one on ‘‘ Engine Testing,” by Mr. E. B. Wood ; 
one on ‘Steam Omnibuses,” by Mr. Thomas Clarkson ; 
and one on “Depreciation,” by Mr. Charles Wheeler. 
The Englishmen have been surprised at the extreme 
warmth of the welcome extended to them, and constant 
litt!e evidences of thoughtfulness for their comfort and 
entertainment have been noted all al There still 





remain the visits to Cleveland, Buffa 0, and New 
England. 
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INDUSTRIAL NOTES. 


AccoRDING to the Board of Trade Labour Gazette 
which appeared on June 17, the following was the 
state of the labour market in May :— 

Employment in the month continued, on the whole, 
very . There was 4 considerable improvement in 
the tin-plate and brickmaking industries, and a further 
advance in the building trades. On the other hand, 
there was some falling-off in the textile, boot and shoe, 
and glass trades ; and employment at iron and steel 
works, though still good, showed a further decline. 
Employment in coal-mining, engineering and shipbuild- 
ing remained at about the same high level asin April. 
It is reported by the Labour Exchanges that there 
was a continuance of the demand for workmen of all 
classes in the shipbuilding and engineering trades. 
In the case of women, the demand exceeded the supply 
in the cotton, woollen and worsted, linen, and olothin 
trades, and in laundry work. There was also ademan 
for women in the Birmingham plate and jewellery 
trade. 

The upward movement in wages continued. Com- 
pared with a year ago, most of the principal indus- 
tries showed an improvement, which was most marked 
in the ———— engineering, shipbuilding, and 
printing trades. There was, however, some decline 
in the tin-plate, textile, glass, and boot and shoe 
trades. 

Trade unions with a net membership of 910,692 
reported 17,138 (or 1.9 per cent.) of their members as 
unemployed at the end of May, 1913, compared with 
1.7 per cent. at the end of April, 1913, and 2.7 per 
cent. at the end of May, 1912. These figures are based 
on 3138 returns. 

Returns from firms employing 420,327 workpeople 
in the week ended May 24, 1918, showed a decrease 
of 0.1 p cent. in the number of workpeople employed, 
and of 1.6 per eent. in the amount of wages paid, 
compared with a month ago. Compared with a year 
ago, there was a decrease of 0.3 per cent. in the number 
of workpeople employed, and of 0.6 in wages paid. 
These figures are based on 1957 returns. 

The changes in rates of wages taking effect in May 
resulted in a net increase of 14,8000. per week in the 
wages of 225,000 workpeople. With the exception 
of one decrease affecting 3500 blastfurnacemen, &c., 
in Scotland, all the changes were increases, the most 
important affecting 175,000 coal-miners in Northumber- 
land and Durham, 15,500 bricklayers and masons in 
London, and 6000 building trade operatives in the 
Tyne and Blyth district. 

The most important disputes in progress during 
May were those involving about 50,000 coal-miners in 
South Wales, and about 25,000 tube and other metal 
workers in South Staffordshire and North Worcester- 
shire. The number of disputes inning in May 
was 136, and the total number of workpeople in- 
volved in all disputes in progress during the month 
was 149,812, as compared with 80,110 in April, 1913, 
and 99,156 in May, 1912. The estimated number of 
working dayslost by disputes in May was 1,088,800, 
as compared with 588,400 in April, 1913, and 981,700 
in May, 1912. 

Cases dealt with during the month include build- 
ing trade operatives at Letchworth, Cheltenham, 
Leicester, St. Helens, and Shrewsbury ; boilermakers’ 
helpers at Gainsborough ; blastfurnacemen at Falkirk ; 
steel-workers in Glamorganshire ; boot and shoe 
operatives at Leicester; bakers in London; granite 
workers at Aberdeen ; and en pes at Holyhead. 
Under the Railway Conciliation scheme, several 
a of chairmen of Conciliation Boards were 


e. 

The total number of workpeople on the General 
Register of the Board of Trade Labour Exchanges on 
May 16, 1913, for the 282 exchanges which were open 
at the beginning of May, 1912, was 73,505, a decrease 
of 11,136 compared with a month ago, and an increase 
of 3644 compared with a year ago. Comparisons with 
last year are affected by the fact that unemployed 
workmen lodging unemployment books are now borne 
on the registers. The weekly number of vacancies 
notified to the same 282 exchanges for the four weeks 
ended May 16, 1913, was 20,241, and the weekl 
number of vacancies filled was 14,132. The correspond- 
ing weekly averages for the five weeks ended April 18, 
1913, and for the four weeks ended May 24, 1912, 
are, in the case of notifications of vacancies, 19,221 
and 18,637, and in the case of vacancies filled 14,019 
and 13,686 respectively. 


The monthly report of the United Society of Boiler- 
ron and Steel Shipbuilders for June 
shows that during May 609 members were admitted, 
225 running out, which represents an increase of 354, 
bringing the total membership at’ the end of the 
month to 62,800. The expenses og | May amounted 
to 10,588/. 19s. 10d., against 8055/. 14s. 6d. for the 
previous month, an increase for May of 2533V. 5a. 4d. 
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at the end of May last was 9112, against 6613 in May, 
1912—an increase of 2499. There were, however, 
more a in last rnd than in the peony 
ing month o t year, the respective figures being 
96° and 78. The hsm 3 funds at the end of May, 
1913, stood at 36,500/., against 28,000/. in May, 1912 
—an increase of 85001. According to the report, the 
number of trade-unionists in registered societies in 
this country at the end of 1911 reached 2,378,957— 
an increase of 260,000 in the year, and of 775,000 
in ten years. It is thought that only about half 
of the trade unions in existence are registered ; 
but it has been estimated that the member- 
ship of the istered unions represents about 80 
per cent. of the total membership of the trade- 
unions of the United Kingdom. It seems that most 
of the important trade unions are upon the register, 
and, as a matter of fact, only 22 of the 100 principal 
unions dealt with by the Board of Trade statistics are 
unregistered. The report contains many extracts 
bearing on current: labour and social questions, some 
of them culled from the psn of the Daily Citizen, 
but they all have a tendency to be one-sided. All 
the burning labour and cocial questions of the day 
have more than one side to them, and it is well to try 
and view them in their varicus aspects. There are, of 
course, crying injustices to be remedied, but, in order 
to have rom injustices put right, it is not necessary 
to class all employers as practising injustice. 





On Monday last an important victory for the men 
was gained by the strikers in the Black Country, the 
General Electric Company, of Witton, having decided 
to grant the minimum wage of 23s. a week, in 
addition to which the company are understood to have 
given an assurance that the debts incurred by the 


strikers under the old system of pieceworking shall be | ¢ 


settled satisfactorily to the men within seven days. 
The decision affects about 3000 men and women, and is 
said to have put heart into many thousands of strikers 
still out. Meetings of other employers were held last 
Monday. It is understood, however, that the employers, 
though willing to grant the minimum wage of 23s. to 
unskilled workers, will give no other concessions. 





The strike among the men employed by the Leeds 
Corporation was settled on Thursday last week, work 
being resumed by most of the men. The result is 
claimed by the Gas-Workers and General Labourers’ 
Union as the greatest victory gained in the North of 
England for the last ten years. The paviors’ labourers 
have been able to secure six days’ holiday in the year, 
instead of four, with pay, on condition that they 
first put in twelve months’ continuous service. This 
concession will apply also to parks, highway, and 
tramway permanent-way men. The park rangers 
asked for Bis. a week and got 27s., and the demand 
of the other park employees for 26s. a week was granted. 
These concessions are over and above those agreed 
to for the paviors’ labourers. 





Sections of the men on the Midland Railway appear 
to be in a constant state of unrest ; and last week the 
men at Kentish Town passed a resolution ‘‘ protesting 

ainst the action of the company in taking advantage 
of members of the National Union of Railwaymen by 
punishing them for trivial offences,” a number of 
alleged victimisation cases having been brought 
forward. 

Another taxi-cab strike has occurred, this time 
directly affecting more than 100 men of the Gamage- 
Bell Motor-Cab Com It last Tuesday, 
and is said to have arisen for the following reason :— 
At the time of the recent strike the men agreed to an 
arrangement under which they were to pay 8d. a 
gallon for petrol, and to receive no rebate in cases 
where less than }8 miles to the gallon were covered. 
At the end of the strike the above company came 
into line with the other firms and allowed the rebate. 
One of the points in the present dispute, however, 
refers to the strike interval, a demand being made by 
the men that the payment should be retrospective. 
It appears that on Recurday last it was intimated by 
a notice posted in the garage by the company that it 
had been decided by the directors to pay, on 
Tuesday night, the rebate claimed in respect of the 
period from January 1 to March 17. In spite of 
this, however, a demand was made on Satur- 
day for an immediate settlement, besides which 
other claims have been presented, among which is 
a demand for the reinstatement of two men. In 
addition to this, a further difficulty has arisen in 
regard to the system of charging when cabs are hired 
for race meetings and similar events. The regulation 
8d. a mile and 4s. an hour for waiting is w the 
penn, —_ to = ae o men, it oe 
wish to ree to in with eac 4 
consider that a return of about 6d. pape gt ee 
satisfy the company. 





The executive committee of the Boilermakers and 
Iron and Steel Shipbuilders’ Society in Newcastle- 





on-Tyne have issued a circular to their members 
with reference to the wages dispute with the 
Shipbuilding Employers’ Federation. In this it is 
pointed out that the original demand was for 
ls. a week increase in time pay and 3 per cent. on 
piece rates. It was agreed later on to accept the 
advance offered to time-workers and a 24 per cent. 
increase to all piece-workers, in addition to the 24 _ 
cent. special advance in the rates to holders-up. The 
24 per. cent. to holders-up was then to. The 
position at present may be described in the words of 
the circular :—‘‘ On the whole, we feel that we have 
got all from the employers that they are prepared to 
give on the present occasion, and we know of no 
means other than a prolonged stoppage to endeavour 
to obtain more. We have therefore no alternative 
in the circumstances but to ask our members to vote 
in favour of accepting these terms.” 

As the leaders have now generally recommended the 
men to accept the employers’ terms, it is thought 
that the danger of a strike is over. The circu 
issued by the executive has not, however, been 
received favourably ‘in all districts, a large vote being 
registered against it on the Clyde. The feeling 
among the officials of the union regarding the trades 
covered by the Edinburgh agreement is that the votes 
will be in favour of accepting the employers’ terms, 
and it is hoped that a peaceable settlement may be come 
to. The union leaders appear desirous that the 





























THE MULLER-JOSSE AIR-PUMP. 


THE compactness and simplicity of the rotary type 
of air-pump are steadily increasing the demand for 
the type, although reciprocating air-pumps generally 
require less power to operate them. Meesrs. Willang 
and Robinson, Limited, of Rugby, have accordingly 
taken out a license for the manufacture of the Muller. 
Josse rotary air-pump, of which 4 large number have 
already been constructed by the Maschinenfabrik 
Augsburg-Nurnberg in units up to 10,000 kw. The 
air extraction is effected entirely by a water ejector, 
which is arranged, as shown in Fig. 1, to draw off the air 
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Power.” On Wednesday the subjects discussed included 
heating and 
day) a meeting was held at Kingston-on-Thames, when, 


among other subjects, the question of ‘* Electric Vehicles ” 
was discussed, 





















































wages question should be closed, as they wish to con- 
centrate their energies on the eight hours question, 
with regard to which immediate action is to be taken. 





SreamM-CLEANSING PLANT FOR GREAT YARMOUTH FisH 
Wuarr.—A new steam-power cleansing plant has just 
been adopted by the Great Yarmouth Port and Haven 
ommissioners for cleansing the fish wharf and _the 
granite-setted quays and roads in its vicinity. Pre- 
viously the water supply was drawn from a tank, but the 
pressure was not sufficient for thorough flushing and 
cleansing. A more powerful installation was therefore 
required, but it had to be made easily movable from one 
spot to another. These requirements are met by the 
new plant, which has been specially designed for the 

urpose by Messrs. Merryweather and Sons, Greenwich. 

t consists of a portable pump of the ‘‘ Valiant” y " 
with quick steam-raising boiler, mounted on a four- 
wheeled carriage with iron wheels and drag-handle. 
The total weight is under half a ton, and it can be hauled 
about by a couple of men. One man suffices to drive it 
and look after the machinery. A galvanised steel tank, 
placed in the centre of the carri holds one hour’s 
supply of fresh water for feeding the boiler, and the 
front portion consists of a hose and tool locker, and a 
coal bunker, which holds enough fuel for several hours’ 
work. The pump lifts water from the river at all stages 
of the tide, and a delivery capacity of 50 gallons per 
minute. For ordinary cleansing purposes a working pres- 
sure of 40 1b. to 50 1b, is sufficient, but the pressure can also 
be increased to 100 1b., when a powerful fire-extinguish- 
ing jet is obtained. A demonstration of the pump took 
place on Monday, June 9, and it was found possible to 
throw the water over the roof of the wharf offices ; its 
eng effects upon the granite roads were quite satis- 
actory. 





Tue IncorPporaTED MunicipaLt EvgcrricaL Associa- 
TIoN.—The annual convention of the Incorporated Muni- 
cipal Electrical Association commenced on Tuesday last, 
and will not close officially until to-morrow. About two 
hundred members were present on Tuesday last at the 
Institution of Electrical Engineers, Victoria Embank- 
ment, where the meetings have been held, to hear the 
President, Mr. J. E. Edgecome, who occupied the chair, 
read the address of the Association’s ex-president, Mr. 
C. E. C. Shawfield. In this address Mr. Shawfield touched 
upon the question of municipal trading, but said he could 
take up no definite partisan attitude for or againstit. He 
considered one of the anomalies of the present state of 
affairs in this country was the fact that, while a munici- 
pality was empowered to generste and distribute electri- 
city, it was practically debarred from installing the appa- 
ratus necessary to enable that supply to be put to use. 
That restriction had been made in order to prevent com- 
petition with private enterprise, but there were many 
cases where private enterprise did not meet the situa- 
tion, and he thought the Association ought to press 
for ter powers in that direction. He was opposed 
to the relief of the rates by profits from electrical 
undertakings. He considered that the electrical depart- 
ment should be self-supporting, that surplus earnings 
should go to a reserve fund for the provision of 
working capital, and be devoted to extensions. He 
thought borrowing capital for extensions, while giving 
surplus profits to the relief of the rates, was equivalent to 
borrowing for the relief of the rates. Turning to ques- 
tions of cost of current, Mr. Shawfield considered that 
there would be a rich harvest in inc consumption 
or & 
radical reduction in selling price per unit. He advocated 
ion between gas and electricity undertaki 
the former to supply non-illuminating power-gas to 
A paper was subsequently read by 
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from an opening inthe upper partof thecondenser, whilst 
@ separate pump of the centrifugal type extracts the 
capletinte from the bottom of the condenser. In the 
arrangement shown the water supply for the ejector is 
taken as a shunt from the supply of circulating 
water. The design of the ejector is the outcome of 
much experimental work, and it is claimed that the 
efficiency is at least as good as that of any other, 
whether fixed or rotary, which has yet been built. 
One advantage claimed is that the air is removed at 
the temperature of the circulating water, and there- 
fore the volume to be abstracted is correspondingly 
reduced 


MOULDING-MACHINES FOR SHALLOW 
WORK. 

THE moulding of shallow work, especially round 
and oval pieces of small dimensions, such as fittings for 
saddlery, small rings, &c., and the moulding of rather 
large sections, consisting of numerous small parts, such 
as stove plates and other ornamental work, offers difii- 
culties of a special character. For this class of work 
it is necessary to do away almost entirely with the 
joint fin, owing to the practical impossibility of 
chipping every casting. It is consequently of the 
first importance that the two half-moulds should be 
in perfect match. Shallow work can be made by 
hand processes at quite a fair speed and of good 
quality, so that if machine processes are to compete 
it is necessary that they should afford a rapid output 
and a good quality of work. 

There are numerous machine methods at present in 
use for the production of the shallow type of work 
with which we are dealing, but we think none of them 
can be said to be so perfect as to have no disadvan- 
tages. For. instance, when moulding with separate 
ttern-plates for the cope and drag, it is extremely 
ifficult to obtain a perfect match, while with 4 
power squeezer the plates have to be made strong 
enough to withstand the whole pressure of the 





machine. A common method of working is by means 
of loose a come on a sand match, but this is only 
practicable for simple classés ‘6f work. A feature of 


many methods of machirie-moulding shallow work is 
that pouring has to be made on the flat. In many 
cases, however, it would be an advantage to be able 
to pour such castings on end; apart from anything 
else, it is clear that this would frequently allow more 
castings to be put in a flask than is possible with flat 
pouring. 

With a view to meeting the special conditions imposed 
by shallow work, the Société Anonyme des Etablisse- 
ments Ph. Bonvillain et E. Ronceray, of 9 and 11, Rue 
« s Envierges, Paris, have introduced the machine 
which is illustrated in the four figures on Plate LVI. 
The main features of the machine are that it is arranged 
so that both fiasks can be filled simultaneously, and 
can be rammed together by a single stroke ; that the 
pattern is drawn by the machine while the plate 
vibrates; and that it is possible to close the mould 
either for pouring on the flat or on end. Further 
features are that the machine is adapted for using 
flasks, and can be used in connection with 
white-metal pattern-plates of about 4 in. thick, which 
require no machinery work, and can be made in about 
the same time as a sand match. The employment of 





barred flasks with the machine allows comparatively 
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shallow flasks to be used even for large size, and does 
away with the necessity for weighting when pouring on 


the flat, or using a screw-press when pouring on edge, | I 


the latter process being rather adelicate one. The use of 
white-metal pattern-plates is, of course, a feature of 
Messrs. Bonvillain and Ronceray’s general practice, 
and they are used in connection with the moulding- 
machines for more complicated work which are con- 
structed by the firm. A description of the system in 
general has already ap in our columns.* It may 
be said here that the pattern-plates are produced in a 
special flask on the machine itself from ordinary 
wooden patterns. After the impress has been taken 
in the sand the two parts of the ial flask are 
—_— apart by a frame which forms the outside of 
the pattern-plate when the white metal has been run. 








rt. At one side of the 
, which supports a bracket 
a to swing in a horizontal plane. This 
bracket carries the pattern-plate J. The column H 
also supports the cross-beam K, which can swing in 
a horizontal plane, and which can be fixed in position 
over the machine by the hook L. 

The working of the machine may be traced through 
by considering the cycle of operations to start with 
the various parts in the positions shown in Fig. 2. It 
will be seen from this figure that the bracket I and 
the cross-beam K are swung outward clear of the 
down-sand frame F and that the drag is in position on 
this frame. The cope is in position on the pattern- 

late which is carried by the bracket I. The condition 
ing as above, the two flasks are filled with sand, 


frame on a flexible sup 
machine there is a column 


= 


Fic. 10. Exampite or Work Propucep sy MAcHINgE. 


The machine which is illustrated on Plate LVI. is 
operated by hydraulic pressure, but has a compressed- 
air attachment for the vibrator. If necessary, the 
whole machine may be worked by compressed air, and 
there are several plants of this class in operation. 
The makers, however, in accordance with their general 
practice, prefer hydraulic operation when — 
The various parts of the machine may be followed 
from Fig. 1. The,base. casting is formed in one 
part with the ramming cylinder B, the ram of which 
isshown at C. Inside the main cylinder B a second 
smaller cylinder carrying @ small ram is bolted. The 
object of the smaller ram is to enable auxiliary 
motions, such as bringing the flasks in contact and 
closing the mould, to be carried out quickly. The 
final ramming is done by the ram cylinder B and its 
ram C. The smaller auxiliary cylinder and ram are 
under the floor and eannot be seen in the figure. In 
addition to the two rams already mentioned, there is 
& small ram which is carried on the top end of the 
mainram ©. This ram is bolted to the plate D, which 
carries the down-sand frame F by means of the rods 
E,E. This small ram is supported by air-pressure, 
and its purpose is merely to carry the down-sand 





* See ENGINEERING, vol. xc., page 533. 





| plate with it. 


one by each of the two men who attend the machine. 
The cope-man then swings the bracket I so that it 
comes in position over the drag, the drag-man mean- 
while swinging the cross-beam K and fixing the hook 
Lin ition. The drag-man then presses down the 
treadle, which can be seen in the figure, and admits 
pressure water to the auxiliary cylinder which has 
already been referred to. The result is that the whole 
equipment is raised quickly, the pattern-plate being 
caught in passing by the drag, until the comes in 
contact with the upper ramming-plate. ring this 
motion the main cylinder B will have been put in com- 
munication with a supply tank and have been filled with 
water. By pushing the treadle a little further down the 
drag-man now cuts off communication to the tank and 
admits pressure water to the main cylinder. This 
completes the ramming, the position of the parts of the 
machine during this time being as shown in Fig. 1. 
The next step is for the cope-man to start the 
vibrator, the position of which on the bracket I can be 
clearly seen in Figs. 1 and 4, and for the drag-man to 
hook the cope to the cross-beam K by means of the 
two hooks which can be seen in all the figures. The 
drag-man then leaves the treadle, and the ram C 
begins to fall, taking down the drag and pattern- 
The pattern-plate is caught by the 








bracket I, and the drag sinks away from it until 
the drawing is completed and the machine appears 
as shown in Fig. 3. During the whole of the drawin 
the vibrator is in operation, but it is now sto 

by the cope-man, who then swings out the bracket I 
into the position shown in Fig. 4. The drag-man 
then presses down the treadle again, admitting pres- 
sure water to the auxiliary cylinder. This closes the 
mould, The drag-man then unhooks the cope and 
leaves the treadle, and the completed mould sinks down 
and is ready for lifting on to the floor. The flasks 
before lifting are secured together by the small] hooks 
which are fitted to them and which can be seen in 
Figs. l and 2. The working of the machine is very 
rapid, and on an average it takes less than a minute 
to make a complete mould. A series of cinematograph 
pictures have been taken of the machine in practical 
work, during which the average time was 45 seconds. 
These eereey oe ay ictures have been analysed, and 
the following table for the various motions compiled 
from them. At the time of the trials the machine 
was using barred flasks 214 in. by 144 in. by 2 in. :— 





Moulder. Seconds Helper. Seconds 





Pick up drag and put it Blow-off pattern-plate; 
in place 








in pl ps = --| LO swing sand- frame 
Fill up drag (two shovels- above cope, shake 
ful), and put sand in parting and riddle 
riddle .. we .-| 64 sand on pattern 10.4 
Riddle sand ondragtop, 9.0 Fill up cope (two 
Strike off surplus sand... 4.5 shovelsful) .. 7 6.9 
Swing on the pressing- Strike off surplus sand 4.5 
head and lock it .. L& Swing on pattern-plate 
Squeeze and hook cope 5.5 with cope on - 7.4 
Draw pattern-plate and Start vibrator .. se 5.6 
finish gate-holes with Swing out  pattern- 
fingers .. - ool” Vou plate and put cope 
Apply pressure to close on ee oe oe 3.9 
mould and unhook Lock finished mould .. 1.8 
cope 6 - --| 19 (Place mould on floor 
Release pressure, pring (on end) ee a 4.5 
out pressing head, an 
lock finished mould .. 1.8 
lace mould on floor (on 
end) a aa --| 46 
45.0 45.0 
Weight of an empty shovel. . ee _ _ 6 lb. 

- sandin shovel .. he -_ wre So. 
Number of shovels in each part of flask 2 
Weight of sand in two parts of flask ... oe 88 Ib. 

a two empty parts of flask . 82} ,, 


It should be noted that no sutomatic sand-dis- 
tributor was used with these tests, the men shovelling 
the sand from a heap. 

It is, of course, clear from the above description 
that the machine operates on a system which involves 
printing the drag. It may be thought that this will 
restrict its use to very flat whe a by means of 
what the makers call a dummy the difficulty of print- 
ing deeper articles has been overcome to a great 
extent. The dummy is a metal form, made by 
moulding, which has holes corresponding to the pro- 
jections of the mould to be made. An example of a 
dummy is shown at the right-hand side of Fig. 9, on 
this page. The dummy in use is placed on the a 
side, and sand is riddled on to it, projections of 
obviously being left in places corresponding to the 
openings in the dummy. In addition to the dummy, 

ig. 9 shows the pattern-plate, the moulds, and the 
articles which are being produced. Further examples 
of the class of work for which the machine is specially 
suitable are given in Fig. 10. 

A further machine of the same class as that just 
described, but adapted for casting in mottes, has 
recently been introduced by Messrs. Bonvillain and 
Ronceray. It is shown in Figs. 5 to 8, on Plate LVII. 
The machine need not be described in detail, as its 
general features, as will be seen, follow closely those 
in the previous example. It, however, has an addi- 
tional feature in the provision of a further lifting-ram 
in the base-plate, which is adapted for pushing the 
motte out of the flasks. This ram is operated by the 
treadle, which the man is depressing in Fig. 8. In 
order that the motte may be pushed out in this way, 
it is clear that the upper flask must be held down. 
This is done by means of the catches locking it to the 
lower flask, which can be seen in all the figures. For 
holding the upper flask up while the pattern-plate is 
being withdrawn there are catches mounted on the 
ge cross-bar similar to those in the other machine. 

e remaining feature of the machine will be seen 
from an inspection of Figs. 5 to 8, the various s' 
in the operation which these figures illustrate being 
stated below them. This latter machine is shown at 
the Foundry Trades’ Exhibition at the Agricultural 
Hall by the Universal System of Machine-Moulding 
and Machinery Sompany, Limited, of 97, Queen 
Victoria-street, “.C. 








University oF Bristot.—On the nomination of the 
Society of Merchant Venturers, in whose college the 
Faculty of . of the University is provided and 
maintained, the council has 6 ig the Right Hon. 
Sir William Mather, P.C., .D., M. Inst. O.E., a 


member of the board of that Faculty, in succession to 
the late Sir William H. White, K.O. 
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THE ‘“‘ JANDUS” WINCH. 

WE illustrate on this @ very ingenious form 
of winch that has been Set by Mr. A. Denman 
Jones, and constructed by the Jandus Arc Lamp 
and Electric Company, Limited, Hartham Works, 
Holloway, London, N. It is particularly handy for 
raising and lowering arc-lamps wherever situated, 
and overcomes some of the defects to be found in 
the usual forms of winches. It is shown in front 
elevation in Fig. 1, and in transverse section in 
Fig. 2. The section shown in Fig. 2 is a horizontal 
one through Fig. 1. The principle on which the 
apparatus works is that of two wheels so connected 
together that they are always on dead centres relative 
to each other, making it impossible for the two wheels 
to rotate except they revolve at the same rate, in 
addition to which one wheel cannot a drive the 
other without external assistance. This will be under- 
stood on reference to our illustrations. In the case 
we are describing the principle is applied to a winch, 
but there are, of course, other purposes to which it 
can quite well be applied. 

On reference to the illustrations it will be seen that 
there is a drum or barrel A which is mounted loose on 
an axle B carried by the casing C, and in the same 
casing there is a disc D, having on it a crank-pin E, 
to which is pivoted one end of a link F, shown clearly 
in section in Fig. 2 and dotted in Fig. 1. The other 
end of this link is pivoted to the —-_ G on the 
flange of the barrel. The pins E and G are 
diametrically opposite each other. A hole H is cut 
in the disc, D into which a pin I on the handle K 
enters when the fulcrum-pin L of the latter is inserted 
into the axle B. When pushed right home the pin I 
engages with a stop on the flange of the barrel. The 
a M is for guiding the lifting-rope. 

The action of the apparatus is as follows :—The 
weight tends to rotate the drum A, but before the 
drum can turn it must also drive the brake disc D, 
and it can only do this through the connecting plate 
F, which is on the exact dead centre, and therefore the 
disc jams against the inside of the casing. Moreover, 
the greater the strain applied to the rope and the 
drum the greater will be chis pressure, and the winch 
cannot be moved. In order to lower the load the 
handle is inserted in the winch, the pin I engaging 
in the slot H in the brake disc D. If the handle be 
then turned in the direction of the arrow shown in 
Fig. 1, the pin I takes the weight off the brake disc, and 
at the same time tends to turn it, the result being that 
the load is free to descend smoothly and uniformly 
without any jarring or friction, the speed of lowering 
depending on the pressure exerted on the handle. 

n order to hoist the load the handle is pushed home 
and moved in the ——_ direction, the pin I, travel- 
ling from one end of the slot, engages with a stop on 
the winding-drum, carrying the drum slightly forward 
until all pressure is taken off the brake. On con- 
tinuing the motion of the handle the winding-drum is 
turned, and the load hoisted without the intervention 
of any whatever. The moment that pressure is 
taken off the handle, either by design or accident, the 
brake comes into operation, and all movement ceases. 
It will be seen from Fig. 2 that the screws are so 
arranged that they cannot be withdrawn or loosened 
when once the winch is fixed in position against the 
wall. There is no danger of the winch slipping, even 
though it be filled with oil or solid lubricant, as the 
braking action is so strong that the lubricant does not 


affect its efficiency. 








HIGH-TENSION CONTINUOUS-CURRENT 
TRACTION.* 
By L. GRATZMULLER. 

Tue object of this paper is to consider the high-tension 
continuous-current system of traction and its possibilities 
of development. No attempt will be made to enumerate 
all the experiments or successes so far attained, for this 
has recently been done by M. de Valbreuze ; some instal- 
lations of more recent type, however, will be described. 
The writer’s object will be attained if this paper gives 
rise to a discussion that will be useful to everybody. 

Historical.—The causes which have brought about the 
consideration of high-tension continuous-current traction 
will first be set forth. Continuous-current traction at 
500 to 600 volts, first of all suggested in America by Mr. 
Ward Leonard, has developed considerably to-day. The 
means of collecting the current, the motors, and the con- 
trol apparatus, have reached a high state of perfection, 
and there is not much difference in the apparatus su 
by important manufacturers. It is a general law that as 
the coletionn of a problem become more perfect they tend 
to merge into one standard solution. , 

The first problem which engaged the attention of elec- 
trical engineers was urban traction over short distances ; 
but their ambition and they have porns 
the correct solution of inter-urban transport ; and finally, 
to-day we desire to undertake heavy railway traction. 
Electrification first develops where the conditions are 


* Paper discussed at the joint meeting of the Institution 
of Electrical Engineers and the Société Internationale des 
Electriciens in Paris, May 21 to 24, 1913. 








THE JANDUS WINCH FOR ARC-LAMPS. 


CONSTRUCTED BY THE JANDUS ARC LAMP 





most favourable; for example, in the neighbourhood of 
waterfalls, as in Switzerland and in Norway ; in fact, it 
is sometimes there that the problems are the most diffi- 
cult to solve, owing to the heavy gradients and the 
tunnels, and especially where the development of traffic 
has resulted in the capacity of the tracks being exceeded. 
In America electrification was recognised as indispens- 
able for Long Island ; in the Western State Railway of 
France it will, we believe, save the situation in a brilhant 
manner. 

_ When electrification has once made a start in a district 
it develops ~ ey The facilities for transport which it 
provides dis: or create new centres, and change the 
conditions of life and of progress. When the subject of 
transmitting electrical energy for light or power is under 
discussion, if the series transmission of M. Thury, in- 
teresting as it is, is excepted, alternating currents have 
generally supplied the solution. What is the fundamental 
reason of that success? It is that the static transformer, 
an ap) tus practically without movement and the 
necessity of maintenance, of very high efficiency, allows 
the pressure to be raised for transmission and subsequently 
to be lowered for use. For this reason engineers naturally 
first turned to alternating currents when introducing 
electric traction over long distances. The single-phase 
motor being practically unused before 1900, three-phase 
currents conveyed by two overhead conductors were 
immediately a of, and three-phase traction was 
then invented by M. de do. 

The disadvantages of using two overhead conductors 
are the trouble at crossings and the limited number of 
running speeds; inventors therefore turned there atten- 
tion to the single-phase commutator motor requiring only 
one overhead conductor and capable of giving a large 
range of s' Credit is due to Mr. Lamme for being 
the first to achieve this in practice. 

The difficulty of the problem to be solved, the excel- 
lence of continuous-current apparatus for pressures of 
500 volts, and the natural feeling in favour of the system 
which had developed so well, and possibly other tend- 
encies, suggested the interesting experiment from which 
high-tension continuous-current traction has resulted. 
Its weak point is the lack of a static transformer; this 
has been the cause of continuous current being set aside. 
Can this disadvantage be compensated by certain advan- 
get This is what we are now going to consider. 

e shall review rapidly the various elements of the 
problem, viz.— 

1. The generation of high-tension continuous current. 

2. The overhead conductor. 

3. The motors and their accessory apparatus. 

4. The control. 

5. At the request of M. Mommerqué, the safety of the 
system and the protection of the staff. 

6. We shall then describe a few recent installations, 
and finally, 

7. We shall summarise the various points. 

It is not proposed to consider the mechanical design of 
the locomotive. 

Generation of High- Tension Continuous Current.—There 
are two very different cases :— 

1. When the power station is at a considerable distance 
from the track ; this will always be the case for traction 
over very ag Sgeeneen ee ; 

2. When power-station is in the neighbourhood of 
the track, the length of the latter being such that there 
is no need to consider the necessity for transmitting 
en at a very high voltage (i.¢,, at a pressure higher 
than 1200 or 2400 volts). 

In the first case three-phase currents are the obvious 
solution, whether the prime movers are hydraulic or 





steam ; and the only question is the choice of frequency. 
At any rate if the amount of power required is small, a 
frequency greater than 25 seems preferable in the case , 
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of steam turbines, so that the weight of the turbo. 
alternator may be as low as possible; but if the energy 
is to be transformed into continuous current, a frequency 
of 25 is advisable if recourse is to be had to a rotary 
converter—which is, we believe, the general method. As 
a matter of fact the sub-station can contain— 

1. A motor-generator ; 

2. A Leblanc-Arnold rotary converter ; 

3. Static transformers with a rotary converter. 

The motor-generator has already been condemned for 
traction at 500 to 750 volts; it is too expensive. But at 
1200 volts or above it allows a design with a number of 
a to be utilised, and it can then perhaps be defended. 

e cascade-converter has been little adopted ; its main 
use is to lower the frequency of the currents induced in 
the rotor, and it can only compete as cost if the 
output of the set is sufficiently high to enable the 
alternating-current stator winding to be supplied with 
high-tension current. This limits its pressure in the 
most favourable cases to 10,000 or 12, volts; but, on 
the other hand, its working is perfect, its starting and 
compounding are easy, as I have verified myself in 
constructing the apparatus. It possibly only shows to 
advantage if the frequency chosen is hi 4 that is to say, 
in France, where it is 50 periods. All the above con- 
ditions thus considerably limit its field of application. 
Nevertheless, the greater ease with which it can work at 
higher pressures may possibly weigh in its favour in 
certain cases. The reduction in the number of poles of 
the rotor will, in fact, allow the brushes to be set further 
apart, and the number of segments per pole to be in- 
creased, without resulting in too high a peripheral speed 
for the commutator. 

The rotary converter for a frequency of 25 periods and 
a pressure of 600 volts is to-day giving every satisfaction. 

e increase of the continuous-current pressure to 120) 
volts is to universally, especially since the use of 
commutating poles enables the difference between the 
armature ‘‘ ampere conductors” of the continuous current 
and the armature ‘‘ampere conductors” of the alternating 
current to be neutralised in the neighbourhood of the 
brushes. The increase in the peripheral speed has also con- 
tributed to the increase in the capacity of the machines. 

The three-phase rotary-converter operates well even at 
50 periods, but I think that the contimuous-current pres- 
sure could not be raised to more than 600 or 750 volts. 
Continuous-current pressures above 1200 volts in the case 
of 25 periods, or of 750 volts in the case of 50 periods, 
should be obtained by putting the converters in series. 

In the second case which we have to consider, the 
mechanical power is transformed directly into continuous- 
current power. If the mechanical energy is produced by 
an hydraulic turbine there is no serious difficulty. & 
to 1500 volts a dynamo with a single commutator will 
operate satisfactorily. The pressure could be increased 
up to 3000 volts by installing a machine with two windings 
and two commutators, or by putting two machines in 
series. When the mechanical power is —— by a 
steam turbine in the neighbourhood of the track it 
appears to me to be desirable to transform alternating 
current into continuous current by means of a rotary- 
converter. Moreover, in this case it is very frequently 
advantageous to choose carefully the most favourable 

int for feeding the continuous current into the con- 
luctor, and to transform the alternating current to con- 
tinuous current at this point. : 

We may here mention a point which may have in the 
future great importance, and may influence materially 
the choice of high-tension continuous current for traction. 
More and more interest is likely to be taken in increasing 
the speed, and consequently the frequency, of turbo- 
alternators. The mercury converter, whatever may be 
the frequency, allows the alternating current to be recti- 
fied with a constant fall of pressure. It is being per- 
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fected; apparatus of a capacity up to 300 kw. already 
exist, and for high pressures its efficiency is nearly 
unity. Hence electric power in the form of continuous- 
current > agg may in the future perhaps prove the most 
nomical. 
The Overhead Conductor.—There is no essential dif- 
ference between the collecting of single-phase and con- 
tinuous current except as regards the amount of current. 
A pressure of 3000 volts continuous current promises to 
be the safe limit for some time to come. A current of 
500 amperes at this pressure supplies a power of 1500 kw. 
It thus appears that powerful locomotives can only be 
utilised where a third rail is installed, which alone will 
provide the necessary surface and contact pressure. 
Currents up to 150 amperes can be transmitted by 
means of overhead conductors, which are more economical 
at low ~—- with the PP. of suspension ordinarily 
employed at pressures of volts, but with double 
insulation, and even more favourably with catenary sus- 
nsion. Overhead construction is easier to insulate, but 
it is less safe from a purely mechanical point of view 
than the third rail. : 
Attentiun should be called to the advantage in favour 
of continuous current that for the same amount of current 
there is a smaller loss in the return circuit ; on the other 
hand, there is the question of electrolysis to be considered. 





There may also adduced in favour of high-tension 
continuous current the advantage that it does not cause 
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disturbances in neighbouring telegraph and telephone 
ines. 
Motors.—In all asynchronous motors, which alone are 
used for traction, the torque, C, is at each moment pro- 
rtional tothe current I, of the rotor, and to the calcu- 
ted flux in a Sin se to the axis of the 
main flux of the rotor. e have, in fact— 


C=KIn Py. 


It is seen that the whole of the flux in the direction of 
the main flux of the rotor takes no part in pea the 
torque. It isan idle flux, and is harmful. To counteract 
it we have compensating windings for the armature 
reaction, and auxiliary poles (Picou). In asynchronous 
machines this compensation takes place automatically, a 
component of the ampere-turns on the stator compensat 
automatically the flux produced by the ampere-turns o 
the rotor. In single-phase machines the effect is obtained 
by means similar to those used for continuous current. 
As regards the inducing flux, continuous-current field 
windings are economical in cepper, but a compensating 
coil must be added to them to counteract the reaction of 
the armature, or else auxiliary poles. 

In the case of three-phase machines, the ampere-turns 
of the various coils producing the flux are not at every 
moment in phase with the total flux; this shows that 
they have components which more or less neutrali 
other. Moreover, the coils are much longer than the 
circumference of the iron poles which they surround ; but 

ampere-turns producing the resultant flux and those 
compensating for the reaction of the armature are produced 
by a single winding, whereby an advantage is obtained 
as regards the R I? ates. ? 

ithout entering into a detailed examination, which 
would be out of place here, it may reasonably be inferred 
that with (1) the same internal diameter, i) the same 
length of iron, and (3) the same weight of copper for the 


windings, it will be possible to obtain the same torque in 
normal working whether the motor be wound for con- 
tinuous current, or be a three-phase induction motor. 

The commutator segments and the brushes in the case 
of the high-tension machine will be heavier than collecting 
rings and their brushes, but the laminations of induction 
motors have to be held in the frame. Thus I think that 
the difference in weight for a given peripheral speed 
will not be of such a nature\as to make the continuous- 
current motor compare unfavourably with the three-p 
motor. The single-phase motor is clearly heavier, but, 
especially for low frequencies, the difference is not so 
great as might be expected. The following reasoning 
used formerly to be given :— 

Let a series compensated single-phase motor be supplied 
with continuous current. It gives a certain power for a 
current I.. With alternating current it will be unable 
usefully to carry I.ry = Ic, since for the maximum value 
In =/2 Ie, and the iron is saturated if In =I. It 


I. 

could ca then only Ie = —s 
rry y J2 

fallacious, because if one maintains the relation Ieyy =I - 
when the iron becomes saturated, and the back electro- 
motive force tending to diminish, the current will 
increase, the current curve will assume a pointed form in 
the va ser of the maximum, and the flux, that 
is, the electromotive curve, becomes fiat in the same region. 


The reasoning is 
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The instantaneous power boing at each instant propor- 
tional to the product of the ordinates, the mean power 
in an alternating-current machine will differ by only 
15 per cent. of the power in a continuous-current machine, 


and not by Ti of this power. 

The continuous-current motor and the three-phase 
motor in normal working are thus approximately — 
as regards weight for the same copper or iron losses. e 
continuous-current shunt motor, if it had not the draw- 
back of having fragile field windings, would offer the 
same conditions for making use of the material. In the 
shunt motor or the three-phase motor, as a result of 
leakage, the useful flux decreases slightly as the load 
increases. It is clear then that the torque on overload 
will increase less quickly than the current in the rotor. 

The following are some of the special features of the 
series motor :— 

The formula C = K Iu shows that the torque is not 
only proportional to the current in the rotor but also to 
the flux. Butin the series motor this flux increases with 
the current, and the torque will then increase more 
rapidly than the current. Another advantage is that the 
losses diminish rapidly with the load in the series motor. 

The commutation is very good, se (1) the air-gap 


each | can be increased so as to reduce the cross flux due to the 


ampere turns of the armature reaction, and (2) the self- 
induction of the coils undergoing commutation decreases 
automatically with the | owing to the saturation of 
the teeth in the path of the field flux. The series motor 
is always absolutely perfect at starting, and it should 
remain perfect at full speed. > agi 

Tt will not be without interest at this point to compare 
briefly the single-phase series commutator motor and 
the continuous-current motor from the point of view of 
commutation. 





hase | self-in: 


| the problem arises, the current that has to be 


Let ® be the flux through a coil undergoing commuta- 
tion. This flux is a function of the time and of the 
angular position of the coil relatively to its original 
position with respect to the stator. Thus = f(a ?). 


With the usual conventions— 
__@@ ,dI__38@ da 8% aI 
: a si" -Ta' hi - ha 8a 


I being the current in the coil considered, and L the total 

f-induction. In accordance with my theory of commu- 
tation, in order that commutation may take place with- 
out sparking, it is necessary and sufficient that ¢ should 
be less than ¢, ¢ — | determined experimentally. In 
practice L can generally be neglected owing to its small 
value at heavy loads, or at least so small as to be negli- 
gible. There remain two terms :— 


3@ y=- 8@ v—i.e., the dynamic electromotive 
ba Sp 


force . ° . . » 

The first term represents the product of the angular 

velocity and the angular variation of the flux, and the 

second the product of the peripheral speed by the linear 
variation of the flux :— 

_ 8 

bt 

At starting, the dynamic electromotive force is zero. 

The static electromotive force is zero with continuous- 

current and the commutation is perfect. With single- 

the electromotive force is not zero, which results in 

the fundamental inferiority of the single-phase motor. 


When running, electromotive force — ~y is produced. 
a 


, t.¢., the static electromotive force . - (2) 


If the self-induction is negligible the designer should 
arrange that in continuous-current 


a. ae 
ba . 
If the self-induction is not zero it is necessary that 
- 3® »-L 4s. €; 
be dt 


that is to say, so that the flux swept out by the section 
undergoing commutation should almost zero. This 
does not at all mean that the field should necessarily be 
almost zero along the two conductors of the section, which 
is only an important particular case, but that the two 
tields along the two conductors should be merely approxi- 
mately equal in magnitude and directed both inwards or 
both outwards. 

In the case of continuous current the auxiliary pole 
allows this condition to be exactly realised. In the case 
of alternating current all the efforts of inventors have 
had for their object the compensation of the static electro- 
motive force by the dynamic electromotive force. 
running, this compensation can only be obtained b 
creating a suitable local field, and this compensation will 
be perfect only at a certain definite speed. When start- 
ing, the condition that ¢ < e under ordinary conditions 
will determine, for the normal conditions under which 
through each section of the armature, and consequently 
the rubbing surface that the brushes must have. At the 
Marseilles Congress in 1908 I enunciated the following 
approximate law ; the rubbing surface of the commutator 
is proportional to the frequency of the current for a given 
peripheral speed. But this law is — true if the condi- 
tion e<e at the start is the condition limiting the magni- 
nfigh peripheral peeds and ha 

peri speeds and connections having resist- 
onsets missible, the values of the armature Scents 
diminish and approach in value those employed in con- 
tinuous-current at a pressure of about 600 volts. For 
example, the ratio may be only 3/2, or even less. But the 
brushes should be smaller and should only touch at the 
most three commutator bars, and as these bars will measure 
4 mm. to 5 mm. from axis to axis, we must either increase 
the length of the commutator or increase the number of 
sets of es. Moreover, even with the use of resist- 
ance connections light sparking must be tolerated at the 
start so as to avoid the necessity of having very large 
brushes. We conclude that of the two types of motor 
considered the continuous-current motor is the only one 
that can be expected to allow of brushes equivalent to 
those of asynchronous motors, and therefore for the same 
rubbing surface with equal maximum pressures in the 
windings of the rotor. 

Distributed Compensating Winding.—The auxiliary pole 
provides an appropriate field in the region of the wind- 
ings undergoing commutation, but that does not prevent 
the ampere-turns being compensated in all directions. 
A large number of ampere-turns causes the leakage flux 
which saturates certain paths to circulate in such a 
manner that perfect regulation can only be effected 
over a limited range of loads. To extend it over a larger 
range we are forced to decrease the disturbances due to 
the armature reaction by reducing its effect com 
with that due to the ampere-turns of the field. Stated 
in another way, we have to diminish the ampere wires 

centimetre embedded in the armature rim, or to 
increase the weight of copper on the field- ts. A 
distributed com ting winding would allow the copper 
in the field windings to decrease considerably the weight of 
oaae in the windings for the auxiliary poles, and even 
to dispense with it altogether. The mechanical strength 
of the stator would gain by this. The field-coils would 
remain easily interchangeable, and the compensating 
windings would be very easily repaired. It would, more- 
over, be easily cooled. It is therefore very probable that 


it will be adopted 
A few years ago many desi especially those having 





a large experience in traction, affirmed dogmatically that 





854 


ENGINEERING. 


[JUNE 20, 1913. 





the auxili 


pole was worthless for traction. It is true 
that every c i 
Theoretical 


in construction is a serious expense. 
ae of a Motor.—We start with a certain 
number of data drawn either from experience or from 
previous calculations, and these data are an engineer’s 
stock-in-trade.. We are given the tension V between the 
terminals of the motor; the angular velocity is deter- 
mined most frequently by the gear ; the mean induction 
in the air-gap; the peripheral speed for normal output ; 
the ampere-wires per centimetre; the ratio 7 of the 
polar arc to the polar step—7 e., the ratio of the angles 
subtended at the centre, or oa 2 p being the number of 


poles ; and lastly, the approximate efficiency. : 

The motor is then designed approximately. Knowing 
the efficiency and the pressure at once allows the current 
supplied by the motor to be ascertained ; the peripheral 
= and the angular velocity give the diameter; the 
choice of winding determines the current per section of 
the armature, or conductor ; the number of ampere- 
wires determines the number of conductors per centimetre, 
whence we obtain the flux @ by the well-known formula 
for the electromotive force of a conti current 
dynamo ; the ratio gives the breadth of the pole at the 
circumference, and we immediately deduce from it the 
length of the armature, and by the Hopkinson coefficient 
the size of the field poles. 

This method of calculation is correct, whatever the 
pressure of the motors. We must remember, however, 
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pee Oe ner gr in connect —~ te were + 
notwi ing vi igh peripheral s; is; and we 
need not be afraid pe le reduction gear,* which a few 
years ago could not have been thought of. I may instance 
the Citroen gear for the electric locomotives at Liétsch- 

Their working is so perfect that the noise of the 
brushes on the commutator is alone audible. Since the 
capacity is limited by the heating, it is important to cool 
the motors by ventilation, as has been done for dynamos 
driven by steam-turbines. The increase of peripheral 
speeds on the one hand, and of ventilation on the other, 
will allow the weight of the motors to be reduced very 
appreciably—viz., by about 50 per cent. We shall dis- 
tinguish enclosed motors, half-enclosed motors, and loco- 
motive motors. 

1. Enclosed Motors.—This solution is recommended for 
muddy or dusty tracks, as, for example, for certain tram- 
ways. Motors are actually made in which the circulation 
of the air is almost zero. But the heat arising from 
losses in the rotor can only be dissipated by radiation, 
conduction, or convection, 

The quantity radiated is epee | very small (Stefan’s 
law). That which escapes by conduction has only two 
paths—the shaft and the bearings—or by the air, which is 
an excellent insulator. The most important method of 
cooling, then, is by convection. It is therefore necessary 
to have strong circulating currents of air. In addition, 
the heat produced in the copper of the rotor windings is 
surrounded by a heat-insulator, as electrical insulators 
are also heat insulators. But the commutator is of bare 
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flexible tube often necessary between the fan and the 
motor is a complication. 

3. Locomotive Motors.—As a locomotive is a small 
central station there is obviously every facility for ob- 
taining perfect ventilation. Let me put forward, how. 
ever, one final argument. What we ask for high-tension 
Sew has been partly realised for bcovhan 
working. 

Control.—Methods of control have not been the subject 
of any important technical inventions. They are generally 
carried out by contractors with the usual arrangements 
for multiple control, but a low pressure is used for the 
operating circuit. 

The Westinghouse Company naturally make use of 
their well-known electro-pneumatic control, and only 
require, therefore, a supply of electrical energy sufficient 
to operate the valves. In order to obtain the low-pres- 
sure necessary for the control circuit, also sometimes for 
the lighting and for the compressed-air motors, a rotary 
transformer is employed. 

Some manufacturers (Brown, Boveri, for lighting) use 
a rotary transformer consisting of a motor and a gene- 
rator. By means of a small series resistance and a series 
field winding the motor, which has two commutators and 
two armature windings in series, is started by merely 
closing a switch. The shunt winding of the motor is 
excited when the machine is running, by the generator 
of the set in order to avoid the use of a very small wire. 
The generator itself has a small winding in series with 
the motor so as to ensure the starting. Moreover, the 
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that it is useless to attempt to make use of high-tension 
continuous-current traction practicable at a pressure 
exceeding 750 volts unless the commutation is perfect. 
The arcs between the brushes will soon cause damage. 
To avoid this, when designing 600-volt motors we 
diminish the ampere wires per centimetre of the armature, 
which will be necessary on account of the increase of the 
insulation, and increase the number of slots. We also 
diminish the ratio of the polar arc to the polar step, so as to 
havea neutral zone under the auxiliary pole. Wealso 
increase the pressure of the brushes on the commutator, 
so as to guard against the current being broken, due to 
jumping of the brushes. The insulation should naturally 

increased, and mica should be largely used. There is 
no special technical difficulty, and it seems to me that 
the pressure of 1200 volts per motor should be easily 
reached when multiple units are employed, and 1500 
volts when the motor is placed inside a locomotive. 
Unfortunately, at low powers it would often require two 
turns per section; series windings would naturally be 
used. A locomotive of 2000 horse-power at 3000 volts 
could thus be constructed with two motors in series or 
motors having two commutators. The current required 
will then be approximateiy 500 amperes. 

Weight of the Motors.—Nowadays the capacity of a 
motor is limited rather by heating than by difficulties of 
commutation, and we have y seen that commuta- 
tion, if it were necessary, would be still further improved 
by distributed compensated windings. Further, the 
formula C = K I+: zs: shows that the increase in the s 
of rotation increases in ag syn to the power available 
for the same current in windings, since the torque 
remains constant. The losses in the iron increase, how- 
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The use of aluminium seems very suitable for the 
rotors. The a hg ee ay are can be | 
largely compensa y the increase in ripheral | 
speed for the same centrifugal force. ™ 

The im t in the cutting of gears has been very | 
great, and the’r wear is much leas, owing to the improve- 
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copper, and through the soldered parts the heat generated 
in the windings flows towardsit. Tocool the commutator 
it may with advantage be provided with vanes. The cost 
of this is nearly negligible, and the reduction of the 
contact surface, if any, will be more than compensated 
by the improved cooling obtained, which, on the other 
hand, has an a, reg effect on the commutation. 

_ It is essentia increase the circulation of the air 
inside the rotor and between the laminations by means of 
the spider of the commutator, so as to carry away the 
heat —— in the carcase. A small fan placed at the 
end of the machine will easily produce this result. e 
have already adopted it in practice. The introduction 
of a number of small passages must be avoided, as carbon 
or metal dust from the brushes may accumulate in them. 
All the air- should be capable of being easily 
cleaned. Finally, on a railway track we might supply 
the carcases of the motors with ribs so as to increase the 
cooling surfaces (a method already used in three-phase 
work by De Kando). 

2. Semi-Enclosed Motors.—It may be taken for granted 
that the only reason why the air should not come in 
contact with the laminations is lest deposits of dust might 
cause short circuits. It is easy to produce a current of 
air which will enter near the shaft through a bearing, 
and pass through the centre of the commutator and the 


| iron stampings of the rotor. 


We think that, in the case of railway equipment, the 
restriction whereby the air is prevented from passing 
through the motor and coming in contact with the wind- 
ings is not altogether justified. It may, indeed, be asked 
if it would not be an improvement to blow a continuous 
current of air through the motor. To make use of 
auxiliary fans, or a common system of water-cooling, is 
not a justifiable solution, at least for motors placed under 
carriages, since each rotor can, with advantage and almost 
without complication, be made self-ventilating. The 
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motor has.a second small-series winding in series with 
the dynamo in order that when the set is runnirg the 
effect of the first-series winding which has enabled 
the motor to start may be practically neutralised (see 
Fig. 6, page 855). 

Other firms (Themson-Houston and Westinghouse) use 

a rotary transformer, which they call a *‘dynamoteur. 
This is a dynamo with two independent armature wind- 
ings, each connected to a commutator. The brushes 
connect the two windings in series across the total pres- 
sure. The machine has a series field winding and also 
a resistance in the circuit, so that it can be started by 
merely closing a simple switch. When running, a shunt 
winding on the low-tension side limits the speed. The 
‘*dynamoteur” can be automatically brought into use or 
stopped when the motor reaches or leaves a high-tension 
section of the line, since an auxiliary control circuit 18 
rovided for use at about 600: volts. The Westinghouse 
mpany use the “dynamoteur” to drive the com- 
ressors. Contactors, switches, reversers, disconnectors, 
c., are of the same-character as those used for ordinary 
continuous current; but more are required, and their 
insulation is, of course, more elaborate. The length of 
used is greater, and in this respect the influence of 

the American method is particularly beneficial. There 
is also nothing to say in regard to the small controller. 
Messrs. Brown, Boveri construct their controllers for use 
at high pressure, with a rapid break, large separators, 
and ‘* blow-out.” Y 
The series-parallel method of regulating the speed is 
exclusively employed if each motor is so constructed as to 
beable to withstand the total pressure. When each motor 
is designed for only half the total pressure (Westing- 
house), series parallel working is used with two groups of 
motors, each group consisting of two motors in series. 
Often if the motors used are simply motors at 600 or 750 
volts, with reinforced insulation, they can be connected 
in series in pairs at 1200 or 1500 volts, and rematn con- 
tinuously in series. The low-tension sections of the line 
being in the towns, the reduotion of the speed on such 
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sections causes no inconvenience. With theusual American 
practice of providing two motors, each for half the total 

sure, and ao in series on the full pres- 
sure, it is to be feared that slipping may cause an undue 
pressure to come on one motor. Protecting relays, which 
can easily be designed, have been proposed. Practice has 
shown, however, their uselessness, as they cannot with- 
stand such abnormal rushes of current as are easily 
withstood by the motors themselves. A certain margin 
of opoadl however, could still be obtained by shunting 
the field magnets, or by putting in series with the motor 
a variable number of inductive coils. 

Braking and Regeneration. —Regenerative working can 
be obtained on gradients by exciting the field magnets of 
the motor by means of an auxiliary exciter forming part 
of a small independent motor generator. Where starting 
and stopping are frequent, the energy dissipated in the 
resistances, or lost as heat in the brakes, may be con- 
siderable (metropolitan railway services). The single- 
phase system solves the starting difficulty by means of a 
variable-pressure static transformer, and the regeneration 
problem more or less perfectly in a similar way. But it 
is not essential that static apparatus should be used. It 
may be mentioned, moreover, in ing, that the static 
transformer is often accompanied by rotary fans. 

We shall attempt to show that lation at all speeds, 
and also braking, can be obtained under really quite 
simple conditions by making use of the increase of peri- 
pheral velocity and of the ventilation which this can be 
made to give. Apart from the normal losses in a motor, 
there is at present no means, and probably no solution, 
allowing the speed to be varied without altering simul- 
taneously the interior connections of the motor or the 
nature of the current which is supplied to it, that is to 
say, the frequency of thiscurrent. The commutator for 
continuous current by means of the constant recurrence 
of the conditions required for the torque, as well as for 

commutation, in fact by the constant alteration of 
the connections, provides by the change of pressure at 
the motor terminals a tn & adjustment of the 
with slight slipping and small increase of losses. The 
simplest solution is to arrange one or more motor-gene- 
rator sets(Ward Leonard) on the motor-cars. The draw- 
back is that the | eyed supplied by the generator of the 
set is equal to the sum of the —_— required by the 
motors. There would therefore required three times 
the energy taken by the motors driving the wheels. 

I am well aware that the high-s motor-generator 
could nowadays be made relatively light. An apparently 
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simple solution is the use of boosters on one or more cars. 
If the voltage of the booster can be supposed to vary 
from —V to + V, V being the voltage of the line, the 
possibility of obtaining all speeds without wasteful losses 
of energy other than the normal losses of the set, can 
—- be seen. 

During the periods of regeneration the only essential 
point will be that the excitation of the motors should 
not be provided by putting them in series with the field 
magnets. It may evidently be obtained, more or less 
directly, from the boosters, or from an auxiliary exciter 
attached to the machine. 
period it is desirable that the motors should retain their 
series characteristics. If one of the terminals of the 

ter is earthed, no point of the motors will be at a 
potential greater than + V. If merely varying the ex- 


citation of the booster will allow the whole control appa- | 


Tutus to be done away with, and the extra power taken 
by thedynamo is only equal to the total power of the 
driving motors, it follows that great peripheral s 8 
esteial cooling make this solution the one to be 


opted. 
I should not like to conclude without saying a word in 
to_continuous-current traction on the series 
system. The control in this system would also be easy, 
but difficulties would arise with changing conditions. 
The attempt of M. Bourdel will perhaps not remain un- 
eaeotive, and some day a simultaneous solution may 

found for ‘‘ regulation” and the ‘‘ block system.” 

Security and Protection of the Staff.—I leave on one 
side the question of overhead lines, since it would be 
merely a repetition of what was discussed under the 
i system. Nevertheless, I should like to re- 
mark that the precautions must not be excessive. The 
time has passed when ee were ignorant of the 
dangers of electricity. The fundamental rule, in my 
Opinion, is to avoid accidental contact rather than con- 
tact through ignorance of the danger. The driver of an 
‘rie car or an electric locomotive, should be placed in 
such a position that he cannot involuntarily ea 
victim. He should, therefore, be protected from any 
possibility of asphyxiation when a machine is burning, 
+ electrocution due to inadvertently touching 
ve apparatus. The use of low-pressure control 
easily allows the driver and his assistant to be placed in a 


Moreover, for the starting ‘ 


protected cabin, and electric interlocking devices prevent 
them from getting into danger when ay tus on 
the car is “‘live.” It is, nevertheless, desirable that the 
driver should be able to attend to the working of the ap- 
paratus, and especially of the running i y 

Existing I sons.—I wish to mention very briefly 
the characteristics of the — supplied by the 
aay manufacturers, to whom my thanks are due, 

or = particulars which they have been good enough to 
supply. 

Compagnie Générale d’Electricité de Oreil.—This com- 
pany the rights in France and its colonies of the 

Schuckert system, and has contributed a great 
deal towards the development of high-tension continuous- 
current traction. In 1912 it had constructed, or had in 
course of construction, apparatus for 14 installations, 
with motors working at from 1000 to 1200 volts. As the 
case may be, it employs controllers directly connected to 
the main circuit, or high-pressure controllers for the con- 
tactors p in the main circuit, or it makes use of a 
pressure-lowering device for the auxiliary circuit. I 
should like to mention that two important installations 
have been in service since 1906. 

1. At Maiziéres-Sainte Marie three 55-ton locomotives, 
each fitted with four motors grouped in pairs in series 
across 2000 volts. Each motor is of 160 horse-power, and 
the weight of the trains is from 200 to 300 tons. 

2. Between Cologne and Bonn trains weighing about 
110 tons, and consisting of two motor-cars, each fitted 
with two 130-horse-power motors. maximum 8 
is 70 km. per hour, and the motors are constructed for a 
pressure of 1000 volts. 
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ive below a list of the installations 
huckert Company has so far carried 
rom 1000 to 1200 


For reference I 
which the Siemens-* ) 
out (the pressure of the motors is 














1200 


Leiden-Katwijk (Holland) ..| 
1000 I . 


Pachuca (Mexico) 


volts). 

Pres- Motors. 

sure of ns ______| Length 

—— Over- of 

| head | HLP. | Con- 

OCon- Number) md ductor. 

ductor | Motor. 

| volts km. 
Maiziéres-Sainte Marie -+| 2000 12 160 14. 
Cologne-Bonn .. sas --| 1000 42 130 442 
Bonn-Siegburg - Kénigswinter| 10U0 24 85 284 
Kénigsee - Berchtesgaden-| 

Landesgrenze ve ..| 1000 22 75 19 
| Frankfurt-on-Main Suburban! 

Raiiwa: _ sts ..| 1000 8 85 _ 
Reppist Goal: Mines ° 1000 4 65 65 
Salburg-Liandesgrenze - 

= Poe ; oe .- 1000 20 75 1533 
Hohenstein-Oelsnitz .. 1000 20 45 11 
Neustadt-Landau -| 100 | @ 45 23 
Pompéi-Salerno tis 1200 | ° | 49 
Zartlesdorf - Lippnetschwebe ) ,., F | 

Gu .. . ..j¢e { § 80 } ad 
Poprad-Csorbasee (Hungary) 1640 20 60 | 38 

16 sn 3245 
56 
40 


The installation of Sage Etnigesteten Siaere has 
been in operation since September, 1911. e trains 
consist of two motor-cars with two bogies and a number 
of trailers also fitted with bogies. The maximum speed 
of the trains is 40 km. per hour. Each motor-car is fitted 
with two 85-horse-power motors at 1000 volts, one motor 
being placed on each bogie. The multiple-unit control 
system with contactors is adopted. Series-parallel work- 
ing is used with one position for shunting the fields for 
series working and two itions for parallel working 
—t.¢,,-@ total of five working tions. The controllers 
are placed in the driver’s cab, while the contactors are 
grouped under the 





for the car. The contactors are fed by current from 
the line, additional resistances i i 
the car is used at a pressure of 1000 volts. Within the 
town of Bonn the cars work at a pressure of 550 volts, 
and this lowering of the pressure maintains auto- 
matically the working speed at that authorised in the 
town. The insertion or cutting out of circuit of addi- 
tional resistances for the auxiliary services is performed 
by means of a change-over devive. This apparatus 
serves equally well for changing the connecting up of 
the groups of lamps, which work at a pressure of 1000 
volts outside the town. The change-over device is 
maintained in its normal ae which is that corre- 
sponding with 1000 volts by a spring. When the train 
arrives on the section supp ied at volts the driver 
closes the interrupter H of the change-over coil U (see 
Fig. 1), and this moves the device against the spring 
into the position corresponding with 550 volts, the 
locking coils then come into action. On passing into the 
neu section, which lies between those sections of the 
line which are supplied at 550 volts and those at 1000 
volts, the locking coil sets free the chi ver apparatus 
G, which —— automatically —- — of - 
spring into the position corres: ing with 1000 vo 

ond on additional resistance is inserted into the cnsteal 
circuit of the contactors, as well as into the circuit of the 
motor com r. The magnet coils of the contactors, 
as well as the windings of the motor compressor, are insu- 


lated for a pressure of 1000 volts. 
The controller of the auxili circuit placed in the 
driver’s cab is supplied with a working cylinder Sy, and an 











carriage. 
Fig. 1, page 853, illustrates the system of connections 


inverting cylinder S, shown diagramatically in Fig. 1. 


& V Wire 





Heating St 


The electro-magnets of the contactors not in use are 
short-circuited by the principal cylinder ; the strength of 
the control current remains sensibly the same, use 
the number of contacts in series varies only very little 
and the additional resistance has an equalising action. 
In addition, there is very little sparking at the con- 
troller, owing to the weak currents flowing. The electro- 
magnets for working the current-reverser are only 
energised momentarily when the reversing drum is in 
operation. The spark produced is rendered harmless by 
using several air-gaps in series. 

The handle of the driver’s controller is fitted with a 
safety arrangement. The driver has to use force to close 
and break the control circuit of the contactor. If for any 
reason whatever he removes his hand from the controller 
whilst the car is running, the push device rises under the 
action of a spring and at the control circuit of the 
contactors. It is not sufficient to apply force again in 
order to close the control circuit, but on account of the 
relay S; the handle must be brought to its ‘‘off” position 
to restart. 

Se motors pe em ony. poles sod are con- 
structed to stand with absolute safety a working pressure 
of from 1000 to 1200 volts. 4 re 

Société Anonyme Westinghouse.—A branch of the West- 
inghouse Electric Seng Caney of Pittsburg ; 
= the a inghouse a" pany, this firm sup- 

ies apparatus for single-phase three-phase traction. 
ovestindiom, it has decided that it would be inadvisable 
to lect high-tension ti current traction, and 
a number of high-tension continuous current installati: 
and, in particular, several locomotives, have been instal] 
in America. 

Two motors are always connected in series across 1200 
to 1500 volts, so that each motor is subjected to only 
half that pressure—t.c., 600 to 750 volts. Naturally, 
the well-known electromagnetic system of control in- 
vented by this company is used. The auxiliary control 
circuit for the electro-pneumatic valves of the con- 
tactors, and also the electric lighting, are supplied at low 
pressure from a “‘d .” which presents certain 
peculiar features. “*dynamoteur” also works the 





com by means of an automatic device controlled 
by the compressed air. When the pressure decreases, an 
opposing spring produces the necessary contact pressure 
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List of Installations Carried out with the General Electric ' 
Company’s Apparatus. 





Name of Line. 


Motors per 
of Motors. 


Car. 


— of 
Cara. 

Number of 
Horse-Power 


E | Single Track. 


| | Length of 


In Italy. 


Brescia-Toscolano and Brescia-| 545 


Stocchetta 
Monza-Meda-Canto 


Verona-San Bonifacio .. 
Turin-Rivoli 
Pisa-Marina on wt 


In the United States. 
Central Californian Traction 
Indianapolis and Louisville 
Traction Company .. a 
Pittsburg, Harmony, Butler, 
and Newcastle. . ee : 
Southern Pacific Railway (Oak- 
land Division) .. is ‘ 
Aroostock Valley Railway 


Shore Line Electric Railway .. 
Southern Cambrian State 


= 


rN et OH co 10S 


27 
.. 222 
met 


—— 
> 09 > PO FO mH DOM CO 


11 


2 
———, 


Railway... ie ‘4 - 
Washington, Baltimore, and 
Annapolis “ aa 
Milwaukee Light, Heat, and 
Traction Company .. | 
Davenport and Muscatine 
Railway Company... + 
Fort ge, Des Moines et | 
Southern Railway .. 
Nashville-Gallatin Railway .. 
Oakland and Antioch way 
Oregon Electric Railway Co. .. | 
Kansas Oity, Clay Company,) 
and 8t. Joseph Railwa: 
Buste, Anaconda, and 


eee 222 ee Se OF OD 


RaSun werwnh 





fe 
~ 
Boom oto: 


nw 
o 


‘acific 


_ 
a 





a _ — ee ee 


way.. ee ” ‘e 
South-Western and Traction) 
Power Company ee --| 2 2 








for bringing the compressor into action. The ‘‘dyna- 
moteur” sometimes supplies the fans for cooling the 
motors by forced draught. A simple diagram of con- 
nections of the compressor is given in Fig. 2, whilst Fig. 3, 
page 853, shows the scheme for changing over when 
passing from low to high pressure, or vice versd. The 
shifting of the regulator is still produced by compressed 
air by valves controlled magnetically by the pressure of 
the system. Assuming that the motor connections are 
not altered, the speed of the car will be reduced on the 
low-pressure sections of the line. The details of one of 
the Rfteen locomotives of the Southern Pacific Railway 
are as follow :— 

Baldwin- Westinghouse 600 to 1200 Volts Continuons- 
Current Electric Locomotive for the Southern Pacific 
Railway. 

(Working data: The weight of each train is about 
270 tons. The incline is 4 per cent.) 
ae .. 1.44 metres 

0.925 


25 
5 
35 


Diameter of the wheels ses 

Rigid wheel-base of each bogie 
Total wheel-base i it ae 
Distance from axis to axis of the 


es 
To 


” 
” 
” 


tons 


weight . a 

Electrical equipment... 

Mechanical equipment 

Number of motors... 

Forced ventilation... Ne née 

Capacity of each motor at one-hour 
rate 


20 
34 


5 
4 


250 h.p. 
5000 kg. 
9900 kg. 


27.2 
13,500 kg. 


hour ie br as a 60 

Compagnie Francaise Thomson-Houston.—The Thomson- 
Houston Company and the General Electric Company of 
America have specially developed high-tension con- 
tinuous-current traction. In America the General Elec- 
tric ee claims that it is as good as single-phase 
traction fur locomotives of high power. The company 
has therefore studied pressures of 2400 volts. ‘our 
installations in Italy designed for 1200 volts and motors 
of 45 horse-power, and seventeen in America with 
motors of from 50 to 300 horse-power, may be mentioned. 
The length of single track varies from 12 km. to 234 km. 
About two-thirds of the installations are more than 50 km. 
long. In the greater number of cases the motors are 
coupled in pairs in series across 1200 volts, the pressure 
per motor thus being 600 volts The energy for traction 
on low-pressure circuits under 1200 volts is supplied by a 
*‘dynomoteur.” The following are the details of an 

arrangement frequently employed. 
Running at 1200 Volts.—The current arriving (Figs. 4 
and 5, page 854) at the contactor cannot eoing ~ 
y 


Continuous tractive effort when 
working with forced ventilation ... 
Tractive effort for one hour with 
forced ventilation ... a Be 
Speed at one-hour rating in kilo- 
metres per hour os a 
Maximum tractive effort ° 3 ; 
speed in kilometres per 


resistance and from there to the earth G. The plunger |on the three-wire system at 1200 volts. In the new 


wire 11, and closes that of the ‘‘dynamoteur.” 


ting, heating). : } 
Running at 600 Volts.—The train coming from a sec- 


section and passes across this under its own momen- 
tum. The contactor not being ene 














_ then exceed 1200 
| at 120 volts. 
tion supplied at 1200 volts first runs on to a neutral | The first experimental car has proved a success. 


falls back, and this has the effect of breaking the circuit | pan 
of the “‘dynamoteur” and re-establishing the circuit of | tic 


is attracted, makes the contact, breaks the circuit VA, the | section the outer wires of the three-wire system are at 

us | 
current at a pressure of 600 volts obtained by the wire 12) pairs in series) are connected between 
comes to the switch, and thence by the wire 9 goes to and the equipment has no earth connection. In the case 
supply the different working circuits (control, compressor, | of a motor slipping, e _—— at its terminals can 
ig: olts. 


+ 1200 volts and —1200 volts. The groups of motors (in 


ese two wires, 


vi 
The 


_ The auxiliary control circuit is 
braking on the inclines is rheostatic, 
This firm makes 


Compagnie roméchanique. — 


rgised, its plunger} Alioth and Brown-Boveri apparatus. The latter com- 


has carried out various installations, and in par. 
it has made controllers for use at high pressures. 
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the wire 11. In order that working at 600 volts may 
now become possible, the driver has to put the switch 
in correct position. It is maintained in that posi- 
tion by means of a retaining coil which forms part of 
the apparatus and which is connected in series with a 
resistance across the line pressure of 600 volts. Current 
flows along the wire 11 to the switch, thence is shunted 
through the retaining coil previously mentioned and 
the other part through the wire 9, and from there 
to the different working circuits. When the train comes 
again to a neutral section, the switch, being no longer 
maintained by its coil at the position 600, resumes the 
position 1200 of its own accord. The driver then has 
only to operate this switch on passing from a 1200-volt 
section to one at 600 volts, and has not to touch it on pass- 
ing _— = volts to 1200 volts. we 
ther Arrangements for Safety.—When cars equi 

for 1200 volts run on lines at 600 volts it is pe 
sufficient to run them at half speed. At times, in special 
cases, when the equipment is arranged to give the same 
speed at 600 volts as at 1200 volts, it is necessary to 
modify the connections of the motor and the starting 
resistances when passing from one line to another. This 
can be done by means of a special change-over device, 
arranged sb that it will always be impossible to start when 
this device is not in its proper position. In working at 
1200 volts the motors are generally grouped in pairs in 
series, and the resistances are all connected in series; 
whilst at 600 volts the motors are grou in parallel 
pairs, and the resistances are connec in lel so 
that their value represents only one-fourth what it was 
at 1200 volts. The Indianapolis and Louisville line is 
the only one in which the equipment is of this type. 

The locomotives of the General Electric Company have 
generally two bogies. The articulated type a how- 
ever, been tried. Enclosed motors are always used, 
sometimes with forced ventilation. 

Finally, the Compagnie Francaise Thomson- Houston, 
who had first taken up single-phase current with a loco- 
motive of 1200 horse-power, are now making high-tension 

t -current locomotives, of which the motors are 
connected in series in pairs across a total pressure of 2400 


volts; no doubt the com has benefited from the 
experience of the General Electric Company. We are 








wire 11, the circuit of which is 0; cueatienl 
ends Eaaulay Gabagudimah tke ok hte 


erring to the extension of the Saint- -de-Com- 


miens line from La Mure to Gap. The existing line is | 




















= 
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|In the line from Biasca to Acquarusa (Fig. 7, page 855, 


and Figs. 8 and 9, above, illustrate the more interesting 
parts of the cars) the controller is supplied with large 
separators for interrupting any arc, and has a rapid break 
and magnet ‘‘blow-out.” It is placed in a central cab, 
and is controlled from the platforms at the ends of the 
car by means of gear-wheel tranamission. The lighting is 
rovided from the motor-generator described previously. 
ig. 6* shows diagrammatically the machine, and Fig. 9 
its position under the car. As regards the sub-stations, 
Messrs. Brown, Boveri transform the three-phase into 
continuous current by an induction-motor and a dynamo. 
Conclusion.—The title ‘* high-tension continuous-current 
traction” is not very happy. It implies an entirely new 
type of apparatus. As a matter of fact, it only marks 
steady development ; from 500 volts it passed to 600 volts, 
and then to 750 volts. The trains from Villefranche 
to wy kg eet use current at 850 volts. Certain sections 
of the Buda-Pesth system are now run at 1000 volts, and 
to-day the system is applied to locomotives at 2400 volts, 
and even 3000 volts is talked of. This progress has been 
justified by improvement in the commutation of the 
motors, due principally to the use of auxiliary poles 
and to recent methods of insulation by means of mica and 
impregnation. The costof transmitting the energy must 
not be overlooked in view of the weight of copper requ 
for the lines and the cost of substations. In order to make 
@ comparison with other methods of traction—viz., single- 
phase and three-phase—the length of the line and the 
intensity of the traffic should be taken as independent 
variables, but this would lead to the comparison of esti 
mates, a subject unsuited for discussion here. It may be 
mentioned, however, that heavy traffic is a favourable 
factor for high-tension continuous-current traction. | 
The advantages of continuous current are principally 
the large a torque, the quality of the commutation 
(which is shown by the small wear of the commutator and 
the brushes), and the light coaches. On the other hand, 
there are the drawbacks of a - Fe an expos om 
tension rotatin rt—particularly dangerous in 
localities—the » Bow a commutator, and the cont of 
the Jarge currents necessary when a large amount 
power is required. . 
Some companies (Ganz and Brown, Boveri), after 


* Lumiere Electrique, May 25, 1912, 
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o List oF INSTALLATIONS CARRIED OvuT BY THE COMPAGNIE ELECTROMECHANIQUE. CATALOGUES. 
in apes l Dish-Washing Machine.—A circular ill ing and 
es, \Maximum| Voltage and Maximum | Nature of | i ibi “ ” di : : 
186 Length. | Gradient. | of Contact fone, | Capacity. | ‘Tractor. Motors. Miscellaneous. poner Reem ged - Ae = tee » Vocketider 
: oe | | | if Deveushce-ojure, EC, who ae fe ae ogee for 
ic. Brasqua-Acquarosa (SWITZERLAND). Date oF Putting INTO Service, Juuy, 1911. these machines. ” —— atte fa Ser 
ces 14 3.5 | f Catenary (?) or simple 52 tons ; 20 km. to) Motor-cars Two 80-h.p. motors |Power-station at Bia-|  Pattern-Shop Supplies.—Messrs. Walton and Co., of 
| nsl0! \° . | ; : 5 : 
= | ae cy ® 40 km. per hour. | | py wk — Newton-etreet, Birmingham, have sent us a copy of their 
“ pantograph motor generator | father asi wood fillet! white-metal sul svemped tent 
: . 8 - 
WENDELSTEIN (NIEDERBAY, Bavania). Date or Puttine into Service, 1912. letters, brass peg and cup dowels, malleable-iron dowel- 
7 3 “ 23.5 1500 pan mates) as tens. ‘ 8 Three, leoo- Two 190-.p, motors Mydve-ciectele power- | plates, rapping and lifting plates, &c.; it also states 

ne *| ier: motives in un or in. i i 1 

he sion and| 7 - 7 km. to 15 — operation aan “ — for henna types of atecl Spring washers. 

partly rack per hour | Alwminium.—The latest circular from the British 

Haartem Tramways. Darts or Purtine inTO Service, 1912. an a yen ny hg ay of - een Victoria. 
— — |2 § Catenary (?) or simple|18 tons, hauled at|Fifteen motor-/Two 32-horse-power — gives some information on the ren of . pee So 
3 ——- (®) 23 km. to 35 km. cars motors tterns and moulds, melting and . th ng 
1200 volts (per motor) | per hour Paishin the * J , pouring the an 
pantograph mg . — Lnpegl ay ae $ f ‘ 
Ling FROM LAUTERBRUNNEN TO WENGEN. the point of view of ‘the foundry. a 
Rack railway 25 1800 volts (per 40 tons _ | Two 150-horse-power Sub-station at Wengen. Water-Proofing Concrete.—The Smooth-On Manufac- 
| motor) | | motors panel motor tering Company, hoes London address is 8, White- 
| | check Gay tact tach to chew bord eattaeee 

a iron coment umn toend for ne fn byt ty 
having used the three-phase system, have thought it ad-|sion for the construction and working of a rack-and- | Several examples of hengmeentk’ euaiees ite, ina 
visable to develop single-phase apparatus (Brown, Boveri), — railway (1) from Langweis to Davosplatz via the | pits, brick- reservoirs, &c., which i been ren- 
or high-tension continuous-current apparatus (Ganz and | Strela, or (2) from Arosa to Frauenkirch via the Furka. | dered water-tight by means of “‘Smooth-on ” cement, are 
Brown, Boveri). ‘ fied The cost of the former is put at 3,650,000 francs (146,000/.), | illustrated. 

The Westinghouse Company, which started with single- | and that cf the latter at 3,250,000 francs (130,000/. ). Leathe Iti os 
phase traction, is constructing high-tension continuous-| Spain: The Gaceta contains a notice issued by the] po = ae ting.—Messrs. Wallach Brothers, Limited, 
current apparatus, whilst Messrs. $ Schuckert are | Minister of Fomento granting to the Mallorca Railway | -~°™ tl _ ~ House, Finsbury - square, E.C., have 
developing single-phase and continuous-current apparatus. Company a concession for the construction and working omtita “Th, Cas wy? edition of their little booklet 
It is likely that these three systems of electric traction— | of a strategic railway from Palma to Santaiiy. ap Mn eo of Belting,” the object of which is 
viz., continuous current at high pressure, single-phase} Italy - The Gazzetta Ufficiale, Rome, notifies that tenders | 4 intense ones can reduce their working costs 
and three-phase—will find fields of application. at is| will be opened on June 28 at the offices of the Italian taki increase the efficiency of power transmission by 
certain is that all traction, whether on a large or small | State Railways, Rome, for the construction of a further res ee ensure that their belts are properly 
scale, is tending undoubtedly and rapidly to selectrical | 184 miles of the Sicilian complementary railway system. wentes. es giving many useful notes on the pre- 
working, the weight of the apparatus and the cost of the; The upset price is put at 3,645,000 lire (145,8000.). pene cay A to avoid belt troubles, and the methods 
lines being capable of further marked diminution. Although the foregoing contract will doubtless be awarded | ° Bow ying them, this publication gives directions for 

Note.—Messrs. Macfarlane and Burge have invented | to an Italian firm, nevertheless there may be openings tabl ng —— and joints, and also includes 
an ingenious system which appease to have been | for manufacturers in the United Kingdom to supply some on - ‘uo ( enable the power transmitted to be 
applied in England, and the object of which is to|of the materials required. The Gazzetta also publishes | (¢rcrmined. Other information of interest to all users of 
include in a single machine the motor and the booster | decrees (1) granting to Les Tramways de Sctenetecauer : ie, af os in the booklet. It also gives par- 
discussed above. The system comprises essentially a | concession for the construction and working of an elec- es ~“ the various brands of leather belting supplied 
four-pole armature, placed at the centre of a special field- | tric tramway in Bologna—viz., a continuation of the San y the firm, and illustrates some of their other specialities. 
magnet system (Fig. 10, page 856). Numbering the con-| Vitale tramway to the Bologna-Rimini level-crossing ; Electric Motor Sirens.—Messrs, Siemens Brothers and 
secutive poles 1, 2, 3, 4, poles 1 and 2 are magnetically | and (2) ratifying the concession granted to the Societa | Co., Limited, of Woolwich, Kent, have issued an illus- 
connected, and also poles 3 and 4. It will be seen that | Elettrica Bresciana for the construction and working of | trated price-list of electrically-driven sirens. It is 
the field-magnet system is not that of # multipolar | a steam tramway from Brescia to Ostiano, with a branch — out that these appliances are very useful for pro- 
dynamo having four poles. The brushes are placed in the | from Pavone to ra. ucing a loud and characteristic sound that can be heard 
usual positions for a multipolar machine. Denoting as 1| Rowmania: The Monitor Oficial, Bucharest, publishes above the noises that occur in forges, boiler-shops, rolling- 
the brush commutating the current in the coils situated | the text of a Bill, under the terms of which the communal | mills, and other works; they are also suitable for fire- 
in the maximum flux circulating between poles 1 and 2, | authorities of Constantza are empowered to contract a alarms, dinner-hour calls, and other purposes in la 
and calling 3 the brush similarly placed for poles 3 and | loan of 5,000,000 lei (200,000/.), of which 3,000,000 lei | industrial concerns, as well as for giving danger-si 
4, the other brushes, 2 and 4, are short-circuited. The | (120,000/.) will be utilised for the construction of break- | on ships and railways. Some of the sirens listed are 
supply mains S are connected between the brush 1 and | waters and land reclamation on the coast of the Black fitted with a device by means of which sharply defined 
the short-circuit. — s Sea, 1,000,000 lei (40,000/.) for paving operations, 350,000 sounds can be produced, and particulars are also given of 

Poles 1 and 2 being excited, half the armature develops | lei (14,000/.) for hospitals, and &o, lei (26,0007,) for the | an automatic switch by means of which a siren can be 
the pressure u of the source of supply between the brush 1 | erection of a slaughter-house, market hall, and schools. | started from any one of a number of distant points; the 
and the short-circuited brushes 2 and 4, and operates as| Colombia: The Diario Oficial, Bogota, publishes a| latter device would probably be employed with sirens 
a motor eggs the er wat te — that by a od authorising ~ puvatinn Ministry of Public | used as fire-alarm signals. 
varying the excitation o! es 3 an the pressure | Works to proceed wit e construction of a section of a : . 

355, between the chorb-cleeuited | brushes and brush 3 can /| railway designed to connect the Southern Railway with —, i peo, Weed We hae recsived 
Ang be varied from - uto + u. Thus the pressure available | the Salto de Tequendama Railway. The line will be | coln, a circular relating to s i] imnited, of Ldn, 
= between brushes 1 and 3 will vary from 0 to 2 u. divided into three sections—viz., Tequendama Station to | refuse as fuel These a ‘ gas plants using wood 

Half of the armature acts accordingly as a motor—|the River Mujfia, thence to El “ Charquito,” and from | saw-mill refuse in the — bl be ones, will ren on 

4 that is, as the ‘‘ regenerative” element—whilst the other | the latter point to Salto de Tequendama. chovings, es well a0 other . ~~ Lips, saw-dust, or 
th half operates asthe booster. Thefirsthalf of themachine| Brazil: The Diario Oficial publishes a decree an-| and cocoa husks, cocoa-nut shells, oe. such as rice 
will have the output of the motor of the booster combi- | nouncing that a special credit of 1,000,000 milreis (about | brown coal can also “y sified in th eat, lignite, and 
y; nation considered above. The second half will have the | 67,000/.) has been granted to the Minister of Communica-| The plants comprise a mee ~ they" om satietactorily. 
R: output of the booster. For the same peripheral speed | tions and Public Works for the purpose of draining the soeaiiaaion and saw oo agg ay ouaney 
mn8, there is no saving of material in the armature, but the} basins of the rivers Xerém, Mantiquira, S. Pedro, | which is a cylindrical v +~- oe @ gumseater, 
nto length can be reduced whilst the diameter is increased. | Grande, Camorin, and Covanca. The same Diario con- | and lined wht mae A a —— hed steel-plates 
4 On the other hand, there is no longer a es in| tains a decree approving the plans and estimate of | tsiner into the top of which ‘the fuel i fed. a fuel-con- 
en the machine; this is a disadvantage. e magnetic | 3,803,173 milreis (about 285, 5000. ) for the construction of | second valve or ali. 80 th t che a ; there is no 
4 bridges between the ag have to carry all the flux from | the Morro'do Chapéo section of line designed to connect | tion as to the sha’ _s : - she bloebe a2, little restric: 
i one pole, and not half, as in a multipolar machine; | San Francisco Railway with the Bahia Central Railway. down thoes ha di tillie — used. The fuel 
4 moreover, the leakage from pole to pole will be very mee Be By ee h mber, which is 
c large, the armature reaction will be unsymmetrical in| The Isthmian Canal Commission, Washington, D.C., poet. | inte aeomaat te ete at it is practically 
om regard to the short-circuited brushes, and it is difficult | invites pro to furnish two lock-entrance floating | zone of the erator; th + Intile ing the combustion 
i to see how to utilise auxiliary poles or a compensating caissons and their equipment, to be received at the office | the distillin yd me ‘th * “abel driven off in 
os winding in this machine. f the gual pe asin olen of the Commission. not | gas from pie: me gee The Pine prong we = 
ter than 10.30 a.m. on Ju , 191 ull particulars, 4 * oh G 
= including drawings, plans, &c., may be seen at the office aan Sane & Ohi sae = _— eal on 
4 of the American Consul-General, 45, New Broad-street, | angular chamber contai: -. Mi of a long vertical rect- 
nd FOREIGN ENGINEERING PROJECTS. |E.C. as flows dewwonnde theese tho ben out pa 
"ed We give below a few data on several foreign engineering Spwesds through the ntral pie tg ar paay and 
~ projects, taken from the Board of Trade Journal. Further aeesinel telien, Saas tallies coeds eee ae 
cm information concerning these projects can be obtained| AMERICAN AGRICULTURAL MacutneRy.—The exportsof | Girection of the flow of th — y change the 
= from the Commercial Intelligence Branch, Board of Trade, | agricultural machinery from the United States in 1911] through films of falling water’ which cool the pee sud 
4 73, Basinghall-street, London, E.C. attained a value of 36,241,000dols. This total was made aie the dust : the — water, which cool the gas and 
- “Netherlands: The Nederlandsche Staatscourant pub-| up as follows :—Russia, 14,164,000 dole.; Argentina, |fy the tarextrastor end ear ebb Tee we climinated 
.4 lishes the text of an agreement entered into between the | 13,692,000 dols. ; Canada, 8,284,000 dols.; Germany, Sdieations a oun saaeinen ee Semen eres 
Ac Minister of Waterstaet and the Zwolle-Blokzijl Railway | 4,046,000 dols.; Austria and Hungary, 3,400,000 dols.; Aus- | Porucuars of seven standard sizes, the capacities of 
mpany for the construction and working of a railway | tralia, 2,945,000 dols.; and Great Britain, 2,687,000 dols. | © Veral inneallations, and aie alt Illustrations of 
ly from Zwolle to Blokzijl. The company will receive omen enn diee included ® number of testimonials from 
oe various subsidies from a number of the provincial and| TRANSVAAL GoLD-Mininc.—Although less interest is an 7 
nd communal districts through which the line will pass. taken in Transvaal gold-mining, and although in some 
nd Switzerland : ederal decree, published in the | cases dividends have been scarcely maintained, the cur-| ‘THe SocraL Guipe, 1913.”—We have received a co’ 
zh. Fueille Fédérale Suisse, notifies the grant to a syndicate, | rent Transvaal gold output is larger than ever. In the | of this guide, which is edited by Mrs. Hugh Adams ma | 
=p consisting of M. Borel, of Geneva, and others, of a con- | first four months of this year it represented a value of | Edith A. Browne, and is publis at the price of 2s. 6d 
mt cession for the construction and working of a narrow- | 13,163,876/., or at the rate of 39,491,628/. per annum. In/ net, by Messrs. Adam and Charles Black Soho-square, 
a gauge railway from Hergiswil to Beckenried via Stans, | 1912, Transvaal gold was raised to the value of 38,757,560/.;| London, W. It opens with an almanack which gives the 
: from Stans to Sarnen via Kerns. The total length | in 1911, to the value of 34,991,620/. ; in 1910, to the value | date of the various functions occurring in the year, and 
ter of line is 15 miles, and the cost of construction is put at | of 32,002,912/.; in 1909, to the value of 30,925,788/. ; and in | contains information on the London shopping centres, the 
ms 3,500,000 francs (140,000/.). In the same journal a decree | 1908, to the value of 29,957,610. It would thus appear | different clubs, associations, societies, leagues, &c., on 
is published granting to Messrs. R. Wildbeyer, engineer | that the value uf the production this year, as compared | the shows and exhibitions held in London, and gen 
at Coire, and H. H. Peter, engineer at Ziirich, a conces- | with 1908, will probably be larger by some 9,500,000/, data on Continental winter resorts and watering 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


‘latent on any of the 
ELECTRICAL APPARATUS. 


Hatfi Brunswi Ge A 
ao4i2. H. 8. eld, ; Tiectelc 


eer Deve for Making an 
Circut {5 Figs.) March 14, 1912.—This invention relates 
to improvements in timing devices, which after being set auto- 
matically effect some operation such, for example, as opening or 
closing an electric circuit or releasing a catch, or the like. It 
relates more especially to that kind of device in which the timing 
is effected by the flow of fluid from one part of a vessel to another 
through a “ restricted passage” which may consist of a small orifice 
or @ porous plug forexample. After a certain definite amount of 
the fluid has flowed the required operation is effected. The 
applicant employs a vessel which is closed upon itself and has a 
restricted passage at one point therein, containing a liquid 
d a gas. The shape and dimensions of the vessel and the 
amount of liquid therein are such that by suitable movements of 
this vessel in a vertical plane, a portion of the gas may be 
trapped between the liquid and the restricted passage, whilst the 
extremities of the col of liquid stand at different levels 
and so that the head of liquid acts to force the —_ through the 
restricted passage. The continues to flow ugh the 
sage until the level of the two extremities of the column of liquid 
coincide. One form of switching device in accordance with this 
invention is illustrated in Figs. land 2. This form consists of a 
glass tube 1 closed upon itself in the form of an elongated oval, 
and it has a porous plug 2 at or near the middle of the one side 
and contains a quantity of mercury 3 sufficient to nearly fill the 
other side. The parts 6, 6* of the tube not occupied by the mer- 





cury, are occupied by a suitable gas, for example, air or hydrogen. 
4, 5 are platinum contacts sealed through the glass. Now assume 
the tube to be supported in a vertical plane, with its long axis 
horizontal and plugged side uppermost, as shown in Fig. 2. If 
now it be turned to the right, still in a vertical plane, until its 
long axis is vertical, as shown in Fig. 1, it will be understood that 
a portion ofthe gasin space 6* will be trapped between the mer- 
cury and the plug 2, and that the level of the mercury in the 
unplugged side will be relatively high com with the level 
in the plugged side. The gas in the space 6* will therefore be 
under compression, and a flow of gas will take place from the 
space 6* into the space 6, whilst at the same time the level of the 
omy will gradually fall in the unplugged side and rise in the 
plugged side. Whilst the mercury stands high in the unplugged 
side of the tube, the contacts4, 5 are electrically connected, and 
a circuit through them completed. After a definite lapse of time, 
however, sufficient gas will have passed the plug 2 to enable the 
level to fall below the contact 5, and the circuit will then be 
broken. In order to reset the device it is turned back, always 
in a vertical e, to the position shown in Fig. 2, so that 
the bubbles from the space 6 back to the 6*. The 
vessel is then turned to the right again in the oeahion shown in 
Fig. 1 80 as to in complete circuit through the contacts 4 and 
6. The device described may be employed in connection with a 
prepayment apparatus so that on insertion of a coin the device 
may be turned to the left and to the right again to reset it and 
so cut out a current limiter for a definite time. (Accepted March 


27, 1913.) 
RAILWAYS AND TRAMWAYS. 
7501/12. C,H. Merz and 58. G. Newcastle- 
Redman, 


on-' Conduc for ways. 
(18 hes March 28, 1912.—The Veyey invention relates to 
electric railways, and more especially to the protective devices 
for conductor rails having a thickened head portion, the under 
surface of which thickened portion is the working or contact 


surface, as claimed in Specification No. 11,347 of 1908. In the 
prior specification the head-plank of the ve device lies flat 
pba Saad we ae It is therefore apt to ee 
maturely destroyed: part retaining moisture 

rain, which leads to decay ; Bo 4 Senneee lh Giiees a tempt- 
jng footpath, so that jt becomes worn or damaged. In the present 


invention, instead of a flat surface belay goesented an an; J 
sloping, curved, or other shaped head-plank or cov “| is 
provided, which will shed water falling upon it and which will 
not offer a flat or level foothold. Referring now to Fig. 1,1 is 
the foot or base, 2 the web, 3 the head, and 4 the working surface 
of the conductor-rail, as in the prior specification, 5 is the side- 
lank corresponding with the side-plank 5 in the prior specifica- 
on, and 6 is the head-plank. These planks 5 and 6 differ from 
the coi nding planks described in the prior specification 
mainly in the fact that the side-plank is prolonged to a higher 
level and that the head-plank 6 meets it at an acute, i of a 
right, angle. 20 is a biock of wood, of which there are a number 
ced at intervals, and to which the head-planks are attached. 
'o the blocks 20 steel clips 21 are attached. These clips are split 
for a short distance at their rear end (as shown in plan in Fig. 2), 
and one 16 on the tongues thus formed is bent round the k 
edge 22 of the rail-head so as to prevent any forward movement 
of the top’ plank. The other tongue 17 is left projecting, and 
serves to assist iu spscing the side-plank at the proper distance 
from the conductor-rail. 32 is a casting bolted to the back of the 
web of the rail, and carrying an u 1 mye d ton 83 
adapted to en; with the -shaped clips 34 carried by the 
side-plank. e side-plank is thus held in position, and acts to 
prevent any backward movement of the top plank. The clips 21 
and 34 are alternately so as to be clear of another. 1llisa 
clamp attached to the head of each insulator 12 supporting the 
conductor-rail. (Accepted March 27, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 
27,159/11, J. Reid, H. A. Mavor, and Mavor and 


lasgow. (8 Figs.) 

December 4, 1911.—In the specification 
No. 12,386 of 1907 it has been shown that a suction-dredger can be 
operated in a highly economical manner by installing one central 
electric power-station equal in capacity approximately only to 
that required to propel the vessel, since the pumping or auxiliary 
power, which may assumed to be roughly o to the pro- 
pelling power, is only wholly required when the vessel is not 
utilising much power for propulsion, The object of the present 
invention is to provide an improved arrangement of parts for a 
suction-dredger, — as above stated, the electric motors for 
propulsion and for ¢ being under the control of the dredger- 
master at a single control-station, as hereinafter described. In 
the engine-room there is placed a generating plant, which may be 
a steam, turbo, electric, or oil-engine electric arrangement 0, as is 
found most suitable. Current supplied from this generating set 
is conveyed to motors ¢ driving dredge-pumps d, which are 
fitted close to the trunnion at the point at which suction-pipes, 
such as the pipe e, enter or enters the hull. Similarly power is 
conveyed to propelling motors f keyed direct to the propeller 
shafting g just ahead of the thrust-blockh. In order to dispense 
with bottom discharging doors, which are difficult to keep water- 
tight or in good repair, the dredging-pumps d are arranged to 
mp from the hopper, represen at i, and discharge over- 
, i indicating a pipe, branched at k, connecting the 

















(87159) i 





suction inlets of the pumps d with the hopper, m, m1, m2 
control-valves, » the pipe system enabling the pumps to fill 
the hopper, o branches leading over , and p, r control- 
valves. e@ arrangement is such that when the hopper is 
being filled the valves m! andr are closed. When, however, the 
hopper is to be emptied, the valves m! and r are opened, and the 
ives m2 and p closed. At the fore-end of the hopper ¢ another 
mping unit s, with motor ¢t, may be provided to assist in the 
ischarge of the hopper by suction therefrom, delivering on deck, 
overboard, or th the ship’s side or bottom. Phe forward 
pumping unit s, ¢ may, if desired, be used to deliver water from 
outside into the hopper in t volume and force in order to 
disintegrate the. material which has been packed solid in the 
hopper, and to thus render it more fluid to enable the dredging 
pumps to act more readily upon it, or to cause the 
material to flow freely from the hopper through bottom sluices. 
In a dredger such as referred to, where it is desired that the 
propeller can be operated either alone or simultaneously with 
suction dredging-motors, the speed-adjusting arrangements used 
must be provided so that the propelling speed may be fast or 
slow as required by the work, while the pumping speed is main- 
tained constant or likewise varied. The necessary combination 
to produce this result is easily obtained by the use of multiple 
windings on the propelling motor, as is now well known. e 
electric equipment .is arranged to be controlled from a single 
control station under the control of the dredger-master. (4 
March 12, 1913.) 


12,429/12. Mechan and Sons, Limited, and J. P. 
G . Boat-Gear. [7 Figs.) May 25, 1912. 
—For supporting boats upon the deck of a ship or the like (here- 
inafter referred to as the deck of a ship), the ey ved pn of the 
ce has most usually been inaccessible from an in position ; 
t has, however, also been proposed to provide gear so arran 
as to be manipulated from the inboard position. The invention, 
which refers to gear for supporting boats upon the deck of a ship, 
is adapted to be constructed and arranged so as to be capable of 
manipulation from the inboard ition. According to this in- 
vention, a stand is provided for the keel of the boat to rest upon, 
associated with jaws for embracing opposite sides of the keel, 
and, if required, formed to interlock therewith to prevent vertical 
as well as lateral d t of the boat, and in order to pre- 
vent the boat from tilting means are provided on the inboard 
side, in one form consisting of a strut to be fastened to 
the deck at its lower and at its upper end to the inboard 
side of the boat. In the form of constructi»n illustrated for use in 
conjunction with a boat, which, asshown, may have a bulb-ended 





keel A, a stand is provided for the keel of the boat to rest 





upon, associated with a fixed inboard jaw B and an adjustable 
outboard jaw C formed and arranged so that, with the kee] A 
of the boat resting upon the stand, when the outboard jaw © 
is drawn towards the inboard jaw B the bulb is thereby embraced 
and locked st lateral and vertical displacement. In order 
that the ou jaw O, when removed from locking engage. 
ment with the Sulb of the keel, may drop so as to stand vlear of 
the keel, it may be mounted to slide upon a guide D, and be 
inclined on its underside, so that when the jaw C is drawn 
inboards it rises, and when moved outboards it falls. As an 
example of the provision of a strut according to this invention, a 
rigid strut F is provided, fastened at its lower end to the deck at 
an inboard position, and furnished at its upper end with means 
for effecting a connection with the inboard side of the boat. In 
one form the strut may be pivotally connected to the deck, and 





the boat may be furnished with a bracket G, fitted, for example, 
on its side beneath the belt of the boat, and the upper end of the 
strut F, when turned into position, may be connected to the 
bracket by a pin, latch, or other device. In some cases the ad- 
justable jaw and the strut may be operated independently, but a 
further development of this invention is to effect the operation of 
the adjustable jaw by means of a strut. This, for example, may 
be effected by providing a connecting-rod H extending from the 
adjustable jaw © to the foot of the strut F, the pivot of the strut 
being placed at a distance above its foot, so that, by turning the 
strut angularly about its pivot, the jaws are — or closed. In 
@ case such as desesteed above the adjustable jaw C would be 
drawn inboard as the strut is raised to bring it into position 
against the side of the boat, and when its end was in position for 
connection with the bracket G, the jaws would be closed upon the 
keel A. (Sealed May 22, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


29,259/11. D. B. Morison, Hartle 1, and the 
Contrafio denser and etic ——.. Com- 
pany, do’ st Condensing Plants. 
(3 Figs.) December 29, 1911.—This invention relates to an im- 
ee in or modification of the apparatus described in the 

pecification of Letters Patent, No. 23,140, of 1907, wherein two 
pumps arranged in. series are employed for discharging water of 
condensation from a steam condenser under vacuum ; the pump, 
which is connected directly to the condenser and discharges water 
to the second pump, being for distinction referred to as the “‘ head- 
pump,” and the second pump being, for a like reason, referred to as 
the “‘ pressure-pump.” According to the present invention, the first 
pump os directly into the second pump, the casing of the 
second pump forming or being closely connected with the receiver 
into which the first pump discharges, the receiver being provided 
with an internal-nozzle, plate, or equivalent device, and so 
arranged as produce a relatively large surface area for the 
liberation of air bubbles which rise to the surface of the water and 
escape through a pipe or conduit to the condenser, or to evacuat- 
ing means. In Fig. 1, in which the water of condensation is 














(29 259) 





withdrawn from the condenser ¢ by the head-pump a, and 
di by the pressure-pump 6, the discharge from the 
first pump and the suction of the second pump are connected 
to an air-liberating receiver d, which contains a nozzle e that 
is arranged in the centre of the receiver with a free space 
around the ci ference of its disch go as to facilitate 
the liberation of air bubbles from the water discharged 
fromthe nozzle, whereby the air is thus enabled to rise upwardly 
from all sides and escape freely, the top of the receiver having 
connected to it a pipe f which communicates with the condenser 
¢ into which the free air passes. The nozzle e may be arranged, 
as shown, so that the water issuing therefrom will be delivered in 
the direction of, and into the suctioninlet of, the pressure-pump 
b, whereby the kinetic energy of such water can be utilised in 4 
known way to assist its flow into the pressure-pump. In Figs. 2 
and 3, the head-pump a, the pressure-pump ), and the air-libera- 
ting receiver d are contained in the same casing, the discharge 
from the head-pump a being guided upwardly by the plateg 
towards the top of the receiver d, where it ‘over the plate 
in the form of a stream having a relatively width but small 
depth, so that the air bubbles in the water can readily rise to the 
surface and escape through the pipe / into the condenser, 
(Sealed May. 22, 1913.) 
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THE NATIONAL PHYSICAL LABORA- 
TORY IN 1912. 
(Continued from page 848.) 

The William Froude National Tank (Mr. G. 8. 
Baker, M. Inst. N.A., Superintendent ; Messrs. 
G. H. Millar, B.A., A.M. Inst. C.E.; J. L. Kent ; 
F. W. Powell, B.Sc.,and A. H. Day, moulder).—The 
apparatus for towing models in the small tank has 
been improved by substituting electric motor-drive 
for the less uniform clock-drive of the drum. Models 
3 ft. and 4 ft. in length are towed, and a similar 
model 15 ft. long is subsequently run in the large 
tank. The small models, especially the 3-ft. model, 
do not give very concordant results at low speeds ; 
at speed when V ,/L was greater than 1.6 (V is 
the speed in feet per second, L the length of the 
model in feet), the 4-ft. model again fell away from 
the 15-ft. model, and the peculiarity (low results at 
low and at very high speeds) is also observed in the 
6-ft. destroyer form lent by Sir John Thornycroft. 
This important feature will further be investigated. 

The waves are now being gee pe during 
experiments in the large tank, the camera being 
secured to an outrigger, which is fixed at the centre 
of the carriage. The photographs are not so 
accurate as plotted wave-profiles, but they give a 
very fair idea of the wave character ; for very high 
speeds the camera would, however, have to be 
fixed higher than the framework of the carriage 
will allow. Arrangements have been made for 
testing model screws, up to four, behind the ship 
model ; the immersion may be up to 10 in. for the 
forward pair, and up to 12 in. for the after pair of 
screws ; each pair is separately driven from inde- 
pendent electric motors, and the thrust of a pair 
is separately recorded by a dynamometer. 

During the last half of 1912 some 18,000 gallons 
of water were lost from the large tank by evapora- 
tion, leakage, skimming, and waves washing over the 
beach; separation of these components is not 
attempted ; the loss remains quite small. 

Nine models have been tested for firms, and an 
extensive series of experiments on floats for hydro- 
aeroplanes has, to a certain extent, been completed 
for the Advisory Committee on aeronautics, with 
whom the publication rests. The experiments, which 
involve measurements of vertical and horizontal 
forces, aim particularly at obtaining a single model 
to carry a big machine, which will run dry and will 
not show a marked hump in the effective horse- 
power curve ; this hump was very emphatic on the 
old Canadian toboggan t; of bottom ; the new 
floats are of boat shape. The models are provided 
with mud-guards (a kind of bilge-keel) which can 
easily be shifted, as they consist of pieces of sheet- 
iron screwed into the wood. 

An account of the most important work com- 
pleted, tests of sets of models, each set of four or 
five models, for the influence of different distribution 
of displacement at constant principal dimensions 
(length 15 ft. or 16 ft.), was presented by Mr. 
Baker to the spring meeting of the Institution of 
Naval Architects.* The ratio of entrance to run 
ranged in these sets from 0.5 to 1.8, the total 
prismatic coefficient (i.e., ratio of volume immersed 
to length of midship area) from 0.59 for the finest 
to 0.85 for the fullest, the latter model having 
50 per cent. of its body amidship perfectly parallel. 
The experiments, the first systematic research of 
this kind, so far as we are aware, show the limits 
of speed to which such forms may be driven with- 
out excessive wave-making, and have increased the 
general knowledge on eddy-making of thestern. In 
the experimental models the bowtie been extended 
beyond the customary length, so that the water- 
line is considerably elongated, and then cut off 
again, the edge which cuts the water being made 
sharp or blunt, and more or less rounded. In this 
way it has been ascertained that a certain elonga- 
tion is certainly advantageous, inasmuch as the 
same speed can be produced at reduced power ; 
but the elongation must not be exa: ted, and 
the advantage is little noticeable at low speeds, 
probably because the skin resistance predominates 
under both these conditions. Blunting the stem, 
on the other hand, makes the vast tap easy to 
propel, and the study of the eddies formed explains 
why this isso. In the experiments now conducted 
prismatic coefficients ranging from 0.57 to 1.72 are 
adopted in conjunction with parallel bodies of from 
10 to 50 per cent. of the length. 

Metallurgical Department (Dr. W. Rosenhain, 


* See ENGINEERING, pages 413 and 506 ante. 


F.R.S., Superintendent; Messrs. J. Murdock ; 


Guy Barr, B.Sc.; S. L. Archbutt, A.I.0.; J. C. W. 
Humfrey, M.Eng.; W. H. Withey, B.A.; L. L. 
Bircumshaw ; J. D. Grogan, B.A.; T. E. Rooney; 
A. J. Turner, B.Sc., and D. Ewen, M.Sc.).—The 
work of the Department of Metallurgy and Metal- 
lurgical Chemistry has been restricted by want of 
adequate funds in equipping the Wernher building. 

Air Furnaces. Cooling Curves.—Compressed air 
is supplied at 1000 lb. per sq. in. maximum by 
an 8-horse-power duplex air-compressor of Messrs. 
Reavell, of Ipswich, for the melting furnaces and 
also for a new special burner. In this burner the 
compressed air issues through an orifice less than 


+ in. in diameter, and draws in more air from out- | ( 


side through holes in the tube and is then mixed, 
on the same injector principle, with ordinary gas 
from the mains; the gas-pipe is joined to a ring 
chamber encircling the burner. The flame makes 
a terrific roar, and almost blows out the refractory 
lining of the crucible, which it enters from the side. 
A furnace 6in. by 6in. can be raised to white 
heat in ten minutes, starting all cold; small alun- 
dum tubes (artificially fused alumina) are com- 
pletely softened ; steel is melted in six minutes. 
Dr. Rosenhain is heating the new water-cooled 
Fletcher-Russell furnaces for taking cooling curves 
from high temperatures by his new burner; for 
ordinary work of this kind nichrome electric fur- 
nacesare used. The apparatus have been improved. 
A moving coil galvanometer from the Cambridge 
Scientific Instrument Company, or a Campbell 
bifilar galvanometer, made by Mr. Paul, and an 
improved chronograph, allow of reading the tape 
to a tenth of a second, and of obtaining curves in 
which the observed points usually lie within 0.2 or 
0.3 second of a smooth curve. The difficulty is, 
however, to maintain a uniform rate of cooling of 
the furnace when starting from a maximum tempe- 
rature ; the furnace will first cool rapid}y and after- 
wards very slowly. Dr. Rosenhain has therefore 
abandoned—as an experiment—the apparently ideal 
method of trying to maintain a uniform tempera- 
ture throughout the furnace, or part of it, while 
heating and while cooling; he keeps a vertical 
electric furnace, about 3 ft. high, hot near the 
bottom and cooler near the top, with a uniform 
gradient, and he moves the specimen by mechanical 
devices first from the cold into the hotter portion, 
and then for the cooling curve, back in the opposite 
direction. To lower and to raise the specimen he 
first took an electric motor ; but the pitch circles 
in the gearing varied slightly, and the simple curves 
which he obtained turned out slightly undulated 
instead of being perfectly straight lines. After 
having tried various expedients, he now lets the 
counterweight of the specimen simply drop into an 
oil-cylinder. The specimen is enclosed in a silica 
tube, which can be evacuated. 

Alloys Research.—The Tenth Report of the Alloys 
Research Committee on ternary alloys of aluminium, 
zinc, and copper was presented in January, 1912, 
and discussed at the Institution of Mechanical 
Engineers in the following April and May. The 
subsequent work has concerned chiefly ternary 
alloys, which are rich in aluminium and corrosion 
tests ; the latter are made both in the laboratory, 
in the tank and in the cooling-pond, and at 
Portsmouth Dockyard (salt water). We would 
draw the attention of our readers to a paper on the 
corrosion of aluminium, brought recently before 
the Institute of Metals by Dr. G. H. Bailey (see 
pages 374 and 379 ante). A particularly important 
problem under investigation is the spontaneous 
disintegration to which aluminium alloys are said to 
be subject ; the prejudice militates much —_ 
their use in aeronautical construction. ese 
tests have been begun in conjunction with the 
British Aluminium Company and with Mr. W. 
Mills, of Birmingham, and the aeronautical division 
of the laboratory is taking part in them. About 
1000 castings have already been prepared, and they 
are examined by end measurements of machined 
surfaces for any changes in length and shape, when 
the specimens are kept at various temperatures 
(40 and 100 deg. Cent.) in dry and moist air. The 
castings of aluminium with definite amounts of the 
other metals are made in sand or chilled moulds, 
&c., rolled, drawn into bars, and machined. These 
tests, it must be understood, do not concern corro- 
sion. But it is thought that any changes in the 
microstructure would affect the dimensions of the 
specimens, and likewise the density, electric con- 


ductivity, and other properties, which will also be| - 





redetermined at certain intervals. As surface 


corrosion would render exact measurements impos- 
sible, some of the specimens are gilt. 

Thesimple method by which vacuum castings are 
prepared is interesting. The metal or alloy is 
charged into a silica tube, which constitutes a small 
electric furnace. The tube is fixed to the lower 
face of an india-rubber stopper, which is then in- 
serted into a flask which is connected with an air- 
pump; the flask is partly charged with sand or 
other material. While the metal is being melted, 
the flask is placed horizontally ; for effecting the 
casting the flask is put upright, when the fused 
metal flows out into the sand. 

Strain and Metallography at High Temperatures 
Messrs. Rosenhain, Humfrey and Ewen).—The 
results of the research on the effects of strain on a 
very mild steel containing 0.05 per cent. of carbon 
were brought before the Iron and Steel Institute 
this spring ; the research has proved laborious, 
and the apparatus described last year has been 
modified. The work on brittleness in steel was 
discussed at the same meeting. The study of heat 
reliefs has been continued. Metals contained in 
exhausted silica tubes are heated and microscopically 
examined ; for an exhaustive study cinematograph 
records would be desirable. The researches point 
to the conclusion that the crystals of a pure metal 
are attached to one another by a thin cementing 
layer of the same metal in the hard amorphous 
condition, studied by Beilby ; this amorphous 
intercrystalline metal should have a higher vapour 
pressure than the crystalline substance, and should 
volatilise more rapidly in a vacuum, so that the 
crystalline aggregate should ultimately disinteg- 
rate. To test this view specimens of the same 
metal were prepared in a very coarse and very fine 
crystalline structure ; the latter should contain 
more of the cement than the former, and this 
cement, being of the nature of an undercooled 
liquid, was found to soften more readily when 
heated than the crystals. so that at certain tem- 
peratures fracture could be produced without 
deformation of the crystals themselves. Evidence 
of such a behaviour was obtained for y iron near 
1000 deg. Cent., and more strikingly still by 
breaking sticks of lead at temperatures about 5 deg. 
Cent. below the melting-point of lead. Other 
examples illustrating the intercrystalline cohesion 
of metals were mentioned in our recent notice of 
the Royal Society exhibits.* We also mentioned 
on that occasion the apparatus of the Toepler type 
for the rapid valuation of samples of hydrogen in a 
balloon factory. 

Metallurgical Microscopes, Balloon Fabrics, Stand- 
ard Solutions.—Considerable use is made in the 
Wernher building of receseed tables, and Dr. 
Rosenhain now mounts a microscope on a lid, which 
is clamped and supported by bellows; when the 
microscope is not wanted, it slowly disappears into 
the table, from which it rises again when the catch 
is released. 

The metallographic apparatus of Messrs. Leitz 
are provided with liliput lamps (carbons at right 
angles); the specimen lies on top of a stage, which 
is illuminated from below, and is examined through 
a lateral-inclined microscope. The enclosed arc- 
lamps of the Westminster Company are also found 
useful. Since completing his research for Lloyd's 
Register on the spontaneous ignition of charcoal, 
Mr. Gemmell has joined Messrs. Armstrong and 
Whitworth’s works at Newcastle. Linen materials 
for balloons are frequently doped with solutions of 
cellulose esters (the more correct chemical term for 
the several nitro-cellulose products) ; they im 
strength, but the stress-strain diagrams show 
peculiar humps. The Laboratory intends to pre 
pare pure standard solutions for analysis and to 
certify such solutions. 

Metrology (Messrs. J. E. Sears, M.A., A.M. 
Inst. C.E. ; J. Foster (now retired); S. W. Att- 
well; H. L. P. Jolly, B.A. ; E. A. Owen, M.Sc. ; 
E. G. Constable; F. H. Rolt, and F. A. Gould, 
B.A.).—Kew Work.—The transfer of work from 
Kew has particularly affected this and the thermo- 
meter departments. Chronometers, watches, and 
clocks are being tested in Bushy House, as we 
stated in the introduction, in three rooms, in an 
ice cupboard at about 40 deg., in a temperate room 
at 65 deg., and a hot room at 90 deg. Fahr., heated 
by a Fletcher gas-stove controlled by a long tubular 
toluene-mercury thermostat; there is also a small 
fan. The time signal is received from Greenwich 
at10a.m. Mr. Sears has fitted the fly-wheel of the 





* See Encinegrina, page 642 ante. 





860 


ENGINEERING, 


[JUNE 27, 1913. 





new chronograph with two Helmholtz-speed regu- 
lators, spiral spring governors in strictly symme- 
trical arrangement controlling the rheostats ; the 
ordinary Helmholtz regulator is single. The new 
standard barometers (for cathetometer reading) of 
the metrology building, which replace the old 
instruments still wanted at Kew for meteorological 
observations, are placed in an iron vacuum chamber, 
a cast-iron case with windows, 6 ft. high, 14 in. by 
74 in., provided with a removable lid. The casting 
was not faultless, as the box did not keep air-tight ; 
but painting with red-lead and enamel has over- 
come this trouble. The case takes five barometers, 
which are set from outside by the aid of bevel- 
gearing and an oil seal. In the balance-room all 
the balance-beams are provided with mirrors, so 
that readings can be taken without fatigue to the 
observer on the large scales fixed to the opposite 
wall. 

Line and End Measures ; Tapes ; Wires.—Among 
line measures standardised are two 4-metre bars of 
H section, one of invar, the other of 42 per cent. 
nickel steel, a 1-metre bar (all three for India), 
a ten-link 42 per cent. nickel-steel bar for New 
Zealand, and a 1l-metre bar for Canada. The 
length of the Laboratory nickel-steel standard (43 
per cent.) has been redetermined. Flat-end faces 
are determined on the Shaw measuring-machine. 
Hardened-steel balls, it is found, maintain a high 
accuracy in sphericity and actual size; six balls chosen 
at ha coral from four gross of balls were within 
0. in. of true sphericity and within 0.00004 in. 
of the normal aot in. or 4 in.). The accuracy 
demanded for engineering gauges is also increasing. 
The number of surveying tapes and wires tested 
is more than three times that of last year. The two 
24-metre.catenary wires of the Laboratory have 
again been standardised in terms of the 4-metre 
bar, as there was a slight discrepancy between the 
Laboratory measurements and those taken at Sévres 
in the Bureau International, to which institute 
the wires had been returned ; the discrepancy of 
0.09 mm., or 3.7 parts in a million, is not explained 
yet. 

The bench marks of the 50-metre base and more 

rticularly the interval 50 ft. to 150 ft., have been 
Cost under observation throughout the year. Fig. 2 


Ha. 


shows the apparent changes in length, and also the 
mean temperatures of the corridor observed since 
1909. During 1912 the whole variation in the length 
of this 100-ft. interval did not amount to more 
than 0.0009 ft., and the fluctuation would have been 
smaller still if the heating arrangement had not 
temporarily broken down in February. It must 
be borne in mind, however, that the fluctuations in 
the length of the brickwork bench are a function 
not only of the momentary temperature, but of the 
temperature of the whole building and foundations 
during the few previous days. The diagram shows 
that the length has increased by about 0.003 ft. 
since May, 1909, and that the summer values of 
1910 and 1911 (not of the cold 1912 summer) were 
greater than those of the following winters; if 
there had been a hot summer in 1912, the increase 
in the length might be greater still. 

In connection with the work on metre-bars, the 
expansion coefficient of the 4-metre invar bar of the 
Laboratory was also determined with reference to an 
invar bar and a 42 per cent. nickel-steel bar by the aid 
of the comparator of the Director-General of Stores 
for India ; this is an absolute dilatometer, a tank 
in which the bars are kept under observation while 
the temperature is varied. The several determina- 
tions were in excellent agreement, and yielded the 
formula L, = L, (1 + (1.402¢ — 0.003142") . 10-*). 
In the annealing of invar tape the furnace is heated 
to 100 deg. Cent., and cooled in about seven weeks 
down to 25 deg. Cent. 

Miscellaneous Work.—The number of glass vessels 
to be tested has much increased, y owing to 





the new Coal-Mines Act which requires all gas 
burettes fof mine-air analysis to be standardised 
against a large Haldane apparatus. Tuberculin 
syringes are likewise standardised. The 1000 
grammes standard weight (bronze, we believe) 
seems to absorb some moisture when immersed in 
water for density determinations, and this dries off 
very gradually. The number of taximeters tested 
(Messrs. H. A. Dear and J. K. Enock) has kept 
pretty steady ; some of the earlier machines seem 
now to require replacement. The rule that 
‘‘extras” go direct to the driver has simplified 
the tests ; new types have not been certified. 

Silica Standard Metre.—The work for the Engi- 
neering Standards Committee concerns also the 
silica metre standard, This standard still fluctuates 
in length, between (1 m. + 65,) and (1 m.+70,), 
when kept in water at 18 deg. Cent. together with 
the nickel standard. Internal stresses seem to 
persist in the bar, and improved methods of anneal- 
ing may be required. Meanwhile another silica 
metre, made for the India Office, has been tested 
for determining the flatness of the end slabs and 
the angle between them, and also whether the slabs 
are lying in the same plane. For the interesting 
method , which this problem has been solved by 
Mr. Sears we must refer our readers to the Report. 
The results of the research by the late Mr. Donald- 
son, on the coefficient of expansion of mercury, 
have been discussed by the Physical Society. 
The Blythwood machine for ruling experimental 
gratings would not work quite satisfactorily during 
the year ; a new carriage has now been provided. 

The new work for this year comprises the deter- 
mination of the yard on the 43 per cent. nickel 
bar, an investigation into the fit of plug and ring 
cylindrical gauges, and the determination of the 
expansion of mica sheets, in the direction of length 
and across the thickness. 

Hlectricity. Fundamental Units (Mr. F. E. 
Smith, A.R.C.Sc.) Lorenz Apparatus. — The 
Lorenz apparatus has heen completed, and a 
first absolute determination of the ohm is fin- 
ished ; publication of the results has been post- 
poned until the coils have been remeasured 
and their position, with respect to the rotating 
disc, has been reversed. It can, however, be 
said that the value found is slightly smaller than those 
of previous investigations, including that by Mr. 
Campbell, presently to be mentioned. A discrepancy 
was to be expected. The care applied by Mr. 
Smith is quite extraordinary. Each of the 192 
turns of a coil, approximately 36 cm. in diameter, 
was se tely measured ; the maximum difference 
between the diameters in any one plane amounted to 
0.01 mm.; all the coils were found to be slightly 
conical. Currents of 1 and 2 amperes flowing 
through the coils expanded the coils at the middle 
by 104 in 35 minutes. How the axial distance of the 
coils of a pair was determined we explained last 
year. The influence of the width of the brushes, 
copper wires fixed in a kind of a fiddle-bow frame, 
has been studied. n the speed records a space of 
50 mm. corresponds to 1 second, and 0.5 mm. or 
0.01 second can be read off on the chronograph. 
When the apparatus has been running for two 
hours the speed does not fluctuate by more than 
5 in 100,000 over 15 minutes. To save time and 
to make the regulation still more exact, a commu- 
tator has been fixed to the axle of the motor ; the 
commutator charges a condenser placed in one arm 
of a Wheatstone bridge, and a perfect balance can 
be secured by keeping the rate of charge and dis- 
charge—i.e., the frequency of the Lorenz appa- 
ratus—constant. If the galvanometer spot should 
not be steady, and the Lorenz apparatus be running 
too fast, a slight pressure is brought to bear upon 
the fly-wheel of the apparatus ; this is simply done 
by hand, by pressing a cloth gently against the rim. 
A single-resistance determination takes 20 minutes, 
and most observations made during that period can 
be relied upon within 2 parts in 100,000.* 

Mercury Resistances. Normal Cells.—Fourteen 
glass tubes have been filled with mercury as 
standard resistances of one international ohm ; five 
of these go to Japan; they agree within 1 part 
in 100,000. The filling is effected under reduced 
pressure, both the glass and the mercury being kept 
at O deg. Cent. The calibration of a tube by means 
of mercury threads takes three hours only. For 
measuring the length of a tube, the ends are 


_ * Some information on these —- will be found 
in the fourth Kelvin lecture on “‘'The Ohm, the Ampere, 
and the Volt,” delivered by Dr. R. T. Glazebrook before 
the Institution of Electrical Engineers in February last. 





silvered, and one end is observed under the micro. 
scope, with the tube and microscope axes at right 
angles to one another ; the extremity of the bore 
then appears as a narrow black ellipse, the major 
diameter of which cuts the axis of the tube and lies 
in a plane in which the objects are in focus ; the 
cross wires bisect the ellipse. The comparisons of 
the old and more recent mercury and wire standards 
with one another and with the other national 
institutions at Charlottenburg, Paris, and 
Washington have been continued ; Teddington and 
Charlottenburg agree within 1 part in a million, 
As regards the Weston normal cell and the electro- 
chemical equivalent of silver the recent observa- 
tions confirm the view advanced by G. A. Hulett, 
of Princeton University, New Jersey, in 1909, that 
neutral cadmium sulphate is not quite steady, 
although it may take years before instability be- 
come distinct. On the other hand, Mr. Smith does 
not agree with the recently repeated statement by 
Hulett and J. S. Laird that the silver deposit in 
the voltameter contains impurities (water and 
silver nitrate from the solution). This was the 
view of Lord Rayleigh, and is also held by T. W. 
Richards, but it is not supported by the experts 
from the national institutions who worked together 
—all with the Rayleigh form of voltameter, or, as 
the Americans prefer to call it, coulometer—at the 
Bureau of Standards three years ago. As the 
official report on this work and the method agreed 
upon has not yet been published, the controversy 
will probably continue. 

General Electric Measurements (Messrs. A. 
Campbell, B.A. ; H.C. Booth, A.R.C.Se. ; D. W. 
Dye, B.Sc.).—Resistance ; Mutual Inductance ; the 
Ohm.—The already alluded-to determination of the 
ohm in absolute units by Mr. Campbell is interest- 
ing because it was effected by means of alternating 
currents. But it was rather a side issue, involved 
in the comparison of mutual inductance and resist- 
ance, than a proper determination of the ohm ; we 
pointed this out last year, when we outlined the 
two methods applied, the Maxwell commutator 
charge and discharge method and the Carey-Foster 
alternating - current method. Mr. Campbell's 
determination was, moreover, based upon coil 
measurements made four years ago, when the 
actual refinement of these recent measurements was 
not yet realisable. Considerable disagreement was 
first observed when different condensers were used, 
because, it was ascertained, the wave-form of the 
voltage was square topped in the one method and 
a sine-curve in the other. 

Magnetic Tests.—The errors caused in magnetic 
testing by bending the specimen are very serious. 
If a strip be bent to a circle, the permeability may 
decrease by 40 per cent., and the hysteresis increase 
by 20 per cent., as long as the strain is kept on. 
The effects are worse with temporary strain than 
with permanent strain, and on unbending the 
strip the old permeability would practically be 
restored. These researches would condemn Rich- 
ter’s method of testing strips bent to rings. The 
direction of maximum permeability was in rolled 
materials found to agree with the direction of roll- 
ing. In the calibration of flux-meters the effective 
area of small exploring coils should be determined 
with high accuracy. With very small coils, ¢.y., 
of 3 mm. diameter, with 400 turns of wire, exact 
measurement is almost impossible. For such 
measurement a comparison method is resorted to. 
The standards are single - layer coils wound on 
narrow ivory bobbins provided with radial slots. 
The coil in question and the standard are placed, 
as close together as possible, at the centre of a large 
coil of, say, 50 cm. diameter, and the mutual induct- 
ances are compared by reference to a mutual 
inductometer with the aid of a ballistic galvano- 
meter or by some other method. A long solenoid 
coil is, whenever feasible, preferred for this purpose 
to a large flat coil ; such a solenoid is provided with 
three layers of primary turns, and outside these 
with two stranded secondary coils connected to dials, 
giving with the primary coil mutual inductances of 
5, 10, 15 . . . 100 microhenrys. The unknown 
coil is placed coaxially in the centre of the solenoid, 
and is connected in opposition to the secondary 
circuit. 

(To be continued.) 





Tue Guext Exuisition.—The Board of Trade, Exhi- 
bitions Branch, inform us that the Belgian Exhibition 
authorities have now stated definitely that the first 
os of the Jury will take place on June 30, 4% 

30 p.m. 
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can, when visiting workshops, quickly tell if they 
THE ae yA aman are being carried on on what would perhaps 
- ” : generally be called the best modern methods. 

Tax standard of manufacturing engineering in| The relevance of these introductory remarks to 
this country is to-day at a very high level, and the subject of this article lies in a point of great 
takes no second place in a comparison with that of | interest. That the Ranelagh Works, Ipswich, of 
any other country. We would not say that it is! Messrs. Reavell and Co., Limited, is one of the 
conspicuously first, as among firms of the highest | factories coming within the best class of this 
class there is probably little to choose between the country we need not say. That, indeed, is not 
shop equipment and practice of the United King-| our point. What we want to refer to is the strik- | 
dom, the European Continent, and America. There ing fact that although Messrs. Reavell’s practice | 
is, indeed, nowadays, a shop point of view and ais distinctly in accord with what we have called | 
broad line of procedure which is, more or less, | the canon of the best factories of the world, | 





methods. A point further illustrating the - 
cience with which the firm was initiated is A ag wi 
found in the fact that their works as originally 
laid down are still in every sense modern, and 
that the developments of fourteen years have but 
shown that from the first the lay-out was in line 
with the best teaching of to-day. The works have 
naturally been considerably extended since they 
were built, but the extensions were kept in mind 
at the first planning, and the factory, as it now 
exists, is laid out as a consistent whole, and shows 
no sign of patchwork or second thought. 

It is now rather more than thirteen years since 
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(ssw.n) SECTION THROUGH FOUNDRY 


common to all the best engineering factories. In | that practice none 

saying this, we do not, of course, refer to the|in essence from that 
details of organisation or machine practice. Every operation when the work 
particular class of work and every particular set 
of shop conditions raises its own set of problems, 
which have to be met each in the most suitable| period of trial and error. 
way. Apart from detail methods and practices, | other hand, appear to have 
however, we think it will be admitted that there|a shop system and a method 
has grown up a general line of procedure—what | with detail modification only, is to-day i 
one may, perhaps, call a canon — compliance 
with which is an almost necessary feature of the 
best manufacturing methods. It is impossible 
closely to define this general line of procedure— 


firms in this country have built up a proce-| we have been deali 


dure of the best modern type through a long 
Messrs. Reavell, on the | seven in the morning till noon, and from 1 p.m. to 


initiated from the first | 5.30 p.m., while payment was, as far as possible, 
of manufacture which, on the premium system. The shops 
n accord-|saw-tooth roof pattern, with north lights, and were 
ance with the best manufacturing knowledge of 
the world. The firm are certainly in a favourable | lers were fitted in the various a and a system 


position in having a comparatively new factory, but 
it is none the less remarkable to find that their prac- | Exhaust-steam heating and electric lighting were 


SECTION THROUGH WORKS 


the less does not differ| we first described Messrs. Reavell’s works, and it 
which was first put into| will be interesting briefly to refer back to that 
s were started. Many /article* in illustration of the point with which 


Quoting from that descrip- 
‘tion, we find that then the shop hours were from 
were of the 
group driven electrically. Overhead electric travel- 


of truck-rails was laid throughout the works. 





this canon—but the fact of its existence can hardly | tice of fourteen years ago might be taken as repre- |§ ———____-- 





be denied, and in actual cases a competent observer 


sentative of what is now accepted as best in shop 


* See ENGINEERING, vol. lxix., page 173. 
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employed. There was a complete tool-room equip- 
ment, with a stock of shop gauges, and all tools for 
machines were ground correctly to angle in the tool- 
room, no work of that class being left to individual 
workmen. We need not say that the whole of the 
points we have mentioned are strictly in accordance 
with the best modern practice, and it will surprise 
no one to hear that Messrs. Reavell have not found 
it necessary to abandon any of them to this day. 
We do not, of course, wish to imply that the methods 
of the firm have made no progress since 1900. We 
do wish to make it clear, however, that Messrs. 
Reavell’s practice has always been that which is 
now more or less common to all first-class firms. 

This continuity in the shop practices and method 
of organisation of Messrs. vell is of great in- 
terest ; but the direct and continuous development 
of the firm from its beginning does not end there. 
The same continuity is shown in their lines of 
manufacture. Our earlier article dealing with their 
works, to which we have already referred, con- 
tained a description of their well-known four- 
cylinder type of air-compressor ; and it says much 
for the judgment and knowledge that dictated that 
design that, although greatly modified in detail, 
the same machine in essence forms the main pro- 
duct of the works to-day. .We must admit that our 
earlier article also contained a description of the 
Scott central-valve engine, which is no longer 
manufactured ; but we imagine the abandonment 
of this engine is to be explained rather by the 
decreased demand for high-speed steam-engines of 
auy type, due to the development of electric driving 
and other forms of prime movers, than by any 
defect in the engine itself. An additional, and 
perhaps the main, reason for its abandonment lies 
in the success which has attended Messrs. Reavell’s 
other specialities. Certain it is that the air-com- 
pressor business now demands a very large part 
of the energies of the firm. 

Although we have spoken of the survival of 
Messrs. Keavell’s original design of air-compressor, 
and have suggested a continuity of their lines of 
manufacture as one of the striking features of their 

ractice, it must not be —— that there has 
n no development, and that for fourteen years 
they have been content to manufacture the same 
articles. To no firm could such an idea as this be 
less properly applied, as anyone who knows them 
will readily admit. So far from being content 
merely with what they have done, no firm has 
shown greater enterprise in ‘‘taking occasion by 
the hand and making the bounds of their labours 
wider yet,” if one may so misquote Tennyson. As 
a comparatively small matter we may, for instance, 
refer to the development by the firm of a special 
type of air-compressor, adapted for use in electrical 
generating-stations for the purpose of keeping live 
pacts of the machiuery free from dust. This 
adjunct to electrical work, comparatively unknown 
a few years ago, is now very generally employed. 
A much more striking example of Messrs. Reavell’s 
enterprise in finding new directions for development 
in their own line of manufacture lies in the work 
they have done, and are doing, in connection with 
compressors for Diesel engines. So well have they 
taken advantage of the possibilities of this new 
branch that there are few builders of Diesel engines, 
either in this country or on the Continent, who 
have not employed Reavell’s compressors on some, 
and usually on many, of their engines. Further 
new lines of work, of less importance, but well 
illustrating how few possibilities escape the firm’s 
attention, are air-compressors for pressure-feed 
use on aeroplanes, and air-compressors for the 
automatic tobacco-pipe cleaning machines which 
are to be seen in several of the London clubs. 

Messrs. Reavell’s works are situated on a site of 
some three acres in the Ranelagh-road and close to 
the Ipswich passenger station. Their present ex- 
tent is indicated in F:gs. 1 to 4, on page 861. As 
will be seen from the plan, Fig. 2, and the cross- 
section, Fig. 4, the main shops are divided into 
five bays and cover an area of 300 ft. by 120 ft. 9 in. 
The offices, pattern-shop and stores are housed in 
a front block facing on tothe main road, which 
is well shown in Fig. 1. The smithy and packing 
department is each accommodated in an annexe to 
the main buildings, as can be seen in the plan. 
The foundry, which is the most recent addition to 
the works, is an independent building situated at 
the western end of the site. It covers an area of 
about 100 ft. by 90 ft. There are various bins, a 
pattern-store, aud a foundry-office grouped in suit- 
able positions around the foundry. Access to the 


works is entirely from the Ranelagh-road, material 
for the stores entering by the eastern gate and pass- 
ing direct to the stores without travelling through 
any part of theworks. Material being shipped leaves 
by cart from the same gate, there being, as can 
seen in Fig. 1, a road for empty carts round to 
the back of the packing department, so that the 
carts can draw through a door immediately under 
the packing-department crane, and load up and 
pass out through the door shown in Fig. 1. Coke 
and pig for the foundry enter by the western gate, 
and can be taken direct to their proper bins. It may 
be said that material shipped by rail is taken by 
cart to the marshalling yard of the Great Eastern 
Railway, which is but a few hundred yards away. 
In dealing with the various departments of the 
works, it will be well to take them in the natural 
order of manufacture, passing from the drawing- 
office and pattern-shop to the foundry, and so on 
to the machine-shops. Before leaving the general 
lay-out of the works, however, we may say that 
the original factory consisted only of a rectan- 
r block 144 ft. long by 146 ft. wide. This 
lock now forms the eastern end of the main 





manager, who has a direct outlook over the works 
from the windows of the first-floor corridor. Others 
of these offices serve for estimating and similar 
purposes. The pattern-shop is shown in Fig. 6. It 
contains a band saw, circular saw, planing-machine, 
lathes, grinder, and the other necessary tools, 
The machinery is driven from a line shaft carried 
close to the floor and coupled to an electric motor, 
The foundry, two views of which are given in 
Figs. 7 and 8, on Plate LVIII., is a very fine shop. 
We have no recollection of seeing anywhere a 
lighter and more airy building employed for 
foundry purposes. As will be seen from Fig. 3, 
on page 861, it consists of two main bays and an 
auxiliary bay containing the cupola-charging plant. 
The main bays are each 40 ft. wide by 100 ft. long, 
and are served each by an electrically-operated 
travelling-crane, that for the bay next to the 
cupolas being of 10 tons, and that for the other 
being of 3 tons. As will be seen from Figs. 7 
and 8, the building is a steel-framed structure, with 
sides formed almost entirely by glass screens. There 
are three rows of main columns—one row down 
each side of the shop, and one down the centre 





Fig. 17. 


shops and office building. The main shops have 
now been extended to 300 ft. long, and the office 
building to some 200 ft., while the additions for 
the smithy and king departments have been 
built. The iol is entirely new, there being 
no foundry in the works of fourteen years ago. 
The pattern-shop has been extended by taking in 
the old pattern-stores and building the new stores, 
which is shown in Fig. 2, while the drawing and 
commercial offices have been extended by the 
extension of the office building. 

It is not necessary to say a great deal about 
the drawing-office and pattern-shop. As can be 
seen from Fig. 2, they form the upper floor of the 
office building. Views of these are given in Figs. 5 
and 6, on Plate LVIII. The convenience of having 
the drawing-office and pattern-shop on the same 
floor, and next to each other, will be appreciated by 
those who realise the value of frequent consulta- 
tions between the members of these two depart- 
ments. The drawing-office, as will be seen from 
Fig. 5, has north lights in the roof, in addition to 
the windows in the south wall, and is consequently 
a very light room in the daytime. For work 
after dark there are lights in the roof, giving a 
general illumination, in addition to hinged brackets 
over the desks. Tracings of standard machines are 
kept in a safe, which can be seen at the far end of 
the room in Fig. 5, while drawings and tracings of 
less importance are kept in drawers alongside the 
various desks. The chief draughtsman’s office is 
at the western end, with a window looking into 
the larger office. It will be seen from Fig. 2 that 
there are other offices at the west end of the 





drawing-office. One of these serves for the works 
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between the bays. All the columns are built up 
of rolled sections ; they are of heavy constructioa 
up to the point at which they carry the horizontal 
— for the travelling-cranes, and lighter above. 

e roof principals are of a light and neat build, as 
will be seen in the figures, while the roof of each 
bay is formed with two lights running the full 
length, and louvre ventilators. 

The foundry deals only with iron founding, no 
brass casting being done in the works. It has two 
cupolas, one of 5 tons capacity and the other 
of 2 tons. They are served from a platform in 
the auxiliary bay and outside the foundry proper. 
This platform is reached by an electric hoist which 
is adapted for carrying the trucks in which 
material is transported from the bins. The position 
of the hoist is indicated in Fig. 2. The fans for the 
cupolas are electrically driven. Other plant in the 
foundry consists of two coke-ovens, a sand-blast in- 
stallation, anda set of sand-treating machines. The 
sand-blast plant is supplied with air from a Reavell 
compressor driven by an electric motor, which 
is controlled by an automatic self-starting gear. 
The sand-treating plant is electrically driven, and 
consists of mixers and a sifter. The work on which 
the foundry is in general engaged is not adapted 
to moulding-machines, but there is a hand-operated 
machine which is used for drawing the patterns for 
the air-compressor cylinder castings. The foundry- 
office, which is an independent building from the 
foundry, contains a Denison testing-machine, on 
which samples of each batch of metal cast are 
tested, the results being filed for reference. 

Turning now to the machine, erecting, and other 


| Shops comprised in the main building, we may refer 
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to Figs. 9 to 16, on Plates LIX. to LXI., as/ the original part of the building, and has been co 


giving a good idea of their general character. As/ tinued in the extension. The northern slopes of | tools is carried by cast-iron brackets, bolted 


n-|the main shafting serving the various groupe. s 
airly 


will be seen from these figures, in conjunction with! the roof are glazed from end to end, while the' high up on the main columns, while the counter- 
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Fic. 20. Detams or Ax1at-Tyre Compressor. 

















Fic. 21. 
Fig. 4, on page 861, the shops are all of the single- | southern slopes are o 


Hanp-Driven Compressor FoR CHarcinc DreseL Borries. 


f wood, tiled on the outside. 


storey saw-tooth-roof type. The roof is carried | The shop floors are of wood laid on concrete. The 
by cast-iron open columns—now a somewhat un- |shafting is carried in various ways, depending on 


usual construction, but one that was adopted in | local conditions, but in general it may be said that 
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shafting is supported from steel channels, which 
run the length of the various bays. The stringers 
rest on small brackets cast on the main columns, 
and are bolted in pcsition. The arrangement will 
be followed fiom several of the illustrations, and is 
well shown, for instance, in Figs. 9 and 10. 

As will be seen from Figs. 2 and 4, the shops are 
divided into five bays, each of which is 300 ft. long, 
except the erecting-bay, which has been further 
extended hy the addition of the king depart- 
ment. The whole of the bays at the western «nd 
are closed by corrugated iron screens, so that when 
necessary further extension may take place in that 
| direction. These end screens can be seen in Figs. 
13, 14, and 16. Taking the bays in the order in 
which they lie from the office building, the first is 
devoted to heavy machine work, and contains a 
selection of heavy lathes, boring-machines, planing- 
machines, and radial drills, e tools in this bay, 
as throughout the shop, are of both British and 
American manufacture. When the shops were 
first equipped, American machines predominated, 
but the majority of the newer tools are of 
British make. ‘The machines in this bay are 
in general set parallel with the shafting, but there 
is an equipment of interesting boring-machines on 
the south side in which the individual machines 
are staggered, so that considerable room is gained 
in the direction of the long way of the shop. This 
heavy-machine bay is 25 ft. 6 in. wide, and is 
served by a 5-ton electric travelling-crane. A view 
of the bay looking east is given in Fig. 15, on 
Plate LXI. In addition to the features we have 
already :nentioned, this figure shows the truck-rails 
which are laid throughout the shop for the trans- 
port of heavy or bulky articles. The figure also 
shows the position in which the arc-lamps are fixed 
high in the roof above the crane. This position 
gives a good deal of reflected illumination from 
the battens covering the south slope of the roof. 
The arrangement is common to all the shops, but 
is not solely depended on for lighting, individual 
lighting of machines by incandescent lamps being 
ado ted in addition wherever required. 

e next two bays, which contain light tools, 
are each 20 ft. wide. No. 2 bay contains a large 
equipment of engine-lathes, boring-machines, &c., 
which deal with the connecting-rods, cylinders, &c., 
of the compressors and other machines which are 
built. The eastend of this bay is shown in Fig. 10, 
on Plate LIX., while the west end, which is used as 
a milling-shop, is shown in Fig. 13, en Plate LXI. 
The east end of No. 3 bay forms the capstan-shop, 
while a part of the centre portion serves for the 
tool-room, and the western end forms the fitting- 





shop. A view of the capstan-shop, looking west, is 
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given in Fig. 9, Plate LIX. The machines are in | of 74 tons and the other of 8 tons. The shop is 


general staggered, as will be seen from this figure, 
the width of the bay allowing of this to be done 
without unduly cutting down the width of the aisle. 
A very large number of British-built machines are 
to be seen among the capstans, which form a very 
important link in the shop equipment, as will be 
clear from what we say below in connection with 
the finished-part stores. The fitting-shop, which 
forms the west end of No. 3 bay, does not require 
any comment. A view of it is given in Fig. 14, 
on Plate LXI. It should be mentioned, how- 
ever, that, as can be seen from the plan of the 
works given in Fig. 2, there is a further fitting- 
shop situated at the west end of No. 5 bay. 
The-tool-room, which takes up part of No. 3 bay, 
and the inspection department, which lies between 
No. 2 and No. 3 bays, are shown in Figs. 11 and 12, 


| well supplied with fitting-benches and with movable 


trestles on which the comparatively small machines, 
which form such a large part of the output of the 
firm, are erected. A view in the shop is given in 
Fig. 16, on Plate LXI. The engine-room and boiler- 
house contain an equipment which originally served 
for the driving of the works. It consists of Scott 
central-valve engines, built by Messrs. Reavell, 
coupled to dynamos, one giving 230 amperes at 
110 volts, and a larger set of 700 amperes at the 
same voltage, and two Babcock and Wilcox water- 
tube boilers. The power demand of the works has, 
however, quite outgrown the capacity of this 
plant, and the main part of the power is now 
derived from a motor-generator set which is con- 
nected up to the mains of the Ipswich Corporation 





supply system. The motor-generator set converts 
















































































graduated nozzles, which are used in conjunction 
with output and pressure curves. In addition to 
the main testing-shop, there is a special oil-engine 
test-house, the position of which can be seen in 
Fig. 2. It is used for the testing of the paraffin 
engines, which are built in large numbers by the 
firm, and is equipped with the usual brakes and 
other appliances. Tt will be realised that it is a 
great convenience to have the oil-engine test work 
quite separate from the compressor work, the two 
having little in common. 

The last department of the works proper with 
which we have to deal is the finished parts stores, 
a view of which is shown in Fig. 17, on page 862. 
This, as will be seen, is a large department, and 
is fitted with a gallery which runs round three 
sides, and a hand-operated 3-ton overhead traveller. 
Bins for the storage of the smaller . articles are 
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on Plate LX. The arrangement of the tool-room 
is very well shown in the figure. It conteins the 
usual installation of fine lathes, milling-machines, 
and grinders for the manufacture of gauges, 
reamers, &c., and the grinding of shop-tools. There 
is also a gas-hea furnace with a pyrometer 
outfit for tempering and hardening work. The 
tool-room contains racks with a very complete set 
of shop reamers, gauges, &c., which are booked 
out to the various men by a tally system, and have 
all to be returned for checking at the end of every 
week. The as of the inspection department 
is obvious. work from the machine-shops 

through it before going in to the erecting 

y. The department is worked in connection with 
a set of gauges and measuring instruments. The 
face-plate for checking and marking off pistons, 
connecting-rods, &c., can be seen at the right-hand 
side of Fig. 12. 

The fourth and fifth bays contain the erecting- 
shop, the testing-shop, the engine and boiler- 
houses, and the finished-part stores. The erecting- 
shop, which occupies the whole of No. 4 bay, con- 
tains two overhead electric travelling-cranes—one 





from 460 volts direct current to 110 volts direct 
current. In the original installation the exhaust 
steam from the engine was used for warming the 
works, and this system is still employed. Since, 
however, in the summer time shop-heating is not 
required, the engine set is not then run. In the 
winter the power is all supplied from the plant 
described above, and as there are two boilers, there 
is always steam available for any engine tests which 
may be required, such as on the straight-line steam- 
driven air-compressors, of which Messrs. Reavell 
build a certain number. 

The er — a long bed, on which 
compressors are ‘or testing pu <3 
fitted with a main steam-pipe, to which connection 
can be made from any position for steam tests. 
The greater part of the tests are nowadays, how- 
ever, made on electrically-driven compressors, or 
on compressors for Diesel-engine work. For the 

ing of these there is a range of calibrated 
electric motors of different capacity, from which 
the power input of the compressors under test can 
easily and accurately be obtained. The outputs on 
the compressed-air side are measured by means of 





fitted at the two ends. To understand properly 
the scope and purpose of these stores something 
must be said about the system on which Messrs. 
Reavell’s standard lines of manufactureare designed. 
In doing this we will confine ourselves to their 
well-known quadruplex single-stage air-compressor, 
although our remarks apply to a greater or less 
extent to all their stan manufactures. These 
compressors consist essentially of four cylinders 
arranged radially round a common crank-pin, to 
which the four pistons are connected. The crank- 
chamber is closed and forms the suction-chamber 
for the cylinders. For our present purpose the 
compressor shown in Figs. 22 and 23, annexed, may 
be taken as illustrating the general construction, 
although that figure actually shows a three-stage 
compressor. : 
As the machines have naturally to be supplied 
for a large range of outputs and pressures, the 
standard machines have been so constructed that 
some forty-four different capacities can be supplied, 
each of which can be used within certain limits of 
pressure up to 100 Ib. sq. in. This large range 
is, however, obtained from only nine main casings, 
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and varying sizes of cylinders for each casing.| The result of this system is that, while carrying | basis, a certain definite and predetermined batch 
The main casings may perhaps be compared to|a comparatively small number of different classes | of new articles of any type being ordered as soon 
the various standard frames of a line of electric | of article in the finished stock, it is possible quickly as the stock has fallen to the minimum. This 
motors which by means of suitable windings can|to supply machines to meet any specified con- method of manufacturing lends itself very readily 
be made available for a wide range of speed and | ditions. Actually all frames and cylinders are to capstan lathe work, and makes the capstan shop 
voltage. kept in stock, and, of course, both sizes of valve. | a very important link in the factory system. For 

















Fic, 24. Martn Compressor on THE M.S. ‘* ROLANDSECK.”’ Fic. 25. Auximrary CompREssoR ON THE M.S, ‘‘ RoLANDSECK.” 
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Fic. 26. Avuxiiary Diesen Encine with Compressor on THE M.S. ‘“ RoLANDSECK.” Fic. 27. StreamM-Duiven Borrie-Cuarcine ComPRESsSOR 
on THE M.S. ‘‘ RoLtanpseck.” 


There are only two sizes of valves in the whole| Finished machines are carried of the sizes most instance, the number of sizes of valve being only 
range of standard compressors, varying numbers of | commonly asked for. It will be clear that this two, it is evidently possible practically always to 
valves being used for the different capacities. For | method, by which many parts are common to many | keep some machines engaged on them, which natu- 
pressures above 100 Ib. per sq. in. and up to 350 Ib. | different machines, is a great aid to manufacturing | rally leads to cheapness and efficiency. It must be 
per sq. in. a range of two-stage machines are con- | efficiency, as such standard parts can be made in| understood, of course, that in addition to the 
structed on a similar plan and from the same |large quantities at a time. It is the practice to | material with which we have been specially dealing, 
casings. work the finished stock on a minimum quantity | the finished parts stores also contain oil-engines and 
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oil-engine parts, small steam-engines and other of | 
the standard manufactures of the firm. 

In the remainder of this article we propose to 
describe various types of machines manufactured by 
Messrs. Reavell, but we wish to make it clear at 
the outset that the examples chosen have been 
taken in order to illustrate some of their later | 
developments, or some points which appeared to us 
of special interest. We are making no attempt to 
deal with the whole of the manufactures of the firm, 
and apart from the reference already made, we are, 
for instance, unable to deal with their standard 
quadruplex compressor. Space also forbids any- 
thing but the merest mention of their oil-engines, 
pneumatic hoists, high - speed enclosed steam- 
engines, and straight-line horizontal air - com- 
pressors. This latter type of machine is built only 
to order, and is constructed, we imagine, rather to 





meet the conditions of certain markets than because 
the makers consider that it compares favourably 
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meter of the shaft at the other end being for the 
— of fixing the pulley. 

The piston is shown at the right-hand top corner 
in Fig. 20. It is double-ended and is fitted with 
split rings. A hole at right angles to its axis is 
bored through the piston to receive the crosshead, 
which is shown below it in Fig. 20. The crosshead 
has a hole for the crank-pin, and is fitted with a 
renewable bush. The method on which the crank- 
shaft, crosshead, and piston fit together will be 
clear from Figs. 18 and 19, and it will be realised 
that, apart from the valves, these three members 





form the only working parts of the machine. The 
method of carrying the valves in the cylinder- | 
covers is clearly shown in Fig. 18, which also) 
shows the type of valves used. All valves are of 
nickel-steel, those on the delivery side being of | 
the thimble type, which are used for delivery in all | 
Reavell compressors. The cylinder body and covers | 
are water-jacketed, as can be seen in the figures, 


--=_z—- 


HP Suctio 





| 
| 
! 
| 


4'7°--------3 








' 
‘ 
i 
' 


e—~- ee 


: Rape ai 


_ ee es 
- _ ~- RIG -< 


chosen for illustration are such as have been 
designed and employed for marine Diesel work. 
Looking at the matter purely from the point of 
view of our present occupation with air-compressors, 
it may be said that the most interesting feature in 
connection with Diesel engines is the injection of 
the fuel, since this involves the employment of such 
very high pressures. This service is, of course, 
that which has to be carried out by the main air- 
—— of a Diesel engine. The type of 
machine which Messrs. Reavell have mainly em- 
loyed for this work on board ship is illustrated in 
igs. 22 and 23, on page 864. This shows a three- 
stage machine, which, however, may be looked 
upon as a direct development from the firm’s stan- 
dard single-stage quadruplex compressors. The 
compressor is, of course, reversible, as is necessary 
for marine work. Its differences, as compared 
with compressors built for stationary engines, lie 
mainly in the adoption of suction-valves on the low- 
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with the type of compressor with which their 
own name is so closely associated. 

We may begin our description of the examples 
of Messrs. Reavell’s manufactures which we illus- 
trate by dealing with one of the simplest air- 
compressors which they build. It is illustrated in 
Figs. 18 to 20, on 863. This t has been 
designed to meet the demand for 1 machines of 
a low _ and of great simplicity, and does not 
pretend to the same efficiency as their standard 
type ‘of quadruplex ccmpressor. It is the class of 
machine which been so largely supplied by them 
for small portable blowing plants > electrical 
stations. -The compressor is shown in cross-section 
in two directions in Figs. 18 and 19, while its prin- 
cipal parts are shown independently from each other 
in Fig. 20. As will be seen, the compressor consists 
ofa main casing bored horizontally in two directions 
at right angles to each other. One bore forms 
the cylinder, and the other carries the crank-shaft 

ing. The crank-shaft is shown at the bottom 
right-hand side of Fig. 20, while it can be 
seen in position in the machine in Fig. 19. The 
shaft is of such a size that the crank-pin falls 
within its diameter, so that it forms a very simple 
and easily-machined part. The crank-pin is lying 





to the left-hand side in Fig. 20, the reduced dia- | 


while lubrication both for the crank-shaft bearing 
and crosshead is from an oil-ring in the centre of 
the crank-shaft. The compressor may be dis- 
mantled in a moment or two by withdrawing the 
crank-shaft endways, and removing the crosshead 
through the small door in the top of the casing. 
The machine is known by the makers as their axial 


type. 

With the exception of the last of all, the 
remainder of our illustrations refer to special 
air-compressors which Messrs. Reavell have Seb 
oped during recent years for use in connection with 
Diesel engines. We have already referred to this 
new branch of work, which in a comparatively few 
years has become one of the most important of the 
firm. It has involved the designing of a number of 
machines of remarkable ingenuity and tinterest. 
We have already said that Messrs. vell have 
the majority of the Diesel-engine builders of this 
country and the Continent among their customers, 
but the authoritative position they have taken in 
connection with their speciality will perhaps best 
be realised when we state that such Diesel-engin 
ships as the Rolandseck, the Eavestone, the Fordo- 
nian, and the Excelsior are equipped with their com- 

rs. As the subject is of novelty and great 





interest, the majority of the compressors we have 


pressure cylinders, and of such an arrangement of 
parts that all gear may be withdrawn above the 
tank tops. In this connection we should perhaps 
remind our readers that standard Reavell single- 
stage compressors have no suction-valves, air being 
drawn from the crank-chamber through ports in the 
gudgeon-pins, which are successively opened as the 
compressor rotates. The general method of con- 
struction of the marine compressor can be followed 
from Figs. 22 and 23. It has four cylinders, 
which are arranged radially, and at 90 deg. 
from each other, round the crank-pin. This 
feature, characteristic of all Reavell quadru- 

lex compressors, ensures a practically even turn- 
ing moment, which is of especial importance for 
marine work, since it greatly assists towards rapidity 
of manceuvring. The connecting-rods all work 
on to a common crank-pin, and are held in place 
by split rings which can be very rapidly removed. 
As will be seen, the crank-pin has two diameters, 
which greatly facilitates rapid dismantling. To 
remove the pistons the crank-chamber door 18 


ed| opened and the locking-plate removed from the 


end of the crank-pin. The two front rings are 
then removed, when each of the low-pressure pistons, 
together with its connecting-rod, can be removed 
through the erank-chamber door. The back crank* 
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pin rings are then removed, and the two remaining 
pistons may be taken out in the same way. The 
whole operation may be performed in a very few 
minutes. 

The compressor has two low-pressure cylinders 
arranged on the horizontal line, the intermediate 
and high being on the vertical line, with the inter- 
mediate at the bottom. All valves are of the 
thimble type, turned from nickel steel, and are 
arranged for low lifts. They all work vertically, 
and the suction and delivery valves are inter- 
changeable. The work of compression is as nearly 
as possible equally divided between the stages of 
compression, while intercoolers are provided be- 
tween the first and second and between the second 
and third stages. These intercoolers can be seen 
on the right and left-hand bottom corners in 
Fig. 22. The whole of the inner part of the com- 
pressor is filled with water, which has complete 
access to the outsides of the cylinders, valve-boxes, 
connecting-pipes, and intercoolers. As a result of 
this, the air delivered fromthe high-pressure 
cylinder is so cold that a third intercooler is not 


Fies. 30 To 32. 


required, all that is necessary being the short high- 
pressure cooling coil, which can be seen at the top 
of Fig. 22. This coil, of course, lies in the water, 
which, as we have said, circulates through the whole 
of the interior of the compressor casing. 

The path of the air through the compressor 
can be followed from Fig. 22. It enters the low- 
pressure cylinders from the crank-chamber, through 
the passages below the cylinders, and so through 
the suction valves. The arrangement can be best 
seen in the right-hand cylinder in Fig. 22. From 
the low-pressure cylinders it is delivered to the 
intercooler on the left-hand side through the large 
connecting pipes shown, the two cylinders, of 
course, working in parallel. From the intercooler 
it passes to the intermediate cylinder, and so on 
to the second intercooler. The valve-box and 
connecting passages to the intermediate cylinder 
are clearly indicated in Fig. 22. From the 
second intercooler it passes up by the small pipe 
shown to the suction-valves of the high-pressure 
cylinder, and so out through the delivery to the 
cooling coil already mentioned, and to the outlet 
pipe. As will be seen, all the pistons are fitted 
with rings, there being a series of five on the high 
pressure, The larger cylinder below the high- 
pressure cylinder forms a guide only, and performs 





| 





no function in connection with the compression 
cycle. The compressor is usually built with a 
segmental facing and studs on the back to allow of 
its being belted up to the end of the engine bed. 
It is also provided with a substantial base and 
holding-down bolts fur securing it to the tank-tops. 
The crank-pin is formed on a crank-dise which is 
provided with a flange for bolting up to the engine 
crank-shaft. Lubrication is by a positive pump 
with pipe feeds to each bearing surface. 

An outside view of a compressor of the type 
illustrated in Figs. 22 and 23 is given in Fig. 24, on 
page 865. This view actually shows the compressor 

tted on the motor-ship Rolandseck, and coupled 
up to the main engines. The auxiliary compressor 
of the Rolandseck is shown in Figs. 25 and 26, on 
the same page. The compressor itself is shown in 
Fig. 25, while Fig. 26 shows it as coupled up to 
the auxiliary Diesel engine which drives it. The 
compressor is of the same type as that already 
described. Its purpose is to assist the main compres- 
sor at times during which the ship is manceuvring. 
At such times the main engines naturally run at a 





little waste, and the auxiliary compressor is self- 
regulating. The volume-controller, as will be seen 
from Fig. 25, consists of a spring-weighted relief- 
valve, one side of which is connected by a pipe to 
the high-pressure receiver. This valve conteals the 
blow-off valve from the first stage. 

The Diesel engine which drives the auxili 
compressor on the Rolandseck is itself fitted with 
a compressor which was also supplied by Messrs. 
Reavell. It can be seen at the right-hand side of 
Fig. 26. As will be gathered from this figure, it is 
of a somewhat different type from the compressor 
we have already described. An example of this 
type is illustrated in detail in Figs. 28 and 29, on 
page 866. It is of a class specially designed for 
quick-running Diesel engines, where a compressor 
of relatively small displacement is required. It 
is known by Messrs. Reavell as their Y class. As 
will be seen, it is of the three-stage type, but is 
arranged with all its cylinders in a vertical line. 
It has a patented feature of great importance, in 
that, by suitably proportioning the parts, no valves 
are required in the intermediate-pressure cylinder. 





O 








slow speed and frequently stop, so that in order to 
keep up the supply of air it is neo that an 
auxiliary supply should be available. Although 
the auxiliary compressor shown in Fig. 25 is of 
the same type as the main compressor shown in 
Fig. 24, it contains an added and extra feature 
which is of interest. This consists of an auto- 
matic relief-valve, or volume-controller, as the 
makers call it. It can be seen at the left-hand 
side of the front of the compressor in Fig. 25. 
The object of the controller is to limit the air 
supplied by the auxiliary compressor to the amount 
required by the main engines. As the speed of 
the main engines is increased, the main compressor 
is able to supply more of the air required, and as 
the auxiliary compressor naturally runs at a con- 
stant speed, there are times when it would normally 
supply more air than is necessary. This could 
naturally be overcome by allowing the high-pressure 
receivers to blow-off, but this would make a ve: 
unpleasant noise, and would obviously be waste 

as air would be compressed to a high pressure 
merely to be allowed to go to waste. The volume- 
controller is accordingly arranged to allow air to 
escape from the first stage of the auxiliary com- 
pressor as long as the normal pressure is main- 
tained in the receiver; There is consequently 








VeRTICAL-TYPE THREE-STAGE COMPRESSOR. 


This is clearly a simplification, but for marjne work 
is a point of special importance, since it enables all 
valves which may require examination or adjust- 
ment to be p at the top of the machine. The 
bottom cylinder and the parte connected with it, 
which in certain circumstances may be below the 
engine-room floor-plates, contain nothing likely to 
go wrong or require attention. 

The different stage pressures of the machine are 
all accurately balanced, and remain so even with 
varying delivery pressure. The compression of the 
whole of the second stage and part of the first 
stage is carried out in the intercooler pipes, which, 
as can be seen from Fig. 28, lie in the inner casin 
of the machine, which is completely filled wi 
water in a similar manner to that of the com- 
pressor earlier dealt with. One result of the 
compression taking place in the intercooler pipes 
is that the economy of the machine is very marked. 
The main features of the construction will be 
followed from Figs. 28 and 29. The low-pressure 
cylinder draws from the crank-chamber through 
ports in the gudgeon-pin. The crank-chamber has 
a cylindrical grid inlet. Delivery from the low- 
pressure cylinder takes place through the inter- 
cooler to the intermediate cylinder at the time the 
intermediate piston is making its upstroke, This 
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piston then makes its down stroke, and further com- 
presses the air through the same intercooler into 
the high-pressure cylinder, in which it is further 
compressed, and delivered through the short cooling- 
coil shown. It-will, of course, be realised that on 
the down stroke the low-pressure delivery-valves 
are closed by their springs, there being only atmo- 
spheric pressure behind them, but that, at the 
same time, the high-pressure suction-valves are 
open to pass the air from the receiver. On the up 





port, when the main engines may be continually 
starting and stopping. 

Of our remaining illustrations, Figs. 30 to 32, 
on page 867, show a special form of compressor 
which Messrs. Reavell have constructed for well- 
known Continental marine Diesel engine builders. 
It is actually the three-stage V-type compressor, 
which is shown in Figs. 28 and 29, builtas a vertical 
machine, that is to say, it is of the type that has no 
valves in the intermediate cylinder. The machine, 


by an eccentric on the shaft allows the air to enter 
freely to the low-pressure cylinder, from which 
it after compression to the intermediate 
| cylinder, through a tubular intercooler. The second 
| stage of compression takes place in the intermediate 
| cylinder and its intercooler, seeing that the cylinder 
| itself has no valves, as already described. Passing 
then to the high-pressure cylinder it receives its 
final stage of compression and passes away from 
'the machine through a coiled aftercooler. By this 
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Fic. 33. 
ON THE M.S. ‘*‘ RoLANDSECK.” 


stroke the delivery-valves of both the low and high- 
pressure cylinders are open, the air which is entering 
the receiver being cut off from the high-pressure 
cylinder by the closed suction-valves. 

In addition to the compressors we have dealt 
with, there are others on the Rolandseck, also 
supplied by Messrs. Reavell. One of them, shown 
i ig. 27, on e 865, is for the purpose of 
charging the bottles which are used for starting the 
main engines. It is driven by asmall steam-engine 
of Messrs. Reavell’s make. Similar compressors of 
this class, but operated by hand, are constructed 
by Messrs. Reavell. An example of a horizontal 
type is illustrated in Fig. 21, on page 863. Another 
Reavell* compressor on the Rolandseck is shown 
in Fig. 33, annexed. This is mounted on the 
back of one of the engine columns, and is for the 
purpose of supplying air for driving the steering- 
engine. It is driven by rocking-levers from one of 
the crossheads. The compressor is of the recipro- 
cating type, and has two cylinders which supply 
air at a different pressure from each other, one at 
300 lb., and the other at 100 Ib. Each cylinder 
forms an independent single-stage compressor. The 
object of the arrangement is to provide a supply 
of air at 100 lb. for working the steering-engine 
during the main part of the voyage, and to allow 
of an auxiliary supply of air at 300 lb. being avail- 
able, should any large and rapid movements of the 
helm become necessary owing to exceptional cir- 
cumstances. If such cases arise, the fall in pressure 
of the 100 Ib. receiver automatically establishes 
connection with the 300 lb. receiver, so that suffi- 
cient air at once becomes available to carry out the 

movements of the helm. Both cylinders 
are provided with automatic cut-outs, which ope- 
rate when the receivers are fully charged. It 
should be said that this compressor only operates 
during a voyage, the steering engine being driven 
by steam when the boat is entering or leaving 


CoMPRESSOR FOR STEERING-ENGINE 
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SreamM-DkIveN AUXILIARY COMPRESSOR ON THE 
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Fic. 35. VAaALvEL 


as shown, forms two complete units, each having 
high, intermediate and low-pressure cylinders. 
Each unit has high-pressure and low - pressure 
istons in tandem, and the annulus formed by the 
ow-pressure piston and a trunk beneath it forms 
the intermediate cylinder. A piston-valve operated 


Ess STEAM-ENGINE. 


construction three stages of compression are ob- 
tained with the simplicity due to a two-stage 
machine, owing to the omission of second-stage 
valves, and all the valves are placed in an acces- 
sible position on the top of the machine. The inter- 
coolers are not shown in Figs. 30 and 31, but one 
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of them may be seen at the back of the machine in 
Fig. 32. The compressor is, of course, water- 
jacketed, but this and other details will be followed 
from the illustrations. 

There are two remaining figures on e 868 to 
which we have not yet referred. The first of these, 
Fig. 34, has been chosen as illustrating a charac- 
teristic arrangement of an auxiliary compressor on 
a Diesel ship which, instead of being driven by a 
small Diesel engine, as on the Rolandseck, is 
coupled to a small steam-engine. The example 
shown is actually that supplied to the Eavestone. 
The compressor is generally of the same type as 
that already described and need not be further 
referred to. 

Fig. 35, on page 868, shows a recent product 
of Messrs. Reavell which has no connection with 
Diesel-engine work, but is of singular interest in 
itself. It is a form of valveless steam - engine, 
adapted for building in very small sizes of 2-horse- 
power or so. The complexity of any ordinary type 
of steam-engine is such that when built in very 
small sizes of this order, its manufacture is apt to 
approximate more nearly to watchmaking than 
engineering, as ordinarily understood. This 
engine, however, apart from the governor, which 
is of the crank-shaft type, consists of nothing 
but a cylinder, a piston, a connecting-rod, a crank- 
shaft, and a crank-chamber casing. It runs at a 
very high speed, and is finding an application 
for driving fans in places in which there is no 
supply of electric power, so that a motor cannot 
be used. The engine is really very ingenious. It 
is single-acting, and has a fairly long piston, and 
admission and exhaust ports in the cylinder barrel. 
The admission port is fairly low down, while the 
exhaust port is higher up. There is also a port 
in the piston side which communicates with its 
top end. At the beginning of the down-stroke 
the piston port comes opposite the admission port, 
so that steam is admitted to the top of the cylinder. 
When the piston has moved down a little way the 
piston port over-runs the admission port and steam 
is cut off, the remainder of the stroke taking place 
on expansion. At the bottom of the stroke the 
top of the piston over-runs the exhaust port, and 
exhaust takes place. The engine is governed on 
the throttle, as will be gathered from Fig. 35. 

In concluding this article we would like to say 
that, although we have dealt somewhat fully with 
some aspects of Messrs. Reavell’s works, there 
are many other aspects which considerations of 
space have compelled us to ignore. Some of these 
will no doubt come to the attention of the members 
of the Institution of Mechanical Engineers who 
visit the works during the fortheoming summer 
meeting at Cambridge. That these members who 
take part in the excursion to Ipswich will certainly 
see much of interest and profit we have no doubt. 
For our own part a pleasant duty is now closed, but 
we cannot conclude without referring to the pleasure 
we found in our own visit to the works, or without 
expressing our thanks for the courtesy and con- 
sideration extended to us on that occasion. 





THE INTERNATIONAL ROAD 
CONGRESS. 

Tue International Road Congress was con- 
stituted to deal with the serious defects in estab- 
lished methods of road construction which were 
made evident by the development of the motor-car. 
Until the advent of this vehicle the roads of 
France had preserved an unrivalled reputation for 
excellence, but they proved quite inadequate to 
carry modern traffic. The first meeting of the 
Congress was held at Paris in 1908, under the 
presidency of M. Lethier; the next met at 
Brussels in 1910, the president being M. Lagasse- 
de Locht, and it was then decided to meet this 
year at London, with Sir George Gibb as ident. 

The proceedings were opened on Monday last at 
the Wesleyan Central Hall, the chait being occupied 
by Mr. Lloyd George, the Chancellor of the 
Exchequer. As is well known, Mr. Lloyd George 
has been the first Chancellor to recognise the prime 
importance of the road problem, and it was on his 
initiative that the R Board wae established, 
and endowed with the funds which have enabled 
it to effect very considerable advances in the science 
of road construction. 

In his speech, Mr. George said that there were 
now in this country some 231,000 miles of about 
the best roads in the world. Thirty years ago 
when one left the towns hardly a vehicle was to be 


met on the highways. The advent of the pneu- 
matic tyre then effected a great change, which had 
been emphasised by the introduction of the motor- 
car. A census taken recently on a Sunday 
morning on a secondary arterial road showed that 
in one hour there passed 100 bicycles, 50 motor- 
bicycles, 30 motor-buses, 300 motors, and 15 horsed 
vehicles. 

On a Monday heavy motor delivery-vans would 
also have had to be enumerated. There were, he 
said, 220,000 motor vehicles in this country, which 
was twice as many as in any other European country, 
though only one-third as many,as in the United 
States. The i of road-making involved 
important social, economic, and financial considera- 
tions. In 1892, he continued, the cost of road 
maintenance was about 84 millions sterling, whilst 
last year it had risen to 15} millions. He would 
point out that it was not merely a question of 
ry traffic, but that goods transport by road 

also undergone a great development. In this 
connection it was evident that the more means of 
communication were improved, the less would be 
em on distribution, and the more would be avail- 
able for costs of production. Bad roads, in short, 
meant taking the horse from the plough to put 
it to the cart. He observed that since 1910 the 
Road Board had made grants amounting to more 
than three millions, and he was most glad that 
they had resisted all pressure to dissipate the 
money on road maintenance, and had devoted it 
exclusively to road improvements. He hoped 
some part would be spent in improving the exits 
from our great cities, and he noted that the Board 
were contributing three-quarters of the half million 
which was required to construct a new exit in the 
County of Middlesex. Such roads would be an 
enormous convenience and would go far towards 
solving the housing problem. The town of the 
future should constitute the centre for shopping, 
for work and for amusements, whilst the home and 
dwelling-place would be in the country. The Con- 
gress, he concluded, included representatives from 
thirty-nine Governments, and he could not recall 
@ previous instance of any International Co 
at which so large an area was represented, nor could 
he recall one dealing with more important matters. 

Sir George Gibb said that the Chancellor’s per- 
sonal interest in the road question was well known. 
It was to him they owed the first measures taken 
to secure the double aim of an improvement in the 
roads and a relief to the rates. He tendered their 
thanks to him for all he had done, as well as for all 
they hoped he would do in the future. The papers 
to be discussed at that Congress represented a vast 
amount of original thought and research. The old 
roads no longer satisfied the new needs. The ques- 
tion arose as to who should bear the burden of recon- 
struction and of the more costly maintenance. This 
financial question, with which that of administration 
was closely associated, was a matter of first import- 
ance. It was waste of money to maintain a road 
above or below the standard required by the 
traffic. There were, he found, great differences of 
opinion as to the relative advantages of centra- 
lisation and devolution, but the general trend 
a to be in favour of State administration, 
alt ough there was, as yet, no movement of opinion 
in Britain towards the direct administration of the 
roads by a central department of State. The 
county jurisdiction was in many cases excellent, 
and should be extended, areas too small to pro- 
vide adequate finance or technical skill being 
absorbed in larger areas. Local administration 
would, however, be imperilled if it did not recognise 
that modern ped pens sama be placed in charge of 
proper engineers, with adequate technical and 
accounting staffs. Opinion in Great Britain was 
strongly in favour of bituminous macadam, which 
had been adopted here, perhaps, to a ter extent 
than in any other country. Its further extension 
depended upon the ——- of —— the 
initial extra cost, but he hoped and believed that 
in a very e measure this would be compensa 
for by a reduction in maintenance charges. He 
wished to express their indebtedness to voluntary 
societies who had interested themselves in the im- 
provement of the roads. The action of these 
societies might well have been harmful had they 
laid too much stress on the needs of the motor- 
car, but this pitfall was avoided and many seroma 
suggestions were due to them. The exhibition to 
be opened that 2 J would show the Ry scr what 
was being done by manufacturers, whose en i 

d nik had 





had developed new methods and materials whic 


ted |had hitherto been usual. 


contributed greatly to the advance of automobiles 
and of road-making. 

Dr. T. Lewald, of the German delegation, then 
invited the Congress to hold its next meeting at 
Munich, in 1916, and this was accepted. 


Tue Pianninec or New Roaps. 


For convenience of discussion the Congress was 
divided into two sections, of which the first was 
concerned mainly with the purely technical question 
of construction and maintenance, whilst the second 
section took as its subject-matter considerations 
relative to the regulation of traffic and administra- 
tive problems generally. The proceedings of this 
latter section , accordingly, only a secondary 
interest for the engineer. 

The first section met in the Caxton Hall, West- 
minster, on Tuesday morning last, at 10 a.m., under 
the presidency of Captain é. S. O. Swinton, ex- 
Chairman of the London County Council. The 
subject for discussion was ‘‘The Planning of New 
Streets and Roads.” Eight notes on the problems 
here presented had been prepared by re ta- 
tives of Germany, Austria, Belgium, nmark, 
the United States, France, Great Britain and 
arpa Hun , Italy, and Russia. These had 

n sum: in a report prepared by Mr. S. D. 
Adshead, Professor of Civic Design at the University 
of Liverpool, acting as general reporter to the 
—. m 

n opening the proceedings, Captain Swinton 
said the subject to be dealt with that morning was 
of fundamental importance, since, as pointed out 
by Mr. Charles th many years ago, it was 

ong the lines of improvements in methods of 
transport that the most satisfactory solution of the 
housing problem was to be sought. The improve- 
ment of our arteries of communication was, in fact, 
not primarily necessitated by what might be called 
pleasure traflic, but formed an essential element in 
the advancement of humanity as a whole. Road- 
making in short was the most civilising influence to 
which attention could be directed. He informed the 
meeting that Professor Adshead was the only pro- 
fessor of town-planning in this country, and added 
that the resolutions to be proposed by him were con- 
sidered resolutions. An amendment, he said, had 
been Pe sm by the French delegation to the 
second resolution, which, as it originally ran, pro- 
vided that gradients should not exceed 5 per 
cent. wherever possible, and should be less 
wherever there were curves, tramways, or & pre- 
ponderance of heavy traffic. The French amend- 
ment proposed to alter this to read ‘‘that for 


new roads the gradient in level coun should 
not exceed 3 per cent., but that in hilly dis- 
tricts it might be increased to 5 cent., or 


even 6 per cent., with the proviso that it should 
be reduced in the case of curves, the presence of 
tramways, or of a preponderance of heavy traffic.” 
The true solution of the road problem, he added, 
was only to be found in the exercise of everlasting 
foresight directed to the keeping back of building 
lines and to ensuring so far as possible that where 
important crossings might be expected to develop, 
plenty of s should be provided. Readers of the 
Times might have noted that 100 years ago the 
Regent-street improvement was objected to in the 
House of Commons on the ground that the width 
proposed was excessive, and that the circuses at 
Oxford-street and Piccadilly were useless and un- 
necessary. To-day they would be if Regent- 
street were half as wide again, and if the circuses 
were four times as large. 

Professor Adshead, in opening the discussion, 
said that he had read with great interest and great 
pleasure the various papers submitted. In their 
perusal two points were prominent. In the first 
place, there was the abnormal increase in motor 
traffic for which the roads had to provide; and, 
secondly, in fact, that the interest recently aroused 
by questions of town-planning had brought out 
the need for greater diversity of treatment than 
In the first resolution 
the opinion was expressed that it was better to 
carry new main roads around towns rather than 
through them, and that where there was an existing 
— ae a seri it me better to make a 

y-pass rather than to widen the existing roadway. 
Old streets, in short, were not constructed for the 
new conditions. Many of them were 
shopping streets, and often favourite promenades. 
Hence it was much better to make a by-pass than to 
disturb the vested interests of an old town. The 





second resolution, as stated by the Chairman, 
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limited gradients to 5 per cent., but he was quite 
prepared to accept the amendment pro by 
the French delegation. He had observed, how- 
ever, that the opinions advanced depended very 
much on the character of the country from which the 
promulgator hailed, the diversity being very great. 

In the third resolution it was suggested that the 
curves adopted should be such as to provide a view 
of 100 yards, if possible, and where not possible that 
the approach to the curve should be indicated. The 
suggestion of a clear view ahead of 100 yards was pre- 
ferable to specifying a radius, as the view afforded 
depended not only on the curvature, but on the 
width of the road. In the fourth resolution it was 
declared that the best location for tram-lines was 
in the centre of the road, and that on each side of 
the tracks there should be sufficient width pro- 
vided for two lines of traffic. The system here 
proposed was, in the speaker’s view, the cheapest 
to construct, as well as being safer for the general 
public. It gave, moreover, easier curves where 
the lines had to turn into side streets. Of course, 
there were occasions when the tracks could be 
placed at the side of the road, but this was not the 
most economical method, as it meant a greater 
width of roadway, as tramway tracks in a — 
rate space could not accommodate other traftic. 
Resolution No. 5 provided that main roads should 
be designed of a width sufficient to provide 
for tram-lines, for ordinary traffic, and for a line of 
standing vehicles. In fixing building lines, there- 
fore, adequate space was necessary between the 
frontages. In this connection, he remarked that 
the widening of streets was often more necessary 
on account of the congested state of narrow foot- 
paths than of the roadway proper. The sixth 
resolution declared that it was a matter of national 
importance that the action of local authorities 
should be to some extent supervised by a central 
State authority. 

Mr. J; A. Brodie, of Liverpool, said that on 
leaving the centre of large towns there was, in the 
first place, a portion of the roadway closely built 
up, but further out the conditions were very dif- 
ferent, houses being very few or entirely absent. He 
believed that in this country we had been too much 
inclined to make our roadways too narrow, and that 
even in the built-up section the width should be 
80 ft., and that this should be increased to not less 
than 120 ft. in the outlying areas. If trams were 
required, it was ible in such a wide road to 
cheapen the cost of their construction, and thus pay 
for the reater width. This ~ he added, was about 
to be ane in the case of some improvements at 
Liverpool. In this country we suffered from a lack of 
powers to carry out widenings, and he hoped that 
one outcome of the Congress would be to increase 
these powers. The general resolutions proposed 
were on the whole reasonable, though it was ex- 
ceedingly difficult to settle _— and curves. 

The next speaker was Herr H. Cassinone, of 
Carlsruhe, who expressed the view that a 3 per 
cent. gradient was rather high for level countries, 
whilst 6 per cent. was too low in the hilly districts. 
With respect to the fourth resolution, he thought 
that it should be made clear that it referred solely 
to built-up areas, there being no need for two lines 
of traffic on each side of the rails in — dis- 
tricts, unless the districts were such as were likely 
to be built up. 

The next speaker was Mr. Nelson P. Lewis, 
Chief Engineer (Board of Estimate and Appoint- 
ment), New York City, who said that he had feared 
that Professor Adshead might have unduly empha- 
sised the architectural aspect of street-planning, but 
that gentleman had taken a broad view of the sub- 
ject. From the point of view of a large city, what 
was most evident was the fundamental necessity of 
suitable arterial thoroughfares. Were these pro- 
vided, details could realily be filled in later on and 
decorative effects secur Another point to be 
borne in mind was that in great cities provision 
must also be made for rapid transit, which for the 
present was best provided for by underground or 
elevated railways. The latter were, he considered, 
to be preferred, as it was better for passengers to 
travel in the open. If provision were made in 
advance for radial arteries 160 ft. to 200 ft. wide, it 
was easy to provide rapid transit facilities above the 
surface, pa it was quite possible to design the 
structures so as not to mutilate the streets or 
interfere with their general usefulness. He wished 
to emphasise the necessity of providing in advance 
for these facilities, and thus avoiding the frightful 
cost of street widenings. 





Herr Steuernagel, who followed, said that it was 
impossible to lay down general rules for gradients, 
since much depended on whether these were long 
or short. If the latter, a very steep gradient might 
legitimately be used. In other cases, however, he 
recommended that the expense of getting rid of 
long and heavy gradients should not be shirked. 
In Cologne thousands had been spent in reducing 
a gradient of 1 in 30 tol in 35. This had been paid 
for by the saving effected in the cost of operating 
the tramways. He thought the suggestion that 
new main roads should be taken round towns, in- 
stead of through them, was going too far. The 
construction of a new road was often useful in 
getting rid of undesirable localities. Moreover, a 
new road round a town would often only serve to 
take prams out, of their direct route. 

Mr. Walter Emden, ex-Mayor of Westminster, 
who spoke next, said that although it was easy to 
talk m ¢ roads 80 ft. to 100 ft. wide, or even 150 ft. 
to 200 ft., it was necessary to discuss what was 
really practicable. It was at once evident that the 
expense of carrying out roads of this description 
would be such as to make them impossible. Much, 
however, could, he thought, be accomplished by 
regulating the traffic. idening could only be 
effected to a limited extent, but the matter of traffic 
regulation was in its infancy, and much could, he 
thought, be done by sending the heavy traffic down 
certain streets. He was quite certain, in any case, 
that old and big cities must be dealt with on 
different lines from new towns. Where streets as a 
whole could not be widenéd, the ends should be 
opened out and the corners curved back. By thus 
opening out the ends the oncoming traffic could be 
more easily distinguished, and the traffic could be 
conducted at a higher speed. 

Herr Robert Schmit, of Essen, said that in laying 
down an organic plan of street improvements it 
was necessary to consider questions of hygiene, 
political economy and esthetics, in addition to 
purely technical considerations. Moreover, the 
reason for an improvement in one part of a town 
might be found in another part of a town, it being 
a to make streets free from objection 
unless they fitted the contour of the ground. 

Dr. Corthell, of New York, who spoke next, said 
that it appeared to him that there was some con- 
fusion between streets and roads. In America the 
name ‘‘street” was applied only within town 
limits ; outside the boundary it became a ‘‘ road.” 
To build a road 120 ft. to 150 ft. wide in a country 
town would, he thought, be suicidal. There were 
many instances in Southern Louisiana where every- 
body complained of the excessive width of the road- 
ways in minor towns, which made them ruinous to 
maintain. It was therefore n in crossing 
them to wade through the mud of ten years ; but if 
the town attempted to improve matters it became 
bankrupt. It was, he considered, a shame to 
lay out streets on this extravagant scale, but 
he quite agreed that they were desirable in New 
York. As to having tramways in the road, he 
thought few country roads were wide enough for 
the tracks to be placed in the centre. In America 
many country tramways were almost inter-state in 
character, and, in general, they were put at the 
sides, and, where possible, in the fields, as in 
Massachusetts. With regard to the question of 
grades, in his view it would be better not to 
mention any definite figures. In Chicago he had 
had to build railroads through the streets, the 
latter being carried over the tracks. It was found 
impossible to keep the gradients of the approaches 
down to 3 per cent. In this connection it should 
be remembered that in 20 years’ time the means of 
communication were not going to be the same as now. 
In what used to be called the Wild West the 
farmers were now using the automobile for road 
work, An automobile easily climbed a 5 or 6 per 
cent. grade, whilst tramways could mount one of 
10 cent. It would therefore be wrong to 
neglect the prospects of the future by laying 
down specific fi for gradients. 

Mr. Walker Smith, of the Local Government 
Board, Scotland, said that he wished to speak 
mainly on the sixth resolution. In connection 
with No. 1, however, he thought that the kind of 
town or village it was desirable to by- should 
be — a _ Byers eee or 
Edinb could not -passed, though rin 
roads ‘ool be useful. The first step in are 
improvement should be the effective control of 
the roads for distances up to 15 miles from the 
centres of large cities, but there was as yet no 





machinery for this in the United Kingdom. He 
could, however, see no reason why an adequate 
width at least could not be prescribed under exist- 
ing powers, which could be exercised without very 
great expense. He thought that the local bodies 
would have no objection to reasonable control from 
a central authority, provided they obtained also 
adequate financial assistance. 

r. Stilgoe, Engineer to the City of Birmingham, 
said that the resolutions did not deal adequately 
with the necessity, in preparing development plans 
of a district, of taking account of the surrounding 
areas. The work should, in fact, be undertaken 
pe of a general scheme. In Birmingham he had 

to work out plans for a district of 2000 acres, 
and found it most difficult to plan the arterial roads 
for this district se, but had to take into account 
the arterial pred a the city, which covered 43,000 
acres. He did not agree with the plan of confining 
tramway tracks to the middle of the roadway. 
Where a separate space could be provided it was 
cheaper to put the tracks at the side of the road, 
where they could be laid on sleepers. There was 
thus a saving of 30001. per mile in the cost of con- 
struction, the upkeep was less by 4001. per mile 
per annum, and the cars could be run faster. 

M. Stoclet, of Lille, expressed the opinion that 
a limiting gradient of as little as 15 mm. per metre, 
would in some cases be too much. He could not 
agree with Dr. Corthell that the introduction of the 
automobile had rendered gradients less objection- 
able. It was quite true that fairly high grades 
mattered little to pleasure traffic, but this was not 
the case with commercial motor vehicles. A 
greater width of country roadway was desirable in 
industrial districts than in agricultural. 

Mr. T. Adams, of the Local Government Board, 
suggested that it would be better to omit mention 
of any definite gradients, but merely to resolve that 
these should be as easy as practicable, having regard 
to the character of the country and other special 
considerations, such as curves, tramways, and heavy 
traffic. As illustrating the difficulty met with in con- 
structing reasonably wide roads, he said that a local 
authority near London, being desirous of construct- 
ing a 2-mile link which would fill ina gap in a 30-mile 
belt road, agreed to add 20 ft. to the 40 ft. which 
they could compel the landowner to provide, and 
at the same time requested a central authority to 
give another 20 ft., so as to get a roadway 80 ft. 
wide. This was refused, and the road was being 
built, therefore, only 60 ft. wide. He agreed 
that the local authorities would not resent super- 
vision if coupled with adequate assistance. In the 
scheme to which he had referred above, the land, 
though within 15 miles of the centre of London, 
could be obtained at from 701. to 1501. per acre. 

M. Radu, Inspector-General of Roumania, said 
that it was difficult to lay down general rules for 
gradients. In Roumania the old roads had gradients 
up to 20 per cent., but in new ones they endea- 
voured to keep below 8 or 10 per cent. 

M. Georges Loppens, of Liége, agreed that it 
would be better to omit definite figures, and merely 
to give general indications. 

Mr. P. C. Cowan, Chief Engineer to the Local 
Government Board of Ireland, said that he could 
not agree with Dr. Corthell as to the impossibility 
of wide streets in villages. It should be remembered 
that many of the latter would grow into towns. 
The true solution was to adopt narrow roadways, 
but to keep the building lines wide apart. In 
Treland, though a street might be only 15 ft. 
wide, the building line could not come closer 
than 30 ft. to the centre of the street, whilst 
in England this distance was 15 ft. only. It 
was quite true that streets might be too wide for 
shopping pur , for which narrow streets like 
the Corso, me, Grafton-street, Dublin, and 
Bond-street, were preferable; but wide streets 
were n for main arteries, In small towns 
householders might be allowed the use of the 
— of a wide street, as gardens or lawns, 
until required for traffic, as was done in Syracuse, 
New York. 

Signor Luigi Luigi, of Rome, objected to reso- 
lution No. 6, since in many countries the munici- 

lities and the State were not on cordial terms. 

t was said that the local authorities would accept 

supervision if they got financial aid ; but if this 
were provided for, they delayed action till the 
assistance was forthcoming, and if it were not, 
they would take no interest in a matter on which 
they might be over-ruled by a central authority. 

Sir George Gibb said that it was very urgent 
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that legal powers should be obtained to control the 

lanning of main roads up to a distance of 15 miles 
_ the centre of great towns, this being a matter 
of national importance. In many cases he thought 
the construction of a new road preferable to 
widening an old one. Two roads would have a 
greater aggregate width than a widened road. 
Planning should not be undertaken on a purely local 
view, and infinite foresight would be needed to meet 
the requirements of the future. He agreed that it 
would be better to omit definite figures in the 
recommendations made, and merely fix general 
principles. It might be objected that these were 
vague, but it was their vagueness that constituted 
the strength of general —* difficulties arising 
as soon as one got into details. 

Mr. Lanchester, who followed, agreed on the 
importance of the last resolution in this rye 
sol thought that the foreign delegates might help 

furnishing notes on their systems of adminis- 
tion. 

The text of the resolutions as finally passed 
was as follows :— 


1. As a general principle, it is better that new main 
roads be constructed to pass outside rather than through 
towns, and that, where an existing main road sing 
through a town is unsatisfactory for through traffic, it is 
often better, in preference to widening an existing narrow 
main road through the centre of a town, that new roads 
should be planned according to the principles of the 
science of town-planning. : 

2. Gradients on new roads should be as easy as possible 
having rd to the physical character of the country 
through which they pass, and they should be easier where 
there are curves, trams, or a preponderance of heavy 
traffic. 

3. The radii of curves in roads used by fast traffic 
should, where practicable, provide the best possible and 
an uvobstructed view, and that, where this is not A 
sible, the curve being too short a radius, means should be 
provided whereby the approach thereto is in some way 
clearly indicated. z : 

4, j Revers where it is possible to provide special re- 
served spaces, tram tracks are best placed in the centre 
of the roads, and that where so placed it is desirable to 
provide space on either side for two tracks of vehicles. 

5. The main traffic roads should be so designed that 
spaces are provided for tram tracks, fast and slow traffic, 
and standing vehicles ; and in such a way that | can 

roceed without unduly intermixing. In fixing building 
ieee along what may ultimately become main roads, 
regard should be paid to ultimate requirements. Ade- 
quate space should be provided between the buildings, 
and powers for enforcing this should be held by all 
authorities who decide the widths of r E 

6. That the planning of main-road communication 
outside towns should be at once undertaken; it is a 
matter of national importance, in to which some 
initiative should rest with a central State authority, and 
the action of local authorities should to some extent be 
regulated or supervised by central State authorities. 


(To be continued.) 





Limits or Error For Etxcrriciry Merers.—Under 
the Electric Lighting Acts of 1882 and 1909 the Board of 
Trade have recently specified limits of error for both con- 
tinuous and alternating current electricity meters. The 
limits are to apply to meters ae eee by the 

Board, and to such as may hereafter be approved. The 
limits are as follow :—For meters in which the maximum 
current does not exceed 3 amperes the error at any point 
from one-tenth load to full load must not ex 34 per 
cent. plus or minus ; for meters of maximum load exceed- 
ing 3 amperes, but not exceeding 50 amperes, the corre- 
sponding error must not exceed 24 per cent. plus or minus; 
while for meters of maximum | exceeding 50 amperes 
the error at any point from one-twentieth load to one- 
tenth load must not exceed 24 EE cent. plus, and at any 
point from one-tenth load to full load must not exceed 
2} per cent. plus or minus. 





PrrsonaL.—We are informed by Messrs. Argylls, 
Limited, motor-car manufacturers, Scotland, that the 
Board of Appeal of the German Patent Office has now 
ended the ap in favour of this company, whose patent 
for the elliptical single-sleeve valve-engine in the German 
Empire was granted in full.—Messrs. Markham and 
Prance, Dudley House, Southampton-street, Strand, 
W.C., have opened a branch office in Southampton, 
at Newcastle Chambers, 72, High-street, where Engi- 
neer-Lieutenant R. G. Law Markham, M.I. Mech. E., 
M.LA.E., late R.N., will be in personal attendance. 
Work at the London office will be continued as before. 
—Messrs. John Fowler and Co. (Leeds), Limited, 
State that since June 20 their address is 115, Cannon- 
street, London, E.C.—The title of ‘‘Emeritus Pro- 
fessor of Engineering” has been conferred by the 
governing body of the East London Col upon Pro- 
essor D. A. Low, Professor of Civil and Mechanical 
Engineering, who bas served in that institution for 

years,—Captain Terrick Charles Fitz Hugh, M.V.O., 

Chief Commissioner in the Far t, recent! 


’ppointed by the British Engineers’ Association, left 

on for Pekin, via Siberia, on Saturday, June 21, 

mma | by his technical secretary, Mr. L. B. 
vens, >, 


THE ISLE OF MAN GEARED-TURBINE 
STEAMER “KING ORRY.” 


WE publish on pages 872, 873, 874, and 876, and on 
Plate LXII., accompanying this issue, drawings of 
the geared-turbine steamer a Orry, which has 
been designed and built for the Isle of Man Steam 
Packet Company, at the Birkenhead works of Messrs. 
Cammell Laird and Co., Limited. The King O 
is the first geared-turbine steamer trading in the Irish 
Sea, and itis appropriate that this development should 
have been “ab at the Birkenhead works, in view of 
the long association of the works there with high- 
speed channel steamers. A brief review of this associa- 
tion is therefore justified in this connection, especially 
at the present time when the geared turbine is coming 
so rapidly into favour. 

The Birkenhead works were closely associated with 
the introduction of iron for the construction of 
steamers, and the first iron mail steamer owned by 
the British Government, the Dover, built in 1840, was 
constructed at the Birkenhead works. She was 113 ft. 
long and 228 tons builders’ measurement, and with 
engines of 90 horse-power did good service for over 
thirty years. The mail service was soon after taken 
over by the railway companies, and among the early 
iron ships built for them were the Princess Clemen- 
tine, the Princess Helen, and the Lord Warden, each of 
160 ft. in length and 700 tons builders’ measurement. 
The Holyhead and Dublin service has been very largely 
maintained by a succession of ships built at Birken 
head. Amongst the earliest were the St. Columba 
and the Cambria, of about 700 tons, but a great 
step was taken and a splendid example afforded to 
other builders in the Ulster, Munster, and Con- 
naught, constructed in 1860, for the City of Dublin 
Steam-Packet Company. These vessels were famous 
for their performances. Having a length of 327 ft., 
with machinery of 4700 indicated horse-power, they 
attained a trial-trip speed of nearly 18 knots, and 
continued wonderfully uniform in service until super- 
seded in 1896-by four vessels, built also at Birken- 


their supremacy in this t. We give in Table I. 
nota’ 
great progress made. 


TABLE I.—Particctars OF CHANNEL STEAMERS OF 


water-tube boilers. Her length” is 305 ft., and her 
speed 20.75 knots. 

The King Orry, the last-named ship in the table, re- 

resents the latest development, and although she is not 
intended to steam at the speed of some of the earlier 
os an advance is shown in theeconomy, as the 
turbine is expected to produce results in this respect 
which have not yet been excelled in steam practice. The 
dimensions of the King Orry are given in the table, 
as well as the designed power and speed. On the trial 
on the Clyde, on Monday of this week, the mean speed 
was 21 knots, which was obtained with the designed 
revolutions. A noticeable feature was the absence of 
noise, which is particularly the case where the gear is 
machined on the ‘‘ creep” system adopted by Messrs. 
Parsons. 

The vessel, which is shown in Fig. 1, has been 
constructed with special regard to ensure safety at 
sea. ‘There are, as shown in the longitudinal section 
or profile on 873, nine water-tight bulkheads 
extending to the upper deck, and such doors as are 
indispensable are worked on the Stone-Lloyd auto- 
matic system, so that they may be closed indepen- 
dently or simultaneously from the bridge; while 
each door, when closed, can only be opened momen- 
tarily by anyone at the door. The King Orry is pro- 
vided with eight lifeboats (Fig. 2) of such size, and with 
buoyant rafts in such number, as to provide means of 
the -—. off all on board in the event of misadven- 
ture. There is also a complete outfit of life-belts and 


- | life-buoys. In addition to this the ship is fitted with 


an installation of wireless telegraphy, as well as sub- 
marine signalling apparatus, so that in a fog she can 
get in touch with lightships, lighthouses, Xo. 

The deck plans, published on pages 872 and 873, 
show the arrangement of the passenger accommodation. 
In all there will be carried 1600 passengers, while the 
crew numbers 75. It will be seen that the first-class 
passengers are provided for in the midship portion of 
the ship. Oa the promenade deck (Fig. 3) there is 
situated the ladies’ cabin, in which arrangements 
have been made for sleeping berths. On this level 


head. The later vessels attained a speed on trial of | also there aré six state-rooms, all reflecting in their 
23.8 knots, which was the highest rate for such | equipment the 
vessels at that time ; for many years they continued | On the shelter-deok, Fig. 5, there is a dining-saloon and 


experience of builders and owners. 


smoking-room ; the former accommodates 88 persons 


the —— dimensions, and speed performance of | at one sitting, and associated with it is a completely- 

le ships built for cross-Channel service at the | equip pantry 

Birkenhead works at different epochs, to show the giles located on the deck below. On the ayperdosk, 
ou 


, from which there is a lift to the 





ig. 6, there is a general saloon, fitted as a lounge for 


Dirrerent Periops CONSTRUCTED AT THE BIRKENHEAD 


Works or Messrs. CamMett Larrp and Co. 








It will thus be seen that between the first Ulster 
and the second of the name the speed advanced from 
17.8 to 23.8 knots, the power being doubled, and the 
gross register a. of the ship increasing from 1477 
tons to tons. It is notable that as the Holyhead 
and Dublin service must be continued all! the year 
round, the vessels have to be thoroughly seaworthy, 
while the draught on the boats is limited to 14 ft. 
these, too, there is extensive sleeping accommoda- 
tion for passengers, so that the vessels are in a way 
more remarkable than the ships that make the trip 
across the Straits of Dover. The St. George is fitted 
with turbines, and, as shown, the results are thoroughly 
satisfactory. 

In 1910 there were built at Birkenhead two triple- 
screw turbine vessels, the Cwsarea, and another} for 
the London and South Western Railway Company’s 
Channel Island service ; and a comparison with the 
Lynx, Antelope, and Guzelle, built in 1889, shows 
the progress made in this particular service. During 
the intervening 24 years the length increased from 
235 ft. to 284 ft., the breadtiffrom 27} ft. to 39 ft., and 
the displacement to 1990 tons. The Lynx had triple- 
expansion engines, of 1600 horse-power, working 
with steam at a pressure of 150 1b., while the tur- 
bines of the later ships develop 6670 shaft horse- 
power with steam at 160 lb. pressure, the resultant 
peeds being 16.8 and 20 knots. Another turbine 
steamer built in recent years is the Greenore, for the 
London and North-Western Railway Compary’s 





service, A special feature is that she is fitted with 











Year ae “| 1846, | 1847. 18€0, 1879. 1896, 1906, 1910. | 1913, 
Name... rol Princess | St. Columba | Ulster Lily and Ulster St. George | Cwsarea King Orry 
| Clementine | | _ Violet 
Owners .. ..| 8. Eastern in of Dublin City of Dublin) London and City of Dublin|Great Western|London and) Isle of Man 
| Railway |3.-P.Company|8.-P. Company|N.-W. Railway S. P.Company| Railway 8.-W. Rly. |8.-P. Compan 
Service .. .. Dover-Calais Holyhead and Holyhead and|Holyhead and Holyhead and/Fishguard and Channel Liverpool — | 
Dublin Dublin Dublin Dublin | Rosslare | Isle of Man 
Length .. es 160 ft. 190 ft. 327 ft. 300 ft. 360 ft. 351 ft. 6 in. 2s4it. | 3800 ft. 
Beam... 24 ft. 27 ft. 35 ft. 2 in, 33 ft. 1 in. 41ft.6in. | 41 ft. soft. | 43 ft. 
Draught i — - 18 ft. 11 ft. 18 ft. 5 in, 13 ft. Lin. | 12ft. Sin. | 12 ft. 6 in. 
Displacement .. _ — _ - 2960 2740 | 1990 2550 
Gross tonn - 446 | 697 1477 1035 | 2632 2343 | 1600 1850 
Type of cngies . _* Simple Simple Twin-screw | Triple-screw |Triple-screw| Twin-screw 
| two-cylinder | two-cylinder | quadruple- | turbine turbine geared turbine 
| ex on | 
Indicated horse-| 160 m.-| Gil <= 3500. | 10,0008.8.P.| 7000 | — g000 
wer | | } } 
Boiler pressure | _ — 30lb. | 801d. 1751. | 1851b, | 1601b. 170 Ib. 
Trial-trip speed | — be 17.8 knots | 17.60knots | 28.8 knote | 23knote | 20.4 knote | 20.75 knots 


use during the day, but the arrangement is such 
that if the vessel is employed on the night service 
this room may also be arranged temporarily for the 
sleeping accommodation of A barber's 
shop is fitted on this deck, along with the usual lava- 
tories, &c. On the lower deck, Fig. 7, there are two 
large sleeping-cabins fitted out for the accommodation 
of passengers on the short sea run from Liverpool to 
the Isle of Man, so that the vessel may be used on the 
night service as well as on the day service. Special 
arrangements have been made in connection with 
the ventilation. The second-class accommodation is 
arranged aft, and here also there are ladies’ cabin, 
general saloon, and considerable sleeping accommoda- 
tion, while on the shelter and promenade deck an 
extensive area is available for promenading, a large 

rt of which is under cover. Electric light has been 
installed throughcut the ship, and at the same time, 
to provide against emergency, there is an ample 
supply of oil lamps. 

@ propelling machinery is illustrated on Plate 
LXIL., while the turbines and gear are shown in 
detail drawings on page 876, and in perspective 
in Messrs. Cammell Laird’s shops on page 874. 
The machinery is on the twin-screw system, and 
includes two high-pressure and two low-pressure 
turbines of the latest Parsons combined impulse and 
reaction type. The arrangement of the turbines and 
gear is shown on the two-page plate. The two high- 
pressure turbines are in the centre, and the two low- 
| Pressure turbines, with which the astern turbines are 
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THE ISLE OF MAN 


TWIN-SCREW GEARED-TURBINE 


STEAMER “KING ORRY.” 


CONSTRUCTED BY MESSRS. CAMMELL, LAIRD AND CO., LIMITED, SHIPBUILDERS, BIRKENHEAD. 
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incorporated, in the wings (Fig. 9). The conditions of and its fittings, the whole of the steam thrust in this|and the mean diameter of the blading ranges from 


the service demand ample astern er, and, in order to 

provide for these requirements, this has been arranged 

to be not less than 60 per cent. of the maximum shead 
wer. 

The high-pressure rotors are solid steel forgings, and | 
bladed on two diameters 14 in. and 23 in. (Fig. 19, page | 
876). Three ex ions of eleven rows each are fitted on | 
the smaller of these, and three expansions of four rows | 
each on thelarger. The mean diameter of the blading 
ranges from 1 ft. 3,4 in. on the high-pressure end to | 
2 ft. 2} in. at the other, in each turbine. As it is not 
possible to utilise the propeller thrust to balance the 
team thrust, owing to the presence of the gear-box | 


type of turbine is designed to be taken on the dummies: 
As the rotor is solid, equalising pipes are led from the 
end of the third expansign to the forward side of the 
after dummy, and from the exhaust end to the forward 
side of the forward dummy, thus keeping the rotor 


|in @ practically floating condition axially. A small 


thrust bearing, as is usual, is fitted at the forward 
end of each turbine to take the pressure due to any 
variation in the speed. The arrangement is clearly 
shown in Fig. 19. 

The low-pressure turbines have six expansions of 
reaction blading for going ahead, each having three 
rows of blades. 


(3 ft. 3yyin. to 3 ft. 7} in. 





The astern turbines have 
each three rows of impulse blading followed by four 
expansions having four rows each of reaction blading. 
The mean diameter of the impulse-wheel is 3 ft. 4 in., 
and in the case of the reaction blading the mean 
diameter ranges from 2 ft. ly;in. to 2 ft. 4} in. on & 
drum 2 ft. in diameter. Tie low-pressure rotors are of 
the more usual hollow type, and therefore do not need 
the equalising pipes as fitted in the case of the high- 
pressure rotors. 

Each high-pressure turbine is designed to run at 
2210 revolutions per minute, and each low-pressure 


he diameter of the drum is 3 ft. 1 in., | at 1617 revolutions per minute; each ‘is connec 





O 
Zz 
4 
fx) 
fx) 
Zz 
S) 
Zz 
ix) 





‘um §zz, ‘Sep pp o[3ue jends oy} pue ‘al cIg’g 81) ‘1zZZ sJooyM 043 pm ‘euo- 4910; suoraid emmsseid|ojur sjeeqm oy 
34193 eavy suoruid oinssoid-ySry | ‘pros oy} mol; 7 


4320 043 Jo yoqrd rvpnoso oY, A! Big) 1 93 6g'g o1ns| -moy eyy ‘47004 
-soid-mo] pue | 04 go°et 


-yiy ‘Zureq sioqjed | oq, -Auedmoo suosivz 043 Aq yuo sea Salzva8 oy pus | cord 
-o1d puv seulqiny u9eeM4eq SONeI CY, “4I00} ZuryuNyY | ‘siepjing ey} Jo syIOM Pleyjeyg ey 48 epem oom | SoyQUe. 


me ‘jea38 jeyorm jeioeds jo e218) oq 03 os¥o siy} UI peSa¥ize ore sBuLIveq 4yeys-uoIMmd 
ere 4399} 94} YoIYm UO ‘syyeqs | O43 pu “yen743 pUe est[ez;NeT 04 seorjey yno Ajoyt80ddo 
(018 SBdd ‘oT “B1q) es1ou ejquuorjcefqo| yy1m ‘syzvd omy ut ‘odAy jenn oy, jo s Sazzw0d 
pus ‘qj00q Zarqi0m ey} UeeMj0q saims|oyy, ‘guomuUiITe yooj10d jo yuem [jems Aue 4001100 04 


[81jUesse 04} Joy Surpjaoid ony, yuoweZuvize oy} | eFa1F10; esey} [| y “19048 peB103 Jo o18 1803 Aoyy yorya | -said 044 Bursryenbe yo yoalqo eq} 4314 od4y Sarywoy yo | Zurjdnoo eyqixey @ yZnosq3 4yeys uoId oy: YIM da 





*¥ @0Oe «ff @ #PAO BHVTE -- 





onisvo— 


<a... 
a wa 770g 


--- VE Ob ta. 8 wINO SNVIE T wue sutte* 


| tree noes 





| 
alr 
1 
‘woz wamot 'L'OAT 
\ 
+ 
J 


= gthiy 





























yt tt rn 
| || oman ra 








wuoLs 
wano07 NIVND| gwOLs SNIUMSLVOE souvmsis SUNY 


$5042 ap, 
souy gsv7?, ° @ Er 
° 


NOOTwS Tw¥ANaD SSVTI is! 
one sf oo 60000000000 
° 
NOOTYS ONINIO SSYTI 
8) O 0 oO 


nieve ,saiavt 
is) a) ia) 


NiWvid V9 
o.0 





Lover (LINN (ES dake 
pT he ey 


Wa 


T smeonve O7ONIt 
AVMONY? | 





san ‘W290 wILTFHS ‘G O1z 





wim * 


cM 
cafe ponye 


one 
° © 


N/8YD szion 
SSVTD 6a 
° oO ° 


‘phar 





0g Op ec *. Devoe W IL 


‘QVGHNGMUIA ‘SUAMTINGdIHS ‘GALINIT “OO GNV GUIVI “TIANNVO ‘SUSSHN AM AALONULSNOO 


‘ANVGWOO LAOMOVAWVELS NVA AO WISI] AHL .‘AHHO YONI» 


YUAANVALS ANICHUOLGYHVAS MAHOS-NIML 





874 


ENGINEERING. 


[JUNE 27, 1913. 











Each pinion-shaft is supported by three bearings 
of an aggregate length of 3 ft. 04 in. by 54 in. 
in diameter, the width between the teeth at each side of 
the centre bearing being 154 in. The usual thrust 
bleck for taking the thrust from the propeller is fitted 
immediately aft of the gear-box, as may be seen from 
the engravings. The whole of the gear is enclosed 
in an oil-tight casing, and lubrication arranged for by 
sprays designed to maintain a film of oil continually 
between the working surfaces of the teeth. Messrs. 
B. R. Vickers and Sons’ patent frictionless stern- 
glands are fitted to the propeller shafts to ensure 
that nothing in the way of preventable loss may take 
place here. 

The condensers are of the Weir ‘‘ Uniflux” type, 
having steel shells and cast-iron doors, and are 
guaranteed to maintain a vacuum of 28} in. with inlet 
water at 60 deg. Fahr. Two of Messrs. Weir’s dual 
air-pumps are fitted, 24 in. in diameter by 15-in. 
stroke, and the same makers have supplied the main 
feed and forced-lubrication pumps. ‘The circulating 
water for the condensers is supplied by two of Messrs. 
Allen’s 18-in. ‘* Conqueror” ry pumps, and 
they have also supplied the two 6-ft. diameter forced- 
draught fans, and the dynamo and electric - light 
engine. The vessel is fitted with two bilge and ballast 
pumps, a water service fresh-water pump, and a 
sani ump. An exhaust feed-water heater is fitted 
for utilising the exhaust from the auxiliary engines. 

There are three boilers—two double-ended and one 
single-ended (Figs. 8, 9, 13, and 14)—with a total 
collective heating surface of 14,385 sq. ft., and total 
grate area of 383 sq. ft. The working pressure is 
170 lb., with a closed stokehold system of forced 
draught. The removal of the ashes from the stoke- 
hold is effected by two ‘‘ Sentinel” ash-hoists, which 
are fitted in the usual manner in the ventilators. A 
vertical auxiliary boiler, by Messrs. Cochran, of 
Annan, is installed to run the electric-light engine, 
&c., when the vessel is in port. 

Very careful consideration has been given to the 
choice of speeds for turbines and propellers, and it is 
confidently expected that the arrangement will prove 
to be a highly efficient combination, showing con- 
siderable economy in working compared with direct- 
driven ore working in similar vessels. Both the hull 
and machinery are built to Board of Trade and 
Lloyd’s latest requirements for vessels of this class. 
The Isle of Man Steam Packet Company’s marine 
superintendent, Captain Keig, and their superin- 
tendent engineer, Mr. C. J. Blackburn, have super- 
vised the work during construction. The vessel will 
at once enter upon service. 





Conrracrs.—Messrs. Mitchells, Ashworth, Stansfield 
and Co., Linrited, 23 and 24, Old Bailey, E.C., have 
received an order for about 1410 sq. ft. of their ‘‘ Masco- 
lite” B U., 14m. thick, to absorb vibration and deaden 
sound; to be placed between the main and lower concrete 
foundation, on which ‘are to be erected three Diesel 
engines, at the Flood-street Generating Station of the 
Chelsea Electricity Supply Company. 


‘“* NorTHERN Coat, Tron, AND STEEL CoMPANIES, 
1913.”-—-This annual. which enters upon its fourth year, 
comprises in a convenient form information required 
by investors, h company is treated separately, and 
the contents include the names of the directors and 
secretary, the amount of capital and debentures, the 
position of the collieries and works, the approximate 
annual oe the highest and lowest prices, and the 
yield on ordinary shares over a number of years; also a 
summary of the last-issued balance-sheet and profit and 
loss account, the annual profits made, dividends paid, 
sums placed to depreciation, reserves, &c., during the 
last five to ten years. The information thus supplied 
covers everything of importance in connection with the 
financial position of each company dealt with. The 
annual can be obtained from the Business Statistics Com- 
pany, Limited, 20, Victoria-street, London, S.W., at the 
price of 1s. net ; post free, 1s. 1d, 


OxrorD UNIVERSITY AND ENGINEERING.—In former 
issues (see ENGINEERING, vol. xciii., 493, and vol. xciv., 
page 58) we dealt with the establishment of the school of 
scientific engineering at Oxford University, and with the 
far-reaching advantages to be derived from a school of 
this class in our oldest university. The endowment fund 
has hitherto given the engineering department an annual 
grant of 750/. Professor Jenkin has asked for a new 
annual grant of 500/.. If this cannot be vided, an 
annual grant of 250/. will be just sufficient, though it will 
leave little for new apparatus. According to Professor 
Jenkin’s estimates, the income uired for 1913 (includ- 
ing 2001. for equipment, as against $712 last year) amounts 
to 1239/., whilst the income vided for 1913 shows a 
total of over 11791., leaving a balance of about 59/. to be 
made up. New pieces of apparatus and further expendi- 
ture in connection with research work are now ‘ 
Next year, also, expenses for various works will 
have to be met ; these can be covered by the difference 
between the 250/. grant and the 59/. needed this year. 
The promoters, trustees, and officers in charge of the 
school are giving their unremitting attention towards 
placing it on a permanent basis and are fully alive to the 
neceesity for thorough equipment of the laborato ies and 
to their satisfactory working in every detail. 
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THE LATE MR. GEORGE WILLIAM 
KEELING. 


WE regret to have to record the death, which oc- 
curred on Saturday, the 2Ist inst., at his residence, 
10, Lansdown Terrace, Cheltenham, of Mr. George 
William Keeling, J.P., a member of the Institution of 
Civil Engineers since May, 1873.. Mr. G. W. Keeling 
was the son of the late Mr. George Baker =a 
secretary and manager of the Severn and Wye Rail- 
way. On leaving school, he entered the service of the 
late Mr. T. E. Blackwell, engineer of the Severn and 
Wye Railway, of the Avon and Kennet Canal, the 
Bristol Docks, and other large undertakings. When, 
in 1856, Mr. Blackwell was selected as a commissioner 
to look into and to report upon several schemes for the 
main drainage of London, Mr. Keeling assisted him 
in gathering the data required for the work. In the 
following year Mr. Blackwell was appointed vice- 

resident and general manager of the Grand Trunk 

ailway, Canada, when Mr. Keeling completed alone 
the works then in hand on the Severn and Wye Railway. 
This railway was used for many years mainly for the 
transport of coal to the Lydney docks; but it was opened 
to senger traffic in 1875. It was completed, in 
1879, by connection with the railways on the opposite 
bank of the Severn estuary, when Mr. Keeling, work- 
ing in conjunction with Mr. George Wells Owen, 
designed the Severn bridge, an illustrated description 
of which we gave in our issue of October 24, 1879 (see 
ENGINEERING, vol. xxviii., page 315). The system, 
however, did not prove a financial success, and in 1894 
the whole concern was taken over jointly, under 
Parliamentary powers, by the Great Western and the 
Midland Railway Companies. Mr. Keeling was re- 
tained for a time as local engineer, and later on he 
succeeded Mr. J. W. a superintendent 
engineer of the Gloucester and Hereford division of 
the Great Western Railway, a position which he held 
until his retirement in 1904. 

Mr. Keeling then engaged in private consulting 
engineering practice, and for several years he acted as 
consulting engineer to the Sharpness Docks and 
Gloucester and Birmingham Navigation Company. He 
also represented Gloucestershire on the Severn Board 
of Commissioners. He was 74 years of age at the time 
of his death. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, but the busi- 
ness was limited to 2000 tons of Cleveland warrants at 


Sts. 44d. cach, 56a. 74d. one month, and 55s. Sd. twenty- | able-iron trade makers are finding considerable diffieulty 


| in keeping their works going, and some say that they are 


seven days. Closing sellers quoted 55s. 44d. cash, 55s. 9d. 
one month, and 56s. 24d. three months. In the afternoon 
there were no dealings of any kind, and sellers’ quota- 
tions for Cleveland warrants were easier at 55s. cash, 
55s. 4d. one month, and 55s. 10d. three months. On Friday 
morning Cleveland warrants again moved downwards, 
and 4000 tons changed hands at 54s. 104d. seven days, 
54s, 10)d. and 54s. 9d. one month, and 55s. 6d. three 
months. At the close the prices were 54s. 6d. cash, 
54s. 10d. one month, and 55s. 6d. three months sellers. The 
afternoon session was quiet, but steady. The turnover con- 
sisted of 1500 tons of Cleveland warrants at 54s, 9d., 
54s. 8d., and 54s. 9d. twenty-six days, and closing sellers 

uoted 54s. 6d. cash, 54s. 104d. one month, and 6d. 

ree months. On Monday morning another fall took 
place in Cleveland warrants, which changed hands at 


54s. four days, 53s. 1ld. seven and nine days, 54s, 24d. | loan, 77s. 








and . three months. The turnover was 
5500 tons, and closing sellers quoted 53s. 104d. cash, 
54s. 3d. one month, and 54s. 1ld. three months. In 
the afternoon the market was weak and quiet, and 
Cleveland warrants declined another 3d. The business 
did not exceed 1500 tons at 53s. 44d. four days, 
53s. 104d. one month, and 54s. 6d. three months, 
and at the close sellers’ quotations were 53s. 74d. cash, 
54s. one month, and 54s. 74d. three months. On Tues- 
day morning a better tone prevailed, and 2500 tons of 
Cleveland warrants were done at 53s. 11d. cash, 54s. 
seven days, 54s. 2d. twenty-two days, and 64s. 34d. 
one month. Closing sellers named 54s. cash, 54s. 4d. 
one month, and 55s. three months. The afternoon 
session was again stronger, and 2500 tons of Cleve- 
land warrants were dealt in at 54s. 9d. twenty-four 
days, 54s. 9d. one month, and 55s. 6d. three months. 
At the close the quotations marked an advance of 6d., at 
54s. 6d. cash, 54s. 10d. one month, and 55s. 6d. three 
months sellers. When the market opened to-day (Wednes- 
day) Cleveland warrants were firmer, but dealings were 
limited to 2000 tons at 55s. 1d. twenty-two days, 55s. 14d. 
one month, and 55s. 10d. three months. ‘The closing 
quotations were strong, at 54s. 11d. cash, 55s. 3d. one 
month, and 55s. 10d. three months. In the afternoon the 
tone was easier, and 3500 tons of Cleveland warrants were 
done at 54s. 8d. nine days and 54s. 114d. one month, and 
closing sellers quoted 54s. 84d. cash, 55s. one month, and 
55s. 9d. three months. 


Sul; of Ammonia.—A steadier tone has prevailed 
in the sulphate of ammonia market during the past week, 
but inquiries are not very % The price is 12. 
18s. 9d. per ton for prompt lots, Glasgow or Leith. 


Scotch Steel Trade.—Scotch steel-makers have not yet 
experienced any improvement in business, and it is not 
anticipated that any buying movement will be inaugu- 
rated on this side of the holidays, which are due in four 
weeks. Contracts are well up to date, and early, or 
rather prompt, delivery can now be given, but con- 
sumers placing orders for immediate requirements 
are dealing largely through merchants who are in & 

ition to shade prices. Producers are prohibited 
rom doing this, as official quotations are unchanged; 
then again the high level ruling for raw material, 
coupled with the present heavy on-cost charges, makes 
reduced prices well nigh impossible in the mean- 
time. here prices are not officially governed, how- 
ever, severe competition prevails to secure some of 
the business passing. In the black and galvanised 
sheet trade things are very much as already reported. A 
few home orders have been booked, but for export 
markets the foreigner seems to be capturing the lion’s 
share. ucers are even quoting under cost in 
order to keep a hold on some of these outlets. Inquiries 
from a’ for constructional sections is very fair, but 
in this branch also the prices are very poor indeed. 


Malleable-Iron Trade.—In the West of Scotland malle- 


re ae days, 54s. 3d. and 54s. 34d. one month, 
is. 104d 


existing, not living, at the present time. There are still 
four establishments completely closed down, and no im- 
provement in conditions is looked for until the autumn, 
when raw material and fuel are expected to be somewhat 
easier. 

Scotch Pig-Iron Trade.—Scotch pig-iron makers are 
doing very well, and deliveries continue on a large scale 


| both locally and on export account. The easier tendency 


rices has induced consumers to cover 


of ——= 

a fair business has gone through lately. The number 
of furnaces in blast at present is 85, or four less than 
during last week. Hematite is still quiet. The following 
are the market quotations for makers’ (No. 1) iron:— 
Clyde, 77s. ; Calder, Gartsherrie, Summerlee, and Lang- 
6d. (all shipped at Glasgow) ; Glengarnock (at 
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Ardrossan), 773. 6d.; Shotts (at Leith), 77s. 6d.; and 
Carron (at Grangemouth), 77s. 

Cl: Shipbuilding. — Although shipbuilders’ order- 
ma mel fairly well filled, the recent large output 
has made a decided reduction in the number of contracts 
on hand. This depletion has not been getting filled up 
to any extent, as shipowners have been holding off on 
account of the heavy cost of raw material. Signs are 
not wanting that p we may become a little easier, but, 
until then, it is doubtful if much new tonnage will be 

laced. Two interesting orders have just been fixed by the 

ederal Steamship Navigation mpany, Limited, 
London. They are for steamers of 10,000 tons gross, 
specially fitted for first-class passenger traffic. The holds 
will be insulated and fitted with refrigerators for the con- 
veyance of frozen meat to this country. Messrs. Wm. 
Hamilton and Co., Limited, Port Glasgow, have secured 
the order for one of the vessels, while Messrs. D. and W. 
Henderson, Meadowside, Glasgow, are to build the other 


one. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Business in house coal 
has been of a somewhat fluctuating character, but on the 
quiet side throughout. Neither town nor country con- 
sumers are showing any anxiety to get fresh supplies, 
although prices are likely to be revised in an upw 
direction in the course of a week or so, and collieries are 
standing out for advances. Gas-coal takings are con- 
siderable, and the companies are accumulating stocks. 
There ia little prospect of concessions with regard to the 
few contracts that are still undecided. Some spot lots 
are on the market at lower figures, but the general 
tendency is towards increased quotations. The hard 
coal market, so far as industrial consumption is concerned, 
is good, and there is a particularly strong call for supplies 
from thelocal heavy industries. Shipments showa littleless 
activity, partly on account of a shortage of boats. Slacks 
are in a strong position, but coke is quieter. Quota- 
tions :—Best branch hand-picked, 14s. to 15s. ; Barnsley 
best Silkstone, 12s. to 13s.; Derbyshire best brights, 
11s. 6d. to 12s. 6d. ; Derbyshire house, 10s. 6d. to 11s. 6d. ; 
best la nuts, 10s. 6d. to 11s. 6d.; small nuts, 9s. to 
10s.; Yorkshire hards, 12s. to 13s.; Derbyshire hards, 
lls. to 12s.; rough slacks, 7s. 6d. to 8s. 6d. ; seconds, 
6s. 6d. to 8s. ; smalls, 4s. to 6s. 6d. 


Tron and Steel.—The weakness in iron prices continues, 
and is most apparent in hematite and the Derbyshire 
common irons. The Lincolnshire quotations also are 
down, and merchants generally are accepting concessions 
on maker’s prices. Present test figures are :—Hematites, 
West Coast, 92s. 6d.; East Coast, 86s. ; Lincolnshire, 
No. 3, 663. 6d.; forge, 65s. 6d.; Derbyshire No. 3, 
64s. 6d.; forge, 62s. Although buying remains on 
a small scale, the demand for deliveries under con- 
tract is very heavy, and makers find it rather difficult 
to keep pace with requirements. The consumption of 
best billets is good, but foreign competition at cut prices 
has been severely felt in the cheaper qualities. The local 

roducers have kept up their prices at the expense of 

usiness. Trade in iron is very quiet, and reductions 
are expected. A from the quietude incidental upon 
the approach of the half-year end, there is not much r - 
of falling off in activity, so far as the majority of the 
local industries are concerned. There are fewer orders in 
some directions, and probably the rest of the year will see 
new buying somewhat diminished, but Sheffield trade 
quenty promises to remain very good. The armament 

epartments continue to despatch big consignments to 
the shipyards, and the railway steel manufacturers have 
an abundance of profitable contracts. The crucible steel 
trade is exceptionally flourishi It is anticipated 
that the month just closing will see records made in this 
branch. Sheffield’s special high quality steels are more 
and more in demand in foreign markets, and there seems 
no limit to the possibilities o expansion in this direction. 
The file and general engineers’ tool manufacturers are 
very busy. Makers of agricultural steel and implements 
are profiting by the fine weather and early hay harvest. 
The agricultural] outlook is such that these manufacturers 
expect an exceptionally busy season on home account. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The market is still some- 
what unsettled, due chiefly to the disturbing influence of 
the suspension of payment by Messrs. James Watson and 
Co., and profound sensation has been caused this week 
by the finding of the dead body in the Clyde of Mr. 

eter Donaldson, one of the principal partners in the 
unfortunate firm. Traders, however, believe that the 
market will now steady, and already there are indications 
of returning confidence. At the same time, so far as 
Cleveland Pig iron is concerned, makers hold out for 
higher rates than those quoted by merchants. Producers 
who can be induced to quote name round about 60s. 


for No. 3 Cleveland pig. Some fair:y good parcels 
of No. 3 g.m.b. have sold by second hands at 
55s. 6d. and 55s. 9d. for early f.o.b. delivery. Mer- 


chants quote No. 1 at 58s. ; No. 4 foundry, 55s. 6d. ; No. 4 
forge, 50s.; and mottled and white iron each 54s. 6d.—all 
for early deliv There is little passing in East Coast 
hematite pig. Notwithstanding the fact that supply is 
anything but plentiful, values show a down ten- 
dency. Merchants are rather pressing sales of Nos. 1, 2, 
and 3 at 76s, 6d. for both early and forward delivery, and 
contracts might be made at 76s. There is little or nothing 


doing in foreign ore, but sellers are not disposed to give 








way, and market rates are still based on 20s. ex-ship for 
Rubio of 50 per cent. soe. Local consumption of 
coke continues heavy. edium blast-furnace kinds have 
been sold at 19s. delivered at Tees-side works, but the 
oe stiffened somewhat, and the price now named 
is 18s. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
pig iron continue steadily to decrease. This month the 
withdrawals from the public warrant stores is at the 
rate of 1100 tons per wor day, the stock now stand- 
ing at 217,657 tons, or 22,070 tons less than at the 
beginning of the month. Shipments of Pig iron from 
the Tees ports are rather disappointing. To date this 
month they average 3320 tons per working der, the total 
despatches being returned at 66,403 tons. To the same 
date last month the loadings totalled 73,112 tons, or a 
daily average of 3655 tons, and for the corresponding part 
of June last year the clearances reached 101,896 tons, or 
an average of 5094 tons per working day. 


Manufactured Iron and Steel.—Little new can be ascer- 
tained concerning the various branches of the manu- 
factured iron and steel industries. Producers generally 
are kept busily euenven on running contracts, and a 
few orders are dribbling in, but new work on anything 
like an extensive scale is difficult to secure. A eral 
impression prevails that quotations will be reduced, but 
as yet market rates that have ruled for some time past 


ard | are upheld. Common iron bars are 8J. 15s. ; best 


91. 2s. 6d. ; best best bars, 97. 10s. ; packing iron, 6/. 15s. ; 
iron ship-plates, 7/. 15s.; iron ship-angles, 8/. 15s. ; iron 
ship-rivets, 9/. 10s. ; iron boiler-plates, 8/. 17s. 6d. ; steel 
bars (basic), 82. ; steel bars (Siemens), 8/. 10s. ; steel ship- 
plates, 3/. 5s.; steel ship-angles, 7/. 17s. 6d. ; steel boiler- 
plates, 97. 5s. ; steel strip, 87. ; steel hoops, 8/. to 81. 2s. 6d. ; 
and steel joists, 7/. 7s. 6d.—all less the nines 24 per 
cent. discount. Cast-iron columns are 7/. 7s. 6d. ; cast- 
iron railway chairs, 4/. 15s. ; light iron rails, 71. to 7/, 5s. ; 
heavy steel rails, 6/. 12s. 6d. to 6/. 15s. ; and steel railway 
sleepers, 7/. 10s.—all net at works. Iron and steel galva- 
nised corrugated sheets, 24 gauge, in bundles, stand at 
111. 15s. f.0.b.—less the usual 4 per cent. 





WISSENSCHAFTLUHE GESELLSCHAFT FUR FLUGTECHNIK. 
—The German Scientific Society for Aeronautics held its 
second meeting in the Technical High School at Char- 
lottenburg at the beginning of this month. Papers were 
read by Dr. Préll on “‘ Aeronautics and Mechanics (espe- 
cially Theory);” by Professor Baumann on *‘‘ Motor 

ystems;” by two medical men—-Dr. Koschen, on 
‘*Health Requirements of Aeronauts,” and Dr. Halben 
on ‘* The Eye-Sight of Aeronauts;” by Dr. Bendemann 
on ‘‘The Construction of Flying-Machines;” by Dr. 
Dieckmann on ‘‘ The Electric Pro ies of Balloon 
Fabrics,” gy Ps Linke on ‘‘The Sources of Electric 


ar of loons,” and, finally, by a jurist, Dr. 
Erythropel on ‘‘ Legal Problems of 


Aeronautics.” 

LIGHTNING PROTECTION FOR AERIAL Exxcrric Lines. 
—The question whether a guard wire should be pro- 
vided above high - tension electric aerial lines has 
been much disputed. In the Elektrotechnische Zeit 
schrift of June 19, R. Fertsch, of Worms, mentions 
an observation which indirectly seems to support 
the advisability of this practice. A three-phase aerial 
line, 20 km. in length, had been erected, but had 
not yet been joined to the terminals on the tower 
from which the power distribution was to take place, 
there being gaps, 8 cm. (3.2 in.) in width, left. The 
tower was supplied with lightning protection of the horn 
type and with conductors. The three wires of the electric 
transmission were strung on iron masts, the supports form- 
ing corners of an equilateral triangle, such that two wires 
were in the same plane, and a third wire was about 80cm. 
(32 in.) higher - On the day referred to the weather 
was very sultry, but it did not come to a thunderstorm. 
Yet strong discharges were seen to pass across the gap 
from the end of the line to the tower terminal at lar 
intervals of 5 seconds. These discharges were ola 
to the top wire, however, which thus seemed to serve as 
a lightning guard for the others below. 


Cuatn-DrIvine FoR Macuing-Toois.—Messrs. Hans 
Renold, Limited, of Manchester, have recently carried 
out a highly interesting comparative test of two gear- 
cutting machines, one driven by belting and the other 
by one of their high-s ins. The machines 
were both No. 6 Brown and Sharpe automatic gear- 
cutters; the one was belted up exactly as supplied 
. Bag makers, the other machine was altered to a 
chain drive. Both machines were set to cut cast-iron 
silent chain sprockets of 1}-in. pitch, the cutting speed 
being 75 ft. per minute. A first series of tests were made 
with a view to determining the limiting output of the 
two ines. It was found that with t-driven 
machine the maximum feed practicable was 3} in. per 
minute, whilst with the chain-driven machine this figure 
was raised to 5} in. minute. The weight removed 
per minute was 1.66 lb. in the case of the belt-driven 
machine and 2.68 lb. in the case of the other. This in- 
crease of 60 per cent. in output only involved an increase 
of 10 per cent. in the power necessary for the drive. 
In a second test both machines were run at nearly the 
same output, the feed for the belt-driven machine bei 
the same as before, whilst that for the chain-driven 
cutter was reduced to 39 in. minute. The latter there- 
fore had an output greater by 4 per cent., but uired 
to drive it vn | 7.1 horse-power, as against the 8.3 
power absorbed by the belt-driven machine. Mr. Renold 
states further that they have found by experience that 
cutters last longer and ee less frequent grinding when 
the belt-drive is replaced by the chain. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage arrivals have been only moderate, 
and some -owners, being threatened with pit 
stoppages unless immediate sales could be effected and 
bo omy released, have been willing to make concessions. 
Other owners, hoping that with an increased Admiralty 
demand in a few days, prices would show more 
steadiness, have resis’ price reductions. Meanwhile 
buyers have pursued a waiting policy. House coal has 
been generally quiet. The best Admiralty large steam 
coal has made 193. 6d. to 20s. 6d. per ton ; best secondary 
qualities, 18s. 6d. to 19s.; other secondary qualiti 
17s. 6d. to 18s.; best bunker smalls, 10s. to 10s. 6d.; and 
nom smalls, 7s. 6d. to 8s. 6d. per ton. The best house- 
hold coal has realised 198, to 20s.; good household 
descriptions, 17s. to 188.; No. 3 Rhondda large, 18s. 
to 18s. 6d. ; and 12s. to 12s. 6d. ton. No.2 


to 30s.; and furnace coke, to 
iron 4 has er 193. 6d. 
basis of 50 per cent. iron, and charges, 
freight, insurance, &c., to Cardiff or Newport. 
Black Vein Steam Coal.—The directors of the Newport 
Abercarn Black Vein Steam-Coal Company, Limited, 
report that both the northern and the western drivages 
from the Lower Black Vein through the big down- 
throw fault, which have been going on for four years, are 
now completed, and a good face is being o out in 
the Upper Black Vein beyond the fault ; this is givi 
a daily increasing quantity of coal at a materially redu 
cost. The greater part of the plant and of the surface 
work of the new pit is completed, and the permanent 
winding-engine is at work on the ~ campy 1 which is now 
down about 115 yards. The northern headings from 
the old = workings to the new pit have reached the 
shaft pillar of the new pit in coal throughout their 
entire length, after crossing the fault. A working face 
immediately outside the shaft pillar is now being opened 
out in the new taking in readiness to give an immediate 
output after the shaft has reached the coal. 


_ The Tin Plate Trade.—Considerable depression prevails 
in the tin-plate trade in South Wales. The Teilo Works 
at Pontardulais have been closed down. The Old Castle 
Works, which have an equipment of 20 mills, have also 
been closed ; and it is sta that seven more works are 
to be similarly dealt with. 

Colliery Profits.—The vicissitudes of Welsh colliery 

roperty are forcibly illustrated by the ex perience of the 

ewport Abercarn Black Vein Steam-Coal Company, 
Limited. In 1908 this company realised a profit of 
42,899/.; in 1909 the corresponding net return was 
reduced to 15,197/. ; and in 1910 there was a lose of 6250/. 
In 1911 profits were again apparent, the net yield for 
that year having been 19,803/. In 1912, however, a profit 
of only 429/. was realised. This year the outcome is a 
profit of 15,4587. 


More Welsh Coal.—On Monday a seam of coal was 
struck at Messrs. D. Davis and Sons’ Coed Ely Colliery. 
The seam is 5 ft. 8 in. thick, and the quality is excellent. 


_ Welsh Coal for France.—The French Admiralty has 
invited tenders for the supply of 40,000 tons of Welsh 
best Admiralty large steam This is a result of 
favourable official reports upon Welsh coal used during 
recent French naval manceuvres, and a considerable 
further demand is anticipated. 


The Ebbw Vale.—The wages bill of the Ebbw Vale 
Steel, Iron, and Coal Company, Limited, in its last 
financial year, amounted to 6701.—an increase of 
186,213/. as compared with 1911-12. Had the company 
worked the full twelve months it would have had a wages 
bill of upwards of 1,000,000/., and the directors anticipate 
that this total will be reached in 1913-14. 








Tue wate Dr.-Inc. Frieprich von Voira. — We 
regret to learn of the death of Friedrich von Voithb, of 
Heidenheim, in Wiirtem , the well-known turbine- 
builder. He was born at Heidenheim in 1841, educated 
at the Stuttgart Polytechnic, and entered the engineerin 
firm of his father in 1864. The works then employ 
thirty-five men, and spinning, weaving, and paper- 
making machinery formed their speciality. ree years 
later young Voith became chief. At present the works 
employ men, and the splendid arrangements of the 
firm for experimental turbine research and testing have 
often been described and commended. Friedrich Voith 
soon took up water-turbines, as his wood-pulp machines 
were dependent upon water-power, without giving up 
this speciality, however. Hibs first experimental turbine- 
station dates from the year 1900; in 1907 the large 
experimental plants for low-pressure and for high-pres- 
sure water-power were opened at Hermaringen, on the 
Brenz, and near Heidenheim. The branch establishment 
at St. Pélten, on the Danube, in Lower Austria, was 
started in 1903; his eldest son was in 
of this branch. In the pee za Ge parent firm supplied 
the biggest turbines, of 11, horse-power, so far built, 
for the Niagara Falls installation, and this achievement 
brought orders from all parts of the world, and the 
works developed rapidly. -Voith was a most generally 
popular man, who took an active interest in the affairs 
of his native town and in the welfare of his employees. 
When the Verein Deutscher Ingenieure celebra its 
jubilee (the fiftieth anni of its foundation) in 
1906, the Technical High School at Charlottenburg con- 
ferred the honorary degree of Dr.-Ingenieur upon him in 





recognition of what he had done for hydraulic engineering. 
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THE RANELAGH WORKS, IPSWICH, OF MESSRS. REAVELL 
AND CO. LIMITED. 


(For Description, see Page 861.) 
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INDUSTRIAL MANAGEMENT. 
Writinc of ‘scientific management” some 
inted out that it could, 
in essence, be considered as a system of extreme 
specialisation. Since that time we have seen no 
reason to modify our point of view, which has, 
indeed, received interesting confirmation in the 
majority report of a Sub-Committee on Adminis- 
tration which was appointed by the American 
Society of Mechani Engineers. This sub- 
committee reported in the issue of ‘the Society's 
Journal for November last. It presented majority 
and minority reports. The majority report was 
signed by eight members, the minority report by 


one. The majority report may be considered, on 
the whole, favourable to scientific . ement. 
We will leave that point forthe moment. What we 


wish to point out is that the report looks at the 
question of scientific management much as we 
did in the article already referred to. It points 
out that as in the early days of manufacture the 
designing of products gradually became separated 
from their production—the designers and producing 
workmen each becoming specialists in their own 
trade—-so in the present development of scientific 
management, the settling of the methods of pro- 
ducing are becoming separated from the actual pro- 
duction, and the tendency is to specialise the opera- 
tions of each employee still further, one designing, 
one arranging production, one looking after shop 
discipline, and so on. 

We have no wish to labour the question of the 
definition of scientific management too much, but 
the matter —— to us both important and 
interesting. Jnless one settle what scientific 
management is, it is difficult to argue about it. 
None the less its professed sponsors do not seem 
to find it easy to explain precisely what their 
system stands for. In a recent book,t Mr. F. B. 
Gilbreth gives eleven definitions of scientific 
management, each by a different hand, and each 
presumably authoritative. Of the eleven defini- 
tions, that due to Colonel Roosevelt is the longest. 
It runs to some 270 words. The length is, perhaps, 
only characteristic, and we will let it pass. Our 
quarrel with the definition is that it is largely 
concerned in telling us the beneficent results of 
adopting scientific management, which may be 


interesting enough, but have nothing to do with: 


what scientific management is. The definition by 
Dr. F. W. Taylor is even more unsatisfactory. It 
merely tells us in about 130 words that the foun- 
dation of scientific management is that the interests 
of employer and employed are identical. This is 
interesting, and has been said before, but is not a 
definition. Of the remaini pronouncements, 
those due to Professor Roe and Mr. W. B. Laine are 
the most satisfactory, but even these are concerned 
rather with the method of application of scientific 
management than with what it actually is. 

It appears to us that anything which is anythin 
at all is capable of simple and comparatively brie 
definition, and as far as scientific management is 
anything at all we consider that it is a system of 
extreme specialisation. This point of view was, 
r. J. W. Stannard, 
who, at the inaugaral meeting of the Production 
Managers’ Association, in February last, defined 
scientific management as a system of standardisa- 
tion. We prefer our own word ‘‘specialisation,” but, 
as far as we understood Mr. Stannard, we think 
he wished to convey the same idea which we do. 
ment a to 
us important, since a great deal of the indefinite 


sog| and exaggerated talk on the subject really arises 


from imperfect ideas of what scientific manage- 
ment is.- Much, if not most, of it is founded 
on imperfectly understood results of scientific 
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management, and not on an _ understanding 
of the system at all. When Colonel Roosevelt 
states that ‘‘ When we get efficiency in all our 
industries and rowed oA ventures, national effi- 
ciency will be a fact,” heis merely indulging in the 
type of vague enthusiastic talk with which this 
subject has been overlaid. What he says is, no 
doubt, true, but it has nothing whatever to do with 
the efficiency or otherwise of a particular shop 
system. Colonel Roosevelt may be satisfied to take 
the results achieved in a few shops for a few years 
with a icular system, and to argue from them 
to the limits of a new heaven and earth. We are 
not. Success in a few shops for a few years is 
valid evidence for a system as far as it goes, but it 
does-not prove the applicability of the system to 
general use. Much less does it ve that the 
system is a highway to the age of light. 

We have at no time wished to indulge in infruc- 
tuose or purely destructive criticism of scientific 
management. Dr. Taylor and those who have 
assisted or followed him have very much good 
work to their credit. They have introduced, or, 
at any rate, have worked out, a system of looking 
at problems of production which is likely, we think, 
~ a growing effect on shop methods. What 
we do not accept is the limits to which the methods 
of scientific management are carried by their more 
enthusiastic supporters. Mr. Gilbreth, in a letter 
which ap in our columns on October 27, 
1911, said, in reply to a plea for moderation 
advanced by us, ‘‘ we do not want to use anything 
in a moderate way; it is either right or wrong, 
and we desire to use it in the right way, whether 
it is moderate or not,” We do not think this 
position can be sutcessfully defended. It is 
equivalent to saying that any system which has 

roved satisfactory in practice will still be satis- 
actory if pushed to any conceivable limits. 

In the Taylor system the shop-hands work under 
eight, what are called, functional foremen.. These 
are: (1) the route clerk and -order-of-work clerk ; 
(2) the instruction-card clerk; (3) the time and 
cost clerk; (4) the disciplinarian ; (5) the gang 
boss ; (6) the speed boss; (7) the repair boss ; 
and (8) the inspector. Mr. Taylor, in his ‘‘ Sho 
Management,” states that the duties of the aneed 
boss are to ‘‘see that the proper cutting-tools are 
used for each piece of work, that the work is 
properly driven, that the cuts are started in the 
right part of the piece, and that the best oe 
and feeds and depth of cut are used.” If one 
reads this sentence carefully, it will be seen that 
the speed boss has at least four duties. Well and 
good ; but how does this square with the idea that 
moderation is not wanted? If specialisation is such 
a good thing in itself, why not specialise still 
further, and instead of having one speed boss, have 
one tool boss, one setting-up boss, one starting- 
cuts boss, and one speed, feed, and depth boss? 
Needless to say, to us this idea is ridiculous, but 
it is in every way consistent with the no modera- 
tion theory. If in the scientific management theory 
aman who is constantly engaged on the selecting 
of tools, the methods of setting up work, and the 
forms of cuts which should be taken from it, will 
become more efficient, and will waste less time, 
than a man who combines these duties with many 
others, then, obviously and still more, a man 
who specialises only in the setting up of work will 
become more efficient at it than anyone else can, 
and will save still more time. 

We introduce this illustration as we wish to 
make the point that where we differ from Dr. Taylor 
and others on scientific management is not essen- 
tially in the methods it stands for, but on the 
extent to which those methods should be carried. 
We think a. large part of the professional opinion 
in this country agrees with us in this. Much of 
the specialisation which scientific: management 
stands for is carried out, and has been carried 
out. for many years, by leading firms in this 
country. .We do not know, however, if any 
firm employs the extreme specialisation - 
sented the eight foremen to each man t 
we mention above, and we do not ourselves 
think it sound. Dr. Taylor and others do. We 
differ mainly in the extent to which we think 
things should be carried. If we may say so, we 
think matters of this kind are frequents liable to be 
carried too far in American practice. e recollect 
a trial with' an American in an English 
factory which illustrates this. The system was 
really an example of scientific management. It 





was concerned with the method of specifying the 
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material required to make up various articles from 
shop drawings. Instead of the material being 
called for from the stores by the drawing-office in 
some way or other, the drawings, before going to 
the shops, were on to a special department, 
whose whole duty was the ordering up of material 
from drawings. On the theory of specialisation, 
the men in this department, doing nothing but 
specifying from drawings, should have been able to 
do it better and quicker than anyone else. In 
ractice they proved to do it extremely badly. 
his is as we should have expected. The men were 
unfamiliar with the drawings, and were conse- 
quently much more likely to misunderstand them, 
or overlook parts of them, than were the draughts- 
men who made them. The work was done no 
more quickly, no more cheaply, and less efficiently 
than it would have been done in the drawing-oftice, 
while the extra expense of running the special 
department was entailed. In our opinion, the 
system was an example of specialisation carried to 
excess. In a similar way we consider the eight 
functional foremen and the complicated planning 
system of Mr. Taylor would, in by far the majority 
of cases, represent specialisation carried to excess. 
The advocates of scientific management are in 
the habit of referring to systems of management 
other than their own, as of the ‘‘ military type.” 
We think the term unfortunate, and certainly 
unfair as far as this country is concerned. We 
admit that we are not altogether clear as to what 
is intended to be conveyed by it, but it appears to 
suggest a system of rigid orders in which no assist- 
ance is given to the shops by the management in 
carrying out their work, and which stands for a 
course of inflexible rule, against which there is no 
appeal. If — like this is the meaning of 
the term, it is far from applicable to the majority 
of the shops in this country. In any case, the 
term is not of much importance. The point we 
wish to make is that no matter what one calls the 
ordinary type of management, it is not divorced 
from specialisation and, what is practically, tuition 
to the extent which the writers and speakers on 
scientific management — to suppose. This is 
obvious if a comparison be made between almost 
any modern machine-shop and one of twenty years 
ago. The mere employment of a man to set up 
capstan lathes which are operated by boys is an 
example of specialisation and scientific management. 
We are far from suggesting that the greater 
development of specialisation which scientific 
management stands for is in all cases unsound. 
As we have said, we think its methods are likely to 


reatly influence shop practice in the future. We 
do suggest, however, that the extreme develop- 
ments which are preached and practised in some 
quarters are radically unsound. There are some 
quotations from an industrial manager in the 
majority report of the sub-committee of the 
American Society of Mechanical Engineers to 


which we should like to refer. As we said in our 
first paragraph, this report is on the whole favour- 
able to scientific management, but it does not 
exhibit the enthusiasm which one meets in some 
writers. It, however, probably goes further than 
we are prepared todo. We cannot deal with it in 
detail for the moment, and will merely give three 
of the quotations to which we refer above. These 
threequotations are selected by us from nine, in which 
the industrial m sums up the more undesirable 
characteristics of scientific management in its ex- 
treme form. The three quotations appear to us to 
direct attention very clearly to three quite unsound 
features of the extreme specialisation which is advo- 
cated so strongly by Dr. Taylor and others. They 
are :— 

1. The waste of time and money on problems 
that will yield to scientific treatment, but which 
do not recur often enough to justify such a solu- 
tion. 

2. The undervaluing of effective leadership in 
management and consequent lack of permanency 
in results. 

3. The overvaluing of emasculated ‘‘ system ” 
leading to a curious non-responsibility on the part 
of any person for the total result. 





NATIONAL ROAD BOARD EXHIBITION. 

Tue Exhibition of road-making sopeares and 
materials, now on view at the Royal Horticultural 
Society’s Hall, Vincent-square, Victoria-street, 
S.W., in connection with ‘the International Road 
Congress now being held in London, is one that is 





well worth visiting, if for no other reason than 
that from it an idea may be obtained, perhaps more 
clearly than in any other way, of the great strides 
that how during the last few years been made in 
road construction. The Exhibitionis dividedintotwo 
parts in separate buildings, one being devoted almost 
entirely to what may be called the perishable mate- 
rials used in road construction, such as metalling, 
asphalt, bitumen, &c., and to the theoretical part of 
the art, while in the other may be seen the different 
kinds of machines employed in the preparation, 
handling, and laying of these materials. The 
former exhibits are contained in the permanent hall 
of the Society, and the latter in a temporary struc- 
ture erected on land close by. The idea is excellent, 
because it enables a much easier inspection of the 


different exhibits than if the two classes were 


arranged all together under the same roof. 

As before mentioned, the stands in the per- 
manent hall are devoted almost entirely to the 
materials actually used in the formation of roads, 
and as these materials are really all very much 
alike, there is little to be said about them. 
They appear, moreover, to be so excellent and so 
well arranged that it would be almost invidious 
to make any comparison between them. Granite 
from many quarries and from different parts of the 
world is, of course, conspicuous at nearly all the 
stands. Basalt and limestone have also their 
place, while ‘flinat—that material so well known 
as a road-making material to all who fre- 
quent the home counties—iay be seen in many 
forms, and in sizes ranging from the unbroken 
nodule to sand that has passed through a sieve 
having 200 meshes to the inch. Asphalt and 
bitumen from many parts of the world may also be 
studied there, while avy visitor interested in 
mastics will find much to occupy his time. All 
these are good, and show what the engineer and the 
road-maker now have at their disposal when they 
set about either making new roads or repairing the 
old ones. The knowledge of how properly to 
apply them and how to know when one kind of 
material may be suitable for certain roads and 
traffic, and others not, is of so much importance 
that in the whole of the large hall there is, 
it seemed to us, no exhibit likely to have a 
greater influence for good on the future correct 
construction of our roads, and on the economy of 
that construction, than that to be seen at the 
stand arranged by the Crompton Laboratory, Trip- 
lands, Kensington Court, London, ere 
may be seen designs for fixed or semi-fixed crush- 
ing, drying, heating, sorting, and mixing plants 
and various appliances used in road formation 
and construction, but in addition there are on 
view various appliances for testing materials and 
for ascertaining what proportions of stone, asphalt, 
bitumen, sand, &c., are best suited for certain 
conditions. 

Many of these appliances have been designed 
by Colonel R. E. Crompton, C.B., M. Inst. C.E., 
and may be seen in operation. One of the 
exhibits is the original viagraph invented by the 
late Mr. John Brown, its use being to ascertain the 
irregularities of the road. This apparatus has, of 
course, now been superseded, but ithia good work in 
its day, and drew the attention of road engineers 
to the importance of having reliable methods of 
recording the wear of road surfaces during certain 
intervals of time and under certain conditions of 
traffic. Another instrument on view is a new form 
of penetrometer for determining penetration for 
pitches, bitumens, &c. It is claimed for it that it 
is more convenient and rapid in use than either the 
Smith and Dow etrometer or the form com- 
monly used in the New York Test Laboratory, 
U.S.A. It consists of a weighted needle, which is 
allowed to penetrate into a sample of pitch or 
bitumen, the extent of the penetration in a certain 
time being the measure of viscosity. There are 
also sa com of test cylinders made up to various 
specifications, showing toughness, as measured by 

e number of blows the material will stand before 
certain effects are produced. The number of blows 
may vary from 1 to 1200, each blow being given by a 
weight of 2.2 lb. descending through a stroke of 
9 in.—equal to 1000 grammes falling 23 -centi- 
metres. Specimens, too, may be geen of slabs and 
test briquettes made up with various aggregates 
and percentages of binder. Tickets indicate the 
results obtained. Among the results of tests exhi- 
bited are two sheets of curves showing the 
viscosity and consistency of various pitches and 
bitumens from 0 deg. to 30 deg. Cent. or from 





32 deg. to 86 deg. Fahr. There are also drawings 
to be seen of a new type of road-roller which 
has been designed by Messrs. Crompton and 
Tapp for ro roads absolutely level. We 
8 however, have occasion to refer to this 
again when we describe the exhibits in the tem- 
porary building, where an actual roller is to be 
seen. We have referred to this stand of the 
Crompton Laboratory at some length because there 
can be no doubt that careful tests on road-making 
materials are of the very greatest importance if 
the best results are to be obtained in the advance- 
ment of this ancient art of road construction, as 
no true economy can be obtained if haphazard 
methods are adopted. Colonel Crompton has 
devoted much time and study to the subject, and 
his efforts towards road construction on sound 
scientific lines must go a long way towards the 
improvement of the highways of the country. 

Another stand exhibiting instruments and 
apparatus for the practical testing and stan- 
dardisation of bituminous material is that of 
Mr. John Hutchinson, 11, Tothill-street, West- 
minster, London, 8S.W. There is on view here a 
tar-tester for measuring viscosity, various patterns 
of thermometers, penetrometers, &c. 

Before we leave the large hall, and give our 
attention to the exhibits that are to be seen in the 
temporary building, we may mention that the lead- 
ing firms who supply road materials are repre- 
sented, and have stands at which there is much of 
interest to be seen, although there is unavoidably 
a great similarity among the goods displayed. These 
firms include the Val de Travers Asphalt Paving 
Company, Limited, Hamilton House, Bishopsgate, 
London, E.C. ; Tarmac, Limited, Eltingshall, 
Wolverhampton ; the Hard York Non-Slip Stone 
Company, which is a branch of Brookes, Limited, 
of Halifax; the Neuchatel Asphalt Company, 
Limited, 58, Victoria-street, Westminster, London, 
S.W.; the Trinidad Lake Asphalt Company, 
Limited, Britannia Wharf, Townmead-road, Ful- 
ham, London, S.W.; the Limmer Asphalt Com- 
pany, Limited, Caxton House, London, S.W.; 

oadite, Limited, Broadway-court, London, S.W., 
and others. 

Coming, now, to the exhibition of machines in 
the temporary building, the first stand to which 
we will devote our attention is that of Messrs. 
Barford and Perkins, Limited, Peterborough, 
because it is there that the three-axle water- 
ballast roller alluded to in our description of the 
Crompton Laboratory is to be seen. e illustrate 
the machine on the opposite page by a repro- 
duction from a shictegerh, wid gives very clearly 
the general construction of the appliance. The 
rollers are of Messrs. Barford and Perkins’ stan- 
dard type and are all 4 ft. wide, and are arranged 
with the object of securing perfectly level rolling. 
The machine has been designed by Messrs. Cromp- 
ton and Tapp, of Triplands, Kensington Court, 
London, W., and with the object of preventing 
the formation of waves in the road the weight 
can be concentrated on the centre roller or 
spread over the three rollers. This is done by 
means of the wheel and screw shown in the front 
of the machine in our illustration. The distance 
between the front and the middle axle is 8 ft. 6 in., 
and the distance from the middle axle to the rear 
axle is 6 ft. 6 in., an arrangement provided in 
order to avoid the setting up of harmonic waves, 
a thing that may occur when the distances between 
the end axles and the centre axle are the same. 
It is a precautionary measure, and as such is, no 
doubt, a wise one. The weight of the roller 
without water-ballast is 9 tons 7 cwt., and with 
water-ballast 114 tons. There is 17 cwt. more load on 
the front roller than on the rear roller, in order that 
steering way may be retained when the heaviest 
rolling is being done. The movement of the middle 
axle in a vertical direction may be checked by iron 
blocks, which can be swung into position over the 
axle-boxes, the arrangement allowing the roller 
to fall so that its weight comes upon the road, but 
which, when any lump or high part of the road is 
encountered, prevents further rise, and brings the 
weight of the framework of the machine on the 
part in question. It is stated that the variation in 
compression may vary as much as 300 per cent. 
The roller is steered at each end from a hand wheel 
in the middle, as shown. . The motive power is an 
Astor oil-engine of 30 brake horse-power, and two 

with a reverse on each s are provided. 

e front and rear rollers are each 3 ft. in dia- 
meter, and the middle one 3 ft. 6 in.; the 
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machine is chain-driven on to the middle roller , 
only. The cylindrical tank, which is seen to 
the rear of the driver’s seat, is for extra water 
ballast, and the large disc-shaped appliance just 
above the middle roller is the radiator and cooling- 
fan. The same firm show also one of their water- 
ballast rollers ‘‘ E38 ” size, weighing when empty 
6}? tons, and when full 8} tons, constructed for 
use on tar-macadam and asphalted road surfaces. 
The roller is fitted with a tank capable of holding 
150 gallons of water, and sprinkling attachments are 
fitted to both front and rear cylinders. Another 
machine is a ballast motor roller, size ‘‘K,” 
weiging 12 tons when empty, and 14 tons when 
full. Te will work either with petrol or paraftin. 
Messrs. Aveling and Porter, Limited, of 
Rochester, exhibit a compound steam road-roller 
of the nominal weight when empty of 10 tons. It 
has a high and a low-pressure cylinder, placed side 
by side and mounted on a pressed-steel plate base 
riveted to the boiler barrel. The fire-box is of 
the Belpaire type. There is also at this stand a 
tandem-type road-roller driven by a four-cylinder 











for drying and mixing materials required for 
macadam and bituminous macadam. 

There are several firms exhibiting stone-breaking 
machinery, among them being Messrs. R 
Marsden, Limited, Soho Foundry, Leeds, who 
have on view a 16-in. by 9-in. ‘‘all-steel” lever 
hammer-motion stone-breaker, mounted on wheels, 
and fitted with Marsden’s patent combined elevat- 
ing, screening, and loading apparatus, for discharg- 
ing into carts and trucks without hand-labour. 
The frame sides are of wrought-steel plate, and the 
working parts throughout are of cast steel. The 
jaws are reversible, and are of manganese steel. 
They have also a 15}-horse-power Petter’s oil-engine 
on view, which drives the above machine. 

Another firm exhibiting stone-breakers is Messrs. 
Goodwin, Barsby and Co., of Leicester. These ma- 
chines are what are known as the ‘‘ Acme” portable 
automatic, with lower and upper screens, elevators, 
loading-hoppers, and rejection-returning arrange- 
ment. This type of machine has manganese-steel 
jaw-faces and side-plates, and a new style of 
machined renewable bearings bedded into bored 








Turee-Axte Water-Battast Roav-Roiier ; Messrs. Barrorp AND PeRKINs, PeTerBoRouGH. 


trol engine capable of developing 20-25 brake , 
oom . some. The total rolling width of the 
machine is 4 ft. 6 in., and the weight when in 
working order is about 7 tons. The cylinders 
are cast in pairs, and are water-jacketed with 
water-cooled heads and valve passages. There are 
three forward speeds and a reverse. These speeds 
are 14 miles per hour normal, 2$ miles per hour, 
and 44 miles per hour, and each can be accelera 
by 50 per cent. for short periods when required. 

An 8-ton steam road-roller is shown by Messrs. 
Clayton and Shuttleworth, Limited, Stamp End 
Works, Lincoln, and is of the most recent type. 
It is constructed for the making of new and the 
repairing of old roads. The cylinders are of the 
compound type, A in. and 7} in. in diameter by 
9in. stroke, and have automatic forced-feed lubri- 
cation. They are bolted to a Ces seating 
riveted to the boiler shell. e boiler is of the 





Belpaire loco-multitubular type, constructed to 
work ata pressure of 180 Ib. per sq. in. There isalso | 
a3-ton Clayton steam-wagon at this stand. It is| 
driven by a compound steam-engine mounted on a 
Belpaire loco-multitubular boiler built for a working | 
pressure of 200 lb. per eq. in. The crank-shaft | 
runs in ring-oiled gun-metal bearings, and all the | 
gearing is of steel and machine cut. There are 
long laminated steel springs to both front and rear 


seatings; and the elevator, which is of the internal 
type, has buckets mounted on an armour-plate 
belt. The machine shown has a mouth measuring 
12 in. by 8 in., and a capacity of from 6 tons to 
8 tons an hour when set for road-metal sizes. It is 
self-contained, and is mounted on a carriage with 
extra large broad travelling wheels. 

Messrs. Hadfield’s Steel Foundry Company, 


ted | Limited, East Hecla Works, Sheffield, also exhibit 


stone - breakers, the jaws of which are of ‘‘ Era” 
manganese steel. They may be seen crushing 
stone from the Clee Hill and Hartshill districts. 
The machine on view is mounted on suitable 
bogie - wheels for travelling, and a number of 
them have been supplied for dealing with such 
heavy material as copper, tin, and iron ores. For 
the production of the finer road material, or chip- 
pings, the firm have one of their disc crushers 
at work (Symons’ patent); but as we described 
this machine fully in our notice of the recent 
Mining Machinery Exhibition at the Royal Agri- 
cultural Hall, Islington, we need not refer to it 
further here. 

The Patent Lightning Crusher Company, Limited, 
14a, Rosebery-avenue, London, E.C., have one of 
their crushers on view. The machine is similar to 
one we described and illustrated on page 751 of 
our eighty-third volume, which was, at the time we 


axles. The wagon has two travelling speeds, 6 and | saw it, dealing with town refuse at the station of 


12 miles an hour res 


throw both gears in at the same time. wagon 
runs on wood wheels fitted with rubber tyres. 


Messrs. Stothert and Pitt, Limited, 38, Victoria- | 


street, London, S.W., show a Smith’s hot-mixer ; 


but as we fully described this apparatus on page 524 | 


ante, we need not refer to it further. It is used 


tively, and both are inter-|the Southwark municipal authorities, but since 


changeable by one lever, it being — to 
e 


that time it has been largely adopted for dealing 
with road material. 

The Ransome-ver Mchr Machinery Company, 
Limited, Brunswick House, Westminster, London, 
S.W., exhibit a new machine for mixing tar and 
bitumen macadam. It is what is known as the 


No. 4 size, and is mounted on road wheels and has . 





an elevating-skip. Special attention has been paid 
to the mixing principle, which, it is claimed, ensures 
perfect gauging of the stone with a minimum 


.|amount of tar consumption. The fi:m have also 


on view a stone-dryer and a hand-mixer of their 
usual type. 

A very interesting exhibit may be seen at the 
stand of the Chemical Engineering Company and 
Wilton’s Patent Furnace Company, Hendon, 
London, N.W. This is a complete plant for treat- 
ing tar and making it suitable for road purposes. 
The principle underlying the process is the heating 
of the tar in a confined space, and releasing it when 
the water and light oils have evaporated, leaving the 
dehydrated tar to flow to the store, ready for use 
by the road-makers. The heating is partly done 
on the counter-current principle, the dehydrated 
tar parting with its heat to the entering cold crude 
tar, and is completed in a coil still, heated by a small 
breeze fire in a Wilton furnace. It is claimed that 
the crude tar can be prepared for road purposes 
at a cost of jd. per gallon, and sold in almost all 
places at from 24d. to 3}d. a gallon. The light oils 
and ammoniacal liquor separate by gravitation. 
The light oils can, of course, be used for a variety 
of purposes — namely, for enrichment, pitch- 
softening, black varnish, &c. The Exhibition closes 
to-morrow. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THe summer meeting of the Institution of Naval 
Architects opened in Glasgow on Monday evening 
last with a reception held at the Institution of Engi- 
neers and Shipbuilders in Scotland, Mr. E. Hall- 
Brown, President, and Mrs. Hall-Brown receiving 
the members of the visiting Institution. On Tuesday, 
the 24th, the more formal proceedings commenced 
at 10 a.m., when, in the Rankine Hall of the 
Institution of Engineers and Shipbuilders in 
Scotland, Mr. E. Hall-Brown read an address of 
welcome, on behalf of that body, to the Institution 
of Naval Architects. It was not, Mr. Hall-Brown 
said, the first time that that Institution had visited 
Glasgow, but it was the first occasion on which they 
had been able to receive its members within those 
walls. In addressing naval architects, he was 
addressing those on whom their safety, prosperity, 
and happiness as a nation depended. Whether in 
connection with the Royal Navy, or with the needs 
of the mercantile marine, the labours of the Insti- 
tution of Naval Architects were fully recognised. 
They all looked forward to the day of universal 
peace, though now they had to give much of their 
attention to the more warlike side of the subject. 
He yielded to none in his admiration of those who 
handled their ships of war, but the skill of the 
naval architects who designed those ships was 
equally worthy of admiration. The time had 
passed when any — of vessel could make a 
profit in any trade. Now special t of shi 
were needed for special eaten The ‘conditions Of 
service being stated, the naval architect was able 
to design a suitable vessel. Ifthe buyers took still 
greater advantage of the naval architect's skill, he 
thought the results would be better. At the 
present time, steam-turbines, internal-combustion 
engines, mechanical gearing, electrical transmis- 
sion, &c., were attracting considerable attention. 
Meetings such as those on which they were about 
to embark were pleasant socially, but it was in 
respect of the mental equipment of the naval archi- 
tect that they were so thoroughly justified. The 
Institution of Naval Architects was international, 
and among their guests they had representatives 
from several foreign countries. Italy, France, and 
Germany were now influencing naval architecture ; 
and Portugal, Spain, and Holland had largely in- 
fluenced it in the past. The seas were the high 
ways of the nations ; interest in naval architecture 
was world-wide, and for that reason foreign visitors 
should be warmly welcomed. The proposal that 
the Institution of Naval Architects should hold its 
summer meeting in Glasgow had met with the 
most hearty welcome from the Council of the Insti- 
tution of Engineers and Shipbuilders in Scotland, 
and he had endeavoured in some degree to put 
ase sentiments into the words he had just 
spoken. 

On behalf of the Institution of Naval Architects, 
the President (the Most’ Hon. the Marquess of 
Bristol) replied to the address delivered by Mr. 
Hall-Brown. He said that when the pace rag of 
the Institution of Engineers and Shipbuilders in 
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Scotland to act as hosts was made known; he felt 
the success of their summer meeting was assured. 
He thought the social items would be a strong feature 
of the meeting, but that was not the most valuable 
side. The reading and discussion of papers consti- 
tuted a contribution to their permanent records, 
and were therefore of value. Summer gatherings 
provided opportunities for meeting for members 
who could only do so at rare intervals. That par- 
ticularly applied to members from abroad. He 
thought the cordial relations existing between the 
two societies proof that the field was large enough 
for both. Separate existence meant better and 
keener life for each. Both had furnished members 
who had rendered services on public bodies. Recent 
honours had fallen to two gentlemen who were mem- 
bers of both institutions. The baronetcy conferred 
upon Sir Archibald Denny would perpetuate the good 
work done, not only by him, but by his family in con- 
nection with the industry, while the knighthood 
conferred on Professor Biles was a recognition of 
many public services ormed by him in the past. 
Marine engineers could not but feel that their work 
had thus come in for some meed of recognition at 
its proper value. It was twelve years since the 
Institution of Naval Architects had held a meeting 
in Glasgow, and since that time many developments 
had taken place. Changes in design and methods 
of propulsion had called for the remodelling of the 
marine, and for courage in design. The Clyde had 
long. been the cradle of the shipping industry. It 
was an imposing sight to witness the variety of craft 
under construction on the river. Many develop- 
ments could be ascribed to members directly, 
though it was, perhaps, not possible to trace them 
to any particular discussion. At the last Glasgow 
meeting there were two resolutions which 
subsequently had very definite results. One was that 

roposed by Lord Brassey that a committee should be 
ened combining the naval and mercantile marine. 
The results of that committee were far-reaching with 
regard to the safeguarding of merchantmen at sea. 
The second was the proposal of Mr. A. F. Yarrow 
with rd to the National Tank. That had 
eventually led to the endowment of the tank at 
Bushy by Mr. Yarrow. That tank was now in 
frequent demand, and was used for work for private 
ne ta for the making and testing of models. 
Results such as those fully justified their summer 
meetings. It was true that names in time dropped 
out of their proceedings, but others took their place, 
and they looked to the younger men to uphold in 
the future their past records, not only as ship- 
builders and architects, but also as Empire-builders 
as well. 

After the election of new members, &c., Signor 
Salvatore Orlando, Member of the Italian Chamber 
of Deputies, presented to the Institution of Naval 
Architects, from the Italian Society of Naval 
Architects and Marine Engineers, a g° d medal, in 
recognition of the services rendered by the Institu- 
tion to the science of naval architecture. In hand- 
ing the medal to the Marquess of Bristol, Signor 
Orlando said it was a very modest gift as compared 
with the services the Institution had rendered to 
their profession ; but it was a small recognition of 
those services, and of the kind hospitality given to 
Italian visitors at the English meetings. If 
members would give them the opportunity, they 
would be very happy to extend similar hospitality 
to British engineers visiting Italy. 

The Marquess of Bristol returned thanks on behalf 
of the Institution of Naval Architects. In doing 
so he remarked that the medal brought right u 
to date the science of naval architecture, for it 
on it representations of turbines and other modern 
developments of the class they would expect from 
Italy, which had long been in the forefront of that 


science. He remembered many striking develop- 
ments in Italian warships, but ho that the 
future would see both cvuntries turning to the 


developments of peace rather than those of destruc- 
tion. 
SHrPsuILpING CONTRACTS. 


The first paper to be read was one by Mr. L. 
Peskett, entitled ‘‘On Shipbuilding Contracts.” 
This paper we reprint on page 888 of this issue. 
The ussion on it was opened by Professor Sir 
John Biles, who said its subject was a disappoint- 
ment from the professional side, as they w have 
been much more interested in hearing about the 
question of ship design from the owner’s point of 
view. The author’s views on that subject would 


hoped that they would ultimately get such a paper 
from Mr. Peskett. The present paper appealed to 
the heart and pocket of the owner. He had occu- 
ary the position of ambassador, to which the author 

referred. He knew that a builder did not 
always get the profits he should, but then other 
builders were willing to take the work at similar 
rates, and thus that difficulty could not be over- 
come. The author ap tu be op to 
trusts, but still wanted to avoid some of the diffi- 
culties incidental to severe competition. His plan 
seemed to be after selecting a builder to determine 
the price of the ship. That plan was already in 
vogue, associated sometimes with preliminary com- 
petition among builders. The builder was selected 
as a result of preliminary competition, and after 
that, the schedule was gone into more carefully. 
That system contained the advantages of competi- 
tion with those of the method suggested by the 
author, The price should be arranged by calcula- 
tion, the shipbuilder making his detailed estimate. 
He thought the cost of decorations and work which 
was largely artistic, subject to the fancy of people 
who had an artistic temperament, should be met by 
the shipowner. It was most difficult to know how 
much people responsible for the design of such 
work were actually going to spend. 

Dr. John Inglis said the scope of the paper was 
wide. He would remind the author that, for good 
or evil, the shipbuilder and naval architect were 
one and the same on the Clyde ; there were no 
‘*ambassadors.” He thought they could dismiss at 
once any idea of combination among such an un- 
wieldy y as the shipbuilders of this country. 
Nevertheless, the owners combined and arranged 
rates, &c. There were some directions in which 
they might co-operate more. He had a knowledge 
of many offers made, in recent years, from ship- 
builders in this country to owners abroad in the 
market for new ships. Not one such offer had 
lately been su ul. The work had been in 
every case placed with Continental firms whose 
prices ranged from 15 to 20 per cent. less than 
the lowest British tender, and 50 per cent. less, at 
least in one case, below the highest. Abroad their 
steel cost less, wages were less, and hours longer. 
If building for Continental owners fell off, there would 
be severe competition between the firms at home. 
House-building ideas were not applicable to ship- 
building. With regard to rebates, he knew of a 
case in which four vessels were to be built—two 
each—by two firms on the Clyde. A maximum 

rice was fixed, and any saving on that was 
. be handed back. One firm did hand back 
10,000/., the other handed back nothing, and 
made no profit into the bargain. The latter 
firm was regarded subsequently unfavourably, but 
he thought that the difference between them had 
its origin chiefly in the estimates of the other firm. 
Steel-work could not be determined on weight 
alone. The steel-work for a torpedo-boat destroyer 
certainly cost something different per ton from that 
for a tramp. He might say that on one occasion 
his firm had received their final payment for a yacht 
in the form of a blank cheque ; 7: would add that 
subsequently they built two other vessels for the 
same owner. 

Mr. W. H. Whiting said he shared in the general 
disappointment in the limitation of the paper. If 
the author’s original intention had been carried out 
it would have been more interesting. The paper 
was certainly outside the general sphere of dis- 
cussion, but not too far outside, for it raised some 
very important principles, and any method facili- 
tating the production of ships was of interest to the 
Institution. If it would result in the building of 
better ships, the method was good. There were 
two ways of bringing an engineering structure into 
existence. In the first it was designed completely 
before construction was commenced. In the second 
it was designed bit by bit. In the first the structure 
was really in existence before its construction 

‘oper was commenced, An example of that was, 
or instance, Nasmyth’s steam-hammer. The anti- 
thesis. of that was the case of a house under con- 
struction for some wealthy city merchant. It 
combined, perhaps, ideas collected from all parts 
of the globe, was constantly undergoing altera- 
tion during construction at the fancy of the man 
for whom it was being built. He thought the 
latter something similar to the method proposed 
by the author, and it would lead to anything but 


good engineering work, Of all the — of engi- 
ing structures it was most undesirable to apply 





have been of great interest to all members, and he , 


present day. The risks were appalling. Methods 
tending to looseness of design were most undesir- 
able. With regard to the 20,0001. rebate men- 
tioned by Mr. Peskett, was that work . ever 
required? It seemed to him that if it were possible 
to avoid incurring expense to that amount, the sum 
ought to have been removed in the first instance. 
The word ‘‘design” could not be applied to cases 
in which experiments of that kind were possible. 
There were very grave problems which were not 
yet investigated bearing on the construction of 
large vessels. The Institution should do nothing 
which might encourage looseness of design, and 
which might be fraught with grave results. 

Lord Inverclyde added a few words from the 
shipowners’ point of view, though he had some 
diffidence in doing so, since they were evidently in 
a very small minority in the room. The author 
advocated a special form of contract for large 
steamers. With that he agreed. In the case of 
steamers taking one or two years to build, no fixed 
price could be arranged upon to cover eventualities. 
They were gaining experience all the time such a 
ship was under construction. When contracting 
two years before delivery, it was impossible to 
foresee all the requirements which might arise from 
developments which occurred. He did not think 
the same applied to tramp steamers, which he 
always contracted for on the fixed-sum principle. 
He left the question of profit to the builder. The 
yards were busy now, and for the moment there 
was not the competition among builders that some 
of them would wish, but that would right itself in 
time. 

Mr. Percy A. Hillhouse considered that the 
words ‘‘from the shipowner’s point of view” should 
have been retained in the title to Mr. Peskett’s 
paper, as it had been written largely from that 
standpoint. Mr. Peskett had, as already men- 
tioned, denied to the shipbuilder the right of com- 
bination in order to ensure a fair margin of profit, 
while retaining to the owner the privilege of hold- 
ing international meetings for the purpose of keep- 
ing up freights and the ge-money of the poor 
emigrant. in, Mr. Peskett had said nothing 
about the risks run by the builders under their 
guarantee clauses. Shipbuilders were always work- 
Ing under the inexorable laws of nature, and had 
to guarantee carrying capacity, speed, stability, 
strength, and seaworthiness. If he succeeded, he 
(perhaps) made a small profit ; if he failed in any 
one item, he was subject to penalties and, possibly, 
the rejection of the ship. Mr. Peskett had also 
dwelt upon the rosy possibilities which appeared 
when cost turned out less than estimated cost, 
but had avoided that region of gloom in which the 
estimates were exceeded. To illustrate his remarks, 
Mr. Hillhouse drew the following diagram :— 


o 





The vertical line O A represented actual cost, as 
did also the sloping line OE. OA and AE repre- 
sented estimated cost, EC the agreed percentage 
added for establishment charges, and CP the 
agreed percentage of profit. The vertical line O’ P 
showed the contract price or the actual maximum 
amount which the owner expected to pay. In the 
ordinary case of a lump sum contract, if the actual 
cost came out less than that estimated (as at L), 
the builder cleared not only his actual outlay LC’ 
and his agreed rate of profit C’ P’, but also the 
additional sum P’L’. The ible amount of this 








neering 
that kind of method to the large~ships of the 


extra profit was shown by horizontal shading, and 
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was of limited extent. This attraction was counter- 
balanced by the risk that the actual cost might 
exceed the estimate, as at M, in which case the 
builder spent an amount MO” and received only 
MM’, thus losing not only the profit P’C’, but also 
that part of his actual outlay shown by M’C”. The 
pemiaie loss was shown by vertical shading, and was 
unlimited in extent. A fair arrangement would be 
to adhere to the line OP ma out—that is to 
say, whatever the actual cost, the builder would 
receive the same percentages for charges and profit. 
The only objection to this was that it would be to 
the builder’s advantage that the cost should come 
out large, since the larger the cost the larger this 
actual profit would be. If the cost were less than 
the estimate, all the horizontally-shaded portion, 
which formerly went into the builder’s pocket, 
would now be retained by the owner, while, on the 
other hand, if the estimated cost were exceeded, the 
vertically-shaded part, which formerly represented 
loss to the builder, would now become extra pay- 
ment by the owner for extra value received. 4 
Peskett pro to share the possible savings 
between builder and owner by working to a line 
S’ P drawn parallel to the cost-line O E, the builder 
taking the part P’ S’, and the owner the part S’L’. 
This was quite a reasonable proposal, as it gave 
both parties a direct incentive to save; but, un- 
fortunately, Mr. Peskett’s line deviated from the 

th of justice at the point P, rising vertically to 
Mt’ instead of continuing on as dotted; that is to 
say, the owner was to share any saving effected, 
but was not to share any loss. It would surely 
be more just to adhere to the line S’ 8” throughout, 
builder and owner sharing both savings and losses 
in some definite proportion. 

Sir Archibald Denny asked whether in the case 
of an unexpected increase in rate of wages the 
estimated cost would be increased by a correspond- 
ing amount in the author's proposed system. 

The author, in reply, said he would endeavour to 
carry out his promise of another — for the 
spring meeting. He did not follow Mr. Whiting. 

ere had been no looseness in design in the cases 
in which that form of contract had been adopted ; 
everything had been worked out in great detail. 
The wages question, if it arose, came among the 
‘* post-contract legislation,” which would form the 
subject of an extra-contract agreement. 


Sarety or Lire at Sea. 


The next paper was by Mr. P. A. Hillhouse, on 
‘* Safety of Life at Sea.” It is reprinted in extenso 
elsewhere in this issue. The first speaker on this 

per was Sir A. Denny, who did not propose, 

owever, to discuss the eonee Members would, 
he hoped, sympathise with the three chairmen of 
committees—Sir P. Watts, Sir J. H. Biles, and 
himself. It would not become them to discuss the 
matter. He might, however, venture the remark 
that the author had not expressed very definitely 
his opinion of the large unsinkable boat. That kind 
of boat, partially enclosed or totally shut down, 
so that it could be launched, or of the ty 
intended to float off as the vessel sank, certainly 
appealed to him. With r to domes and 
deck obstructions, they would simply have to be 
repressed if regulations were made with which 
they interfered. A Belgian authority had stated 
that the three requirements were wireless tele- 
graphy, subdivision, and boats. Boats might be 
dispensed with, perhaps, except for the fear of 
fire. People wall rather be drowned than burnt, 
and the demand for boats was not therefore a mere 
parrot’s cry, but was based on sane views. With 
regard tothe water-tight deck question, there might 
be severe upward pressure from such adeck. They 
would welcome before the Committee calculations 
and evidence on that point. All said and done, 
careful navigation was the best safeguard and final 
resource with r to safety at sea. 

_Dr. 8S. J. P. Thearle was in the same position as 
Sir Archibald Denny. While he could not discuss the 
paper, he had read it with attention, and would, 
he said, continue to do so until the work of the 
Committee was ended. 

Mr. H. M. Napier followed, stating that the 
subject was one that was in everybody’s thoughts. 
What was to be done in the future in regard to it ? 
Ic was stated that the Aquitania was to carry 
ulnety-two lifeboats. That, he thought, a very 
ghastly fact. What would happen in case they 
were required? The shifting of the boats was an 
important problem. Skids would be essential ; 
domes and like obstructions would have to be 





cleared away. It was impossible to launch boats 
on the high side of a large modern vessel with a 
list. They were all looking to the committees for 
some guidance in this matter. Good bulkheads had 
on several occasions kept ships from foundering. 

Professor G. W. Hovgaard said he would speak 
only on the question of water-tight sub-division. 
What were the principal risks? One was ground- 
ing, and another was the risk of collision. In one 
case the bottom of the ship was endangered, and in 
the other the sides near the water-line. These two 
spheres were se ted by a belt, which was less 
lable to wey The fore was particularly 
vulnerable. It was desirable to provide for 
doubling the bottom. Provision should also be 
made for some form of doubling at the sides. 
The wing bulkhead could be separated from the 
side by some 7 ft. or 8 ft., and that was to be pre- 
ferred to a double skin. It would always be intact. 
At mid-depth there was less risk of damage. That 
indicated that at that point it would be advan 
to have a water-tight deck. That could be fitted 
in many cases without inconvenience. There was 
commonly a deck at that point forward which 
could be so arranged. The amount of water then 
entering the ship would be limited, which was the 
great point. Bulkheads, of course, should be strong 
enough to withstand any pressures to which they 
might be subjected. ufficient care had not 
in all cases been exercised in that direction. There 
should be no water-tight doors; the bulkheads 
should be intact. Professor Hovgaard related a 
story about the first hydraulically-operated water- 
tight doors fitted to a liner, of which the remote 
control was interfered with by the engine-room staff 
because they found the practice of closing the doors 
from the bridge a nuisance. Though intentional 
interference of that kind might be extremely rare, 
doors might not be properly closed for various 
reasons, such as lack of time, obstruction, warp- 
ing of the bulkhead, &c., and they were therefore to 
be avoided. 

In reply to the discussion, Mr. Hillhouse said 
he agreed that the problems involved in the ques- 
tion of large lifeboats would have to be faced. 
Apart from the risk of fire, he would be quite pre- 
pared to cross the Atlantic in a ship without boats. 
The intact wing bulkhead was an ideal, but the 
space between it and the side would be lost, and it 
would ultimately degenerate into 1n inner skin. 
The door question was one of safety versus con- 
venience. In warship design it had been acce 
that doors were undesirable, and it might well be 
accepted, he thought, also for mercantile vessels. 


Visits to Works, &c. 


At the close of the morning meeting alternative 
visits were made to works. One of these was to the 
works of Messrs. G. and J. Weir, Limited, Cathcart, 
which we recently described and illustrated in Enar- 
NEERING.* Special street-cars conveyed the mem- 
bers and ladies to the works, where they were 
entertained to luncheon in the drawing-office. The 
works were inspected in the afternoon, in the 
course of which work in the new foundry was 
officially started by the Marchioness of Bristol. 
After the guests had been served with afternoon tea 
they returned to the city in special cars. Another 
visit was to the works of Messrs. David Colville 
and Sons, where luncheon was served, and, later, 
also tea, and to the Lanarkshire Steel Company, at 
Motherwell and Flemington respectively. Another 
party went to Johnstone, where visits were made to 
the works of Messrs. John Lang and Sons, and of 
Messrs. Thomas Shanks and Co. These works have 
recently been described in our columns.+ In the 
evening a reception was held in the City Chambers 
by the Right Hon. the Lord Provost of Glasgow, 
Mr. D. M. Stevenson, this function being 
numerously attended. 

Proceepines OF WEDNESDAY, THE 20TH INST. 

The meeting was continued on Wednesday, when 
members assembled in the Rankine Hall of the 
Institution of Engineers and Shipbuilders in Scet- 
land, and also in the Naval Archi Lecture- 
Room of Glasgow University, there being al er 
six papers down for reading and discussion during 
the morning. We deal first with the meeting held 
at the Institution of Engineers and Shipbuilders in 
Scotland. 

Faticve.1n THE Stee Marertat or SrEaMERs. 

The first paper to be taken at this meeting, at 





* See page 795 ante. 
+ See pages 769 and 838 ante. 


which Lord Inverclyde occupied the chair, was one 
by Dr. 8. J. P. Thearle, and was entitled a ‘‘ Note 
on Some Cases of Fatigue in the Steel Material of 
Steamers.” This paper is reproduced in extenso 
elsewhere in this issue. The first speaker in the 
discussion was Mr. J. Foster King, who said 
the gratitude of the Institution would go out to 
the author for having taken up a phase of practical 
shipbuilding and having returned to a healthy 
practice of earlier days, when discussions of defects 
and their causes were more frequent than was now 
customary. When it became a case of things which 
had not proved satisfactory, shipbuilders and others 
were now apt to be so extraordinarily diffident in 
mentioning them as not to allow themselves to give 
expression to their thoughts. He took it that the 
author did not actually mean in his paper that the 
margin-plate failures alluded to ceased about 
twenty a ago. They still seemed liable to 
occur, en the society he represented had in- 
troduced gusset plates at the point named, there 
had been improvement, but as the ratio of 
capacity to dead weight had forced up, the 
trouble again broke out and the attachments 
had to be fincreased. Recently they had had a 
number of cases of new ships, within a year or 
two of their completion, fcomfing home and show- 
ing signs of working at the chocks in the fore 
peak. At first that been attributed to bad 
workmanship, and the work had simply been 
thoroughly repaired. That, however, did not 
remove the trouble, and then they had adopted 
the method described by Dr. Thearle, of using 
double-chock angle attachments, when the trouble 
disappeared. Generally speaking, it was ible 
to design frames so that the stresses might be kept 
within reasonable limits. The necessary area, 
however, could be provided in two ways. His 
society had always recommended deeper framing 
in the forehold than he believed the author recom- 
mended. He was a believer in deep sections. 

Mr. C. E. Stromeyer, who followed, would have 
liked more information in the paper in respect, for 
instance, of the weather. It would be noticed that 
of the cases dealt with some ships survived two 
years only, and others sixteen. Did those last- 
ing only two years before failure experience 
much worse weather than the others / @ was 
aware that that information might be somewhat 
difficult to obtain in ise form, but the 
logs were usually kept for some , and it 
might be procurable sufficiently closely to assist in 
arriving at some conclusion. There were very 
ay about 32 million seconds in a year. 
If allowance were made for the time spent a 
&c., and the moderately short duration the 
spells of really bad weather were taken into account, 
he thought there would not be more than about 
1,000,000 alternations of stress in the plating 
in the year. The number of alternations that 
mild steel of any particular quality could stand 
was now well known. He estimated that, according 
to his allowance for the number of alternations per 
year, the steel in the case of those ships failing in 
two years was of 14 tons quality, and in the case 
of the ships which only failed in sixteen years the 
steel, he estimated, would be of 12 tons quality. 
Was the material basic or acid, and could the author 

ive the makers’ names and of manufacture ? 
ere were certain firms whose methods of manu- 
facture differed somewhat from those of others, 
and he would hazard a guess that the naimes of those 
makers would not be found in the list*of those 
responsible for the material on which the author's 
paper was based. , 

. W. H. Whiting, the next speaker, said he 
agreed with Mr. Foster King’s remarks on the 
resumption of the very interesting and instructive 
— of discussing failures. He had no actual 

nowledge of anything of the nature which the 
author described occurring in the case of warships. 
He noticed that the author mentioned three 
features of the cases in which cracks were found ; 
he had not mentioned, however, that in four of the 
seven cases the cracks developed just opposite 
the lower tier of beams, and that that was the 
rar they — most numerous. That, 

e t, possibly suggested a drummin 
action a the plate below the beam, avis 
rapid reversals of stress over the sharp edge of the 
angle. He would like to learn whether Dr. Thearle 
knew if the failures occurred at pointe at which it 
was possible that initial stresses had been set up 
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Mr. J. R. Jack said that shipbuilders did 
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not meet with such diseases as were described in 
the paper. It was only by having brought 
to their notice what happened after the vessels 
left their hands that they could know what to do for 
the future. Although the number of cases might 
appear large, it was really exceedingly small com- 
pared with the total numberof vesselson the register, 
and partly for that reason he would suggest that 
the failures might be attributable to workman- 
ship. They could not conceal from themselves the 
fact that workmanship was liable to a certain varia- 
tion, even in the best yards. A foreman might be 
off ill for a few days, and the assistant might not be 
quite able to see everything through in the same 
way. He thought the failures might be due to a 
slight original slackness, and they occurred just 
where that would be expected. The frames were 
bent at that part, and the workmanship was not 
always good. The frames should be bevelled a 
little, and the plates fitted with a small amount of 
draw, when the slack would be avoided. He 
suggested that as a possible cause. 

. Thearle, in reply, said he had really written 
the paper, not only with the idea of giving the profes- 
sion, as he thought all ought to do, the benefit of 
new experiences, but also with a view, if possible, 
of obtaining information from others on the subject. 
He was not sure that he had actually found the final 
solution of the matter. No case of margin plate 
failure had come to his knowledge in the last 
twenty years. If Mr. Foster King still found 
them, they evidently still occurred sporadically. 
He was not in favour of - | framing, “os 
on account of the question of wastage. The 
deep frame was not stiff. The evils he thought 
did not occur when vessels were loaded down to 
their marks. They happened when they were 
light in ballast. He would willingly give Mr. 
Stromeyer samples of the steel that had failed. He 
thought it was all acid open-hearth steel. The 
failures occurred in ships built by British builders 
who very seldom used basic material. Most of the 
plate failures occurred in No. 2 hold. Previous 
to two years ago they had heard of no such cases. 
In recent years the American tariff had affected 
trade. Vessels which formerly were all loaded both 
ways across the Atlantic now regularly only took 
traffic one way, going out light, in ballast. He 
thought that when heavy weather was met with 
in that condition the trouble might arise. The 
cause was due to the absence of rigidity between 
two rigid points, and was due, he thought, to the 
blows of the sea. The cases cited were for ships 
constructed by thirteen different builders, and 
therefore he outa bad workmanship could not 
be the cause. 


Errect or Form anp Size on THE Resistance 
or SHIPs. 


The next paper was on the ‘‘ Effect of Form and 
Size on the Resistance of Ships.” It was by Messrs. 
G. 8S. Baker and J. L. Kent. This paper we hope 
to reprint ina future issue. It discussed the in- 
fluence of fulness of form on resistance and speed, 
and gave the results of a large number of tank 
experiments, from which a new law was deduced for 
the s s at which transverse wave-making oc- 
curred. The newlaw was shown to be consistent with 
theoretical deductions from all models studied. 

The first contribution to the discussion on this 
paper was one by Sir P. Watts, read, in his un- 
avoidable absence, by the Secretary. Sir Philip said 
that it would be a matter of great gratification to 
the members that the William Froude tank had 
so early brought forth fruit of the highest order of 
importance. He gathered the paper elucidated 
two main facts---viz. : (a) a new law indicating the 
manner in which resistance due to transverse wave- 
making varied with length, speed and fineness ; 
and ’)) an application of that law to enable ap- 
proximately the most suitable lengths of parallel 
middle body to be chosen for a given form and 
speed. The authors concluded that the relative 
position of humpsand hollows on the pressure curves 
varied directly as length and prismatic coefficient, 
and the argument was therefore that wave-making 
effects varied in the samemanner. The paper referred 
to a term which was new to him, and he would 
like to ask what was meant by ‘‘ wave-maki 
speeds.” If that law was true, it applied to 
humps aud hollows which occurred on the resist- 


ance curves, and therefore it would be expected 
that these would be governed by the same law. 
It was to be ex i 
varied as Px 


that since the wave-making 
the velocities at which humps 








occurred would vary as ./P.L. It seemed to 

him curious, however, that the connection should 

be so simple as explained in the paper—viz., that 
1 


- should be proportional to 1, —_, 
L v2 


V 3, 
&c. In referring to particular humps found for 
destroyers, a reference was made to the change in 
the nature of bow waves at the topmost hump, 
where () = 1.5. It had been suggested that 
at the high speeds at which such vessels travelled 
the wave pattern departed from that usually 
accepted, and he would ask whether any such 
change had been noted, and whether the angles 
of the diverging waves opened out. The Tast 
section of the paper was of importance in merchant 
ships. It was suggested that the most economical 
ships were those in which the length of parallel 
s 2 


body was given by (®)=0.746 wi a’ 


2 ‘ $ , while the worst results were given 
Jt Wl oe 
b = ——_ » — ’ &e. 

7©® 5 9 
that the (?) values should vary so that the denomi- 
nator was anodd number. Was there any physical 
explanation of that ? 

Mr. A. F. Yarrow followed. The paper, he said, 
clearly showed the results of a large amount of 
steady work. It was one that should be made use of. 
Too often, he was afraid, the results of experimental 
work were laid on one side. Shipbuilders were in 
practice largely guided by the eye; but the eyeneeded 
educating, and it was by papers such as these that 
education could be partly accomplished. He was 
glad the authors had contented themselves with a 
moderate number of formule, which, he admitted, 


It seemed remarkable 


rather frightened him. The authors had an 
suggestions which, they said, would give uced 
resistance under certain conditions. It would be 
interesting to the Institution if they could provide 
any estimate of the improvement actually brought 
about by those suggestions heing applied in practice. 

Mr. Max O. Wurl said the paper was a valuable 
contribution, but all would like to know how far the 
results it gave were applicable in practice. He had 
tried for many years to get the humps on actual trial 
trips, and after carefully eliminating all the errors 
possible, he had succeeded in doing so, the vessel 
being run in several cases a sufficient number of 
times over the measured mile to enable that to be 
done. One of the humps so found did not corre- 
spond with the speed given by the formula in the 

per, and, generally speaking, the interference 
Coecen the bow and stern waves would have a 
greater influence in producing humps than the 
causes mentioned in the paper. He thought more 
study was needed before the formula could be 
applied. 

r. A. M. Robb said he had worked out several 
cases for typical forms, and found that the authors’ 
gures with those of Mr. Taylor. Mr. W. H. 
Riddlesworth said he had tried to compare the 
authors’ results with those of Froude, but had 
found considerable discrepancies. On Mr. Baker 
explaining why the comparisons in that case were 
insdmiesible, the speaker admitted that he had 
fallen into error on that point. 

Mr. Baker, in reply, said that, of course, the 
law had to be applied with common-sense. They 
had examined some 300 models and trials, and 
he had not found one so far in which the 
hump did not agree with the formula. The 
formula was therefore very widely applicable. 
With regard to actual cases of improvement, 
in one case they had added 30 per cent. to the 
parallel body and provided finer ends, with the 
result that the horse-power was reduced from 10 to 
12 per cent. When models had been sent to them 
for testing, by means of the formula they had 
improved upon those submitted to them, so that the 
builders finally got forms giving from 3 to 15 per 
cent. less resistance. No owner had come to them 
in that way but had got his money back in the first 
three months or so the ship was in service. The 
results quoted in the paper included an investigation 
of several cases placed by Mr. Taylor at their 
disposal. 

Suction or INTERACTION BETWEEN PassiIna 

VESSELS. 


The last paper taken at the meeting on Wednes- 


day morning, in the hall of the Institution of Ship- ' 





builders and Engineers in Scotland, was one by 
Professor A. H. Gibson and Mr. J. Hannay 
Thompson, descriptive of ‘‘ Experiments on Suction 
or Interaction between Passing Vessels.” This 
— we hope to reproduce in a future issue. It 
escribed numerous experiments conducted with 
@ steam - yacht of 88 ft. length, 13 ft. beam, 
and 5.66 ft. draught, and a motor-boat 29 ft. 
long, 6} ft. beam, and 1.37 ft. mean draught. 
Measurements were taken of the relative position 
of the two boats at 15 seconds intervals, and the 
forces and moments involved were examined. 
Helm angle experiments were also made, to deter- 
mine what angle would keep the smaller boat on 
her true course. The effect of draught was also 
investigated by fitting a deep keel to the motor- 
boat. A number of conclusions were arrived 
at. For instance, any attempt of the larger 
vessel to draw ahead by increasing her speed 
greatly increased the risk of collision. With 
vessels of the relative size used in the experi- 
ments, moving at speeds within 10 per cent. of 
each other, collision might be produced from a 
lateral distance as great as three and a-half lengths 
of the smaller vessel. The greater the draught of 
the attracted vessel, the greater the probability of 
collision. Interaction was a very real danger, even 
in deep and open waters. Since the paper had 
been written, Mr. Thompson said they had carried 
the speeds up to 10 knots and had found the results 
similar to, but more pronounced than, those as 
given in the paper. 

Mr. G. S. Baker was the only speaker on this 
paper. He said the work was interesting to him, 
as they had carried out work on the same subject 
at the William Froude National Tank with models. 
While he could not give the actual results of 
that work, as it had been done for someone 
who thought that the time had not yet come for 
it to be published, yet he was in a position to say 
that it bore out generally the work described in the 
paper. When Froude started his model experi- 
mental work he had to refer to large-scale ships 
before he could convince people that his results were 
correct. The authors had shown in this paper that 
their results were concordant with his (thespeaker’s) 
from the tank, although sceptics still insisted that 
the effect did not exist. He thought the value of 
the paper would be greatly enhanced if the authors 
would take their boats to some stretch of shallow 
water, such as the Maplin Sands. It was the 
shallow water suction that was really dangerous. 
The authors’ work had been done in relatively 
deep water. He wished to ask whether they found 
that, in some particular position, the smaller 
vessel was particularly sensitive and liable to 
swerve, as he had found with his models? They 
had discovered that characteristic first by the 
model swerving not to, but away from the larger 
boat. Mr. Taylor had been the first to mention 
that outboard tendency. The small vessel was 
sometimes actually pushed away by the interference 
action. 

Professor Gibson, who replied for the authors, 
said he was glad to know that their work agreed 
with Mr. Baker’s tank work. Their helm angles 
were small, but the rudder was larger in proportion 
than it would be on a large ship. They had had an 
extreme case of helm angle of 35 deg., and even 
that had been insufticient to keep the boats apart. 
If a man was not anticipating suction he might 
allow the boat to swing slightly before he began 
control; the effect was then due to suction, and not 
to bad manceuvring. Their diagrams showed a case 
of the repulsion Mr. Baker spoke of. 


Tue Ro.iine or SHips. 


Simultaneously with the meeting on Wednesday 
forenoon, in the Rankine Hall of the Institution of 
Engineers and Shipbuilders in Scotland, a meeting 
was held in the Naval Architecture Lecture-Room of 
Glasgow University, when two papers were read and 
discussed, with the President of the Institution in 
the chair. Both of them were concerned with the 
important subject of the rolling of ships. The 
first was by Mr. A. Cannon, and had for its title 
‘* Experimental Determination of the Effect of 
Internal Loose Water upon the Rolling of 4 
Ship amongst a Regular Series of Waves,” and 
the second was by Mr. Lloyd Woollard, and 
was on “The Effect of Water- Chambers on 
the Rolling of Ships.” The author of the former 
was appointed in December, 1911, by the In- 
stitution to the New Post-Graduate Research 





Scholarship in Naval Architecture, and at the sug- 
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gestion of Professor Sir John H. Biles took up the 
experimental study of the rolling of ships amongst 
waves, which Sir John had himself intended to 
pursue in connection with his presidential address 
to the Engineering Section of the British Associa- 
tion in 1911, but which he was  pemeee from doing 
owing first to an accident, and later to pressure of 
work. He placed at Mr. Oannon’s disposal the 
machine which he had designed for the purpose, 
and this machine was shown in action in the lecture- 
room. Mr. Woollard is a member of the Royal 
Corps of Naval Constructors, and his paper dealt 
on theoretical lines with the efficacy of water-tanks 
as a means of reducing rolling at sea. Both theses 
are of great value, and we shall print them in due 
course. 

Before the discussion of the papers was taken, 
Sir Donald McAlister, K.C.B., the Principal of 
Glasgow University, welcomed the Institution to 
the University, referred to the great men who had 

ided the work of the students in that room-— 

lgar, Jenkins, and Biles—and suggested that the 
papers read showed that science, as applied to 
naval architecture, was assured of as great results 
in the future as in the past. 

Sir Philip Watts said that Mr. Cannon’s — 
opened out a new sphere of future action. , 

oollard’s paper formed a very important contribu- 
tion to the literature on the subject, and it was a 
pleasure to recognise that another member of the 
Royal Corps was adding to the work done by several 
of the younger generation. The subject was one in 
which ee had been personally interested for many 
years. The paper was based on mathematical treat- 
ment, and it was alwaysa question whether the 
assumptions were judiciously chosen, so as to give 
truly significant results. He suggested that a con- 
cluding paragraph should be added to the pa 
giving a summary of the principal results, 
and, further, that the mature of the ‘et 
tions made should be specifically stated. : 
Woollard referred quite rightly to the fact that, 
in an irregular sea, a ship rolled approximately 
in her natural period. is was observed and 
pointed out in connection with the earliest auto- 
matic rolling records, including those taken in 
connection with trial cruises of the Devastation 
and those of the old Inflexible. It meant that 
the free oscillation was in general the dominant 
factor. This being the case, it followed that any 
rolling-resisting device must have its period related 
to the period of the ship. Mr. Woollard deduced 
an important fact in connection with anti-rolling 
tanks—namely, that the rolling was a minimum 
when the tank period was slightly less than the 
wave period, and he suggested that a large increase 
in steadiness could be obtained by continually 
adjusting the tank period. 

Judging from Fig. 2 of the paper, it appeared 
that in a tank of small resistance such as was illus- 
trated by curve 2, the action of the tank might 
increase the angle of roll—for example, at abscissa 
value 0.8, the roll without the tank was about twice 
the wave slope, and with the tank five times 
the wave slope—a great increase; while the 
increase at abscissa value 1.3 was nearly as great. 
He thought, since diminution of the period of the 
tank was efficacious, it would be interesting to 
obtain the curves similar to No.2, when the tank 
period was 0.71. Perhaps, however, Mr. Woollard 
would give an idea as poy oe this curve No. 2 was 
affected by reducing the period. The left-hand 
side of Fig. 2 was the more practical region, since 
it represented waves which the vessel was more 
likely to meet, and consequently the curve No. 5 
appeared to be the most useful to adopt, for the 
maximum ordinary rolling was very slightly in- 
creased by the tank; whereas with big rolling 
the tank was effective. This curve, however, in- 
volved a big increase of tank resistance, whic 
Mr. Woollard suggested might be obtained by 
throttling. 

_ Another important point deduced was as to the 
Inertia effect of the water in the tank ; it was that 
for the best extinctive effect the horizontal con- 
necting channel of the tank should be as high up 
as possible—somewhere about the centre of gravity 
ofthe vessel—as otherwise the inertia of the water 
would be in opposition to the loss of the righting 
couple caused = the free surface. The data given 
as regards the limits of oscillation required by a 
tank will be very serviceable to those concerned in 
fitting such devices. The conclusions deduced were 
obviously for a perfectly regular swell, which, he 
thought, put them more or less out of court for 


h| Mr. Cannon had done. Proceed 





practical purposes, except as bearing on behaviour 
In regular and nearly co-periodic waves. 
Woollard stated the principle of an irregular sea 
correctly in the sentence :—‘‘Since any complex 
wave system may be resolved by a Fourier series 
into component simple waves of the type above 
considered, this result can be extended to cover the 
effect of a confused sea ; each component gives a 


‘forced’ oscillation, and the resulting roll is/| da 


obtained by adding together all these components.” 
But it seemed to the speaker that the last sentence, 
**It is sufficient, therefore, to consider the effect 
of a simple wave system on the ship,” did not 
n ily follow. Concluding, Sir Philip said he 
was quite sure that, technically, the paper was an 
exceedingly valuable eee of work, ion would be 
of great use to all those dealing with questions in 
connection with anti-rolling tanks. 

Colonel Russo, who had read a paper to the 
Institution in 1902 on the subject, and was the 
inventor of the navipendulum, offered congratula- 
tions to Mr. Cannon upon his success. e diffi- 
culties which they had to face in such experiments, 
he continued, essentially depended upon the fol- 
lowing facts :—(1) That the axis of oscillation of 
the ship in still water or upon waves did not pass 
exactly through the centre of gravity, although the 
instantaneous axis of rolling passed in proximity to 
the said point, and (2) that the centre of gravity 
of the ship rolling on the wave did not follow an 
exactly circular path. But the differences for the 
theoretical case were of little consequence in 
experiments when dealing with waves of sufficient 
length relatively to the dimensions of the ship. He 
did not propose to enter into a consideration of the 
remarks by Mr. Cannon as to the navipendulum 
(paragraph 15). With this apparatus a certain 
dipping motion (rising and falling) of the centre of 
gravity arose from the fact that the curve of centres 
of buoyancy was not an arc of circle, and with the 
new instrument described by Mr. Cannon, an 
identical dipping motion took place, as it had not 
been possible until now to adopt cam-shaped wheels 
to sustain the roller path. But he had reasons 
for thinking that there was no inconvenience from 
the point of view of practical results. Another 
difficulty was the regulation of resistances to be 
added to the navipendulum to approximate the 
conditions of the real ship. Mr. on had said 
that the actual resistances existing in the apparatus 
had given, in his ease, an effect nearly correspond- 
ing to that desired. He remembered what Mr. 
R. E. Froude said about the system adopted by 
him —‘‘ the proof of the cake is in the eating.” He 
admired for its simplicity and clearness Mr. 
Cannon’s method of tabulating the results of his 
experiments on the effect of loose water in the 
tanks. The conclusion, too, seemed to be perfectly 
sound. Recently they had had in Italy somewhat 
similar research work by Major Pecoraro, who had 
been experimenting with Frahm anti-rolling tanks 
in models in still water, arid with the navipendulum 
at Spezzia and Genoa, and there were many points 
of contact with Mr. Cannon’s research. He was 

lad that there were to be experiments with the 
rahm system. Mr. Lloyd Woollard followed the 
theoretical method of investigation, but as the 
problem involved a combination of three oscillatory 
motions, each of which was subject to complex 
laws, Colonel Russo was inclined to with 
Sir John Porter that the experimental method 
would yield the best results. 

Sir John H. Biles spoke next, and first expressed 
his great pleasure that a meeting of the Institution 
of Naval Architects was being held in the naval 
architecture class-room of the university: it was 
the first time an Institution had met there. He 
next referred tothe great value of research scholar- 
ships in facilitating the execution of such work as 
ing, he gave a 
lucid exposition of the problem under discussion, 
beginning with Mr. R. E. Froude’s investigation 
in connection with the free and forced oscilla- 
tions of ships. The combination of the damping 
of rolling by resistance with impulse or increase of 
rolling due to wave action, resulted in a balance 
which made the rolling become uniform. But 
before that uniform state ensued there was a period 
when the free oscillation of the ship caused by the 
impulse of waves was attempting to adjust iteelf, 
and before that balance came about they might get 
a large angle of rolling. That was the condition for 
the direct solving of which the machine had been 
devised. Sir Philip Watts and Mr. Froude had 
applied methods under which each ship had! to be 





considered separately, and this involved great work 


Mr. | which was avoided with the new instrument. Mr. 


Cannon had shown that under circumstances which 
were possible in the everyday life of a ship there 
might be produced a danger point under certain 
conditions of waves, and with a certain amount of 
loose water in the ship. That was sufficient reason 
for continuing the experimental work, as these 
nger points could by such research be avoided. 
He thought that Mr. Woollard’s paper would have 
a direct ing on this continued work. 

Mr. H. Wheatily Ridsdale conveyed to the meet- 
ing an expression of the regret of Mr. Frahm that 
he was not able to be present, and said that he 
had been asked by Mr. Frahm’s technical colleagues 
to offer one or two observations on Mr. Woollard’s 
paper, which added considerably to the tical 
ag ee investigations brought before the 
Institution in 1911 by Mr. Hermann Frahm in 
connection with his now well-known invention. 
It would appear from a careful study of the 
paper that the only system of anti-relling tanks 
which Mr. Woollard had taken into consideration 
was that due to, and associated with, the name 
of Mr. Frahm, consisting in the use of water 
columns having a vertical movement the period of 
oscillation of which was controlled by the dimen- 
sioning of the cross-connecting channel, and by 
means of a valve in the corresponding air connec- 
tion. When the early work of Sir Philip Watts 
received the recognition to which it was so richly 
entitled, and when the name of the learned in- 
vestigator, Major Pecoraro, of the Royal Italian 
Navy, was quoted, Mr. Woollard might usefull 
have made some specific reference to the work of, 
and the papers read before the Institution by, the 
originator of the system, the mathematics of which 
the author set out to develop. This system was, 
besides, the only one used in successful current prac- 
tice. It was true that Mr. Frahm, like nearly all 
other inventors, put practice before theory, and 
only attempted mathematical analysis after having 
attained a close approximation by model and full- 
size experiment. It was, of course, also well known 
that it was somewhat difficult to avoid errors when 
tackling such involved themes, as, for instance, 
the rolling of ships at sea with anti-rolling tanks, 
solely from a theoretical point of view. “tt would 
therefore be of special interest to members to hear 
that results such as they had that day had pre- 
sented to them, and which had been Fk | at 
with the aid of theory alone, were confirmed by 
the results obtained in a practical manner and in 
actual ships. 

It would be sufficient to refer to one or two 
of the more important points. Mr. Woollard’s 
remarks confirmed the observation already made 
use of by Frahm—viz., that a ship rolling at sea 
had her own natural period. That Mr. Frahm 
was correct in basing the design of his tank on 
this fact had therefore received additional corro- 
boration. It had also been observed, not only in 
the case of those installations which were already in 
use, but also during very careful model experiments, 
that a difference of period between that of the 
tank and that of the ship only appreciably affected 
the efficiency of the tank when its period was 
slower than that of the ship, the efficiency being 
then somewhat rapidly diminished. If, on the other 
hand, the period of the tank were shorter than that 
of the ship, the efficiency was increased, and most so 
when the period of the tank was about 10 per cent. 
shorter than that of the ship, beyond which - 
centage this damping effect slowly commenced to 
fall off. From this it would be observed that 
the tank would always be effective if the period 
of the water column were calculated on a basis 
of the ship’s own quickest natural period; and for 
all slower periods, which might occur in the case 
of this particular ship, the reduction in efficiency 
would not be appreciable. It was, of course, 
unnecessary to remark that no ship had at all 
times the same invariable period, but this varied 
within definite limits according to the condition of 
loading. It was, however, generally the case 
that no arrangement need be provided for 
regulating the period of the water in the tank, 
thus simplifying greatly its practical work- 
ing. Up toacertain point the regulation of the 
period could be effected with the aid of the air- 
valve. It had been proved by actual observation 
at sea to be quite unnecessary to have an exact 
adjustment between the period of the tank and 
that of the waves, such as Mr, Woollard indicated 
in his paper. Again, when the wave period varied 
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greatly—e.g., by 40 to 50 per cent.—from the point 
of synchronism no excessive rolling could occur. 
This fact was clearly brought out in Fig. 2 of the 
paper, and it would be seen from it that the ampli- 
tude of the ship’s roll without the tank was reduced 
to about one-fifth of the maximum when the 
wave-period was 40 to 50 per cent. greater than 
that of the ship, and to about one-twenty-fifth 
of the maximum when the wave-period was 40 to 50 
per cent. less than the ship’s natural period, when, 
of course, the maximum inclination occurred. It 
was therefore obvious that in these two conditions 
the damping effect of an anti-rolling device was no 
longer required. Mr. Woollard’s investigation 
dealt more particularly with the relationship 
between the period of the ship and that of the 
tank, which he assumed to be constant, and that 
the tank period was 10 per cent. quicker than that 
of the ship, whilst, on the other hand, the wave- 
period varied. The results of these investigations 
were given in Fig. 2 of the paper, and he might 
say that they resembled very closely those arrived 
at by Mr. Frahm from model experiments, which, 
however, had not yet been published. There was 
a very close agreement between these results and 
those of Major Pecoraro’s model experiments. 
There was, therefore, in the results as set forth by 
Mr. Woollard and Major Pecoraro respectively a 
happy example of agreement, not only with the 
inventor’s figures, but also between pure theory 
and practical experiments. 

Sir Archibald Denny referred briefly to observa- 
tions made on two small ships built by his firm, 
which seemed to indicate that the natural period of 
the ship changed greatly at sea under different con- 
ditions. Although the observations were not based 
on automatic records, Sir Archibald promised to 
have them looked up and sent to the Institution. 
He remarked, further, that the words ‘‘ dangerous 
condition,” used in the discussion, were not to be 
taken literally. 

Mr. Woollard, in replying to the discussion, 
said, in connection with Sir Philip Watts’ remark, 
that he had not put forward his paper to establish 
conclusions, but rather to outline a course of future 
experimental work. 

r. Cannon also briefly replied, and in referring 
to Colonel Russo’s speech, said that he thought 
that this was a case where it was not necessary to 
strive after perfection in the appliance, as such 
bow not greatly affect the suggestiveness of the 
results. 


THe OccuRRENCE OF CAVITATION, 


As the hour for adjournment had been reached, 
and as the members present desired to go to one or 
other of the excursions arranged for the afternoon, 
it was agreed, with the consent of the author, to 
hold as read Professor Dr. L. Giimbel’s paper on 
the ‘‘ Criterion for the Occurrence of Cavitation.” 
Members were invited to send their views upon it 
to the Secretary. The meeting then adjourned. 


Visits, Excursions, &c. 


On the afternoon of Wednesday, the 25th, alter- 
native visits were made to the works of Messrs. 
Babcock and Wilcox, at Renfrew; to the Port 
Dundas and Pinkston Power Stations of the Glas- 

ow Corporation ; and to the works of the Albion 

Motor-Car Company, Limited, and the Singer 
Manufacturing Company, at Scotstoun and Clyde- 
bank respectively. In the evening, at the invitation 
of the Institution of Shipbuilders and Engineers 
in Scotland, members of the Institution of 
Naval Architects were entertained to dinner at 
the Grosvenor Restaurant, Gordon-street. Yester- 
day (Thursday) was devoted to a whole-day ex- 
cursion to Arran and to the works of Messrs. Wm. 
Beardmore and Co. at Dalmuir. The ty left 
the Bromielaw in a special steamer, the Sedan of 
Argyll, and luncheon was served on board. Messrs. 
Beardmore’s works were ins in the morn- 
ing. The trip extended to Brodick, where, at 
Brodick Castle, the party was entertained to 
tea by the Marquis and Marchioness of Graham. 
In the evening a ball was held at St. Andrew's 
Hall, a te members and guests being re- 
ceived by Lord Inverclyde and members of the 
reception committee. The ages concludes 
to-day (Friday) with the reading and discussion of 

pers in morning and visits in the afternoon. 

@ papers to be read and discussed are :—** On 
the of Three Ferry-Steamers Propelled 
Geared Turbines,” by Dr. J. Inglis; ‘‘A Device 
to Facilitate the Coupling of Cruising Turbines,” 





by Mr. H. E. Yarrow ; ‘‘ Performance on Service 
of the Motor-Ship Suecia,” by Mr. I. Knudsen ; 
‘*A Case for Electric Propulsion,” by Messrs. J. 
Reid and H. A. Mavor. The excursions arranged 
for the afternoon are a visit to the Anchor Line 
8.S. Caledonia and a trip to Loch Lomond. 





INDUSTRIAL NOTES. 

Tue fourteenth annual report of the General Federa- 
tion of Trade Unions, recently issued, does not 
recite a very flourishing state of affairs from a 
financial point of view. This is shown by the 
fact that for three years in succession the income 
from contributions has been far exceeded by the 
expenditure. During the five years ended March 31, 
1913, the total income from contributions was 
220,233. 0s. 10d., while the amount returned direct 
to the societies affiliated has been 365,619/. 4s. 8d., 
or an exces; of benefit over contributions of 
145,386/. 3s, 10d. This is a very serious condition 
of affairs for the Federation, and must be remedied 
if things are to be put on a sound basis. The 
figures represent an annual excess of benefits over 
contributions of 29,077/. 43.; a state of things very 
far from satisfactory. The causes of the deficit are 
stated to be intellectual and economic unrest, the 
increased tendency towards general strikes and 
lock-outs, the growth of what are called agree- 
ments, but what are said in the report some- 
times to be only ‘‘movements on the part of in- 
directly affected workers to obtain strike-pay as against 
out-of-work pay, which is usually lower, together with 
the partial recognition of the sympathetic strike.” 
In order to avoid the present state of things in the 
future several proposals are put forward in the ae 
The Management Committee might, for instance, have 
more power given to it to intervene before notices are 
tendered, even in the case of large unions ; they might 
also refuse to grant benefits except where definite and 
actual claims for wages or hours were involved, and 
the benefit might be reduced, or the contribution 
might be increased. 

t has been found, on the average, that during the 
past five years approximately 10 per cent. of the 
membership has received dispute benefit at an annual 
cost per head of l/. 7s. 7d., and te meet such an 
expenditure would require an annual aggregate con- 
tribution of 111,411/., or an average individual 
contribution of 2s. 6d. Probably something like 
3s. 4d. would have to be paid by members on the 
higher scale, while the contribution of those on 
the lower scale would be about 1s. 8d. With this 
there might perhaps be a small reserve. After all, 
such contributions do not represent a very heavy 
payment, 4d. a week not being a very ruinous 
amount to secure the payment of 5s. a week during 
strikes and lock-outs. It is. stated that with such 
a contribution it would take twelve years to provide 
eight weeks’ benefit. 

he income during the year covered by the report 
was considerably higher than in any previous year of 
the Federation’s existence, owing to the double con- 
tribution that was levied. Entrance fees, contribu- 
tions, &c. ,during the year amounted to 75,508/. 19s. 2d., 
the proportion of this derived from interest, dividend, 
&c., being 1973/. 03. 10d. Against this, however, were 
bank charges and interest on overdrafts to the extent 
of 540/. 188. 1ld., leaving a net income from this 
source of 1432/. ls. lld. The serious effect of the 
financial strain of the last few years on the resourcee of 
the Federation is clear, for the net income from interest, 
dividends, &c., in 1909 was 5426/. 15s. 1d. The total 
expenditure for the year ended March, 1913, exceeded 
the previous year’s expenditure by 22,854/: 1s. 6d., 
being 96,938/. 10s. 1ld. This, however, was less than 
the expenditure of 1908-9. During the last financial 
year federation benefit absorbed 91,106/. 15s. 2d., as 
against 70,609/. 17s. 7d. in 1911-12. In 1911-12 the 
number of members involved in disputes amounted to 
185,588, while in the current year 100,657 members are 
involved, representing 114 per cent. of the total 
membership. Since its affiliation the Federation has 
aided its affiliated members to the extent of nearly 
500,0002 


Since the Federation was formed several unions have 
seceded from it. The reasons given vary. In some 
cases it was said that the increased contributions could 
not be obtained from the members of the seceding 
unions, while some unions seceded because they 

with non-affiliated societies and were 
compelled todoso. Two societies have lapsed owing 
to non- cere of contributions. Altogether nine 
societies have lapsed, seceded, or fused with others, 
while, on the other hand, 17 have affiliated, a net gain, 
therefore, of 8 societies being the result. The total 
membership now amounts to 874,281, representing a 
decrease on the previous year of 10,010. The figures 
for the previous year were, however, extraordinary, 
for between the years 1910-11 and 1911-12 the mem- 


by bership rose from 711,994 to 884,291. 





The monthly report-of the Associated Blacksmiths 





and Ironworkers’ Society for the four weeks. ended 
June 3 last has just appeared, and records steady 
progress in the ange 4 The membership continues 
to steadily increase, being returned at 7105, an 
increase of 122 over the previous month. The income 
for the four weeks amounted to 978/. 6s. 64d., and 
the expenditure to 1070/. 10s. 94d. In the latter 
amount, however, is included the amount required for 
paying claims under Parts I. and II. of the Insurance 
Act, and for the past four weeks these payments have 
absorbed 258/. 12s.; but this sum will e recovered 
from the State subject to the audit. Deducting the 
amount spent for State purposes from the total 
expenditure there remains 811/. 18s. 94d. expended, 
or @ clear gain on the month’s transaction of 
1667. 78. 9d. At Inverness the men are out on the 
Highland Railway for a minimum wage of 30s. a 
week, and at present there does not seem any pros- 
pect of a settlement. 





The strike of weavers at Glossop was settled on 
Thursday last week. The men had struck on the 

revious day because one of their number declined to 
join the local weavers’ union. As work was found 
for this man in another part of the mill where he was 
at work, the strikers returned to their looms. 





On Monday last another attempt was made to settle 
the differences existing between the Lancashire cotton 
masters and the operative spinners regarding bad 
spinning. The conference was nct to consider the 
matter in relation to the disputes that have arisen at 
the mills where strikes have been declared, but to 
discuss it from a general standpoint. The attempt 
to aa about an agreement was, however, unsuc- 
cessful. 





The number of men on strike in the Birmingham 
district was augmented on Saturday last by the addi- 
tion of from 10,000 to 12,000 metal-workers, which 
brought up the number of men idle to about 40,000. 
Sympathy with the men on strike is said to be the 
cause of this action. There appears to be a desire 
that the Board of Trade should intervene. The strike 
is now affecting outside industries, and works are 
already being closed, for customers whose men are 
on strike cannot take deliveries, and, should the strike 
be prolonged, the Black Country will have its iron 
trade very much interfered with, if not entirely 
stopped. The men insist that within a reasonable 
time—say ene week—the Midland Employers’ Federa- 
tion should recommend to ite members a minimum 
rate of wages of 233. for adult able-bodied unskilled 
male workers. So far as piece-work is concerned, 
freedom is claimed for any society to negotiate on 
behalf of its members. It is intended to take a ballot 
of the men on strike as to whether the demand for a 
minimum wage shall be persisted in. On Wednesday 
last further negotiations took place with firms who 
were willing to concede the minimum wage in some 
of the districts round Birmingham. 

At the eridge Wood Colliery, which belongs 
to Lord Dudley, a dispute has arisen with regard 
to the loss of time in ascending and descending 
the pit, the contention of the men being that the 
reckoning of the shifts should be from bank to bank. 
About 800 miners are now on strike regarding it. The 
dispute has, however, nothing to do with the minimum 
wage question. 





A large number of men have been thrown out 
of work in the Dublin timber-yards, owing to the 
strike of sawyers and machinists. Carpenters and 
other workmen in the building trade have been 
thrown idle owing to shortness of the timber supply, 
and for the same reason many of the carters also 
whom the builders employ have been compelled to 
cease work. A serious feature of the trouble for 
Dublin appears to be that the traffic in timber is going 
to other ports in the provinces, and that when the 

resent strike is over it will not be easy to bring it 

k again to Dublin. 





British Corporation Recistry.—We have received & 
copy of the new issue of the ister Book and Rules of 
the British Corporation for the Survey and Registry of 
=e The material growth of the Society and the 
extent of its influence are evidenced by the fact that the 
tonnage of the vessels built to its classification is now 
3,152,504 tons. About one-third of the owners reside 
outside the borders of the United Kingdom. The rules 
now deal with an mepevtent advance in that they contain 
a table for tunnel stiffeners upon the basis of their length 
and the head of water to which they may be subjected. 
The very important matter of the attachment of the main 
frames to the tank margin plate has also received further 
attention, and the requirements have been considerably 
amplified and improved. The Committee apparently do 
not consider that the ibility for lifeboats should be 
taken out of the hands of the Board of Trade, and refer 
it to their control, adopting the Board's formula for the 
sizes of the boat’s davits. Their action in this matter 
may be interpreted as a step towards the standerdising of 
details of this kind, apelin which uniformity would 
. confer a great public advantage. 














ne 


ce 
ve 


he 
Lal 


of 
he 


)8- 
on 
he 
nd 


as 


tle 


le 


~eB One GoM OS'S ZB2 ESS =P 











ENGINEERING. 





885 





JUNE 27, 1913.] 


SOME NOTES ON THE PROPOSED L.C.C. 
REGULATIONS FOR REINFORCED 
CONCRETE.—No. ITI. 

By Percy J. Watpram, F.S.I., M.C.I. 


Tue Regulations which relate to columns and 
compression members are as follow :— 


Part IV.—PI..ars. 

80. The term “‘ pillar” when used in these Regulations 
shall be deemed to include any pillar, pier, post, column, 
detached support, or any other vertical compression 

ember. 
mel. Pillars shall be designed on the assumption that 
the concrete and the vertical bars are shortened in length 
in the same proportion. : 

82. In calculating the strength of a pillar, the maximum 
value of the ratio of length to effective diameter shall be 


taken. 

83. The length shall A | + pee the lateral 
supports, irrespective of any splayed work. 

th The effective diameter shall be measured to the 
outside of the outermost vertical reinforcement, and shall 
be measured in the direction of the lateral supports 
which determine the length of the mag 

85. A pillar shall’be deemed to have fixed ends when 
the ends of the pillar are sufficiently secured to other 
parts of the construction having such rigidity as will 
maintain the axis of the pillar at the ends in its original 
vertical position under all loads less than the crippling 
load 


86. When both ends are fixed, and when the ratio of 
length to the effective diameter does not exceed— 


18, the full stress may be allowed on the pillars. 

21, 0.8 of above may be allowed. 

24, 0.6 ” ” ” 

27, 0.4 ” ” ” 

30, 0.2 ” ” ” 

For other ratios the stress shall be proportionate to 
the above. 

87. In the case of compression members not having 
both ends fixed, the loads shall be as follow :— 

Let P = the maximum permissible pressure on pillars 
and compression members having fixed ends. 


=e Working 
Condition of Ends. fas 
One end fixed and one end hinged .. ; 
Bothendshingd ..  ...... = 


One end fixed and the other end free and 
not guided, stayed, or supported in all 
directions 

16 

Clauses 88 to 99, inclusive, specify the usual 
minima reinforcements for compression members 
—viz., at least 0.8 per cent. of longitudinals in at 
least four lines when combined with rectilinear 
laterals, and at least six lines with curvilinear 
laterals, the bars to be not less than $ in. nor more 
than 2in. in diameter. At least 0.5 per cent. of 
laterals are required to be at a pitch not less than 
0.6 of the diameter and they must measure at least 
+ in. in diameter if curvilinear and ,%, in. if recti- 
linear. 

The permissible stresses on columns are defined 
in Clauses 99 to 102 in the same terms as appear in 
the Royal Institute of British Architects’ Report. 

Pillars (Clause 80).—These are defined as vertical 
compression members. The necessity for the use 
of the word ‘* vertical” is not apparent. If it is 
intended to exclude horizontal compression mem- 
bers (on account of cross-stress due to their weight) 
from the beneficial effects of efficient cross-bind- 
ing, it also relieves them from the necessity of 
cross-binding, and the remedy is worse than the 
disease. There is also no necessity for it, as the 
effects of eccentric stress are fully provided for 
elsewhere. 

Effect of End Fixing (Clauses 86 and 87).—The 
method of fixing the working stress on columns 
according to the end fixing is a variation of the 
more usual method of ascertaining the virtual 
length consistent with such end fixing, and then 
applying the stress proper to the proportion 
between such length and the radius of gyration, 
or the proportion between the length and the 
diameter of the column as Clause 86. The permis- 
sible stresses resulting from the method adopted 
are at variance with the ordinary practice relating 
to columns of wood or metal. 

They have obviously been obtained by applyin 
toall columns the ‘‘ crippling factor” of Euler’s an 
Gordon’s formule for Wieraisins the variations in 


strength due to small differences in the length of 
slender columns. 

In fixing crippling factors the assumption is made 

t, ceteris paribus, a column with round ends will 

act as if it were a column of twice the length with 

fixed ends. According to Clause 87, the relative 





strengths of two columns of the same length, one with 
rounded ends, and the other with fixed ends, would 
be as 1 to 4, yet, according to Clause 86, the strength 
of a column of 12 diameters long would be the same 
as that of one of 6 diameters long. The two clauses 
are accordingly not wholly consistent. A column 
6 diameters long, if with rounded ends, is only 
credited with one-quarter the load that is allowed 
on a column 12 diameters long having fixed ends. 
Yet, on the ordinary theory, the strength of the 
two should be identical. 

The reason for this serious discrepancy is the 
incorrect assumption that because Gordon’s or 
Euler’s formula contains the factor 


1 
i\2 
(,) 
then the strength of columns varies inversely as the 
square of their length. But the complete formule 
= very different results, as will be readily seen if 
ordon’s formula be regarded in the simple form of 
1 
1+ = 
qr 


l l 
Taking, for example, , = 20and> = 30 and 
c, = 32,926 for 1:2:4 concrete, the strengths 


would then vary as whereas the 


to =U 
1.012 1.0274 
inverse of the squares of their difference in length 


would indicate that their strengths vary as ; 
“2 
9 


In the majority of practical columns the strength 
varies more nearly as the length. 

The anomaly would disappear if Clause 87 were 
expressed in terms of the strength (according to 
Clause 86) of columns of equivalent length. The 
fact that the same error is to be found in other 
codes of regulations and in the Report of the Royal 
Institute of British Architects is no reason why it 
should be perpetuated in the first British code.* 

The Strength of Long Columns (Clause 86),—It 
would be decidedly interesting to know upon what 
data the Council arrived at the very stringent re- 
duction in the strength of slender columns stated 
in Clause 86. It is recommended in the Royal 
Institute of British Architects’ Report that the 
liability of columns, axially loaded, to fail by bend- 
ing owing to differences in the stiffness of the 
material on opposite sides of the section, may be 
neglected in columns laterally supported at the 
and top whose least outside diameter is not less 
than one-eighteenth of the length. 

With this recommendation the regulations 
concur; but with d to what is the reduction 
of strength of more slender columns there is a very 
wide difference between the report and the regula- 


tions. Both adopt the crude criterion of which 


has long been discarded as obsolete for wood and 
metal columns in favour of the more exact ratio 
of length + radius of gyration, or L The ratio : 
"9 
may obviously cover the large differences of strength 
which exists between sections of the same dimen- 
sion d, but which vary in efficiency according to the 
disposition of the material with regard to the 
neutral axis—viz., according to differences in the 
moment of inertia, the linear criterion of which is 
the radius of gyration. 

An ingenious attempt was made in the Report 


to combine the simplicity of the ratio! with the 


accuracy of the ratio ' by introducing intoGordon’s 
formula the numerical equivalent (N) of the moment 
of inertia ; and then working out N for a few 


values of Those values tended to show that 


large differences of N affected the results to only 
asmall degree. But, unfortunately, this apparently 
comfortable result was arrived at by making certain 
assumptions as to the relation between d and the 
mean diameter’ (d, ) of the ring of vertical rein- 
forcements. This relation varies according to the 
amount of reinforcement, and any fixed value for 
it covers large actual differences. It can easily be 
worked out accurately for any case, and when this 





* Vide ENGINEERING, April 15, 1912, page 450. 





is done, and plotted as in Fig. 4, it will be seen 
that the value of the moment of inertia, and of 
the radius of gyration, varies substantially with 
different proportions of reinforcement. 

The accuracy of the results obtained by assuming 
a fixed relation of d to the mean diameter of rein- 
forcement (d, ) are thereby considerably affected, 
and do not agree with calculations on a similar basis 
of actual sections. It is ible that the com- 
pilers of the regulations, finding this anomaly in 
an authoritative statement of the theory of the 
subject, decided to put themselves well on the safe 
side by a drastic cutting down of values ; but if so, 
it would surely have been preferable to have pro- 
perly investigated the point. If the alteration 
were made upon some new data, then both the 
data and the deduction should have been published. 
It would. almost appear, however, that the figures 
given are based on the same erroneous line of 
reasoning adopted with regard to end-fixing in 


Moment oF INERTIA AND Rapius OF GYRATION 
4. OF COLUMN SECTIONS 


Values of /N ~ a 





Values of N-Ad* 


~ 


> ° 
Values orr-¥ 
2 


4 


\ 3 Bj 
CEH rea $s 


33840 


<-d 


Clauses 86 and 87. The reductions in strength are 
suspiciously close to the inverse of the squares of 
the differences in length ; which work out to 1, 
0.73, 0.56, 0.4, and 0.34, a series of figures which 
seem almost to invite tabulation in the neat 
sequence of 1, 0.8, 0.6, 0.4, and 0.2. If so, they 
are wpe A an incorrect attempt to express the 
results of Euler’s or Gordon’s formule. The Royal 
Institute of British Architects’ figures do the same 
thing more accurately, and there seems to be no 
reason why correct values should not be stated. 

The form of Gordon’s formula recommended in 
the Royal Institute of British Architects’ Report 
is that the reduction of strength due to slender- 
ness may be taken as the ratio of 
1 

Pr 
cy N a? 
in which formula c, is a constant depending upon 
the stiffness (KE. ) and ultimate — (U) of the 
concrete, and is approximately given by 

4m? KE. 
¢) = ° 
U 

The term N is the numerical equivalent of the 
moment of inertia of the section exp in terms 
of its area of cross-section (A) and its diameter (d) 
at right angles to the plane of bending, or I = 
N Ad’. 

If, however, we know the moment of inertia, 
the area, and the dimension d, it is quite easy to 
obtain the radius of gyration (7, ) for 


%= T_ \/Na@ ig 
vea/t Ad 4 Jy, 


ry? =Nd 


The formula given in the Report is therefore 
equivalent to 


l to 
1+ 


and 


1 
Rp 
OT," 


and the numerical equivalent of the radius of gyra- 
tion (r, ) with re tod can be obtained direct 
from N, forr, =d ./N. 

If, therefore, the value of N be correctly com- 
puted for any given section, and for any given pro- 
portion of reinforcement, there is no difficulty in 


1+ 
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tabulating or plotting the strength of long columns 
in accordance with Gordon’s or Euler’s formula in 


terms of . 
v9 
The values of N and JN are plotted in Fig. 4, 
and the reduction of strength due to slenderness 
according to Gordon’s formula with the constants 
stated in the Royal Institute of British Architects’ 
Report is plotted in Fig. 5. Judging from the 
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appearance of the plotted curves, it would cer- 
tainly seem preferable to adopt the ratio eather 
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- 
than any method based upon the crude approxi- 


mation a which must necessarily cover large 


cf 
undetected differences in actual strength. 

Part V. of the regulations stipulates such reduc- 
tion in the thickness of walls specified in the London 
Building Act, 1894, which may be made in buildings 
of reinforeed concrete—the permissible thickness 
being 8} in. for the topmost 20 ft. of height, and 
13in. below. Presumably, the height referred to 
is that of an individual panel, but a clear state- 
ment to that effect would be desirable. Walls of 
hollow blocks, with a hollow space of at least 3 in., 
can be 84 in. thick, The ordinary limits are 
placed upon the compression stress on brickwork. 

Part VI. reiterates the permissible pressures on 
foundations contained in the parent act. 

Part VII. stipulates the minimum thickness of 
cover of concrete over reinforcing bars—namely, 
4 in, in slabs, lin. in beams, and 1} in. in the 
vertical rods of columns, or, in any case, not less 
than the diameter of the bar covered. 

Part VIII. stipulates practically the same 
requirements for materials as were recommended 
in the Royal Institute of British Architects’ Report. 
The only points of importance would appear to be 
as follow :— 

Washing of Aggregate (Clause 126).—It is not 
quite clear why ballast or gravel is the only kind 
of aggregate which requires to be washed; the 
term ‘‘ coarse material” would be preferable, and it 
should be stipulated that the washing should not 
be done in such a way as to remove the finer par- 
ticles. Aggregate which requires to be washed 
at all is far better out of the work altogether. 

Volume of Mortar (Clause 130).—It is not 
stipulated whether the volume of mortar specified 
is to be the wet volume orthe dry. The two are 
by no means identical. 

Part [X. stipulates the tests by means of which 
district surveyors shall judge of the strength of 
structures, and has been already dealt with. 

Part X. makes the usual requisitions with regard 
to centering and falsework. The stipulation that 
shocks or vibration shali be avoided is a very wel- 
come one. 

Part XI. specifies workmanship generally. Its 
requirements are practical in character, and are 
generally clearly expressed. 

Some of the foregoing points are new ; upon others 
representations were made some 12 months ago to 
one of the criticising institutions, and are presum- 
ably under consideration. They are raised in no 
spirit of carping criticism, but with the sole object 
of rendering more easy the lot of those who will 
have to administer and those who have to work 
under the regulations; who may be either archi- 
tects, specialists, or district surveyors in London; 





or engineers, architects, or builders in a provincial 
town, or ina colony which adopts the London Regula- 
tions as representing established and authoritative 
practice. Criticism of work upon which much 
tedious voluntary labour has been expended is 
necessarily uncongenial, but it is surely the duty of 
every British engineer to do whatever he can to 
ensure that the first British official code affecting a 
new phase of engineering science shall be as per- 
fect as possible, and shall not suffer in repute on 
account of any personal consideration, whether it 
be a very natural hesitation to suggest anything 
like carelessness or inaccuracy on the part of the 
compilers, or upon his own part, an equally natural 
disinclination to bother about something for which 
he is not at the moment personally responsible. 





Contiery GuipE FoR NORTHUMBERLAND, DURHAM, AND 
YorxsHIr".—The complete title of this publication is 
**Reid’s Handy Colliery Guide and Directory for the 
Counties of Northumberland, Durham, and Yorkshire ;” 
it is published at the price of 2s. 6d. by Messrs. Andrew 
Reid and Co., Limited, Newcastle-on-Tyne. It contains 
& map showing the location of the mines in the three 
counties ; lists of colliery owners, agents, managers, and 
engineers; lists of collieries; names and addresses of 
H.M. spoons of mines; the Mines Explosives Acts, 
orders regulations, and other information of interest 
on the subject of coal-mining. 


Parsons Tursines.—The Moniteur de la Flotte repro- 
duces a paragraph from the journal Marina Mercantile 
Italiana, according to which Captain Etiore Bravetta 
expresses his satisfaction at the fact that the Italian 
acts Be adopted Parsons turbines for propelling their 
warships, since these turbines are far preferable to all 
others in regard to simplicity of construction and safe 
working. He strongly urges the adoption of the Parsons 
mechanical gearing for all the Italian battleships to be 
laid down in the iam and also for all Italian liners, 
since reciprocating engines are now antiquated from both 
the technical and the economical points of view. 


Crry or Coventry Pusiic Lipraries.—We have 
received from the librarian of the city of Coventry, Mr. 
8. A. Pitt, the first section of a complete catalogue of 
the books at the central lending library of that city. 
This section covers natural science, useful, fine and 
recreative arts, and contains author and title index, class- 
list, and subject index. The latter, in conjunction with 
the class-list, should prove exceptionally useful, as, 
together, they are sufficiently detailed to be of real 
assistance in a search for information on particular 
subjects. We understand that other sections will be 
issued in time, dealing with history, philosophy, litera- 
ture, and fiction. The sections will then be amalgamated 
to form one complete catalogue, for which it is proposed 
to keep the type standing in order to publish revised 
editions at frequent intervals. 


Tue INTERNATIONAL FirE-Servicke Councit. — The 
meeting of the Executive of the International Fire- 
Service Council was recently held at Leipzig, at the 
invitation of the municipality of that city. The meeting, 
which took place at the 'Town Hall, under the chairman- 
ship of Commandant Meier, of Amsterdam, president of 
the council, was largely occupied with administrative 
matters. As far as technical work was concerned, it dealt 
primarily with the arrangements of the ‘‘ International 
Fire Dictionary of Technical Terms,” which is being pre- 

red by that body. Mr. Edwin O. Sachs, F.R.S. ied. 
vice-president), and Mr. Horace 8S. Folker, F.A.L., 
attended at Leipzig from England. Arrangements have 
been made for the next council meeting and officially 
recognised International Fire Congress to be held at 
Copenhagen in 1915, at the invitation of the municipalit 
of that city; whilst the next executive meeting wi 
be held in Tendon, at the invitation of the British Fire- 
Prevention Committee, in June, 1914. 


Tue UNiversity or Lexps.—The ninth report (1911- 
12) for the University of Leeds records, ee other 
facts, the resignation of Dr. W. A. Bone from the Livesey 
Professorship of Coal Gas and Fuel Industries, on his 
oeae as Professor of Fuel and Refractory Mate- 
rials at the Imperial College of Science and Technology, 
and the appointment in his place of Mr. J. W. Cobb, B.Sc. 
During the year sencoag degrees had been conferred 
upon Mr. Arthur Cooper, Sir Robert Hadfield, Mr. J. E. 
Stead, Mons. Adolf Greiner, Herr F. Springorum, Sir 
Corbet Woodall, Mr. Charles Carpenter, Mr. Thomas 
Newbigging and Mr. W. E. Garforth, &. Arrangements 
had been made for Leeds University students to be 
admitted to the practical dyehouse of the Bradford Tech- 
nical College, whilst students from the latter centre were 
admitted to certain of the University lectures. A part- 
time apprenticeship course had been instituted in dyeing. 
In the M.A. examinations, out of 22 candidates 16 
passed. For honours B.A., out of 20 candidates there 
were 5 first, 10 second, and 4 third class. Of 5 
candidates for M.Sc., 4 passed, and out of 17 for honours 
B.Sc. there were 9 first-class passes, 3 second, and 4 
third. Research had been carried out during the year on 
the strength and elasticity of reinforced concrete beams 
and columns, and on safety devices in connection with 
the use of electrical machinery in mines. The interest 
taken in lectures and work in the West Riding, on 
mining subjects, had greatly,increased; 





THE AGRICULTURAL MACHINERY TRADE 
IN RUSSIA. 


THE Statistical Bureau of the Congress for South 
Russian Mining and Metallurgy has published an interest. 
ing — on the trade of the semstwos (the rural muni- 
cipal rds) in _ yee machinery, &c., for the 
period 1901-1911. he semstwos are under the control 
of the Ministry of the Interior, and in each Government 
there are a Government semstwo (in the local capital), 
and the district or ujesd semstwos which are under the 
contrel of the governor. The majority of these boards 
have for a considerable number of years acted as a sort 
of universal provider to the peasantry, more especially in 
the matter of agricultural machinery and implements; 
and of an aggregate of 394 semstwos, 310 were engaged 
in the sale of agricultural machinery, &c.; 53 did no 
jem = | at all, and as rds 24 no statements were 
available, whilst seven dealt in iron, but apparently not 
in agricultural machinery. 

@ following table shows the increase in the turnover 
of the boards in question in agricultural machinery and 
implements, the figures from and including 1909 also 
comprising other metal goods :— 


_ 
FH ORMRAAD 
a 
Ps) 


oa ai pot * 4 12,056,500 
(The value of the rouble is 2s. 24d.) 

The s ation of the period 1906-8 was due to various 
reforms being effected, and these years were marked by 
an increase of the indebtedness, both of the boards them- 
selves and of the peasantry, but the subsequent three 
years witnessed a rapidly-increasing activity, and there 
seems to be a likelihood of the upward move continuing, a 
view supported by the fact that the year 1911, in spite of 
the failure of the harvest, showed an increase in the turn- 
over, compared with the preceding year, of 5.8 per cent. 

The business in agricultural machinery and metal 
goods during the year 1911 in the different parts of 
Russia was as under :— 


The North 


The South set = oe ee 6,002,600 

Of the different Governments, Chersow headed the list 
with a turnover of 1,018,100 roubles (6 semstwo stores) ; 
next came Ikaterinoslaw, with 816,600 roubles (7 stores); 
Saratow, with 767,400 roubles (7 stores) ; all these are in 
the south. The smallest turnover of the 34 governments 
occurred at Pskow, 66,400 roubles ; Olonez, 39,000 roubles; 
and St. Petersburg, 36,300 roubles. 

Of the different semstwo stores, 28 bad a turnover of 
more than 100,000 roubles in 1911, the one at Chersow 
heading the list with 340,786 roubles ; Ilisawetgrad, in 
the Government of Chersow, coming next with 209,547 
roubles; Orel, also in the south, being third with 
305,948 roubles. 

Most of the semstwos buy the goods direct from the 
manufacturer, although purchases sometimes are effected 
through middlemen or from dépéts. The Government 
semstwo stores not unfrequently buy also for the district 
semsiwos. Most of the goods are bought on credit by the 
stores—six months and even twelve months’ credit, with 
a cash payment of 33 per cent., or in some cases of 0 per 
cent. The amount which the semstwos add to the purchase 


rice varies considerably, but is generally very moderate. 

he stores sell largely on credit, rather more than 5 a 
cent.; but great caution is exercised in sales on credit. 
The buyer often has to find a guarantor, but then the 
credit is often long, up to one or two years. Some 
semstwos only sell on credit to societies or owners of large 


estates. 
As the part which the stores in question play 
in relation to the total sale of caledtenel machinery, 
&c., in Russia, the following figures show the value of 
the total imports during 1910 and 1911 :— 
1911. 

Roubles. 
20,100,000 


7,100,000 


Simple agricultural machines 16,700,000 
Locomobiles, steam-ploughs, 
eee rem bil ... 7,800,000 
Complicated machines 14,200,000 24,200,000 
Total ... - 38,200,000 51,400,000 
During the year 1911 some 36,000 hands were employed 
at factories for manufacturing agricultural machinery and 
implements, and the aggregate production exceed 
51,000,000 roubles in value. : 
The following table shows the growth of beth import 
and uction of agricultural machinery and implements 
for four years :— 


| 
1909. 


1910. 1911. 


roubles | roubles roubles 
37,700,000 | 38,200,000 | 61,400,000 


47,200,000 | 54,800,000 | 51,100,000 
$4,900,000 | 98,000,000 | 102,500,000 
' 














According to this the semstwo dépéts sold 9.5 per 
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cent. in the year 1910 and 8.8 per cent. in the year 1911 
of Russia’s total consumption of agricultural machinery, 
implements, &c. 








RAILWAY ELECTRIFICATION PROBLEMS 
IN THE UNITED STATES.* 
By L. Espran. 

Tue application of electric traction involves two distinct 
problems. In the first instance the problem is to transmit 
the electric energy from the locality of its production to 
the variable spot at which it is collected and utilised by 
the electric locomotive or self-propelling vehicle. By 
locality of production is understood the place at which the 
mechanical ene: is transformed into electrical energy. 
The second problem concerns the study of the devices 
serving for collecting the electric energy on the loco- 
motive, and for transforming this electric energy into 
mechanical energy at the wheels. 

Since the work to be performed is the propulsion of 
atrain on a line of a given profile, the weight of the 
train enters into the efficiency question. In judging a 
traction plant, it is therefore necessary not to limit the 


comparison to the rolling-stock ; the whole of the system | +. 


should be compared. rom this t of view Mr. 
Parodi’s paper calls for some remarks as to his general 
information concerning the principal installations of the 
United States. 

He divides these installations into three categories : 
Suburban lines, main railway lines, and mountain rail- 
ways. This classification does not include the secondary 
branches of the main railways; Mr. Parodi seems to 
class them with the suburban lines. Is that not an 
omission? These secondary branches differ in their 
characteristics al ther from the suburban lines; their 
electrification should likewise be considered ; for when a 
main line adopts electric traction, it would scarcely appear 
advisable to have recourse to other traction systems on 
the branches. Thus the Chemin de Fer du Midi wishes 
to introduce electric traction not only on the line Pau- 
Montrejean, but also on the five branches of this line. 
The service on these branches is different from that on 
the main line, and electric traction, to be economic, 
should therefore be sufficiently adaptable to different 
conditions. 

Having made these Fag remarks, I will discuss 
various statements of b 
features which a r, @ priori, to arise from particular 
circumstances which he probably overlooked. 


Suburban Service.—The two standard suburban traction these 


systems of the United States are the continuous-current 
and the single-phase-current systems; it was therefore 
interesting to compare the two systems as,to the costs of 
installation and of working. 

As regards the primary plant expenditure, Mr. Parodi 

uotes two examples—the Camden-Atlantic City and the 

ton line of the New York, New Haven, and Hartford 

Railway. The comparison of the two lines offers im- 
portant difficulties : the first is a suburban line, in the 
proper sense of the word ; the second is both a suburban 
and a main line, inasmuch as trains of heavy burden 
run on it, 

These differences become much more striking when we 
compare the costs in francs per kilometre of different 
parts of the installation. 


Camden- New York- 

Atlantic New Haven, 
City Boston. 
Length, km. ... ee 245 ai 743 
Central station ... 26,300 oa 41,700 
Sub-stations ... ... 10,200 a 0 
Contact line ... ... 15,700 as 26,650 
Rolling-stock... ... 80,000 hig 10,200 
Shops ... mes .. 1,000 as 12,900 
Total... ... 83,200 181,450 


The projected installation of the New York-New Haven, 
and Hartford Railway has a more powerful power-station 
than that of the Atlantic City line (40 kw. per km. of line 
against 20 kw. about). The contact line (third rail) of the 
latter railway is remarkably cheap, whilst the aerial con- 
ductors of the Boston line are estimated at an extremely 
high figure ; it is noteworthy, moreover, that this aerial 
line has to transport much more electrie energy than the 
Camden third rail. Finally, the provisions made for 
rolling-stock, referred to the line-kilometre, are again 
larger for the Boston line; for the continuous-current 
system (Camden line) one motor-carriage of 480 horse- 
power is reckoned for every 2 km. of track, whilst for 
the single-phase system (New York-New Haven) there is 
one motor-carriage of 700 horse-power, or a locomotive of 
1850 horse-power for every 1.8 km. of track. One may 
say that the cost of installing single-phase traction on 
the Camden line would have substantially been of the 
_ order as that of the contimuous-current installa- 

10n. 

As regards the working expenses, Mr. Parodi draws 
the following conclusions :— aff 

1. The expenditure for maintenance and re 18 
notably higher for the single-phase system than for the 
Continuous-current system, difference amounting to 
about 0.10 franc per car-kilometre on tramways. On 
railways this difference would become much more im- 
portant. Three examples are quoted for the tramways, 
_ only the one (New York-New Haven) for the rail- 

ays. 

2. The weights of the single-phase locomotives are 


* Abrid 





translation of a contribution to the dis- 


cussion of H. Parodi’s paper presented to the Institution 
of Electrical Engineers at Paris (see ENGINEERING, pages 
736 and 752 ante), 


Parodi, and deal with some H 


much higher. As regards the single-phase motor-car- 
riages, it would appear that on suburban lines the machi- 
nery which can be put on the cars is of insufficient power. 

8. The efficiencies, the energy losses in transmission, 
transformer*, sub-stations, locomotives, would, according 
to Parodi, be quite comparable for the twosystems ; they 
would even be a little smaller for the continuous-current 
system, if the figures referred, as they should logically, 
to the useful pull at the draw-bar. 

This conclusion is given with to the main-line 
traffic, but it would directly apply to the suburban traffic. 

The costs of maintenance and repair may indeed very 
probably be higher for the single-phase system. The 
system isstill rather young, whilst the continuous-current 
system can look back to the accumulated experience of 
Many years ; the latter system has, in fact, made enormous 
strides during recent years, particularly with respect to 
expenditure, perhaps owing to the rivalry of the single- 

system. The eingle-phase system has, moreover, 
devised, not for tramways, on which the continuous- 
current traction had = given most satisfactory 
results, but principally for tramway and railway lines of 
great length and for restricted cc ; and to compare the 
costs of electrification, working and repair, as if the 
c and service conditions were altogether analogous, 
means entirely to miscomprehend the object for which 
the monophase system has — created. 

Further, the efficiency should have been, as was pointed 
out in the introduction, referred to the entire system. 
When this is done for the Camden line, it results that 
the transformation efficiency—+.c., the ratio of the kilo- 
watts generated in the power-house to the kilowatts dis- 
tributed from the substations—varies between 0.722 and 
0.816, according to the annual number of car-kilometres. 
Traffic on this line is very heavy, and trains are run very 
frequently. But it is certain that the substation output 
on a large group of lines is so feeble that the continuous- 
current system becomes practically impossible. Consider 
the case of the Rochester branch of the Erie Railroad : 
it has a length of 54.7 km., it runs passenger motor-car- 
riages of 48 tons, each —— with four 100-horse-power 
motors, at a speed of 41 km. per hour (72.5 km. maxi- 
mum), with stopsevery 1.5km. There the continuous- 
current system would certainly have given unsatisfactory 
2 a f rail M 

s regards the working expenses of railways, Mr. 
Parodi ss only tu the New York, New Haven, and 
artford line and the New York Central line (continuous- 
current line), and gives a few figures concerning new 
installations of the Pennsylvania Rail Company. In 
comparisons certain features are overlooked. 

1. The single-phase locomotives of 1907 to 1911 (New 
York-New Haven) were of a mechanically defective 
design ; they have been improved and made lighter in 
weight. 

2. These locomotives run both on main lines and on 
suburban lines, whilst on the New York Central Rail- 
way the locomotives pull only large trains; the mainte- 
nance of the single-phase locomotives must therefore be 
more expensive. 

3. The New York - New Haven locomotives are fitted 
with a double control for continuous and for alternating 
currents, which naturally makes them expensive to run. 
It would have been interesting to hear the results obtained 
with the new 1350-horse-power locomotives of the New 
York-New Haven Railway, in which the experience 
gained had been utilised. 

The second point considered is the weight of the pating- 
stock, and there, again, Mr. Parodi refers exclusively 
to the old locomotives of the New York-New Haven 
Railway and to some motor-carriages; his conclusions 
hence appear inexact. In the first instance, it should not 
be forgotten that the mechanical structure of electric loco- 
motives in America is heavier than in Euro) The new 
New York-New Haven locomotives weigh 105 tons, 8 tons 
falling to the boilers, the water-tanks, and the continuous- 
current control. The weight due to the phase currents 
is therefore 97 tons ; the locomotives develop 1350 horse- 

wer for one hour, and 1100 horse-power continuously. 

n this respect, as to the power continuously available, 

the single-phase motors are superior to the continuous- 
current motors, which, to ensure the same continuous 
power development, should beable to develop 1800 horse- 
power for one hour. For equal powers single-pl motor- 
carriages are certainly heavier; to admit this fact does 
not imply, however, that such motor-carriages would be 
too heavy for suburban traffic. E 

On the New York, Westchester and Boston Railroad, 
which is fed by alternating current of 10,000 volts at 
25 periods, run 28 motor-carriages, 21 metres long, seating 
78 people, and weighing 55 tons; the electric equipment 
(two motors, 240 to 290 horse-power) weighs 12 tons. 
Supposing the motors to operate alone, there would be 
é Eoeno-power per train-ton, and 700 kg. per seat. A 
similar carriage for four motors of 170 horse-power would 
weigh 70 tons only, and would, for one hour, give more 
power than the New York-New Haven motor-carriages, 
which the direct current control unfortunately makes so 
complicated. The 1000-horse-power motor-carriages for 
the tschberg Tunnel would be almost impossible on 
the 600-volt continuous-current system. Those on the 
Chemin de Fer du Midi, of 540 horse-power, weigh com- 
plete 55 tons, 16 tons falling to the electric equipment ; 
a 1000-horse-power motor-carriage for al ting cur- 
rents of 12,000 volts at 16% periods would not weigh more 
than 70 tons. , a 

Mr. Parodi’s estimates of the relative efficiencies of the 

wer transmissions were rather su An over- 

ead line at 12,000 volts is, at equal power, certainly 
superior in kilometric efficiency to a third-rail conductor, 
even if heavy ; the various current losses, on the other 





hand, remain, with continuous current, rarely below 
20 per cent; Jullian’s figures showed that on the Midi 





Railway a train of 280 tons had been pulled up a gradient 
of 17 in 1000 with an effort of 6100 kg. on the draw-bar, 
and that the percentage of the power at the draw-bar, 
referred to the energy taken from the substation, had 
fluctuated between 63.5 and 72.4 with the different loco- 
motives. With continuous current so high a ratio 
would not have been realised. 

These remarks are not intended to prove that single- 
phase current is the best for those lines. For busy 
suburban lines, in fact, continuous current at 600 or even 
1200 volts seem advisable ; but in certain cases of com- 
bined suburban and main-line traffic single-phase systems 
should be taken into consideration. 

Main Railway Lines.—If the electrification | 
railway lines by third-rail conductors can be di 
for France, matters are not the same in America, because 
level-crossings of public roads are frequently Jeft un- 

rded there. For this reason the lines—Chicago, 
ilwaukee and St. Paul, Norfolk Western Railway, 
&c.—are provided with ov conductors, and currents 
of 1200 or 1500 volts would not solve the —, nor 
would currents of 200 or 300 amperes ; and if continuous- 
current traction is to be tried, with locomotives of 3000 
horse-power, the pressure would have to be raised to 
2400, if not to 3600 volts. 
_ Three-phase traction bas not seriously been attempted 
in the United States, ps because the road-bed is 
far from being built with the care bestowed upon it in 
Europe. The inconvenience of the three-phase system 
is that two current-collectors have to be used ; abs oon- 
tact should have a width of 60 om. (24 in.), and any 
irregularity in the level threatens to let the wires miss 
contact. Single-phase traction is characterised by one 
contact-line only ; a width of 1.20 m. (4 ft.) can be given 
to the rubbing surfaces, and the just-mentioned difficulty 


aypece. 

Thus there remain, for American main lines, only the 
single-phase system and the continuous current at 2400 
volts or more. Experience with the latter is not avail- 
able. Before the locomotives are tried nothing can 
said, therefore, and these 1000-horse-power locomotives 
are weak. Continuous-current motors at 2400 volts 
would, moreover, be at least as noone as single-phase 
motors for 16% periods, because the insulation would have 
to be adapted to this voltage. 

The fault which Parodi generally finds with electric 
locomotives compared to steam-engines is quite justified. 
But, he also remarks, the fault arises from the fact that 
the electric locomotives are ema designed for 
suburban traffic. In single-phase rapid traction over 
great distances without stopping, the collectors may 
perhaps be abandoned. This point was discussed by the 
American Institute of Electrical Engineers on January 28, 
1911, and Marius Latour also alluded to it during the 
discussion. 

The question of the transference of the mechanical 
= from the motor-shaft to the car-axle is now eagerly 

ing discussed. The cases quoted by Parodi, a complete 
résumé of which will be found in the Bulletin of the 
Society of American Civil Engineers of 1910, concern 
driving by the connecting-rod and by gearing and direct 
driving. It should be noted that the ones locomotive 
tried by the Pennsylvania Railroad did not make use of 
an intermediate shaft which is now used on the New York- 
New Haven Railway. The number of springs broken 
there has been extremely small, and this solution of the 
problem is very interesting. 

Mointain Railways.—There is little to be said about 
mountain railways. So far three-phase locomotives have 
been preferred, chiefly on account of their small weight ; 
but the importance of this feature must not be over- 
tated, for in the Giovi Tunnel the locomotives have to 
be loaded up to 75 tons fully to utilise the motors at 

adhesion. Single-phase traction has been adopted 
y the ae Sy es Alpes Bernoises, and more re- 
cently by the Gothard Company. For certain cases 
the single-phase locomotives may be of smaller power 
than the three-phase locomotives. Thanks to their 
adaptability, single-phase motors take steep gradients at 
a speed which is inferior to the synchronous speed of 
three-phase locomotives, and less steep ients at 
higher speeds, so that the time-table can observed. 
Thus single-phase locomotives may be of a one-hour 
rating smaller than that of three-phase motors, and do 
the same duty. On the other hand, at the power-station, 
the ratio between mean and maximum power is smaller 
for single-phase than for three-phase current. Mountain 
railways are generally fed by yw prem stations, whose 
overload capacity is less than of steam-power stations. 
With single-phase working the hydroelectric power is, in 
this semgeet, a little better utilised than with three-phase 
working. 

These remarks should not be interpreted as a plea for 
single-phase traction. The three systems, high-tension 
continuous current, singloghase, and three-phase cur- 
rent, have each their of application, which 
future will limit. Each case must be decided on its 
merit. The Midi line did well to adopt single-phase 
traction, as the State rightly chose continuous current at 
600 volts for the suburban service. 





Raitways AT Recina.—Regina now occupies a fine 
position as a railway centre, three of the great Canadian 
systems being ee in the town. The Canadian 

acific Railwa: pany was the first to arrive, but now 
the Canadian Northern and the Grand Trunk Pacific 
Railway Companies have also de traffic facilities. 
The Grand Trunk Pacific Railway pany has entered 


tel to contain 


1,000,000 dols. in the erection of a 





into an + with the py | ny ae to expend 


275 bedrooms. The Canadian Pacific 
will also erect a station to eoset 500,000 


ilway Company 
dols. 
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ELECTRICAL AND MECHANICAL ENGI- 
NEERING EXHIBITS AT GHENT. 


(Concluded from wage 807.) 


ANOTHER of the tools driven by the Vickers electric 
system is the 8}-in. stroke puncher-type slotting- 
machine, exhibited by Messrs. fair and Co., Limited, 
Manchester, and illustrated by Fig. 16, on this page. 
It was designed by Messrs. Muir to meet the demand 
for a slotting-machine of comparatively short stroke, 
and capable of performing exceptionally heavy duty. 
Its function is that of removing stock in the shortest 
possible time from such articles as cranks, railway 
spring-buckles, connecting-rods, &c. The range of 
the machine, however, is in no way confined to the 
examples named, a large field being open to it in 
general work, where the usual type of slotting-machine 

roves itself to be inefficient through lack of power. 

he machine is self-contained and occupies small 
space, the power being transmitted either from a 
belt, or from a directly-coupled motor, as shown, 
through a powerful train of steel gears, to the 
main dise of the machine which carries the crank-pin. 
A novel feature in design is illustrated here in the 
patented means used for changing the stroke ; this 
change is effected from the side of the machine, and a 
graduated dial at once shows the operator which length 
of stroke is in use. The effort of the crank-pin is 
transmitted to the ram through a powerful link —— 
ing'# quadrant, with accurately machine-cut teeth, 
which gears into a rack on the back of the ram. Both 
the quadrant and rack are of steel, and are carefully 
hardened and ground where necessary. There is a 
feature of design which will appeal strongly to the prac- 
tical mind. is consists of an extension to the slides 
on each side, which allows of the actual slide being 
kept sufficiently narrow to ensure smoothness in motion, 
while the extension takes the great pressure induced 
bv the cut, ensures rigidity, and relieves the screws 
which hold the strips in place from undue strain. 
The experience of Messrs. Muir, which extends over 
many years, has evolved a series of tools and tool- 
holder equipment which enables all work coming 
within the range of the machine to be dealt with in 
an efficient manner. 

The Vickers multiple- feed forced lubricator is 
also shown in operation. The external pulley of the 
lubricator is driven by a belt from any revolving shaft. 
On the pulley shaft a number of eccentrics are keyed, 
and these eccentrics reciprocate spring plungers in 
small cylinders. The oil flows by gravity from the 
reservoir, past the stop-valve, through channels to 
the regulating-valves. The oil drops by gravity into 
the suction sides of the pumps, and is then forced 
past the delivery-valves on the way to the bearings to 
be lubricated. Regulating-valves can be set for any 
rate of flow, and glass tubes are provided for observing 
the flow of oil to each bearing. Each pump is quite 
independent, and will deliver against a pressure of 
150 lb. per sq. in. 

In Fig. 17 there is shown a set of marine petrol 
engines exhibited by the Wolseley Tool and Motor-Car 
Company, Limited, Adderley Park, Birmingham. The 
engine has six cylinders, each having a bore of 3,°; in. 
an a stroke of 54 in. The engine develops 30 brake- 
horse power at 1000 revolutions per minute. The 
valves are of special quality steel, and are all on the 
same side of, and underneath, the combustion- 
chambers. Cooling is effected by means of a gear- 
pump driven off the crank-shaft, of ample capacity 
to cool the cylinders and exhaust-pipe. The car- 
burettor is of the float-feed spray type, pressure-fed. 
All important bearings are lubricated by means of a 
gear pump driven off the cam-shaft. The reversin 
gear is of the bevel type, operated by a metal-to-meta 


cone clutch, and provides an ‘‘ahead” or “‘ astern” | regu 


drive, or a free-engine position as required. The 

tail-shaft is of naval brass, and the three-bladed pro- 
lier is of high-quality gun-metal, accurately 

Ccicaell and keyed on a taper seating on the shaft. 

The principal exhibit of the Wolseley Company, 
however, is a 24-30-horse-power six-cylinder motor 
chassis, polished for exhibition purposes. The chassis 
is of the latest 1913 type, similar to that illustrated 
by us in connection with the last Motor Exhibition at 
Olympia, and is fitted with the Wolseley patent 
compressed-air self-starter, enabling the engine to be 
started from the driver’s seat by merely pressing a 
lever. The six cylinders are each 3,';-in. bore by 
54-in. stroke, and ignition is by Bosch high-tension 
dual eto. Cooling is effected by means of a honey- 
comb radiator, the water being circulated by a centri- 
fugal ne. A ag by oo nggeer propeller-shaft 
transmits the power to the live axle through bevel- 
gearing. The chassis is fitted with four speeds 
operated by one lever in a selector gate. 

One of the Wolseley Company’s aero-motors is also 
shown—viz., @ 60-80 horse-power of an entirely new 
design, with combined air and water-cooling. Fig. 18 
illustrates this motor. The cylinders are air-cooled, 
and the exhaust-valve boxes water cooled ; a radiator 
is arranged round the boss that carries the propeller- 





ENGINEERING EXHIBITS AT 


GHENT. 














Fic. 16. 8}-In. Srroke Puncuer-Tyre Siorrinc-Macuine ; Messrs. WILLIAM 
Murr anp Co., Limrrep, MANCHESTER. 


shaft, so as not to increase the head resistance of the 
engine when in use. The engine is of the Y type, 
with eight cylinders, 37 in. bore, and a 5}4-in. stroke, 
all valves being mechanically operated by separate 
camsand rockers. The carburettor is specially designed 
to suit aerial requirements, and is fed under pressure 
by means of an air-pump. Forced lubrication is 
adopted, oil being continually circulated by rotary 
pumps. 

Another exhibit is a four-cylinder Wolseley engine, 
which has been partially sectioned in order to show 
the method of working. This is shown in Fig. 19, 
opposite. Sectioning has been carried out in such & 
manner that all the working parts move freely. The 
engine is coupled up to a small electric motor for 
demonstration purposes, and the method of its action 
can thus be clearly seen and studied by those inte- 
rested in the mechanism of the internal-combustion 
engine. 

A further electrical exhibit of Messrs. Vickers 
consists of an example of their train-lighting equip- 
ment. The apparatus comprising the equipment con- 
sists of a dynamo, a dynamo-regulator, a lamp-regulator 
and a battery, together with, of course, the necessary 
wiring and lamps. The system is a single-battery one, 
and operates briefly as follows :—The dynamo is of the 
shunt type, and contains no automatic switches or 
governors. It is carried below the coach and driven 
by a belt in the usual way. The brushes are mounted 
on & moving arm, which is automatically rocked over 
by the friction of the commutator when the direction of 
rotation changes consequent on the direction of motion 
of thetrainchanging. Thedynamo-regulator, or theregu- 
lator-controller, as the makers call it, consists of a field 
lator operated by a solenoid which has two coils. 
The main coil is connected in series with the dynamo 
and operates the regulator, and consequently the shunt 
resistance, in terms of the dynamo output. The auxiliary 
coil is out of circuit until the battery has become fully 
charged, when it is cut in by an automatic switch. 
This auxiliary coil exerts a preponderating pull on 
the solenoid as compared with the main coil, and when 
it is in circuit it inserts such an amount of resistance 
in the dynamo field that: the dynamo output is reduced 
to a few amperes, and the battery is consequently 
prevented from being overcharged. 

The regulator-controller also contains a dynamo cut- 
in and cut-out switch, which closes or opens the cir- 
cuit to the battery and lamps at a pre-determined 
voltage. It is operated by a compound-wound electro- 
magnet, one of the coils of which is connected 
across the dynamo terminals, and the other of which 
is in series with the dynamo. A further feature 
of the regulator-controller consists of an adjustable 
shunt of low ohmic value, so arranged that any 
part of it may be connected in parallel with the main 
coil of the regulator. The dynamo output may be set 
to any desired value by passing a greater or less part 
of it through this shunt. The lamp current is taken 
from the shunt, and it is possible so to regulate it 
that any prcportion of this current shall pass through 





the regulator shunt-coil. These arrangements allow 
regulation to be made at will on either total dynamo 
output or battery charging current, or a combina- 
tion of both, The dynamo output varies directly 
with the load, while current is supplied to the 
battery at its normal charging rate until it is fully 
charged. There is also a lamp voltage-regulator, which 
cuts resistanc@ in or out of the lamp circuit, and so 
maintains the lamp voltage approximately constant. 
As an additional feature of their train-lighting equip- 
ment, Messrs. Vickers have developed a type of electric 
car-heater which can be used in connection with it. 
Two such heaters are exhibited, one of 1500 watts, and 
the other of 500 watts, both suitable for a 24-volt 
circuit. 








ON SHIPBUILDING CONTRACTS.* 


By L. Preskett, Member. 


Ir was the original intention of the author to deal in 
this paper with the question of ‘“‘Ship Design from the 
Shipowner’s Point of View,” and this title was given in 
the official programme of this meeting. As the paper 
developed, it was found desirable to limit its scope, and 
to reserve for some future occasion the consideration of a 
number of technical matters which were being included. 
The first subject dealt with under the original title was 
“The Making of Contracts,” and the author has decided 
to confine himself to this section on the present occasion, 
The object of this _ of the paper is to lay open for 
discussion the method usually adopted in making ship- 
building contracts. 

To members of the Institution of Naval Architects, the 
relationship that exists between the shipowner and the 
shipbuilder is one of peculiar interest, as the ente rprise 
of the owner has considerable influence on the activity 
of the builder, the function of the naval architect being 
that of technical ambassador between the two. In this 
capacity he carries a burden of anxiety, for it is his duty 
to attain the realisation of those utopian ideals which the 
owner invariably associates with a characteristic dread of 
expenditure, by obtaining from the builder a ship com- 
plete in all its details, and of full value for the a:nount 
expended. It needs but little thought to appreciate that 
it 1s in the best interests of our country to keep the cost 
of production within reasonable limits. 

When, at the launch of the Aquitania, the chairman of 
the builders’ company asked for support in the formation 
of a combination among shipbuilders, he was appealing 
on behalf of a eystem which is the antithesis of healthy 
trade. The ultimate effect of any such combination is to 
increase the cost of production, which would be disastrous 
to the shipbuilding industry. The shipbuilding markets 
of the world are gradually altering their attitude with 

rd to Great Britain, and countries that at one time 
relied upon her to build their ships are now successfully 
competing with her in obtaining orders, even from 
British owners. The maintenance of both our ship- 
owning and shipbuilding supremacies depends on the 
fundamental principle that the owner must only pay that 
price to the builder which is sufficient to pontwar, 4 sa a fair 
and reasonable return. This is essential if the ship- 


* Paper read before the Institution of Naval Architects, 
June 24, 1913, 
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building industry is to remain our inheritance, for every 


increase in the cost of production assists others in 
wresting it from us. 


It will be well when those who control the various | 
trade unions come to realise this important fact. Labour | 
troubles have of late years been a source of great anxiety | 


to shipbuilders. The time devoted by the heads of firms 
to the settlement of petty disputes has meant a reduction 
of efficiency in the conduct of their business. A solution 
of these difficulties might be found in the establishment 
of a disinterested tribunal, whose judgment in all cases 
should be agreed to mutually. - The time at present spent 
in settling disputes could be more profitably employed by 
imitating the procedure of owners and their superinten- 
dents, who periodically hold international meetings to 
discuss details in connection with the work in all depart- 
ments of their business. 

The object of the owner when negotiating for the 
construction of a ship is to obtain the best revenue-pro- 
ducing asset it is ible to get for the sum he intends 
to invest. The leading shipowning companies es 
their own plans and specifications, upon which builders 
are invited to tender. The tenders thus received are 
comparable, being all prepared on a common basis. : 

The contract, as usually drawn up, specifies a certain 
fixed sum to be paid for the construction of a ship of 








given dimensions and speed, to be built to the require- 
ments of the owner, and in accordance with the regula- 
tions of a particular registration society. Compare this 
with the procedure followed when contracting for a 
building. ; 

When a building is to be erected, plans and _specifica- 
tions are pre ~~ | by an architect. When these have 
been approved, they are passed on toa quantity surveyor, 
who prepares a bill of quantities. Prices are then ob- 
tained for the supply and erection of the various items, 

on some standard of measurement. When the 
building is finished the actual amount of work done is 
measured by the surveyor, and payment made on this 
assessment to each contractor at the rate previously 
agreed upon. By this method the owner of the building 
may during the progress of the construction decide to add 
to, or take from, any of the scheduled items, with the 
knowledge that there will be a corresponding addition or 
reduction in the final cost. 

There appears to be no reason why such methods 
should not be applied to mn en ae At the present 
time every firm has its own particular method of pre- 
paring estimates, but it should not be a difficult matter 
to arrange a suitable standardised form for computing 


| the cost. If such a plan were adopted, the various 


tenders could be submitted on a standard basis. For 
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example, all the items in connection with the cost of 
material and labour, establishment charges, profit and 
margin, could be scheduled, and a total sum defined as 
the maximum price which the owner would be required 
to pay. If the margin on direct outlay, the establish- 
ment charges and the net profit were upon as a 
fixed sum, it would be an advantage to both owner and 
builder to keep the cost aslow as possible. For since 
these items do not alter, the builder makes the same 
profit on a smaller turnover, while any reduction in the 
net cost of material and labour from the amount originally 
fixed reduces the cost of the vessel to the owner. 

Such a system has been already carried out in practice 
by the Cunard Company in the case of the building of 
the Franconia. When it was arranged for that vessel to 
be built by Messrs. Swan, Hunter, and Wigham Richard. 
son, Limited, a contract was made in the usual way— 
that is, a fixed sum was agreed upon to complete the 
ship in a given time. When the contract was signed, 
it was suggested that the ship might be built on the 
principle outlined above, the price already quoted being 
omer lh to be the maximum sum payable by the 
owner. This course was agreed to, and the result of the 
experiment was that upon the completion of the contract 
the builders handed to the owners a rebate of 20,000/. 
on the sum originally fixed. This gave satisfaction to 
all concerned, although to the uninitiated it might be 
imagined that it meant a loss to the builder. The 
reverse was actually the case, for the original profit 
named remained fixed, and the rebate was accounted 
for in the savings on material and labour mutually agreed 
to during the construction of the ship. 

In Table I., page 890, an attempt has been made to 
classify under convenient headings the total cost of build- 
ing aship. It will be noticed that the contract price has 
been divided into four general sections—namely :— 


1. Direct outlay. 

2. Kstablishment charges. 
3. Scheduled items. 

4. Builder’s profits. 


The contract price would generally include all the work 
under these four headings, although the decoration of the 
public rooms included in Section 3 might be made the 
subject of a separate contract, and entrusted to a firm of 
decorators, and carried out in accordance with the designs 
of an architect. In addition to the contract price the 
incidental establishment charges incurred by the owner’s 
staff in the performance of work connected solely with 
the building of the ship, such as salaries, travelling, office, 
and other expenses, as well as the cost of any items which 
the owners might themselves prefer to supply in order to 
complete either the equipment or outfit, would have to be 
added, in order that the whole estimated cost of the under- 
taking could be ascertained. 

Taking these sections in order, it will be noted that 
the ‘* Direct Outlay” is subdivided under three headings, 
namely, hull and outfit, machinery, and sundry fees and 
expenses. The cost of the hull and outfit is again sub- 
divided under headings for materials, wages, and equip- 
mentand outfit. The cost of machinery is treated similarly, 
engines and boilers being each separately classified under 
the headings of material and labour: in the case of the 
engines the main and auxiliary portions are kept as 
5®) te items. 

nder the headings of *‘ Establishment Charges” have 
been classified various salaries and facilities, together 
with sundry items of gear which the builder is bound to 





provide in order to keep his establishment open, and for 
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The inclusion. or otherwise, of the cost of the ‘* Decora | a convenient and easy matter to lay down rates for com-|% per cent. should be added, after a careful computation | ¥ 
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of the actual amount has been agreed to, in order to 
allow for errors and omissions. This margin should be 
added in when defining the cost of the direct outlay. 

A sum having been agreed upon as representing the 
estimated direct outlay u the ship, the establishment 
charges can be settled. These can be: ed as depen- 
dent upon the direct outlay, and it will be reasonable to 
assign for them a sum which is a certain agreed per- 
centage of this amount. What percentage is actually 
to be taken must depend on the nature and amount of 
work to be performed, for it is easy to see that estab- 
lishment charges may be greatly increased if an bong 
facilities, such as additional cranes, piling and ng, 
are required to carry out the work. : d 

It is now possible to sum the three following quantities 
—namely :— 

(a) The estimated direct outlay ; 

(}) The establishment charges (a percentage of the 
direct outlay); and 

(c) The sum assigned by the owners to cover the cost 
of certain scheduled items, which sum the builder has 
to include in his estimate. 


TaBLe II.—Steel Work. 





Rate. Cost. 
Items ee 
Method of it 
- Specifying Fully the Nature 
a nage of Material, its Position | 4 | g 
Q y- in Ship, &c. ls & 3 & 3 
| 3 
i= ibis rs} 


By weight Steel plates, angles, rivets, | 
castings, forgings, pillars, 

rails, expanded metals, &c. 

By catalogue Bulkhead doors, manhole 
prices. doors, &c. .. +“ on 





| 


TaBLe III.—Carpenters’ Work. 


Rate. Cost. 
Material —- — 
nan Specifying fully Class cf lg 
Quantity Timber, Size, Positionin << ¢itig i. 
i Ship, &c. $ B/S big 
a\|E a 5 = 


By lineal |Rails, sparrings, &c. .. a | 
feet | 
By super. Decks, ceiling, hatch-covers, | 
feet gratings, wood bulkheads, | | 
grain boards, &c. .. a 


TaBie IV.—Joiners’ Work. 


Items | 
Fully pecified, with Position Rate, Cost, 
ia Ship and Description ot Material, | Material, 
all Work to be performed on) and and 
same, iucluding Painting) Wages. Wages. 
and Erecting. | 


Method of 
T-king Out 
Quantity. 





By lineal Cants, head runners, archi- 
feet traves, cornices, mouldings, 
rails, 


| 
By super. \Framing, ceilings, &. .. 
feet 


By number | Window boxes, beam casings, 
cf — pilasters, doors, 
adders, &c. .. oe ss 

Furniture in detail :— 
Sofas, toilet tables, night 
toilets, &. .. es oe 





Taste V.—Plumbers’ Work. 


| Rate. | Cost. 
Siete neny ection eat. | 9) |g 
Quantity. tion or Use in Ship. |g ae & ro 
a eS ¢& & 


By lineal feet Piping (all classes) os 3 
By weight Couplings, bulkhead connec-| 
tions, cocks, scupper heads, 
rough castings, &c. vs 
By number Bends, traps, &c. 
of 


Bycatalogue Various patent articles 
prices 


The builder’s roy is defined as some agreed percentage 
of the sum of the three items above. The exact per- 
centage having been agreed upon, the contract price is 
fully determined. 

The progress of the transaction should be watched by 
an auditor, whose function should be to ascertain and 
certify the amount actually expended by the builders, 
and to determine the interest; as well as by a quantity 
surveyor, who would become responsible to builder and 
owner for the measurement of quantities. 

The actual sum to be paid to the builders, as eqpeeet 
to the contract price, will be the sum of the four follow- 
ng quantities :— 

(A) The actual certified amount of the direct outlay, 
Provided always that this amount is not greater than the 
estimated sum (a) ; 

(B) The actual sum named above to cover establish- 
ment charges—namely (b 


- y (6) 5 
= The actual certified cost of the scheduled items; 





(D) The actual sum named as the builder’s profit ; 
and of these (B) and (D) will remain as originally 
arranged. The cost under heading (A) will be revised 
in agreement with the investigations of the auditor and 
the quantity surveyor, and if, after investigation, the 
sum of the costs under this heading (A) is found to be 
less than the amount of the original estimate, the balance 
would be returned as a rebate by the builder to the 
owner. 

Section C must be revised, and should the cost under 
this section exceed or be less than the scheduled amount, 
an adjustment would be made. 

With reference to the method of payment, an agree- 
ment is generally entered into between the owners and 
the builder, in which the former undertakes to pay to the 
latter certain definite mtages of the contract price 
upon completion of various s in the ship’s construc- 
tion, a certain final instalment being reserved until some 
period after delivery. In the case of a big undertaking, 
where the builder would be called upon to make excep- 
tional outlay before the instalments reached him, and 
where the owner might have difficulty in laying his 
upon the necessary amount when the time for payment 
came, it might be desirable that an a ment should 
be entered into whereby the owner omll deposit with 
the builder a certain proportion of the money which 
would be due for payment in connection with the forth- 
coming instalment. 

It is a that such a mode cf contracting as is 
suggested in the foregoing remarks will stimulate the 
business capacity of the builder. The amount of profit 
and the amount paid to cover establishment charges is 
assured to him, and, consequently, it is to his interest to 
exert himself to keep down the actual eharges. His 
risks are mainly taken when he is agreeing to contract 
rates for wages; but it is in his best interests, as well as 
in the interest of the country, that the cost of production 
should be kept as low as is reasonable if contracts are not 
to be p elsewhere, and, consequently, a scheme 
which enforces him to constant activity in this respect is 
fundamentally sound. 

The cost of meeting the requirements of post-contract 
legislation is obviously the subject of an extra-contract 
agreement between owner and builder. Both of the above 
are risks which havenotemba the successful working 
of such a system as has been outlined in the case of the 
building trades, or on those occasions when it has been 
applied successfully to the building of ships within the 
author’s experience. 





Our Coat Asroap.—The exports of coal from the 
United Kingdom in May were 5,929,947 tons, as com- 
pared with 6,449,036 tons in May, 1912, and 6,205,833 
tons in May, 1911. These totals were increased by the 
addition of coke and tent fuel to 6,147,643 tons, 
5,629,247 tons, and 6,456,771 tons resp:zctively. Taking 
account also of coal shipped for the use of steamers 
engaged in foreign trade, the aggregate exports for the 
month were 7,766,458 tons, as compared with 8,300,559 
tons, and 8,171,952 tons respectively. In the five months 
ended May 31 this year coal was shipped from the 
Uaited Kingdom to the aggregate extent of 29,519,825 
tons, as compared with 20,416,679 tons in the first five 
months of 1912, and 26,255,066 tons in the first five 
months of 1911. These totals were increased by the 
addition of coke and patent fuel to 30,781,229 tons, 
21,280,282 tons, and 27,365,610 tons respectively. They 
were further increased to 39,147,250 tons, 27,844,964 tons, 
and 35,249,801 tons by the add:tion of coal shipped for 
the use of steamers engaged in foreign trade. Our coal 
exports have accordingly made a substantial advance this 
year. 





Factory AND WorksHop Act.—In pursuance of Sec- 
tion 59 of the Factory and Workshop Act, 1901, so much 
of the Order of May 4, 1903, as relates to the night 
employment of young persons in factories in which 
reverberatory or regenerative furnaces are 


used, is 
rescinded, and in pursuance of Section 54 of that Act, | and 


the special exception by which a male young person may 
be cnskeeed during the night shall now extend, so far 
as regards young persons of the age of sixteen years and 
upwards, to that part of any factory in which reverbe- 
ratory or regenerative furnaces are used, and are neces- 
sarily kept in operation day and night in order to avoid 
waste of material or fuel, subject to the conditions pre- 
scribed in Sub-Section (1) of the said Section, and to the 
following further con ae Ly! ya gas shall 
apply only to young persons employed in suc 

Seaclsing to be pow dae on contiauously thoongivent the 
night as are defined in the certificate of the inspector 
hereinafter mentioned. (2) Every young person employed 
in pursuance of the exception shall be submitted by the 
occupier to the certifying surgeon for the district once 
at least in every six months for examination at the 
factory, for which examination the like fee shall be pay- 
able by the occupier as for examinations for certificates 
of fitness in pursuance of the my by a@ register of such 
examinations shall be kept at the factory in the pre- 
scribed form and containing the prescribed particulars. 
(3) No young person who on examination is certified by 
the certifying surgeon, by signed entry in the register, 
to be unfit for such employment shall be employed again 
in pursuance of the exception without the written sanc- 
tion of the certifying surgeon entered as above. (4) No 
young person shall employed in pursuance of 
exception unless and until the occupier holds a certificate 





from the inspector of the district to the effect that pro- 
vision has been made to his satisfaction for compliance 
with the conditions specified in this Order, which certifi- | 
cate shall define the processes to which the exception 


' appties. | 





| slight movement referred to has 


NOTE ON SOME CASES OF “ FATIGUE” IN 
THE STEEL MATERIAL OF STEAMERS.* 
By 8. J. P. Tuearte, D.Sc., Vice-President. 


Evipences of what is known as the “‘fatigue of metals” 
have from time to time been di w surveying 
steel vessels under repair, but ne Se last year or two 
certain phenomena of the kind have observed which 

ss special features, and it is ht that these may 
of interest to the members of this Institution. 

In the first of these cases which came under notice a 
crack was observed in the shell platingon each side of a 
vessel a short distance forward of the collision bulkhead. 
These cracks extended right through the plating, and 
from the amount of wasting by corrosion which had 
taken place within the cracks it was evident that they 
were not of recent date. The cracks were of irregular 
form, and did not break into rivet-holes, nor were they 
near the edges of the plating. Soon afterwards another 
such case occurred, except that, in this instance, the 
cracks were at some short distance abaft the collision 
bulkhead. Then another and yet another case came 
under attention, so that surveyors at certain repairing 
ports began to look out for them when vessels came under 
survey. 

It was evident from the first to experienced surveyors 
that the symptoms were similar to those due to fatigue in 
the steel, such as had been observed at some other parts 
of vessels. It was remembered that some twenty years 
ago similar cracks were sometimes seen in margin plates 
of double bottoms at the backs of the angle-bar attach- 
ments of the frame-heel brackets. in the in 
plate had led to the removal of the attachment angles, 
and then it was found that cracks had developed in the 
margin plate at the backs of these bars, in the vicinity of 
the uppermost rivet, and sometimes near the rivet next 
to it. Such cracks were rarely joined to the rivet-hole, 
but generally they partially encircled it, and it ma 
nny we that they were mostly confined to No. 1 
cargo hold. 

Careful investigation showed that the cracks were the 
result of fatigue in the material of the margin plates, due 
to frequent alternating pull and a stresses brought 
upon the margin plate by the heels of the frames, and 
continued over a long period of time. The remedy was 
found in giving the frame heels a better connection to the 
double bottom, and this was effected by using double 
instead of single angle attachments at the margin pla’ 
and by the more extensive use of gusset plates an 
== in connecting the frames to the inner bottom 
plating. : : 

Instances of fatigue at this part of a vessel are not 
often seen at the present day, the remedies adopted 
having ives to be efficient for the purpose. The cases 
in which the phenomena now under consideration had 
been observed were therefore analysed, and it then 
appeared that they had certain features in common which 
pointed toa common cause, and consequently suggested 
a common remedy. It will be of interest to mention 
here that up to the date of writing this note about twenty- 
nine vessels have been found when under survey to have 
been affected in this way. These are all steamers, ranging 
from about 3000 tons to about 5000 tons gross ister. 
Their ages, when they came under survey, songed foom 
two to sixteen y the average age about nine 
years. Theyare of all types, ranging from single-deck to 
three-deck, spar-deck shelter-deck vessels, and some 
have web framing, while others are framed with the deep 
frames ordinarily adopted at the present day. T' is 
nothing, therefore, as regards type of design or system of 
ee | common to the vena, but all of them are 
of steel. Moreover, they are the products of thirteen 
different builders and seven different yon ty 

Figs. 1 to 15 inclusive, on page 892, show bow por- 
tions of the profiles of seven of the vessels, which may be 
taken as samples of the total number, and the same 
figures show sectional views of the vessels in way of the 
cracks. In Fig. 3 is also shown a part plan of the vessel, 
— is shown in part profile and in section in Figs. 1 


Figs. 16 to 20 inclusive, on page 893, show some of the 
cracks on an enlarged scale, and in Fig. 21 is also shown 
a sectional view of a crack which has undergone some 
amount of wasting. The positions of the cracks found in 
the shell plating of these vessels are indicated on these 
sketches. 

Upon referring to these sketches certain features will 
be sapaeent, and these it may be remarked are common 
to all the cases. 

These features are as follow :— 

1. The cracks are always found either in the fore peak 
or in the fore part of No, 1 cargo hold. 2. They always 
occur at the back or at the edge of a chock-angle attach- 
ment of a side or panting stringer plate to the shell 
a 3. They always occur in close vicinity to a 
rame unsupported by a panting or other beam, and they 
never occur in the vicinity of a frame which is supported 
by beams. Thisstatement suggests at once the cause and 
the remedy. Rx 

The primary cause is evidently slight local movement, 
frequently repeated and extending over a long period of 
time; and this slight local movement is also evident] 
due to something which distinguishes the frame at whic 
it occurs from the adjacent frames; that is to say, 
in being weousperese., It will be observed by referring 
to the ske (which show actual cases in every 


the | detail) that there cannot have been any panting in the 


structure itself, for the number of tiers of beams and pant- 
ing stringers quite preclude such from taking place. The 
occurred only at the 

* A paper read before the Institution of Naval Archi- 
tects at Glasgow, on June 25, 1913. 
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intermediate frames between those to which the beams 
are attached. Note also that, as in the case of margin- 
plates, the crack occurs at the backs of the attachment- 
angles, but not at the rivet-holes. The fatigue in the 
plate resulting in a crack seems, therefore, due to a 
slight but frequently repeated movement in the plating of 
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the chock-angle attachment. This suggests the necessity 
for securing the intermediate frames to the panting 
Stringer and for distributing the resistance to panting 
Stresses over a larger surface of shell plating. 

By attaching the intermediate frames (unsupported 
by beams) to a wide stringer-plate by means of substantial 
brackets, and by substituting double for the single-chock 
angle attachments of the stringer to the shell plating, iv 
Is oy that an efficient remedy has been found for his 
trouble. It may be added that both in the cass of 
fatigue at margin-plates and in those described in this 

per, tensile and other tests made upon material cut 

m the vicinity of the cracks do not show any abnormal 
conditions, but simply give the ordinary test results of 
good mild steel for shipbuilding purposes. This 
Would seem to show that the effects of fatigue are prac- 





tically limited to the small portion of the material which 
yields under its influence. 

The study of what was well termed by the late Mr. 
William oa **the morbid anatomy of ships,” is pro- 
fitable to the shipbuilder and shipowner. It is also an 
essential part of the training of a ship surveyor. It is 
hoped that this brief description of a morbid symptom, 
its diagnosis and the consequent prescription, may not 
have unduly occupied the time of the Institution at these 
meetings. 





ON SAFETY OF LIFE AT SEA.* 
By Percy A. HitiH0vss, B.Sc., Member. 


HvmMaAN life at sea is on the average exceedingly safe. 
The stories of great shipping disasters are of so great 
a dramatic interest and attract so much attention that 
the comparatively large number of persons carried safel 
is apt to be overlooked. Taking the records of the Nort 
Atlanticasan example, recently published figures show that 
during the twenty years 1892 to 1911 some 95,000 voyages 
were made between Britain and America, about 350,000 
crew and over 9,390,000 passengers having started. Out 
of this large number of trips, accidents involving loss of 
life occurred in only 165 cases, 1057 crew and 80 passengers 
having been lost. Only one out of 332 of the crews and 
one out of 117,400 passengers did not reach their destina- 
tion in safety. Of the 1137 souls which so perished, 
39 were lost in 7 cases of foundering, 187 in 10 strandings, 
9 in 6 cases of collision, 195 in 113 cases of accidents on 
board, due to heavy seas, fire, explosion, bursting of 
steam pipes, &c., while no fewer than 707 were lost in 29 
vessels which were posted as ‘‘ missing.” Owing to the 
large proportion of losses in. missing vessels, it is impos- 
sible to obtain a definite analysis of the causes of death, 
but if we assume that of the 707 missing, 400 were in 16 
vessels which foundered, and 307 in 13 vessels which sank 
after collision, either with other vessels, derelicts, or ice, 
we obtain the following percentages :— 

Numberof Lives Lost 
ia - in _ 
‘ercen of centage of. 
Total ma Total Loss 


Cause. of Accidents. of Life. 
Foundering -_ - 14 39 
Stranding ... a 6 16 
Collision ... * a 12 28 
Accidents on Board... 68 17 

100 100 


About two-thirds of the total number of casualties are 
thus seen to of a minor nature, involving compara- 
tively small loss of life, while the remaining one-third 
accounts for 83 per cent. of the total loss. 

Life may be endangered at sea either by accidents 
occurring on board, from which the majority of the 
vessel’s complement escape, but to which a few fall 
victims, or by disasters resulting in the loss of the vessel, 
together with all or a portion of her passengers and crew. 
Among the former minor class we may enumerate fire, 
explosions of gas, eS steam pipes, breaking loose 
of cargo, accidents to machinery, emanations of poisonous 
gas from certain cargoes, and heavy seas breaking over 
the vessel, sweeping her decks and damaging her deck- 
houses or fittings. The safety of the whole ship’s com- 
pany is jeopardised by stranding, foundering, capsizing, 
or by collision with other vessels, derelicts, floating ice, 
or mines. 

It is from the second category that the greatest 
disasters arise, and though such calamities are fortunately 
few in number, yet they are usually accompanied by a 
comparatively large loss of life. It is, therefore, the 
duty of the naval architect and shipowner to devise and 
adopt all the means in their power, firstly, to avoid such 
accidents, and secondly, to afford means of saving life 
should such accidents unhappily occur. _ 

Much has already been done to minimise these dangers. 
The general introduction of steam power, the preparation 
of accurate charts, the better lighting of coasts, improve- 
ments in the mariner’s compass, the study of the earth’s 
magnetism, fog-horns, submarine sound-signalling, and 
wireless tel phy have robbed the coast line of many of 
its terrors. International regulations as to the Rule of 
the Road at sea and as to the lighting of ships, the 
systematic maperting and destruction of derelicts, reports 
as to the presence of ice and the introduction of wireless 
telegraphy and sound-signalling have made collisions at 
sea com) tively rare. 

Probabl y very few or no vessels actually capsize at sea, 
as the problem of stability is now so well understood that 
any signs of tenderness can be taken in good time and 
corrected by the use of water ballast. It is, however, 
conceivable that sudden capsizing at sea might occur if, 
through stress of weather, quantities of water found 
their way into the holds, and so greatly reduced the 
effective moment of inertia of water plane. Such cases, 
however, should perhaps be classified rather under the 
head of foundering than under capsizing. Of all the 
causes of loss of shipping, that over which the naval 
architect can probably exercise the greatest control is 
that of foundering, whether through stress of weather or 
as the result of collision with any obstacle whatever. The 

roper regulation of free has a very important 
on rel upon such disasters. Statutory freeboard is 
designed to ensure a suitable proportion of reserve 
buoyancy, and takes into consideration the type of vessel, 
her strength, and the extent of her erections. In most cases 
it determines the height of the watertight bulkheads 
above the load water-line and this margin, together with 


* Paper read before the Institution of Naval Architects 
at Glasgow, June 24, 1913. 











the spacing of the bulkheads longitudinally and the water- 
excluding properties of the inery, the coal and the 
cargo carried, are the elements which determine the 
amount of flooding which can be endured without sub- 
merging . tops of the bulkheads and so open to total 
sinkage. In most large r vessels of modern type 
the number and extent ot the erections above the bulk- 
head deck affords also a height of platform above water 
which ery A reduces the danger of structural damage 
and loss of life due to seas finding their way on , 
Subdivision of the hull into separate water-tight com- 
ments is, in conjunction with the provision of a suit- 
able freeboard, the most valuable means at the disposal of 
the naval architect towards limiting > of 
sinkage consequent upon any given extent of damage to 
the shell-plating. In war vessels subdivision can be, and 
has always been, carried out to a much greater extent 
than is ible in the case of merchant craft. Minute 
subdivision in merchant vessels would interfere too much 
with the cargo and passenger 5) and so render them 
commercially impossible; but without going to this 
excreme much may be done towards the ideal of an 
‘*unsinkable ” ship. An absolutely unsinkable ship is 
im ible unless the average density of hull, machinery, 
and loads is less than that of water. In the days of 
wooden sailing vessels this may have been realisable, but 
not in the case of modern vessels built largely of steel 
and carrying t weights of machinery and boilers. All 
that can be done is to limit the space into which water 
can find access, so as to reduce the amount of sin due 
to any assumed damage, and to ensure that the bulkhead 
deck will still be well above water. Limitations to the 
extent of flooding may be imposed by transverse, longi- 
tudinal, or horizontal divisions, or any combination of 
these. It is interesting in this connection to find in 
vol, ii. of our Transactions a paper read by Mr. Charles 
Lungley in 1861, strongly advocating the fitting of water- 
tight decks in order to increase the safety of vessels in 
case of bilging accidents. Until comparatively recent 
years subdivision was obtained mainly by means of trans- 
verse bulkheads, and the number of these was determined 
by the regulations of the Board of Trade and the classifi- 
cation societies. In most cases the resulting subdivision 
was not enough to enable the vessel to remain afloat with 
more than one compartment flooded, and it was found 
difficult to comply with the ‘‘ two-compartment” stan- 
dard of the Bulkhead Committee of 1891. In many cases 
it was found that the interference with cargo and 
r a ments was too real, and the increased 
safety in case o ident too te, to make the pro- 
sufficiently attractive, even although some reduction 
in life-saving appliances was permitted ; and many ships 
begun on a ‘‘ two-compartment” basis were finally com- 
a upon ordinary lines. But the problem is in 
ing seriously considered; a second Bulkhead m- 
mittee is sitting, and its report will be of vital interest to 
the whole shipbuilding and shipowning community. 
Increased safety may be obtained by means of trans- 
verse bulkheads in two ways. Firstly, by increasing 
their height so that the vessel may sink more deeply 
before their tops become submerged. This was done in 
the celebrated City of Paris and City of New York, and 
is equivalent to increasing the freeboard to the bulkhead 
deck. The method is apt to interfere with the passenger 
accommodation, and, unless manytwater-tight doors are 
fitted results, in much inconvenience in the working of 
the ship. Itis y & question of convenience versus 
safety. Secondly, by decreasing their spacing, fitting 
more bulkheads, and so reducing the sizes of the holds 
and ‘tween decks. This also tends to interfere with 
cargo and passengers, and increases the number of cargo 
hatches and stairways required. It should be noted in 
this connection that it is not so much a question of the 
number of adjacent compartments that may simul- 
taneously flooded with safety as the eres of the 
ship’s length which may suffer d . If a ship’s side 
be ripped open for any given length, it is of little con- 
sequence into how | compartments that length ma 
be subdivided. All will be laid open, and the result will 
be the same whether the vessel be a “‘ two-compartment” 
or a “ three-compartment” ship. When a ripping blow 
occurs, the average length flooded will be equal to the 
a y of the rip plus the length of one compartment, 
and the maximum length laid o will be when each 





end of the rip lies on a bu . In this case 
the length flooded will be two com ents more 
than the length of the side cut open. e smaller the 


compartments, therefore, the less will be the amount of 
floc ing, and to this extent only is a ‘‘three-compartment” 
ship likely to be better than a “two-compartment” 
design if the extra safety is obtained only by closer 
spacing, and not also by increased height of bulkhead. 

In cases of collision with another vessel, in which it 
| fairly be assumed that only one transverse bulkhead 
will suffer damage, and consequently not more than two 
adjacent holds flooded, the vessel having the closer bulk- 
head ~ ay will, of course, have the advan since a 
less volume of water will be admitted. Great care 
seguioes to be observed when introducing longitudinal 
bulkheads as a means of limiting the extent of flooding, 
on account of the fact that water admitted to one side of 
the ship only will uce a heeling tendency, which may 
have the effect of bri the tops of the bulkheads upon 
that side nearer to the water surface than would be the 
— —— —_ simultaneously to the sea. In 
spi oss of water- e vessel’s stabilit 
in the flooded condition will usually be than when 
intact, on account of the increased height of the centre o. 
buoyancy, and this fact is of much value in reducing the 
amount of heel produced by u metrical flooding. 
only obtained either by 
c bulkheads in machinery and cargo 
spaces, by wing bulkheads in engine-rooms, and between 
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hoiler-rooms and side bunkers, or by carrying the double 
bottom well up the vessel’s side, so as to form an inner 
skin. Of —— = = wing-bulkheads 
appears to the most ua! as wing-spaces are 
in than those on one side of a central bulkhead, and 
greater than those between two skins. The central 
8 containing the machinery and boilers are less 
likely to be ered useless, and the wing bulkhead, 
being further from the vessel’s side than the inner skin, 
is less liable to partake of any damage occurring to the 
outer shell-plating. In cases where wing bulkheads are 
fitted it will probably be found advisable to interconnect 
the wing com nts on either side of the ship, so that 
both may be filled at the same time, and the vessel thus 
kept upright. There are many objections to the fitting 
of an inner skin in mercantile vessels. Wing bulkheads 
already serve a useful purpose as bunker boundaries, 
so do not add materially to the vessel’s weight or cost ; 
but an inner skin is a definite addition to both—it reduces 
the space available for cargo, coal, machinery and pas- 

accommodation, and on account of its comparative 
nearness to the ship’s side is difficult to dissociate from 
any damage occurring to the outer skin. 

Water-tight decks form an exceedingly valuable form 
of subdivision. Very littleadditional weight is involved, 
as the deck is already required for other purposes. 
the deck is above the water-line, and between passenger 
accommodation and spaces, its conversion into an 
effective water-tight division is comparatively simple, and 
the only alteration involved is that of enclosing the cargo- 
hatches*by water-tight tanks extending up to the bulk- 
head deck. If, however, there happens to be passenger 
accommodation below the water-tight deck, it becomes 

ry also to carry water-tight exit stairways up to the 
bulkhead deck, and in most cases this would mean a con- 
siderable amount of inconvenience to qettenges, Water- 
tight doors may, of course, be fitted on such stairways, 
but these should be avoided as far as possible, since every 
additional opening affords to water should the 
closing of the door be overlooked or found impossible in 
case of sudden emergency. \ : 

In considering the position of the water line to which 
the vessel is estimated to sink after any ——— flooding, 
special attention requires to be given to the possibility of 
water entering non-damaged compartments by way of 
soupper-pipes, slop-sheets, sanitary aga gl my and 
so on. e storm-valves fitted where such pipes 
through the vessel’s sides are not rape sing | water-tight, 
and should the upper ends of the pipes ‘all below the 
external sea-level, water may easily find its way inboard. 


Screw-down covers should be fitted in all such cases, and 
as the rate of flow would not be great, time would be 
1 before much addi- 


available for the closing of each 
tional water had entered the vesse 

The whole success of the method of subdivision hangs 
also upon the prompt and efficient closing of all water- 
tight doors as soon as an accident has occurred. There 
are now upon the market several excellent systems by 
which all doors can be closed from the sa ay and im 
which any door is closed automatically by the rise of 
water on either side of the bulkhead. 

In the last resort, when all else has failed, and it 
becomes evident that it will be necessary to ‘‘ abandon 
ship,” the safety of. life at sea will depend upon the 
amount and nature of the ‘‘life-saving appliances” with 
which the vessel is equipped. It is now a generally 
acce’ rw] ~~ that lifeboat re ay A 

vii or every person on . In , 
Seago eteemnens act al carried ‘‘ boats for all” on each 
side of the ship, and 80 per cent. of foreign-going pas- 
senger — were also provided with boat accommodation 
for all on > 

Corresponding figures are not available in the case of 
vessels employed in the home trade ; but it is worthy of 
note that in 30 out of the 35 casualties which have 
occurred to home-trade passenger - vessels during the 
20 years 1892-1911 there was actual boat or buoyant deck- 
seat accommodation for 2 board, and - o~ the 
remaining reported cases it did not appear that further 
life-saving Py would have been of any use. Three- 
quarters of the total loss of life occurred in t disasters 
to vessels in which the boat accommodation was in excess 
of the number of persons on board at the time of the 


accident. 

‘* Boats for all” is excellent in theory, but exceedingly 
difficult to realise in practice. The Olympic now carries 
no fewer than 68 lifeboats, and the Aquitania will have 
92. The problem of finding deck s for such large 
numbers of boats, eaeh measuring about 30 ft. in length 
and 9 ft. in breadth, and weighing about 2 tons, is one of 
great difficulty, exceeded only by that of devising satis- 
factory means of filling them with their proper com 
ment of passengers, and thereafter lowering them safely 
into the water. The problem becomes still more compli- 
cated if is further attempted to arrange the boats so that 
all can 2 ae os poe 

> uch ingenuity m expended u e 
roblem, and many forms of boats and Geus base 
devised. Most of these are of too complicated a 
nature to be of practical value. Itis just possible that the 
provision of large numbers of boats, many of which have 
to be stowed one above another and not attached to 
davits, may be worse than useless, as the extra boats may 
so hamper the deck space that access to the boats under 
davits will be hindered, and it may not be found possible 
to free the inboard ‘‘nested” boats from their supports 
and lashings, to attach them to davits when their turn 
comes, to load them and lower them away, in sufficientl 
short atime. It is probable that in moat cases inboard 
arranged “y rods oa he ciaking uae 
80 as to v 
life-rafts to be reached by swimming. 
The ideal life-saving appliance is one that is simple 


act as 


if | (12.598 in.) thick at the centre. 





and certain in its action, and by which large numbers of 
people can be floated safely uickly. Floating decks 
and floating deck-houses have been proposed, but no 
solution on these lines has so far appeared to be of suffi- 
cient merit to meet with general approval. The latest 
trend of expert opinion appears to be towards the adop- 
tion of a small number of large lifeboats, rather than the 
provision of a large number of smaller and less substantial 
craft. The whole subject has been under the careful 
consideration of the Boats and Davits Committee, 
their final report has recently been made. 

Briefly put, its most important recommendations are 
asfollow:— - 

The number of pone to be allotted to any open life- 
boat is to depend upon its stability and upon its actual 
capacity as determined by Stirling’s Rule, instead of upon 


and | the over-all dimensions and an assumed coefficient. 


Development may — be in the direction of larger 
boats, say 50 ft. by 15 fo. by 6 ft. 8 in., each carrying 250 
persons and weighing 28 tons when loaded 

Decked lifeboats to have permanent bulwarks fitted 
with buoyancy tanks; they may be “nested” two or 
three deep, even although it may be necessary to raise 
them out of the nest by means of hand-winches before 
they can be moved under davits. 

Pontoon rafts may be accepted for 25 per cent. of the 
persons for which the ship is certified. 

In foreign-going ships the lifeboats are to be trans- 
ferable to either side. 

Davits to have gearing to turn the boat out even against 
a considerable list. To have non-toppling blocks or two 
sets of falls if they deal with more than one boat, and 
wire falls with lowering drum and brake if with more 
than two boats. 

Motor-boats to be optional: in any case not more 
than two will be necessary on each side of the vessel ; 
their radius of action to be 100 miles on paraffin fuel. 

It remains to be seen how soon, and to what extent, 
these recommendations will be embodied in statutory 
rules, but there can be nodoubt that they would have an 
meee effect upon the problem of boat accommodation 
and stowage. The adoption of Stirling’s Rule and some 
definite (but yet to be determined) standard of stability 
will tend to produce a form of lifeboat capable of carry- 
more persons with safety on any given length, ae 4 
and depth than the forms at present in vogue. This will 
reduce the number of boats uired, and so facilitate 
stowage. The provision most difficult to carry out in 
practice will, I think, be that of arranging that the boats 
shall be transferable to either side of the vessel. The 
central portions of the boat-deck of the modern first-class 
liner is already so much occupied by saloon domes, 
officers’ houses, ventilators, water-tanks, funnels, masts, 
and stays, that it will be a matter of some difficulty to 
find one or two clear s across which a lifeboat 30 ft. 
to 50 ft. in length can be moved. Aseach boat may have 
to be moved longitudinally, in order to come abreast of 
the cross gangway before transference to the opposite 
side of the ship, a good deal of ‘‘shunting” will have to 
be done to clear the davits and other deck obstructions. 
Care will also have to be taken that there may be no 
possibility of a heavy lifeboat and the truck upon which 
it is being moved ‘‘taking charge” if the vessel is rolling 
in a seaway. 

The committee has done much painstaking work in 
testing the stability of o lifeboats, decked lifeboats, 
deck-seats, and rafts. uch —_ has been thrown upon 
a subject hitherto greatly neglected, and the results of 
their labours will undoubtedly be to encourage the deve- 
lopment of more reliable and stable forms of all such 
appliances. But when all has been said and done, I 
think it is certain that in the future, as in the t, 
safety of life at sea will depend more upon the pea ome 
of accident than upon its repair, and that careful navi- 
gation will prove of infinitely more value than the most 
minute subdivision or the most perfect equipment of life- 
saving appliances. And though an increased immunity 
from loss of life at sea may and will be recorded in the 
years to come, yet it must never be forgotten that life 
cannot be made absolutely safe at sea any more than 
oy land. ‘They that go down to the sea in ships, 

hat do business in great waters,” do so at risk of their 
lives ; we may minimise, but cannot annihilate that risk. 





AUSTRALIAN Raitways.—Mr. T. R. Johnson, Chief 
Commissioner for = and Tramways of New South 
Wales, in his evidence before the Dominions Royal Com- 
mission, said that during each of the last two years the 
department had met considerable difficulty in i 

ers for 3000 tons of rails, and after months of delay had 
only been able to secure them in lots of 1000 tonsa month. 
In ~ to locomotives, the department had ordered 
some 100 locomotives from Great Britain during the last six 
years, and were building at the rate of two a year locally. 


_ Tue Frencw Dreapnovucnt ‘‘ Lancurpoc.”—Accord- 
ing to the Moniteur de la Flotte, the construction of the 
Languedoc, the second Dreadnought of the 1913 pro- 
me, was commenced at the Chantiers et Ateliers de 
a Gironde, Bordeaux, on April 28 last. Her principal 
dimensions are the follo :—Length, 175 m. (574 ft.) ; 
breadth, 27 m. (88 ft. 7 ind: aeeah 8.66 m. (28 ft. 5 in.) ; 
displacement, 25,230 tons. The armament is to consist 
of twelve 34-cm. (13.386-in.) guns, mounted in three 
pay ane axial turrets; twenty-four 14-cm. (5.512-in.) 
guns ; four 47-mm, (1.850-in.) guns ; and six under-water 
o-launching tubes. The belt armour is to be 32cm. 
. } t The . loc _—_ be 
pro y two reciprocating engines drivi wing 
shafts, and two Schneider-Zoelly turbine sets Sriving the 
inner shafts. The contract speed is 21 knots. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several Colonial and 
foreign i ing projects, gathered from the Board of 
Trade Journal. rther information concerning these 
projects can be obtained from the rcial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

South Africa: H.M. Trade Commissioner for South 
Africa has forwarded a copy of the estimates of expendi- 
ture on South African railways and harbours during the 
year ending March 31, 1914, from which it appears that 
the following sums may be spent during the current year 
(including sums for works not completed under previous 
programmes) in addition to the expenditure of 2,731,631/. 
on new lines, mentioned in the Board of Trade Journal of 
June 5:—New works on lines already open (4,309,733/.) 
including ent way, 2,649,465/. ; fencing, 98,0061. ; 
— and interlocking, 81,423/. ; telegraphs and tele- 
phones, 32,446/. ; water supplies, 95,668/. ; coaling plant, 
60,436/. ; tarpaulins, 56,6757. Rolling stock (1,509,410/.). 
Harbours (1,026,099/.) including harbour and wharf 
improvements, 334,105/.; crane for Durban breakwater, 
10,0002. ; twin-screw steam tug, 20,0007. ; steam launch, 
9000/. ; harbour tug for Durban, 30,000/. ; electric cranes, 
13,0002. ; condensinf"plant, 1000/7. ; lighthouse, 5000/. 

Canada: The Imperial Trade Correspondent at Quebec 
reports that sealed tenders for the construction of a dry 
dock at Lauzon, Quebec, will be received up to June 23 
by the Ministry of Public Works, Ottawa. There is no 
time for new tenders to be received from the United 
Kingdom, but the Trade Correspondent points out that 
several United Kingdom contractors have had engineers 
in Canada for some time in connection with this contract. 
The work involves the purchase of a considerable amount of 
electrical appliances, engines, pumps, boilers, &c., which 
should afford openings to British makers of these articles, 

Switzerland ; The Feuille Fédérale Suisse, Berne, pub- 
lishes the text of a decree awarding to the Bernese Alps 

ilway Company a concession for the construction and 
working of a system of railways from Spiez to Brigue and 
from Scherzligen to Binigen. The Feuille also contains 
a decree granting to a syndicate composed of M. .|J. 
Ribordy and others a concession for the construction and 
working of a narrow-gauge railway from Ayent to Montana 
by way of Lens. The cost of the work is put at 3,100,000 
francs (124,000/.). It further contains a similar decree 
granting to a syndicate composed of M. KE. Mory, of 
Adelboden, and others a concession for the construction 
and working of a narrow-gauge railway from Frutigen to 
La Lenk by way of Adelboden. 

Spain: The Gaceta de Madrid contains a decree 
granting to the Electric Tramways Company of Granada 
a concession for the construction and working of a steam 
tramway from Granada to Santa Fé. 

Spain (Canary Islands): With reference to the pro- 
posed improvements to the water supply of Santa Cruz 
de Tenerife, H.M. Consul at Teneriffe has forwarded 
particulars of the conditions under which the Munici- 
pality of Santa Cruz de Teneriffe desires to raise a loan 
of 5,000,000 pesetas (about 185,180/.) for the purpose of 
bringing water from the wells at Rio Negro. 

Italy : The Gazzetta Ufficiale, Rome, notifies that tenders 
are invited by the General Directorate of the Italian 
State Railways, Rome, and will be opened on July 5, for 
the construction of a 7-mile section of the direct line 
which is being laid from Rome to Naples. The upset 
price is put at 3,350,000 lire (134,000/.). Although this 
contract will in all probability be awarded to an Italian 
firm, nevertheless the carrying out of the work may involve 
the purchase of some materials outside Italy. 

Colombia -: The Diario Oficiul, td, contains a decree 
appointing the technical staff to be entrusted with the 
surveying operations relative to the construction of a 
section of railway from a suitable point on the Putumayo 
River to the Pacific Coast, and for the laying of a section 
of line from Pasto to Popaydn, to connect with the 
Pacific Railway. : 

Brazil: The Acting British Consul-General at Rio de 
Janeiro reports that according to an announcement in 
the Jornal do Commercio, tenders for the supply of metal 
superstructures for various bridges in the State of Rio de 
Janeiro will be received, up to 1 p.m. on August 21, by 
the Commissio de Viacio Ordinaria e Terras Devolutas, 
Rio de Janeiro, whence further particulars can be 
obtained. It will be observed that the time forthe receiptof 
tenders is limited, and this intimation, therefore, will be 
of use only to firms having agents in Brazil, who can 
be instructed by cable. The Diario publishes a decree 
approving the plans and estimate of 83,763,353 milreis 
ioe 5. »0087,), drawn up by the Sao Paulo-Rio 
Grande Railway Company for the construction of & 
452-mile section of the Francisco Railway—viz.- 
between Victoria and the River Parand. 





Tue German Navy.—The German armoured cruiser 
Seydlitz is an enlarged copy of the Moltke, being 660 ft. 
long against 620 ft., and 24,385 tons displacement against 
23,000 tons displacement. In both ships there are 24 guns 
disposed in the same fashion. The guns of the Seydlitz 
are, however, of rather heavier calibre. The armour 
plating of the Seydlitz is also thicker, and the engines 
work up to 68,000 horse-power, as compared with 50,000 
horse-power. The prescribed speed of the Moltke is 25 
knots, but it has actually attained 28 knots. As is the 
case with the Moltke, the Seydlitz is fitted with Parsons 
turbines driving four screws. The Seydlitz has a radius 
of action of 1260 miles at 26 knots, and 8500 miles at 12 
knots. Her cost has been 2,234,240/., or 28,000/. more 
than that of the Moltke. 
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ELECTRICAL APPARATUS. 


6716/12. H. W. Handcock, A. H. and W. 
Duddell, London. 1 
on Electric-Supply Systems. [14 Figs.) March 19, 1912. 
—This invention relates to the use on electric-supply 8\ stems of a 
mechanism or signal which can be operated from a distant point, 
such asa central station or a sub-station, so that it can be caused 
at will to effect any desired pu: such as lighting or extin- 
guishing lamps, indicating the to consumers who are con- 
nected to the supply circuit, affecting the records of consumers’ 
meters in any predetermined manner, or any similar purpose, 
without impairing the operation of the supply of electrical energy 
to consumers on the system. For this purpose the applicants 
take advantage of the principle of electric resonance in the 
manner hereafter explained, as distinguished from former invep- 
tions bearing on similar matters. If at a point on os 
of which the frequency of the supply is F, a m ism be 
inserted, actuated a solenoid ore et in series with a 
capacity so proportioned that the two are in resonance at fre- 
quency F!, then if F be the frequency of the supply current, this 
mechanism will not be operated, provided that F) be suitably 
selected with reference to F, because the solenoid or electro- 
magnet will not be sufficiently energised. If, however, an alter- 
nating current of frequency F1 be superimposed on the circuit 
from a distant point, then so long as the current of pas nem Fi 
is in operation the resonance circuit will give a resonance effect 
and work the mechanism, which in turn can be utilised for any 
desired purpose, such as lighting or extinguishing a lamp, affect- 
ing a consumer’s meter in some cular way, or effecting some 
other useful purpose. In Fig. 1 is illustrated d ically an 
application of resonance-operated mechanism for the switching on 
or off of, say, street-lighting or some circuit which takes a con- 
siderable amount of current, and consequently requires a 
switch to make and breakit successfully. In this case the avail- 
able forces acting on the armature of the resonance mechanism 
may not be sufficient to directly operate the main switch. The 
applicants, therefore, cause the resonance-operated mechanism to 
open and close an auxiliary circuit which rates the switch. 
Fig. 1 illustrates as an example one form of this arrangement. In 
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this diagram K and L are the resonance circuits adjusted 
for the frequency F!, The armature A opens and closes a 
contact C, which allows the current from the mains M! 
and M2 to flow through the magnet winding P. When the 
frequency F! is superimposed on the mains M! and M?, the circuit 
is closed at the contact O, the magnet winding P is energised, and 
sucks down its core, which closes the main switch 8, and lights 
the lamp, or carries out any other operation it is required to per- 
form. As long as the current atthe frequency F! is superimposed 
the switch-contacts S will remain closed. It is well known that 
once the main switch S is closed a very much smaller attraction 
of the magnet winding P on its core will hold it closed than was 
necessary to close it. In order therefore not to keep an unneces- 
sarily large current flowing the magnet winding P, a resist- 
ance or choking coil R, as the case may be, is placed in series with 
the magnet winding P. resistance 

circuited at the contact C when the switch is open, so that the full 
yressure of the mains M! and M2? isapplied to the wind 





open 
and the current through the magnet winding P is reduced to such 
a — as will hold the pnd en Fagen ao | — ¢ 
working it is necessary to a su) curren’ 

frequency F! the whole time that it is req to keep closed the 
contact of the main switch 8. Another way is to attach a ratchet 
to the armature A, which ratchet by means of a ratchet-wheel 


rotates a cam, which cam alternately and closes the con 
tact C. In this case, if te cusvent of Goqueney # be applied, 
the armature will be will be pulled 
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now, the superim: current of uency Fl be removed the 
armature A will but the contact C will remain closed. The 
next time that the current of frequency F! is su the 
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or choking coil is short- | ternal 


instance, the meter is 


stopped for seven minutes out of eigh' 
only one. th of the electric ene will be metered = 
consequently the charge will be reduced to one eighth if electric 
en issold at a fixed price per unit registered. Fig. 2 shows 
how is effected by means of resonance operating mechanism. 
Se are the series coils, and Sh the shunt coils of a meter. 
Instead of the shunt coils SA being across the mains M! and M2 
in the ordinary way, contact C is in series with them. jt 
will be evident that as long as the reso: rated mechanism 
is energised the contact will be open and the meter shunt circuit 
will be disconnected so that the meter will not register. The 
— during which the meter registers can thus be controlled 
the central station by applying the ym oe current of 
frequency F! and removing it at suitable intervals according to 
the system of charging employed. (Sealed June 5, 1913.) 
5307/13. H. W. Hand A. H. Dykes, and W. 
Du London. cal Resonance Appa- 
ratus. (6 Figs.) March 19, 1912.—This invention relates to 
improvements in apparatus which depends for its operation on 
electrical resonance and which apparatus is and may be applied 
to various useful pu If at a point in an electric circuit an 
apparatus be inserted consisting of a solenoid in series with a con- 
denser so proportioned that the two are in resonance at frequency 
Fl, then if F be the frequency of the current in the circuit the 
apparatus will not be energised provided that F! be sufficiently 
different from F. If, however, an alternating current of frequency 
F! be superimposed on the circuit, then so long as the current of 
frequency F! is in ration the resonance circuit will give a 
resonance effect which can be utilised for any desired purpose. 
The invention consists in an improved method of compensating 
the electric-resonance system so that it is tically ffect 
by currents at the fre quency F while it is still easily operated by 
currents of the frequency F!. One well-known form of resonance- 
operated mechanisin is illustrated in Fig. 1. The cir- 





engine cylinder, the cylinder being adapted to be put into and out 
of communication with the source of compressed fluid at the 
Sion qosststn 0s Gee peoviiion af cuapting aepuanen apuanged enen 
ion means 80 as to 
permit the suppl. oa air or explosive mixture to pass 
under the con of the ve to a passage arr with a non- 
return valve or check-valve, as hereinafter particu’ d \ 
There is fitted into the projecting head A in the engine cylinder B 
&@ non-return valve C, or check-valve, which moves within a 
pomes D opening into the cylinder B, and is normally held on 
ts seat by a spring 80 as to the opening, the valve O being 
adapted to be moved away from its seat by the action of com- 
pressed air or mixture led by way of a connection at G through a 
port H in the outside of the cylinder, te 
aad y Pye ty why Fe Se - o 
ve-valve brought into register at a suitable period in 
cycle of the engine, so that the com air or mixture is 
injected into the cylinder B at the ning of the working 
stroke of the engine piston. When the e is running, the 
supply of compressed air or mixture is cut off, and the non- 
return valve C is stationary, there a blow-through across 
the ports. It will be understood that this arrangement is appli- 
cable to multi-cylinder engines. (Sealed June 5, 1913.) 


26,127/12. Sir K. I. Crossley and F. Fielden, Man- 
chester. - Hearth -Gas Producers. 
(4 Figs.) November 14, 1912.—This invention relates to open- 
hearth suction gas ucers ed primarily for the con- 
sumption of non-bituminous fuel, comprises an improved 
stepped fire-grate, circular in form, and open to the atmosphere 
allround. a designates the suction-gas prod or ¢ itor, 
which consists of a mild-steel case, on the base of which a cast-iron 
ring } of channel section is arranged to carry the fire-brick lining 
¢. This channel circular casting ) is supported by a 

ber of feet d, which also act as supports for the improved 








cuit consists of a solenoid L with a laminated iron core connected 
in series with a condenser K. An armature A is pivoted in rela- 
tion to the core so that when the solenoid is sufficiently energised 
the armature will beattracted. The movement of the armature is 
utilised either to open or close contacts C, ©; or to effect any 
operation which it is desired that the resonance-operated mecha- 
nism should cause to take One terminal of the solenoid 
and one terminal of the condenser are connected to the electrical 
circuit by the conductors M! and M2, and the self-induction of the 
solenoid and the capacity of the condenser are so chosen that they 
are in resonance for a certain frequency F!. If an alternating 
electromotive force of frequency F is applied to the above 
ratus it will not operate, provided that there is sufficient differ- 
ence between the frequency F and the resonance frequency F!. 
In the case where the potential diff at the freq y Fi 
required to operate the mechanism is small, for example 5 or 10 
r cent. of the potential difference at the frequency F, it may be 
ound that in some cases there is not sufficient difference between 
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the two frequencies F and F!, so that the mechanism is sueies 
with certainty at the frequency F! with a small potential difference, 
and is not affected at all by a large potential differenc- at the fre- 
quency F. To overcome this difficulty the applicants add to the sole- 
noids an auxiliary winding or compensating circuit in series with a 
self-induction or choking coil, and connect thiscompensating circuit 
in such a way that a current flows through it at the frequency F 
of such a magnitude, and having such a relation to the current 
in the condenser circuit that ; = —- the nner 4 is, for 
purposes, magnetised. arrangement is shown 
diagrammatically in Fig. 2. In thie case there are two windings 
L) and L2, on the relay. It is to be understood that the windings 
Ll and L? are wound either superposed or side by side on the same 
laminated iron core. This core and the armature are, for the sake 
of simplicity, omitted from the diagram. A condenser K is in 
series with the winding L!, and a self-induction or a choking-coil L* 
is in series with the second or compensating winding L. chok- 
ing coil L may with advantage have a nearly closed laminated 
iron magnetic circuit, in which the air-gap is adjustable for the 
of compensation. The applicants have found it con- 
ont ry to make the two currents—namely, the current — 
the condenser K and the current through the choking coil 
approximately equal, because in that case their oy sum, 
which is the current taken from the mains M! and M?, is very small, 
one of the currents leading approximately 90 deg., and the other 
current lagring 00 ° action of this com; circuit 
depends upon the fact that at any ~~ oe | F, which is below and 
is not too close to the frequency F!, the current 
windings of the solenoid in series with the condenser lead 
on the applied P.D. by approximately 90 deg. whereas the 
current of the ee the solenoid in series with the cho’ 
coil will lag by a si amount, and, further, the action 
these two currents on the core may be approximately balanced, 
the perfection of the balance i yf upon the r- (4 of 
the two currents, the number of turns on the two dings of 
the solenoid, and on the nearness to which it is possible to make 
the two currents lead and lag 90 deg. (Sealed June 6, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


7156/12. P. Burt, Bothwell, and J. 8S. Matthew, 
Alexandria. Automatic Starting In- 
bustion Engines. (3 Figs.) March 23, —— 

ts in automatic starting 





This invention relates to improv 














ped fire-grate ¢. This fire-grate is composed of a eeries of 
circular plates in any suitable number of sections or segments, 


Figt 

















eomengnd Sn stage, end so Gaped  e a surfaces as 
suitable for the vaporisation of water run directly on to 
from a supply-pipe and funnel. The circular plates of the fire- 
grate are of such a width, and are so relatively to 
other, as to prevent any fuel or ash from falling off the outer 
edges of the The section of the plates may be in the form 
of a channel, with overflows in the channel at opposite sides or 
ends of the grate for the ‘e~r of taking any superfluous water 
ate pny +4 5 p outer ed, oS aaa . 
or or the retaining m 
water for ve, as owe - oe plan view, 
Fig. 2, a channel z is formed about mid-width of the upper fire- 
grate ¢, with overfiows z! at opposite sides or ends for any surplus 
water. (Sealed June 12, 1913.) 


12,397/12. C. T. B. , Birmingham. Inter- 
nal-Combustion (8 Figs.) May 25, 1912.—This 


invention, which is an improvement upon or a modification of that 
described in Specification No. 22,475 of 1911, relates to decom- 
pressor clevices for internal-combustion engines iv which a half- 
compression cam is employed in conjunction with an exhaust- 
valve cam, and which can be t_ into operation, when re- 
— for opening the exhaust-valve before the reaches 

end of its compression stroke, in order so to relieve or reduce 


the com of the charge that—in the case of a motor-cycle- 
the machine may be easily pedalled or by the rider 
until the engine commences to fire. In the arrangement described 


in the specification, the supplementary or decompressor- 
lever, is mounted upon the tappet-lever, is directly engaged 
by the decompressor-cam, whilst the lever itself 
with an ordinary external exhaust-cam, turning about the same 
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axis as the decompressor-cam. According to 
tion, however, an intermediate lifter-lever is inte: 
the decompressor-cam and em pay 
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stud or roller 5, which with the Atabout 
mid- ay mS ys Ayam ky the ry 
tappet-lever 4 carries at one a lateral upon which 
meted coplanemiry, angen yea 
move 

forward end with Sey ny ete | er 5 
arranged in between the ene ae” 
the decompressor-cam 1. The rear end of the half-compression lever 7 
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reste upon a rotary sleeve or cam member 9 mounted u the same 
spindle or pivot as the tappet-lever 4. One side of this sleeve or 
cam is recessed or at 13, but the remaining portion of its 
periphery is concentric. A torsion ing surrounds the lateral 
pivot 6, upon which the half-com: n lever 7 is mounted, with 
one end anchored to the pivot 6 and the other end bearing on the 
lever 7,80 a8 to press ite rear end into the gap 13 in the cam-sleeve 9 
during normal running. The sleeve 9 is adapted to be rotated, or 
its angular position altered, thro’ the medium ofan arm secured 
to the end thereof, and conn up with a hand or foot-operated 
control device. For normal running the sleeve or cam 9 is turned, 
60 that the recess or gap 13 comes immediately below, and is 
engaged by the rear end of the supplementary half-compression 
lever 7, in which position the fo end of the lever is raised 
out of the range of the intermediate lifting-lever 8, 80 that the 
decompressor-cam 1 is inoperative on the valve. en the eom- 
pression is required to be relieved, as when starting, the cam or 
sleeve 9 is rotated so that the rear end of the supplementary 
lever 7 rests upon the concentric or ungapped portion, as shown. 
Ir this tion the lever 7 is locked or prevented from turning 
relatively to the tappet-lever 4, with the forward end extending 
into the path of che lifting-lever 8, so that when the latter is 
raised by the decompressor-cam 1 the movement due to the latter 
is transmitted through the said intermediate lifting-lever 8 and 
the supplementary lever 7 to the tappet-lever, which is lifted, and 
opens — by means of the tappet-rod 12. (Sealed 
ay 29, 1913. 


GUNS AND EXPLOSIVES. 


843/12. Vickers, Limited, London, and J. Ramsay, 
gsiin Automatic Guns. [2 Figs.) September 25, 1912.— 
This invention relates to automatic guns, particularly those of the 
barrel recoil type, having a barrel whose bore is choked, the 
chief object being to so construct or adapt the barrel that the gun 
will work more satisfactorily than heretofore when blank ammu- 
nition is employed. According to this invention, the difficulties 
that arise from the imperfect combustion of the powder charge 
are overcome by employing in combination a gun-barrel in which 
the bore is choked or reduced in diameter, and a muzzle attach- 
ment in which the gases are allowed to expand, their reaction 
effecting, or assisting to effect, the automatic operation of the 
breech mechanism of the gun. Referring more particularly to 
Fig. 1, the cartridge-chamber and the rear end of the bore A! of 
the barrel A are enlarged to receive a plug or bush B which is 
preferably screwed into position, as shown, and is chambered for 
the reception of the blank cartridge. The portion of the plug in 
front of the cartridge-chamber is formed with an axial aperture 
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B! of smaller diameter than that of the bore of the barrel, so that 
when the blank cartridge is fired the are prevented from 
escaping rapidly, and complete combustion of the Capen charge 
thus takes place. This construction is one that is ticularly 
adapted for the purpose of utilising old barrels which are un- 
serviceable owing to the rifling being worn or to other defects 
in the bore or cartridge-chamber. . 2 shows the manner in 
which the barrel can be initially constructed, as aforesaid, in 
accordance with the invention, the bore A! of the barrel being in 
this case of smaller diameter than would be the case if the gun 
were firing live cartridges. The barrel is provided with, as 
shown in Fig. 1, a muzzle attachment comprising a cup-shaped 
member © attached to the muzzle of the gun, and a disc C! dis- 
posed within the member and carried by a relatively stationary 
casing C2. The expand in the cavity between the member 
O and the disc O!, and their reaction thus increases the rearward 
or recoil movement of the barrel. The disc C! is formed wi h 
an axial aperture of ee the same diameter as that of 
the aperture B! in the plug or bush B. (Sealed June 5, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


27,263/12. P. BrownandF. J. Bostock, Huddersfield. 
Abrasive W Profile Generator. (7 Figs.) Novem- 
ber 27, 1912.—The object of this invention is to provide a new or 
improved device for generating the profiles of milling-cutters or of 


abrasive wheels employed in cutting and grinding worms, spirals, 
or like gears, 80 that whatever angle of tooth it may be desired to 
produce or togriad, the device can be readily adjusted, first to one 
angle and then to the opposite angle, to generate or grind the exact 
profile of cutter or abrasive wheel to cut or grind the angular 


THE 





sides of the tooth or teeth required, whereby allowance for inter- 
ference at nt necessary is not called; and instead of the profile 
generator being obtained with no certainty of giving the profile 
required, the applicantsare able to obtain a cutter profile generator 
or abrasive profile generator adapted to cut the teeth to any 
desired angle, or to act correctly in grinding any angle of tooth. 
Referring to the drawings, which illustrate a milling-cutter profile 
generator, the device comprises a holder a having turned ends or 
spindles a!, a, and a central opening a? therethrough. The holder 
is constructed to admit of its being centred and held by a cluck in 
a profile generating machine. Within the opening a? fits loosely, 
80 as to be adapted to turn freely therein, aswivelling tool-carrier 
b, provided in this instance with conical-headed studs or pivot-pins, 
only one of which is shown at d in Fig. 2, which register with 
conical openings in the tool-carrier. e pins or studs rest in 
bearings in the holder a, and the outer ends thereof are reduced 
in diameter and provided with screw-threads, on to which take 
nuts /, which, when turned in one direction, slacken the parts 
and enable the tool-carrier to be turned or swivelled about the 
studs d as a centre, and, when screwed up tightly in the other 
direction, rigidly secure the tool-carrier in any position to which 
it has been turned. Centrally of the owtveliiog tool-carrier b is 
su and secured by nut g!, a bush g, which receives a spindle 
h, having at one side thereof a longitudinal opening /!, into which 
is adapted to be the profile cutter j, which is secured in 
any position vertically by screws through the bush gand abutting 
against the hapemnpouad | By loosening the screw or screws the 

rofile cutter can be adjusted vertically to any extent within the 
imits of the device, the spindle h heing adjustable along with the 
profile cutter to provide a long bearing therefor. The position of 
the profile cutter is such that the upper point of the cutting edge 
is in accurate alignment with the horizontal axis of the holder a 
and with the vertical axis of the carrier b, so that to whatever 
angle the carrier is moved the point will be in alignment or radial 
with the pivot centre of the carrier as well as in alignment with 
the horizontal axis of the holder. On the carrier } is a scale, and 
on the holder immediately above same is a vernier. Given the 
angle of the tooth which is to be produced by the cutter profile 
generator, the carrier b is turned on its centres until the cutter is 
brought to the desired angle, as ascertained from the scale and 
vernier, and is then secured in position. (Accepted March 27, 


1913.) 
TEXTILE MACHINERY. 


12,393/12. Platt Brothers and Company, Limited, 
and a Oldham. Fluted Drawing Rollers. 
[10 Figs.) May 25, 1912. —This invention relates to fluted drawing 
rollers and other rollers u in machinery for preparing, 
spinning and doubling cotton, wool and other fibrous materials, 
and to the manufacture of such rollers, and its object is to pro- 
vide simple, efficient, and trustworthy couplings or joints for 
such rollers which will ensure that the rollers shall run or revolve 
in true alignment and in ti ractically rigid nst 
relative twisting when coupled together and yet be practically 
interchangeable one with another. According to this invention, 
in order to afford the requisite security and rigidity in the coup- 
lings of rollers and to obviate the disadvantages of the method 
generally adopted, one end of each roller of a line is provided 
with a socket by a cylindrical hole being bored in the roller and 
a segmental nage ing then inserted into and secured in the 
hole at the side, with the result that the shape of the cylindrical 
hole is altered from that of a true circle to that of the segment 
of acircle. On the end of the roller to be joined to that with the 
socket, a shank or spigot of corresponding form is provided, 
having a portion or portions of cylindrical curvature to te against 
the cylindrical part of the socket and a flat part or recess to 
abut against or to receive the corresponding flat face or pro- 
jection. The end-sections or parts of the line of rollers, or the 
: or “y- by which motion is to be transmitted to or from 

may 





. formed with sockets or spigots like those employed 
in other parts of the line of rollers, or may be adapted to be 
connected thereto in any other convenient way. The shank or 
spigot e shown formed on the roller f in Figs. 1 and 2 is shown 


Figi  Fig.2 Fig.3 
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as first made cylindrical, and then formed with a flat portion or 
face gy by part beingremoved. The socket A formed in the roller i 
in Fig. 3 is first bored asa cylindrical hole coaxial with the roller 7, 
and altered so that ite shape is changed from that of a true circle to 
that of a segment of a circle by a piece j of the form of a segment 
of a cylinder of a diameter equal, or approximately equal, to that of 
the hole, being inserted in such hole at the side thereof, and secured 
therein, leaving the hole of a shape corresponding to that of the 
shank or spigot e, and providing a flat face, against which the face 
or | pen g mayabut. A cylindrical hole is easily bored “‘ true ” 
and co-axial with the roller i in which it is formed, and a seg- 
mental piece j is easily formed with its flat face or portion k 
el to the axis of the curvature of its curved surface, and so 
yy the insertion and securing of such a segmental piece j in and 
at the side of a hole, cylindrical and co-axial with the roller i in 
which it is formed, it is easy to form the socket A truly parallel 
to the axis of the roller i. The surface of the shank ¢ witha 
cylindrical curvature is easily made co-axial with the roller f on 
which it is formed, and the flat surface or portion g is easily form 
lel to the axis of the roller f/, and at such a distance there- 
rom as to be ready to bear accurately against the flat surface k 
vided in the socket h. The socket h and the shank or spigot ¢ 
7. Sas easily made truly parallel to the rollers i, f, on or in 
which they are tively formed, the shank or spigot e can be 
inserted in the socket h with certainty that the two rollers /, i 
will be in line when so coupled together, and, further, it is 
ble for any of a number of similar shanks or spigotse to be 
inserted in any of a number of similar sockets A without any 
shank or spigot ¢ needing to be adjusted or altered to fit any 
rticular socket h, and rollers are thus enabled to be made 
nterchangeable. (Accepted April 2, 1913.) 
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PRINTING AND ALLIED MACHINERY. 
16,072 12. Walker, panten, (Mergenthaler Linw- 


A. 

ty Company, New York, U.S.A. tributin 

Mechanism, (3 Five | July 9, 1912.—This invention palate 
to t aphical machines—for instance, such as those known 
commercially under the trade-mark “Linotype.” More particu. 
larly it has reference to the parts which receive the matrices 
from the distributing mechanism, and ite general object is to 
adapt such yg to receive and deal with matrices of different 
thickness. invention consists in the combination with a 
in lled ine and a channelled entrance delivering 
matrices to such magazines, of means for guiding the matrices 
in the entrance, irrespectively of the thickness of the bodies of 
such matrices. The matrices X are delivered by the distributor. 
screws A into the azine-entrance B, from which they pass 
into the magazine O. e matrices are of the customary form, 
and are provided with the projecting ears Y which engage in the 
side ves ©) of the magazine. Referring to Figs 2 and 3, it 
will noted that, although the bodies of the matrices vary in 





size from very thin to very thick, their ears Y do not vary nearly 
to the same extent, and are therefore all adapted to engage and 
travel in the grooves C!, without regard to their body dimen- 
sions. In order that the matrices may be properly guided into 
the magazine channels, the entrance channels near their lower 
ends are provided with means to engage the matrix ears laterally, 
which means are preferably connected to the partitions D, and 
in the form shown consist of bent-over and inclined flanges D! at 
opposite edges thereof, so arranged and located as to encounter 
and guide the sides of the ears Y and direct them into the 
grooves ©! of the mazagine C. It will be seen that the body of 
the matrices will be contained within and pass between the 
guides D!, irrespective of their thickness, and further that, 
because of this construction, it will not be necessary, as hitherto, 
to alter the relative width of the entrance channels of different 
founts, as, whatever the thickness of the matrix body, the matrix 
ears will always be engaged and guided into correct relation to 
the magazine. (Sealed May 22, 1913.) 


MISCELLANEOUS. 

8987/12. R.S. Kennedy and the British Arc-Weld- 
ing company, Limited, London. Welding. [2 Fig.) 
April 16, 1912.—The present invention relates to the welding of 
plates together, and particularly by the process known as arc- 
welding. The invention consists in welding two plates together 
by boring holes at intervals in one or both of the plates, placing 
the two plates to be welded in their correct relative ition, and 
filling up the holes and welding the two plates together by means 
of an arc formed between the work and a rod or the like of rein- 
forcing metal, the welding being also effected electrically around 
the edge of the smaller plate. The invention further consists in 
welding patches on plates by boring holes at intervals in the 

tch or in the plate, and filling in the holes by metal deposited 

y the electric arc, and also finishing the edges of the patch ina 
similar manner. In carrying the invention into effect, according 
to the form shown, in which a patch a is to be applied to a 


fligiaad 


. f 


plate }, a number of holes c are bored at suitable intervals near 
the edge of the patch, and the patch is then placed in its correct 
position on the plate. One terminal of the electric-arc circuit is 
late and the other terminal to a rod of the 
welding metal, preferably of the same composition as the plate. 
The arc is then formed between the rod and the plate, and the 
metal is transferred by the electric arc from the rod to the holes 
in the patch, which are thus filled up by metal d firmly fused to 
the plate and to the patch. Metal ¢ is then filled in around the 
edge of the patch in a similar manner, making a complete joint 
around the edge. In some cases, for instance, where the patch 
is applied to cover a fissure in a plate, as illustrated in the draw- 
ings, the fissure also may be filled in with fused metal, as shown 
at fin Fig. 1. In some cases it is more convenient to bore some 
or all of the holes in the plate ) to be repaired instead of boring 


the holes in the patch a. (Sealed June 12, 1913.) 
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Ltd., 


veling & Porter, 
RocnesTer, KENT. 
and. 72,°Cannon Street, Lonpow. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
‘STE: \M WAGONS. hi oepgomg2 Ee 
CEMENT-MAKING MACHINERY. 326 





A. G. — [i 


CULVER STREET W ORKS, COLCHESTER. 
On ADMIRALTY AND. Wark. OFFICE Lists. 


rrow & Co., Ltd., 


a 
i SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of PorLaR, Lowpon): 
SPEEDS UP TO 40 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


MULTITUBULAR AND 
(Sochran OROSS-TUBE TYPES. 
See page 70. 


Boilers. 
2056 


Od 8759 








: ENGINES for Torpedo Boats, Yachts, I h 
; BOILER FEED PUMPS. 
See Advertisement, page 57. 
PATENT WATER.-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Auxiliary Machinery as supplied to the 
Admiralty. Od 2179 








rown.& Sharpe Universal 

MILLER, No, 3a Single Pulley Drive, with 

Vertical Attachment, Slotting Attachment, Extra 
Gutters, Mandrel; &c. - New model. 


Send for latest tool list. 3151 


JOHN: MACNAB, Mary. St.y Hype. 


(\ranes:—Electric, Steam, 
HYDRAU LIC: and HAND. 

= types and sizes, 

GEORGE RUSSELL & CO., Lrp., 

ae Motherwell, near Glasgow. -. 2952 


Roy Cement Machinery. 


ERNEST NEWELL & CO., Lrp,, Misterton, 
Garszono, supply all Machinery for Manufacture of 
Rotary Cement, Chemical Manures, also Elevating 
and and Conveying Plant. 3286 


STEEL TANKS, PIPES, GASHOLDERS, &c. 
Phos. Piggott & Co, Limited, 


BIRMINGHAM. 
See Adv ertisement last week, page 81. 














P lenty dey d on, 
MARINE iaraian: &e. 
_Newsury, ENGLAND. 9983 





Patent 

ee 's Hydro-Pneumatic Ash Kj ector. 

Great saving of labour. No noise. No dust. me dirt. 
Ashes discharged 20 ft. clear of vessel.—A: > F, Jd. 
TREWENT & PROCTOR, Lrp., Naval Arc! frects and 
Birveyors, 43, Billiter Bldgs., Billiter St., London, E.C. 
= 4835 
T Specification and gb ang equal to 
Main Line Locomotiv 


R. & W. HAWTHORN, LESLIE é & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 2962 





ank Locomotives. 





THE WELL-KNOWN 


Pin Red Moulding Sand, 


TRON, pass. ‘ALATMORTUM. 


Mansfield Sand Co., Ltd., 
i MANSFIELD, NOTTS. 2427 
ocomotives in Stock.— 


K"RR, STUART & CO., Lrp., have in stock 
Win « progress 





advariced ‘state of at their 

Oaliforn'. Works, Stoke-on -Trent, number of 

LOCOMUTIVES, with eylinders ion 6 in. to 15 in: 

eile, lusive), for all trom RO in. to 
Ott 8 in.— Apply to KERR, STUART & ; imo, 





ee (j2uge Glasses. 


BUTTERWORTH BROS., Ltd., 
Newton Heath Glass Works, 
















——— “Manchester. Od 9753 
Re: yles Limited, 
oe. FN ens, TRLAM, MANCHESTER. 
\TER HEA’ i roe 
R TORS! PATENTS. 
LE => ~—s-SYPHONTA STEAM 
parorre, {. REDUCING VALVES, to.” 








achts, Launches, or Barges, 


Built complete with Sees, Oil or — 
Motors ; or Machinery supplied. Od 3) 
VOSPER & CO.; Lrp., sree Srreet, PORTSMOUTH. 
See Advertisement page 83. 


WHY NOT USE LIQUID FUEL? 
Ali the Leading ships of the British 
: Navy are fitted with 

Kermode’s Ltd. Liquid 


Fuel Systems. 
Supplied to the Dutch, Chinese and 
: Argentine Governments. 

CAN BE FITTED TO ANY BOILER WITHOUT 
ALTERING THE 





FURNACES AS ARRANGED 
Highest Award. Naval and Sh 
ighest Awa a a ipping 
Exhibition, 1905. 
85, Tue Teme.e, Dave Street, LiverPoon, and 
109, FExcnv RCH STREET, Lowpon. 2643 


Fe. Hire, Deep Well ‘Pumps, 


pacities from 2000 to 100,000 gallons per 
3100 





hour. Alt it lifts. Air-lift Pumps. 
A. C.. POTTER & CO,, Lant Street, London, S.E. 
Y. Pickering & Co., Ltd. 


- ‘ (ESTABLISHED 1864). 
sumpand of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE. 


Chief Works and Offices : 
WISHAW, near GLASGOW. 

London Office : 

3, Vicroria Street, Westminster, S.W. 


QO il 
S eparators, 
BROOKE'S “DUAL” SYSTEM. 
STEAM SEPARATORS. 
VACUUM TRAPS. 
VACUUM-PRESSURE TRAPS. 


HIGH PRESSURE STEAM TRAPS. 


Holden & Brooke, Ltd., 


MANCHESTER. 


8353 





2105 


ohn Pellamy, J imited, 
John Bellamy, [, 


MILLWALL, LONDON, E. 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks& Mooring Buoys 


Sritus, Perrot Tanks, Am- Receivers, Sreet 


, CHIMNEYS, Riverep STeaM AND VENTILATING PrpEs, 


Hoppers, Special Work, RgPATRS OF ALL KINDS. 


ITlubes, Tron and Steel. 
Edwin Lewis & Sons, 


London © 
143, Cave Be RO RO. Wolverhampton. 


[[laylor & (Shallen, [¢- 


*| Presses for Sheet Metals. 


See Advt. page 21. ___ 8195 


lubes and Pittings.|. 


2871 


Gtewarts and Lovas, |: 


Glasgow and Birmingham. 


See Adv ertisement page 52. 


~— Gfalloways Ltd., 


MANCHESTER. 


5743 


Lancashire 


Galloway 
Patent Boilers. 


Modern Design and Exceptionally Efficient. 





WRITE FOR PARTICULARS, 


Telephone : 6312 Central. 3216 
ining Tools, Rock-boring 
MACHINES and DRILL STEEL. 


stocks.—Prompt Delivery.—THE HARDY PAT 
PICK ©O., Lrp., Sheffield, England. Od 


eady for Delivery.— 


‘4 ft. 3in.and 4ft. High-speed RADIALS, single 
pay drive ; 3 ft. 6 in. and 3 ft, RADIALS; 36 in. 
vertical DRILL.—GBORGE SWIFT & SONS, Range 
Bank, Halifax. 3189 


Springs by Return of Post. 


There is no uncertainty—we make what you 
2657 


wpteet a ee x 00., : 
JTD. 
wfields, Sheffield. 


Ballast Wagons: for Sale or 


HIRE. 
HURST, NELSON & ©O., Lrp., 








W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW, 


P & 
MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 


Chief Offices : 129, Fong Guaseow. Od 8547 
Registered Office , Cannon 8t., London, E.C, 
rT 
_ Engineering Company, 
GOVAN, GLASGOW. 
London Office—13, Victoria Street, sw. 


MANUFACTURERS OF 
RAILWAY, CARRIAGE, WAGON. AND TRAMWAY 


WHEELS. & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
AST-STEEL AXLE BOXES. 


Tue Giascow Roitine Srock anp Puant Works. 


| Hurst, Nelson & ; Co., Ltd., 


BUILDERS OF RAILWAY Ror 
WAGONS, ELECTRIC CARS and LIG 
. ROLLING Stock a4 EVERY 





Glaagow Railway 





WA 





MOTHERWELL. 
(janes ! 


(oranes! (ranes ! 


Butters Brothers & Co., 
GLASGOW. 
Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application. 
See Adyertisement page 66, June 20. 


( : as Engineand Suction Plant 
REPAIRS. 50 tons of Firebricks, all sizes, in 
stock. Skilled mechanics, expert 


supervisi 
or *Phone : 1350, East ; Tel. : a Rapidising, 
J. DAVIS & 0O., G Gt. it. Eastern Rd., Stra ford, E 1704 


J] ccomotive Tank © Engines 
lesigned and ee by 
MANNING, WARDLE AND 00. 


See their Ill ir Tilustrated Advertisement page 85. 
Moms and Engineering 
cn eae of all romeg eggs 9 undertaken oo — 


irs and re 
oe te Sg moderate chargea.— Eat & RUSSELL, 
‘Whart, Hammersmith. - 


3032 











prada rib esa ath be paaechene keer 
at . 
firms work ted. y 








‘ATER SOFTENING, FILTERING. 





L ocomotive 
All Sizes in Stock. 


Quick Delivery. 


Andrew Barclay,Sons&Co.,L® 
Caledonia Works, Kilmarnock. 


Gtone Breakers, Crushers, 


Granulators. 
LEVEL SCREENS AND INSIDE ELEVATORS. 


SAND AND STONE WASHERS AND DRYERS. 
Od 2267 


TAR MACADAM ‘MIXERS AND 
STONE WASHING CONCRETE MIXERS. 


The best of 50 Baxter's Patents in above. 
W. H. Baxter, Ltd., Leeds. 


RAILWAY CARRIAGES, ELECTRIC CARS, ‘eo. 


He Nelson & Oia L@ 


Tue Giaseow Rowuyxe Srock axp Puawt Wi 
MOTHER WELL. 


Mitthew pal & Ce: 4. 


Levexrorv Worst, Dumbarton. 3270 
See Full Page Advt., ‘page 53, Jane 6. ~ 


Yerrow’ 3 Patent 


‘Water-Tube Boilers: 


THE MOST IMPROVED TYPE I8 FITTED WITH 
FEED-HEATING TUBES AND SUPERHEATERS. — 


F 
Glasgow (popLat. LONDON) 


He Wrightson & O°. 


LIMITED. 


_- 


Bee Advertisement Page 71, June 13, 





2402 


Yement. —Maxted & Knott, 


Lrp., Consulting Engineers tothe British Portland 
Cement Manufacturers, td., ADVISE GENERALLY 


2276 Gtox Cement Schemes FOR ABROAD, 
ADVIC ONLY. Highest references. Established 1890. 


URNETT Avents, Ho. 
Hull. 


Address, 
Cablegrams: “ Energy,” ’ 


Cement Plants. 


Rotary Kilns, Wet and Dry be te. Mills, mm 


Calleotiny * ie and Conve 
SO INEERING COMPA, 
aD Wacknakt ROCHESTER. 


2479 





Puch ‘and Shear Maakiaa 
2181 


SPECIALISTS. 
Consult us. ‘The Best and the Cheapest.” 
Stock. Satisfaction Guaranteed. Established 
SCOTT BROS., West ‘Moonr, HALIFAX. 


| Vauxhall & West Hydraalio 


ENGINEERING ©O., Lap. 
WILSO: 


MACHINERY, PUMPS, &c. : Laton, Beds. 
City Office, 45, ‘Leadenhall Street, London, BG. B.C. 8275 


Rubber 


Valves and Packings 


GUTTA PERCHA & RUBBER, LIMITED, 
: Toronto Canada. ’ $163 


flurret Lathes. Vortsinn Ginetox 


» HIGH-CLASS LATHES at 2910 
Low Prices. Write or Call. : 
in. by 18 in. Turret Lathe in stock. 
, SPINK, LEASE & OO., SHIPLEY. 


One 1 
BARK! 


“Clentrifugals. : 


Pott, (Saseels & bE: 


A IE SCOTLAND. 











: Ken teh pean Aibventtntahests:ipags 16: Sean $0. 
— ——— 





























ENGINEERING. 


[June 27, 1913 ; 








Ohiet Engin 
eer : 
Founded 1854 by Sir W. 
Certificates of Bee ee Sater the 
Workshops Act, 1901. Com 
—a paid in case of 
Boilers inspected during construction. 





COUNTY OF LONDON. 
LONDON COUNTY or ae ERAL POWERS) 


OONSTRUCTION OF BU BUILDINGS WHOLLY OR 
PARTLY OF REINFORCED CONCRETE. 


The London County Council incil having made regulations 
under Section 23 of the London County Council 
(General Powers) Act, 1909, with respect to the 
Construction of Buildings wholly or Partly of re- 
inforeed concrete, and with respect to the use and 
composition of reinforced concrete in such con- 
struction, 


Notice: is Hereby Given, that 


the Council, at a meeting held on 24th June, 
steps in due 


1918, resolved to take the necessar 
regulations by 


course to obtain the allowance of suc’! 
the Local Government Board. 

AND NOTICE IS FURTHER GIVEN, that at the 
expiration of one calendar month from this date, the 
Council, pursuant to the provisions of Section 33 of 
the above-mentioned Act of 1909, will apply to the 
Local Government Board to allow the application of 
the said regulations to the construction within the 
Administrative County of London of buildings wholly 
or partly of reinforced concrete, in accordance ‘Wit 
the reso a of the Council of 24th June, 1913. 

A COPY OF THE REGULATIONS proposed to be 
forwarded Pa tbe Local Government Board for allow 
ance can be in ted, without fee, at the County 
Hall, Spring Gardens, daily on weekdays between the 
, hours of 9.30 a.m. and Five p m. oy with the exception 
of Saturdays, when they can inspected between 
9.30 a m. and One p.m. 

JAMES BIRD, 
Deputy Clerk of the London County Council. 

County Hall, Spring Gardens, 8. W., 

25th June, 1913. 079 


Ferwioh Route to the 
CONTINENT. 
BRITISH ROYAL MAIL ROUTE. 
Daily, via the HOOK of HOLLAND. 
TURBINE STEAMERS. 
QUICKEST SERVICE TO HOLLAND. 
London, Liverpool Street Station dep. 8.30 p.m. 
Turoven CARRiAgEs and Restaurant Cars to and 
from the Hook of Holland. 
ee ROUTE 


or 
THE GHENT INTERNATIONAL EXHIBITION. 
Return Tickets at Reduced available via 
BRUSSELS. 1st class 47/2 ; 2nd class 28/8, SPA and 
The BELGIAN ARDENNES every Week-day. Twin 
we re > Li — 1 § 8 dep. 8.40 
ion, Liverpool Street Station, 40 p.m. 
The London-Hock of Holland and Londo -Antwerp 
Continental Express Trains consist of Corridor 
Carriages, with Dining and Breakfast Cars; no 
su oe megy A ae for ga . sheen 
reless ar a prortne gnalling 
on the Great atastors Witoce ovum steame' 
Read “ HOLIDAYS ABROAD” " (free). 
Particulars at the G.E.R. West End Office, 12a, 
Regent Street, or of the Continental ee i 
LAverpoe! Bitz Street Station, London. 


. C. E., Inst. Mech. E. 
EXAMS md ing b 
engineers. ng german ceting roluding 
Bayliss Prize. Feb. A.M.I.C.E. oxime accessit. 
Special features for a candidates. Write for 
booklet, &c.—Address, M 787, Offices of ENGmveERING, 
[os C.E. and all baie 
Examinations. —: 
Aseoc. ae tan, Om FeLi MR. San. 1” PREP 
fasccnoen, fectnding the 
and Seeober an ee 
, Westminster, 8. 





Penningtons’ Engineerin 

OCLASSES—Oral and Correspo: Dept. E). 
254, Oxford Road, st and 36, len Lane, 
Strand, London. f Civil a B.Se., 
AMLEE., AMLMES Stud. LOE. ‘Courses 
in Internal Combustion Engi Engin and Aero 
Design, Elem. Eng. and Maths. pane Fim 2967 


r. A. Klemin Schmidt, B.Sc. 


Hows. Lonpon, A.C.G.L, Int. B.A. 
in for the INST. OE, : Peon. 
EXAMIN 


AND ITY ATI Courses com- 
bine the highest efficiency with real individual 
attention. 








THE MANCHESTER MUNICIPAL 


School of Technology. 
rer <6 See 
Prixcreat: J. C, M. GARNETT, M. 
(late Fellow of Trinity College, Cambridge) 


The Session ene ~ will my on Ist OCTOBER. 
Matriculation and Entrance Examinations will be 
gives 


leading to Manchester 
in the Faculty of Technology, in 


INEERING. 
SANITARY ENGINEERING (including Municipal 


THE SuEMI AL INDUSTRIES (including 
General , Print- 


rs’ City 


and Guilds Technical 


COLLEGE, FINSBURY. 
(LeonarRp Street, Crry Roap.) 


For Students who are 


e 
Sree 
course en, lence. 
Che inctrustion is’ rally. Gite’ in the 
iaboratories, 


The subjects of the Entrance Examination are 
Mathematics and En; ; but the Matriculation of 
any British University is accepted instead. 

The Courses in Mechanical and Electrical Engineer- 
ing cover a period of two years, and ay: n 


three years. There are its also for three 
years’ courses in Engineering for those who desire. 
Fees, £20 per annum. 


Professors : 
Sirvanus P. THompson, 
D.Sc., F.B.S. (Principal 
of the College). 
E. G, Coxer, M.A., D.S8c., 
M. Inst. M.E. 
_§ Raruagn Msipo.a, D.Sc., 
( F.R.S., F.LC. 


City and Guilds of London Institute, 


University of of Manchester. 


FAC ULTY OF § OF SCIENCE, 
DEPARTMENTS OF CIVIL, eal, AND 
ELECTRICAL L ENGINSERIN 


COMPLETE COURSES of 8 of STUDY, extending over 
three years, are arranged for the University Degrees 
in Civil, Mechanica! and Electrical Engineering. 

The Civil and Mechanical Engineering Laboratories 
are fully equipped with the most modern appliances. 

The Electrical Engineering Laboratory has been 
recently extended. 

A SPECIAL COURSE on Water Supply aud Irriga- 
tion will be. given next Session by Mr. Epwarp 
oe Associate Professor of Engineering. 

A Prospectus, giving full particulars of the 
Courses, will be forwarded on application to the 
REGISTRAR. 

TheSESSION COMMENCES on _- anaes of OCTOBER. 

HEADS OF DEPAR 
Professor J. E. Perave, D.Sc., TES. va M. Inst. C.E., 
A.M. Inst. E.E., Engineering. 
Professor R. Brartiz, D.Se., M.LE.E., Electrical 


Engineering. 
Professor Horace Lams, 8c.D, LL.D., F.R.S., 
Mathematics. 
Professor H. B. Dixon, M.A., M.Sc., Ph.D., F.R.S., 
Chemistry. 
arcs Ernest Rutuerrorp, M.A., D.Sc., Ph.D., 
. H. Houiann, K.C.LE., D.Sc., F. or 


B.8., ysics. 
cology. O41 
aauanen C. H. Carventer, M.A., Ph.D., Metallurgy. 


ELECTRICAL Resenegemte 
and Puysics - - 


Orvit, MgcnanicaL Enat- 
NEERING and MATHEMATICS 


CHEMISTRY 


M 554 
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TENDERS. 


INDIA OFFICE, Warrena.t. 
26th June, 1913, 
THE sncnmtaty Rn STATE FOR INDIA IN 
is prepared to receive 


ilagaT'enders from such 
be ri to supply :— 
POS BEARING PLATES, 
The Conditions of Contract ma, 4 obtained on 
ication to the Contract tap of Stores, India 
ice, Whitehall, S.W., and Tenders are to be delivered 


at that Office by Two o'clock p.m., on Tuesday, the 
lst July, 1913, after which time no Tender will be 


received. 078 
H. J. W. FRY, 
Director-General of Stores. 








PENMAENMAWR & WELSH GRANITE CO., Lap. 
TREVOR PIER.—CARNARVON BAY. 


enders are Invited for the 
CONSTRUCTION and ERECTION of a Timber 
LOADING PIER, about 250 ft. long. 

Drawings can be seen at the Offices of the Company 
at Penmaenmawr, or at those of the Engineer, 
Mr. Joun J. Weester, M. Inst. C.E., 39, Vi ria} street, 
Westminster, on and after Wedn ¥, 2nd July ; from 
either of whom copies of the Specification and Bill of 

uantities may be obtained on payment of a sum of 

ree Guiness, = will be returned upon the receipt 
of a bona fide Tender. 

Tenders to be received on the 14th day of July, 1913, 
addressed to the SECRETARY of the Company, 3 and 
endorsed ‘‘ Trevor Pier.” 





SCARBOROUGH UNION. 


The Guardians of ‘the 8 Scarborough Union 


ropose Erecting a Hot 
WA HEATING and RIC LIGHTING 
ENSTALLATION in ce mete with their Workhouse 


and aa s 
The In jon will include: Boilers, Feed Pumps, 
Steam and Water Piping, Calorifiers, Circulati 
Pumps, Hot Water Heating and Service Pipework 
Connections and Radiators, Engines and Generators, 
Senehenes, ned, and weep for about 360 lights, together 


Firms — ‘of nig are requested to send in 
their names to the accompanied by a 
Sepent.ot 25, which will be returned on receipt of a 

bona fide Tender, before 12th July, 1913. 
will be issued ve the ee 
——— Messrs. Tennant & BARRS, 
ings, Dean Street, ast aps em and from 
— any information can be obtained, at whose 
ey office plans of the buildings and engineering work can 


bef She on enim day m 
on or lore am., on 1 uly. o 
the Contract will be let 4 neorion 
the t only 
The lowest or any Tender will not 


By Order, J. W. READ, 
Olerk 


Tenders for 
i bm oy 3 
not necessarily be 





14, Dean Road, Scarborough. > anes 
20th June, 1913. 020 





POWER STATION FOR PERTH, WESTERN 
AUSTRALIA. 


The AGENT- GENERAL, on lx on behalf of the GovERNMENT 
of WesTERN AUSTRALIA, is prepared to receive 


[lenders for Switchgear 
and ACCESSORIES in connection with 


an Electric Power Station at Perth. Specifi- 
cation and Form of Tender may be obtained from the 
ie wy 8 15, Victoria Street, Westminster, S.W., 
on or after Wedn eeday, 25th June, 1913. For any 
further information application should be made to the 
Consulting .Engineers, Messrs. Merk & McL&uuan, 82, 
Victoria Street, Westminster, 8.W. The oe for 
each Specification is £5 5s, for the first copy, and 
£2-2s, each for any further copies. Sums for 
copies of Specifications will be refunded on receipt of 
‘enders. Sealed Tenders, marked ‘‘Tender 
for Perth Power Station,” are to be addressed to the 
AGENT-GENERAL, and delivered at his Office, 15, 
Victoria Street, Westminster, 8.W., not later than 
Saturday, 19th July, 1913. The Government do not 
bind themselves to accept the lowest or any ie 
43 





COMMONWEALTH OF AUSTRALIA. 
TENDERS FOR STE STEEL RAILS, &c. 


[lenders w will be Received 


until Eleven a.m. on Tuesday, 19th 

August, for the MANUFACTURE and 

DELIVERY of STEEL RAILS, &c., for the Pine 
Creek to Katherine River Railway. 

Forms of Tender, Spec: ifications, &c., may be pur- 
chased at the Office of the High ComMisstoneR FOR 
AUSTRALIA, 72, Victoria Street, 8.W. The charge for 
Specifications will be One Guinea, and for each copy 
of Plans 5s., which must be paid at the Commonweal 
Offices before the documents can be handed over. 

Tenders must be endorsed, ‘Tender for Material 
for Pine Creek to Katherine River Railway,” and be 
addressed to the Secretary, Department of Home 
Affairs, Melbourne.. They must aceompanied by 
the deposit i in the Form of Tender. 

OSEPH 087 


Si 
ie nister of State for Home Affairs 





COUNTY BOROUGH OF HUDDERSFIELD. 
GAS DEPARTMENT. 
TO CONTRACTORS, METAL BROKERS, &c. 
The Gas Committee of the Corporation invite 


[lenders for the Dismantling 


and REMOVAL of two old GASHOLDERS at 
the Leeds Road Gas Works, Huddersfield. 
Specification, Conditions, and Form of Tender.may 
te obtained on application to the Engineer of the Gas 
ment, Mr. Epwarp A. Harman, M. Inst. C.E. 
ied Tenders, endorsed ‘*Gasholders,” signed in 
the handwriting of the tenderer or his agent, and 
addressed The Town Clerk, Huddersfield, must reach 
him not later than Saturday, the 5th day of J uly, 1913. 
The Corporation do not bind themselves to accept 
the highest or any Tender. 
J. HENRY FIELD, 
Town Hall, Huddersfield, Town Clerk. 
10th June, 1913. M 





THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are prepared to receive 


[lenders for the Supply of the 


following STORES, namely :— 
Laminated Springs, &e. 
Helical and Volute Springs. 
Wheels and Axles. 
Steelwork for Bridges. 

yon a aren and Forms of Tender may be obtained 
at Office on payment of the fee for the Specifica- 
tion, which payment will not be returned. 

Tenders must be delivered in sealed env elopes, 
addressed to the undersigned, marked “‘ Tender for 
Laminated Springs, &c.,” or as the case may be, not 
later than Eleven o'clock a.m., on Thursday, the 
3rd July, 1913. 

The Directors do not bind themselves to accept the 


lowest or any Tender, 
R. H. WALPOLE, Secretary. 
Company’s Offices, 
48, Copthall Avenue, London, E.C. 


25th June, 1913. 084 





METROPOLITAN BOROUGH OF PADDINGTON. 
TO BUILDERS AND CONTRACTORS. 
RECONSTRUCTION OF FOOTBRIDGE. 

The Council of the Metropolitan Borough of 
Paddington are 


to receive 


enders for either:— 
(a) CONSTRUCTION of ABUTMENTS, with 
EPS and APPURTENANT WORKS 

ry New Footbridge. 
() ¢€ a STEELWORK of FOOT- 
DGE over Canal at Ran Road. 
(ce) The whole of the work comprised in (a) 

and (}) above ; or 

(ad) The work comprised in (a) and (b) above, 
but we Hae nce wy Bee ne ony 


system ) Steel Bridge, | in 
— Mme Bom 5 ae a S 


, &e, 

Copies of the | Drawi ings, Conditions, Specifications, 
and Bills of Quantities, which may be seen at oa 
Borough Surveyor *s Office, Town Hall,’ Paddington 
between the hours of Ten am. and Four p.m. (ar 
days Ten a.m. and One p.m.), will be furn' 

ion to the Surveyor, Mr. E. BE. B. 

x, M. Inst. C.E., F.S.L, w ee SOs 

aset of Documents, which will refunded only upon 

the return to the Borough Surveyor of the Drawings, 
Documents, &c. 

See ante Oe Oe ty pened wet endorsed (a) 
** Abutments, &c, ri on (a) iter Ce 


. ~ Steelwork, 
cusnintey lected to the under 
signed and @ delivered not later than Saturday, the 
a gh 1913, after which no Tenders will be 
"The Council do not bind themselves to accept the 
lowest or any Tender. 
ARTHUR W.¥. RUSSELL, 
Town Clerk. 


omnes nae © 


930 | required £1250. 





APPOINTMENTS OPEN. 
EAST HAM TECHNICAL COLLEG} 


EV. ENING Ol CLASSES. 
The Committee invite 


A Pplications for the Post of 


INSTRUCTOR of Machine Construc‘ 

Fy evening of tw 
Classes meet on Mondays, Wednesdays and Fy ays.— 
Form: application are to be obtained fro) the 
PRINCIPAL, Technical College, East Ham, E., to 
they must be returned on or before ‘he first 
post on Monday. 7th July. 0% 


A ssistant Engineer Re- 
QUIRED by the Governiicnt of 
British Guiana for the Public Works 
Department, _ five yeare, with possible ex‘: nsion. 
le after one or three years’ 
service. Age ue more than 35. Strict medi a! ex. 
amination and vaccination if necessary. 
£600 a year. Travelling expenses anc sub. 
sistence allowance when absent from station ip 
accordance with service regulations. Necessa camp 
outfit when on survey... F first-class passayze out 
and home again on satisfactory termination of engage. 
ment, if appointment is not made permanent. Half 
salary on voyage out, full salary from date of arrival 
in the Colony. 

Candidates should have had experience in < 
in preparing plans and estima‘es for, and 
construction of, agricultural works of drainav« 
irrigation. 

Preference will, as far as possible, be civen to 
candidates who have the examination for 
Associate Membership of the Institution of Civil 
Engineers, or who have obtained one of the University 
Degrees or other distinctions in engineering which 
are recognised as equivalent to that examination. 

_ San, by letter (no special form required), 

foes, should be sent at once to the C R OWN 

AGE TS FOR THE COLONIES, Whitehall Gardens, 
London, 8. W. 043 
Quote M/6071 on left-hand top corner of application. 


orks Manager Wanted, 

(£250 to £300). Small machine too! parti 
interchangeable to fine limits, turning, milling, turret 
lathes, automatics, grinding, hardening, smal! gear- 
cutting ; &0 hands. —State full particulars as to salary, 
age, experience and when disengaged. Preferred with 
knowledge of governing rate fixing; must be good 
disciplinarian. .—Address, 0 32, Offices of | ENGINEERING, 


hip Repairing.—Assistant 
MANAGER WANTED for ship-repairing estab- 
lishment on the East Coast; thoroughly experienced 
marine engineer, accustomed to the latest and most 
up-to-date practice at dry dock and in shops ; capable 





n and 
hours, 








eving 
1 the 
and 





,of estimating cost of repairs and carrying through 
‘contract works; only Six o’clock men need apply.- 


Address, stating age, experience and salary expected, 
O 36, Offices of ENGINEERING. 0 &% 


A® Unusual Opportunity 


presents itself for an ENGINEER to octupy a 





en rmanent progressive responsible POSITION in 
ndon engineering merchant's business. Investment 
nterest and salary. Applicants 
must give their qualifications.—Address, O 85, Offices 
of ENGINEERING. O85 


Railway Engineer Required, 


at once, to take charge of private mineral 
railway in the South of Spain. Salary 
annum; free house. Write fully.—Address, 
Offices of ENGINEERING. 


orks Engineer to Take 


Charge of upkeep and maintenance of mech- 
anical plant and machinery, and also engineering 
department, for a firm of glass botile manufacturers. 

—Address, enclosing copies of testimonials, stating 
age, experience and wages required, O 34, Offices of 
ENGINEERING. On 


Wanted, - a Competent En- 


— for chemical and explosives works ; 

rienced in the erection and maintenance 
of pr ene plant and buildings, and accustomed to 
the charge of steam and yg gate — 
Apply byl y letter only, stati u ?— ulars of 
experience and salary Tegeeed, to KYNOCH- 
KLOW, Lrp., Egypt House, 36, New Broad Street, 
neg E.0. Ow 


Wanted, for an Important 


City building, an experienced ENG INEER, 
to take charge of electric light, hydraulic, artesian 
well, lifts, sewage, heating and other plants ; able to 
supervise men and carry out repairs and alterations. 

ly, by letter only, giving age, full particulars 
and past experience, to TROLLOPE & CULLS, 5, 
Coleman Street, E.C. Oo 


A® Assistant. Engineer 1 is 


EQUIRED for a waterworks pumping station 
in the Wen of England, who must have had good 
electrical experience as well as steam. Wages 308, 
r week, with house and coal.—Particulars of duties; 

» may be obtained frem O 33, Offices of ENGIN HERING, 





£300 per 
0 WY, 
ow 


must be e 








Wanted, Assistant Engineer 
on contractor's staff, preferably ender years 
of must have had experience with contractors 
im dock work.—Address, stating age, salar) required 
and give references, O 13, Offices of ENGINEE®'\®. _ 
Bess ‘Pressings.— First-c lass 
REPRESENTATIVE, with good co’ nection 
—— manufacturers of brass fittings, . 
experience in foundry work and knowledge of ' 


ing costs, REQUIRED by large firm maki 


— ressin, Reply fully; giv ~ +e: 
perience sah alenr expec! giving part ‘al 
Ct Sam Marae —. 1292/4, Charing © ry 


Road, London, W 


Genior Qenior Draughtsman Req: aired 
by engineering firm, for tarbine mp “ie 
ment. — must have nage -+ 
theory practical experience s 

fab ah stating = and salary ' 
55, Offices of ENGINEERING. 


Ber rienced Sraught-men oF 


URED, used to boilers. —Apply, a 


feruredy to, 80.0. care of YaRRow E Co 
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ENGINEERING. 








CITY OF BIRMINGHAM. 
ELECTRIC SUFFSE DEPARTMENT. 


F S nior Draughtsman Required 


for lay-out o' e eleetric omg ae station plant, 
2 lers, piping, tur’ tarbo-aiters A knowledge 


> of stet iwork construction will be. be an ena: 


Onivy men who have been employed on a similar 
class of work need apply. 

The commencing salary will be £130 per annum, 
risin¢ to £160 at the discretion of the Electric Supply 


Committee. 
API lication should be made on a form to be obtained 


" from the Secretary of the Department,.and must 


reach the wneeeenee not later than first post on 


Monday, 7th July. 
R. A. CHATTOCK, 
City Electrical Engineer and mn” ‘ie 


14, Dale End, June, 1913. 
C hief Draughtsman Wanted 


for centrifugal P pump and_high- naeee engine 





© works in Glasgow district.—Address, stating age, 


wag’ and experience, O 76, Offices of ENGINEERING, 


\ Tanted, twoGood Drau gio 


MEN axuuiiéneed in mechanical 
ply, statin; ne and — re- 
are d, (o CHIEF DRAUGHTSM ,SIEMENS BROTHERS 
Dyxivo Worss, Ltd., O 52 


\\ } anted, Drat aughtamen accus- 

tomed to éusighing machinery, apparatus and 
constructional ironwork in connection with bye-pro- 
duct coke oven installations.—State age, experience 
and salary required, L 650, Offices of ENGINEERING. 


I raughtsman Wanted, 


accustomed to designing grain elevating and 





venerators.— Ap; 








conve\ ing machinery, good position for first-class man. 
—Address, with full particulars, M 841, Offices of 
ENGIN FERING. M 841 





DP:2ughtsman Wanted in En- 


gineer’s office, Westminster ; must be neat and 
expeditious, with experience in general structural steel 
work calculation and design.—Address, stating ex- 
rience, age and salary required, O 66, Offices of 
aml 0 66 


(\ompetent Machine Tool 


DRAUGHTSMAN REQUIRED, for designing 
large high-speed lathes. State experience. Wages £3 
per week k.—Address, M 972, Offices of ENGINEERING. 


and Tool 


DRAUGHTSMAN WANTED for aerial engine 








work. Only first-class men need apply, Salary 
from £2 10s. to £3, according to experience and 
ability. Also an experienced Sig DRAUGHTSMAN 
required. —Address, O 2, Offices of ENcincerinc. O 2 





(Colliery Draughtsman Re- 
QUIRED fer South Wales.—Address, stating 
age, experience and salary required, O 67, Offices of 

ee O 67 





| Wanted, Two Draughtsmen, 


experienced in design and detail of con- 
structional steelwork.—Apply, by letter, to Messrs. 
DORMAN, LONG & ©O., Lip., 19, Victoria Street, 
Westm inster, 8.W. oC 


D aughtsman Wanted, accus- 

toned to metal rolling and wire- nce and 
machinery.—Address, stating age, experience an 
wages required, O 71, Offices of ENGINEERING. 071 


W anted,a Draughtsman, with 


good ex rience in produce? gas plant ==. 
—Address, O 7; ffices of ENGINEERING. 


W ell-trained Senior ad 

Junior Engineering DRAUGHTSMEN RE- 
UIRED for genera: ral engineering works, Manchester 
istrict.—Address, stating age, experience and salary, 
0 73, Offices of ENGINEERING. 073 


W anted,, Junior Draughts- 


MAN. Must have had at ‘east 18 months’ 














oflice experience ; preference given to those who have 
also shop experience, particularly in connection with 
intern al combustion engine work.—Apply, in writing, 
Stating age, names of firms worked for, and salary 
required, to M 936, Offices of ENGINEERING. M 936 





[)reughtsman, Young, accus- 


tomed t6 structural work and general 
Machinery. Must be quick and accurate.—Address, 
statiny age, experience, and salary required, EN- 
GINE:®, Pratt's Advertising Agency, 9, Esse 
Street. Strand, W.C. 


W anted, Immediately, First- 


class ESTIMATOR experienced in railwa 


Bx 





eatriaye and wagon work.—Apply, stating fall = Raye 
eulars, ( CRAVENS LIMITED, Railway Ca riage and 
Wagon Works, Darnall, Sheffie 03 





af 
in reman Wanted for En- 


neering works employing 350 hands, to take 


charge of machine, fitting and erecting shops, manu- 
facturing auxiliary nery for ships; must be 
onery: ; not over 40, able to fix piece prices and 

opt the latest methods of high Med production. 
Replic- must give fullest sentioalaee dt previous 

Iticus, age and salary required. Applivations will 
be treated in strict confidence 

Add BOX 4105, W. H. Surru & Son, re, 
Lond W Cc. 





] anted, for an Iron sundry, 


turning ‘out 80 to 90 tons per week, a HEAD 


POREM AN, having a sound experience in heavy 
engine ond pump work in loam, also green and dry 
Sand ; :aust havea een know of the mixing 
rte and the production of sound castings; must 

Stea'\ and reliable man, strict in disci ine and 
Up-to~icte in modern. foundry State age 
and experience, Wages 90s, per week and bonus.— 
Addre-., «> 69, Offices of ENGINERRING. 0 69 





ineerin wrested at 
Sa 


©, for a repair 
N, Canale of sper the work a pat 






tools absolute Also an Experi- 
“ottship r. “EAR Oi Ra ooh, 
© repel mu 
eS bree years” t. — Write. 
4 oe a SE 








4 Rate Fixer Wanted, by large 


) 06 Hy stimating Department.— 


CHARLES GRIFFIN & CO., Ltd., PUBLISHERS. 
In Medium 8vo. Pp. i—xii + 340. With 74 Illustrations Including 22 Plates. 188. net, 4 


TRADE WASTE WATERS: 
THEIR NATURE AND DISPOSAL. 


By H. MACLEAN WILSON, M.D., B.Sc., and H. T. CALVERT, M.Sc.. Ph.D. 
“Will be of & greatest value to thone comserned. c epuiprte Oteerver. 


Pp. i— xiii + 356. With 36 Plates. Price 21s. net. 
MODERN METHODS OF 


SEWACE PURIFICATION. 








zi Cloth. With 1 147 Ilustrations, 158, net. 
THE PRINCIPLES OF 


SEWACE TREATMENT. 


By G. BERTRAM KERSHAW. By Prof. DUNBAR. Translated by H. T. CALVERT. 
** Replete with information.”—Journal Royal Sanitary Inst. “* We heartily commend the book.” —Lar cet. 


E., Senior, Varied Ex 


¢ ence home, abroad, in tropics, SEEKS ENGAGE, 
MENT as resident or other. Good 
Minimum home salary £300. 
Lancaster Road, W. 


Manager of General En- 
gineering Wor orks DESI RES similar POSITION; 
exceptional 1 and pi perience; high: 


O 53, Offices of ENGINEERING. 058 


oreman Disengaged) Desires 

SITUATION, accustomed to highest class of 
Pom latest ‘methods. Also acourate fi q 
rate orang. jig and tool design. ae ae Ms, 
Offices of M 


ENGINEERING. 











JUST ices: Seconp Epition. Revised. ~~ Large ly Rewritten and | Greatly Enlarged. 
h Many New and, in all, 310 iusteations. 10s, 6d. ni 


METALLIC ALLOYS : THEIR STRUCTURE & CONSTITUTION. 


By G. H. GULLIVER, B.Sc., F.R.S.E., 


“A valuable addition to existing literature."—Foundry Trades’ Journal. 





In Medium 8vo. Fully Illustrated. 10s. 6d. net. In Medium 8vo. Cloth, Illustrated. 10s. 6d. net. 


LECTURES ON CAST IRON 
MODERN COPPER SMELTING. |'n THE LIGHT OF RECENT RESEARCH. 


By DONALD M. LEVY, M.Sc. By W. H. HATFIELD, B. Met. 


Should bein very wide demand in copper circles.” —Chemical “Should be in the hands of every foundryman.”— Foundry 
Trade Journal, rades’ Journal, 





In Cloth, Pp. i—xvi + 473. With 345 Illustrations. 18s. net. 


MODERN PUMPING & HYDRAULIC MACHINERY. 


By EDWARD BUTLER, M.I. Mech. B. 2946 


“One of the most complete . . . . that we ever remember to bave seen.”—Mining World. 


LONDON: CHARLES GRIFFIN & CO., Ltd., EXETER STREET, STRAND. 











Imperial 4to., xii., 104 pages, Cloth Gilt. Price 14s, net. 
By: Post U.K., 14s. 6d. By Post Abroad, 15s. 2d. 


DIE FORGING & the CONSTRUCTION of DIES 


By JOSEPH G. HORNER, A.M.I. Mech. E. 
With 778 Mlustrations. 
This Volume is based upon various articles which have appeared in ‘‘ ENoinzeRine,” but the matter 


has been collated, re-arran under suitable headings and revieed. This is the only attempt yet 
made to deal with the subject ot Die Forging in a comprehensive and fairly exhaustive manner. 


Offices of “ENGINEERING, ” 35 and 36, Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 








Lox! DON : 


Demy 4to, xx—264 pp., 
and Numerous Details in Text. 


THE EVOLUTION 


OF THE 


PARSONS STEAM TURBINE. 


An Account of yy Research on the Theory, Efficiency, and Mechanical Details 
of Land and Marine Reaction and Impulse-Reaction Turbines ; and on the Efficiency 
of Screw Propellers, Electric Generators, and Mechanical Speed. Reduction Gearing 
Driven by Steam Turbines ; 

A Record of Progress in the Applications of Steam Turbines in Propelling Ships, Driving 
Electrical Machines, Air Blowers, Compressors, Fans and Pumps, and in Utilising 
Exhaust Steam from other Engines; and 


A eer of the Manufacture of Turbines, and of the Works of Messrs. C. 
Parsons & Co., Heaton, and of The Parsons Marine Steam Turbine Company, ta, 
Wallsend-on- Tyne. 


By ALEX. RICHARDSON, A.I.N.A. 





173 Plates with Sectional Drawings and other Illustrations 
Price 21s. 





Lonpon : Offices of “ ENGINEERING, ” 35 & 36, Bedford St., Strand, W.C, 
AND ALL. BOOKSELLERS. 





Exgineer, having had 11 years’ 


rience at et practice, design and 
commercial engineering, and at present in 
shops and ore and commercial office, DESIRES 
a CHANG AN ences of small engineering works 
deve -  addreas’€ 27, Offices of ENGINEERING. 


(Civil Engineer, Public School 


and College training, with ten years’ oxen 
in administration, organisation and: construction 

Africa, and excellent record, SEEKS EMPLOYMENT, 
either outdoor or secretarial, in England. — Address, 
O 29, Offices of ENGINRERING. 02 








12g ineer, Specialist’ in 

draulic coulingapplianses and pumping plant, 

si! TEKSPOSITION of trust ; thorough practical training 

with well-known firm, last two yearsas works manager, 
Highest references,—O 36, Offices of ENG1yeERiNe. 


M I.M.E. Wishes A ppoint- 


MENT at home or abroad ; sight years’ 
consulting experience in England, the Colonies and 
abroad. Qualified mining engineer; specialist in 
petroleum. Up-to-date in all engineering matters, 
capable o iser, speaks French fluently, Highest 
testimonials.— Address, O 45, Offices of EXGrvzERiNe. 


ivil Engineer, A™M1LC.E., 


SEEKS ENGAGEMENT ; 1b years’ experience, 
railway construction, survey: 8,expert with tacheometer, 
estimates and reports on projects a bona excel. 
lent references, good organiser, lly of native 
labour in labour in tropics. — — 0 49, Offices of Exemmenine, 


German Academic, 
ed merchant, eg a fair tral fi of 
giish, et POSITION in an eee ae _ 
RUDOLF FOLSCHE, Munich, Sternstr. 22 


(Tambridge Graduate (2), 


Honours neering, one year in Royal 
gineers, SEEKS WORK with firm of contractors, &e 
tor one year. Small salary, or permanent if good 
prospects.—Address, O 75, Offices of ENGINRERING, 

















PARTNERSHIPS, 
POR EVERYTHING IN 


Hpgineering Partnerships, 


write 
WHEATLEY KIRK, PRICE & OO., 
ENGINEERS AND VALUERS, 
46, Watling Street, London, E.O, 
Albert Square, Manches‘er. 
26, Collingwood Street, Newcastle-on-Tyne. 
ESTABLISHED SIXTY YEARS. 2896 
T'o Engineers and Metal 
Manufacturers interested in white metal al 
REQUING Working PARTNER, with about 
IRED for small established business nt, 
pe develop The i is at present be: 
worked at a loss, owing to shortage o' B anapace bu 
large profits could be made’ if worked. 
Generous terms sag pone’ se AL 
Apnort’s, Eastch 
Pingincer Requiredas <Papaee 


DIRECTOR, who will invest £4000 and take 


ment, or See tog assist in extending 
a Tell established en Business in London 


manufacturing special = an rv ter gh net ts of 
nearly £2000 p.a. Accounts audited chartered 

















irst-class Boiler Smith 
WANTED. Well up in firebox’ welding and 

-~ flanging. —State reference, wages and —- to | several PUPILS. va on contracts in hand, including 
H. SPENCER & CO., Hitchin, Herts. O 39 | piers, breakwaters, neral buildin work. Mode- 
ea at. we. ee rate premium. Address © 54, Offices of ENGINEERING, 


Pupils.— Vacancies on Con- 
tractor’s Staff for ENGINEERING PUPILS. 
Splendid opportunity for obtaining experience in 
—— dock construction, involving some £260,000. 
works include important dams, quay widenings, 
ferro-concrete piling and warehouses. sium re- 
quired.— Address, O 14, Offices of ENGINKERING. 


Fiagineering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 


facturing ane mien pita aye 3 F., oil 0, 


Ot ENGINEERING, 
General Manager, 


Large Firm of Civil and 


Constructional Engineers have VACANCY for 








firm manufacturing motor vehicles in London 
district ; must be first-class man, capable of accurately 
estimating times in detail from blue print.—Address, 
stating , experience, and salary required, $ 51, 
Offices of ENGINEERING. 0 61 


anted, Fully Competent 


DEMONSTRATOR, accust d to p 
tools. One with knowledge of electricity will be pre- 
ferred. Good wages and steady work for good man.— 
Address, M 933, Offices of ENGINEERING. M 933 





ou 














ASSISTANT REQUIRED with knowledge of 
blast furnaces, stoves, h tanks and structural 
work. Must be thoroughly reliable in the calculation 
of weights from outline drawi A knowledge of 
prices is desirable ss not essenti my, ye A _ 

State age, particulars of experience, kal 

mired, to Messrs. THE LILLESHALL O0., Lap., | Spey to SOrrEn: ho werske “ GENTLEMAN is is 
Engine neering Department, Oakengates, Shropshire, tical and ne “ae oa ~4 


of manufacturing ina all departments, office and works, 
bustion 


SITUATIONS WANTED. 


























i marine, stationary, locomotive internal-com 
Alt Large Fi irm of E ineers, engines and gua poekeaes tar ok tuels, with sound 
the Midlands, have an OP G for a ering and electrical ex; mee. Also 
YOUTH of ¢ ae edu as premium pupil, the | fembe t learned societies. — Address, 
M173, we ad wing M173 M950, Oftices of Exatyennine. M 950 
A rticled Pupil.—A Civil | Marine Engineer (37), J Extra 
ith erous interesting works i first-classcertificate,experienced 
has VACARCY for a well-educated YOUTH | and nh omens dronghtecen, DESIRES 5 vegans 
ed Pupil. Premium for | POSITION with sh firm or steamship owners. 
full particulars, M 883, Offices of M 883 | —Address, M 997,. ENGineerine. M 997 


. 


ts.—Particulars from Messrs, k ‘OLD au 
oo. 76, Cannon Street, London, E.C. O 56 





Fiagineer Required who awill 


invest £2000 and take works management of 
old-established Engineering Works, hipbullding —_ 
have a good knowledge of small — 
bridge work. A salary of £500 A 4 pa. “Sate be 

to a suitable man, in addition to return on 

tal ; the business is a prepress one, with 

orders in hand, and will s the closest inv: 
tion.—Particulars from Messrs, ARNOLD & | 
Cannon Street, London, E.C. 08 


Epgineer Required as Partner 


who will invest £1000 and n a well- 
i oe engineers’ and mill hts’ busi- 
ness in , at present owned and worked under 
management by a merchant who can practically keep 
it going with work. In the alternative the business 
could be bought outright for £3000. Present ore 
a pa ©. A. ba ee Ev Pty 


stand closest Say —Particu' 
ARNOLD & O0O., 76, non Street, London, E.C. O58 


£400: -£500 Required on 
Hn we by a firm of stampers and 
a progressive wade and owning several 

Loree wg ss who are desirous of incerporating their 
iness as a limited liability company. Every in- 


vestigation allowed. _,Directorsht can be given if 
desired. — Address, M 874, Offices of Engin eeaine. 


anted, Marine or Mech- 
anical Engineer, with £3000 

PARTNER, with active pout E sincedry ire 50, 

Offices of Encrvarrine. On 


For Continuation ef Small 
Advertisements see Pages 956 

















and 96. 


— Address, A, B., 212). 
M 948 
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BULL'S METAL & MELLOD 00. 


Heap Orrice AND WORKS: LiMIrep. 
YORKER, near GLASGOW. 
TELEGRAMS : “MELLO, YORKER.” 

BULL’S METAL.—Prcpellers, Bars, Sheets, Pump 

Valve Spindles, Condenser Stays and Plates, &e. 
MELLOID. (Reg. Trade Mark and Patented).—Con- 
denser Tubes, Plates and Stays, Boiler Tubes, ry 
and Plates, Fire-box Plates, Bars, rag Valves, &c. 
WHITE METALS. Babbitis, Plastic, &. 2722 


WILLANS - DIESEL 


OIL ENGINES. 


Full particulars from— 2014 


WILLANS & ROBINSON, i. 


VIOTORIA WORKS, RUGBY. 
Bee Advertisement last week. 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED, 


oi Mente soars #< 
STANDARD AUTOMATIC VACUUM BRAKE 
Rapid | Acting Service & Emergency Accelerators. 


last and next iasue. 
Telegrams: “* Vacuo, Landon.” Telephone No.: 2710, London Wall. 


ISAAC STOREY & SONS, L”’ 


Branch of United Brassfounders and Engineers, Ltd., 
" MAKERS OF EVERY KIND of 2818 
Brewers’, Enaineers’ & CHEMISTS’ 


COPPERSMITH WORK. 


EMPRESS FOunpRY, MANCHESTER. 


THE VACUUM BRAKE CO., Ltd. 


82, Queen Victoria Street, 
LONDON, E.C. 


Telephone: 5534, Bank. Telegrams: SotuTion, LonpDon. 
ABC and A 1 Codes used. 2301 


For Large Advt. see page 72, June 13. 


PUMPS. 


Direct-acting, Feed, Air and Service 
Pumps, Duplex and Centrifugal Pumps, 
Auxiliary Condensing Plant. 2446 


Nichols Bros., Gateshead. 


ee Os 
tHe STANDARD ENCINEERING 
co. LTD., 


LEICESTER and LONDON, 



































2669 
for INDUCED DRAUGHT, 
DRYING, VENTILATING, 


FANS cs. 


EVAPORATIVE 
CONDENSER. 


A Good Vacuum produced with the 
greatest economy in water. 








3081 





_ DOUCLAS FRASER & SONS, L” 


Westburn Foundry, ARBROATH. 


NOW READY. 





Imperial 8vo, viii + 372 Pages, with upwards of 500 Illustrations (for the most part 


fully dimensioned reproductions from working drawings). Price 25s. net. 


THE DESIGN & CONSTRUCTION: 


ES 


oF 


STEAM TURBIN 


A MANUAL FOR THE ENGINEER. 


BY 


HAROLD MEDWAY MARTIN, 


Wh. Se., A.C.G.I. 


OPINIONS OF THE PRESS. 


‘* As a comprehensive handbook to the steam turbine in all its present-day fields of activity the volume 
will take a leading place, while its fullness of technical information, and the care with which it has been com- 
piled, will recommend it strongly to the many engineers who are endeavouring to adapt the turbine to their 
special requirements.” —The Glasgow Herald. 


“Mr, Martin excels as a mathematician and puts things easily and yet tersely. . . . . It is sound 
and masterly in treatment, and is an excellent contribution to steam turbine literature.”—The Times 
Engineering Supplement, 

‘The first part of the book presents just those features that the trained designer must have 
at hand, presented by a master of the subject with the mathematical ability to deal with abstruse theories, 
and the wisdom to abstain from prolixity. . . . The book is well printed, finely illustrated and strongly 
bound.”— Reviewed by Professor C. H. Peanopy.—International Marine Engineering. 


‘In our opinion, no engineer should be without the boek, which is one of the best examples we have yet 
seen of how a text-book should be written and how reproduced.”—Shipbuilder. 


“This is the most complete and comprehensive book on the design and construction of steam turbines 
which has yet appeared, and will at once take its place as the standard manual for the engineer on this 
All engineers who have to design or deal in any way with steam turbines will 
’—Steamship. 


important subject. . . 
find this manual indispensable.’ 


“Any important addition, such as this, to our knowledge of the steam turbine must be sincerely 
welcomed, The book can be strongly recommended.”— Electrical Times. 


og . » « Will take its place as a standard text-book on the subject. It is written in a most scientific 
and practical manner, and is illustrated by a very complete series of diagrams, and by working drawings of 
numerous types of steam turbines, both British and Continental.”—T7he Central. 


“The volume too has been prepared by the publishers so that it can be used and handled without fear of 
damage in drawing and other technical offices. . . . . The volume is pre-eminently for use.”—American 
Machinist} 


“This work shows no traces of discontinuity or incompleteness, and forms a well-reasoned and at the 
same time practical study of the steam turbine.”— Electrical Engineering. 


“This work . . . . is the most complete of all works hitherto published on marine turbines, it con- 

tains detailed working drawings and all the information required by the engineer.”—La Technique Moderne. 

**This manual deals very fully with the design and construction of steam turbines. . The numerous 
drawings are distinctly above the average in quality.”—Practical Engineer. 


‘*The volume forms a very concise and handy record of the theory and practice of the steam turbines, and 
those who studied the original articles . . . . will value the book asa useful addition to the scientific 
library.”—Marine Engineer, 


‘‘Mr. Martin has had the assistance of several acknowledged experts in making the work as complete and 
as lucid as possible, and it is one which should find a place on the book shelf of every up-to-date engineer.” — 
Newcastle Daily Chronicle. 


- + both author and publisher have combined to produce an abundantly-illustrated and beautifully- 
printed volume, which cannot fail to be of great value.”—South Wales Daily News. 


“ 


“Mr. Martin's book will certainly take a leading place with those who make the subject a serious 
study. + + + About half the book is devoted to very full descriptions of modern turbines which will be 
of great value to students, users and designers alike.” — Manchester Guardian. 


SPECIMEN PAGES ON APPLICATION. 





Loxpon: Offices of “‘ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C. 


LONGMANS, GREEN & CO., 39, Paternoster Row, E.C. 
ar NEW YORK, BOMBAY axp CALCUTTA, 





J.&E. HALL, in 


Makers of CO, and NH3 


Refrigerating Mach:nes 


— and— 


Hallford Motor Vehi oles 


10, Sr. Swrrat’s Laxe, Lonpow, E.C., and Darrro 


ite 
ELEVATORS 


Ransome ver MehrMachinery Co 


BRUNSWICK HOUSE, WESTMINSTER, S.W, 


HAND AND POWER MIXERS FOR CONCRETE AND 
OTHER MATERIALS. STEEL SHEET PILING, 
AUTOMATIC SKIPS For EXCAVATION & CONCRETE, 


See Displayed Advertisement alternate weeks. 3114 


GREAVES’ PORTLAND 


CEMENT 


for Highest Class Engineering Work. 
70 years’ reputation. 


GREAVES, BULL&LAKIN, Le 
HARBURY, exons ang 
Depots—Lonpon AND BIRMINGHAM. 


Pbouite, 


Vulcanite Works — 


(Formerly Pe ays INDIA- mY Cc. é& 


Kewr, 




















SCHAFFER & BUDENBERG. 


Whitworth Street, MANCHESTER. 


LONDON, E.C. GLASGOW. 
77a, Queen Victoria Street. 5, Wellington Street, 


Makers of Pressure Gauges and High 
Class Engine and Boiler Fittings. 


Boiler Feed Pumps. Sluice Valves. 
Control Watches, Steam Meters. 
Counters. Steam Traps. 
Indicators. | Stop Valves. 
Injectors. ‘Tachometers. 
lena Gauge Glasses. Test Pumps. 
ubricators. Thermometers, &c. 


Recording Instruments for Pressure, 
Temperature and Speed. 


STEAM TRAPS 


FOR ALL PURPOSES. 


THE HEINTZ PATTERN. 
THE STANDARD. 
THE MIDGET. 

THE MUELLER. 
THE MIGHTY ATOM 
THE BOSS. 


British Steam Specialties, 


BEDFORD ST., LEICESTER. LTD. 


——— 




















{ DEAR COAL need «ot 


trouble you if you use ‘he | 
WARD CO. RECORD©<R. 


See what “ ENGINEERIN:” 
of March 7th, 1913, s:ys 
about this machine. 
copy of the article will be 

e sent on application. 


James Lumb @ Sons 


i ELLAND, YORKES. 
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Fawcett, Preston & Oo., Ltd. 
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Fielding & Platt, Ltd... 
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Britésh Daimler Co.,Ltd. .. .. 88 +» +» 8] Kirby Banks SorewOs., Ltd. 75 ima. .. es oe es 2 « 
Clutch Oo., Ltd. .. .- A&W. .. .. 10| Gutta Percha & Rubber, Lid. _1| Kirk, W., Price & Oo. 3 &95| Moun’ rh: owe land. B. R., & Os., Led. Tomey, Joseph, &Bone, Ltd. 92| Yates & Thom, Ltd. .. _.. 
British Oxygen Co., Ltd... 77 | Daniels, T. H. & J., Ltd... 96 | Halden, J.,&Oo., Ltd. .. 60/ Kirkstall Forge Oo., Led... 98 | Muir, Wm., &Oe., Led. .. 89! Royles Limited .. ... .. Tormo Mfg.Co, . .. .. 21 | YorkshireCopperWorks,Ld) 95 
NOW READY.—The APRIL EDITION of The Classified Directory of Current Advertisements in ENGINEERING, with a List of Telegraphic Addresses, &c., &¢., to 


same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 
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“WILLCOX-PENBERTHY ” 


CELLAR-DRAINER. 


For use in 


WILLCOX’S SEMI-ROTARY 


WING PUMPS. 


pits, sumps, cellars, 
tanks, or wherever 
it is necessary to 
remove accumulated 
water, or to keep 
water or other 
liquids from rising 
above a certain level. 


Perfectly automatic 
—operated by water 
or steam pressure, 
without manual 
attention. Cannot 
corrode or clog. 
Light and compact. 
Very efficient. 


Double and quadru- 
ple acting. Simple 
in construction, yet 
very powerful, All 
sizes from } in. to 
4 in. connection. 
Readily fixed. 
Large Stocks 


Adopted by the 
Government, and 
fixed by Engineers 
all over the world. 


1923 
Send for 


Also Mounted for 


POWER. Pump booklet. 





Send for descriptive leaflet. 


. W. H. WILLCOX & CO. LTD. SOUTHWARK ST., 
GHORGE! EHLELIOT & CO. L.=: 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANG'S LAY WIRE ROPES, 


And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 


~>) GEAR WHEELS 























SENT FREE 
CATALOGUE 
660 PAGES 
To 
BONA FIDE 
BUSINESS 
APPLICANTS 


CAST IRON 
OR 
STEEL 





LARGEST SOLE 
MAKERS OF 
POWER 
TRANSMITTING 
MACHINERY 
AND 
APPLIANCES 
UNDER THE 
BRITISH FLAG, 


Pulleys for 
Belts or Ropes. 


Shafting. 


Friction 
Clutches, 
&., &. = = il 2. ee ae 


CROFT & PERKINS, BRADFORD. 


s 


2119 
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A. RANSOME & CO., LT. NEWARK-ON-TRENT, 


ZNGLAND., 


MANUFACTURERS OF WOOD-WORKING MACHINERY. 


Telegraphic Addresses— LONDON OFFICE— 


RANSOME, NEWARK. 63, QUEEN VICTORIA ST., E.C. 


RANSOME, LONDON. 














RANSOME’S Patent HORIZONTAL 


LOG BAND SAW 


is by far THE MOST RAPID, 
ACCURATE and ECONOMICAL 
Log-Sawing Machine IN THE 
WORLD, and is free 
from unnecessary complications. 


These Machines are made in 
Four Sizes to take logs 
up to 6ft. in diameter, and are 
now working in various parts 
of the World. 
Between 30 and 40 of them can 
be seen in operation in some 
of the leading 
Timber Yards in this Country. 

















RANSOME’S PATENT LOG BAND SAW will do as much work as a VERTICAL LOG FRAME, 
= RACK CIRCULAR SAW BENCH and RECIPROCATING FRAME COMBINED, economising more 
than half the power, floor space, and labour required to work the above three machines. 





WRITE TO DEPT. ‘‘D’’ FOR PAMPHLET DESCRIBING THIS MACHINE, WITH TESTIMONIALS, POST FREE ON APPLICATION. 


SOLE MAKERS OF RANSOME’S PATENT TESTED 
BALL BEARINGS FOR ALL PURPOSES. od 6740 


MAVOR & COULSON, Lid. 


JAMES FAI RLEY “& SONS Contractors to His Majetys an 
other Governments. 
Se ee” " «- FORR STEELS 


FAIRLEY’Ss SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds, 


considered to be the HARDEST and Lat y ena aeoel et pee fo Calton the Cheapest in the Ma sariet. Small samples free to approved buye 
nors” JAMES F. PAIRLEY & & SONS’ WORKS (Bramall Lan HEFFIELD t. Forge and Rolling Mills, INGHAM) are merely Branch Depa ents and 


B= All Communications should be sddressed to the Head Ofices—OLD MINT, SHADWELL STREET, BIRMINGHAM. Od 1719 
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SRUNS BOILER C,7- 
D 











Tue 


THE 
STIRLING BOILER 


FOR 
ALL PURPOSES 











_— 
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58 








STIRLINICO, Sowest, LONDON. 





V S. 
TELEGRAMS | ICToRIA STREET WESTMINSTER TELEPHONE 


4821 VICTORIA (2 lines). 
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[eS = RET "BUCKET DREDGER  AFFONSO. DREDGING Pp LANT. 


i oe 4 /| CAPABLE OF DREDGING TO i ae Medals: LONDON, PARIS and GLASGOW EXHIBITIONS. 
ey / ag OEE OE ee res. Bow and Stern Well Bucket Hopper and Barge-Loading Dredgers. 
ear Ye | ge Soe ey SUCTION PUMP DREDGERS, _ 
discharge in’ 


atoen "Floating Pipes. 


COMBINED BUCKET & PUMP DREDGERS, 


With MNydraulic Jet and Impreved Rotary Catters fer Clay and Mard Material. 


GOLD-RECOVERING ,DREDGERS, 


HOPPER BARGES, so STEAMERS, AND STERN PADDLE 
WHEEL STEAMERS, Tuas, ao Od 1268 
New Buokets, Links, Pins, Gearing, &o., supplied for existing Dredgers, 


Fleming & E"erguson, I.d. 


Shipbuilders and Engineers, PAISLEY, N.B. Established 1878. 
LONDON Office: 9, FENCHURCH AVENUE, E.C. 


“WOODITE” WORKS, MITCHAM COMMON, SURREY. 


CE to ENGINEERS, ELECTRICIANS, STEAM USERS and Senna f- --" articles cam now be obtained with the utmost despatch. OODITE” has stood the severest 

= or six years. No material in existence can ual it for Steam or Electrical Purposes, and other has stood every test up to 40,000 volts Tf AG hse wlibe without pa? down, b: — London Electric 

Light Corporation and others. Ram “U” Hat J Vand Fanking Rings, Pump Cups, Geakeis, Mano val Sheeting, and all oth er Goods which ha been manufactured in India Rubber, tani, &c., can 
be made 1648 
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| HIGH SPEED OIL ENGINES 


FOR PUMP DRIVING, DYNAMO DRIVING, COMPRESSORS, &c., &c. 


ae ¢ BOULTON & PAUL, LTD., specialise in High Speed Oil or Petrol Engines, 
yo 2 designed to combine Efficiency and Economy with Simplicity and Excellence 
of Workmanship. 

@_ The illustration shows our type 8.3 M.P.M. Medium Lift Stationary Pumping 
Set. Full particulars on application. 

@. Various types of Portable and Stationary Pumping Sets can be supplied to 
deal with any quantity of water, against any head. 


\ FULL PARTICULARS AND PRICES SENT ON REQUEST. 
INTERNAL COMBUSTION ENGINES for any requirement. Write for designs and estimates. 


CATALOGUE POST FREE. 


/ BOULTON & PAUL, LTD, Engineers, NORWICH. 


SHOWROOMS :-126, ysis Victoria Street, LONDON, E.C. 3072 




































































ALL IRON & STEEL FOUNDRIES 


should be equipped with 


STEWART Wee. Moutpine 
MACHINES. 


ACCURATE. PORTABLE. CHEAP. 











Write for Price and Particulars to; 


DUNCAN STEWART & CO., LTD., 





























Standard Wheel Moulding Machine. LONDON ROAD IRONWORKS, GLASGOW. Wheels Moulded by this Machine. 











THE KEYSTONE PATENT PULLEY 's AN 
ALL-BRITISH STAMPED 


STEEL PULLEY OF 
‘.. LIGHTER WEIGHT 
AND EQUAL 


STRENGTH 
TO ANY PULLEY ON 
THE MARKET. 






MANAFACTURED ENTIRELY BY:— 


THE SKERNE WORKS L°: DARLINGTON. 


rg _ eee ts ud Agent» Wanted for Bistricts not already Represented. 
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W. Gunther & Sons, Central Works, Oldham. 


“GUNTHER” 


FANS 


FOR 219 | 
Forges, Cupolas, &c. 


EXHAUST FANS. 
CENTRIFUGAL 
PUM 


















































Cut Down 
Your Costs! 


OuUR NEW DUPLEX IMPROVED 
HORIZONTAL BORING MACHINE 
D 78 will do this for you ...-s - 


DUPLEX IN WORK DONE. 
SINGLE in Cost, Room and Wages. 


EASILY MANIPULATED, 


[ NDEPENDENT HEADS can be run at 
DIFFERENT SPEEDS AT SAME TIME. 
Improved BACK and FORWARD MOTIONS 
and VARIABLE FEEDS. 














THER MODERN LABOUR-SAVING 
TOOLS IN STOCK and PROGRESS. 


8end for Lists and Prices. 


G. WILKINSON & SONS, 


EREIGH ITH Yy . 


Telegrams 
Telephone 









2739 


+ Wrreinsons, Enoinezrs, Keicutey. 
° . . . to Y Keiauuey. 














MOND GAS. 


FOR POWER & HEATING 







FOR PARTICULARS OF THE GASIFICATION OF BITUMINOUS 2195 
FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:— 


THE POWER-GAS CORPORATION, Lro., "at career 


STOCKTON-ON-TEES. 








DIXON'S 


Graphite Cup Greases. 









DIxON’s GRAPHITE GREASES are as _ nearly 
perfect lubricants as long experience, extended 
knowledge, and the best obtainable materials can 
produce. The Graphite is the incomparable 
DIXON PURE FLAKE GRAPHITE. 


They lubricate like oils and impart a wonderful 
smoothness and polish to all surfaces. Therefore 
they assure remarkably low friction. 


A trial will prove convincingly the exact truth 
of our claims. Send your request now for 
Sample Set 6y, free, post paid. 


GRAPHITE PRODUCTS Ltd. 


218-220, Queen’s Road, Battersea, LONDON, S.W. 





6536 















































COMBINED AIR PUMPS 
JET CONDENSERS. 


ALSO 
ACUUM PUMPS, 
(BENN’S PATENT 


BELT, ROPE, MOTOR, OR 
INDEPENDENTLY STEAM 
ee os.2o-82.. 63. 33 
SIMPLE, ECONOMICAL 
AND RELIABLE :: ss 


ALL WORKING PARTS 
EASILY ACCESSIBLE. 





YLINDERS & AIR PUMPS 
BORED & VALVE FACINGS 
PLANED, BY SPECIAL APPARATUS, 
WITHOUT BEING REMOVED FROM 
THEIR WORKING POSITION :: 





































ss. Ss. STOTT & CoH 


ENGINEERS, 3258 


HASLINGDEN, Ne. MANCHESTER. 
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CTathers Platte 


patent | Du lex a 
etl ety 6S ‘-Prodines 





Every Stroke 
a Driving Stroke 


That is only ONE of the special features 
of the 


“Duplex”... 
Valveless Gas Engine. 


Other features which render the “ DupLEx ” the simplest 
and therefore the most reliable engine on the market, 
are: 


NO ADMISSION VALVES. 
NO EXHAUST VALVES. 
NO CAMS. 

NO SIDE-SHAFTS. 

NO VALVE POCKETS. 

NO INTRICATE CASTINGS. 


AUTOMATIC FORCED LUBRICATION. 
1500 B.HP. GAS ENGINE 


Overall Dimensions for Engine House 
ard Size of Crane: 
Length over base ... " ove 24 ft. 3 in. 
Width ee ies bes ae _ 8 ft. o in 
Height above floor 


‘ ie 14 ft. o in 
Weight of heaviest part ... oo 


12 tons. 


In Single Units from 200 HP. up to 4000 HP. 
or larger if required. 2336 





WRITE FOR BOOKLET. 


Park Works, 
MANCHESTER. 





Queen Anne’s Chambers, 
LONDON, S.W. 








IRON and STEEL 
STRUCTURES 


EXPOSED TO 
ACID and ALKALI FUMES, 
EXTREMES OF 


WEATHER, BRILLIANT 


&c BLACK COLOUR, 


D O NOT SUPPLIED 


READY FOR USE 


UNSKILLED LABOUR. 


VERY LARGE 
COVERING CAPACITY. 


Dries Quickly. ax 


DESCRIPTIVE BOOKLET ‘* 7)” FROM. PATENTEES 
AND SOLE MANUFACTURERS :— 


WAILES, DOVE & CO., Ltd. 


NEWCASTLE-ON-TYNE. 











(ESTABLISHED 1865.) 


ANTHON & SONS ccnrctvoces FLENSBURG 74. 


London Representative: R. W. DEACON, 63, Queen Victoria Street, E.C. 
Telephone: P.O, Crry 8620. 


SPECIALISTS IN THE CONSTRUCTION OF ALL MODERN 


CASK-MAKING & WOOD-WORKING MACHINERY of EVERY DESCRIPTION 


SPECIALITIES IN 
WOOD - WORKING MACHINES ;— 


Copying Lathes of all kinds for Wooden Ol 

Soles, Wooden Heels, Shoe Lasts, Gun Stoc' 

Wheel Spokes, &. All Machinery for the Manu- 

facture of Wood-wool, including Packing 

&c. Special Round Milling Machine for tape: 

and lel, straight or bent Tool Handles, 
or Poles. Wheelwrights’ Machinery. 


ALL MILLWRIGHTS’ ACCESSORIES, 
/ PULLEYS, SHAFTING & BEARINGS 
( = a of all sorts. ‘ona 
Best References all over the World. 
Catalogues and Estimates Free on Request. 


Telegraphic Address: SmERovius, Lonpon, 








cas wuINE NS BAND SAW. 























ececevececeeeoc orn 


FRED“BRABY2.C2.: 


TANK MAKERS 








WROUGHT-IRON,{PLATE ;WORK,, BLACK OR GALVANIZED, 
STEEL CHIMNEY*AND VENTILATING SHAFTS, &. *”* 
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EDWARD HAYES 


Od 2174 Watling Works, 
Stony Stratford, 


Marine Engines 
Now Ready. 









Co-o 
Be Be Be Be 
— 
SQ vo 
xxx x 
-Ooe 
Peeae? 
om ta non 
QAQA 


1 

1 
Boilers to Suit. 

Makers to Admiralty, & 


y 


A PURE CLEAR 5 
FREE FROM RESI 
enue rae TYE LUBR 





BENJ* R. 
VICKERS 
& SONS. 


LEEDS. 


rVICKERIINE X 


@N EXTRA HARD 

FOR HOT NECKS « 

IN Taonicm CLIMATES. 
R 20S 2SF(OS101 


"VICKERLINE ‘OlL oe 











(lovernors 


(PICKERING TYPE), and with 
“SMITH’S” PATENT KNOCK-OFF CEAR. 


Simple. Efficient. 
Jockey Pulley abandoned. 
Operates should Governor stop 
from any cause. 









Bole Licensees and Makers :— 


~ DM» Pollock, Macnab a Highgate 
@ SHETTLESTON, 2788 


a 
Makers to War Office: Offtce and Admiralty. 





WATER TUBE BOILER 
¢° & Buitable 

j pa a 
or Land 
purposes, 








7 Fuel: 
a eel ele PARAFFIN 
: OIL. 








4 200 Ib. press. 

j raised from 

Cold Water 
in 

minutes. 


























« 
oO 
a 


TURNER oe i CO., 
1-3, STALBRIDCE ST., "LISSON CROVE, LONDON, WW. 


ELECTRIC COPIERS. 


HALL’s PATENTS 
Over 1100 Machines in Use. 


~~ — 
aa Send for 
List No. 6. 





































B ‘I HALL # C0, Lid. 


Head Heed { Chalfont House, Gt. Peter St., 
WESTMINSTER. 3103 























Westinghouse- Cross 


Semi-Diesel, VERTICAL 


Marine Oil Engines 


operate on crude, residual, 
or ordinary lamp oils ; have 
neither carburetter nor 
vaporiser; are extremely 
flexible in speed and power, 
and require no skilled at- 
tention. 





BUILT IN SIZES FROM 
7 To 120 HP. 


Write for Catalogue CR-2 
to the Manufacturers :— 


THE WESTINGHOUSE BRAKE 
co., LTD., 2939 
82 YORK ROAD, LONDON, N. 








20 HP. Marine Engine. 


BROWN BROS, &CO., Lo. 


Rosebank fronworks, EDINBURGH, N.B. 


TRLEGRAMS : TELEPHONE : Copzs Ussp: 
HYDRAULIO, EDINBURGH. 16 CENTRAL. ABO, 5th Eprrion, 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. . . 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. . . 
(STEAM, HYDRAULIC & ELECTRICAL.) 























TELEMOTOR DIRECT 
HELM] ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL jHYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c, 
8195 





PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE, 
































Beare | A. ¢ W. DALGLISH, 
ABO, e0OTLAND ‘conan 
Edition. WORKS 
— Poliokshaws, 
GLASCOW. 
MARINE, 
DRYBACK, 


ALL SIZE8. 


3101 


MADE BY THE 
MOST 





CORRUGATED SHEETS. 


SH 2868 


EBBW VALE CO.’S 


FULL PAGE ADVERTISEMENT 
in last and next week's number. 










































Minerals, Artesian, 
Brine & Oil Wells. 


YOU CAN PUMP 


1000 GALLONS 
OF WATER 


100 FEET 
FROM AN ARTESIAN WELL 
ON YOUR OWN PREMISES 


FOR 12 



























I Let me know the amount of water 
you require, and | shall be pleased 
to quote, 


JOHN W. THOM, 


Contractor to H.M. Government, 
CANAL WoRKS, 










PATRICROFT 
ENGLAND. 
Telephone— Telegrams— 











“Thom, Patricroft. 





€9 Eccles, 




















IMPROVED 
MACHINERY. 
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 VAUGHTONS LE2 


LIVERY S? BIRMINGHAM |» 


WETALSMALL PARTS 


STAMPED PRESS WORK - 
- IN BRASS. COPPER. ALUMINIUM. 
- GERMAN SILVER. PHOSPHOR BRONZE. 





25 HP. TALBOT 
FASTEST TIME 


Winning M.A.C. Cup. 


and Record Ascent of the Hill, 





SHELSLEY WALSH OPEN HILL CLIMB. 


Promoted by the MIDLAND AUTOMOBILE CLUB. 


| 15 HP. TALBOT 
FIRST ON FORMULA 


- INVINCIBLE 
FURTHER TALBOL SUCCESSES. 


| against 27 competing Cars, 
Winning the President’s Cup. 


THE FIRST GAR IN THE WORLD TO COVER 100 MILES WITHIN ONE HOUR. 








ot & MILD STEEL. Ag 
LETTER CUTTERS ENGRAVERS. 
“:\ NAME PLATES. 


—— CATALOGUE ON REQUEST. -—- 
CLEMENT TALBOT, Lid, Barlby Rd., Ladbroke Grove, London, W. 





NAISH & CROFT, 


Consulting Metallurgists 





— and Analysts. —— 





150, ALMA STREET, 
BIRMINGHAM. 


Consultations 
by Post. 


Experts in Acetylene Welding and Cutting, 


Fees on 24 
Application. 





























TAPER PINS 
aD STEEL KEYS 


OF ALL SHAPES. 3110 


exes? 





JACQUES PERES, 


46, Boulevard Magenta, 


PAEIS 


“SPLIT GRIP” 
COLLAR Gras 


PATENT 


AS USEFUL AS THE 
SPLIT PULLEY. 


IN HALVES: 


NO Set Screw 















Grips like a Vice. 
Fixed 
or Removed 


without 
Disturbance. 


Sole Makers, 


TRIER Bros. 


CAXTON HOUSE, WESTMINGTER. 
LONDON, 8.W. 34 


On Admiralty List. 


BODLEY BROS. & Go. 


ae yey ee Boiler Makers, and 
Iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 








SPUR, BEVEL, 
MITRE, MORTICE, 


AND 


y WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 
Telegraphic Address— 8102 
Bopizy, Exerer. 


ESTABLISHED 1790. 














How to 
Save 70 
Fons of 
Coal a 
Year by 
Wnitising 
Onty 
40 tbs. of 
Cxhaust 
Steam 
per hour 





CTUALLY, by utilising 
aA in the “Exol” way 
only 40 Ibs. of exhaust 
steam per hour, you can 
effect a remarkable saving 
on your coal bill to the 
extent of ten tons annually, 


@_ Think of the large save 
with a plant exhausting 
thousands of pounds of 
exhaust steam per hour! 


@ The “Exol” System is 
the only proved, tested, 
and found reliable method 
of utilising heat in exhaust 
steam and turning it into 


profits. 


@ There’s nothing about the 
“Exol” System not 
thoroughly practical and 
dependable, no unit which, 
when explained, can leave 
you in a shadow of a 
doubt that it will surely 
effect large steam plant 
saving for you—build up 
big dividends. 


@ And then, when you read 
al about this System in 
our new and greatly en- 
larged free book, picture 
the save you could and 
would effect with your 
present plant, you will 
wonder why someone 
didn’t think of it all long 
ago; it’s so simple and 
so certain to save your 
money. 


@ A postcard brings you the 
free book of steam-plant 
facts and knowledge. 


Send NOW. 
9117 


EXOL COMPANY, 
66, Fenchurch St., London, E.C. 


























ALEX. FINDLAY & CO., Ltd., 


Steel Roof and Bridge — 


Structural Engineers, . . 


Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, goveving 6 seal soe area of 560,000 
um, area 


the Grand 


MOTHERWELL, N.B. 


square feet; also for 
200,000 square feet. ‘ 


Att Kinps oF STEEL StrucTuRES DESIGNED AND EXECUTED. 


Head Office - . - - 
London Office - - - . 
TELEGRAMS: 


““FINDLAY, MOTHERWELL.” 


. MOTHERWELL, N.B. 


SPECIALITY :—HYDRAULIC PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 


9, VICTORIA STREET, S.W. 


“PARKNEUK, LONDON.” 


“SIMPLEX” 
STEAM PUMPS 





<S 2 —S ne, 
HORIZONTAL & VERTICAL TYPES 
Positive Action. Moderate Prices. 
MOST SIZES READY IN STOCK. 


T. TOWARD & CO., LTD., 


98, Ouseburn, NEWCASTLE-ON-TYNE. 9606 


PLAYER'S 
POWER 
HAMMERS 


BELT OR MOTOR DRIVEN, 








1960 
W. & J. PLAYER, BIRMINGHAM. 








THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO., L® 


Specialists in the Design, Manufacture, 
and Erection of Bridges, *Girders, 
Roofs, Warehouses, and all elasnes of 
Iron and Steel Constructional Work. 


HEAD OFFICE AND WorRKS— _3262 


DARLIN = 
ec, STEAM — 


DIRECT 
Vertical or ye ap Types. 





ACTING 





Foe cae 


Special Patterns for Mine Pumps. 


T. SHORE & SONS, 





Etruria, wie "On. TRENT. 
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GRAFT ON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


Mp Grafton 9 'Bedfor d. = — oe R C 





aes 


SILVER MEDAL, scetieesiniadhiten. "et 1885. ” GOLD MEDAL, Paris 190. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX. Buenos Aires Exhibition, 1910. 


on oe 








Tue “PERFECT” VISE. 


SoLe MAKERS 


J. PARKINSON & SON, 


SHIPLEY, YORKS. 


DIVING APPARATUS. 


SMOKE HELMETS. —— 
RESCUE APPARATUS (ox¥cz 


SYSTEM /¢ 


AIR PUMPS and COMPRESSORS. 


1 cubic foot p.m. upwards. 














High and Low Pressure. 


ee GORMAN & CoO., Ltp. 


“4 Neptune ’’ Works, LONDON, S.E. 


Tetecrams: “SIEBE,” Lonvon. 2898 TELEPHONE: No. 251 Hop, 
Copgs :—A 1, A BC (4th & 5th Edition), Western Union, Engineering, and Private, 




















EvERY 


Bay <=> 


GUARANTEED. 
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A. EDMESTON «SONS, Ltd. 


Note New Address :—PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUOOESSFUL OPERATION. 

INVALUABLE FOR DRIVING: 3219 

Mining Machinery & Haulage, Concrete and Brick-making 

Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 

Power, and Mine Gearing 

Generally, 





FOR 


STARTING 


GAS 
& OIL 


FOR 
COUPLING 


HIGCINBOTTOM s MANNOCK, Lo. 


Crown Iron Works, West Gorton, 
MANCHESTER. 


Telegrams:—CROWN, GORTONBROOK. 

















Electric Cranes, Hoists, Capstans, Winches, Traversers. 
Transporters, Hauling Machinery and Hand Cranes, 





ENGINES. SHAFT-ENDS. 


5358 


Hand and Power Runways. 
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JOHN OAKEY & SONS, Ltd. 


‘GENUINE EMERY, 
EMERY CLOTH, 
Wellington Milk, QLASS & FLINT PAPERS, 


 LONDOK, 88. BLACK LEAD, &c. _ 
LEAD 


EMERY WHEELS 


SIMPLEX 
GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORK. 
NO SPECIAL CONTRACT REQUIRED. 


NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY SUPPLIED. 
Over 1,000,000 superficial feet in use on 2,500 Structures. 


GROVER & CoO., LIM., g 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, N 


Write for Tilustrations and full ye (sent post free). Od 1236 


BO LTON’S N’S 
Patent 
Steam 

Superheaters. 




















' FIELD TUBES, 
DOUBLE CIRCULATION, 
HIGHEST EFFICIENCY. 

SAVES 15% COAL. 








1204 


7 49, Deansgate, 


MANGHESTER. 














BROWNHOIST BRIDGE TRAMWAY. 


Note the light structure of this Brownhoist machine. 

It signifies speed and economy. And yet it possesses 

strength and durability. Ask the man who has one. 
THE 


BROWN HOISTING MACHINERY CO., 
CLEVELAND, OHIO, U.S.A. wo: 


For all Purposes. 
































Quite Different from the Rest! 


We know our Block is Best, but are 
willing to send you one on unconditional 
approval. Then you will know and always 
order Burnbank Blocks. 


DELIVERED FROM STOOK. 


BURNBANK ENCINEERING CO. 


68, West Regent Street, 

















Ghent a 


APRIL TO NOVEMBER, 1913. 


18 “PROCTORS” 


RPA TAN T 


SHOVEL STOKERS and MOVING FIRE BARS 


are working on the Six ‘‘SMULDERS”’ 
WATER-TUBE BOILERS supplying 
Steam for the whole of the EXHIBITION. 


JAS. PROCTOR, Ltd., Hammerton Street Iron Works, Burnley. 


Sole Agents for France, Belgium, and Holland :— 
THE SOCIETE DES PERFECTIONNEMENTS A LA VAPORISATION, 
29, RUE DE LONDRES, PARIS. Od 2045 


GREASY WATER 
PURIFIERS 


And HARD MAKE-UP 
FEED SOFTENERS. 
WRIGHT'S FORGE ano 


ENGINEERING Co., Lro., 
TIPTON, stars. 
& LONDON. 























[ce ~< 


VERTICAL CYLINDRICAL TYPE, WITH 
AUXILIARY HEATER. 


PLEASE SEND 
US YOUR ™ 





HORIZONTAL RECTANGULAR TYPE. 











Direot all Enquiries to COWANS, SHELDON & CO., Ltd., OARLISLE. 





ENQUIRIES. 
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BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 


RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Seaways. 

TYRES.—Locomotive Carriage and Wagon, to all requirements. 

SPECIAL STEEL of all kinds for constructive purposes 


Ce i a 


STEEL COMPANY o SCOTLAND 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 
TELEGRAPH 
ADDRESS 


“STEEL” G.ascow. 


3001 


—_____—_—_ 


BOILERS 

















LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR 
DRYBACK AND WATER TUBE TYPES FOR HOME OR EXPORT. 


WILLIAM WILSON & CO. 
LILYBANK BOILER works, GLASGOW. 


3067 




















STEAM CRANES, 
m OVERHEAD ELECTRIC CRANES. 








London 
j Crane Works 


RUN BELTS 


EASY OR SLACK 


WITH 


(ing - jurfac 


There are many Inmitations 
of Oling-Surface now being 
offered, but they only Deceive 
and Disappoint. 


SoLe EUROPEAN AGENTS, 


THOMAS & BISHOP. 


Chief Office: 119-125, FINSBURY PAVEMENT, LONDON, E.C. 
2026 





Telephone: 7046 Central. Telegrams : ‘** Velcling, London.” 


DENNYSTOWN FORGE CO. 


DUMBARTON. 


Telegrams - - “FORGE, DUMBARTON.” 


9000000000000 00000000 











London Office: 301-302, Mansion House Chambers, E.C. 


STEEL AND IRON 


UP TO ANY WEIGHT. 
Exceptionally quick delivery given for 
FINISHED GRANK 
SHAFTS, 
PROPELLER SHAFTS 
with Continuous Gun - metal 
liners complete, and 
STERN AND RUDDER 
FRAMES. 
Specialities :—Repair work of 
all descriptions, also Finished 
Hollow Crank and Line Shafting 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.). 
Patentees and Sole Manufacturers of the 
“WEDGWOOD” Patent Vertical Inter- 
locking Scarphed Jointed Rudders. 
Also Patentees of Combined Rotor Wheel and 
Spindle Forgings, for Turbine Engines. 


On ADMIRALTY, WAR OFFICE, and 
CROWN AGENTS’ LISTS. = 
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Telegrams: BURNET, GLASGOW. 














LOCO TYPE BOILERS FOR DREDGERS, RIVER STEAMERS, &c. 


LINDSAY BURNET &.CO. 


Specialty :—MARINE BOILERS oF ALL 
SIZES FOR SHIPMENT ABROAD. 


CORRESPONDENCE INVITED. 


Address: Meore Park Werks, Helen Street, 
GOVAN, GLASGOW. 























FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, England. 
ESTABLISHED 1832. 


Telegraphic Address: ‘‘BERRYS, SOWERBY BRIDGE.” 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 


Telephone No.: 525. 








a ous ‘ “~~ -—- 


s. ip aires 8 _-* 
d eS 


Tae above Illustration represents one of our Specialities. This 
Machine will bend or straighten an 18 in. joist, crop an 8 in. b 
8in. by 1 in. angle, and punch an 1}in. hole through 1} in. material. 
We make all sizes in these combined Machines, and we also make 
Machines for doing any of these operations singly. 
Contractors to the Admiralty, India and Colonial Offices, and 
Most of the Foreign Governments. 





KINDLY FAVOUR US WITH YOUR ENQUIRIES. ** 


OXY-ACGETYLENE 


WELDING & CUTTING. 


BEST ENGLISH MANUFACTURE. 















Our system has been adopted by 
H. M. Admiralty and all the 
Continental Governments, Home 
and Foreign Railways, and nearly 
all Leading Engineers. 
For the Welding of Steel Plates ,', in. to 2 in. thick. 
Also for Cast Iron, Copper and Aluminium. 
For Cutting Steel Plates, Bars, &c., up to 6 in. thick. 





INVALUABLE FOR ALL CLASSES 
OF REPAIR WORK. 


Thousands of our Plants are now 
in daily use. 


A. V7 aARDEnN & Co. 


44, 46 & 48, SHEPHERDESS WALK, CITY ROAD, LONDON. 
Telegrame—“ LyTastnonG,” Lompon. 2706 Telephone—7886, CuxTRAL. 


S. SMITH & SON'S 
Chronograph Watches 


Are now standardised, the result of 
yews of _—_ experience. Relia- 
ility of Chronograph mechanism and 
durability in construction guaranteed. 
Makers of these instruments to all 
the electrical and engineering insti- 
tutions, the leading firms in the elec- 
trical world, &c., &c., conclusively 
proving their popularity. 


CASH or MONTHLY PAYMENTS. 


Write for Catalogue “R” 
Watches, Clocks, Jewellery. 


HOLDERS OF SIX ROYAL WARRANTS. 
WATCH AND CHRONOMETER MAKERS 
TO THE ADMIRALTY. 2841 


cccveco~ Rat 9, STRAND, LONDON, 
PECKETT & SONS, BRISTOL. 


TE 


























231 10 0. 
235 0 06. 
Sterling Silver Cases, Crystal @165 15 0. 


18-ct. Gold Cases, Crystal .. 
Full or Half Hunter .. .. 


£16 16 0. 


























OCOMOTIV BES « 
of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 





Full particulars on application. 


Telegrams—“ PECKETT, BRISTOL.” 
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SOLID WOVEN 


‘GRIPOLY 


BELTING. 


Rvery Beltis Guaranteed! 


GRIPOLY Is THE Strongest 
Power Transmitter 
in the World. 


Because :— 
D 





It is solid woven from 
selected special yarns, 
and has no plies to open 
out. 


It has patented woven- 
in leather edges, and 
cannot fray. 


D 


Its name signifies, it Grzps 
the Pulley—hence ‘‘ Grip 
pulley "—“‘ GRIPOLY.” 


It is stretched before it 
leaves the factory, and 
commences its work im- 
mediately without undue 
strain and loss of time in 
being taken up. 


It is not affected by vary 
ing atmospheric con- 
ditions. 


D 





Samples and Price Lists on application. 


Patentees & Sole Manufacturers— 


LEWIS & TYLOR, Ltd. 


CARDIFF. 





The Latest in Steam Traps. 

















A 
TRAP 
THAT TRAPS. 


2767 


W. E. BOOSEY & 60., Lid., 


32a, Liverpool Street, 
LONDON, E.C. 


’Phone: 5279, London Wall. 




















DPDIIRKERKE 











IF YOU WANT TO KNOW 
THAT THE ENGINE WILL 
STAY PACKED USE 


“PALMETTO... 


it contains no rubber or other vegetable 
substance to char or harden under the 
destroying element of heat, and you simply 
get a length of service that is surprising, 
and yet it is to be expected when you know 
FitsEmaterials and method of manufacture. 











Let us send you a free working Sample. 


GREENE, TWEED ®& CO. 


SOLE MANUFACTURERS, 
Queen Anne’s Chambers, Westminster, London, S.W. 








JENKINS '96 SHEETING 


will pack the most aneven surface, making ab- 
solutely leakless, durable joints, The pressure 
and heat cause the packing to vulcanize, fill up 
inequalities of surface, dad afford a perfect fit. 
It is easily and quickly applied in either hot 
or cold joints. 


The Genuine bears our Trade Mark, 


JaoMEINS BROS. tItd., 








95, Queen Victoria Street, | St. Remi Street, & Acorm Avenue, 


LONDON, E.C, MONTREAL, CANADA, 8167 


SMITH Bros. & HILL, L” 


ALBERT SPRING WORKS, 
WEST BROMWICH. 


Contractors For SPRINGS— 
To THE ADMIRALTY, 
WAR OFFICE, AnD 


|| CROWN AGENTS For THe COLONIES, 


Telephone : 125. Telegrams : SPRINGS, 


AY VAY) 
1) aya a) yA \"\ "ANZ 
CN 


. 








DAVID AULD & SONS, 


LIMITED, 


Whitevale Foundry, GLASGOW. 


Telegrams: ‘‘ Repucine,” GLAseow. 


Steam Reducing Valves 


— AND — 


SURPLUS STEAM VALVES. 








Auld’s Quitetite Reducing Valte 


Simple Construction. Great Controlling 
Power. Shuts off dead tight when no 





steam is being used. Extremely a 
curate regulation of reduced pressure. 


ABSOLUTELY RELIABLE. ailb 


For LAND and MARINE ust 
LISTS ON APPLICATION. 








Aiso REDUCING VALVES for AIR WATER and GAS. 
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Aerial Transporters Limited 


Bib . » London E. C. 


EGYPT HOUSE, 
36, New Broad Street. 


Transporting 
and Loading 
Plants. 


Lubricating Oil and the 
Hindley Vertical Gas Engine. 







4+ Gallon per week 
for 200 HP. Engine! 











Just compare this perform- 
ance with that of any other 
engice; compare also the 
fuel cost of .Jd. per B.HP. 
of the Hindley with the 
figure guaranteed by makers 
of competing engines; and 
the result will be another 
order for the Hindley 
Vertical Gas Engine. 


List D330 gladly sent. 


11, Queen Victoria St., London, E.C. 
E § Hi dl @ § Works :—Bourton, Dorset. 
a We BEINGICVG WIONS, sso eseagpes: tendon” ere 








































































“NEW PROCESS ” 





































"7 : THE 
C RAW HIDE (FEARS. Mirrlees Watson Co.,L¢ 
T All to BROWN & SHARPE'S Standard. GLASGOW. 
THE BEST 
ROTARY AIR PUMP 
IS THE 
75 
MIRRLEES-LEBLANGC” 
ADVANTAGES : 
lve SIMPLICITY. } 
‘ SMALL SPACE OCCUPIED. 
NO RECIPROCATING PARTS. 
" Also METAL GEARS. 


NO VALVES. 
LOW MAINTENANCE COSTS. 






SEND FOR DESCRIPTIVE CATALOGUE. 


GEORGE ANGUS « CO.., ia. 


NEW CASTLE-ON-TYND. 
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HAYWARD-TYLER & CO., 


LIMITED. 


PUMPS 


FOR ALL PURPOSES. 











99, Queen Victoria Street, : 
Telegrams: TYLEROX, CENT, LONDON. LONDON, E.C. 


Telephone: 9626, CITY. 























TBLEQRAPHIC ADDRESS: 
“CRANES, RODLEY.” 


SEND US 
YOUR 
ENQUIRIES 













ELECTRIC, 
STEAM, 
HAND, &c. 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE: 
75A, QUEEN VICTORIA STREET. 





2498 










PETTER 


GRAND PRIX 


OIL ENGINES 


Consumption of Crude Petroleum guaranteed not to exceed 4-pint rer B.HP. 
per hour. 


NO ATTENTION REQUIRED WHILE 
START IN 
TEN MINUTES 
FROM COLD. 









RUNNING. 











FOR CRUDE AND 
RESIDUAL OILS. 
Sizes up to 200 B.H.P. 
















Illustration of 100 B.H.P. Size. 


FORCE FEED LUBRICATION. PROPORTIONATE GOVERNING. 
COMPLETE COMBUSTION. - eV PULVERISATION 
SECURI 


Long Life and Regularity of Motion combined with greatest possible economy. 
SUITABLE FOR LONG CONTINUOUS RUNS. 3298 


PETTERS LIMITED, Engineers, YEOVIL. 


73, QUEEN VICTORIA STREET, LONDON, E.C. 140, VICTORIA STREET, BRISTOL. 
Admiralty and War Office Contractors. 












Sar —_——— “i # 


CAIRD & RAYNE 

















R, 
EVAPORATOR 


FRESH WATER FEED MAKE-UP 
APPARATUS. 


Approved by Board of Trade for Passenger Ships. 


BOILER FEED PUMPS. 


Vertical Single-Cylinder Direct-Acting type. 

















COMPLETE 


FRESH WATER 


DISTILLING 
INSTALLATIONS 


(All Sizes) 
For LAND or MARINE USE. 


FEED WATER HEATERS. 
FEED WATER FILTERS. 











LONDON, E. - 




















Tel. Address: “ VAPORIZE, LONDON.” Telephone: No. 210, Eastern. 








It 
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MORE POWER 
TO THE MILL. 


You can have more power at your service with- 
out increasing your power consumption if you 
transmit it by the 


RENOLD 
Silent Chain Gear 


The principle of chain gearing ensures 98% effi- 
ciency and quiet running. The name “Renold” 
on chain gearing ensures highest grade of material 
and workmanship, and a si‘ent chain that has 
never been equalled for durability and accuracy. 


For driving Lineshafts, 
Countershafts, Machine 
Tools; for short drives, 
for drives in awkward, 
damp, or oily places, 
Renold Chain is un- 
approachable. 


v 


Cte e a catted a 


cy 


Write for 130-page Illustrated Book, 


“Renold Driving Chains and 
Their Use.” 


Free on application. 


HANS RENOLD, Ltd. (Dept. 35), 


Progress Works, MANCHESTER. 














E/210. 


Tract 









IRON CEMENTS 


Permanently stop all leaks of steam, water, fire or 
oil in iron or steel castings, boilers, tanks, piping, 
pumps, screw thread joints, flanged joints, &c. 

Smooth-On is also unequalled for filling in 
blow-holes in iron or steel castings. 

The Smooth-On Cements are easy to apply, 
harden quickly and make permanent repairs, 
proved by years in use. 










Every engineer should 
read our new No. J2 illus- 
trated instruction book: 
Free. 


SMOOTH-ON 


Manufacturing Co., 














8, White Street, 
Moorfields, 
LONDON, E.C, 





6108 
































“WNBREAKABLE” PULLEY 
& MILL GEARING 60., Lro. 


SPECIALISTS IN THE 


ECONOMICAL egy TRANSMISSION 
OF 


oy) POWER. 





AGENTS IN MOST CHIEF CENTRES 


(SEE LIST, MAY 30th, page 19.) 


QUICK DELIVERY. 


LARGE STOCKS. 


















WROT-IRON SPLIT PULLEYS. 


ANY SIZE up to S8@ FT. DIAM. and ANY STRENGTH. 





SHAFTING. 
COUPLINGS. 
ADJUSTABLE 


SWIVEL 
BEARINGS 


(4 DIAMETERS LONG) 
In a VERY LARGE RANGE 
° 


STANDARD 
PEDESTALS & FITTINGS. 


LESS FRICTION AND LONCER 
LIFE THAN ANY OTHER 
TYPE OF BEARING. — 


LONDON & MANCHESTER. ™ 











56, CANNON ST. jrorsepower, Cannon, tondon, 48) WEST GORTON. strength, Manchester 


Lieber’s Code used, 
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LUNKENHEIMER & CO., rrp. 
SUPERIOR STEAM BOILER VALVES | 
AND FITTINGS 


conform with Canadian Boiler Regulations, and are approved 
for use in Western Canadian Provinces, including British - 
Columbia, Alberta and Saskatchewan. 


* * * + + * * * 


The line approved includes Globe, Angle, Cross, Check, 
Gate, Blow-off, Pop Safety and Non-return Safety Boiler 
Stop Valves, Water Gauges, Gauge Cocks, &c. 

A complete list of Official Registration Numbers covering 
the above will be sent upon request. 

The supremacy of LUNKENHEIMER PRODUCTS is 
universally acknowledged, and to maintain this reputation, 
the highest type of skilled labour is employed, and only new 
material of the very highest grade is used. 

We guarantee our goods to be of the very highest quality, 
and a LUNKENHEIMER GUARANTEE is a real, definite 
quantity, and not an empty use of the meaning of a guarantee. 

All correspondence and inquiries receive prompt attention, 
and immediate shipments are insured, as large stocks are 
carried. 


Specify and insist upon securing genuine Lunkenheimer i j 
make. Do not accept substitutes—they are never as good as 
the genuine. 2U; ’ 


Write for catalogue, illustrating and describing the 
complete line of Lunkenheimer High Grade Products. ani The illustration is an example of our Semi-Diesel Motors 
THE LUNKEN COMPANY, LIMITED, which we are manufacturing entirely at our Works. To 
35, Great Dover St., LONDON, .E. Works: Cincinnati, Ohio, U.S.A. | 24 the skill and experience of the designers of this motor, 
32-19 Telegraphic Addresses: “‘ LUNKEN,” Lonpon ‘‘ LUNKEN,” CINCINNATI. ~\- we have added our oe of marine work, which 
extends over a very long period, and the result is a 

motor eminently suited to the work it has to perform. 





Sore SPU 














Pen > 


= 

















2825 


DA RITIMOU TH. 


INDUGED DRAFT |The Last Word 


PRAT PATINITS, Wits FAN a a 


a er itnineaaesanatii B AND 5 AWIN G 
MACHINES for Metal. 


PATENT No. 29385. 

















New Features :—All wear on gears, due to cuttings dropping on them, AVOIDED 
by our patented Overhead Drive. Patent Swivel Table, Feed Gear Box for instantaneous 
change of feed. New Top Guide to adjust instantly to correct position of table 
when swivelled, 


U6) ‘NEN —XId GNVHD 


QovER is00 MACHINES SOx1z.TD. 


ESTABLISHED 1896. 








‘606i AONVN 





The Triphasé Station, Asnitres, Paris—1so00 HP. 
OPERATING AND ORDERED FOR 


BOILERS rated at nearly 
2.5 MILLION HP. 


HIGHEST EFFICIENCY. NO WATER-COOLED BEARINGS. 


Patentee and Maker-—LOQUIS PRAT, Engineer, E.C.P., 
29, Rue de l’Arcade, PARIS. 


British Representative—S. UT TING, A.M.I.Mech.E., A.M.I.E.E, NOBLE & LUND, L tp. 








4, St. Mary Axe, LONDON, EOC. 
promt Armes a FELLING-ON-TYNE 2 




















Cpa || 





8 
le 
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CRAIG a DONALD, Ld 


JOHNSTONE, near GLASGOW. 


MAKERS OF 


MACHINE TOOLS 


Shipyards, Iron Works, Bridge Works, 
Boiler and Tank Works. 





Combined Beam Bending, Angle Cutting & Vertical Punching Machine. 
1357 








TAYLOR « CHALLEN LT. 


ENGINE. . BIRMINGHAM 


- PRESSES - 


COINING PRESS 

BRONZE Coin | Yein. Dia. 

STAMPED AT THE RATE OF 
ZOPER.MINUTE. 


















PRESSED HOT 
FROM:;@OPPER. . 
er ie 


= = ; ; aw © pees 
DOwBLE CRANK’ PRESS. 


€£O0¢ 


FROM FRAT BLANK. ONE OPERATION ONE OPERATION FROM 


IS DIA. 9IWG. FROM FLAT BLANK. OVAL FLAT BLANK. 
Tt Ly 


MOTOR HUB. 
CARBON STEEL 


10 PER 
MINUTE. 















RAILWAY OBLONG BOX 


Ue THICK 


DRAWING PRESSES. 
Arrietes Propueep with Requisite Dies. 


NEW CATALOGUE 300 PRESSES. MACHINES | 





FOR EVERY INDUSTRY WILL BE SENT FREE ON BONAFIDE APPLICATION. | 











VIS LLL: j 
BALL 
BEARINGS. 


ECONOMIC AND RAPID PRODUCTION 


is the constant watchword of the modern Engineer. 
Ball Bearings play an important role in this direc- 
tion, as by their adaptation, more RAPID and 
more ACCURATE work can be produced. Such 
being the case, it is well to use nothing but the 
VERY BEST Ball Bearings. Leading Engineers 


all over the World pronounce the 


F&S 


to be the most RELIABLE, most ACCURATE in 
and most DURABLE on the market. inch 








’ A 























OPED O<WOH 














OVER 25,000 BEARINGS IN MORE THAN 300 SIZES ALWAYS IN STOCK. sizes. 








WRITE FOR PARTICULARS. 3141 


THE TORMO MFG. CO., 
67/68, Bunhill Row, LONDON, E.C. 


And 8, Peter Street, MANCHESTER. 
cama Tactics 


















































PATERSON 


FILTERS 
SOFTENERS 
HEATERS 

OIL ELIMINATORS 


WRITE FoR A Copy OF THE 


“PATERSON RED BOOK" 


Water Softening and Filtration. 





| THE PATERSON ENGINEERING CO., LTD. 


21, Amberley House, Norfolk Street, 
LONDON, W.O. sore 
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ON ADMIRALTY AND 
WAR OFFICE LISTS. 








CONTRACTORS TO 
THE CROWN ACENTS FOR THE 
COLONIES. 


LAND AND 
MARINE 
BOILERS 


OF ALL TYPES. 
To the Requirements of 


Lloyd’s, 

Board of Trade, 
Foreign and Colonial 
Governments. 3199 


LARGE STOCK 
Vertical Boies 


GRADLEY 
BOILER CO., 


CRADLEY HEATH, 
Near BIRMINGHAM, 
ENCLAND. 




















THE “ROBINSON” 


LOCOMOTIVE SUPERHEATER 


Patents Granted and Pending in all the Principal 
Countries of the World. 


Engines fitted or being fitted on 


Caledonian Railway, 

Great Central, 

Great Northern Railway, 

North British Railway, 

North Eastern Railway, 

North Staffs Railway, 

South Eastern & Chatham Railway, 
and many others at home and abroad. 





RECOGNISED AS LEADING SYSTEM. 


We will indemnify any Railway Company using the Robinson 
Superheater against any action by owners of competing systems 
for alleged infringement of Patents. 
SIMPLE. RELIABLE. EFFICIENT. 
“*A Sound Running Shed Job.” 
THE 
Locomotive Superheater Corporation, Ltd., 
PALACE CHAMBERS, WESTMINSTER, 
LONDON, S.W. ct 











WriITrTrinas 


H.B. PUMP VALVES 


(PATENTED). 


—. 























Suitable 

















kinds of 








OPENED H.B. VALVE, 
with Ideal Waterflow. 


WE OFFER A FREE TRIAL TO 
ANYONE ANXIOUS TO IMPROVE 
HIS PUMPS. 


Estimates and Drawings for conversion of Pumps 
and for new Pumping Plants free on application to— 


WITTING BROS., Ltd., 


49, Cannon Street, LONDON, E.C. 215 


Telephene—City 8776/8777. Telegraphic Address—“ Witting, Cent., London.” 


BRAKE SOLENOIDS 


FOR DIRECT CURRENT UP TO 600 VOLTS. 


NO DISCHARGE RESISTANCE NECESSARY. 


The insulation of the Coils has successfully withstood the 
following severe test :— 
“ Twenty-four hours’ immersion of the coil in water, followed by 
a week’s exposure to damp and rain, then 2500 volts applied 
for a period of 15 minutes between the winding and the frame.” 





SEND FOR SHEET 450/1. 


GEORGE ELLISON, 


VICTORIA WORKS (Head Office), COMPONENT PART WORKS, 
WARSTONE LANE, SUMMER HILL STREET, 


see. BIRMINGHAM, «sistas 


5296 CENTRAL. “INDUCTION.” 
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THE SELSON 


Aft. Gin. HIGH SPEED UNIVERSAL 
RADIAL DRILLING MAGHINE 


— With Swivelling Arm, Swivelling Saddle, and Reverse Motion for Tapping, &. — 





IN STOCK. 


oe ee 
« SELSON ENGC’L 


Driving Shaft passes through the fulcrum, which has two bearings. 
Bearings of the Sleeve are Jomger than radius of arm. 
Carriage can be swivelled 45° to right or left by worm and segment, 





THE SELSON ENGINEERING CO., LD- 


85. QUEEN VICTORIA STREET. LONDON. E.C. 





WINN'S PIPE LINE 
SCREWING MACHINES 


FITTED WITH WINN’S PATENT Quick Grip CHUCK 
AND IMPROVED LEVER ACTION DIE HEapD 


Made in Eight Sizes 


DIES FOR ENGLISH OR AMERICAN THREADS 


CHARLES WINN & CO 





3173 
Granville Place 


BIRMINGHAM 














East Ferry Road Engineering Works Go. Ltd. 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 


PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 














5-TON SELF-PROPELLING HYDRAULIC COALING CRANES 
(Birkenhead Docks, Liverpool). 








Hydrostatic Crane Weighing Machines up to 250 Tons. 
General Engineers and Irontounders. 


MILLWALL, LONDON, E. ™ 


Engines, Pumps, Sluices, Capstans, &. 
Estimates given for Repairs. 





Telegrams : 
Hropest. Tic, Lonpor, 








| 


THE “HOLBROOK” 


TOOL-MAKERS’ LATHE 


GUARANTEED TO MAXIMUM ERROR IN ALIGNMENT 
at 
-001 YFruEnR Er. 


NO GEARS LEFT UNCOVERED. 





7 in 


ye OR.» a>. Hollow Spindle. 
Changes of Pitches, without ANY Loose Change Gears. 


AUTOMATIC STOPS for Sliding and Thread-Cutting, Quick- 


36 Positive Feeds, 36 


withdraw of Tool, Reverse on APRON, TAPER-TURNING 
ATTACHMENT for Degrees and Inches per Ft. 





MANUFACTURED BY—- 


HOLBROOK & SONS, 


STRATFORD, LONDON. 


Sole Agents for Australia: Sole Agents for Japan: 
R: L. SCRUTTON & CO., Ltd., SYDNEY. ALFRED HERBERT, Ltd., YOKOHAMA, 


1850 
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LUBRICATING 
OILS 


For 
Cylinders of 


STEAM, 


GAS 
and 
OIL 
ENGINES; 
for ENGINEERS’ 
and 
MACHINISTS’ 
SHAFTING and TOOLS; 
for 


TEXTILE 
MACHINERY 
OF ALL KINDS, 
and for 
STEAMSHIPS 
and 
RAILWAYS. 








Price Lists and Samples 
on Application. 








(PRice’s PATENT CANDLE Company Lp., 
LUBRICATING Or. Dept.) 


Belmont Works, BATTERSEA, 
LONDON, S.W. 
2884 
Guardian Buildings, 
CROSS’ STREET, 


Chantiers et Ateliers AUGUSTIN NORMAND, Limited, 


67, Rue du Perrey, Ea ELA W EGE! (FRANCE) 





FOR 
HIGH-SPEED MAIL STEAMERS, 
LARGE YACHTS, CRUISERS 
AND BATTLESHIPS. 


More than 
700,000 HP. 


realised. 





3157 

















THE MOTHERWELL BRIDGE CO. 


MOTHERWELL, N.B. 


Telegraphic Address—‘' BRIDGE.” National Telephone No. 40. 





BRIDGES, ROOFS, 
PIERS, TANKS, 


DOCK GATES, 


AND SIMILAR 


STRUCTURAL WORK. 











~ 3 
a Pa 
wntheny: Regi Net nanan < eee ¥ 
— ot = Sa 


Horizontal Band Mill-Type N2.—Thos. Robinson & Son, Ltd., Rochdale. 





Built in various sizes, to cut logs up to 72 in. diam. The Saw Blades are 
kept as short and stiff as possible. The Mill is compact and requires no deep 
foundations, The Variable Feed Gear (Patent Nos. 6559/02 and 11307/04), 














MANCHESTER. 


sees 


does NOT depend upon the friction principle. Pamphlet on request. 
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STURTEVANT FANS 


FAN SYSTEMS. 


Complete Installations for :— 
HEATING & VENTILATING. Dust EXHAUSTING. 
Boiter DRAUGHT. 
Force & CUPOLA BLOWING. 


Smoke, STEAM & FuME REMOVAL, &c. 








Drvina. 





COoo.Lina. 2984 

















Ask for Catalogue “ Eg. 1231.” 


STURTEVANT ENCINEERING Co., LTD., 


147, Queen Victoria Street, LONDON. 

















C. ISLER & CO.'S 


Improved “CORE” 
DRILLING PLANT 


' For WATER and for PROSPECTING 
for MINERALS, &c. 


Any size and any depth Bore Holes fixed 
by the ROTARY or PERCUSSION Systems. 





All kinds of Drilling Plants for HOME 
or EXPORT. 








C. ISLER & CO.'S 


Latest IMPROVED 


AIR LIFT PUMPS 


Capable of Raising Maximum 
Supplies, and also Improved 


DEEP WELL PUMPS. 

Steam Pumps, Steam or Oil 

Engines, Gas Producer Plants. 
Windmills, &c. 





Se ie CISLERC Ry: 
. SS, cube. 


DUG WELLS DEEPENED by C. Isler 
and Co.’s Improved System without 
disturbing existing supplies. 





Sites Inspected and Geological 
Opinions furnished. 








Ceres frem a 12-in. Borehole 1600 ft. deep at Ammonia Soda Co., ESTIMATES FURNISHED. 


Plumbley. 


CC. ISLER & CO., L.™: 


Artesian and Consulting Well Engineers. PROSPEOTORS FOR MINERALS. 
Contractors to H.M. War Office, Admiralty, India Office, Crown Agents for the Colonies, Egyptian Governments, éc., 


BEAR LANE, SOUTHWARK STREET, LONDON, S.E. ~— 








Continental 
Light. 


INCANDESCENT OIL LAMPS 
With Inverted Mantle. 


100-2000 CANDLE-POWER 


from ordinary lamp paraffin 
or petroleum. 


THE CHEAPEST & STRONGEST 
LIGHT ON EARTH. 


FOR 
Railway Statiens, Streets, Public 
Squares, Gardeas, Ships, Court- 
yards, Workshops, Warehouses, 
Sheps, Restaurants, Private 
Howses, &c. 


Self-contained Reservoir Lamp 
WITH INVERTED MANTLE. 








‘* Ideal ”’ 


No. 886... -- 250 Camdle-power 
No. 426 500 e 


LATEST PATTERNS. 
100 CANDLE-POWER. 


Srl 


No. 871. 


Wall 
Bracket, 


No. 872. No, 878. 
Table Lamp. Pendant Lamp. 


| Write for Special List No. 239, | 


CONTINENTAL-LICHT- 
wad Apparatebau- 

GESELLSCHAFT ».».x. 

Works & Offices: MarrzerLawpeTrases 108. 


FRANKFORT o. M. 
(Germany). 2860 
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G. & A. HARVEY, 110, GOVAN, 


GLASGOW, W. 


MACHINE TooLs 


For Turbine Work. 
For Boiler Work. 
For Railway Work, 


TURBINE ROTOR TURNING AND 
TIPPING LATHES. 


(See L7lustration.) 
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WATER 
SUPPLIES 


FROM 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, ses 
LONDON, E.C 


j . ’ z 
em ot “ THE HARVEY STUDDER,” 
PRATCH TT ; ) For DRILLING, TAPPING & STUDDING, 
<a ell “THE HARVEY FACER,” 








BROTHERS, For BORING & FACING ON POUR SIDES 
Denton Ironworks, CARLISLE. AT ONE SETTING. Numerous Sizes. 


PUMPING, 
WINDING anpd 2714 
HAULING 
ww. ENGINES. 


Prompt Delivery. 2917 
CATALOGUE ON APPLICATION. 














JOHN-STIRK 
-& SONS L°- | 


DUSSELDORF 


CANAL WORKS THROUGHOUT THE WORLD. 


GOEDHART B=: 


DERTAKE DREDGING CONTRACTS FOR HARBOUR AND 








CRAVEN'S PATENT 
STIFF-PLASTIC 
BRICK-MAKING 
MACHINE. 





PREVENTIVE. 


Bright Metal Surfaces 


Is especially adapted for coating the 
bright ag of Engines, Machinery, 
Tools, &c. Prevents Rust, no matter 
how severe the test. Supersedes White 
Lead and Tallow or similar products. 
Costs less, because it goes further. 
Applied easier. Eastly removed. Enters 
the pores, and is a permanent protection 
after cleaning up. Neither new nor 
experimental, but has been in constant 
use for over twenty years by most of the 
leading and up-to-date Engineers, &c. 

If interested, we should be pleased to 
submit sample and price 


W.H.PALFREYMAN & CO, 
Goree-Piazzas, Liverpool. 280 





This Machine has always taken the lead for producing 
bricks ready for the kiln, 


The stiff-plastic system of brick making was intro 
duced by us, amd the bricks are moulded and shaped 


different to those of any other machine: the clod is square 
and almost the size and form of the finished brick. 


For QUAY. OF WORK PRODUCED, UP- 
CHALLENGE ANY OTHER MACH 
MARKET. 


are assured, 














DRIVING POWER REQUIRED, WE § 
E ON THE f= 


When once this Machine is adopted, Repeat Orders ~ 


wcc',, BRADLEY & CRAVEN, Ltd.,"""fissooo" 


= WAKEFIELD 











tl 
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PATRON: H. M. THE KING. 


COMMERCIAL MOTOR 
VEHICLE EXHIBITION 
—— JULY 18"-26"1913. — 


6 OLYMPIA. oo 


pay 10 Tn 10 








ON 
ADMISSION a , 





Organised by the Society of 


y Motor Manufacturers and 
Traders, Limited, Maxwell 


House, Arundel St., Strand, W.C. 


J. LYONS & CO., Litd., 
CATERERS 
BY APPOINTMENT. 


BAND OF THE 
COLDSTREAM GUARDS 
THRICE DAILY. 



















“*The Lancaster’ SPECIALITIES __ 
Are Steam Saving REALITIES.” 





FIRST ORDERS “ON APPROVAL.” 


LANCASTER & TONGE, Ltd. 


Engineers, PENDLETON. 
SRE 2 2 








B.R. ROWLAND « CO., L?- 


REDDISH, near MANCHESTER. 


GRINDING MACHINERY & ABRASIVE WHEELS. 


























20 in. x 24 in. SINGLE WHEEL TOOL GRINDER. 
OTHER SIZES, 14in. x thin. and 24in. x Zin. 


This Machine is the best Tool of its kind on the market. The Wheel is of our Crystal 
Canadian Corundum, mounted on our dovetailed Safety Plates. The Bearings are fitted 
with adjustable steps and Ring Lubrication. Water Supply without Pump. Fast and 


DELIVERY FROM STOCK. 

















‘ 
Wadkin & Co. 
Original Patentees and Manufacturers. 
The New 
Mechanical Woodworker || 


and other special machines for 


Engineers’ Patternmatere. 
2655 








Leicester, Eng. | 





ASK FOR IT. 


NS 





IS USED 
ALL OVER 
THE WORLD! 





FROM ALL FIRST- 











GLASS STATIONERS, 
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BORING & TURNING MILLS 


BUILT IN ACCORDANCE WITH THE MOST MODERN DEMANDS. 


Power Rapid Traverse is supplied for saddles, boring bars and “cross. 
rail. It is controlled by conveniently located levers. Hand adjustment 
is also provided, and is operated either at the heads or at the ends of 
the cross-rail. 


Speeds and Feeds Easily and Quickly Changed.—The ‘speed 
changes are quickly made and cover a wide range. The feeds are positive, 
continuous, independent for each head and under instant control. Eight 
changes are provided. 


Accurate Work at All Times.—Provision is made for easily taking 
up wear in table spindle, saddle bearings and boring bar bearings, insuring 
at all times perfect alignment and freedom from chatter under severe and 
constant usage. Hence accurate work is assured at all times. The upper 
spindle bearing is bored out of the solid bed, and is bushed with a taper 
split sleeve. 

Forged Steel Tool Holders.— The tool holders are solid steel forgings. 
They are adapted to hold tools for facing, boring and turning with ‘equal 
facility. The tool holders are readily removed for the insertion of special 
boring bars or cutters. 











Write for Illustrated Circulars and further information. 


NILES-BEMENT-POND COMPANY, 


NEW YORK-111, Broadway. LONDON- 25, Victoria St., S.W. 
AGENTS : 

FRANGE-Gilaenzer & Perreaud, 18-20, RUSSIA— San Galli, 17, Nikolajew- JAPAN—F.W.Horne,6,Takiyama- NWORWAY--V. Lowener, Christiania. 
PR ng du Temple, Paris. skaja, Si. y FF, Cho, Kyobashi-ku, Tokyo. 

y—F. G. Kretschmer & Co., 
augrmia.. -Main. m ee Atdecling 1 aie ’ S#TALY—Ing. Ercole Vaghi, Milan. SWEDEN-—V. Lowener, Stockholm. 

A,.; HUNGARY — Donauwerk ARGENTINE —F. H. Bagge, 201, S ¥ L—A. Cazzani, Boite Postale 802 
Krause Co., Vienna. ¢ et Ayres. ” aa — > oe oe ae yy Janeiro. 








“HIGH- GRADE PRECISION TOOLS. 


Complete Line of Precision Tools for Arms Factories, Government Arsenals, 
and General Manufacturing. 
Inquiries covering your requirements solicited. Catalogues sent on request. 


SMALL TOOLS AND GAUGES. 


Pratt & Whitney Small Tools and Gauges are used extensively throughout the world, and are 
known for quality, accuracy, and durability. 5433 
WRITE FOR CATALOGUES “SMALL TOOLS” AND “STANDARDS AND GAUGES.” 


PRATT & WHITNEY CO., Hartford, Conn., U.S.A. 


Agents s—LONDON, E.—-Buck & Hickman, Ltd.,2&4, Whitechapel Road. LONDON, S8S.W.—Niles-Bement-Pond Co., 25, a St. BIRMINGHAM.—Pratt & Whitney Co., 
Exchange Building, New Street. PARIS. —Fenwick Freres & Co., 8, Rue de Rocroy, Agents for France, Belgium and Switzerland. JAPAN.—F. W. Horne, 6, Takiyama- Cho, 
Kyobashi-ku, ‘Tokyo. ITALY.—Ing. Ercole Vaghi, Milan. GE RMANY.—F. G. Kretschmer & Company, Frankfurt a/M. HOLLAND.—R. §S. Stokvis & Zonen, Ltd., 
Technische Afdeeling Si... Rotterdam. VIENNA.—Donauwerk Ernst Krause & Co., X X/2 Engerthstrasse 165. RUSSIA.—O. R, San Galli, 17, Nikolajewskaja, St. Petersburg. 


POWER | 
SIGNALLING 


THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO., Ltd. 











Addzess 


58 Victoria Street, London, S.W. 


Tele., “‘Powersig, Sowest, London.” Tel. + 4760 Victoria (Two Lines). 
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The OLD and the NEW way. 


The Machine— 


that drilled the Tapping size hole 

































DS. 

— WILL ALSO TAP IT by the help of 
iaaaall our AUTOMATIC REVERSE Tapper; 
ds of ey regardless of DESIGN or AGE. 

Pa Why not be UP-TO-DATE? 
Eight 

king The Machine Tool Attachment Co., 


uring 
2 and 
ipper 
taper 


BIRCH LANE, MANCHESTER, 5.E. 


SIEMENS WATER METERS 


DISC METERS FOR BOILER FEED WATER. 
IMPROVED INFERENTIAL METERS. DISC METERS. 
FULL-BORE METERS FOR LARGE QUANTITIES. 
COMBINATIONS. COMPLETE TEST PLANTS. 
PARTIAL METERS FOR VERY LARGE MAINS. 2077 


SIEMENS BROTHERS & CoO., Ltd., 
FULL PARTICULARS CAXTON HOUSE, 
ON APPLICATION. WESTMINSTER, S.W. 


















‘ings. 
qual 
ecial 





— 





On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


/WHEELS 


OF ALL DESCRIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 












RAW HIDE AND COMPRESSED PAPER PINIONS. 
=| 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


wo ee ee eee 2874 


URQUHART, LINDSAY CO Ld a DUNDEE 

















































PIONEERS in the 


LONDON OFFICE— 
CAXTON HOUSE, 









Design & Manufacture of WESTMINSTER. 
PRESSED-STEEL Ailend 
UNDERFRAMES & BOGIES, 2980 
and ALL-STEEL RN HATHAM 
RAILWAY WAGONS. Rc atte 





ing Hepper Ballast Wagon with Patent 
Steel inside hions and 
Fox's Pressed Stee! Underframe. 
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Telegrams 


ams. 


- P bs 4 o ad ah 4 : es 
“ Pa tt ot S CIS. eee oe P > aon si ‘ ; 23 ‘ Eb.; . ee tees ?, #3) Sx 
1 4 « f > 7 S v : are. f 3 . 
+ ~ _ ‘ - ‘ * . mil yea ae 2 “Gee. i X. >< * ee " : - 
- veers + i, - ae Wr ay. oe " . : oe 7.8 : ‘ . 4-39 * - x oe < oe i. 
=) 














FORGE . SHAFTING 
INGOTS . : OF ALL 
uP TO ' DESCRIPTIONS 
26 TONS. FOR 
fina MARINE 
FORGED ; & 


CHROME LAND ENGINES 
STEEL , SHOES ROLLED 
DIES BARS, 
FOR GOLD MINING FLATS, 
LARGEST COLLIERY 
oureur RAILS, 
FISH PLATES, 
ENGLISH FIRM. SPRING 
ROLLERS STEEL 
PATHS | | | SPECIAL 
FOR QUARTZ : ~ SECTIONS 
CRUSHING. , 


NICKEL , REELED BARS. 
, : . 


CASE t - BILLETS 
& 
HARDENING 


, K . BLOOMS 
STEELS. . " 5 FROM 
HIGH ‘ f P % 2”—12" so. 
boy ; CONTRACTORS 
, i To 
FOR . ee COLONIAL 
WIRE enawina m ’ 


x INDIAN 
ORDNANCE WORK. a A 


ae FOREIGN 
CONTRACTORS ' - aden SE eS Se ee GOVERNMENTS, 
ADMIRALTY, js es teat ee ee oe , s08 he 4 BRITISH 
WAR OFFICE, eat ty GOR Seg 4 oe & 
CROWN AGENTS SS Re. Sig a ae iiss FOREIGN 
FOR THE SURG Mie. hs Beaman ieaiiae ea eo ee RAILWAYS, 
COLONIES. > aia . ES ee ee a Poe os &e. 








BUILT-UP ano SOLID CRANK AXLES, win GuaranTEED MILEAGE an=o CRANK SHAFTS. 
TYRES ann AXLES of art trees, for Railways, Tramways, &c. 
SPECIAL HIGH-TENSILE TYRES, “ARGENTINE” BRAND, for Locomotives, &c. - 


WELDLESS CRANK HOOPS, BOILER RINGS ann ANGLE RINGS. 











ovBBLEu,, 


Our Shapers 
will appeal specially To the Engineer 
who appreciates the highest quality 
machinery. They are equally adapled for 
lool-room or manufacturing purposes. 








THREE SIZES:- 16” 20”& 24” STROKE WITH PLAIN OR 
UNIVERSAL TABLES & AUTOMATIC UP 
& DOWN FEED TO TOOL-BOx. 
PLEASE RECORD OUR NAME THAT WE MAY RECEIVE YOUR 
ENQUIRIES FOR SHAPERS IN FUTURE. 


CATALOGUE ON REQUEST 





14, GREAT SMITH STREET, 
Telegrams : 


Telephone 
OZONISTIC WESTMINSTER, VICTORIA 


queteua, ange LONDON, S.W. we ovbettva, 
16” CRANK SHAPER kan 
WHITH UNIVERSAL TABLE a 


L£onpo™ 
Teena cn eienell 
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National Gas Engine 





Co., 


LIMITED. 





SPECIAL 
FOR 
— Reliability, 
Spinning Regularity of 
Sheds, Speed 
Weaving Low Oil 
Sheds, Consumption. 
Electric Positive 
Driving, Starting, 
Collieries, Low Fuel 
&c. Consumption. 
3000 HP. ‘‘NATIONAL” VERTICAL GAS ENGINES, SUITABLE FOR CENTRAL STATION WORK. sui 
WORKS and OFFICE: Ashton-under- Lyne, MANCHESTER. 





LONDON SHOWROOM : 75a, Queena Victoria Street, 


LONDON, E.C. 














FOR 





THE MOST EFFICIENT 
AND ECONOMICAL 
GAS PRODUCER 
NOW ON THE MARKET. 








TOTAL 
FUEL CONSUMPTION 
DOES NOT EXCEED 
1-18 LB. 


PER B.HP. HOUR. alo 











me: FARNHAM’S PATENTS Ltd. 


FARNHAM. SUCTION PRODUCER 
BITUMINOUS FUEL. 


ALL TARRY MATTER IN 
THE FUEL IS 
CONVERTED INTO GAS. 
THE GAS GENERATED IS 
ABSOLUTELY CLEAN 
AND FREE OF ALL TARRY 
MATTER WITHOUT THE 
USE OF TAR EXTRACTOR 
SCRUBBER, PURIFIER, OR 
OTHER CLEANING DEVICE. 


Write for our Catalogue and full 
particulars. oer 


2, West Regent Street, 
GLASGOW. 
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RUSTON 


Traction 

Engines 
are Specially 
Designed for 


Agricultural 
Purposes 


RUSTON 


Thrashing } 


Machines 


Give Greatest 
Satisfaction 






Unrivalled for 
Dressing and 
Saving the Corn 



















They are fitted 
with Ring 

Oiling Bearings 
Saving Oil and 
Time 





Economical in 
Fuel 
Easy to Drive 
Costs} Little for 

Repairs} 
















Well Conceived 
Design 
Best Materials 
Excellent 
Construction. 













; FIRST-CLASS 
| WORKMANSHIP 
“= THROUGHOUT 








RUSTON, 
LINCOLN, England. 


Also at 46, Queen Victoria Street, London, E.C. 


LTD. 







































TELEGRAMS-— 
“ WHRFOONRAD, HAARLEM.” 
“DREDGORAFT, LONDON.” 
ery ABC, &th Bd. 













MORRBING & NEAL. 


eee WERF CONRAD, ., “Rt 


Agents: MARINE WoRKs, Lut. F-RIARS HOUSE, 39-41, NEW BROAD STREET, LONDON, E.C. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 




















BUCKET HOPPER oe FLOATING CRANES. 
BARCE-LOADING a COAL BUNKERING 
DREDCERS. VESSELS. 
SUCTION PUMP HOPPER BARCES 

DREDCERS. of any capacity. 
COMBINED BUCKET SPARE PARTS 
PUMP  DREDGERS, ae oe 


COLD ano TIN 
DREDGERS RECOVERING 
for DREDGING DREDCERS 


CLAY, &c. a Pe Sa A Speciality. 


———s 
-- 3301 


CUTTING 








COAL BUNKERING VESSEL, built for Rotterdam Harbour. Carries 800 tons. 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF 
GOLD, PLATINUM AND TIN, ON APPLICATION. 
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— 










































Water=Driven 


Iternators 


7775 K.V.A.,. 375 R.P.M. 


The illustration shows ONE OF SIX Large 


Alternator Frames which we are construc- 








ting for a Hydro-Electric Power Company. 


DICK, KERR 


& CO., LIMITED. 
Head Office: ABCHURCH YARD, CANNON STREET, LONDON, E.C. 


Branch Offices: Manchester, Cardiff, Newcastle, Glasgow, Tokyo, Sydney, 2780 
Johannesburg, Buenos Aires, Rio de Janeiro, Moscow, and Milan. 


























THE BLACKSTONE 
|| OIL ENGINE. 


Stationary Type. 

5 For Ornde Oil_ sty: - 15 to 120 BAP. ' 

For Refined Petroleum 2} ,, 75 B.HP. 
Portable Type. 

be Por Orndo Oil si. 15 to 30 B.HP. 

For Refined Petroleum 23 ,, 26 B.HP. 


Starts in —- minutes. 
No Lamp required except for 














1 |i 





8 starting. 
No external flame when 
working. 
BRANOHES :— 


LONDON: 81, Cannon St., E.C. 


Telegrams—" Engimanu,” London. 
Telephone - 3144, Central. 


ADELAIDE as -- 61-88, Hindley Street. 
ALEXANDRIA.. .. Buedela Garedu Onire. 
AMSTERDAM .. oe ey x 6 ll 
e des 
BOMBAY ’s Buildings, 
Ballard 
BUDAPEST , .. VI Gyar-Uteza 5. 
st AIRES -- 888, le Peru 3365. 
OAL Rue Bab-el-Hadeed. 


CALOUTTA 99, Cavett, &25, Strand. 

CHRISTOHUROH,N.Z. South Bel 

CONSTANTINOPLE. 
GALATA ‘ 


DUBLIN .. 






From Photo of 4 B.HP. ENGINE, 






TUNIS . .._-.._ 100, Rue de Portugal. with Oil Tank Foundation. 
ESTIMATES & FULL PARTICULA FULL PARTICULARS POST FREE. Telegrams—BLACKSTONES, STAMFORD. Telephones—Nos. 307 and 308 (Two Lines). 3051 Codes used—Lizzer’s, Al, ABO (4th & 5th Editions.) 











BLACKSTONE & CO., L? Stamford, Engiand 
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ROOTS’ “acme” BLOWERS 


With all latest improvements. For Ordinary or High Pressures up to IO Ibs. per sq. in. 


The most perfect Blower for GAS MAKING & Steel Making 
with TROPENAS Process, &c. 


DRIVEN BY ELECTRIC MOTOR, SIMPLE OR COMPOUND ENGINEF. 

















FULL PARTICULARS FROM 


SAMUELSON & CO., Lu. BANBURY, 








Can be 
fitted with 

DUPLEX 
ROD ENGINE 


if desired. 


6326 


CONTRAOTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 














THOMAS BROADBENT s Sons, Lrp. 


Telegrams; BROADBENT, HUDDERSFIELD. Telephone Nos.: 102 & 1001. 


CHARGERS FOR RE- 
HEATING FURNACES. 


SOAKER CRANES. | SLAB CHARGERS. 
MAGNET CRANES. BILLET CHARGERS. 
ELECTRIC CAPSTANS. 

STRIPPER CRANES. : cide heme 

LOCOMOTIVE STEAM 
CRANES. 

HAULING WINCHES. 

JIB CRANES. Ee OVERHEAD 

eo 3 TRAVERSERS. 


PEDESTAL CRANES. &e.. Be . Be. 


ELECTRIC OVERHEAD 
CRANES. 


OPEN HEARTH 
CHARGERS, 


Overhead or Ground Type. 


STEEL WORKS CRANES A SPECIALITY. 


LET US SUBMIT DESIGNS AND ESTIMATES. 
Lacrence Posataey Hill, EC. a2 Wes: LAUDDERSFIELD. ee C33, High Bridge. 
Canadian Representative :—Mr. GEORGE H. TOD, 213, Manning Chambers, Queen Street West, Toronto. 





June 27, 1913.] ENGINEERING, 85 


THE BEST OF BRITISH MANUFACTURE. 


Everything about our 








lathes indicates long, ac- 


curate service. 
Examine the tools them- 
selves. 


+ * 


See them in operation. 


_ * 
Talk to the men who 


run them. 


* * 


We are in a position at 


i2in. CENTRES HIGH-SPEED GAP LATHE. 





present to offer you an 


Dean 9 Smith & Grace (1908), Ld. exceptionally quick delivery 


of standard lathes. 


Lathe Manufacturers. - - = _ Keighley. Write us. 














THE MANCHESTER DONKEY oz WALL Pump FRANK DFEARN & C9 i> 


ANCHESTER, S.E. 
i i TH E N lo. PuMP 











Norizontal Treble Ram. 





PEARNS CAMERON TYPE Pump 
PoweER Pump 





| 
| 
| 
| 
Single Acting Double Acting 


PUMP 


National Telephone 
N° 3012/3 


Telegrams 
“PUMPS” Mancuester. 





Vertical Treble Ram. Od 8451 Single Ram. Double Ram. 
LONDON : 49, Queen Victoria St., £.C, GLASGOW; P. & W. MACLELLAN, Ltd., 129, Trongate. NEWCASTLE-ON-TYNE: E. CLEATON REES & CO., 33, High Bridge 
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THOS. FIRTH & SONS, i ; 


\\ NS ag LD. KEAN re 
EER {ene Xd BG) 9 "7 all woos 






































MAKERS OF THE FINEST GRADES OF 


CRUCIBLE- — TOOL-STEEL 


TAPS, DIES, PUNCHES, PRESS TOOLS, &c. 



















“SPEEDICUT” HIGH-SPEED STEEL anp 
DRILLS, LAGGING SHEETS, SPRING 
STEEL, FILES, SAWS. 


= The World Renowned Steam Valve Specialists: = 


~ COCKBURNS LIMITED 
Exclusive s 
. Be q! 


Makers 


















British 
Admiralty. 






















of War Office 
‘Cockburn’s”’ canis 
Patent India Office. 
Safety Stop ; sntiipine 
- ; | Colonial and 
Reducing - i ali. Po Foreign 
Valves. rf aid vs ss Governments. 
eee ny of 4 ; : “ : Board of 
Patent if Ff Se ie Si. | Ok Trade. 
R.D.S. a i: ———.s oo : ea 
Steam Traps. r Lloyds. 
-totima:" i nel eS = ae foun 
Patent a ae © a phon — _.. 
Feed Water < ay AB) a = 
: . ee Duteh Law 
Filters. x a eo or ooo ~ = U' . ~~ yo ‘ : ra R seine 
nt sd | | a ia pa Hamburg 
Police, 
Spiral CLYDESDALE ENGINEERING WORKS, ee 
Springs. CARDONALD, N.B. — 









Telegraphic Address - - COCKBURN, GLASGOW. 





Ve 
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is as Engines and Suction 
: Gas Producers, te many 


improvements and special features of this make can 
only be adequately enumerated in a lengthy catalogue. 
A new and detailed catalogue of this branch of 
our manufactures will be sent to anyone 
interested in the installation of an econo- 
mical and reliable gas engine and plant. 
The illustration shows our design of engine 


up to 36 b.h.p. 


Makers of Steam Engines and Boilers of all types from 
the smallest to the largest sizes, Superheaters, &c. 


DAVEY, PAXMAN & Co., LTD. 
COLCHESTER. 



























EE 

















MANY HUNDRED 


VAUGHAN 


ELECTRIC TRAVELLING 


CRANES 


IN USE IN LEADING 
WORKS AT HOME 
AND ABROAD. 


VAUGHAN & SON, Ltb., 


TeLEarams—VAUNTING, MANCHESTER. M AN CH ESTE a TELEPHONE Nos.— 
Cope-ABC 6TH EpiTion. . 613, CENTRAL 


2566 OPENSHAW. 


TRAVELLING CRANE SPECIALISTS SINCE 1886. , -, 


OVERHEAD 
TRAVELLING CRANES 


ELECTRIC AND HAND POWER 
TO SUIT ALL CLASSES OF WORK. 


E.ectrio TroLLey Hoist. 2878 ELecTrio Putter BLoox. 
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GARDNER PATENT GRANK PIN TURNING LATHE 


Enormous Saving In Crank Pin Machining Time. 











(FULL PARTICULARS ON APPLICATION.) 


SOMETHING QUITE NEW! 





L. GARDNER & SONS, L?: 


Patricroft, 


MANCHESTER. 


Telegrams: ‘‘ THEOREM, PATRICROFT.” Sa 
Telephones: 254 and 48, ECCLES. 5 15-in. CRANK PIN TURNING LATHE. 


The LILLESHALL COMPANY Limited - OAKENGATES. 








TRLEPIONE : 


No. 6, OAKENGATBES, 





Steal Converters 


from 10 cwts. to 30 tons 
capacity. 


HOT BLAST, 
COLD BLAST. 
Gas and Air Valves 


for Cowper Stoves and 
Steel Furnaces. 


LADLES & CARRIAGES 


FOR 


HOT METAL & SLAG. 


CUPOLAS 


for FOUNDRY use or _ 


LIME BASIC BURNING 


GAS ENGINES 


(Nurnberg Type) 
40 to 4000 B.HP. 
Made to Drawings and 
Particulars supplied by 

M. A. N. 








THREE COWPER STOVES 66 ft. high by 21 ft. diam. RECENTLY ERECTED. 


TELEGRAMS : 
LILLESHALL, OAKENGATES 





WINDING & HAULING 
ENGINES. 


Gas & Steam 
Blowing Engines. 

ROLLING MILL ENGINES 
AND EQUIPMENT. 





HOISTS & HOIST 
ENGINES. 


Alr Gompressors 
WITH 
ROGLER - HOERBIGER 
Patent. Valves. 


HIGH-CLASS 


Pumping Engines 





ENQUIRIES SOLICITED for ali classes of ENGINEERING WORK. 
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: 


In the Hollow of your Hand. 


The ‘‘ British & Best’’ Ball Bearing. 











MADE BY:- 


The Hoffmann Mfg. Co., Ltd., Chelmsford, Essex. 











i 


WILLIAM BEARDMORE «CO... Lro. 


GLASGOW. 


RELIABLE. ECONOMICAL. 





G 

















* | THESE 26,800 
" | ENGINES B.HP. 
" | ARE BUILT | HAVE 
sian | ALREADY BEEN 
. | HARD WORK. INSTALLED 


SCC ocococoooos 
SSSOSSCSCCSCS 


MAKERS oF 

















LARGE — Gas ENGINES. 
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| 


| LOCOMOTIVE, CARRIAGE & WAGON 


TYRES, STRAIGHT ano GRANK AXLES, SPRINGS, BUFFERS. 


CAMMELL’S SPECIAL “VICTORIA” BRAND STEEL TYRES. 

































CAMMELL LAIRD « CO. LTD. 


Cyclops Works, SHEFFIELD. 














DOME & BOILER ANGLE RINGS. ws 
STEEL CASTINGS anno FORCGINGS FOR ALL PURPOSES. 





shies _ siaciagaaaaae : 











LONDON OFFICE: 9, Victoria St. S.W. 


| 


















PLAIN 
MILLING MACHINES 

















The Illustration shows our No. 6 
Cone Driven Machine. Note the 
solid construction of the machine 
and the long front steady which 
enables the heaviest cuts to be 
taken with the minimum of 
vibration. 





SSR ewe, 




















DELIVERY FROM STOCK. a 


] os 
© 
{ > ¥ 
» i « Z, 4 
i 4 WARD & C0 Lid | : Ré : 2 
| ‘ ~*~ 
a . a9 85 te oo. fe : eee 
& TO eae Foe 

wR ca: 
“3 = 

B 

: 


89, Lionel Street, 


BIRMINGHAM. . 


 & 
i —_—_s 





ie ae 
ae He 












LONDON: 401, Mansion House Chambers, 
11, Queen Victoria Street, E.C. 










Foreign Agents: 
MitaN—Cerso Porta Nuova, Angolo Via Parini. 
Ivpia - Heatly & Gresham. 

Averralia- Thos. McPherson & Son. 
Bavssets—W. Steinhaus & Co. 
Sorrmpau—Van Rietschoten & Houwens. \ 7am 
Vianna, Corzneiaenn, Berun, St. Pererssure, STOCKHOLM "a ee 
—Schuchardt & Schiitte. . 
Monrreat—Roper, Clarke & Co., Ltd. 












34 in, by 10 in. by 20 in, 
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Important Savings Effected 


on shipboard in space, time, labour, and running expenses, when 


CURTIS TURBO GENERATORS 


are used for generating electric power. 






















Available for service without previous 


warming up. 
No vibration when running. 


Exhaust is free from oil and may be 


used again without filtering. 





Greater efficiency is gained. 


Made in 25 Kw. sizes upwards, con- 


tinuous current. 


BRITISH THOMSON - HOUSTON 


Co., Ltp., 
Electrical Engineers & Manufacturers, 





B.T.H. Curtis Turbo Generator 26 Kw., 5000 r.p.m., 105 v., for generating electricity on board ship, 
as supplied to the British Admiralty. 


FIELDING GAS ENGINES 


MANY THOUSANDS WORKING. 


Rugby, England. 














30 YEARS’ EXPERIENCE. 








GRADUATED GOVERNING, 


giving steady running. 


OIL TRAY round Bed preventing 
oil rotting foundation. 





FORCED LUBRICATION. BALANCED CRANK. 


GIRDER BED, fully supporting 
cylinder. 


VARIABLE ELECTRIC 
IGNITION, 





— — — LATEST TYPE 18 B.HP. TO 1000 8.HP. ——————— 


HELDING & PLATT, L” 


coronene. EeTABLIONED 1866. G L O U C E ST E R . 
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UNAFLOW | 


STEAM ENGINES 


FITTED WITH 


MANSA PATENT 


LAY SHAFT DROP VALVE GEAR 
ann VERTICAL SPINDLE GOVERNOR. 


STANDARDS FROM 100 TO 1000 BHP. 














Licensees and Sole Manufacturers in Great Britain: 


FULLERTON, HODGART & BARCLAY, Ltp., 
PAISLEY, SCOTLAND. 














j™ SMIT & ZOON, 


SHIPBUILDERS AND ENGINEERS, 


KIN DEH RDI K, oar ROTTERDAM, mae 


Telegrams—SMIT- ZOON, KINDERDIJK. 





























Dredging 
Plant. 


LATEST & MOST IMPROVED 
TYPES. 











PATENT SUCTION HOPPER DREDGERS 


With: Special arrangement to discharge Hopper by suction without 
using a water pump. 

With: Special system of hauling inboard the suction-tube. 

With: Special conncction with shore-piping. 075 











7 
— 
— 
A 





| | RRO OOOO ee 
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TANGYE’S 
THREE-T 


- / cet 
‘ a 























—_—* 


For Mining Purposes, 


Town’s Water Supply, &c. 


With BELT PULLEYS for driving by 


**SUCTION”? GAS ENGINE, 
OIL ENGINE, 

STEAM ENGINE, or with 
ELECTRIC MOTOR. 


Fitted with OUTSIDE VALVE SPRINGS 
for HIGH SPEEDS. 


veux’ | TANGYES Ltd., BirmincHam. 


616 No, 408 B. 























JOHN LYSAGHT, Limited. 


Bristol, Newport (Mon), London. 














LONDON 
OFFICES: 
36, 
GRACECHURCH 
STREET, 





CHIEF 

OFFICES: 
8T. VINCENT’S |" 
IRONWORKS, 
BRISTOL. 


















































Stee] Framework for Workshops. Constructed and Ereeted by John Lysaght, Limited. 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 


3221 
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All Users of Valves 


of any kind, or for any purpose, 
will find much information in this 
volume. It is not the usual trade 


catalogue. 


A free copy will be sent to 
engineers and other responsible 
enquirers on application to 


Alley & MacLellan 


LTD 
**Sentinel” Works 


Polmadie - - Glasgow 
Telegrams : Telephone : 


Alley, Glasgow. 751 Queen's Park 
(5 Lines) 
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LON DON : 30, Norfolk Street, Strand, W.C. 


Pumping Installation in Sa. Gertrudis & Guadalupe Mine, Pachuca (Mexico) (2 Pumps, each 800 gallons per min., 1350 ft.) 


Sutzer Hicu-Lirt GentrirucaL Pumps 


Over 4,200 Pumping Installations supplied, aggregating over 500,000 H.P. 


Further Specialities : 3062 
Steam Engines of all sizes, Horizontal and Vertical; Uniflow Steam Engines—Steam Boilers of 
all systems—Slow and High-speed Four and Two-stroke Stationary Diesel Engines; Directly 
Reversible MarineEngines—Medium and Low-LiftCentrifugal Pumps; Sinking Pumps— Pumps for Fire 


Extinguishing purposes—Fans of all kinds—Ice and Refrigerating Machinery—Heating Installations. 


a 


“Ea 





WINTERTHUR, SWITZERLAND 
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VICKE RS LIMITED. 


EXLOATING DOCHS AND CRANES. 
ICEBREAKERS, DREDGERS, AND OTHER SPECIAL CRAFT. 
WARSHIPS AND COMMERCIAL SHIPS. 








—— Sas. SS SSS SSS SSS 





ASS 


TURBINES ; 
STEAM, 
OIL, and 
GAS 
ENGINES. 


AS 


WAR 
MATERIAL 
OF 
| | EVERY 
DESCRIPTION. 


\= 


———— 


SSS SSS SS SSS SES 


<= 











) Self Docking Floating Ship Dock “ "Gute of Connaught,” for Montreal. 


Naval Construction Works, ~BARROW-IN-FURNESS. 


So —S —_ —————— = SS —— — ——=S= 


ES eS SOS oS 


ELECTRICAL PLANT. 


Motor Generators. Turbo-Generators. 
Rotary Converters. Motors of all types. 


— 


——— ee 


—— 





—o-— 


| COMPLETE ‘ P 

) «EQUIPMENT ie, - tf i. Ls PATENT 

p FOR THE , ae. 8. fl AUTOMATIC 

i ELECTRICAL z REVERSING DRIVE 

| LIGHTING AND gence FOR 

DRIVING OF =: RECIPROCATING 

MACHINE SHOPS, —— MACHINE TOOLS. 
MILLS, FACTORIES, See = a 


SS 


DEX 


——- 


1000 K.W. Six-phase Rotary Converter with Booster and Starting Motor, 230 volts, 300 r.p.m. 


River Don Works, 
SHEFFIELD. 
—SOOASESe 
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VICKERS ume. 


STAMPED & FORGED VANADIUM HIGH-POWER 
MOTOR CAR PARTS. DRILLS. 
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VASEX 


——$<——am 
——$$——_—~< 
———— 
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HIGH TENSILE STEEL TYRES 


“AUSTRALIA BRAND.” 


STRAIGHT AXLES for LOCOMOTIVES, CARRIAGES, AND WACONS. 
Locomotive Crank Axles. 
















a 





—— $$ 


S—— 


| 





FORGINGS & CASTINGS of every description. 
VICKERS Vanadium High Power Tool Steel. 


River Con Works, SHEFFIELD. 


Agent for France: EUGENE BUISSON, 9, Rue de Nemours, Paris. J 








Vickers Vanadium Drill, with Vertical Borine Lathe, 



















PATENT ADJUSTABLE 


REAMERS 


(New Design.) 































es 


(Proprietors :—VICKERS agg 


WOLSELEY’ 


Internal Cembustion 


MARINE & AERO ENGINES | 





——=_—_— 


SS 


———— 


—_—=_———— 


ENON AN Ee 


a 





10 =F... TO iso HF. 








Vickers Adjustable Reamer, with Vertical Boring Lathe. 






18 HP. 4-CYLINDFR PETROL MARINE ENGINE | 
Send for New Catalogue G., post jree on request. 


| THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, \ 


The standard tools for efficient and 
economical drilling and reaming. \ 


— 








——————— 


ADDERLEY PARK, BIRMINGHAM. SMALL ARMS AND TOOLS DEPT., 


Telegrams: “ Exactitude, Birmingham.” Telephone : 6158, Ceatral, Birmingham | VICKERS HOUSE, BROADWAY, 
) WESTMINSTER, S.W. 


SS SS SSS SSS SSS S88 SSS SF SS eS SS eee 


Contractors to the Admiralty, War O*fice, &c. 

















WS 
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ELECTRIC LOCOMOTIVES 























Locomotive for Power House Coal Yard. Locomotive for Indian Gold Mine. 




















Locomotive for English Colliery. Locomotive for English Colliery. 


ELECTRIC LOCOMOTIVES FOR ALL TYPES 
OF INDUSTRIAL RAILWAYS. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office: Supplies Dept. & Stores: “* Tantalum'’ Lamps & Fittings. 
CAXTON HOUSE, or pee s.w. 38 & 39, UPPER — STREET, E.C. TYSSEN STREET, DALSTON, N.E. 
Telephone: GERRA Telephone: CIT Telephones: CENTRAL 8387/9 & DALSTON 2440. 
Telegrams: SIEMBRALOS, Vic, LONDON. Telegrams : GIEMOTOR, CENT, LONDON. Telegrams: SIEMODYN, KINLAND, LONDON. 
Works: STAFFORD. 


BRANCHES: 
AUCKLAND (N.Z.). CALCUTTA. DURBAN. MANCHESTER. . SHANGHAI. TOKYO. 1712 
BIRMINGHAM. CAPE TOWN. , MELBOURNE. a SHEFFIELD. TORONTO. 
aro: CARDIFF. G MEXICO. 4 SINGAPORE. VALPARAISO. 
BRIS DELHI. JOHANNESBURG. MONTREAL. RANGOON. palma WELLINGTON (N.Z.). 
BUENOS AYRES. DUNEDIN (N.Z.). MADRAS. NEWCASTLE. RIO DE JANEIRO. syo WINNIPEG. 
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MAKHBRS OF 





HENRY BERRY & CO., E 


CROYDON WORKS, LEEDS, ENGLAND. 


HYDRAULIC MACHINERY 














BERRY'S PATENT WORKING AND STOP VALVES 


for all purposes, are superior to any others on the market. 





Prices, Particulars and Lists on Application. 


LARGE STOCK ALWAYS ON HAND. 








| 
| 
| 
| 











— Belt-Driven 
Pumps, 
Rivetting, Duplex. Pumping 
Punching, Engines, 
Shearing, Fixed Rivetters, 
Pressing, Portable Rivetters, 
Lifting, Accumulators, 
Bending, Punching 
Forging Machines, 
Flanging Shearing Machines, 
Stamping Forging Presses, 
“° on 
Joggling, 
Wheel Bossing, - seat 
Tank Makers, 
oe Makers Foundry Cranes, 
ime ee Travelling Cranes, 
Bridge Builders, a 
Ship Builders, e © sky 
Wagon Builders, «@ = i 
1 Works, 2 
— Spoke Bending 
_ Machines, 
— &e., &e. 
HYDRAULIC PLATE SHEARS. 
Consequent te Electrificati 





FOR SALE. 


Two Sets 100 LHP. Compound Vertical Steam 
ENGINES. H.-P. cyls. 12 in. dia, L.-P. cyl. 
90 in. dia., 18 in. stroke, fitted with Turver- 
Hartnell flywheel governors, driving pulleys, 


valves and lubricators. 


Row’s Patent FEED-WATER HEATER, capable 
of heating 6000 Ib. of waver per hour from 60 te 


180 degrees F. 


HENRY BERRY 


Ornorpon Wonrus, LEEDS. 


The above are in excellent condition, equal to new, 
and can be inspected at our Werks at any time. 


& CO., Ltd, 
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YATES & THOM. Lo 


HIGH-CLASS 


Telegraphic Adare ENGINES with CORLISS or DROP VALVES. Telephone Ns. 


**Yates, Blackburn. 


Winding Engines. vy 


Rolling Mill Engines. 
Heavy Pumping Plants. 
Electrical Haulage Plants. 

































Licensees for the 
Maaufacture of the 


BORSIG VALVE, 











SUPERHEATED STEAM 
INSTALLATIONS. 






and Vacuum Pumps 


MILL GEARING 


IN ALL ITS i a 






Lancashire Boilers 


of all Sizes and Pressures. 


CANAL WORKS, BLACKBURN, ENGLAND. 


HIGH-CLASS 


GRINDING | 





































CENTRIFUGAL FANS 


for all Purposes. 


Davidson & Co., Limited, 






Sirocco Enginecring Works, 
BELFAST. 
















UP-TO-DATE 


PYROMETERS  SUPERHEATERS. Aid —" MACHINES 


UMENT CO., Letchworth, England. 




















PLATTS PATENT, MOTOR OR BELT DRIVEN 


DROP STAMPS. 


LOWEST IN FIRST COST AND UPKEEP. EASY AND PEFFECT CONTROL. 
NO COMPLICATED PARTS TO GET OUT OF ORDER. 
THE MOST SIMPLE AND EFFICIENT DROP STAMP IN EXISTENCE. 



































COMPLETE STAMPING PLANTS. 2379 , 
aie needs | ao SAMUEL PLATT, LD®» WEDNESBURY. _ ; 
MANGANESE BRONZE. LONGPORT, STAFFS. are ae 

PHOSPHOR TIN. MAGNOLIA METAL. he, 
PHOSPHOR COPPER. BABBITT’S METAL. yo 
PHOSPHOR BRONZE. WHITE BRONZE. 

And other Anti-Friction Metals. C 









oA 





SPECIAL COMPRESSED PHOSPHOR BRONZE FOR 
BEARINGS AND SLIDE VALVES. < 


Telegrams : BRONZE, ;LONGPORT. 





82 Tons Tensile per sq. in. 
86% Elongation in Qin. 





Telephone: No. 304 POTTERIES. 
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A.B.C. COUPLER, LIMITED. 


Queen Anne’s Chambers, LONDON, S.W. 308s 


SPECIALISTS IN BUFFING AND DRAFT GEAR OF ALL KINDS. 


————EEE Autobuff, Vic , LONDON. Codes: A.B.C. 5th Ed., al 

































| sesamin tame 











The Patent Lightning 


CRUSHERsPULVERIZER 


The Simplest, the Most Powerful, the Most Rapid Pulverizing Machine on the Market. 
GREAT ouTruT—_sconom:s or WORKING. 


Unequalled for the treatment of MINERAL ORES, SHINGLE, LIMESTONE, &c., &c., &c. 
"ase". _ THE PATENT LIGHTNING CRUSHER CO., Ltd.. “ "ery supsy, Seu" = * 


|PETER BROTHERHOOD, L® 


), PETERBOROUGH. 


Contractors to the Gritish and other Governments. 
London Office: 53, Parliament Street, WESTMINSTER. 


Telegraphic { “BROTHERHOOD, PETERBOROUGH.” Telephone | 7 PETERBOROUGH. 
Address («BROTHERHOOD, PARL., LONDON.” 14683, VICTORIA. 


HIGH-SPEED 
ENGINES, 


aso AIR COMPRESSORS 


Vertical Enclosed Type. All Pressures and Outputs. *" 


_TURBINES, FAN FAN ENGINES, CIRCULATING PUMPS, &c. 


W.H. W.H.ALLEN, SON«CO.,L’. 


QUEEN ANNE'S CHAMBERS, WESTMINSTER, S.W. ae s Engineering Works, BEDFORD. 


™e “CONQUEROR” CONDENSING MACHINERY 


(Surface Condensing Plants and Jet Condensing Plants of the Low Level and Barometric Types). 


‘ HIGH HIGH 
EFFICIENCY. VACUUM. 





































79 


SMALL Quantity Low Power Reouirep 


CircULATING WATER. | | DrRiviNG Pumps. 









MOTOR-DRIVEN SURFACE CONDENSING PLANT. 
25,000 Ibs. of Steam per Hour. 27 in. Vacuum. 





ENGINE 
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HEMAD OFFICHS: 


41, Oswald Street, 
GLASGOW. 


LONDON OFFICE: 





MAKERS OF 


KINDS OF 


WROUCHT-IRON 


STEEL TUBES 
LAPWELDED, 


BUTTWELDED, 
SOLID-DRAWN and 
LOCK BAR Processes, 

with all the necessary 


FITTINGS for same. 


TUBES and FITTINGS 


Gas, Water, Steam, 
Air, &c. 


_iyranlic Tubes 


OIL LINE PIPE. 


STEWARTS’ WELDED-ON 
FLANGE JOINT. 


STEWARTS’ No. | 
LOOSE FLANGE JOINT. 


MAIN STEAM PIPE 


INSTALLATIONS. 


STEWARTS’ 


INSERTED JOINT. 


Nile Street, 


BIRMINGHAM. 








SEAMLESS 
SOLID DRAWN 
STEEL TUBES. 


—_——_—___. 


COILS 
of every description. 


————_—— 


IRON & STEEL 


BOILER TUBES. ' 


BORING CASING 
TUBES. 


——_— 


CAST-IRON PIPES AND 
CONNECTIONS. 


~ SIEMENS-MARTIN 
STEEL PLATES 


FOR ALL PURPOSES. 


2 


i 
a 


Fittings for same. 


_ 


7 


Say 
| . 


Piet = a 
SCREWED-ON 
FLANGE JOINT. 


ALBION LOOSE 
FLANGE JOINT. 


. 


] 


I 
MW 


WN ANA 


Tilia 


FERGUSONS PATENT 
LOCK BAR PIPES. 


2051 


TUBULAR TRAMWAY POLES in Parallel Sections or Tapered in One Piece with 





STH COASTINGS. HLHOTRIC wtzLDinG. 





WE Work to BRITISH STANDARDS or SPECIAL REQUIREMENTS. 
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TILGHMAN'S SAND BLAST APPARATUS 


(Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR CLEANING LARGE AND SMALL CASTINGS. 


WILL SAVE 60 PER CENT. IN FETTLERS’ WAGES. 


IN USE BY THE FOLLOWING WELL- KNOWN FIRMS; 








STEEL CASTINGS. | ORDINARY ‘IRON CASTINGS. MALLEABLE TRON. BRASS OR GUNMETAL. 
Beardmore, W., & Oo., Ltd. Glasgow | Platt Bros. & Oo., Lad. Oldbam Malleable Ostings Oo. Der' Vickers Limitea Barrow 
Bteel Co. of Scotland Glasgow | Tweedales & Onstleton rewi pen, S Co, TA snemell | @ummer & Oo. Retherham 
Ooltness Iron Oo. Coltness pe, — 3 - Smethwick Ruston, Proctor & Oo., Led. Limeoln 
Dickson & Manns, Ltd. Armadale Dobson & , Lad Bolten Maddocks, J., Os te Oakengates ' Gece, Fase, S Sens, tae. Manochest~ 
Vickers Limited Barrow | Doulton & Oo., Ltd. Paisley Cheer Bh & Howgate, Lia. Keighle: | @ & Kennedy Kilmarnock 

— Forge Oo. Darlington Ruston, Proctor & Co., Lud Lincoln Croft Foundry Oo., Ltd. Walsall ., & Son Edinburgh 
Bhaw Middlesbrough Marshall, Sons, & Oo., Ltd. Gainsborough Lindop, H. W. Walsall Benton & Stone Birmingham 
Hadfields’ Steel Foundry , Lea Sheffield Shanks & Oo., Ltd. Barrhead Tangyes Ltd. Birmingham British Insulated & Helshy Oabies, Led. a 

Osborn, 8., & Oo., Ltd. Sheffield Falkirk Lron Oo. Falkirk a PS. Willenhal) Marshall, Sons & Oo., Lad Gainsborougt 
Jackson, FP. BR, 6 0o., Led. Manchester Hopkinson & Oo. finddersfield H . G. N., & Sone Trowbridge Dewrance & Oo. Londoe 


General Representative: GEO. HOPKINS, 1, Studdridge Street, Fulham, London, 3.W. 


TILGHMAN'S PATENT SAND BLAST CoO. 


BROADHEATH, “sr MANCHESTER. Limited, 





SPECIALITIES. 


Boring and Turning Mills, 
with new patent positive 
feeds. 





Pipe Facing and Universal 
Facing and Boring Machines. 


Radial Drilling Machines. 


Patent Side Planing 
Machines. 





Horizontal and Vertical 
Boring Machines. 


BUILT TO GUARANTEED 
Lats all eee. 


SECTIONAL CATALOGUES 
mailed on appli-ation. 





8-ft. BORING AND TURNING MILL. Motor Driven. 


London Representative : 741 


GEO. HOPKINS, I, Studdridge Street, Fulham, S.W. 


G. RICHARDS & CO., LTD., 


BROADHEATH, near MANCHESTER. 
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wn. 1@ 66 ” "s 
“Tue WORLD'S STANDARD REDUCING VALVES."| | BAILEV'S | SCAVENGER" | py 4 aT VALVE and 
Bailey’s Foster’s Patents, All ‘‘Full Bore.” ° PUMP GOVERNOR 


Simplest age (Foster's Patent). 
Action. 


= oa CONTROLS WATER OR STEAM. 
Simplest ‘ . 
“Class W."—The Valve for general 7 Con- *F CUMBERSOME FLOATS UNNECESSARY. 
purposes. No Glands, Pistons. a struction. 7 Controlled by a Small 
“Class G.”"—The Leader . &. Exact Simplest a  F ss Valve and Flo . 
Regulation. -_ — oe 
Single Beat. ' . a ’ 
No Glands. Self-contained. _ é : vision. ay Quick. 


————- ” ae pSimply <i ee = seusirive. 
Marvellous Regulation of Pres- . ‘ : i : { 
sures and Speeds as Pump Governors, j No St PERFECTLY 
Fan Engine Regulators; Ingenious Valves for ¥ \ Dribbling. j TIGHT. 
every purpose. 40. a= 
Boller Valves and Fittings, Wve ; Can be 
: Safety Valves, Gauges. he . j fixed 
FULL BORE Recorders, Lubricators, ' , over tank 
REDUCING VALVE, Pumps and Compressors. a i or any 
“Class W." - “Class G.” GREATER DISCHARGE THAN OTHERS | “istance 


ALL SIZES FROM jin. TO 24in. BORE. SizeE For Size. 











All Sizes in Gan-metal or Iron. 
away. Sorewed or Flanged 3 to 12 in. Bore. 

















"imetes” | BATLEY’S HIGH-CLASS VALVES. 


STEAM KETTLES 
for Continuous Supply of Hot Water. | ATTOMA TIO 


“= EXHAUST VALVES 


_s:BAILEY’s 
‘RAPD RE - STARTING ” 
\ INJECTOR. 





SUPPLIED 
STOP 
; TO THE MOST 


rant “ RUN-AWAY,” IMPORTANT =—surrases. ron penning, At 
’ YOR STATIONARY LOCOMOTIVES, 
‘Me)l-Tale’’ RECORDING GAUGE USERS | TRACTION ENGINES, MARINE BOILERS, 
FOR PRESSURE & Vacuum. | GOVERNOR oF est VALE We WALES 


as | BAILEY'S “ ADAMANTINE ” 
VALVES, THE EMPIRE. | _ STOP VALVE. 


&C. ao 

















1409. Flanged. 


1408. Screwed. 








WEATHER, DUST & GAS PROOF. “a TP “ , 
Records Steam, Air, Gas and Water Pressures, | ‘ wee . FOR STEAM oR WATER. 


at any distance from the source of pressure. A , ‘ —," aa . 7 aie . od 
modification « ae yur well-known Pressure Recorder | be - on s “ah ‘ & 38 a ¢ THE ONLY RENEWABLE 
| DISC VALVE WITH AN EASILY 


in highly-finishe ; on ar toed Case, with 
ick ted Mount! 5 
eo tigy ole | 24 IN. AUTOMATIC EXHAUST VALVE, SUPPLIED TO A LARGE COLLIERY IN STAFFORDSHIRE. REMOVABLE COVER. 


PRICE £6 108, For 20-300 lb, Pressures. 








BAILEY’S PATENT BAILEY’S IMPROVED PATTERN 


BAILEY’S PATENT “KEY-RING” | “ Copper-Cap” BAILEY’S PATENT “ va 
tron, steel | | FUSIBLE PLUG. > Stoker's DIAL ies 


Prevents Boiler Explosions, 
NoScrews. No Lock-Nuts’ 


through Low Water, Oil or Scale. | | 
Protector 4 Filling Hole and Dish. 
: ; Large — 


NO LEAKACE POSSIBLE. a 
ER 


Hi | 


and 
Bronze 


STOP 
VALVES 


for HIGH 
PRESSURES 


OR tion of the time re tg to 


LIFE AND SIGHT | set a screw adjustment. 
SHIELD. i | ADOPTED BY THE 
1 ‘\}} BRITISH WAR OFFICE, 


EE a ST en 
> me 


a, 
ao 


For Dynamos, STEAM, GAS 


Fits any gauge AND Om ENGINES, PUMPS, 
y gaug COMPRESSORS, AND MoToR 


without Pp Cars. 
alteration (6) SAVES TIME and OIL. 
\ op disturbance 3 
r Can be sto; or started 
of any part. |? , er mets 


a ae ey ey 


SE ee = 
ee 
—, 


Gamte Capacity | eee | 29 





| Pourtive Actioy, Easity REexews p. 70 RODS, NUTS 
| Fig. 4%-Iron, Fig. 1807-Steel. ALL SIZES TO 24in. maitinide orousida = OR SPRINGS. 


| ** Bailey’s Useful Inventions for Engineers in all the Industries,” 420 pages and over 1600 Illustrations of Gauges, Stop Valves, Reducing Valves, 
Lubricators, Steam Traps, Steam Kettles, Indicators, &c. Price, Bound in Stiff.Board, 2s. 6d. Bound in Cloth, 5s. 3193 _ 


Sir W. H. BAILEY & CO., Ltd., wonxs, Salford, MancHEsTER 


| | oH 
| Paces | 4/6 | 6/6 | 8/6 | 14/- | 20 
































a 
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“LION” PACKINGS 


Are made with Practical Principles. 


i The Metal Studs are composed of a SPECIAL HIGH 
MELTING POINT ANTI-FRICTION METAL ABLE TO 
WITHSTAND THE HIGHEST SUPERHEATED STEAM 
TEMPERATURES. 


The Fabric is made from Finest Yarns and is Specially 
Woven. - 


The cloth is folded in such a manner as to give an 
automatic expanding action whereby the packing adapts 
itself to all conditions of work with the minimum of friction. 


It has all the advantages of a solid metallic packing with 
none of the disadvantages. 


It does not need any screwing up like ordinary soft 
packings. 








REFUSE ALL IMITATIONS. 


NONE GENUINE WITHOUT A THIN RED LINE RUNNING THROUGH. 





Full particulars from Sole Patentees and Manufacturers : — 


James Walker & Co., Ltd., $2235::. London, E. 





AUTOMATIC WATER TYPE. 
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WHEN CONSIDERING 


sora 1rd ieee | CHAINS 


EXHIBITION, 
j c FOR POWER TRANSMISSION 
I9II, remember that 


HORS : BRAMPTON’S 


CONCOURS. have an established reputation for 


MEMBER OF | EFFICIENCY, = BRAMPTON 
LONG LIFE & 


THE JURY. ul 
in UNFAILING SERVICE. fim BROS., 
UI ' wt 3026 
Our Book “ Power Transmission D 
by Chain,” contains much useful in- T 89 
formation on the subject. We send 
it, post free, 
Our advice on any proposition— B 
great or small—is always at your IRMINGHAM. 
disposal. 

















The BRUSH Co's 


BOOK OF THE STEAM TURBINE 


is now reprinted with considerable additions. A copy 

will be sent to any power plant engineer or other boaa 

fide inquirer interested in the latest developments of 
Turbo-Electric Machinery. 


The BRUSH Electrical Engineering Co., Ltd, LOUGHBOROUGH @ LONDON 4. Kingsway, w.c.) 
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A Heavy Duty Milling Machine 


That will remove more metal per minute than any 








other of similar type and size. 


Its operation is characterised by extreme ease, every 


motion being controlled from the working position. 


There are quick power movements to the table in 


longitudinal, cross and vertical directions. 


We have these machines in use in our own works, 


where they can be seen at any time by appointment. 


No. 22 Single Pulley Horizontal Mill 





42” x 138" x 22”. 





DELIVERY FROM STOCK. 3300 


ALFRED HERBERT LTD., Coventry. 
A. G. MUMFORD, Ltd., Colchester. 


CONTRACTORS TO 


BritisH ADMIRALTY, WAR OFFICE, INDIA OFFICE, CROWN AGENTS 
FOR THE COLONIES, AND FOREIGN NAVIES. 


PATENT 


ete Pumps 

























































































Main Feed 
Fire and Bilge, Oil Fue! Pumps. 
, Air Purnps. Distiller Pumps.- 
PATENT 





Over 25,000 PUMPS “on’onoen” 


BRITISH ADMIRALTY, 


AUTOMATIC 
BOILER-FEED JAPANESE AND ~ 
ITALIAN NAVIES. 


| REGULATO RS. Feed Pumps with Anita Control. Full particulars& Illustrated Cataloguesen application. 
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eal 


“GISHOLT” UNIVERSAL TOOL GRINDER 


For Lathe, Shaper, Planer Tools, etc. 
IS NOTED FOR ITS SIMPLICITY. 


or 
oo 








= 





} 











GRIND TOOLS QUICKLY. 
Fixes a Standard Cutting Angle, which 
may be duplicated indefinitely. 


Increases output from Machines. 


Does away with the stoppage of Machines 
whilst operators grind their tools. 





Reduces surplus stock of spare tools. 
Does not require skilled labour to operate. 


Hundreds already in use everywhere. 








PROMPT DELIVERIES. 
SOLE AGENTS: 


C. W. BURTON, GRIFFITHS & CO. 


LUDCATE SQUARE, LONDON, E.C. 





' 
| 
; 
| 
‘ 
| 
| 
| 
‘ 





LOSS SS eye oe eee 
— ee eee eee 














Wy, A Ly, WH Sup PHILADELPHIA, PENNSYLVANIA, U.S.A. 
Labour-Saving 


MACHINE 
TOOLS. 


In our BORING and TURNING MILLS the 
crosshead is raised and lowered by power, 
extended back between the uprights, and 
clamped front and rear. 


The heads have quick power adjustment 
and power feed of wide range, can be 
swivelled through a complete circle, and 
have independent movement. 


NO COUNTERWEIGHTS REQUIRED. 

The table revolves in a flat bearing and 
has a large centre spindle with adjustable 
step. Table gear is separate cut from solid 
ring, and pinion is cut from solid forging. 


Uprights of improved box form. 























South American Representatives : . 
DUTILH-SMITH, McMILLAN & CO., 
20, Great St. Helen’s, LONDON, E.C. 


CRANES, INJECTORS, POWER TRANSMISSION, &c., &c. 
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000 cc 


a air — ALWAYS. 


It cannot be expected that you will get 
“the best” out of your staff and work- 
people if they are compelled to work in 
a close, overheated, stuffy atmosphere. 


I 








) 




















A hot, still workshop, with scarcely a wave of air, banishes energy and encourages 
slackness, slipshod work and shirking. Management expenses remain unchanged, 
but the output dwindles daily. What money might be saved and made, what friction 
avoided, if the hands could work in an invigorating, breezy workshop instead! 


One farthing or less per hour 


for current—even with Electricity at 6d. per unit, and a 


“FREEZOR’ nicmc Fan 


will make all the difference and provide fresh cooling breezes, ensuring absolute comfort and 
normal working conditions in the office or workshop during the most sultry weather. 

Wherever Electric Light is installed, the “FREEZOR” can be used without the 
slightest difficulty. NO SPECIAL WIRING IS NECESSARY. 


WRITE FOR LISTS AND FULL PARTICULARS. 


THE GENERAL ELECTRIC COMPANY, LTD. 
Head Office: 67, Queen Victoria Street, London, E.C. 


Branches : Manchester, Glasgow, Birmingham, Newcastle, Cardiff, Dublin, Belfast, 
Bristol, Swansea, Liverpool, Leeds, Sheffield, Nottingham, Hull, Southampton. 
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GRINDING MACHINES 


a! IN SIZES AND TYPES TO SUIT ALL REQUIREMENTS. 
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The two Machines illustrated represent two types —. ae a ae 
of our Plain Grinders. The smallest to the largest . WHEELS 24 x 2} x 9 
are built on similar policy of design, ze., Massive 
Body — Long Bearings— Perfect Lubrication — and 
Super Quality Steel Spindles of a diameter necessary 
for the safe running of the Abrasive Wheels. 


he 

- We have over 400 patterns of Grinders of the latest 
design, and for every purpose, from grinding an internal 

. }-in. Hole to facing Armour Pilate. 

ad We shall be glad to hear of your requirements, and 


on receipt will offer a suitable Machine at rock-bottom 
id price. 


THE LONDON EMERY WORKS CO. 


id 
Naxium Works, TOTTENHAM, LONDON, N. 


BRANCHES. 3232 
MANCHESTER : 23, Cross Street. GLASGOW : 63, West Regent Street. 
AGENTS. 
AUSTRALIA: J. B. Wallis & Co., Challis House, Martin Street, Sydney, N.S.W. 
CANADA Frank Murphy, 55, 8t. Francois Xavier Street, Montreal. 
ARGENTINE and URUGUAY: Raul A. Pinero, Casilla Correo 1400, Buenos Aires. 
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EVERYTHING ] 


FOR THE 


DRAWING OFFICE. 


DRAWING, PAPERS. ‘}ENGINEERS’ PHOTO PAPERS. 
DRAWING INSTRUMENTS. ELECTRIC PHOTO COPYING APPARATUS. 
TRACING PAPERS. TRACING CLOTHS. 


DRAWING OFFICE 
FURNITURE. 











INDELIBLE 


rLI IQUID I al. 

















ADJUSTABLE DRAFTING TABLES. “ARC” DRAWING PENCILS. 
DRAFTING MACHINES. COLOURS, RUBBER, 


CABINET NESTS OF DRAWERS. “RAVEN” INDELIBLE INK. 
DRAWING BOARDS. SCALES, SET SQUARES, &c. 


CATALOGUE ON REQUEST. 


J. HALDEN & CO. ‘Ln, 


8, ALBERT SQUARE, uenlievan. 


London, Newcastle-on-Tyne, Birmingham, 
Glasgow, Leeds. 




















DAY. SUMMERS & CO., ton 


Northam Iron Works, SOUTHAMPTON. 


ESTABLISHED 1834. 
ENGINEERS and { ? Telegrams : 
SHIPBUILDERS. | 7 Seas DAY, SUMMERS, 


SOUTHAMPTON. 











SPECIALITIES : 3 | | Upwards of 
Hauling-up : s | 90 Sets 
Slipway eS _| of Land and 








Machinery, | ! j gees ii % | Floating 
Sheers, ? | , Ma / ‘ oe i: ee Sheers 
| se built at these 








Floating | |; e_rons Waa 
Bridges. a ae eer eee = Works. 


No. 83 Sheers, Chatham Dockyard. and 
TESTED TO i180 TONS, 1906. 
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CROSSLEY GAS ENGINES 


RELIABLE. EFFICIENT. QUIET RUNNING. 











s 
ms 














Distinguishing Features: Distinguishing Features : 








Patent Variable Admission Gear Wheels Work in Oil 


Baths. 





Governor Gear. 


Variable Timed Ignition Forced Feed Lubrication to 


Piston Pin, Piston Exhaust 


Hardened Steel Cams and Valve and Crank Pin. 





Double Ring Lubrication to 
Crank and Side Shaft 
Bearings. 


Rollers. 


Water Cooled Exhaust Bend. 


ILLUSTRATING Sizes 70 BHP. UPWARDS 





CROSSLEY SUCTION GAS PLANTS for all fuels. CROSSLEY OIL ENGINES for refined and crude oils. 


CROSSLEY BROTHERS, LIMITED, 


OPENSHAW, MANCHESTER. 


COWANS, SHELDON & Co, E: CARLISLE 


TELEGRAMS :—" ST. NICHOLAS, CARLISLE.” 
LONDON OFFICE:—3, VICTORIA STREET, WESTMINSTER. 
Al and ABC (5th Edition) Copes USED. 




















_ 
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ELECTRIC 
TRANSPORTER. 

J 







TRMERSERS . 
S . TRANSPORTERS. 


on MYDRAULIC © 


THRUABLES eee 





ENGINEERING. 








[June 27, 1913. 




















SHANKS & CO. 


JOHNSTONE, near GLASGOW. | 















LSWHG: 
09 2 SANVHS. S¥A 


340 


34” SPINDLE, HIGH-SPEED VERTICAL 


DRILLING 






MACHINE 


FROM 


6 POSITIVE FEEDS WITH SAFETY SLIP, RIGID COLUMN, 
BALANCED SPINDLE, &c. 


WE INVITE INQUIRIES AND GUARANTEE DELIVERY. 


12 SPEEDS THROUGH ALL GEAR DRIVE 





LARGE FRICTION PULLEY FOR BELT, 
CONSTANT SPEED DIRECT CONNECTED MOTOR. 



























VICTORIA WORKS, 


WATERTUBE BOILERS. 


“WOODESON’S” 


RPATIm Ts 


FOR ALL DUTIES. 


Telegrams: CYCLOPS, GATESHEAD. 
: 1070-1073, Nat. Central, NEWCASTLE. 





Installation of Three Woodeson Boilers, with a as 
supplied to large Power Station in ashir 





CLARKE, CHAPMAN & CO., Lt. 


GATESHEAD. 


GENERAL & ELECTRICAL ENGINEERS & BOILERMAKERS. 
= SPECIAL FEATURES : 








Maximum ease of access for 
examination and cleaning. 

All heating tubes straight 
and of equal length. 


Maximum steam 
areas. 


release 


Good Combustion and 


Circulation. 
Ease in erection. 
Large steam space. 


LONDON OFFICE: 


50, Fenchurch Street, E.C. 
Telegrams—“Oyclops, Fen, London.” 




















3025 












ji 
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What 


does it all mean? 
This 


“SPEEDING UP” 


of the 


HARTNESS TURRET LATHE? 


It means you are not getting the amount of work off the machine you ought to do. Not one in ten of the 7500 
Hartness Turret Lathes we have built is being used in anything like its full eapacity. This not intentional by any 
means. It is simply due to not understanding the full capabilities of the Lathe. 














Without sacrifice of accuracy and without discomfort to the operator, the output can be increased 50, 100 or even 
200 per cent. This has been proved on our own machines in our own works. The same can be done for you. 
Whether you are operator, foreman, superintendent or manager it is to your advantage to improve the quality and 
quantity of your Hartness Turret Lathe work. Much is due to improved “set up” on the machine. Call round 
to our Show-Room and we will be pleased to explain some of these advantages. one 


JONES & LAMSON MACHINE COMPANY, 


97, Queen Victoria Street, LONDON, E.C. 
%y TELEPHONE—S24 BANK. TeLzerams—‘‘ TURRETORUM, LONDON.” 


TE TEMPLE- 
INGERSOLL 


“RADIALAXE” 


ELECTRIC-AIR 
COAL CUTTER. 

























Enormous Capacity. No Pipe Line. 
Low Power Consumption. 
(Only 5 HP. Motor.) 










OUR NEW CATALOGUE *A 13 
| IS NOW READY. 


1m INGERSOLL-RAND -o. 


awo.IN U.S.A) 165, Queen Vict.ria Street TLCOIN DOWN, E.C. 


BUDAPEST, DUSSELDORF, MADRID, PARIS, RIO DE JANERIO, VIENNA, 6924 
ST. PETERSBURG and MOSCOW (O. R. SAN GALLI). STOCKHOLM (GRAHAM BROS). 
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HUDSWELL GLARKE & 60., LID., 


es FOUNDRY, IAIEIDS. 


LOCOMOTIVES 


For Maln or Branch Rallways, Contractors, Ironworks, Collleries, &e . Made to sult any Gauge of Railway. 
























Telegraphic Address: 





Established 










“LOCO, LEEDS.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAEHERS OF 


“RODGERS PULLEYS’ 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. ™ 


The Original AMERICAN Radial Drills 


Combine the FOUR essential features of any FURNISHED WITH CONE . 
efficient and successful Machine Tool. OR SPEED BOX DRIVE 


















































POWER—CONVENIENCE MAXIMUM 
SIMPLICITY — RIGIDITY. MINIMUM 



















SIZES: 


2%, 5 and 33 ft. High Speed Radials. 
4, 5, 6 and 7 ft. Triple Geared Radials. 
5, 6 and 7 ft. Full Universal Radials. 


We have received repeat 
orders during the past year 
from one concern for three 
of these full Universal Drills. 











Sole Agents for the United Kingdom & British Colonies — 


BUCK HICKMAN, =: 


2 & 4, Whitechapel Rd., LOADON, E. | 
RANOHES :— ‘ 


B 
5, Station St., BIRMINGHAM. 27, Cadogan St., GLASGOW. 
"3, Cross St., MANCHESTER. 87, Pinstone St., SHEFFIELD. 


3000 TONS OF IRON & STEEL CARRIED IN 
STOCK FOR IMMEDIATE DELIVERY. SECTION 
LIST OF STOCK SIZES SENT ON REQUEST 
TO KNOWN CORRESPONDENTS. = 7 
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OIL ENGINES | 
for ALL PURPOSES ~~ 


Aster | 
Engineering 7 
o. LTD 
Wembley 7 
Middlesex.’ 
England 7 


S 


Aster 10 Kw. 
Generating Set 








Aster 60 HP. Marine se. 


























“CAMPBELL” 


WOOD REFUSE 


GAS PRODUCERS 


FOR GASIFYING ALL DESCRIPTIONS OF WASTE 
WOOD, SUCH AS CHIPS, SHAVINGS & SAWDUST. 


THESE ARE SUCTION PLANTS — 


REQUIRING NO CAS HOLDER, 
OCCUPYING THE MINIMUM SPACE, 
NEEDING NO SKILLED ATTENTION, 


CONSUMING 2? TO 34 LBS. OF WOOD 
PER B.HP. HOUR ACCORDING TO SIZE. 





INSTAL A “‘CAMPBELL” GAS ENGINE AND WOOD 
REFUSE GAS PLANT AND RUN YOUR FACTORY ON 
ITS OWN WASTE PRODUCTS! 


slew OF a eso gue. woon peruse os pany. The CAMPBELL GAS ENGINE Co. LTD. 





Recently built for a leading English Railway Company, 
and supplying Gas to one of our Vertical Gas Engines. 


HALIFAX, ENGLAND. ~“ 
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The Best Methods of securing economy and efficiency 


in the Auxiliary Machinery Equipment of Steamships have 





been our specialised study for 25 years. 


The Best Means of carrying out these methods are 


embodied in our various manufactures—Feed Pumps, Feed 
Heaters, Dual Air Pumps, Uniflux Condensers, Evaporators, 






Auxiliary Condensers, &c. 


The Best Proof of their success is their general adoption 


by 24 Navies and by the largest and most important Steam- 
ship Companies and Power Corporations in the World. 


G. & J. WEIR, Ltd., Cathcart, Glasgow.” 






































—— TESTING MACHINES 
BUCKTON e agentes 
ah ee FOR HEAVY ORDNANCE 
aes TURBINES ENGINES BOILERS 
ee LOCOMOTIVES 
STEEL WORKS 


FORGES 








PORTABLE 
FULL UNIVERSAL 
8 FOOT RADIAL DRILLING 
MACHINE 





JOSHUA BUCKTON & CO LTO 
LEEDS ENGLAND 


DRILLS 
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HURST, NELSON & CO., LTD.. 


Builders of RAILWAY ches WAGONS, ELECTRIC CARS, and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 
SPECIALTY:—ELECTRIC RAILWAY and TRAMWAY TRUCKS. 

Makers of WHEELS & AXLES, RAILWAY PLANT, FORGINGS, SMITH-WORK, IRON & BRASS CASTINGS. 
PRESSED STEEL WORK of all kinds, including UNDERFRAMES and BOGIES. 








yo06 























PETROL RAIL CAR, 
to seat aati passengers. 














REGISTERED 


ao Phe Glasgow Rolling Stock ¢ Plant Works, Motherwell 


GLASGOW OFFICE: 40, West Nile Street. MANCHESTER OFFICE: Northern Assurance Buildings, Albert Square. LONDON OFFICE: 14, Leadenhall Street, E.C. 


BRAKRGH WORKS : Chatsworth Wagon Works, near Chesterfield. Bridgend Wagon Works, Bridgend, Glamorganshire. Swansea Wagon Works, Swansea. 













GLOBE RIVETTING, CHIPPING and 
CAULKING HAMMERS, MADE THROUGH- 
OUT FROM NICKEL GUN STEEL. 





Le 
GLOBE DRILLING, TAPPING, and REAMING MACHINES HAVE 
FEWER WORKING PARTS THAN ANY OTHERS OF THE TYPE. ALL GLOBE PNEUMATIC TOOLS 


ARE MANUFACTURED BY os 
SIR W. G. ARMSTRONG, WHITWORTH & CO. 


FOR 


GLOBE PNEUMATIC ENGINEERING 


COMPANY, LTD., 
GLOBE “CORNER” DRILLING MACHINE. SIMPLEST AND 1, VICTORIA STREET, LONDON, S.W. 


MOST DURABLE CONSTRUCTION. 




















: . 2 Representatives ;—EDMISTON, BROWN & ©O., Guaseow. J. D. ANDREW, 
TELEGRAMS ot ... “ PNEUMATOID, Vic., LONDON. NewoastLe-on-Trxz. R. D, WOOD, Liverroot. ROBERT ORAVEN, MAncuesrer. 8611 
TELEPHONE aa _— hee ol ... 2671 VICTORIA, JAMES TURNBULL, Biemuvronan. 
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CUTBILL, KING & CO., DE LAVAL STEAM TURBINES 


56/58, Moorgate Street, LONDON, E.C. FROM 11 BHP. UP TO 16,000 3B.HP. 
Gear Efficiency - 98%) or 


Jire: Lockett, AVE. L’pon. ne : 6865 LONDONW ALL. High Geared 
| ee Mixed } PRESSURE TURBINES { Pirest-Coupled Condensing, Non- 


Sole Agents for Condensing, or Counter-Pressure. 


‘/s De Lavals Angturbin, TURBO- “SOMES. nt jee over 5000 Steam Turbines. * zBTA-EOMES, 


STOCKHOLM, = WERS », —COMPRESSORS, 
MAKERS OF ‘a —COMPRESSORS Write for CATALOGUE WNo. 66. Driven by D.C. and A.C. Motors. 


De LAVAL STEAM TURBINES. LIGHTING SETS for use in Factories, Ships, Mills, &c. 



































NORFOLK. 
ESTABLISHED 1770. 
ROAD 
LOCOMOTIVES 
Traction Engines, 


Single Cylinder or Compound, 
mounted on springs. 














ROAD ROLLERS 


Single Cylinder or Compound, 
Hits, and convertible to 2171 







TRACTION ENGINES. 







_ — ee — Also fitted with 
SEND FOR No. 16 ILLUSTRATED CATALOGUE, PATENT SCARIFIER. 


steam PUM PS power 


ECONOMICAL, DURABLE, EFFICIENT. 


EUREKA PUMP COMPANY, 


563, BOTHWELI. STHRADT., GLASGow. 































LONDON: NEWCASTLE-ON-TYNE: MANCHESTER: CARDIFF : 2816 
25, Victoria St., WESTMINSTER. 32, SIDE. 26, BROwN Sr. 56, MARLBOROUGH Rob. 


















SIR WILLIAM ARROL & CO., Ltd., 


DALMARMNOCEH IRONWORES, BRIDGETON, 


(Grane Dept., Parkhead, Glasgow.) GLASGOW. 


CRANES. 
ELECTRIC, STEAM, 
HAND and 
HYDRAULIC. 



























Makers of 


° Hydraulle Machinery. 
\ == LONDON OFFICES : 
—— = ae ; | = - se - 
—— == = i f Th WU , \ — Victoria ,.., 
: ney Wis Street, 
Westminster, 


HYDRAULIC STAMPING PRESS. _ S.W. 
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without loss of power 
as that depicted here. 


PATENTED NIADIE IN LNGLAND 


They are the only ball bearings which could stand, 


and efficiency, such distortions 


The reason is that “‘SKEFKO” 


SKF bearings yield to deflection of shafting, instead 





of opposing them 














as rigid bearings do. 











Telegrams—SKEFKO, LUTON. 


Telegrams—SKEFKO, PICCY, LONDON 








Telephone—q18 LUTON. 


Miuan: 7, Via Rovani. 
London Office : Carlton House, Regent Street, S.W. Agencies at—Montreal, Toronto, Winnipeg, Calcutta, Bombay, Berlin, 


Why shaft distortions cannot affect 


oKEFKO.OoOKF 





(TRADE MARK). 


SELF-ALIGNING DOUBLE-ROW BALL BEARINGS. 


Notice the illustration; the 
balls and inner race always re- 
tain precisely. the same position 
in relation to one another, no 
matter how much the shaft may 
be out of truth. Crushing or 
cramping of the balls is thus 
impossible. 

This property of instant and 
automatic self-aligning is found 
only in “SKEFKO” SKF bear- 
ings and makes their use prac- 
tical in many places where a ball 
bearing of any other type would 
be quite out of the question. 





WRITE FOR I9I13 CATALOGUE. 


The Skefko Ball Bearing Company, Ltd., 


Head Office and Works: LUTON, ENGLAND. 4». svenska KULLAGERFABRIKEN, GOTHENBURG, SWEDEN. 


Branches at—Dvusse.Lpor¥: Scheurenstrasse 7. 
Paris: 19, Rue de la Gare, Levallois. 


New York: 50, Church Street. 


Vienna, St. Petersburg, Brussels, Melbourne, Christiania, 


Telephone: 9641 GERRARD 





Coosa The Hague, Helsingfors, Stockholm, Warsaw, 
Zurich, Bu 


enos Aires, Tokio, &c. 























HOI A 





= MMMM 


Messrs. Rudge-Whitworth Ltd. 


are very pleased with their J. N. Lapointe Broaching Machine 





SOLE 
AGENTS: 


se ORE 





The machine is here 
shown in the Rudge 
Works at Coventry, 
surrounded by some of 
the work for which it 
is employed. 


It is a No, 3, and hasa 
capacity for broaching 
up to a 3in. 
hole. 


square 


Four sizes of machines 


are made. 


Let us quote you. 


2496 





Churchi 


I] 


Sn 


Charles Churchill & Co., Ltd., 
9-15, Leonard Street, E.C. 


Birmingham, Manchester, Newcastle-on-Tyne, Glasgow. 


QT AA 


ni 
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COCHRAN BOILERS 


SPECIALLY 
SUITABLE 


VENTILATING 


HEATING 
WORK. 


WRITE FOR 
cLass “A” 
CATALOGUE. 








COCHRAN & CO., ANNAN, LTD.. 


ANNAN, SCOTLAND. ne 


HORIZONTAL PLANO-MILLING 
AND FACING MACHINE 


Convertible to ‘‘ Open-side.”’ 
CAPACITY: 201INS. SQUARE By ANY LENGTH. 
SINGLE PULLEY DRIVE, WIDE RANGE OF SPEEDS AND FEEDS, 





~ 


e 











a 
KEICHLEY. 











TRIMO 


Wrench. 










The interchangeable 
jaw in the handle, 
when replaced, 
makes a new wrench 
out of an old one. 








The Arm of Might 


The Tool of Strength 
Make Labour Light. 


pe Write for Catalogue No. 88. -wa 






















SOLE MAKERS 2084 


TRIMONT MANUFACTURING COMPANY, 
55-71, Amory Street, Roxbury (Boston), Mass., U.S.A. 














The KEYSTONE DRILLER CO. 


Beaver Falls, Penna., U.S:A:, 
MANUFACTURES 


KEYSTONE PORTABLE 
WELL DRILLING MACHINES 


both of the Traction, Self-moving style and Non-Traction, to be drawn by animals. 
Drills are of the ‘‘ Cable” or ‘‘ Percussion ” type and will bore any standard diameter, 
4in., 6in., 8 in., 10 in. and 12 in., through any formation. Machines for any depth, 
260 ft. to 2500 ft. For all services, Artesian Water Well Drilling, Mineral Prospecting 
for Lead, Zinc, Coal, Ore, &c. Placer Gold Testing in advance of Dredging ; mw | 
Blast Hole Drilling in deep R. R. Cuts, Canals and Quarries ; Deep Oil and Gas Well 
Drilling. Six Treatise-Catalogues, on the various lines of work, free to interested 
parties. State requirements. 


This is a standard American line of Machines, developed and 
manufactured for 30 years in the oilfields of Western Pennsylvania. 


DOWNIE DEEP WELL PUMPS 


These Pumps are designed for heavy continuous services, elevating large quantities of water from deep 
artesian we Double or Single Stroke ; Steam Driven or Geared to Electric Motor. The Double 
Stroke Geared has a very high efficiency, 80%. The Steam Pump has an efficiency of 60%. Recom- 
mended to Municipalities, Factories, Railroads, Ice Plants, Breweries and Mines. Catalogue No. 6 free. 


Apply to our AGENTS for Catalogues and Prices :— 
LONDON—Fraser & Onatmurs, Litd., No. 3, RIO DE JANEIRO—Oscar Taves. 


London Wall Buildings. SINGAPORE—Fraser & CHaLmers, Ltd. 
ST. PETERSBURG—InTERNATIONAL ENGINEER- DUTCH INDIES—Fraser & Cnaumens, Ltd. 
ING AND TrapiNe Co., 21, Galernaya. SYDNEY—N. Gururiner, Ltd. 2679 


PORT ELIZABETH, 8. Africa.—Maneoup Bros. MANILA—Frank L. Srrone. 
BUENOS AIRES—J. & J. Dryspaus. 








NOTE.—We desire to make agency contracts with first-class houses, covering the 
following territory: Egypt, Japan, ‘Siam, New Zealand, and India (Western half). 

















hud |i 
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J.SAMUEL 


WHITE 


AND CO. LTD. 


SHIPBUILDERS & ENGINEERS 
-+ + Principal Offices - - 


COWES, I. of W. 


POSTAL ADDRESS :- EAST COWES. 
TELEGRAMS :- WHITE, EAST COWES. 





















ELS 
pe +S 
yenerr 
wre 7) 
ROS London Office "Ae Ry 
A eY/ 28, VICTORIA St SW. \ “%,% 
S & TELEPHONE :- N° 4507 VICTORIA V5 


TELEGRAMS :- ‘CARNAGE’ LONDON 





CODES 
ENGINEERING 2"° EDTN 
WESTERN UNION 


ABC. S5™ EDITION 
LIEBERS 











A 


PORTABLE LIGHT FROM 





OIL. 


up TO 4000 canote power. 
FOR ENGINEERS, CONTRACTORS, DOCKS, RAIL- 


WAYS, &c. 


OVER 18,000 SOLD. 


Adopted by 26 Governments. 


Supplied to BOO British 


and Foreign Railways and @lll Leading Firms. 


No. 0,—500 Candles. Hand Pattern . ; 

No. 1,—1,500 Candles, hand nam, with No. 2 size burner for 
Tar Oil. 

No. 2,— 1, 500 or 2. 000 Candles. " Usefui and portab ile patte m .. 

No. 3,—2,500 or 3,500 Candles. Manchester Ship Canal pattern 

Burn Kerosene or Petroleum in Foreign Countries ; 

Special Wells Oil is supplied. 


PRICE COMPLETE, 
£770 


15 
£16 10 0 


in Great Britain our 





TYRE EXPANDING, BENDING, STRAICHTENINC 
SETTING, SHRINKING, &C. 


No. 0.0.—Small size, complete with burner, 
for use where great portability 
isan advantage .. . - £9100 


No. 2,— (Standard Heating Plant), complete 
with Burner, Oil Tank, Air 
-. £1710 0 


. £5100 


WELLS 


Pump, all Fittings 
Heater Burner and Hose only 


HEATER 





REMOVABLE BUNC 


(PATENTED). 


WELLS’ 
“ STANDARD ” 
OIL GAS LAMP. 


Suitable for 
ENGINEERS, ener 
CONTRACTORS, | the cask. Price 
BUILDERS, incu 
RAILWAYS, Metal, 9/6. 
FOUNDRIES, 

and for all 

Classes ot 
INDUSTRIAL 
WORK. 2647 


Prices.—Fitted with Single Burner, £3; fitted with 
double Burner, £3 5s, Extra BURNERS, 3s. each. 


or Stillage. 





For emptying Casks without Pump, Tap 


Applied to and removed from any cask 
instantly. All waste and mess prevented. 
More rapid in action thanapump. Will 
fit any ordinary cask from 10 to 60 gallons. 








A. C. WELLS & CO., “sr'ranceas* LONDON. 








JAMES SIMPSON 


AND COMPANY, LIMITED, i 
LONDON and NEWARK-ON-TRENT. 





Telephones :— 


301 BANK, Telegrams and Cables -— 
REPAIR SHOP, 825, WESTMINSTER. AQUOSITY, LONDON; AQUOSITY, NEWARK 
NEWARK, 1038. 





Manufacturers of High-Class 


PUMPING MACHINERY 


of all types and for every service. 





COMPLETE PLANTS INSTALLED IN ANY PART OF THE WORLD 


for Waterworks, Sewage Works and Mines. 


PERIODICAL INSPECTIONS 


of Machinery undertaken and Reports given. 


REPAIRS OF ALL KINDS EXECUTED. 








FIRE SUPPLIES of all descriptions. 





ESTIMATES ON APPLICATION TO 3241 


JAMES SIMPSON @& CO., Ltd., 


153, Queen Victoria Street, LONDON, E.C. 
REPAIR SHOPS—Engine Works, 101, Grosvenor Road, London, S.W. 








GRAND PRIX, BUENOS AYRES EXHIBITION, 1910. 


BIRMINGHAM sarcatnace 


Tele. Address: “ 
— MANUFACTURERS OF —— 


Carriage,” Smethwick, Birmingham. Telephone Nos. : 17 & 107 Smethwick. 


SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 





PRESSED STEEL UNDERFRAMES BODIES AND BOCIES 
For Home and Abroad. 


Buenos Ayres and Pacific Railway—Special Family Saloon, Saloon Compt. 


Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Castings, &. 


Sole Manufacturers of Dean & Churc' hw ard’s patent “ Eitherside” Brake, 
and Marillier’s patent “‘ Instanter” Coupling. 


Wornss: SMETHWICK, BIRMINGHAM. | 





3145 
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| | il 
= The Tullis Steam Laundry 

Plants are Specially Adapted 
for use in Foreign Countries. 


OTT 








MNIUHOUATUUULUL AU 


Steam Laundry Machinery 


The Illustration shows a Section of the 
Nairobi Steam Laundry, Nairobi, British 
East Africa, fitted with TuLiis Machinery. 


D. & J. TULLIS, Ltd., 


Steam Laundry Engineers, 
Clydebank, 3249 Scotland. 


| ll ll UA i i 


LUKE & SPENCER, Lro. 


Canal Engineering Works, BROADHEATH, ne. MANCHESTER. 


IMPROVED EMERY AND Ct CORUNDUM WHEELS, 
GRINDING & POLISHING MACHINERY. 


Illustrated Catalogue free on application. 


U 


( 


J 

















AARAU, 


K F af N & C 0 ® SWITZERLAND 


FIRST PRIZE—GOLD MEDAL, Allahabad (1911) U.P. Exhibition. 
TURIN (1911) 2 GRANDS PRIX. 20 Medals and Highest Awards. 
GRAND PRIX—Paris1889, Milan 1906. 





Makers and Exporters 
of finest Engineers’ 


Drawing Instruments 


Telescopic 
— Plane Tables, 


Levels, 
Theodolites. 


THE FINEST INSTRUMENTS 
IN THE WORLD. 
HIGHEST PRECISION. 
LATEST IMPROVEMENTS. 


LONDON 44 EE. HAY, Peninsular House, 28, Monument St., E.C. 


OFFICE 
TELEPHONE: No. 10,411, CENTRAL. TELEGRAMS : KERNAMAT, LONDON. 
CONTRACTORS TO THE INDIA OFFICE. 2693 


& COLTS 
DENTON, 


MANCHESTER, 
ENGLAND. 
ESTABLISHED 












Established 
1819. 


Catalogues 
sent free. 





CM. Clarke. 









FOR WORKING WITH 
























FAWCETT, PRESTON & C0, 


ox v7. 
GAS Ii 16 0/00 BHR =) 
2-550 On L ENG ime © anal 
___ENGINEERS,, LIVERPOOL. | 


LONDON OFFICE: 69, VICTORIA STREET, “SW. 
TRADE MARK—“ OYOLONE.” 


Contractors to the ‘Admiralty and War Office. 
SUGAR-MAKING PLANT 


of all kinds. 

| | SEA-WATER DISTILLING PLANT. 

| DISTILLING & EVAPORATING 
MACHINERY for all purposes. 

‘| STATIONARY & MARINE ENGINES 

AND BOILERS. 


PUMPING MACHINERY 
for Town’s Water Supply. 


NITRATE-MAKING PLANT. 
WINDING & HAULING ENGINES. 
AIR COMPRESSORS. 

Scle Makers of CYCLONE PRESSES. 
Sole Makers of GRID PRESSES. 
and of FawcetT’s HiaH DENSITY AND 
ComPOUND HYDRAULIC PRESSES 

AND Pumps 2799 


} for Packing Cotton, Jute, Wool, Silk, Hides, &c. 

| to any required density and weight of bal 

|} NOTE.— 85 “Cyclone” and “Grid” 
Presses supplied for Calcutta alone, 














2 
§ 
& ~ 
g =x 
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& 8 
Ss. wi 
t s 3 
— 2 y 
S : 7 
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me 2 2. 
RE : 
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7 > 
i 
: 
m 
) 
Telegraphic Address—““ EMERY, ALTRINCHAM.” National Telephone—Ajtrincham, No. 4%. Od 7733 





“ Watson-Fawoett” Hydraulic “Cyclone”'Press. Sole Lioeusees in U.K, of Patent FODDER PRESS, 


























June 27, 1913.) ENGINEERING. [SUPPLEMENT page XxI1] 73 














STAMPED FORGINGS. 
CARRON Stamped and Hand Forgings are 


well-known at home and abroad, in 
Government and in private establishments. 
Only the best class of materials is used, and this 
combined with the highest standard of work- 
manship and long practical experience, ensures 












“For either 
Stationary or 
Traffic Work, the 
127 x 150 Type of the 
World-renowned 


WHITE & POPPE ENGINE 


will be found invaluable. it is made by the 
largest manufacturers of Petrol 
Engines in Great Britain and, where 
heavy loads are carried, will run for 
long periods with a minimum of attention 
—it can be driven with either paraffin or petrol 
and is—dependable in the widest meaning of the word. 












unsurpassed results in the manufactured article. 






Contractors to the Admiralty and 
Principal Shipbuilding Companies. 












For full particulars, write for No. 21 E Stamped Forgings 














Catalogue, post free on application. Ask for Booklet. 
WHITE & POPPE,“ 
ENGINEERING DEPT.., 
Carron (COMPANY CARRON, Stirlingshire, Coventry. 









































MARINE BOILERS 


Made to any Survey. 





The largest Manufacturers of 
SURVEYING and DRAWING INSTRUMENTS in the World. 








Drawing Office STATIONERY supplied on the 
most favourable terms. A very large Stock kept. 






STANLEY’S NEW ENGINEERS’ DUMPY LEVEL. 





The strongest and most compact Level yet made. 
With ordinary care will keep in adjustment a life-time. 













Please send for a copy of our “#EKE 3” 
Catalogue (post free) and compare our prices 
with those of other first-class makers. 


PPP AP APP PLP LPP 


W. F. STANLEY & CO., LTD., 


(Export Dept.)—Great Turnstile, Holborn, W.C. 3213 


“show foome: 280, HIGH HOLBORN, ‘LONDON, W.C. 





MARRIOT T«GRAHAM 


PLANTATION BOILER WORKS, GOVAN, 
Telegrams; Manaiort, G@usseor, GHUEASGO WW, ESTABLIGHED 1968, 
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OXYGEN 


—— THE —— 


KNOWLES OXYGEN C” L” 


Head Office: WOLVERHAMPTON, 
AND AT 3277 
BROMBOROUGH (nr. Birkenhead), 
GUARANTEE ALL THEIR 


GAS 997 PURE. 


Blowpipes and Welding and 
Cutting Plants Supplied. —— 


HYDROGEN 











_ BRUNDRIT — 


PATENT ————— 


Temperature 
Balance 


Ghe 
AUTOMATIC 


CIRCULATOR 
for Marine a Land 


BOILERS 
1600 Sets 


already fitted for 
the Leadin 
‘iteamship Companies 


BRUNDRIT’S TEMPERATURE BALANCE 
is valveless and perfectly Automatic in 
action. It starts working shortly after 
Fires are lighted and continues working 
even under Banked Fires, so long and ag 
often as the Water above and below line 
of fire bars varies in temperature. Can be 
fitted at short notice without drilling or 
structuralalteration. Supplied toall boilers 
of R.M.S.S, Lusitania and Mauretania. 


J emcee Parmer ig DRIT 
14 Water St. LIVERPOOL. 


— SEER 











SrBEexr. CGJASsSsTiIn Gos. 


By Siemens-Martin and Crucible 
Processes of every description. 


TO PASS ADMIRALTY, 
LLOYD’S, BOARD OF TRADE, 
or BUREAU VERITAS TESTS, 
7 


Castings for Railways, Ship- 
building Yards, Engine Works, 
Rolling Mills, Iron and Bridge 
Works, Hydraulic and Electrical 
Machinery, Mining, River Dredg- 
ing, Excavating Work. 


SPECIALITIES: 
Tooth Wheels and Pinions 
used in connection with 
Oranes, Winches, Oapstans, &o. 
Cast-Steel Anchor Heads and 
Dredger Buckets Fit up 
ay . —e _ . Complete. 
SIEMENS-MARTIN AND CRUCIBLE STEEL WAGON AND CARRIAGE:CASTINGS. 


Ww. SHAW & CO., Wellington Foundry, MIDDLESBROUGH, 


Telegrams—** WELLINGTON, MIDDLESBRO’.” ON ADMIRALTY AND WAR OFFICE LISTS. 2784 
London Office—8, Eastcheap, E.C., Representative, A. H. SHARPE. Agent for Scotland—H. M. HARPER, 93, Hope Street, Glasgow. 
ae Agent for Leeds and District—G. G. 8. GRUNDY, 8, Park Square. 
Office for Manchester and Birmingham Distriets, 12, Exchange Street, Manchester. Agent for Hull and District--P. LAWSON, 2, Princes Dock Chambers, 
Representative :—THOS. F. W. DIXON. Agent for Newcastle and District—R. B. FERRY, 90, Pilgrim Street. 


sREEnneeneneenenensesnnnnnnnE 











Edgar 


r 
From Crucible ae 


Co. 
Limited 








a 
Steel 
Works, 
Sheffield 





Allen’s Tool Steel 


is worked with all the skill that has made Sheffield Steel famous. If you want a reliable 

and suitable Tool Steel for any particular purpose, go to the maker who has the ability to 

make such a steel. This ability can only be gained by long experience of supplying widely 
separated markets with steels to suit exactly the requirements of those markets. 


Send your orders to 


Edgar Allen & Co. Limited _ 




















‘ical 
dg: 
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WE WANT YOUR ENQUIRIES ! 
We Specialise in Lathes, Planing « Shaping Machines. 


We have been making nothing but HIGH-GRADE TOOLS for a number of years. 
Our business has been built up on these lines. Repeat orders generally follow ‘the first. 
Catalogue mailed free to bona-fide enquirers. 


C. REDMAN & SONS, DUNKIRK, HALIFAX. 


DAVY BROTHERS, 


Engineers and Boilermakers, 


SHEE EIT EE: TL. DD. 








Telegrams—MOTOR. 


ARMOUR PLATE 
BENDING PRESSES. 


PRESSES FOR PIERCING. 


AND 


DRAWING PROJECTILES. 


BANDING PRESSES. 
(VENIMORE'S PATENTS.) 


SHINGLING PRESSES. 


PRESSES FOR ‘THE FLUID 
COMPRESSION OF STEEL. 


STEAM - HYDRAULIC 
BLOOM, SLAB & PLATE 
SHEARS. 


EuECTRIC BILLET AND 
BAR SHEARS. 


HOT SAWS. 


REELING MACHINES. 


STEAM HAMMERS. 


For Gun and Turbine Drum Forging. 


REPRESENTATIVES: 


NEWCASTLE and DISTRICT: Engineering Dept., HARTLEY & HOPPER, 21, Moseley St., NEWCASTLE-ON-TYNE. 
Boiler Dept., OUGHTON & CROUDACE, Milburn House, NEWCASTLE-ON-TYNE. 

BIRMINGHAM and DISTRICT: R. W. LEACH, 31, Queen St., WOLVERHAMPTON. 

SOUTH WALES: H. B. LEACH, Finsbury Court, Finsbury Pavement, LONDON, E.C. 2881 


6000 TONS PRESS. 








eye b bbe hh 


MAY WE 


HAVE: YOUR 
‘NEXT ENQUIRY. 























Pr PEP DD PD PREP ER OP DBAS 


KIRBY BANKS SCREW 
CO., LTD., 


Meadow Lane, LEEDS. 


Telegraphic Address— 2705 
“HEXAGON, LEEDS.” 
Telephone—541 (Two Lines). 
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MONEL 
METAL. 








lay 
ih |INCORRODIBLE| — 
| BARS |as 
u, |CASTINCS| => 
S FORCINGS| & 
n,| PLATES |S 
St / SHEETS ercl 
saa 
| Victoria Stresr 
LONDON 




















| 





CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


BRASS & COPPER, LOCO & CONDENSER 


eos = 5 =e— 


'GRICE.GRICE &SON tw..2 















PLATES, 025 4.8 BIRMINGHAM. 
, STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders & Boiler Makers’ Machine Tools. 




















KecOuKe 
GRIP, 
GRADUAL 
ENGAGEMENT. 
PERFECT 
(@fe}. Basie) & 


EFFICIENT LUBRICATION. 


NOT 
AFFECTE 


, Paro. K RUPP, Essen & ANNEN, 


} AUGUST RRICHWALD, Ltd, (css sxctex), 






PATENT BEVELLING MACHINES ror snips’ Frames. 


FORGE CRANES, Hand and Steam. 
Sugar Cane Mills. Water Wheels, &e. 


DAVIS & PRIMROSE, 


BANGOR WORKS, 
LEITea, SBDINBURGHa. 






























Manufacturer of Crucible & Siemens-Martin 











STEEL CASTINGS 


FOR ALI. PURPOSES. 
To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. ae 


APPLY TO 2804 


Finsbury Pavement House, Finsbury Pavement, £.(. 





MAE BOTT & GOO. 





Kote Neeaax (BT EYWA7 A ECE), ECB TEM, ooo er. 
WELDED AND FLANGED WORK WEWARK-ON-TRENT, 
OF EVERY DESCRIPTION. EN@GLAND. 





CUSTOMERS’ OWN PLATES WORKED AND FLANGED UNDER ADMIRALTY, 
BOARD OF TRADE, OR LLOYD'S SURVEY IF REQUIRED, 






DEGREASING PLANTS. 














CONTRACTORS yo hey: 
TO THE " 
Y HYDRO’ 
sera CASINGS. 
WAR 
OFFICE, REPAIR 
FIRE -BOXES. 
INDIA 
OFFICE, EVAPORATOR 





BRITISH HELE-SHAW 
_ PATENT CLutcH COL? 
SathersSt. OLDHAM. 














SHELLS. 







BOARD OF 
CUSTOMS, 


CROWN 
AGENTS, 


&c., &e, 


AIR RECEIVERS 






VULCANISING PANS, 
&. 






















064 
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MARSHALL, FLEMING & CO., 


LONDON OFFICE: 301-2, Mansion House Chambers, E.C. 
NEWCASTLE-ON-TYNE OFFICE: 1, St. NicholasgBuildings. 





CONTRACTORS TO THE ELECTRIC;.ana 


ADMIRALTY, WAR OFFICE, &c., &c. 










80-TON FOUR-MOTOR ELECTRIC GRANE. 


ELECTRIC GOLIATH CRANES. 
ELECTRIC WHARF CRANES. 


ENGINEERS, MOTHERWELL. 


HAND TRAVELLERS. 






2973 


LOCO. STEAM CRANES. 



















For Difficult 
DRIVES 


—EVEN when all other 
kinds of flat belts have failed, 
HENDRYS’ new patent Lamin- 
ated Leather BEL‘TING gives 
efficient and satisfactory service... 
Hendrys’ new patent construction 
so increases the flexibility and equality of Driving Grip 
over small pulleys that ‘slip’ is eliminated, and a 
marked economy in transmission of power is effected. 


HENDRY 


L Y FROM A SINGLE STRAND ¥ | 


\ BELTING — 


N FOR QUARTER TWIST and all Special Drives, 
HENDRY BELTING is a well proved success, 

Our experience is freely at the service of Belt 
XN users, Booklet and prices on request, 






























7 James HENDRY 
262 Main St., Bridgeton 
GLASGOW 


c 


Copyright Registered 









“ISHERWOOD SYSTEM 
or SHIP CONSTRUCTION.” 


Suitable for ALL TYPES of Vessels. 
SPECIALLY ADVANTAGEOUS for LARGE PASSENGER & OIL TANK STEAMERS. 





sa ae #: 














Increased Strength. B/ YW y, aay cchell 
Increased Capacity ee 
for Bale Goods. Reduced Vibration. 


256 Vessels Built 











Increased D.W. 


, or being Built, 
Carrying Capacity. Representing about 
Improved 1,154,167 gross 

Ventilation. register tons. 


2769 


Telegraphic Address : 


‘crciameono J. W, ISHERWOOD, 22 2: 


a, L.L.OWTD’s AVENUE, ZLOoNDoW, 21.cC. 
or to S. C. CHAMBERS & CO., 3, King Street, Liverpool. 


































WALLWORK 


WORMGEARS 












LONDON 
OFFICE . 


60.QUEEN J) 
WIRES . 
GAS. LEEDS TZ VICTORIA S? 














BS rOAr eA < 














LARGE STOCK READY 
\ FOR IMMEDIATE DELIVERY 





OXYGEN 


For the wound and weissined of Metals 


British OnygenCo., Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world. 

















Factories in all important Engineering 
centres equipped exclusively with modern 
LIQUID AIR PLANTS PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 




















MANUFACTURERS OF 


Oxy -Acetylene Welding 
BLOWPIPES, 
OXYGEN METAL CUTTERS 


REGULATORS, 
And other Appliances, 










2764 


pus Ges paetieriace eggty to any ef the Company’ 
orks :— 
| any bay Waermineran, 8.W. 


a ‘East Greawwicn, 8.E. 
Fay jeanee Gea . 









Gugar. png Ken Sraset, Manocunsrsr. 
Borp Srasrr (SHIELDFIELD), Newcasrue-on-TYNe. 


Rosexitt Worgs, Potmapiz, GLaseow. 
East Moors, CARDIFF 
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ROBEYT & CGO... Eeerpn., LINCOLN. 


and at 79, QUEEN VICTORIA STREET, LONDON. 
















PATENT UNI-FLOW ENGINE. SEMI-DIESEL CRUDE OIL ENGINE. 


PUMPS 


FOR ALL PURPOSES 


PUNCHING + SHEARING (ia 
‘MACHINES | “4 


JOHN CAMERON, Ltd. 


SALFORD, MANCHESTER. 
STEAM PUMP. Telegrams: ORIGINAL, MANCHESTER. Code 5th Edition ABC, Telephone 2002 Central. THREE-THROW RAM PUMP. 


HIGH VACUUM CONDENSERS. 


Improved Multi-Jet Ejector type for 


STEAM TURBINES. 


LOW CAPITAL OUTLAY. LOW WORKING COSTS. 
| HIGH EFFICIENCY. 


CENTRIFUGAL PUMPS and SPRAY COOLING PLANTS. 
KORTING BROS., Lee Oe enna eee ee 
LOCKWOOD & CARLISLE,Ld. 


EIAGI.EI FOUNDRY, SECEIEEIEIL.D. 











n 

































































Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 
seeree 3 _gthuaane Metallic Piston Packing —_— & es 
| = CARLISLE’S PATENTS. ) Ea 





SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. sul a 
ALL PACKINGS GUARANTEED. 3296 H.P. Rings 7 Spring specially designed for 


igh Steam Pressures. 





Improved Double-action Piston Valve Rings. 
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PATENT WATER-TUBE STEAM BOILERS. 


BABCOCKe WILCOX, Lia 


Over 9,900,000 HP. Land Type, 2,600,000 HP. Marine Type, Installed or on Order. 


WHITE-FORSTER Water-Tube Marine Steam Boilers. 
Joint Manufacturers and General Licensees with J. SAMUEL WHITE & CO., Ltd. 





BSL.BOTRIC CRANE DEPART MIANT : 


Goliath Cranes, Transporters, Portal Cranes, Jib Travelling Cranes, Winches and Capstans, Coal Handling Cranes, Foundry 
Cranes, Ladle Cranes, Scrap Magnet Cranes, Pig Bed Cranes, Section Handling Cranes, Box Handling Cranes, 


Open Hearth Chargers, Vertical Ingot Chargers, Horizontal Ingot Chargers, &c. 





HEAD OFFICES: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 


TELEGRAM8—BABCOCK, LONDON. Works: RENFREW, SCOTLAND. TELEPHONE No.—6470 CITY (8 Linze). 








Telephone No. 300 (2 lines) 


J. P. HALL & 60... OLDHAM. ===== 


EBIMiIiTrEeD, 





1924 


TOTALLY ENCLOSED INDUCTION CRANE MOTORS. 








HOWELL & CO., LIMITED, *scncct.cr reas: SHEFFIELD, 


TOOL 


STEEL. 





HARDENS 
AIR 
OR 
WATER. 
BERANE ere 


NEC RCTURERe “OF = 
ALL SIZES ad ROLLED STEEL SECTIONS 



























L Prom 3’x14" to 24”x74" 
[ From 3”x14” to 15”x4” 
L. Equal Sides 1”x1” to 8”x8" 


U: ] Sides 14” x1” to 
| Unequal Sides 14 of 


L From 4” x2” to 12”x4” 





in weight. 


1”x1" to 7” x3y’ 
Plats from # to 18” 


BLOOMS FOR FORGINGS UP TO 20 TONS poe 
T Prom 6” to 12” Output 15,000 TONS PER MONTH. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 


@ From #’ dia. to 12” dia. 

Heap OFFrice:—LANARKSHIRE STEEL Works, MOTHERWELL, N.B. 
W@ Squares from ¥” to 6” LONDON OFFICE:—-LONDON House, New LONDON Srreer, E.C. 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 




















Slabs up to 14” x 60” and 20 tons 


3” x24" x3" tolo’xayxay” 


NUMEROUS RAIL and 
OTHER SPECIAL SECTIONS 


56 & 70 lbs. per yd. Bridge Rails 
8218 ALWAYS KEPT IN STOCK. 








= 
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ADJUSTABLE CLUTCH WORKS, 

BABBITT-LINED Shipley, nr. nr. BRADFORD. 
SELF- , 

“annie, SHAFT ING, 


with SOLE PLATE. GEARING, 

BELT AND ROPE 
PULLEYS, 
FRICTION 0: RIGID BABBITT-LINED POSITIVE 


SELF-LUBRICATING BEARING, 
CLUTCHES, &c. with ADJUSTABLE SOLE PLATE. 


i. WOOD LINED PIPES. 


ING! 







































MN 
\\ 
N/A! 

F Seamless Steel Tubes or Wrought Iron Tubes with 

\ Wood-Lining pressed in, for Conveying Sea Water. 
| ; 
\ mall NO CORROSION. —— NON - RUSTING. —— NO RRA TIONS. —— BETTER 
\ | THAN COPPER PIPES. - 
\ ¥ INSTALLED IN MANY OF THE LARGEST OONTINENTAL BOATS. 
-_ FOR PARTICULARS AND PRICES APPLY TO:— 3197 
\ THE BRISTOL ENGINEERING CO., LTD., 
Fn n FISHPONDS. = Ise OomMwDs, —nnccanctinaliantnte 








REMOVED 
from Farringdon Works, Shoe Lane, LONDON, to— 


UNION FOUNDRY, DERBY. 


Lonpon OFFICE :— 


175-177, SALISBURY HOUSE, LONDON WALL, EC. 


MAKERS OF GAS ENGINES, 100 to 2000 HP. 


STILLS aDISTILLING PLANTS 


FOR ALL PURPOSES. Od 1448 
——_ Awarded Grand Prix, Franco-British Exhibition, London, 1908. . __ 


Pe Se 


ALL MODERN APPLIANCES, — 


Including ELECTRIC, eames & OXY-ACETYLENE PLANT. 
THE 


QUICK REPAIR 
SHIPS, ENGINES, BOILERS. 


Builders of all Classes of 


VESSELS up to 300 ft. 


INCLUDING 3161 


HIGH-CLASS HOPPER GRAB DREDCERS. 


On Admiralty and War Office Lists. 




















































VIEW SHOWS OUR FAVOURABLE POSITION FOR QUICK DISPATCH. 


“Se. == DUBLIN DOCKYARD CO?” “austin. "=: 
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|JOHN SPENCER & SONS, Lumen. 


NEWBURN STEEL WORKS, NEWCASTLE-ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE : Collingwood Buildings. LONDON: 82, Victoria Street, Westminster, S.W. 


Contractors to Admiralty, War Office, Indian States, and Foreign Governments. 


MANUFACTURERS oF STEEL BY THE SIEMENS- 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 
STEEL FORGINGS, STEEL CASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED. 














SE RIN GS. —Laminated, Volute, Patent Improved Volute, Conical, Spiral. 5836 
BOE EEEtS.—Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 


_FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 








| JOSEPH KAYE & SONS, Ltd, 


Managing Director - - - W. K. KAYE, M. I. Mech. E. 


MAKERS OF PATENT AUTOMATIC CARRIAGE 
DOOR LOCKS, LATCHES, HANDLES, &C. 


Recent Orders and Contracts from the 

















North-Eastern Railway (including Royal Saloon). South-Eastern and Chatham Railway. 
Great Northern Railway (including Royal Saloon). Midland Railway. 
: London and South-Western Railway. Great Central Railway. 
Lancashire and Yorkshire Railway. Great Eastern Railway, &c., &c. 
Railway Engineers and Carriage Superintendents are Invited to visit our Showrooms at _ 





| 93, HIGH HOLBORN, LONDON, W.C. swnsi'‘f*izeos_| 


























BRAKES 


HEENAN & FROUDE, LTD., 


WORCESTER. 





“FROUDE” BRAKES TESTING DIESEL ENGINES. 
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LARGEST =. OF CAST IRON TANKS 


- — * RANOH OFFICES :— IN Tae EE INGDom. 
"Brook House,” 10-12, Walbrook, LONDON, E.C. 33 > Tay. ae a 
Grosvenor Buildings, Deansgate, MANCHESTER. | 
60a, Lord Street, LIVERPOOL. pass 
Moorhead, SHEFFIELD. 2062 | 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED i 
and ERECTED ANYWHERE. rF 


DRAWINGS, SPECIFICATIONS ano ESTIMATES | 
GIVEN UPON APPLICATION. ~ | 


Contractors to the Admiralty, War Department 
ané Crown Agents ! for the Colonies. 


= a AMS :— _ Nanoxay 3 = cee ign aol 708 L ee ee NN LOTR RNR NR CR ee SO Son RAS ROM 
, SHEFFIELD. 


NEWTON, CHAMBERS & CO., ‘iittt" SHEFFIELD, 


STEAM PUMPS 


We hold LARGEST STOCK of any Manufacturers 
in the WORLD. 


JOSEPH EVANS & SONS, 


(WOLVERHAMPTON), Lrtp. | 


CULWELL WORKS —.. 
































































































WOLVERHAMPTON. 
Catalogue Telegrams :—“‘EVANS, WOLVERHAMPTON.” 
ey ae | eviction. +~LONDON:—Salisbury House, a9 
THE “CORNISH” STEAM PUMP, for general purposes. London Wall, E.C. 








WALKER ESERLOS. (Wigan), Harn. 
AIR COMPRESSING and BLOWING ENGINES, 


witH LIGHT DISC VALVES to NEW PATENTS. 





Wilde & Petrie’s 
Patent Overwind 
and Overspeed 
Controller. 


A PAIR OF COMPOUND CORLISS TWO-STAGE NES. 
AIR COMPRESSIN F Y' T -EXP, E 
. , : ' OUR-CYLINDER TRIPLE-EXPANSION DRIVING ENGI 


“INDESTRUCTIBLE” TYPE WHETEILATIENG E*a ss (or Steam or Hectric Dritit 
Winding, Hauling and General Mining Machinery. 


PAG rRoOoMwokhkEs, WwiGawm. 7219 NHW BROAD STREMT HOUSE, =.-C- 
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j TUBES LIMITED Li 


WELDLESS TUBES for BOILERS and STEAM PIPES, 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
4 Works: ASTON MANOR, BIRMINGHAM. <x Tele{ Sheme: Nov yr he 72 E (4 lines) — 


THE “TURNER” OIL ENGINE 


STATIONARY or PORTABLE, 
For Driving 


AGRIGULTURAL MAGHINES, ELECTRIG LIGHT PLANT, PUMPS, &e. 


ECONOMICAL. DURABLE. EFFICIENT. 
Works without Lamp on @e Meetost or no Load. 























Send for Catalogue and further particulars to the Makers :— 


BR. & F. TURNER, Lid. (132), IPSWICH. 
THOMAS HUDSON, Ltd., 





























SOLID WELDED STEEL 
ANGLE RINGS up to 












6” x 6” x 1%”, SHEEPFORD BOILER WORKS, 
K. for SOA TBHRiI DG, NW.B. 
Condensers, 


Boilers, &c. 






ESTABLISHED 
1870. 


Makers of High-class LANCASHIRE and CORNISH 


BOILERS wp to 200ibs. WP. se, ON ADMIBAUPT LIST ne nn | Som was OWPIOR LAST. 














PORTABLE REVOLVING & SLIDING WORK TABLES 





MARKING-OFF 
TABLES. 


MADE IN ALL SIZES. 





Enquiries Solicited. 


CAMPBELLS & HUNTER, D2: 2: LEEDS. 
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NORTH BRITISH LOCOMOTIVE CO., L™. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.). (Late DUBS & CO.). (Late SHARP, STEWART & CO., Ltd.). 


ADMINISTRATION BUILDING, 110, FLEMINGTON ST., SPRINGBURN, GLASGOW. 


LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LOCO. CLASCOW. 



















BUILDERS OF ALL EINDS OF 2114 


LOOOMOTIVE ENCINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. | , 


Annual Capacity : 700 Main Line Locomotives. Workshops Equipment : 8000 Men. Output now exceeds 20,000 Locomotives. 





THE LARGEST LOCOMOTIVE works IN pUROPE 
HANVERCHE MAGCHTNENBIU ATIE GESELLSCHAFT male GEOR EGESTORF, | 




















HANNOVER -LINDEN, GERMANY. 


ESTABLISHED 18365. OVER 6900 LOCOMOTIVES BUILT. 





Broad and For all N 
=" LOCOMOTIVES «=: 
Gauge 

Main and Branch Lines, Tramways, Plantations, Collieries, Contractors. 


LOCOMOTIVES for SUPERHEATED STEAM. Fireless Locomotives. 
STATIONARY ENGINES, PUMPS, BOILERS. 


Cable Address: HANOMAG HANNOVERLINDEN, GERMANY. 2688 
MIKADO LOCOMOTIVE, ARGENTINE STATE RAILWAYS. ENGLISH REPRESENTATIVE: JAMES HALCROW, 18, COLEMAN STREET, LONDON, E.C. 


SOUND SIGNALS | ESRI )|| evens, vicestons, MUSCRAVES 


THOUSES PRESSES For 


STEAMERS, LIGHTHOUSES, FIRE ALARMS. 
Fish and Offal, 


Sounded by Steam’ or Compressed Air. 
Slaughterhouse Offal, etc. 


BOILER MOUNTINGS. GOODALE” : DRYERS for a 


ADMINA| LTV CONTRACTORS, 














cee 









































q Animal, Mineral and 
SYDNEY SMITH & SONS, L™. se y, “GAS Vegetable Material. 
Basteré Brass Werks, = r AMERICAN PROCESS CO. 
NOTTINGHAM. M . " 
Telegrams : Surrn’s, Norrivenam. Cable: A B © Code. iy CO! l; EKY Lh \ 1S. Catalog “ E.” aver? a" wn: 
Send for Sound Signal Catalogue. 
= = 
Tr = = 
HUNSLET ENGINE GO., Ltd, } . 
LEEDS. 
MAKERS OF 


LOCOMOTIVE ENGINES 


ADAPTED TO EVERY VARIETY OF WORK AND GAUGE 











Designs and Specifications supplied 
or worked to. 


Quotations and Specifications on 
application. 








2840 











Telegraphic Address: “ Exerne, Laeps.” 
Telephone ; Nos. 3480 to 3434 inclusiv® 
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MANNING, WARDLE & CO., Ltd., scunWorxs, LEEDS, 


Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Design 
sent on receipt of particulars ef requirements. The “‘A BO” and “ The Engineering Telegraph Codes” used. Od 2486 


KERR, STUART 80. 


LIMITHD. 
WORKS : 
STOKE-ON-TRENT. 
: OFFICES : 


5, BROAD ST. PLACE, E.C. 





All Communications to 
London Office. 2456 











e SPEGIALITY s—Patent Double-Header Wrought Steel 


‘| Steam Superheaters 


For Lancashire, Cornish, and all types of Water-tube Boilers, 
Tubes evenly distributed. 


all NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
s of WITHOUT DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE 





ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


won eontte acne MePHAIL & SIMPSON, Ltd., Wakefield. 


LARGE ECONOMY IN FUEL. POWER PLANT EFFICIENCY INCREASED. Londen Gites: pusaeRY PAVEMENT HOUSE, £.0. 


R. & W. HAWTHORN, LESLIE & CO., LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, dc, 

















Telegraphic Address: ‘‘ Locomotive, NEWCASTLE-ON-TYNE.” ESTABLISHED 1817, 


MARINE ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON-TYNE. 2968 


woe oves. W, @, BAGNAL 
Sanctuary House, 33, Tothill Street, s = 


Westminster, S.W. 





TD. HEAD OFFICE 
and WORKS: 


Stafford, England. 








Highest-class {Workmanship and seohertal 
BUILDERS OF 
TirPne STEAM, PETROL and ELECTRIC 
ING TRUCKS, SUGAR LOCO M OTIVES LIGHT RAILWAYS, 
Cc 
ANE aad other SPECIAL WAGONS = nat Ba ie late SWITCHES, TURNTABLES, 8'c. 
—— Speciality: -MAFROW -GAUGEH tocomo TT zIvVvas. 651 





Oodes used :—“ Enginccring,” “A BC,” “Bedford MoNeill's” and “ Wostern Unien.” Telephone :—No, 15, Sutegramne+-Bngnall, Stafford, 
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TheClay Cross Company, L'*»Clay Cross, Derbyshire. 


Telephone :—147, CHESTERFIELD. 


Telegrams :—JAOKSON, OLAYOROSS. — HSTABLISHAD 1837. 
MAKERS OF MAKERS OF 
STANDARD - TYPE— SECTIONAL-TYPE— 


STEAM 
SU PERHEATERS 


= =O RE= 


STEAM BOILERS. 


FUEL 
ECONOMISERS. 


SAVING IN COAL from 
I5 to 25 per cent. 


ia Utilising the Waste Heat in Flue Gases. 


DROP FORGING PLANT 


For THE PRODUOTION OF ALL C.aAssEes OF Drop Forainas. 


BRETT’S PATENT DROP HAMMERS FOR BELT OR DIRECT MOTOR DRIVE 


ConTro.t sy HAND Lever. ECONOMICAL IN Power. 
SimPLe in CONSTRUCTION. LIFTERS CAN BE APPLIED TO ExisTina STEAM OR Kick STAMPS. 


STEAM DRIVEN DROP HAMMERS 
Parent Dousie AoTiINa VALVE FITTED WHIOH UTitises EXHAUST STEAM. 
lurrere Hia@HLY EFFiolieNT. 609 


FORGING HAMMERS FOR GENERAL WORK 
Anvit BLoox PLaogp DIRECT ON CONCRETE, Max. Errioisnoy oF Brow OBTAINED. 


OIL OR COKE FURNACES, PRESSES, &c. 


BRETT'S PATENT LIFTER CO., Lr. 


COVENTRY, Eng. 25,8, tecwt. Motor-Driven Hammers. 

















Crow’s 
Patent. 





A, eP. W. McONIE 


GOVAN, Glasgow. 





MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
2 oe Bi REOR ses pa ee ACCUMULATORS, RIVETTERS, AND 
Bar PA eo Reeling am Polishing Machine. ' ‘2 ae ALL CLASSES OF SHIPBUILDING TOOLS. 



































— = 
| SUSPENSION BULB FURNACE 330 
BOARD OF TRADE BOARD OF TRADE 
susPENsiON PUL conse Sah Res 
} 15,000. 14,000. 
The HIGHEST 
STRONGEST FACTOR of SAFETY. 
FURNAGE UNIFORM 
MANUFAGTURED. _ = 
GREATEST DIAMETER OF FURNACE HALLETT, 70, FENCHURCH 
EVER OFFICIALLY TESTED TO | 5 li 20 
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THE STEEL HELICOID” GQ ie 2: ine. 
l ocicnut G2: BAYLISS, 








Sample Mut JONES AND BAYLISS, tty 
— 2778 WOLVERHAMPTON. 


LONDON OFFICES AND SHOWROOMS, 139 and 141, Cannon 8t., E.C. 


: i k Machinery Manufactory, 
2 uc e Eilenburg 208, near Leipzig. 
MACHINEER® for Knee-lever-Presses, Hydraulic Presses, 
Lime sandstone works _ :: and all Auxiliary Machines for the entire 
Cement roof-tiling works artificial stone industry, ball-mills, pan- 


Granitoid slab works 33 mills, mixing machines, grinding 
Ironslag briquetting plant machines, brass-filling moulds (patterns). 


RAW CEMENT PRESSES. PIPE MOULDS FOR MAKING CEMENT PIPES. 


Quarry and Sorting Plants. 


Process for producing highly-polished cement tiles. 


z — 85 years’ experience. 3131 
nNumerous Patents. Sample Patterns. Plans of Works and Manufactories. Information gratis. 
Represented at the INTERNATIONAL BUILOING EXHIBITION, LEIPZIG, from MAY 
to OCTOBER, 1913. STANDO-MACHINERY HALL I, No. 773. Telephone No. 6134. 























FOR Alm PURPOSES 


WATER TUBE ING 


DISTINCTIVE PEGPECT CIRCULATION, LARCE WiTER STORAGE 


AMPLE STEAH SPACE, DRY STEAM, 
FEATURES J qeéan HEATING FURNACES, Shiite IN SPACE, WELHT ETF 





extremely well” USERS heating surface 13 very 
Supply another igh in comparison with 
simtlar in every SAY! most types of Weter-Tube TESTIMONIALS 


‘Boilers working WHAT 3 UNSOLICITED 
A 





respect to last Borlers & the sfeom produced 
large one” 


- 





2] me cea | ea aly : 





a 43 practically dry.” |, 
The boilers you sent Seine All guarantees 


out are giving absolute ore fulfilled in actual 
sonsfaction in every working ” 


respect” 


A QUICK-STEAMING PLANT — SUITABLE FOR EXPORT. 


vce? TOMAS BEEREY & SON bt? MYDE. ce 




















ON ADMIRALTY, WAR OFFIO:, AND INDIA OFFICE LISTS. : 
Registered Trade Marks. 


7@ fava ee= 
THE DELTA METAL CO., LTD., == 


Delta Works, East Greenwich, London, S.E. = at Birmingham). 


HIGH-CLASS ENGINEERING ALLOYS 


Castings, Forgings, Stampings, Rods, Sheets, Wire, Tubes, Patent Extruded Bars of any Section. 


COPPER, BRASS, NAVAL BRASS, YELLOW METAL, RED METAL, SILVER BRONZE, MANGANESE BRONZE, 
PHOSPHOR BRONZE, ALUMINIUM BRONZE, WHITE ANTIFRICTION METALS. 








244 
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SILENT and EFFICIENT TRANSMISSION. 


Worm Gear for Power Purposes. 





** DAIMLER - LANCHESTER” 
(HicH EFFICIENCY) TYPE. 


EFFICIENCIES OF 
96-97 % certified by 


NATIONAL PHYSICAL 
LABORATORY. 





o «. Be © «@ 


CovENTRY. 











Lift PMakers wir S 
By Special Appointment ge vs 


WAYCOOD 


To Wis Majesty 
the King. 


ELECTRIC, PASSENCER, 
HYDRAULIC, cooDs, 
HAND POWER SERVICE. 


WEAR WELL ann LAST LONG. 


CATALOGUES AND ESTIMATES FREE. 8174 


R. WAYGOOD & CO., Ld., DEPT. £3, Head Office& Works: Falmouth Rd., S.E. 





















HILL’S AUTOMATIC 
SAW SHARPENER 


as shown and demonstrated at the 
Engineering Exhibition, OLYMPIA. 


PRONOUNCED TO BE THE BEST ON THE 
MARKET for SHARPENING COLD SAWS. 


PIONEER OF COLD METAL 
SAWING MACHINES 


(Flush Side System). 


SEND YOUR ENQUIRIES. 


28 YEARS’ EXPERIENCE IN COLD SAWING 
AT YOUR SERVICE. 2794 





ST. GEORGE'S ENGINEERING, MALLEABLE 
IRON and STEEL WORKS, 


Woods Lane, DERBY. 


SOLE PROPRIETOR ;— 


JOSIP Exit. xX., 
M.I. Mech. B., Member of the Iron & Steel Institute. 


TWISTED DRILLS 


HIGH-SPEED QUALITY 


(PATENTED.) 
TAPER OR STRAIGHT SHANKS. 

















| cONQUEROR 








% 


Test 

them against 
the best Milled drill, 
and then compare our 
discount with what you pay. 





A Sectional Bar is twisted hot. Drills 
are ground with same precision as 
Milled Drills. Shanks are a 
perfect fit in Morse 
Socket. 








* 


MANUFACTURED BY 


J. Beardshaw & Son, Ltd. 


Baltic Stee! Works, SHEFFIELD. 
2742 LONDON OFFICE : 88, Victoria Street, Westminster, 





=ULSuEDS Patent 
Stop Valve 


NO RE-GRINDING. 


N Only Wearing Part is the SEAMLESS 
"1 COPPER RING which can be REPLACED 
41 without Tools in a few minutes WHILE VALVE 
IS IN POSITION. 


a 6 APPROVED BY THE ADMIRALTY, 
| Used by most English Railways for its 


ECONOMY. 


WRITE FOR FULL PARTICULARS AND PRICES. 












THE uLBuRD ENCINEERING ce F 








3104 


& 5 
St. Benet Chambers, Fenchurch St. E.C. 











BOILERS. 


All classes for Marine Work: Water-tube, Return 
tube, Vertical and Horizontal Multitubular. 


IN STOCK READY for IMMEDIATE DELIVERY 
with or without engines. on 


MOTOR BOATS & STEAM LAUNCHES IN STOCK. 
VOSPER & CO., Ld., Portsmouth 











— STANDARD — 


HIGH-SPEED GAP BED LATHES. 


Self-acting, Sliding, Surfacing and Screw-cutting. 








ALFRED J. NEW, Ltd., ooinccns, HALIFAX. 


Write for Specifications and Prices. 


ALFRED PHILLIPS « CO. 


ATLAS WORKS, 


rir TON. 
CHAINS 


Speoiality :— 


SLINGS 


of all types. 
HOOKS, SHACKLES, SWIVELS, 
WACON COUPLINGS, STRETCHING SCREWS. 
Reasonable Prices, Prompt Delivery. 


Over 30 years’ Practical Ebrperience. 
ASE FOR LIST BH 8. 81% 








High-class 




















= aa i| 
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I 








THE GRANTHAM BOILER & CRANK CO., _ 








Ditties GRANTHAM. 
e STEAM BOILERS (oral types 
Vertical, 
Portable, 
Cornish, 
88 Colonial, 
ED “Field” Tube, 
VE and Loco. 
a a 
TY. Air Receivers 
a _ineo 
Feed-water 
a Heaters. x 


On Admiralty List. 





Beldam’s Patent “V”" Pilot Packing 


for or 
Steam Water 
29388 





THE BELDAM PACKING & RUBBER 6O., 


1 & 2, Gracechurch Street, London, E.C. 
Tel. No.: Avenue 5204. Telegrams: ‘‘ CORRUGATED.” Code, A.B.C., 5th Edition. 

















Maschinen- und Armaturenfabrik 
: vormals C. Louis Strube, 
a Aktien-Gesellschaft :: Magdeburg-Buckau. 


ESTABLISHED 50 YEARS. 









Stroke and Revolution Counters, 


Portable Speed Indicators, for 1, 8 or 4 ranges 
of speed. ‘‘Cutting Speed” indicators, 


STATIONARY SPEED INDICATORS, 
SPEED RECORDERS, 


vertical or horizontal, with or without “6 figure” 
revolution counter. 


Sole Agents for Great Britain and Ireland 
Illustrated Catalogue and Prices and British Colonies— 
on application. R. KAHLE & CO., 22, Fenchurch Street, 











Wm. MUIR & Co., 


LIMITED, 
Sherbourne St, MANCHESTER, 


Teleg. Address: “ Britannia, Manchester.” 
Telephone No. 529 (City). 





SPECIALITIES . . 


SLOTTING 
MACHINES 


(PATENT) 
Gin. te TZing HK 


BORINC.& SURFACING 
MACHINES satcrnat spinate 


SEND FOR SECTION CATALOCUES. 











This represents 72 in. Slotter. 














Contractors to H.M. Government, India Office and Colonies. 


‘ 


2 5 
ay 
[acm 
\ 
a \ 
nk ae 
“ y > ' 
rit Waa 


STEAM ENGINES 


Condensing, Non-Condensing and Compound. 


Also fitted — Piston Valves for high-pressure 
Superheated Steam. 


VERTICAL ENGINES & BOILERS 


Combined or Separate. 


2872 
LT. & R.LEES, evonecers, 
Za, ‘OLLINWOOD, Nr. MANCHESTER. 


jn Telegrams—*' Lees, Hollinwood.” Ce re bn Al, 
Telephone—No. 16, Failsworth. | ABC, and Private. 


< 




















MARINE *"¥ 


KELVIN 


FULL SPECIFICATION From THE MANUFACTURERS— = °877 
THE BERGIUS LAUNCH & ENGINE C0., Dobbies Loan, GLASGOW. 























BEST QUALITY | tess 


test of time.” 


| 


TAPS, 
STOCKS 
_&DES— | 

















JOHN H. WIDDOWSON, 


16 years Manager at Six Josera Warrworts’s & Co, 
ESTABLISHED 


1876, 





Britannia Street, 
2824 Ordsa! Lane, 
Salford, Manchester. 





















HENRY WOOD @ CO., Ltd. 


SALTNEY, Near CHESTER. 


CHAIN AND ANCHOR MANUFACTURERS, 
Works adapted to make up to the LARGEST SIZES. 
LARGE MOORINGS A SPECIALITY. 
BATTLESHIP’S CABLES and GEAR. 
Forgings, Crane Chain, Chain Slings, and all kinds of 
ANCHORS, MOORING and CABLE GEAR. 


WOOD'S “VIKING” STOCKLESS ANCHOR. 


Standing Contractors to the British Admiralty, Trinity House and Public 
Bodies, and Contractors to all 








FOREICN COVERNMENTS. 8198 
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'~? ELectric 
TRANSPORTERS 
and RUNWAYS. 


———_-oS---—- 





Coal Handling 
a Speciality. 


STRACHAN & HENSHAW, LTD., 
BRISTOL. sau 

































EDUARD LAEIS & C0., G.m.b.H., Trier 0/ Mosel 20 


Machine Works and Foundry. (many). 


HYDRAULIC DOLOMITE 
BRICK PLANTS. 


Machines for Stamping Convertor Bottoms. 
CATALOGUES & ESTIMATES. 






























Vi wT 
Valve 
is always “PAT,” _ 


and the quickest action Valve on the market. 
A Valve of quick action and easy manipula- 
tion—this describes the ‘‘Pat” Valve. One 
swing of a lever opens and closes, and there 
is a full free way for the steam. Every boiler 





should be fitted with ‘*Pat” Valves. 
Learn more about it by writing for 
information to— 


PAT 


Valve 


WALLACH BROS., Limited, 
17, Finsbury Square, LONDON, E.C. 
















The Mason 
Reducing Yalve 


FOR 


STEAM WATER & ATR. 


This Valve is designed to reduce and main- 
tain an even steam or air pressure, regardless 
of the initial pressure. It will automatically re- 
duce boiler pressure for steam-heating coils, 
dry-rooms, paper-making are slashers, 
dye-kettles, and all places where it is desirable 
to use lower pressure than that of the boiler. 


25,000 


Of these Valves are in use on the Railroads of the United States, 
SEND FOR CATALOGUE. Od 285: 


The Mason Regulator Go., Boston, U.S. A, 


LONDON. COPENHAGEN. ANTWERP. 
147, Queen Victoria Street.  Gothersgade, 155. 88, Rue des Peignes. 
SYDNEY: 74, Clarence Street. MELBOURNE : 435, Bourke Street. 

































METAL WORKING» 


) MACHINERY « 
- JOHN HANDS & SONS‘ 


CARDIGAN WORKS . 
tao OIRMINGHAM. 


EGRAMS MACHINERY, BIRMINGHAM, 





THERMOMETERS 


RECORDING. 





0° to 1800° Fah. 
ALL TYPHS. 


CAPILLARY TUBING, 
Up to 50 yards from Source of Heat. 


ENGINEERING SUPPLIES, Lto., 
28, Victoria Street, LONDON, S.W. 
Telegrams: ‘ 





PROELLS, LONDON,” 








FULLY PATENTED, 


for showing at a glance the efficiency ot 


STEAM TURBINE CONDENSERS. 

















graduated Inches in ,,ths, Percentage of 
perfect Vacuum and Pounds pressure. 
Sensitive and accurate readings. 


Full Particulars from the 
Sole Makers and Patentees, 


BRADY é MARTIN, L¢. 


Scientific Instrument Makers, 


NEWCASTLE-ON-TYNE. 


TRB BeOMmETEES 
for Superheaters, Condensers, Coke Oven 
and Producer Gas Plants, Boiler Flues, 
Furnaces, &c, 

COMPLETE LIST ON APPLICATION. = 3130 


CS RR. Reais i 


Ay ee RG Tee ee 

















LEIMAN BROS. ROTARY 


BLOWERS 
and VACUUM 2s 


& TAKE UP THEIR OWN WEAR 


m loz. to 10 lb. pressure 
1 to 20in. Vacuum. 
im 2 to 338 cubic feet per minute. 
Used with Oil and Gas fagiioeem, a 
Sand Blasts, Milking Machines anc 
VACUUM CLEANING. 


Blower Catalogue No. 145. 
Vacuum No, 146. 


2 ax, John St. 
LEIMAN BROS., “New york. 
Ex@Lanp—Thos, Ashton, Ltd., Sheffield. 
Avustria—White, Child & Beney, Vienna. 
% IraLY—White, Child & Beney, Milan. 


Reliable established firms wanted as —_— 
in other Countries. 27 














Telephone No. ; 1565; VICTORIA. °§ 










Sit 








The movable scale by rack and pinionis ° 
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The SCHMIDT SUPERHEATER for LOCOMOTIVES 


More than 22,6'7©0O fitted on over 4220 fallways. 
AS ADOPTED BY THE LONDON & NORTH-WESTERN RAILWAY. 


SOHMIDT’S SUPERHEATING GO. (1910), Ltd., 28, Victoria Street, WESTMINSTER, S.W. 

















(= 




















Many Unique Features 


are embodied in the design of our Air 
Compressor, which enable us to make 
(and prove) the following claims :— 


Higher volume of air delivered per HP. than with any 
other types. 


This high efficiency is maintained during almost the — 
entire useful life of the Compressor. & 
f 
\ 
\ 


It requires less attention when running, and practically 
no attention from the repair department. 
Engineers in search of plant to give a continuous X ’ 
supply of Compressed Air, at low cost for power 
and upkeep, should write us for particulars. 
































Alsc Hyatt Roller Bearings for Shafting, 
Trucks, &., and Michell Thrust Bearings. 
Telephone—93, HIGH WYCOMBE. Telegrams—BROOM, HIGH WYCOMBE. 3039 


Engineering Works, 
— High Wycombe. 














‘LAMRIC’ 


WASHER 


As supplied to the Admiralty. 





Is 
Mechanically 
Sound, 


The Only 
Absolutely 
Reliable 
Washer. 


is Self-Fixing, 
and Cheap. 





Particularly recommended for use on Motor Cars, 

Marine Motors, Aeroplanes, Weaving and Spinning 

Machinery, Railway Rolling Stock, Printing, Mining 
and Agricultural Machinery, &ce. 

Can be had in all sizesfrom } in. upwards. Special prices for large quantities. 


We can arrange to supply these Washers —e 
by a patent cold process, at slightly higher prices 


MOTOR CONTROL 
\CEAR_ 











soe iN deat tc Se “AV aris FIRST CLASS 
The Harvey Spring Lock WasherCo.Ld., ft) = “ADAM’S IGRANIC’ 


Norfolk House, Laurence ppemeney Hill, London, E.C. 
Telegrams—“ Arveleecom.” ‘Phone 5400, City. » ADAMS MANUFACTURING Co., Ld., BEDFORD & LONDON, 
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J. TOMEY & SONS Ltd. 
,' EUREKA GAUGE GLASS —Losvow Orricn 


AND WAREHOUSE: 


5, Excuanes 
PARADE, 1457 


SouTHWARKST, 


) 
I NOHRM. Lonvon, 8.E. 






IR 


AILSA SHIPBUILDING C0., 


LIMITED, 
Shipbuilders, Engineers, 


and Repairers, x55 
TROOMWN and AYR. 


See Displayed Advertisement last week and next week, 


MOLLER PATENT DUST 
PROOF AIR FILTERS, 


See Advertisement page 86, May 30, 
Sole British Representative, 2610 


Ex. RR. WwikrincG, 
41, Berners Street, London, W. 


THE STEEL PIPE CO. 


LIMITED, 3289 


KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 
EAA NWAMNW’s 


NON-CONDUCTING COVERINGS 


are the best for 
Boilers, Steam Pipes and all Heated a... 


Special Cork Coverings for Refrigerating Plant, &o. 
Armacu Works, Bow, Lonpon, E. (Phone, East 3485). 
Gr. WELLINGTON St., GLAscow. (Phone, 2063 South). 


M. A. N. Co. 


CAXTON HOUSE, WESTMINSTER, 8.W. 
Makers of Large 


NUREMBERG GAS ENGINES 


3229 


M.A.N. DIESEL ENGINES. 


See Illustrated Advertisement, June 20. 


SHIPBUILDERS. 
MARINE ENGINEERS, 
SEE DISPLAYED ADVERT. ALTERNATE WEEKS. 


CRABTREE & Co., Lro. 


GREAT YARMOUTH. 


ENTWISLE « CASS, Ls, 


For GEN Taireaat pumps, 
AIR COMPRESSOR 
OLUTCHES, ‘GEARING 
BLEACHING, DYEING & PRINTING 
MACHINERY. 
JOHN SPENCER, Cl io 


8167 WEDNESBURY. 
IRON & STHHL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 


HALL Pumps 


FOR ALL CLASSES OF BOILER FEEDING, &c., &o. 


J. P. HALL « SONS, L? 


PETERBOROUGH. 



























































HUBNER & MAYER’S PATENTS 
The isolating devices have proved effective in 


SSS Cases of ACCIDENTS 


to > boilers, steam | steam pipes, or engines, whilst also 
acting as ordinary stop valves. Nickel seats. 


Suitable for highest pressures and superheated 
MANY THOUSANDS IN USE. 
THE H. & M. VALVE LEADS ALL. 
Beducing Valves. Feed Water Meters. 


Steam Traps. 
Engine and Boiler Fittings Manufactory. 


Hubner & Mayer, Vienna, IIK/t 


For England and Colonies :— 
T. SUGDEN, Ltd., 180, Fleet aie 
LOND ON, E.C. 





STEEL COMBINED STOP AND ISOLATING VALVES 


over 

















Aerial Ropeways with Our Patented 





*“*Double Bogie Four-roller Trucks "’ 


Inclined Blast Furnace Chargers, Pohlig System. 
A EIS EEN URS SRERE RIS 
er For the Colonies: R. E. COMMANS, 


Queen Street Place, London. 
For the United ae : VEITHARDT & CO., Ltd., 
26-27, Bush Lane, Cannon Street. 








yok EIGN 


See Advertisement, page 9, 
June 6, and next week. 


McLACHLAN & CO., Ltd. 


DARLINGTON. 
Builders of Railway Wagons of all kinds, 


COLLIERY AND MINING TUBS. 
CONTRACTORS’ PLANT AND FORGINGS. 
Wheels and Axles, Turntables, &c, 2842 
LONDON OFFICE: 110, Cannon 8St., E.C, 


MITCHELL-WILLIAMS PATENT 


LUFFING CRANES. 


HIGHEST SPEEDS & EFFICIENCY. 


GREATEST SAFETY. 


The MITCHELL-WILLIAMS CRANE Co, 
98, Leadenhall 8t., LONDON, E.C. 24% 


WATER TURBINES, PIPE LINES, 
TURBO PUMPS, TACHOMETERS, 

FLEXIBLE COUPLINGS, .;,, 
GOVERNORS, (Jahns’ Patent), 
BOVING & CO., LIMITED, 


9}, Union Court, Old Broad Street, E.C. 


WATER POWER. 


Complete HYDR. INSTALLATIONS and — 
SPECIALITIES built by 


ESCHER, WYSS & (C0., Engineers, 


108, Victoria St., WESTMINSTER, S.W. 

















See Illustrated Pet dare pct 34, June 6 








WATER COOLERS. 
BRICK MAKING MACHINERY. 


C. WHITTAKER & CO., Ltd, 


ACCRINGTON. 3043 


See Large Advertisement last and next week. 


SHAFTING & MILL FITTINGS. 


See our Advertisement last week. 








1762 


C. F. CARVER, Ltd., 


Alfred Street Mills, NOTTINGHAM. 


MUFFLE FURNACES 


FOR 
ASE HARDENING, TOOL HARDENING, &e. 


E. J. STUART, A. A.M.I. Mech.E,- 
20, Westminster Palace Gardens, Victoria Street, 8.W. 











BULLIVANT 2. 6O., L” 


Stee! Wire Rope Makers, 
BULLINAnT's AERIAL ROPEWAYS, pe 


, MARK LANE, LONDON, E.C, 


Works: nein. E. Tele.: 2b: 




















ENGINE 


GOVERNORS 


Accurate. hly a 
Retibie 


mene oo to 12 mr in onal 
rite for New List No. 


H, HOLLINGDRAKE & SON, LTD., 
STOCKPORT. 


Estbd. 1814. 











W. SISSON & CO., LTD., 











—_— 





“SISS0 > WATER-TUBE 
BOILERS 


For Marine 
or Stationary 
Purposes. 


FULL PARTICULARS ON 
APPLICATION. 





Telegrams :— 





GLOUCESTER, 


“tenia es 


2605 
4 “SISSON, GLOUCESTER.” 

“at Telephone :—No. 57. 
Cable Code:—ABC, Sth Edition. 


FERRANTI! LTD 


Central House, Kingsway, LONDON, W.C. 
ELECTRICAL SWITCHGEAR, 
Instruments, Heating & Cooking Apparatus. 


TRANSFORMERS and METERS, 


Write for H/G Lists. 





EVERYTHING 


OXY-ACETYLENE WELDING 


IWAN, WILD & CO 


HURST STREET, BIRMINGHAM 


ELEGTRO-MAGNETIO 
CHUCKS 


FOR ACCURATE GRINDING. 


RAPID MAGNETTING MACHINE CO., Lid, 


CRESCENT, BIRMINGHAM. _ % 


WATER SOFTENERS, &. 


APPLY TO— 


The Harris Patent Filter (1910) Ltd. 


24, Grainger Street West, 























NEWCASTLE-ON-TYNE 














zp 1.  }§;§;q #& i=! 
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JOHN GRIEVE & CO., crane suiers, MOTHERWELL. 








OF ALL TYPES, 
BLECTRIC, 
EYTDRAUCLIC, 2971 


STEAM. 


DIESEL OIL ENGINES HIGH CLASS STEAM LAUNDRY MACHINERY 


Full particulars from 


Consolidated Diesel Engine ecetenedt WATER SOFTENING PLANTS. 


General Buildings, Aldwych, London, W.C. 


Telegrams: Dieselben, London. Tel.: City 2245 (3 lines) 




















CATALOGUES FREE. 


GLOVER & HOBSON, Ltd., 


ENGINEERS, Albert Ironworks, CHELMSFORD. 


LONDON OFFICE AND SHOW ROOMS:— _ 
91 and 93, Newington Causeway, London, S.E. 


BLAKE’ $ PATENT BOILER 


THE “BLAKE” PATENT VERTICAL MULTITUBULAR BOILER 


Has stood the Test of Time over a Quarter Century, and has 


the following advantages: 


GREAT STRENGTH, REQUIRING NEITHER SCREWED STAYS NOR STAY TUBES. 
WIDE SPACES BETWEEN TUBES FACILITATE PASSAGE OF STEAM, THUS PROMOTING RAPID 
CIRCULATION AND ABUNDANT GENERATION OF STEAM. 
LARGE WET BACK COMBUSTION CHAMBER. FREE NATURAL DRAUGHT. 
NO WASTEFUL STEAM JET REQUIRED IN FUNNEL. NO BRICK LININGS. SIMPLICITY OF DESIGN. 
EASY ACCESS TO ALL PARTS. EASY TO CLEAN. MAXIMUM ECONOMY. 
SHELL TUBE PLATES ARE STAMPED BETWEEN DIES IN A POWERFUL HYDRAULIC PRESS, BRINGING 
PARTS AROUND TUBE HOLES APPROXIMATELY SQUARE WITH TUBES. 2187 






































SUPPLIED TO THE LEADING STEAMSHIP GCOMPANIES. 


BLAKE BOILER, WAGON & 
ENGINEERING Coy., LTOD., 


Telegrams: “ ALLIANCE,” Darlington. Nat. Telephone: No. 55, Darlington. 








DARLINGTON. 


N_ ST 
FOR IMMEDIATE DELIVERY, 


Brassfinishers’ Capstan 
Lathes. 


Brassfinishers’ Reversing 
Lathes, 


Cockfounders’ Universal 
Capstan Lathes, 


Large Plugging Lathes. 


Ball Bearing Polishing 
lleads. 


Emery and Disc Grinders. 


Double Brass Milling 
Machines 


MADE WITH THREE AND FOUR JAWS. SEND FOR PRICES. 


CHARLES TAYLOR (BIRM"), Ltd.,°"snaen” BIRMINGHAM, &xc. 


comucEHE SPECIALISTS. 


RADIALS. 


See our Illustrated Advt. 
last and next week. 


MIDGLEY & SUTCLIFFE, 


West End Tool Works, BRADFORD. 


LIDGERWOOD 
Pile Drivers, Hoisting Engines 


for BUILDERS and CONTRACTORS. 
LIDGERWOOD MANFG. CO., 2003 
Caxton House, Westminster, LONDON, S.W. 
OIL SEPARATORS. 
FEED WATER REGULATORS, 
WATER COOLING TOWERS. 


APPLY TO: 34, Fenchurch St., 


KATER & ANKERSMIT, ‘toxoon, vc 
R.G. ROSS & SON, Ld., 


Greenhead Works. GLASGOW. 


Sole Makers 
‘ce. HAMMERS 
PATENT” 


STEAM, AIR, ELECTRIC, BELT. 2763 


See our Illustrated Advt., Issue of 20th June 


HIGH-SPEED 


HEAVY 
THES “: 


'URNER BRIDGE WORKS, 
TONGE: BOLTON, 


MACKIES, Ltp., 


nouene READING. 
T and | OAST T ‘RON 


Pulleys, “Shafting, Bearings, 


Write for Catalogue E No. 53. 
Tele.: Machinery, Reading. et 


C. D. MONNINGER 


Limited, 
124, Clerkenwell Road, 
LONDON, E.C. 



































The 

proof 
of a 
Saw is 
in its 


Cutting. 


For 45 years our 


BAND SAWS 
for Cutting 
IRON, STEEL *™ 

and other metals have 

demonstrated their ability 








to stand up to their work. 
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WORKS. , 
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Gp, 
& 
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_M A N C H E S T E R. 


yrs » ” rae) 

















“British Empire” =| ret : | “British Empire” 





Turbine. i o> Gis : J Turbine. 

- "DOUBLE VERTICAL TURBINE, — 

er ae citi aie eT Mbit LES The Most Efficient Motor for Development of Water Power. 
lighters: :: J, §, WATSON, Pontoons, | =IJOSEPH J. ARMFIELD & CO, 


’ ks. 
Barges: : : GAINSBOROUGH, 97%, 5100! Tanis 20, Mark Lane, LONDON, E.C. 


Steamboats : : EST. 1869. 2766 = = WORK for SHIPMENT. Works: RINGWOOD, — 


ZC 




















Working Load, 20 Tons and 19 ft. Radius. 
TO WORK BY 


Electric, Steam, Petrol and Hand. 


‘RAILWAY PLANT 


SUCH AS 
; Tanks, Pumps, Capstans, Winches, 
"‘eeindiaatanepion Turntables, Traversers, &c. 22% 


RANSOMES & RAPIER, LTD., 


(Dept. H.), 32, VICTORIA STREET, LONDON, S.W. 
Telegrams & Cables—Ransomes Rapier, London. Sluice, London. A BC, Sth Edition, Telephones—4891 & 4892, Victoria. 49 Ipswich. 





STEAM TRAVELLING CRANE 
(Stokes’ Patent). 


























SILVERTOWN RUBBER GOODS 
RAILWAY WORK 


BUFFERS, BRAKE HOSES, WINDOW CUSHIONS, 
DIAPHRAGMS, GLAND PACKING RINGS, ROLLING 
RINGS, JOINT RINGS, GLASS FRAME RESTS, &c. 











WE SHALL BE PLEASED TO QUOTE FOR RUBBER GOODS FOR’ ALL MECHANICAL PURPOSES. sist 


The India-Rubber, Gutta-Percha & Telegraph Works Company, Lid., 


HEAD OFFICES :—106, Cannon Street, London, E.C, WORKS :—Silvertown, London, E. 
Telegrams; Head Offices—“ Silvergray, Cannon, London.” Works :—“ Graysilver, Silver, London.” 
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ii SHR aes 


J. 





mt YORKSHIRE GOPPER WORKS « 


LEDs, 


Have Supplied Tubes ‘or the following Dreadnoughts, vis.: 
** Audacious,” ** Princess Royal,” 


= Tae: cs 


SOLID 
DRAWN 


** Benbow,” ‘‘New Zealand,” 


“Lion,” * Monarch,” 
“Tron Duké,” 


TUBES 


te So Boe 
“ Tiger,” 





«* Thunderer,” ‘* Orion,” 
“Delhi.” ‘Queen Elizabeth.” 


COPPER, 
BRASS, 
GUN-M ETAL. 


“* Centurion,” 


so Tons CcoNDYMVENSEE TUBES ALWAYS IN Stock. 


SOLE MAKERS OF “#3 3M A.” BRASS CONDENSER TUBES. 


PATENT AGENTS. 


WANTED, &c. 





((ruikshank & Fairweather, Ld. 


International Patent Agency, 62, St. Vincent 
Street, Glasgow, and 65-66, Chancery Lane, London. 
British, Foreign and Oolonial Patents obtained ; = 
marks registered ; handbook post free. 


Patents, Designs and Trade 


MARKS, in all Countries at moderate Pe iy = 
A chart of 187 mechanical motions, post free, 6d. 
ae of useful information, eons list of "tees, 
rticulars of New Patent Act, — 
RRIS & MILLS, Cuarrersp Patent AGENTS, 
Asta blished 1866. Tel. No, 2763, Holborn. 
84 & 35, High Holborn, London, W.C. 2706 


aj cnsen&Son, Chartered Patent 


A gents established 1868), obtain British, C Colonial 
and Foreign P. ATENTS, and TRAD S and 
DESIGNS REGISTRATIONS. — Full Seatentipn on 
application, 77, Chancery Lane, London, W.C. 2818 


john E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers, 
bens Tothill) Street, Westminster, 8. W. 


Datents: — Messrs. Vau aughan 
and SON, British, ta 718 Colo Patent 
Agents, 57, Chancery Lane, transact every 
description "ot business Pa am Ml with Letters Patent 
for Inventions. “*‘ A Guide to Inventors,” free by hay 
Established 1853. 


Ne on the Patents ra 


bay on ACT, 1907,” by Messrs. LLOYD 
WISE Patent Agents, can be 
Ghtsined Pome that Offices, 10, New Court, Lincoln’s 
Inn, W.C. Price One Shilli 


S. Withers & Spooner, 


a Patent Agents, 323, Hien HoLBorn, 
Lonpon. tish, Foreign and Colonial Paten 
‘Trade Marks end Designs obtained at moderate 
inclusive charges. Every description of business 
<onnected with Patents undertaken. Send for free 
copy of our “GUIDE TO PATENTS, TRADE MARKS 
AND DESIGNS,” Sixtn Eprrion, 1913. apcaney” 
years. 











= 

















PUBLICATIONS. 


ooks. — “ Journ. Soc. Teleg. 


and Elecs.,” to 1912. 39 vols. £12 12s. *“Proc. 
LMec nt »” 1881 to 1912,£12 12s. 100, DOO Booksin stock. 
Btate wants. —BAKER’S, Booksellers, Birmingham. 


Books, Second-hand, on 
Engineerin ng Technical, and all other subjects, 











Books bought. e free.—W. & G. FO —_ 
135, Charing Cross Road, London, W C. 
PATENT-RIGHTS ; 


) THEIR ACQUISITION AND MAINTENANCE. 


A Concise Summary of the Princi Facte with 
“which: Inventors, Manufacturersand others, interested 
Hin the Protection of Inv entions, should be acquainted. 

By G. G. M. HARDINGHAM, 
Mew. Lest, M.E., Assoc. Mum. Lyst. C.E., Fax. On. Leet. P.A. 
CROSBY LOCKWOOD & SON, 3257 
7, Srarionsrs’ Hat, Court, Lonpox, E.C. 
Revised Edition, price 1s. 6d. : by post, 1s. 8d. 


IMPORTANT NEW ISSUE. 
BRITISH ENGINEERING STANDARDS CODED LISTS 





VOL. 6. 
Desling with all 2S Rees Neel standardised by 
Lox ‘SuMOTIVE GOODE: b: [ons Lazz, A.M. 
‘Mech. F. CARRIAGE WAGON cad PERMANENT 
WAY CODES, by Stoner Som, MCL Mech. 
Fv i particulars ping os ior tonal = 
"ROE, py ATKINSON ad ps mag Boy  LTD., 


J 





ournal of “3% Institution of 


_ ELECTRICAL ENGINEERS. 
Edited by P, F. ROWELL, Secretary. 
Part 219. ice 5s. 
. Pe “/lel Operation of Alternators (with discussion). 
y EVEREST, 
_. m, the Ampere, and the Volt : A Memory of 
> Y 1862-1912. (The Fourth Kelvin Lecture). 
fm R. T. GL sZEBROOK. 
Jer ments in the Street Lighting of Manchester 
gh : ‘ re »* L Pasar ancd in ae Ratcuirr. 
ehway f 
Sh bayer h2- ae {with discussion). By 


The *K night” Publics ¥i Alar Si 
aa ire- m System. _ By 


Voture of Dielectric Fatigue, By W. mgt 
Meters, £.& F. N, ‘SPON, Lr Lrp., 57, Hayniireck, Se 


The \ 


ing. 3180 


"the Proprietor of the Patents 
Nos. 17213 of 1909, 17282 of 1909, 17378 of 1909, 
and 17461 of 1909, for 

“Improvements in or relating to Machines for 

Buffing or Polishing Metallic Articles,” is 

DESIROUS of ENTERING into ARRANGEMENTS, 
by way of License and otherwise, on reasonable terms, 
for the purpose of exploiting the same and ensuring 
their full development and practical working in this 
Country. 

All communications should be addressed, in the 
first instance, to: 

HASELTINE, LAKE & OO., 
Chartered Patent Agents and Consulting Engineers, 
28, Southampton Buildings, Chancery Lane, 
London, W.C. 


rhe Proprietor of the Patents 


Nos. 3967/1910 and 4817/1910, for “‘ Improvements 
in ratus for the Manufacture of Packing Rin, 
is DESIROUS of ENTERING into ARRANGEME, 
by way of License or otherwise, on reasonable terms, 
for the purpose of exploiting the same and ensurin 
its full development-in this Country.—All communi- 
eations shou addressed to GAUTHIER pF Cco., 
62, Cours Tolstoi, Vv illeurbanne, France. M 087 


he Proprietor of Patent 

No. 22338, of 1908, for ‘‘ Improvements in 

Valves,” is DESIROUS of ENTERING into ARRANGE- 

MENTS, by way of License and otherwise, on reason- 

able terms, for the purpose of e) we the same and 

ensuring its full dev sat see and practical working in 
this Country. 

All communications to HASELTINE, LAKE axp 
CO., Chartered Patent nts and Consulting Engi- 
neers, Lo Southampton Buildings, Chancery won 

976 


0 a7 


rhe P Proprietors of the Patent 


No. 16800, of 1912, for **Improvements in or 
Sine to ‘Recording Mechanism for Meters, or like 

tus,” are DESIROUS of ENTERING into 
a RANGEMENTS, by way of License and otherwise, 
on reasonable terms, for the purpose of exploiting the 
same and ensuring its full development and practical 
working in this Country.—All communications should 
be addressed, in the first instance, to HASELTINE, 
LAKE& CO., Chartered Patent Agents and Consulting 
Engineers, 33, Southampton Buildings, Chancery 
Lane, London, W.C. M 958 


frm Required to Place New 


successful PATENTED SPECIALITY on 
market under royalty. — Address, 3320, Offices of 
ENGINEERING. 3320 





MAC HIN ERY AGENTS. 


Gem Firm Wants Agents 


in Australia, Meibourne or Sydney, for 


line of machinery for bridge, iron~ and 
oye construction, &c., works. 
ddress, 
PAUL OEKING, M 926 


50, Church Street, 
New York, U.S.A, 





overnors.—The Proprietor 
of British Letters Patent No. 29754, of 1909, is 
PREPARED to SELL the PATENT or to License 
British Manufacturers to work thereunder. It relates 
to Speed Governors for Marine Engines. 
Address, BOULT, WADE & TENNANT, 


Chartered Patent t Agents, 0 40 
111/112, Hatton Garden, 
London, E.C. 





GQele Agencies Wanted by 


LARGE eonatand FIRM.—Firms desirous 
of having their manufactures of mining, industrial 
and general machinery introduced in Australia and 
New d by a firm of the highest standing, and 
= connected in mining and ind) u ny 


th offices and di in the peincipal centres of 
Yee re and New nd, pleage send catalogues 
and full iculars to A. GOLDIE ENGHOLYM, 104, 


«Newhall Street, Birmingham. 
a technical representative of the firm is at present 
. and open to make appointments. M 952 


[sportant French Company 
in newly ed up mining and iron mill district, 
DESIRES AG CY. of Manufacturers of Technical 

ties for Blast Furnaces and Mines.—Address, 








17, Offices of Exerneznixs. O17 








xcavators._Makers Desirous 
of doing business in Japan, are INVITED to 
SEND Catalogues, qo cy we! and all possible 
INFORMATION to an up-to-date fi ae ig good 
facilities for commanding sales in that country 
Write, in the first instance, to 485, SELu’s Advertising 
Offices, Fleet Street, _ London. 


Janted, Names of Manu- 
FACTURERS of high-speed friction saws 
joists up to 1S in. by 6 in.—Address, O 70, 

GINEERING, 070 


for cuttii 
Offices of 


| i aa saat Sapa on Engineer- 


Practice WANTED, written in an attractive 
style, without technicalities, for monthly journal, 
Letters only, stating experience and terms, B, 56, 
Gellatly. Road, ‘New Cross, London. 2 


Qecond- -hand Locomotive to 


WANTED, Second-hand Locomotives, gauge 

4 ft. 8} in.; must be of recent construction and in 
first-class condition. State price, delivered f.0.s. 
Middlesbrough, and furnish full particulars induplicate. 
Also state where same can be inspected. — Address, Z, 
care of Potrie & Son, Royal Exchange, London, E.C. 
06% 











AUCTION SALES. 


Wi heatley Kirk, Price & Co. 


(Established 1850.) 
Auctioneers 


AND VALUERS OF 2896 
ENGINEERING WORKS, PLANT AND STOOK. 
44, WATLING STREET, LONDON, E.O. 

16, ALBERT 8, 26, COLLINGWOOD §8T., 
MANCHESTER, NEWCASTLE-ON-TYNB, 
Telephones & Telegrams at each Address. 











FOR SALE. 
Gteam (Ai sae") Boilers. — ~ sors 


Vertical, Loco., Cornish, Launch, Field-tube ; also 
Air Receivers, Feed-water Heaters, Cylinders, &c.— 
Tax GraxtHAaM BorLeR AND CRANK Co., Lrp., Grantham, 


Plenum Heating.—For Sale, 


cheap, FANS, with suitable Heater Coils; 
cap. 12,000 c. ft. per min.; suitable for factory heating 
and ventilation.— Address, O 64, Offices of ENGINEERING. 


([ramway Trailers, 25 ft. long, 
seating capacity 36 persons. Condition new. 
=! from CLARK & ©O., 92, Victoria 
don, 8. W. 048 











—Full 
Street, 


fer Immediate Delivery :— 
10ft. Boring and Turning Mill ; 6 ft. Radial Drilling 
Drills ; 4 x 2x 2 Planing 





Machines ; four sizes Vertica. 
Machine ; ; Bram Finishing, , Wheel Cutting and Centring 
Machines; also 4 and 7} in. ‘Slotters. — JAMES 
SPENOER & CO., Lrp., Chamber Ironworks, — 
wood, ] Manchester. 


er Sale, Bennis Mechanical 


STOKING PLANT, in perfect working order, 
consisting of two 6 ft. C ‘ompreseed Air Furnaces for 
double tube Lancashire boilers (2 ft. 9 in. tubes); one 
6 ft. Compressed Air Furnace for Oornish boiler 
3 ft. 3in. tube); one 3} HP. Horizontal En 





e for 
riving same, with 40 feet of 2 in. Shafting, Pulleys, 
Belting, &c., complete. 
JO & HIGGINS, Lrp., 
ham, 8.E. M 858 
FOR SALE. 


Niies Full Universal Horizontal Borifig and Drilling 


MACHINE, with 3}-in. spindle. 
New 42-in. Hi Vertical Boring and Turning 
MILL, wi two heads, (6 ft. 6 in. dia. 


a. rag te “Triale LATHE, he ge! plates 

§-ft. 6-in. Swing je-geared ri an Facing 

LATHE (by Dean, Smith & Grace tw 

Rack-driven Planing MACHINE, to plane 10 ft. by 
3 ft. by 3 ft., with two tool boxes. 

Motor-driven Side Planing MACHINE, Richards’ pat- 
tern, with bed 6 ft. long, tworising and falling tables. 

Full Universal or fone lar Drilling MACHINE, with 
4-in. 

20-in. Stroke Guan Stotting MACHINE, with — 
return and balanced action. 

Vertical Milling MACHINE, with travelling tied shin in. 


TALOGUE of Stock MACHINERY, 2—3000 LOTS 
frez oa epplicstion. Inspection invited. 


aie 2623 
W. WARD, LTD. ALBION WORKS, 
: | Tel. : “Forward, Sheffield.” “ SHEFFIELD. 














rr 7 ° 
For Sale, Twin Boilers, 
Galloway’s, No. 9374, 9875, 18 ft. 3 in. long, 6 ft. 
diameter, with all fittings, insured 120 Ib. steam. 
Price £110 cash, 
Also One Galloway, No. 9411, 24 ft. long, by 6 ft. 6 in. 
diameter, with all fittings, insured $0 Ib. steam. 


Price £110. 
Can be seen at BARRATT anv CO.'s Confectionery 
Works, Wood Green. oO 33 


= . 
Fer Sale, Self-supporting 

- Steel CHIMNEY, 4 ft. 3 in. dianieter, 52 ft, 
high, § in. and j in. plate on’cast-iron basis, Can be 
seen standing. 

One Steel CHIMNEY, 60 ft. high, 3 ft. diameter, 
} in, and { in. plate, in four lengths. No reasonable 
offer refused. 

Can be seen at BARRATT & ©O., Liurrep, Con- 
fectioners, , Wood Gri Green. — 0 8 


er Sale, a Quantity of D.C. 


MOTORS, ‘chiefly of Messrs. Vickers manufac- 
ture, amongst which are :— 
5 HP, 


1 ’ 
All in first-class condition. Full details on 
tion omer be seen by appointment, —THE WO! 
©O:, Lirp., Adderley Park, Birmingham. 


Ker Sale, a Two- Unit “O” 


Dowson & Mason GAS PLANT, 160 B.HP. 
per generator, complete with 
viewed by appointment.—TH 
LAD., _ Adderley ‘k, Birmingham. 


Ateam - Electric Gecending 


lica- 
LEY 


OM 


holder; can be 
WOLSELEY iy" 
> 26 


SETS, ex Wi & Aberdeen , &e., for 
immediate SALE: Willans’ G. E.C., 150 KW., 500/560 
; Willans’ E.0.C,, 


volts, “i three-crank compou 

60 KW. volts,engine three-crank k compound, multi- 
jarcompound namo ; Mirrlees- Watson, Mather and 
att, 175 KW., 220/250 volts, engine two-crank, multi- 
Jar compound dynamo, motors three- phase, 50 periods 


m 5/50 HP., 500 volts, and various others. List on 


application. An in guaranteed perfect working condi- 
tion.—JENNINGS, West Walls, Newcastle-on-Tyne. 
3152 


To be Sold, Cheap, Freehold 
ENGINEERING 


WORKS, in the Midlands, 
covering an area of about one ; comprising ex- 
cellent well-lighted fitting shop, foundry, erectin 
shop, smithy, stores and offices; well laid out a 
fitted up with all plant and machinery, Address, 
O 65, Offices of ENGINEERING. 06 

ngineering Works for Sale 


at eam G OW.—The Works, which 


are well equipped and electrically driven, are h 
adapted for ss ge Ae Dvn are power 
plants have also been Gs Sicinem Catpes 
per annum is catimated os 20,000 HP. The ° ene 
extends to about 20,660 —— yards, of which 
about 7760 Fry? vacant. — y to 
MoOLELLAND, Ki & OO., “Tt, 8t. Vincen 
Glasgow. | H 


STEEL FOUNDRY “AND FORGE. FOR SAL E. 


Fo ImmediateSale, Privately, | 


as a Going Concern, the BUSINESS carried dn 
by C. W. Rosixson & ComPaxy, at Forth ~~ Steel 
Works, Polmont Station, with ‘the Works, Buildings, 
Machinery, Plant (fixed and movable), Office Furni- 
ture, Fittings, Stock-in-Trade, Patterns, Scrap-iron, 





&c., together with the Ground on which the Works 
are situated. The business is an old -established one, 
~~ has a first-class connection. 


mad a extends to about three acres, and ad- 
joins the North British Railway. It is admirably 
situated for a work of this kind, and the buildings 
and plant are in fair order. There is no feu duty. 

For further particulars and orders to inspect _ 
Works, apply to JOHN DUNCAN, Janior, ©.A.; 
St. Vincent Street, Glasgow ; or DIXON ERSKINE 
axp COMPANY, Solicitors, 179, West 
Glasgow, the latter of whom have the Titles. 


Street, 
r, the tat - Os 


WORKS FOR SALE AT LANCASTER. 


THE METROPOLITAN OAR eee. WAGON AND 
PINANCE COMPANY, Liurrup, 
are pre’ to ve 


(fers for the Sale of their 


oie roe WORKS. These sean ton’ fe 
extensive and commodious sh . 
are 12 or 4 


16 scres ; clopated within'a telicet timeees 
Lancaster. Attached 
there are two sidings from the Midland 


of the town of 


Gas and water laid on. 
codiort, 00 view, caiyly 
THE SEORETARY, Tus as Gallen: 
Waeon anv Co., Liurrmp, Saltles, - 











ho Sale, the Leasehold 
GROUND and BUILDINGS, situated at Airdrie, 
near Glasgow, lately occupied — Trowx Co., 
Ltd, as Engineering’ Works and Foundr, 

The ground extends to about 7200 cairo yards, 
held on long lease with about 53 Ge if to bn at 
the very moderate rent of £17 10s, 10d. wha amples 

The Buildings are of moderate size, th ample yard 
accommodation, and room 

In order to close the Liquidation, a very moderate 
price will be 

For eye’ particulars apply a a ae 
ann CO., gs Ramyeg Glasgow, or 

SEELL, "Writers, 156, 


Sole Agent for Cape Town—Joun Gag.ick, The Stores, 
Cape Town. 


Engel Works, near GUILDFORD, Surre}- 


Bee Advertisement last and next week. 9696 


SHIPYARD MACHINERY. 


SMITH BROTHERS & Co. (Glasgow), Lé. 
Machine Tool Makers, 8143 
Kiuning Park, GLASGOW. 


See Advertisement page 28, June 6. 











C.A., 
BISHOP, MIL NEL "BOYD & i 
St. Vincent Street, G 


MISCELLANEOUS. 




















LA arge Yard of One Acre and 


juarter, With detached Cottage and Sheds, TO 





BE LE at Michaelmas. Suitable for contractors, 
producers of cinema pictures and others requiring 
extensive ground space. Two minutes from Stock- 
well Electric Station and near Vauxhall Station. 
Enclosed by brick walls, with three entrances. Excel- 
lent light; no high buildings near... Rent £300, on 
Tease. No agents.—OWNER, 119, Hervey Road, 
Blackheath, 8.E. q 


Machine Cut Gear Wheels 
THE REID:GEAR 60., 


2761 
LINWOOD, 





‘| Yo Engineers; Boilermakers, 
Founders, &c,—TO LET, PREMISES on River 
Tyne, suitable for any of the above or other trades; 
a, — ied by makers of Lancashire Boilers. 
et with or without present machinery, | 
punt cote tools. Access to river and lifting e- 
ments could be made. 
Apply, paleeeee, COMPANY, Hebburn-on ‘tyne. 


Capital may ‘be Obtained on 


suitable security combined with life 
from a - -Class assurance company, also partnership 
policies effected.— M 616, Offices of EncinkERUxe. 


TANKS 


GALVANISING & CONSTRUCTION AL IRONWORKS 
JOSEPH ASH & SON, 
Rea Street South, BIRMINGHAM. 


near PAISLEY. 
WILSON HARTNELL & CO., Ltd. 


COVERNOR experts 
689 


VOLT WORKS, LEEDS. 


10 ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. Done on any Paper or Cloth, 
Particulars on App! 

Large Stook of all Requisites Yor the Drawing Office 
W. F. STANLEY @& CO., Ltd., 
13, Railway Approach, LONDON BRIDGE, 8.B. 
Telephone: 871, Hop. Telegrame—Tribrach, London. 























2097 


ales type for all mecha’ 
MMENSE ST 


BAGSHAWE & CO. oe SSoxerann 











SIMPLICITY. 


The Lane Valley Steam Motor couldn't puzzle any- 
one. It is the simplest marine engine in the world. 
No trouble to start, in fact, full steam can be raised 
without forcing, from all cold, iS to Sminutes. No 
trouble to manipulate, One client wrote: “* The 
set as installed is absolutely automatic at full speed, 
and I never trouble about the. ine noes lubrica- 
ting a little every hour or so.” Write for Catalogue. 
Contractors to the War Office and to the 
Crown Agents for the Colonies, 
Lune Valiey Engineering Co., 
WHEATFIELD WORKS, 
LANCASTER. 





\ 72 : 
SSNS 
WZ 

SSSA 


* aa 








JAMES C. KAY ACO. UD, "emetic 


Tejegrame—Kays, Bury 


COMPARE tic QUALITY of our 
"Red and Blac and Black, in Sheets, Rode, Tubes, 
Dises for e8 Sor. Gonna. 


MICANITE & INSULATORS (0., Ltd., 


WALTHAMSTOW, LONDON,E. 2025 


FIDE mee. 


TO UTILISE *“nevitore 


“ost. LAE COVENTRY” 
NOISELESS CHAIN DRIVES. 


Our Technical Staff 3 will consider your propositions. 
“THE COVENTRY” CHAIN COMPANY, LIMITED, 


co NWIRY, ENGLAND. 


DANIELS GAS PLANTS 
DANIELS GAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Pumping Installations. 
£.0 21, DANIRLS, Lid, Engrs, Sion; Eng, 


See displayed Advt. tach ih wan topdts 506 


PULSATING PUMPS 


TURNSTILES, 
AND GENBRAL ENGINEERING. 


W. T. ELLISON & 60., ue 














| “7X BROCE. 








(LYNDE & CALTHROP’S PATENTS.) 3192 
The Vibrocel System of Floatable Monolithic Séa Walls for Harbour Construction and 
the Prevention (of Coast Erosion, sunk upen any foundation in any depth of water ; for 
dams, for irrigation and power purposes ; for storage tanks and oil reservoifs, &c., &c., has 
been Patented throughott the World, Concrete rendered non-porous and crushing strain 
increased by nearly 100%. Cost per cube yard of the work less than by any other system, 
for particulars apply >— 
ELDON STREET HOUSE, . 


THE VIBROCEL COMPANY, LTD., rxw0y srneer—.c. 


TELEPHON§: 
AVENUE 4360, 
—— 














MANUFACTURERS DESIRING 


SITES rn NEW WORKS 


Should communicate with T, H. RENDELL, General Manager, 


BARRY RAILWAY COMPANY, BARRY DOCKS. ™ 




















M'NEIL’S PATENT MANHOLE & SLUDGE DOORS} 


Senate used er baee 
when fitted with Flan; 


also largely used for Water 
Ballast Tanks = ~~ Fresh Water 


— MANUFACTURED aT — 


Kinning Park Ironworks 
& Hydraulie Forge, 
CLASCOW. 


err 
FER } tt 
ovat ee ae 


Telegrams—Macwenr, Giasco 
Codé: Sth Edition, ABC. | 
Engineering Telegraph Code, - 
gad Editior » 














‘“‘MENNO ” Automatic 


COMPRESSED AIR GREASE 


(PATENTED.) 
Automatic Feed under Compressed Air. 
Securely LOCKED. ~ Works UNDER WATER. 
Unaffected by Centrifugal Force. Absolutely DUST-PROOF. 
Saves over 50 per cent. in the Cost of Lubrication. 
Any Grease can be used. No Pistons, Springs or Packings. 
Spring and Screw Compression Cups (lepend on frequent adjust- 
Brag to FORCE Lubricant to the Journals. 
The “MEN a complete REVERSAL of 
this mative, nd a MOST NOT be adjusted frequently, 


The confined air replaces the need for frequent adjust- 
ment by hand, and 


GIVES A CONSTANT SUPPLY. 
The ‘*MENNO”’ will pay for itself in a few months on the 
grease saving alone, and being pressed out of Mild Steel and 
Heavy Gauge Brass, no replacements.or renewals are required. 


Write for Catalogue and Cups for one month's Free Trial. 


3202 











MANUFACTURED BY— 


LUBRICATORS LIMITED, 
Leeds Place, Tollington Park, LONDON, N. 
Telephone—NORTH 1786. Telegrams—“‘ AGREASCUP, LONDON.” 














HENDERSON & GLASS, LIVERPOO 


ee Sections 


MALLBABLE IRON AND ra 


tnoinding ei stees, Round. Square end Flet Bar. Ful ~—s 


Rolled Cinders & Joists, din, to 20in, th 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 
Boller and Tank Plates in Irom or Slemens-Martin Ste, al 
QUOTATIONS AND SECTION SHEETS ON APPLIOA® 10N. 
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BALDWINS [ PNEUMATIC AUTOMATIC EJECTORS RAILS = | 


LONDON OFFICE: 
5, Fenchurch Street, E.C. Sewage, Sludge, Pail Contents, &c. (POINTS AND CROSSINGS, 
aa USED AT AERIAL ROPEWAYS. 


LONDON WoRKS: 
Ran Karachi, Bombay, Cape Town, Eastbourne, 
} Orchard Place, Blackwall, E. SSouthampton, Norwich; Ipewich, Hampton, |The CLYDE STRUCTURAL IRON CO., Ltd., 
— Staines, Felixstawe, Houses ot Pontianvent Westminster ; Clydeside Ironworks, 8cotstoun, Glasgow, 
and many other places. MANUFACTURERS OF 8144 




















F AIR COMPRESSING MACHINERY. Iron & Steel Roofs, Buildings, 
COMPRESSED. AIR LIFTS Workshops, &c., @c. 
For Raising \ Water from 1 Wells, Boreholes, &o,| UONDON OFFICE: 48, PERCE: 0, CERO. BA Ec, 
| ' For Ratimates and Pull Particulars apply to— carat wimeactone “oF® 
| ~ |HUGHES & LANCASTER, 16, Victoria $t., London, §. W. ae ees ah: 
SEL FRAO 





ROOFS & BUILDINGS. HR @]-Ye\-]:) ae-)) 101): ba) 9 


‘s oO: yed ; b gee 
nd al] other purposes. 
Oo Stotherwell —. 
' anid Steel Co., [4l., Motherwell, 
} ee SEE ADVERTISEMENT NEXT WEEK ~ 


TAN KS AND CROSBY STEAM GAGE & VALVE CO LONDON. Ec | a BEEBEE a 


CISTERNS Studs, Bolts, Nuts, tx. 


WEDNESBURY. 2” 
CAMPBELL & CALDERWOOD, 
OF ALL DESCRIPTIONS. aa Bagine Werk ess 
1S wcll 
Illustrated Advertisement 
Last Week and Next Week. 


|, HOLBORN PLACE, VALYES! 


HIGH HOLBORN. ‘LONDON 
TURNBULL'S SAFETY, STOP, OHEOK, 


WOOD - ENGRAVINGS urinaire Eisine 


FOR CATALOGUES AND ADVERTISEMENTS. 3080 oT aha 


= Also Deeply Etched, Clean Printing, Half-tone Blocks. a PURE WATER 


for all purposes. 





























ya a Woe om. SAS 
Sore Makers or THE IMPROVED 


HOT WATER TANKS, 


——— FITTED WITH 


BRAIN’S PATENT MANHOLE 
ER & SOLID CORNERS. 





































































EASILY and QUICKLY FIXED. 
NO LEAKY JOINTS. 


NO ROUGH..SURFACE. 
HO INDIA RUBBER RING REQUIRED. 


7 @ For Strength, Durability, and Design, 
Cannot be Surpassed. 











STEINLE & & HARTUNG, moms mame aun 
LINBURG (Germany). MURRAY, WORKMAN &C0., Lo. 
Ge 
CRAIGTON ENGINEERING WORKS, GLASGOW. 
Steam and Gas Engines, See Illustrated Advertisement. June 20, 2846 
‘SHAFT GOVERNORS LOCOMOTIVES Ssist 
for Telegrams Rocket, De 


Particulars from 8015 
AIR COMPRESSORS. 
ERNOR s STEAM ENGINES. 
FOUNDRY MOULDING MACHINES. 
for 
Steamvand Hydraulic Turbines. ROBERT ERT STEPHENSON & C0., 
LOCOMOTIVE BUILDERS, DARLINGTON, u2>. 
PISTON VALVE & DROP VALVE Papa ts hone = 
GEARS. 8227 <u) esagme 












: _ Thousands Fixed and Giving 
Perfect Satisfaction. 





cnleheiaad free on ‘Malone. 














Can be obtained from all Builders’ 
2 Merchants and Ironmongers. TA Sara ay 





i 
4) GALV®: IRON 
CORN BINS. 


Pe ANGULAR, 
RECTANGULAR, of 
CIRCULAR PATTERN. 


| IRON KEQS, ” 
RUMS & CANS 


GALVANIZERS 


kinds of IRONWORK. 





‘THE “STONE-LLOYD” SYSTEM 


| HYDRAULICALLY OPERATED 
| WATERTIGHT DOORS. 
As fitted to latest Mail and Passenger Steamers. 


|J. STONE & CO., LTD. 


__Desttand, London, $.8. 


FORCED romces 


W. K. MELDRUM "ACO. 
| 78, Gt. Bridgewater St., ee 


LONDON AGENTS :— 


R 8. PRICE, Ltd., 12, Norfolk Street, Btrand, W.0. 


















































She Pe ve cote . 
“s he. ates es « ie +2 


goes page XLVI] So - 5 eer : Fea ray é 
MARSHALL. SONS & CO., Le Caine: EWGLAND, 


79 Farringdon Rood, LONDON, B.C. Cables and Inland Telegrams: ‘Marshalls, Gain&borough.” Telephone : No. 40 (Two Lines), 

feng “es Sami Einmginmneers && Boilers «kers. 
iM none ano Mapeas.’  _High-class HORIZONTAL ENGINES up to 2000 EP. 

BOILERS, Cornish, Lancashire, Loco., Vertical, &c. 

eNO.“ ONDERTYPE” ENGINES, Simple and Compound. 
THREE GRANDS PRIX. VERTICAL ENGINES, Simple and Compound. 
PORTABLE and SEMI-PORTABLE ENGINES. 

—_————- TRACTION ENGINES, ROAD ROLLERS. eS 

OVER STBAM and OIL TRACTORS. 0d 2520 

3 152,000 THRASHING MACHINERY for all Countries. ~ 

ts \ ENGINES, BOILERS, &c., GRINDING MILLS. SAWING MACHINERY. 

Ss 9 _-" -MADE AND SUPPLIED. OIL ENGINES, TEA PREPARING MACHINERY, &ec. 


ELECTRIC CF Ni ES GEORGE RUSSELL 
STEAM, Ano and 60., Ltd., 
HYDRAULIC ee | 


fm, ? Che Dulsometer-: 


in & hurry send for 
The Pulsometer, which 


will often get the water 

out and finish the job whilst team ump 
the necessary tackle to fix ordinary 

pumps is being collected.“ We keep all 

these sizes in stock ready for despatch 

et a moment’s notice, either on sale or hire. Write for List No. 7. 


Pulsometer Engineering C2 12 


LONDON: READING : 


Offices, «1, Tothill Street\ Works, 
Westminster, S.W. Nine Elms lronworks. 


SHAE TING 
B. « S. MASSEY 


MANCHESTER. LIMITED, 


gt Ly 


PATENT BELT-DRIVEN BAND SAWS STEAM AND FRICTION DROP STAMPS FOR DIE WORK. 


S FOR COLD METALS. 


























Highest Award in each Class entered. 


High-class Vertical nes, 
with and without Bolen 









































_ GLASGOW OFFICE: 74, York Street. <= 
: giw Sas NNR 








TN 


Hy rn hog 








